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PREFACE 

Guyana has commenced implementation of Years 6-9 (2015- 2019) of the MRVS with continued 
support from the Government of Norway. This is a successor to MRVS Phase 1 implementation 
under the climate and forest partnership between the Government of Guyana and the 
Government of the Kingdom of Norway that was initiated in 2009.  

Activities for implementation in Years 6-9 will support the establishment and sustaining of a 
world-class MRVS as a key component of Guyanaôs national REDD+ programme. This system 
will provide the basis for verifiably measuring changes in Guyanaôs forest cover and resultant 
carbon emissions from Guyanaôs forests as an underpinning for results-based REDD+ 
compensation in the long-term.  

It is important that the MRVS is a continuous learning process that is progressively improved. 
This is particularly relevant as the MRV matures and the trends and drivers of forest change are 
better understood.  

Critically, the results generated from the MRV System have potential applications to a range of 
functions relating to policy setting and decision making within the natural resources sector, in 
particular to forest management. Guyanaôs MRV System has, over the past five years, 
generated a wealth of data that can be utilized in improving management of the multiple uses 
of forests. Within the MRVS Year 6 to 9, the application of this data for decision making will be 
tested at several levels and scales. 

Reporting will continue to be based on the REDD+ Interim Indicators as outlined by the areas 
expressed in the Joint Concept Note1 or any other reporting framework agreed between Guyana 
and Norway, while streamlining these REDD+ performance indicators. It also represents 
advancement of the implementation of the actions outlined in the MRVS Roadmap Phase 2, 
towards mainstreaming the system.  

In 2009 Guyana developed a framework for a national MRVS. This framework was developed 
as a ñRoadmap2ò that outlines progressive steps over a 3-year period that would build towards 
a full MRVS being implemented. The aim of the MRVS is to establish a comprehensive, national 
system to monitor, report and verify forest carbon emissions resulting from deforestation and 
forest degradation in Guyana. The first year of the roadmap commencement was 2010 which 
required several initial reporting activities to commence. These were designed to assist in 
shaping the next steps planned for the following years. In 2014, a Phase 2 Roadmap3 was 
developed for the MRVS.  The overall objective of the Roadmap Phase 2 is to consolidate and 
expand capacities for national REDD+ monitoring and MRV. This will support Guyana in 
meeting the evolving international reporting requirements from the UNFCCC as well as 
continuing to fulfil additional reporting requirements. It will also support Guyana in further 
developing forest monitoring as a tool for REDD+ implementation.  

The initial steps allowed for a historical assessment of forest cover to be completed, key 
database integration to be fulfilled and for interim/intermediate indicators of emissions from 
deforestation and forest degradation to be reported for subsequent periods. To date, six national 
assessments have been conducted, including the one outlined in this Report. The first 
assessment period covered 01 October 2009 to 30 September 2010 (Year 1) and the second 
(Year 2) covered the period 01 October 2010 to 31 December 2011. The third assessment (Year 
3) covered the calendar year of 2012, the fourth assessment (Year 4) covers the calendar year 
of 2013, and the fifth assessment (Year 5) covers the calendar year of 2014. The sixth 
assessment (Year 6) covers a 24-month period spanning 2015 and 2016. 

In tandem with the work summarised in this report, an accompanying and closely connected 
programme of work will continue to be implemented by Guyana Forestry Commission (GFC), 

                                                      

1 http://www.lcds.gov.gy/images/stories/Documents/Joint%20Concept%20Note%20%28JCN%29%202012.pdf 
2http://www.forestry.gov.gy/Downloads/Guyana_MRV_workshop_report_Nov09.pdf 
3 http://www.forestry.gov.gy/wp-content/uploads/2015/09/Guyanas-MRVS-Roadmap-Phase-2-September-2014.pdf 

 

http://www.forestry.gov.gy/Downloads/Guyana_MRV_workshop_report_Nov09.pdf
http://www.forestry.gov.gy/wp-content/uploads/2015/09/Guyanas-MRVS-Roadmap-Phase-2-September-2014.pdf


 

 

Copyright © The Guyana Forestry Commission ii 

with the assistance of Winrock International to develop a national forest carbon measurement 
system and related emission factors.  

This programme will establish national carbon conversion values, expansion factors, wood 
density and root/shoot ratios as necessary. Additionally, a detailed assessment of key 
processes affecting forest carbon, including a summary of key results and capacities as well as 
a long-term monitoring plan for forest carbon, will be further developed.   

This aspect of the MRVS work, in tandem with continued work as summarized in this report, will 
enable a range of areas, including forest degradation to be comprehensively monitored, 
reported and verified at the national scale.  

As the MRVS continues to be developed, the reporting in this period, as was the case in previous 
years will be based on several agreed REDD+ Interim Indicators. The Report therefore aims to 
fulfil the requirements of several ñInterim Indicators for REDD+ Performance in Guyanaò for the 
period 01 January, 2015 to 31 December, 2016, as identified by the JCN Table 2 These 
intermediate indicators allow for reporting to take place in the interim, while the full MRVS is 
under development.  

This Report describes the satellite imagery and GIS datasets, and processing of these data. It 
also provides a summary of the 'Interim Measures' that report on Guyana's progress towards 
implementation of REDD+.  

The methods and results of the assessment for the period 01 January, 2015 to 31 December, 
2016 are subject to independent third-party verification. The sixth verification will take place in 
February 2018, and will be conducted annually for Years 6-9 of the MRVS.   

Version 1 of the Report will be released for a 1-month period (20th December 2017 ï 20th 
January, 2018) for feedback. Following the period of public review, Version 2 of the report will 
be developed to include all comments made under the public review process and feedback to 
each comment, including corresponding revisions to the report to address these comments 
where these apply. This Version is subject to independent third-party verification by Det Norske 
Veritas (DNV-GL), an independent verification firm contracted by the Government of Norway. 
The final version of the Report (Version 3) includes all elements of Version 2, and additionally, 
integrates the findings of the verification process, and is made public via the GFC website.   

A summarised version of the Report will also be developed and released for public information.  

These Reports are issued by the Guyana Forestry Commission (GFC). Indufor has provided 
support and advice as directed by the GFC.  

    

Mr James Singh 
Commissioner of Forests  
Guyana Forestry Commission 
 
Contact 
E-mail: commissioner@forestry.gov.gy 
 
Guyana Forestry Commission 

 

mailto:commissioner@forestry.gov.gy
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SUMMARY 

In 2017 the Monitoring Reporting and Verification System (MRVS) moved into its second phase 
in line with tasks set out in the MRVS Road Map. This Road Map establishes the stepwise 
progression and development of the MRVS for the next four years 2017 to 2020.  

The framework for reporting continues to be the REDD+ Interim Indicators, as well as the 
reporting requirements as had been outlined in the 2009, 2011, and 2012 and 2015 versions of 
the Joint Concept Note (JCN).  

The basis for comparison of the area-based interim measures is the 30 September 2009 
Benchmark Map4. The first reporting period (termed Year 1) spanned 01 October 2009 to 
30 September 2010. Thereafter for each preceding year from 2010 annual assessment were 
conducted to 2014. This report presents the findings of the sixth national assessment which 
spans a twenty-four (24) month period, 1 January 2015 to 31 December 2016. 

The MRVS tracks forest change, both deforestation and degradation, by change driver. 
Deforestation is tracked through the interpretation of a national coverage of satellite imagery. 
Degradation estimates will be drawn from the results of the accuracy assessment which involves 
the interpretation of representative samples using high resolution imagery. This approach 
provides a robust measure of both deforestation and degradation, and was deemed necessary 
due to the pursuing of a low or no cost REDD+ implementation option ï a key part of the Phase 
2 objective.   

Forest change of forest to non-forest excluding degradation between 1 January 2015 and 
31 December 2016 is estimated at 18 416 ha. Over this period, this equates to an annualised 
deforestation rate of 0.050% which is lower than the Year 5 (2014) rate (0.065%). This rate is 
the lowest of all annual periods from 2010 to present, assessed to date.  For this period, as in 
previous years an independent map accuracy assessment has been undertaken by a team from 
the University of Durham. The accuracy of the activity (area) data has been the focus of these 
assessments to date. 

It is envisaged that the reference measure as well as the interim performance indicators will only 
apply while aspects of the MRVS are being developed and will be phased out and replaced by 
a full forest carbon accounting system as methodologies are further developed.  

The main deforestation driver for the current forest year reported is mining (sites), which 
accounts for 74% of the deforestation in this period. The majority (94%) of the deforestation is 
observed in the State Forest Area. The temporal analysis of forest changes post-1990 indicates 
that most of the change is clustered around existing road infrastructure and navigable rivers. In 
Year 6 the change has continued primarily near the footprint of historical change. 

The findings of this assessment assist to design REDD+ activities that aim to maintain forest 
cover while enabling continued sustainable development and improved livelihoods for 
Guyanese. 

A summary of the key reporting measures and a brief description for these interim measures 
are outlined in Table S1. In this report, the analysis covers the benchmark period (1990-2009), 
the first year (Year 1) the second year (Year 2) the third year (Year 3) and the fourth year (Year 
4) and fifth year (Year 5) and the sixth year of reporting. 

Outputs and results are also provided for the intact forest landscape ï IFL (Ref. measure. 2). 
The eligible IFL area of 7.6 million ha as calculated in the benchmark period is used for 
reference. All land cover changes are measured relative to the original IFL area.  

Relevant measures are also reported for forest management indicators (measures Ref. 3 and 
4). Where applicable, a reference measure has been included.  

                                                      

4Originally the benchmark map was set at February 2009, but due to the lack of cloud-free data the period was extended 
to September 2009.  
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Table S1: Interim Measures  

Measure 
Ref. 

Reporting 
Measure 

Indicator 
Reporting 

Unit 

Adopted 
Reference 
Measure 

Year 2 
Period 

Year 3 

Period 

Year 4 
Period  

Year 5 
Period 

Year 6 

Period 

(Annualised 
Results) 

Difference between 
Year 6 & Reference 

Measure 

1 
Deforestation 
Indicator 

Rate of conversion of forest area as compared 
to the agreed reference level. 

Rate of 
change 
(%)/yr 

0.275% 0.054% 0.079% 0.068% 0.065% 0.050% 0.23% 

2 

Degradation 
Indicators 

National area of Intact Forest Landscape (IFL). 
Change in IFL post Year 1, following 
consideration of exclusion areas.  

ha 7 604 820 
7 604 754 

(66 ha loss) 

7 604 580 
(174 ha 

loss) 

7 604 425 

(155 ha loss) 

7 604 314 

(111 ha loss) 

7 604 024 

(290 ha loss) 

- 796 ha 

(290 ha loss in Year 
6) 

2b 
Determine the extent of degradation associated 
with new infrastructure such as mining, roads, 
settlements post the benchmark period7. 

ha 4 368 5 460 1 963 4 352 4 251 5 6795 -1 311 

3 
Forest 
Management  

Timber volumes post 2008 as verified by 
independent forest monitoring (IFM). These are 
compared to the mean volume from 2003-2008  

t CO2
 3 386 7786 3 685 3767 2 159 151 3 106 693 3 366 326 1,892,371 1,494,407 t CO2 

4 

Emissions 
resulting from 
illegal logging 
activities 

In the absence of hard data on volumes of 
illegally harvested wood, a default factor of 15% 
(as compared to the legally harvested volume) 

t CO2 411 856 18 289 11 217 11 533 13 823 9,140 402,716 t CO2 

5 

Emissions 
resulting from 
anthropogenic 
forest fires 

Area of forest burnt each year should decrease 
compared to current amount. 

ha/yr 1 7068 28 208 395 265 762 944 

6 

Emissions 
resulting from 
subsistence 
forestry, land 
use and shifting 
cultivation lands  

Emissions resulting from communities to meet 
their local needs may increase as a result of 
inter alia a shorter fallow cycle or area 
expansion. (I.e. slash and burn agriculture). 

ha/yr - - - 765 167 93 - 

                                                      

5 Includes 802 ha of degradation from natural causes over the 2 year period.  
6 Assessment completed based in Winrock International Report to the Guyana Forestry Commission, December 2011: Collateral Damage and Wood Products from Logging Practices 
in Guyana.  This methodology only applies to emissions and not any removals due to re-growth of the logged forest.  2.  The same is the case for the Reference level for illegal logging for 
Years 2, 3 and 4.   
7Computed for the period 1 October 2010 to 31 December 2011. (15 months) 
8 Degradation from forest fires is taken from an average over the past 20 years. This value is inclusive of all degradation drivers except for rotational shifting agriculture. 
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Encouragement of carbon sinks (Ref measure 7) is now under review. Reforestation of 
previously deforested sites is currently monitored using GIS once a deforestation site shows 
signs of being abandoned. Evidence suggests that these sites take a considerable time to 
regenerate. This is unsurprising due to the nature of the soil disturbance and displacement 
associated with mining activities. It is recommended that a long-term measurement plan be 
developed to monitor the carbon stock accumulation over time. The purpose of this plan would 
be to develop a realistic re-measurement interval. Once carbon stocks show signs of recovery, 
emission factors could be developed and linked to the GIS to provide a carbon stock estimation. 
The first instance of this measurement is recorded in Year 5. No measurement has been made 
in Year 6 due to the use of lower resolution Landsat images. Monitoring will recommence in 
Year 7 period. 

 

Table S2: Impending Interim Measure 

Measure 
Ref. 

Reporting 
Measure 

Indicator 
Reporting 

Unit 

Reference 
Measure 

Year 2 to 4 
Period 

Year 5 
Period 

Year 6 
Period 

Difference 
between 

Year 5 & 6 
Reference 
Measure 

7 

Encouragement 
of increasing 
carbon sink 
capacity of non-
forest and forest 
land 

Changes from non-forest land to 
forest (i.e. through plantations, 
land use change) or within forest 
land (sustainable forest 
management, enrichment 
planting) 

Not 
considered 
relevant in 
the interim 
period. 

N/A N/A 73 N/A 

 

 

NA 
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GLOSSARY 

The following terms and abbreviations are used throughout the report.  

ESA European Space Agency 

Geo FCT The Forest Carbon Tracking Task force 

GFC Guyana Forestry Commission 

GGMC Guyana Geology and Mines Commission  

GIS 

GLCF 

Geographic Information System 

Global Land Cover Facility 

GL&SC Guyana Lands & Surveys Commission 

GOFC-GOLD Global Observation of Forest and Land Cover Dynamics 

GPS 

GV 

Global Positioning System 

Green Vegetation 

INPE 

IPCC 

IRS (LISS) 

National Institute for Space Research in Brazil (Instituto 
Nacional de Pesquisas Espaciais) 
Inter-Governmental Panel on Climate Change 
Indian Remote Sensing Linear Self Scanning Sensor 

LAI 

LCDS 

Leaf Area Index 

Low Carbon Development Strategy 

LULUCF 

MERIS 

MMU 

Land Use, Land Use Change and Forestry 

Medium Resolution Imaging Spectrometer 

Minimum Mapping Unit 

MODIS Moderate Resolution Imaging Spectroradiometer 

MOU 

MRSid 

Memorandum of Understanding  

Multi-resolution Seamless Image Database 

MRVS 

MS 

MSAVI 

Monitoring Reporting and Verification System 

Multispectral 

Modified Soil Adjusted Vegetation Index 

Radar Radio Detection and Ranging 

REDD+ 
Reducing Emissions from Deforestation and Forest 
Degradation Plus Sustainable Forest Management 

SAIL 

SAVI 

SFA  

SMA 

Scattering by Arbitrarily Inclined Leaves 

Soil Adjusted Vegetation Index 

State Forest Area 

Spectral Mixture Analysis 

SPOT 

SRTM 

SWIR 

Satellite Pour l'Observation de la Terre 

Shuttle Radar Topography Mission 

Short Wave Infrared 

UNFCCC 

UNREDD 

United Nations Framework Convention on Climate Change 

United Nations REDD Programme 

USGS 

VNIR 

United States Geological Survey  

Visible and Near Infrared 

WWF Worldwide Fund for Nature 
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1. INTRODUCTION 

1.1 Country Description 

The total land area for Guyana is 21.1 million hectares (ha) and spans from 2 to 8° N and 57 to 
61° W. Guyana shares common borders with three countries: to the north-west - Venezuela, the 
south-west - Brazil, and on the east - Suriname. 

Guyanaôs 460 km coastline faces the Atlantic on the northern part of the South American 
continent. The coastal plain is only about 16 km wide but is 459 km long. 

It is dissected by 16 major rivers and numerous creeks and canals for irrigation and drainage. 
The main rivers that drain into the Atlantic Ocean include the Essequibo, Demerara, Berbice, 
and Corentyne. These 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 center of the country is a white sand (zanderij) plateau lying over a crystalline 
plateau penetrated by intrusions of igneous rocks which cause the river rapids and falls.   

1.2 Initiation of REDD+ activities in Guyana 

On 8 June 2009, Guyana launched its Low Carbon Development Strategy (LCDS). The Strategy 
outlined Guyanaôs vision for promoting economic development, while at the same time 
contributing to combating climate change. The LCDS aimed to achieve two goals:  

1. Transform Guyanaôs economy to deliver greater economic and social development for 
the people of Guyana by following a low carbon development path; and  

2. Provide a model for the world of how climate change can be addressed through low 
carbon development in developing countries if the international community takes the 
necessary collective actions, especially relating to REDD+.  

As at September 2009 Guyana had approximately 87% of its land area covered by forests, 
approximately 18.5 million ha. Historically, relatively low deforestation rates have been reported 
for Guyana.  

Guyana currently records a comparatively low deforestation rate, reported in its Interim 
Measures MRVS Report, as ranging between 0.02% and 0.079% per annum. 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 Developing Countries (UN-REDD programme), the Forest Carbon Partnership 
Facility (FCPF) and the REDD+ Partnership, among others.  

The activity undertaken, as summarised in this Report, forms part of the sixth year of the three-
phase Road Map developed for Guyanaôs MRVS. The objective of the initial MRVS Road Map 
was to undertake comprehensive, consistent, transparent and verifiable assessment of forest 
area change for the historical period of (about) 1990 to 2009 using several period steps of 
archived Landsat-type satellite data that meet the criteria of the IPCC Good Practice Guidelines 
for LULUCF.  

A Second Phase MRVS Roadmap was developed following a stakeholder consultation process, 
the year 5 report was the commencement of the first cycle of the Phase 2 Roadmap covering 
knowledge and capacity sharing aspects.   

1.3 Establishing Forested Area 

Land classified as forest follows the definition as outlined in the Marrakech Accords (UNFCCC, 
2001). Guyana has elected to classify land as forest if it meets the following criteria: 

¶ Tree cover of minimum 30%  

¶ At a minimum height of 5 m  
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¶ Over a minimum area of 1 ha. 

In accordance with the JCN, the national forest cover as at 1990 based on this definition is used 
as a start point. The previous 2010 report prepared by GFC provides a detailed description of 
this process.  

In summary, this process involved: 

¶ Determination of the 1990 forest area using medium resolution satellite images (Landsat) 
by excluding non-forest areas (including existing infrastructure) as at 1990. 

¶ From this point forward accounting for forest to non-forest land use changes that have 
occurred between 1990 and 2010 using a temporal series of satellite data. 

The 2010 Interim Measures report estimated that as at the benchmark period (30 September 
2009) the total forest area that met the above definition was 18.39 million ha (± 0.41 million ha). 
This figure was further verified by the University of Durham (UoD) with an indicative accuracy 
of (97.1%). 

The 2012 (Year 3) assessment used a forest area (including State Land, State Forest and 
Amerindian Villages) of 18.50 million ha as the starting point. The increase in forest area 
resulted from the re-analysis of the 1990 forest / non-forest classification. These boundaries 
were updated using 5 m satellite imagery. This was a necessary change in order to ensure the 
delineation of mapped change events are at a consistent resolution with the updated forest/non-
forest boundary. This means that historical change was included in the reported forest area 
figures until year two. From year three forward, the analysis does not take into account historical 
change mapped from Landsat as it was undertaken using RapidEye imagery. This entails 
comparing different analyses based on imagery of significantly different resolution. To generate 
a truly comparative figure, a full óback castô analysis of historical change events at the updated 
RapidEye resolution would be necessary. This is a comprehensive exercise and would 
essentially entail an extensive long-term analysis of all historical mapping periods, with 
reference to all historical imagery.  

Any new land cover change for the Year 4 period has been subtracted from the revised forest 
area, as it was for Year 2. In year five there was a further shift in the basemap registration. This 
is due to updating from a GeoCover basemap at 30m resolution to a new basemap aligned with 
RapidEyeôs updated ground control points. This resulted in another minor revision in non- forest 
area. The non-forest area for Guyana has be updated and is benchmarked using this value. 

A national coverage of RapidEye was first obtained in 2012 and 2013 - this constitutes a 
continued improvement on the historical Landsat data used. As with previous years this revision 
will be subject to independent audit, firstly by the accuracy assessors University of Durham 
(UoD) and secondly by the project verifiers Det Norske Veritas (DNV). 

Similarly, in 2014 (Year 5) the forest area was again revised to a value of 18.48 million ha. This 
constitutes a difference of some 7 069 ha (gain) when compared to the Year 4 remaining forest 
area (18 475 478 ha) which would normally be used as the following yearôs (5) start forest area. 
The increase is largely a result of updates from RapidEye ground control points which has 
resulted in an increase in spatial accuracy of the imagery. This has resulted in a revision of the 
country boundary. Beyond that, the 2014 RapidEye has also enabled more accurate updates 
and allocation of forest and non-forest land classes which further justify the change. The 
presence of these area updates acknowledges that improvements are consistently being 
applied to the program where a genuine change has been recognized.  

No changes have been applied to the start forest area for the Year 6. It takes the Year 5 end 
forest area (Year 5 start forest area less year 5 deforestation). The Year 6 start forest area is 
some 18.47 million ha. 

1.4 MRVS Development & Progress 

Several areas have been progressively improved over the period that interim measures are 
recorded. Over time the reporting formats have been improved and refined to accommodate 
impending measures such as shifting cultivation and afforestation.  



 

 

Copyright © The Guyana Forestry Commission 3 

Year 6 marked a slow down in the MRVS to allow the new Government of Guyana to discuss 
options for the way forward on Guyanaôs MRVS with the Government of Norway. Over this 
period, forest change was monitored using a combination of Landsat and Sentinel images. As 
a result, only areas of deforestation were mapped. The resolution of the data used meant it was 
not possible to conduct national scale monitoring of the impact of forest degradation.  

It is proposed that the monitoring system will evolved to take advantage of the Sentinel satellites 
- a constellation commissioned by the European Space Agency (ESA). The two Sentinel 
satellites 2A and 2B alone, enable repeat imaging of the same spatial location every five days 
at a spatial resolution of 10 m. Combined with the Landsat constellation (L7 and L8) this 
increases to 6-7 observations per month. 

The increased temporal resolution represents an important shift towards continuous monitoring 
of resources. The ability to monitor the same location repeatedly enables the detection of subtle 
changes in vegetation vigour and identification of trends. The real analytical efficiencies are 
accomplished by leveraging off cloud computing architecture which hosts and serves petabytes 
of historical and recently acquired images on-demand. With data held in this environment there 
is no need to individually review, download, or process and analyse satellite imagery as was the 
norm in the recent past.  

These developments represent a major change in the way data is analysed ï allowing on-
demand processing while simultaneously accessing an ever-increasing repository of global 
datasets, satellite images, topographic and climatic observations 

In following this approach further investment in data analysis and reporting tools and 
methodologies to monitor change are planned for Year 7 (2018).   

A more specific overview of the development areas for the 2017 to 2020 is provided in Section 
5.  
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2. OVERVIEW OF GUYANAôS LAND CLASSES 

There are four main tenure classifications in Guyana, the largest is state forest which is 59% of 
the total land area, followed by State Lands (20%) Amerindian lands (16%), and Protected Areas 
(5%).  

State Forest Area 

According to the Forest Act Section 3, Chapter 61:01, the State Forest 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 assessment, State Lands are identified as areas that are not included as 
part of the State Forest Area that are under the mandate of the State. This category 
predominantly includes State Lands, with isolated pockets of privately held land, but does not 
include titled Amerindian villages.   

Protected Areas 

To date, the four Protected Areas that come under the scope of the Protected Areas Act are: 
Iwokrama, Shell Beach, Kanuku Mountains and Kaieteur National Park. Altogether these 
account for a total of 1 141 000 ha designated as Protected Areas.  

Titled Amerindian Land 

The Amerindian Act 2006 provides for areas that are titled to Amerindian villages. It includes 
both initial titles as well as extensions that have been granted to these titled areas.  

The areas are: State Forest Area (SFA) and State Lands which are calculated from the mapping 
analysis, is estimated at 14.8 million ha. This excludes Iwokrama, Kaieteur National Park and 
titled Amerindian Land. Combined, these forested areas make up 3.69 million ha. The location 
of these areas is shown in Map 2-1. 
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Distribution of Tenure & Land Classes 

Table 2-1 shows the distrubtion as at the end of Year 5, which is also the start of Year 6. Table 
2-2 is the current distribution of classes, as at the end of Year 6. The revised forest area in Table 
2-2 includes the forest area lost during the Year 6 mapping period. 

Table 2-1: Year 5 End Land Class Distribution 

2016 Land 
Classes 

Forest 

Non-Forest 

Grassland Cropland Settlements Wetlands 
Other 
Land 

Total 

(Area '000 ha) 

State Forest Area 10 990 1 225 131 34 149 37 12 566 

Titled Amerindian 
lands *(including 
newly titled lands) 

2 868 320 34 9 39 10 3 280 

State Lands 3 614 403 43 11 49 12 4 132 

Protected Areas* 999 111 12 3 14 3 1 142 

Total Area 18 471 2 059 220 58 250 62 21 119 

Table 2-2: Year 6 End Land Class Distribution 

2016 Land 
Classes 

Forest 

Non-Forest 

Grassland Cropland Settlements Wetlands 
Other 
Land 

Total 

(Area '000 ha) 

State Forest Area 10 979 1 233 132 35 150 37 12 566 

Titled Amerindian 
lands *(including 
newly titled lands) 

2 865 322 34 9 39 10 3 280 

State Lands 3 610 406 43 11 49 12 4 132 

Protected Areas* 998 112 12 3 14 3 1 142 

Total Area 18 452 2 073 222 58 252 62 21 119 
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Map 2-1: Guyanaôs Land Classes 
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3. FOREST & LAND COVER DATASETS 

For the interim measures report the total land area is separated into the forest and non-forest 
components as determined at 30 September 2009 (Benchmark). This was originally created 
from interpretation of the Landsat time series and refined using the RapidEye imagery in 2013. 
The non-forest area was further subdivided in 2014 into the relevant IPCC non-forest classes. 

In developing the MRVS, it is important that forest and non-forest components are identified and 
mapped so that changes between the two classes can be monitored. For areas identified as 
forested, further stratification is generally required to divide forest types by their potential carbon 
storage capacity9.  

As a starting point in 2009 two datasets that depict the different forest types were considered. 
Both maps were produced in 2001 by Dr. Hans ter Steege, University of Utrecht, Netherlands, 
in collaboration with the GFC Forest Resources Information Unit (FRUI).  

The first provides a detailed forest vegetation map for the entire State Forest Area (SFA) and 
was created from various existing vegetation maps. It was updated using interpretations of 
historical aerial photography and satellite radar imagery from the Japanese Earth Remote 
Sensing satellite (JERS 1). The maps completeness was supported by analysis of field data 
collected during the Commissionôs forest inventories.  

At the same time a national forest and land use classification map at 1:1 000 000 scale was 
produced (Map 3-1). This is based mainly on national soil survey data made available by the 
National Agricultural Research Institute (NARI). 

Map 3-1: Simplified National Vegetation Map 1:1 000 000 Scale 

 

                                                      

9 In Guyanaôs case the forest carbon plots established by GFC and Winrock International show that the carbon stocks 

across forest types are similar. The basis for the carbon stock stratification is related to accessibility. 
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Using these maps GFC modified the classification schema to produce a simplified version. This 
conforms to the six broad land use categories in accordance with IPCC reporting guidelines 
(Table 3-1). A description of the land use categories is provided in Appendix 3. 

Table 3-1: Preliminary Land Use Categories  

Class IPCC Landcover Class Guyana Landcover Description 

Forest Land Forest Land 

Mixed forest  

Wallaba/Dakama/Muri forest 

Swamp/Marsh forest 

Montane forest  

Mangrove forest 

Savannah Forest  

Shifting Agriculture systems 

Non-forest 

Cropland Cropland 

Grassland 
Tropical unmanaged grassland 

Tropical unmanaged shrubland 

Wetlands 
Open Water 

Herbaceous unmanaged wetland  

Settlements 
Human Settlement areas and roading 

Pre-1990 Mining Area 

Other land 
Bare exposed rock outcrops 

Bareland 

This map has been updated to better represent the forest and non-forest boundary as required 
to enable monitoring of forest change. Subsequent improvements have included the inclusion 
of annual forest loss areas, refinements to the river networks and further division of the non-
forest area to better delineate agricultural lands.    

The map is used to stratify the forest area which is in turn used to determine the number samples 
required to determine map accuracy and guide the placement of field plots designed to measure 
carbon stocks. The latter is an input required for the carbon forest monitoring system to 
determine the amount of CO2 sequestered or emitted. 
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4. MONITORING & SPATIAL DATASETS 

The process developed aims to enable areas of change (>1 ha) to be tracked spatially through 
time, by driver (i.e. mining, infrastructure and forestry). The approach adopted seeks to provide 
a spatial record of temporal land use change across forested land (commensurate to an 
Approach 3).  

The datasets used for the change analysis have evolved over time. Initially the historical change 
analysis from 1990 to 2009 was conducted using Landsat imagery. From 2010 a combination 
of DMC and Landsat was used and from 2011 onwards these datasets were primarily 
superseded with high resolution images from RapidEye. For 2015 and 2016 (Year 6), a 
combination of Landsat and Sentinel data have been used. Moving forward, it is expected that 
Sentinel (2A/2B) will be the primary dataset, supplemented by Landsat. 

This progression is outlined as follows: 

¶ 1990 to 2000 ï Landsat 30 m 

¶ 2001 to 2005 ï Landsat 30 m 

¶ 2006 to 2009 September - Landsat 30 m  

¶ 2009 ï 2010 October (Year 1) - Landsat 30 m and DMC (22 & 32 m) 

¶ 2010- 2011 December (Year 2) Landsat 30 m and RapidEye 5 m  

¶ 2012 December (Year 3) RapidEye 5 m supplemented as necessary by Landsat 5 & 
7 

¶ 2013 December (Year 4) RapidEye 5 m supplemented as necessary by Landsat 8. 

¶ 2014 December (Year 5) RapidEye 5 m supplemented as necessary by Landsat 8. 

¶ 2015 ï 2016 December (Year 6) Landsat 30 m and Sentinel 10 m ï mapping 
deforestation only. 

Over time several map products have been produced. The first, the Benchmark forest map, as 
determined through analysing change from 1990 to 2009. The Benchmark map provides a 
snapshot of forest area as at 30 September 2009. 

The 'Year 1' map covers the first year after the benchmark map. For this period all forest to non-
forest changes from 2009 to 2010 September were mapped spatially and reported. The main 
dataset used over this period was 30 m Landsat imagery. 

For the 2010-11 assessment, higher resolution 5 m imagery was tasked over previously 
identified change areas. The area covered was 12 million ha which equated to 56% of Guyanaôs 
land area. The improved resolution enabled better identification of change boundaries, drivers 
of change and areas of forest degradation. 

From 2012 to 2014 high resolution (5 m) coverage has been acquired over Guyana. This has 
enabled both change and the forest area to be mapped more accurately.  

2014 onwards forest monitoring has been conducted using Landsat 8 and Sentinel 2A. Landsat 
8 was used for the 2015 period due to insufficient coverage of Sentinel. Sentinel 2A image 
collection improved for the 2016 year. This position may change with the recent launch of 
Sentinel 2B (10 m resolution with an image swath of 280 km), effectively doubling the capture 
rate of Sentinel data. 

4.1 Data Structure, Operators and Training 

All spatial data is stored on the local server at GFC and builds on the archived and manipulated 
data output from the previous analyses. The server is managed by the IT department at GFC 
and is routinely backed up and stored off-site. 

The Year 2 data report recommended a central repository for all spatial information for 
inter-agency use. G F C  h o ld s  a  consolidated geodatabase of all required GIS datasets. In 
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the latter part of 2014 a partnership with FAO was initiated. This seeks to develop a working 
model to evaluate the Space Data Management System (SDMS). Potentially, SDMS allows for 
consolidated online storage of image products that are created during pre-processing. GFC is 
keen to evaluate this option and run the relevant SDMS modules in parallel to standard MRVS 
reporting methods adopted by GFC.   

As with previous years the relevant datasets that are used for the analysis have been 
documented and archived. This includes brief metadata about the dataset, its location on the 
network and anticipated update frequency. Several datasets are actively used and 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 to avoid duplication of datasets. 

GIS and remote sensing data and layers are stored on the dedicated NAS. Image metadata is 
recorded. Information recorded includes sensor, path and row, and processing applied. New 
folders are created as these scenes are processed using ENVI image processing software 
and all associated files generated are also retained. 

All images are named using a common format that identifies the satellite, path and row, 
image date, provider, processing level (e.g. O = orthorectified) and any post-processing that 
has been applied to register the imagery to a terrain corrected base mosaic (W = warped/co-
registered). 

The satellite images are all full band stacks in DAT or GeoTiff format. The DAT format is used 
due to its interoperability between software. 

GFC now has six GIS operators and a GIS manager. All desktop computers are running 
ArcGIS (10) as provided by ESRI under the LCDS assistance program. Two copies of ENVI  
have also been installed to enable image processing. In addition, several customised 
toolbars that assist with standardising or automating the mapping process have been 
developed. 

4.2 Agency Datasets 

Several Government agencies that are involved in the management and allocation of land 
resources in Guyana hold spatial datasets. Since 2010 GFC has coordinated the storage of 
these datasets for the MRVS. These agencies fall under the responsibility of the Mininstry of 
Natural Resources (MNR). The Ministry has responsibilities for forestry, mining, and land use 
planning and coordination. 

In 2016, activities of environmental compliance and management, protected areas development 
and management, national parks management and wildlife conservation and protection were 
reassigned from the Ministry of Natural Resources to a newly established Department of 
Enviroment. This Department of Environment falls under the oversight of the Ministry of the 
Presidency. 

Table 4-1: Agency Datasets Provided 

Ministry 
Natural 

Resources 

Agency  Role Data Held 

Guyana Forestry 
Commission (GFC)  

Management of forest 
resources  

Resource management 
related datasets  

Guyana Geology and 
Mines Commission 
(GGMC)  

Management of mining 
and mineral resources  

Mining concessions, active 
mining areas  

Guyana Lands and 
Surveys Commission 
(GL&SC)  

Management of land titling 
and surveying of land  

Land tenure, settlement 
extents and country 
boundary  

Department 
of 

Environment 

Protected Areas 
Commission 

Management of Protected 
Areas System in Guyana 

Spatial representations of all 
protected areas 
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Interim datasets have been provided by GFC, GGMC, GL&SC and thePAC.This is progressively 
updated as necessary.   

4.3 Agency Responsibilities 

Guyana Forestry Commission 

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

The Commission develops and monitors 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 Unit (FRIU) holds a range of operational spatial datasets that 
are used to assist in the management of forest resources.   

Guyana Geology Mines Commission 

The main functions of GGMC are to: 

¶ Promote mineral development 

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

¶ Conduct mineral exploration 

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

The GGMC also has a role in the enforcement of the conditions of Mining Licenses, Mining 
Permits, Mining Concessions, Prospecting Licenses (for Large Scale Operations), Prospecting 
Permits (for Medium and Small-Scale operations) and Quarry Licenses. It is responsible for the 
collection of rentals, fees, charges and levies payable under the Mining Act. 

The GIS section at GGMC routinely collects information using field GPS units. The spatial layer 
developed holds information on the location of dredge sites and if available the person licensed 
to operate the dredge. The intention is that this dataset is updated quarterly.  

GGMC also holds a spatial layer that defines the location of large and medium scale mining 
concessions and proposed reconnaissance areas. 

Guyana Lands & Surveys Commission 

The Guyana Lands and Surveys Commission (GL&SC) remit includes the provision of land 
policy recommendations and draft land use plans to ensure orderly and efficient utilization of 
public land resources; advise on land surveying matters, and effective and efficient land 
administration. 

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

o The extent of larger settlements, in particular, Georgetown  

o The location of registered agricultural leases 

o Historical aerial photography not held by GFC. 

¶ Datasets from GGMC and GL&SC were consolidated into the GIS and used to assist 
with identification of areas undergoing change.   
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Section 4.4 provides details of image and GIS datasets considered relevant for the continued 
monitoring and mapping of temporal forest change in Guyana. 

Protected Areas Commission  

In 2012, following the passage of the Protected Areas Act, the Protected Areas Commission 
was established. The mandate of the PAC is to establish, manage, maintain, promote and 
expand the National Protected Areas System (NPAS). Under the Protected Areas Act, existing 
and new State owned protected areas, Amerindian protected areas, privately managed 
protected areas and urban parks such as the Botanical Gardens and Zoological Park comprise 
the NPAS, which will be managed by the Protected Areas Commission.  

The PAC has an important role to play in the MRVS process whereby an important area of land 
allocation and management as classified under the MRVS relate to Protected Areas.  As such, 
the MRVS Report on the forest cover change in these areas, as well as loss of IFL, relate directly 
to Protected Areas.  This therefore makes the data inputs from the PAC important to the MRVS 
process and the results of the reporting, a useful data platform for the PAC.      

4.4 Monitoring Datasets - Satellite Imagery 

In keeping with international best practice, the method applied in this assessment utilizes a wall-
to-wall approach that enables complete, consistent, and transparent monitoring of land use and 
land use changes over time.  From 2011 to 2014, GFC commissioned RapidEye coverage to 
ensure national coverage at a resolution high enough to capture forest degradation as well 
as deforestation. However, for year 6 period 2015-2016, the GFC has used Sentinel 2A 
imagery to capture deforestation. 

The Sentinel-2 mission is a land monitoring constellation of two satellites that provide high 
resolution (10 m) optical imagery that provides continuity for the current SPOT and Landsat 
missions. 

The mission provides a global coverage of the Earth's land surface every 10 days with one 
satellite and 5 days with 2 satellites, making the data a valuable resource for monitoring 
forest change. The satellites are equipped with the state-of-the-art MSI (Multispectral Imager) 
instrument that offers high-resolution optical imagery. 

Presently, the annual change reporting is geared towards satisfying a series of interim 
measures. This requires that changes in forest land to other land uses be reported relative to 
the 2009 Benchmark map. Currently changes occurring in land defined as non-forest are not 
reported. The basic premise is that eventually changes in the six IPCC categories will be 
reported for the LULUCF sector. 

For the analysis a higher priority is placed on images acquired at the end of each years reporting 
period, with the majority of images acquired from September to December 2015-16. Due to the 
typically cloudy nature of satellite imagery over Guyana multiple scenes over the same location 
are required. Nearly all areas have three separate images covering each footprint. Wall to wall 
coverage of Landsat imagery for Guyana has been downloaded from the United States 
Geological Survey (USGS) online catalogue. Sentinel images are downloaded via Google Earth 
Engineôs repository which is linked to ESAôs data archive.  
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Figure 4-1: 2016 Sentinel Coverage 

 

  

Landsat Data 

Landsat 7 imagery at 30 m resolution offers comprehensive temporal coverage over Guyana. 
This imagery is archived and is freely available and can be sourced from either the United 
States Geological Survey. However, since May 2003 a scan line correction fault has caused a 
striping effect on the images. This fault has reduced the utility of Landsat 7 images for 
automated processing and mapping, although it is still practical to use it visually for monitoring 
temporal change. The Landsat 7 was utilized as supplementary data for the year 2015 since the 
Sentinel data was not yet available. 
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The Landsat Data Continuity Mission moved into its next phase on 11 February 2013 with the 
launch of Landsat 8. Landsat 8 provides freely available imagery at 30 m resolution. Landsat 
m iss ion  provides the most comprehensive temporal coverage over Guyana. This imagery is 
archived and is freely available and can be sourced from either the United States Geological 
Survey (USGS) or National Institute for Space Research (INPE) Brazil. Imagery sourced 
through USGS comes processed as ñL1Tò or terrain corrected (using SRTM 90 m DTM), 
whereas INPE imagery typically does not. 

Landsat 8 includes 11 spectral bands from visible (~0.5µm) to thermal (~12µm) wavelengths. 
Although lower resolution than RapidEye and Sentinel it provides a suitable supplementary data 
source, and allows timing of change events to be determined. 

Figure 4-8: 2015 Landsat 7 Coverage 
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Figure 4-9: 2015 Landsat 8 Coverage 

 

 



 

 

Copyright © The Guyana Forestry Commission 16 

Figure 4-11: 2016 Landsat 8 Coverage 

 

The approach employed allows for land cover change greater than one hectare in size to be 
tracked through time and attributed by its driver (i.e. mining, shifting agriculture etc.). This 
approach will be continued in year 6. A series of refinements to the image processing chain 
have been implemented to facilitate the use of higher resolution Sentinel imagery at a national 
scale.  

4.5 Additional Ancillary Satellite Images & Fire Datasets 

The historical analyses utilised the Fire Information for Resource Management (FIRMS) 
dataset to assist with detecting fire locations. This information was acquired using the Moderate 
Resolution Imaging Spectroradiometer (MODIS). In year 6, this data was also sourced from a 
South American provider through the FOCOS data search tool. This dataset is used to identify 
fire risk areas. The presence of fire is confirmed using the images used for detecting forest loss.  
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Figure 4- and 1-13 shows the identified fire locations for the analysis period. 

Figure 4-12: 2015 Fire Location Data 
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Figure 4-13: 2016 Fire Location Data 

 

4.6 Accuracy Assessment Datasets  

The purpose of the Accuracy Assessment (AA) is to provide an assessment of the quality of the 
GFCôs mapping of land cover land use change across Guyana. It is established practice that 
data used for accuracy assessment be either an independent interpretation of the same 
datasets used for the change mapping or, if available, higher resolution data. The results of the 
independent accuracy assessment and report are provided in Appendix 7.  

From 2012 to 2014 high-resolution imagery has been captured using a Cessna mounted aerial 
multispectral imaging system. The camera system (Aeroptic) is a flexible unit that can be 
installed quickly and easily on to various models of light aircraft. The resolution of the images 
captured over pre-defined samples ranges from about 25 to 60 cm (varied by the altitude of the 
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aircraft at the time of capture), a resolution capable of identifying forest degradation with some 
certainty.  

The strategy employed uses the imaging system to capture high-quality image data at sites pre-
determined by a stratified random sample that covers the majority of Guyana. The full sample 
coverage is achieved by including satellite images over areas where it is not possible to safely 
operate a small aircraft.  

For 2015 and 2016 years no aerial capture was undertaken due to the expiry of financing under 
Phase 1. Consequently, for this period alternative options were evaluated, and PlanetScope 
images as provided by Planet Labs were used. The Planet constellation comprises 
approximately 200 satellites micro-satellites imaging areas at (approximately) 3 m resolution. 
The satellites follow two different orbits namely International Space Station (ISS) and Sun 
Synchronous Orbit (SSO). The SSO is common to many earth-observing satellites which have 
a set equator crossing time and acquire images only on descending orbit. The planet satellites 
in SSO cross equator at 9:30-11:30 acquiring images of an area almost same time in every 
revisit. The satellites in ISS however have no fixed equatorial crossing time. 

For the accuracy assessment only, satellites in the SSO were considered. In keeping with 
previous years, the same sample transects were analysed. The locations of these transects 
were provided to Indufor by the independent accuracy assessment team from Durham 
University, UK. Multiple Planet images acquired (August to December 2016) over the sample 
site locations were provided to the accuracy assessment team for analysis.  

In Year 6 and 7 the Accuracy Assessment involved the collection of 313 sample units randomly 
selected from three forest strata organised by risk of deforestation. The High Risk and Medium 
Risk strata was assessed using Planet imagery. The Low Risk stratum was assessed using 
repeat coverage Sentinel imagery. 
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5. MRVS PHASE II DEVELOPMENT AREAS 2017-2020 

Since inception the MRVS has continually been developed and refined. The focus has been on 
improving the the forest monitoring system and methods as required to document forest change. 
As the MRVS moves into second phase (2017-2020). The aim is to progressively develop 
monitoring methods. Key development areas identified and started in year 6 (2017) include the 
following tasks. The status of each task is identified by the colour code applied with progress 
towards the milestone described in the following section.  

Table 5-1: MRVS Task Overview  

Task Task Description 

Milestone dates  

Year 6-
2017 

Year 7 
2018 

Year 8-
2019 

Year 9-
2020 

1 
Acquire Satellite Data Coverage of Guyana at National 
Scale for each assessment period. Incl. Data 
consolidation Report 

Dec-31 Jun-30 Apr-30 Jun-30 

Oct-31 Jul-30 Jun-30 Jun-30 

2 
Conduct national mapping and assessment of change in 
Forest Area, incorporate advances as necessary and 
required 

Dec-31 Nov-31 Oct-30 Oct-30 

3 Continue support for map verification  Dec-31 Dec-31 Nov-30 Nov-30 

4 Continue routine monitoring of emission factors  Dec-31 
      

5 
Report on monitoring forest degradation. Refine the 
measurement and reporting of forest degradation, 
logging impacts and reforestation/regrowth 

Dec-31 Dec-31 
    

6 Track REDD+ activities and their impacts    Oct-30 
  

Oct-30 

7 Revaluate and submit an improved reference level    
    

Dec-31 

8 
Assess options for continued forest change monitoring in 
the ñnon-REDD+ paymentò scenario. Pilot alternative 
monitoring option piloted years 8 and 9 

Dec-31 Dec-31 Mar-30 Sep-30 

9 Report and Incorporate new development areas Dec-31 
  

  

10 
Improve methodology for treatment of Shifting 
Cultivation, if deemed necessary  

Dec-31 
  

  

11 
Explore Options for near-real time monitoring for high 
priority sites. 

Dec-31 
  

  

12 
Explore options for development of an information 
platform for access to MRVS results and data. 

Dec-31 
  

  

13 
Develop platform and mechanism for use of MRVS data 
and results for forest concession monitoring and 
management  

Dec-31 
Sep-30 

  

14 
Conduct pilot of use of MRVS data and results through 
conducting a review of a forest concession agreement 

Dec-31 
  

  

15 
Build capability of local communities and stakeholders to 
monitor forests   

Jul-30 Jul-30 Jul-30 

16 
Explore options for the use of MRVS data to inform 
policy and land use management initiatives to address 
drivers of forest loss (including mining).     

Aug-31  

17 
Prepare scientific publications and syntheses - 3 science 
papers, two technical papers MRVS communication 
materials     

Aug-31 Mar-30 

18 Engage in South-South collaboration 
  

Oct-30 Oct-30 Oct-30 

19 
Present lessons from the development and operations of 
Guyanaôs MRVS at key international fora.   

Oct-30 Oct-30 Oct-30 

LEGEND  Complete 
In 

Progress 

Post 
2017 

Planning 
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5.1 Forest Mapping and Accuracy Assessment - Tasks 3.1.1 to 3.1.4 

These tasks have been completed with the two-year assessment covering year 5 and 6. The 
deforestation mapping for this period has been completed by the GFC mapping team. The 
accuracy assessment which includes the calculation of the deforestation and degradation area 
and associated confidence limits has been completed by the Durham University team.  

5.2 Continue Routine Monitoring of Emission Factors and Refine the Measurement of 
Degradation ï Tasks 3.1.5 and 3.1.6 

This task includes refinements to the monitoring of both shifting cultivation and degradation 
activities. It is intended that fieldwork to support this development will commence in 2018 and 
the findings will contribute to an updated report on shifting cultivation and degradation and as 
appropriate a revision of Standard Operating Procedures. 

Shifting Cultivation  

It is noted that there are currently no best practice methodologies for doing this, especially on a 
national-scale. The areas of focus include: 

1. Reviewing the minimum mapping unit for shifting cultivation  

2. Review of time series satellite images to determine the rotation length and extent of 
shifting cultivation.  

3. Determine if there is a difference between rotational and pioneer  

4. Coordinate with the forest carbon measurement team to determine an appropriate 
Emission Factor.   

Forest Degradation  

In 2018 it is proposed that a review of forest degradation drivers is undertaken to further 
consolidate the activities that fall under this category, namely, degradation due to mining, areas 
under forest management and areas degraded by fire. The main development is the availability 
of high resolution repeat observations as available from Sentinel series of satellites. The 
increased temporal frequency is expected to enable more frequent reporting.  

The initial forest degradation method as applied to mining was developed in 2011. This work 
showed that in Guyana forest degradation around mining sites is unique, with the main 
contributors being the opening of roads linked to new infrastructure, and degradation mainly 
associated with mining activity - which is dynamic.  The method adopted high resolution 5 m 
RapidEye to determine the impact of degradation, and was supported by field inspections that 
measured the stock changes caused by degradation. The field assessment involved the 
establishment of field transects 20 m in width from the edge of deforestation events. The field 
measurements suggest that infrastructure-related degradation is restricted to the immediate 
area around the deforestation site.  

Interpretation of the 5 m resolution images showed that the forest cover returns to an intact state 
inside 40 m from the deforested event. Beyond this point it is possible to identify forest 
disturbances provided the disturbances are large enough (>100 m2) and the vegetation is 
disturbed to the point where the soil is exposed.  

Monitoring Forest Degradation - Areas under Forest Management 

The current interim measure uses post-2008 timber volumes applies the Gain Loss Method 
based on forest harvest and illegal logging volumes. These values are then compared to the 
mean volume from 2003-2008. Previous work evaluated the ability of RapidEye to provide 
supplemental information through the detection of harvest and roading activities. The field 
assessment covered a range of clearance activities associated with forest harvest. These 
included the formation of roads (primary, secondary and skid trails), log markets, and harvesting 
operations. 
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The main findings of this earlier work concluded that the current interim measure which uses 
the Gain Loss method be retained due to the following observations: 

1. The assessment showed that individual canopy openings are too small for detection 
in high resolution imagery such as RapidEye. A possible exception is if the operations 
are recent and the harvesting is clustered.  However, even in such cases, the harvest 
yield is relatively low, and it is difficult to detect a change in forest cover.   

2. The size of secondary access roads is small (road widths ~3-4 m). Unless detected 
during formation it is likely that these roads will remain undetected. It is possible to 
detect larger roads wider than 10 m. 

The 2018 fieldwork aims to re-evaluate these findings by: 

1. Using selected field sites to relate airborne and satellite imagery to field observations 
(using existing fieldwork SOPs).  

2. Evaluating the ability of frequent satellite observations such as Sentinel 2, Planet Labs 
to detect and map degradation activities. 

The outcome will as appropriate update the existing methods, SOPs and reporting IPCC GPG 
formats. 

Monitoring Forest Degradation on Sites Affected by Fire 

Currently the impacts of human induced or anthropogenic forest fires is included in the 
assessment of the associated emissions (Interim Measure 5). The interim performance indicator 
is the area burnt each year decreasing compared to the current area. 

In Guyana the cause of fires (biomass burning) is associated with forest cover change which, 
based on local knowledge, is largely human induced. The current detection method uses 
information from the Fire Information for Resource Management System (FIRMS) 

In 2012 the detection of forest fires changed to using high resolution 5 m imagery and FIRMS 
data. The successful detection of burnt areas depends on the intensity and the scale of the fire.  

The land classes attributed can be either deforestation, if it leads to a permanent land use 
change from forest land to non-forest (>1 ha), or forest degradation, if the area burnt does not 
lead to a land cover change. Overall the fire detection methodology has been improved by the 
inclusion of higher resolution imagery. 

These improvements have been incorporated into the mapping guidelines; the Standard 
Operating Procedures (SOP) and will be further evaluated in 2018 using Sentinel images.  

Monitoring Reforestation of Mining Areas & Roads 

Previous work has also evaluated reforestation, the plus in REDD+. The reforestation aspect 
looks at the potential for identifying regeneration (carbon stock accumulation) of abandoned 
mining sites and roads.   

At that time changes in the vegetative cover were detected, however it was difficult to determine 
the composition or structure of this cover. Field inspections indicate that biomass recovery is 
slow (i.e. little measurable woody vegetation >2 cm recorded) due to the degree of disturbance.   

The main findings of the 2011-2012 study indicated that: 

1. The field inspections indicate that the rate of regeneration is very slow. In all historical 
mining sites visited (period 1990 to 2012) the forest cover had not regenerated to a 
state where the biomass is measurable.  

2. Abandoned mining sites can be detected and monitored using high-resolution 
imagery. 

It is proposed that in 2018 that these areas are re-evaluated using Sentinel 2 imagery. This 
analysis will be linked to the carbon stock monitor program.
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5.3 Assess Options for Continued Forest Change Monitoring. Task 3.1.9  

Improvements to the forest monitoring system are planned to start in 2018. These seek to 
consolidate results of previous efforts to test the use of low and no-cost technology options for 
the MRVS, explore new and emerging technology options, including new remote sensing 
products and Open Source software. The intention is to pilot the implementation of preferred 
option for new methods in parallel with current system for at least 2 years. Planned to be 
completed in year 7 and piloted in years 8 and 9. 

Other related tasks are interlinked and build from previous MRVS developments. These are 
outlined in Table 5-2. Planning and analysis for several tasks has started as documented in 
Appendix 1.  
Table 5-2: MRVS Tasks and Development Areas 

Task Description Activities 

3.1.10 
Report and Incorporate 
new development areas 

Further refinement of methods to quantify afforestation resulting from 
regenerating non-forest areas, and studies to show the carbon 
accumulation rate on abandoned mining sites.  This work links in with 
Guyanaôs planned mining reclamation project and the consideration of 
appropriate emission factors. 
Integration of new satellite sensors into the MRV such as. Sentinel 2A 
& Planet Labs, as well as RADAR. An accuracy evaluation of Sentinel 
2A is proposed prior to integration into future MRV reporting 
 
Tracking of degradation to assess the areas transitioning from 
degradation to deforestation and those areas that are reforesting. 
Incorporation of deforestation modelling methods to predict future 
deforestation patterns, building on work done to date based on both 
econometric modelling for mining and timber production and spatial 
modelling for mining 

3.1.11 

Improve methodology for 
treatment of Shifting 
Cultivation, if deemed 
necessary 

As presented in Section 5.2 

3.1.12 
Explore Options for near-
real time monitoring for 
high priority sites. 

Test different data streams and their usefulness and integration for 
near-real time monitoring of forest changes and REDD+ 
implementation starting in high priority sites.  
- Develop a framework to use near-real time monitoring to ensure 
compliance of deforestation agents and link into the same data sharing 
platform. 
- Develop a framework to use near-real time monitoring to ensure 
compliance of deforestation agents. 
- Produce a Report documenting results of near real-time monitoring 
tests and pilot system. 

3.1.13 

Explore options for 
development of an 
information platform for 
access to MRVS results 
and data. 

Using data housed under the MRVS from the period 1990 to 2014, 
collated under phase 1 of the MRVS, develop a platform for use of data 
and results at concession level. This platform could potentially be 
extended to encourage data sharing between agencies, communities 
and for hosting near-real time deforestation updates.  
- Explore options for further development of an information platform 
with the Ministry of Natural Resources. 
- Conduct a feasibility study and explore identified options from 
previous experiences (i.e. TerraAmazon or TerraCongo, Google 
EarthEngine) and develop a plan on which data to use for this purpose  
- Explore making Guyanaôs MRVS data and information (results) 
available through the Global Forest Watch platform. 

3.1.14 

Develop platform and 
mechanism for use of 
MRVS data and results for 
forest concession 
monitoring and 
management 

Implement the platform and use it as active communication and 
feedback tool between the Ministry of Natural Resources, the Guyana 
Forestry Commission, and forest owner and managers. 
- Establish reporting framework for collating MRVS at concession level. 
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6. SPATIAL MAPPING OF LAND COVER CHANGE 

The GIS-based monitoring system is designed to map change events in the year of their 
occurrence and then monitor any changes that occur over that area each year. Where an area 
(polygon) remains constant, the land use class and change driver are updated to remain 
consistent with the previous analysis. Where there is a change in the land cover of an area, this 
is recorded using the appropriate driver.  For Year 6, deforestation was mapped manually using 
a combination of repeat coverage Landsat and Sentinel 2 images. The area of degradation was 
estimated using the accuracy assessment (See Appendix 7).  

The following drivers of land use change are relevant. Drivers can lead to either deforestation 
or forest degradation. 

6.1 Deforestation 

Formally, the definition of deforestation is summarised as the long-term or permanent 
conversion of land from forest use to other non-forest uses (GOFC-GOLD, 2010). An important 
consideration is that a forested area is only deemed deforested once the cover falls and remains 
below the elected crown cover threshold (30% for Guyana). In Guyana's context forest areas 
under sustainable forest management (SFM) that adhere to the forest code of practice would 
not be considered deforested as they can regain the elected crown cover threshold. 

The five historic anthropogenic change drivers that lead to deforestation include: 

1. Forestry (clearance activities such as roads and log landings) 

2. Mining (ground excavation associated with small, medium and large-scale mining) 

3. Infrastructure such as roads (included are forestry and mining roads) 

4. Agricultural conversion 

5. Fire (all considered anthropogenic and depending on intensity and frequency can lead to 
deforestation). 

In Year 4, a new driver ósettlementsô was added to the driver matrix. It allows the team to 
describe human settlement driven change such as new housing developments.  

6.2 Degradation 

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

"A direct human-induced long-term loss (persisting for X years or more) of at least Y% of forest 
carbon stocks [and forest values] since time T and not qualifying as deforestation or an elected 
activity under Article 3.4 of the Kyoto Protocol ". 

The main sources of degradation are identified as: 

¶ Harvesting of timber (reported since 2011 using the Gain Loss Method) 

¶ Shifting cultivation (prototype method developed in 2012) 

¶ Fire  

¶ Associated with mining sites and road infrastructure. 

Image evidence and fieldwork over the last two years has shown that each of these drivers 
produce a significantly different type of forest degradation. Shifting agriculture and forest harvest 
operations are temporally persistent. Forest degradation surrounding new infrastructure is 
different in nature. Image evidence suggests that this type of degradation is dependent on the 
associated deforestation site, and often is not persistent in nature. Often the sites are either in 
transition to deforestation or are only temporarily degraded. 

Figure 5-1 shows two sites in transition from a degraded forest state to full deforestation.  
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Figure 5-1: Degradation Transitioning to Deforestation 

 

In the above examples the edge of a deforestation site moves from a degraded to a deforested 
state. Figure 5-2 shows an abandoned mining site, only affected temporarily before moving back 
into a revegetated state. 

 

Figure 5-2: Abandoned Mining Site 
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6.3 Change Analysis 

To facilitate the analysis Guyana has been divided into a series of regularly spaced grids. The 
mapping process involves a systematic review of each 24 x 24 km tile, divided into 1 km x 1 km 
tiles at a resolution of 1:8000. 

If cloud is present, then multiple images over that location are reviewed. The process involves 
a systematic tile-based manual change detection analysis in the GIS.  

Each change is attributed with the acquisition date of the pre-and post change image, driver of 
change event, and resultant land use class. A set of mapping rules has been established that 
dictate how each event is classified and recorded in the GIS. 

The input process is standardised using a customised GIS tool which provides a series of pre-
set selections that are saved as feature classes. The mapping process is divided into mapping 
and QC. The QC team operates independently to the mapping team and is responsible for 
reviewing each tile as it is completed. 

The following table provides an overview of drivers and associated deforestation or degradation 
activities that are reported spatially in the GIS as part of the MRVS. Appropriate methods have 
been established for all activities. Reforestation/Afforestation is the only activity not yet reported 
in the MRVS. The identification of the driver of specific land-use change depends on the 
characteristics of the change. Certainty is improved by considering the shape, location and 
context of the change in combination with its spectral properties. 
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Table 5-3: Summary of Activities & Drivers Captured in the GIS 

Activity Driver Criteria Ancillary Info Available Spatially Mapped End Land Use Class 

Forestry 

SFM Fall inside state forest area and is a 
registered concession 

Annual harvest plans, GIS extent of 
concession, previously mapped layers, 
Satellite imagery 

No. Volumetric measure 
used 

Degraded forest 

by type 

Infrastructure Roads > 10m Yes Settlements 

Settlements Settlements Areas of new human settlement Population data, image evidence. Yes Settlements 

Mining 

Infrastructure Roads >10 m Existing road network, 

Satellite imagery 
Yes 

Settlements 

Deforestation Deforestation sites > 1 ha Dredge sites, GIS extent of mining 
concessions, previously mapped 
layers, Satellite imagery 

Yes 
Bareland 

Degradation Assess any area >0.5 ha within 100 m 
buffer around deforestation event &ï 
road or new infrastructure -revisit sites 
post 2011to assess change 

Existing infrastructure incl. 
deforestation sites post 2011, Satellite 
imagery 

Mapped in the accuracy 
assessment 

Degraded forest 

by type 

Agriculture 
Deforestation Deforestation sites > 1 ha Registered agricultural leases, Satellite 

imagery 
Yes 

Bareland or crop land 

Fire 

Deforestation Deforestation sites > 1 ha FIRMs fire points, spatial trends from 
preceding periods, Satellite imagery 

Yes Bareland or crop land 

Degradation Degraded forest sites Mapped in the accuracy 
assessment 

Degraded forest by type 

Infrastructure 

Deforestation Roads >10 m Existing road network Satellite imagery Yes Settlements 

Degradation Assess any area >0.5 ha within 100 m 
buffer around deforestation event ï 
road or new infrastructure - revisit 
sites post 2011 to assess change 

Existing deforestation sites, Satellite 
imagery Mapped in the accuracy 

assessment 

Degraded forest by type 

Shifting 
Agriculture 

Degradation Assess historical patterns Proximity to rural populations, water 
sources and Satellite imagery 

Mapped in the accuracy 
assessment 

Degraded forest by type 

Reforestation/ 
Afforestation 

Reforestation Monitor abandoned deforestation sites Historical land use change, Satellite 
images 

Yes 
Reforestation Forest or land 
cover by type 

Afforestation Monitor historical non-forest areas Satellite imagery 
Yes  

Afforestation by land cover 
class. 

Previous assessments and specific projects show that the spatial distribution of change in Guyana follows a pattern and is clustered around existing access routes 
(GFC Year 1 & 2; 2010, 11; Watt & von Veh, 2009 & von Veh & Watt 2010).  

Potentially there is some overlap between drivers as the exact cause of the forest change can be difficult to determine. This is particularly relevant when deciding on 

the driver of road construction when mining and forestry areas use the same access routes.  
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Supplementary GIS layers are also included in the decision-making process to reduce this 
uncertainty. The decision-based rules are outlined in the mapping guidance documentation. 
This documentation, held at GFC, provides a comprehensive overview of the mapping process 
and rules. The following example provides an overview of the detail captured in the GIS. Evident 
are temporal changes in forest cover due to a range of forest change drivers. 

Figure 5-3: Example of Forest Change Mapping 
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6.4 Land Use Changes Not (Spatially) Recorded in the MRVS 

There are several land cover changes that are not reported spatially in the MRVS at this stage. 
For completeness the general extent of these areas is mapped to ensure that they are not 
accounted for as measured land use change ï these are listed as follow: 

Forest Harvest 

Forest harvest activities are accounted for using extraction records. Large concessionaires are 
required to submit annual plans to GFC that show intended harvesting activities. All blocks 
require approval before harvesting may commence. This information is recorded in the GIS by 
GFC and as practical are tracked using satellite imagery. 

On the satellite imagery forestry activity within the State Forest Area is often first identified by 
the appearance of roading and the degradation caused by surrounding selective harvest areas.  

These areas are delineated as a single polygon around the spatial extent of the impacted area 
(degradation as a result of forest harvest). Following this, a land use class of degraded forest 
by the forest type is assigned. 

Natural Events 

Natural events are considered non-anthropogenic change, so do not contribute to deforestation 
or degradation figures. These changes are typically non-uniform in shape and have no evidence 
of anthropogenic activity nearby. While these are not recorded in the MRVS, they are mapped 
in the GIS. These areas are attributed with a land class of degraded forest by forest type or 
bareland as appropriate.  
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7. FOREST CHANGE 

The results summarise the Year 6 period (1 January 2015 to 31 December 2016) forest change. 
This includes estimates of deforestation and degradation for all land eligible under Guyanaôs 
LCDS. 

As was first introduced in Year 4 and agreed under the JCN, infrastructure associated with the 
construction of the Amaila Falls hydro power development is itemised separately. 

For reference, historical changes relating to the benchmark period (1990 to 30 September 2009 
and Year 1 (01 October 2009 to 30 September 2010) are also provided.  

Previously the change for each period has been calculated by progressively subtracting the 
deforestation for each period from the forest cover as at 1990. The forest area as necessary is 
continually updated using satellite images. This results the forest/non-forest boundaries being 
improved over time. 

As with previous assessments forest is defined in accordance with Guyana's national definition 
of forest. This has remained consistent across the historic benchmark period, and Years 1, 2 
and 3.  

The forest cover estimated as at 1990 (18.47 million ha) was determined using manual 
interpretation of historical aerial photography and satellite images. This area was determined 
during the first national assessment (GFC 2010) and verified independently by the University of 
Durham (UoD, 2010 and 2011). By 2011 the forest cover had reduced to 18.38 million ha due 
to deforestation. In 2012 the forest cover was reassessed using high resolution imagery 
resulting in the baseline figure increased to 18.5 million ha. Further updates were made in 2014, 
with the starting forest area revised to 18.48 million ha. 

The results for each period are further divided by the five forest change drivers. This information 
is used to provide indicative trends for the periods analysed.  

Additional factors that should be considered when evaluating the forest change results include: 

¶ Forest change reported for the Year 6 period is based on interpretation of satellite 
images acquired for the last four months of 2015 and 2016. 

¶ The reporting of reforestation of previously forested sites is still under review. This is 
currently in the design phase, and will be reviewed in 2018.  Many of these sites are 
abandoned mining areas. Biomass recovery is known to be very slow.  The areas are 
brought into the MRVS as deforested areas, meaning it is possible to revisit these sites 
and monitor vegetation changes over time. In this way it is possible to allocate carbon 
accumulation rates once these are established.  

¶ The current SOP states that roads visible on the images >10 m in width should be 
included in the analysis. All roads are treated as deforestation events. Lower resolution 
images drawn from Landsat and Sentinel were used in this assessment. The 
implication is that some roads between 10 to 20 m in width will remain undetected. 
Any underestimates are likely to be identified in the accuracy assessment which uses 
3 m Planet Labs imagery.  

7.1 Changes in Guyana's Forested Area 1990-2014 

Historical Analysis 

The historical analysis indicates that the total area converted from forest to non-forest between 
1990 and 2009 was 74 917 ha. This was calculated by subtracting the initial 1990 forest area 
as mapped in the GIS from the 2009 September forest area (~19.75 years).  

This estimate included all forest to non-forest change i.e. detected mining, road infrastructure, 
agricultural conversion and fire events that result in deforestation. It does not include forest 
degradation caused by selective harvesting, fire or shifting agriculture.  
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The same approach and criteria was applied to calculate the area of deforestation from 2009 to 
2010 (Year 1 period). The total area of deforestation for this period was calculated at 10 287 ha. 
In Year 2 the change figure was similar and reported as 9 891 ha, with a rise in deforestation 
seen in Year 3 to 14 655 ha. In Year 4 the total area of deforestation was 12 733 ha and Year 
5 a decline to 11 975 ha, a decrease of some 758 ha when compared to Year 4.  

7.2 Year 6 Analysis 

For Year 6 the total area of deforestation over the 24-month period is calculated at 18 416 ha. 
From an annual perspective, this is 9,206 ha annually. This is a decrease of some 2 769 ha 
when compared to Year 5.  

The total change and change expressed as a percentage of forest remaining is provided in 
Table 7-1. 

Table 7-1: Area Deforested 1990 to 2016 

Period Years 

Image 
Resolution 

Forest Area 

('000 ha) 

Change 

('000 ha) 

Annualised 
Change Rate  

(%) 

Initial forest area 1990   30 m 18 473.39   

Benchmark (Sept 2009) 19.75 30 m 18 398.48 74.92 0.41 

Year 1 (Sept 2010) 1 30 m 18 388.19 10.28 0.056 

Year 2 (Oct 2010 to Dec 2011) 1.25 30 m & 5 m 18 378.30 9.88 0.054 

Year 3 (Jan 2012 to Dec 2012) 1 5 m *18 487.88 14.65 0.079 

Year 4 (Jan 2013 to Dec 2013) 1 5 m 18 475.14 12.73 0.068 

Year 5 (Jan 2014 to Dec 2014) 1 5 m **18 470.57 11.98 0.065 

Year 6 (Jan 2015 to Dec 2016) 2 10 m & 30 m  18 452.16 18.41 0.050 

*A new start forest area is used from year 2 to year 4 as the analyses were undertaken using 5m resolution imagery 
and a 5m resolution updated non-forest basemap. This is further explained in section 1.3 

**A new start forest area is used from year 5 forward. This is further explained in section 1.3 

Based on the initial 1990 forest area, the forest cover change for the 1990-2009 period is 
estimated at 0.41% (i.e.<1%). As with Year 1, the FAO (1995) equation as cited in Puyravaud 
(2003) has been used to calculate the annual rate of change. Puyravaud (2003) suggests an 
alternative to this equation, but at low rates of deforestation the two equations are essentially 
the same. 

Equation 7-1: Rate of Forest Change  

 

Whereby the annual rate of change (%/yr or ha/yr) is calculated by determining the forest cover 
A1 and A2 at time periods t1 and t2.  

If the 1990-2009 period is annualised this represents an average rate of change of about 3 800 
ha per year, which is equivalent to a deforestation rate of 0.02% (loss) per year.  

From this point the deforestation increased for the Year 1 period to 0.06% and has remained at 
a similar level for Year 2 (0.054%). The rate is in fact lower (0.043%) if the change is expressed 
as an annual rate rather than presented for the entire Year 2 period.  

In Year 3 the deforestation rate increased relative to previous years to 0.079%, but in Year 4 a 
decrease has occurred to 0.068%  
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Overall, Guyanaôs Year 4 deforestation rate is low when compared to the rest of South America, 
which according to the FAO 2015 forest resource assessment (FRA) natural forest is tracking 
at an annual deforestation rate of -0.43%/yr10. 

The following figure shows the deforestation trend by period. The rate presented has been 
annualised for the benchmark and Year 1 period. The value for the full 15-month assessment 
period is shown for Year 2. Year 3 (2012), Year 4 (2013) and Year 5 (2014) were annual 
assessments. Year 6 covers a 24-month timeframe.  

The trend shows that deforestation rates have increased since 1990 and peaked in 2012 
(0.079%). Since 2012 (Year 3), there has been a steady decline in annual deforestation rates; 
0.068% in Year 4, 0.065% in Year 5 and an annualised rate of 0.050% for Year 6.  

Figure 7-1: Annual Rate of Deforestation by Period from 1990 to 2016 

 

7.3 Forest Change by Driver 

The forest change was divided and assessed by driver. For this assessment degradation values 
are drawn from the accuracy assessment results. Details of this methodology are included in 
Appendix 7.  

Table 7-2 provides a breakdown by forest change drivers for the benchmark, Year 1, 2, 3, 4, 5 
and the combined 6 and 7 periods. Interpretation of the change areas during the benchmark 
period identifies mining (which includes mining infrastructure) as the leading contributor of 
deforestation (60% of the total), particularly between 2001 and 2005. 

The area of deforestation attributed to mining (which includes mining infrastructure) has 
decreased slightly from Year 4 (11 251) to Year 5 (10 191 ha). Deforestation attributed to mining 
accounts for approximately 85% of all recorded deforestation in 2014 (Year 5) and 74% in year 
6. 

 

                                                      

10 Change rate based on 14 countries and territories ï Guyana values not included in the report. Source 
http://www.fao.org/3/a-i4793e.pdf    
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Table 7-2: Forest Change Area by Period & Driver from 1990 to 20165 

 Driver 

Historical Period Year 1 
Year 2 

2010-11 (15 months) 
Year 3 
2012 

Year 4 
2013 

Year 5 

2014 

Year 6 
2016 (24 months) 

1990 to 2000 2001 to 2005 2006 to 2009 2009-10 Deforestation  Degradation Deforestation Degradation Deforestation Degradation Deforestation Degradation Deforestation Degradation 

Area (ha) 
1Forestry (including 
forestry infrastructure) 

6 094 8 420 4 784 294 233 147 240 113 330 85 204 62 627 

11 358 

Agriculture (permanent) 2 030 2 852 1 797 513 52 - 440 0 424 -  817   -    757 
2Mining (includes mining 
infrastructure) 

10 843 21 438 12 624 9 384 9 175 5 287 13 516 1 629 211 251 2 955 10 191 3 674 13 564 

Infrastructure 590 1 304 195 64 148 5 127 13 278 112 141 63 435 

Settlements         23 20 71 - 16 

Fire 1 708 235   32 58 28 184 208 96 395 259 265 3 017 1 524 

Shifting Agriculture  765  167 - 186 

Year 2 forest degradation converted to deforestation 148  67  22    

Year 3 forest degradation converted to deforestation 200  94    
3Year 4 forest degradation converted to deforestation 127    
4Amaila Falls Development (Infrastructure roads) 225       64 20 49 20 - - 

Area Change 21 267 34 249 19 400 10 287 9 891 5 467 14 655 1 963 12 733 4 352 11 975 4 251 18 416 13 068 

Area Change less 
Shifting Agriculture 

     

 

 

 

 3 587  4 064  12 882 

Total Forest Area of 
Guyana 

18 473 394 18 452 127 18 417 878 18 398 478 18 388 190 18 502 531 18 487 876 

 

518 482 547 

 

18 470 572 
 

6Total Forest Area of 
Guyana Remaining 

18 452 127 18 417 878 18 398 478 18 388 190 18 378 299 18 487 876 18 475 143 18 470 572 18 452 160 
 

Period Deforestation (%) 0.01% 0.04% 0.02% 0.056% 0.054% 0.079% 0.068% 0.065% 0.10%  

1Forestry infrastructure accounts for the full total of deforestation from forestry activities.   

2Mining Infrastructure accounts for 918 ha in 2013 out of the total deforestation driven by mining of 11 518 ha, when Year 2 & 3 transitional areas are considered.    

3Areas transitioning from degradation to deforestation have not been recorded in year 6 due to insufficient funding to purchase RapidEye images. This task will recommence in Year 7  

4Amaila Falls Development has been split from other infrastructure driven change for reporting purposes. Development on this project ceased in 2015. No further clearance activities 
have been undertaken. 

5Using the updated start forest area as derived from Year 5 mapping. 

6Area change totals may vary between 1 to 3 hectares owing to the rounding of numbers.   
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7.4 Degradation 

The area of degradation near deforestation events in Year 1 was estimated as 92 413 ha ï 
which was calculated using the default method outlined in the Norway/Guyana JCN. In Year 2 
infrastructure as measured from satellite imagery was estimated at 5 467 ha. This figure is 
substantially lower than the figure previously reported.  

The difference is due to implementation of a revised and more precise methodology for 
degradation assessment. In the Year 1 assessment it was not possible to reliably measure 
degradation from Landsat type imagery (30 m) due to the resolution of the imagery, and the 
scale of degradation events in Guyana. From Year 2 onwards the approach was changed, and 
high-resolution imagery was used to identify forest degradation events.  

In Year 5 the area degraded was 4 251 ha (4 064 excluding shifting agriculture) which is a slight 
decrease from 4 352 ha as reported in Year 4. The fluctuation in areas mapped as degraded 
does not track with the associated deforested area. It is thought this is due to significant areas 
near mining sites being degraded in initial activities and then deforested once the site is fully 
operational. The main driver of degradation in Year 5 was mining which accounts for 87% of all 
degradation mapped. This is expected as mining also accounts for the largest area of 
deforestation. The established trend is that forest degradation impacts are largely detected 
around mining areas.  

For this assessment (Year 6), the results from the Accuracy Assessment have been used. For 
this assessment the results from the Accuracy Assessment have been used.  The scope of the 
work was to conduct an independent assessment of deforestation, forest degradation and forest 
area change estimates for the period January 2015ïDecember 2016. The methods follow the 
recommendations set out in the GOFC-GOLD guidelines to help identify and quantify 
uncertainty in the level and rate of deforestation and the amount of degraded forest area in 
Guyana over the period 01 January 2015 to 31 December 2016 (Interim Measures Period ï 

Year 6). High resolution ESA Sentinel-2 and PlanetScope imagery was used to assess change. 

The estimated total area of change in the 24-month Year 6 period from forest to degraded forest 
(between Y5 and Y6) is 13 068 ha. This represents an annualised rate of 6 534 ha. Of the total 
degraded area, some 5 679 ha (or 77%) is associated with changes relating to new 
infrastructure. The largest contributor is mining, followed by roads and settlements. Emissions 
resulting from anthropogenic forest fires account for 762 ha whilst shifting cultivation contributes 
93 ha of degradation, both as annualised rates.   
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7.5 Transition of Degraded Areas to Deforestation 

In previous assessments areas of historical degradation have been revisited. This review checks 
for any changes in the forest cover and for any expansion. Table 7-3 provides a summary of the 
area of each land cover class deforested. 

Degradation to deforestation was not updated for Year 6. This is because of the transition from 
RapidEye (Year 5) to Landsat & Sentinel (Year 6) presents issues when tracking this type of 
change. This is primarily because of the shift to lower resolution satellite data, which results in 
loss of detail. 

Degradation mapped using RapidEye (5 m resolution) will appear as an improvement when 
reviewed using lower resolution satellite data. This was particularly obvious when using Landsat 
(30 m) to map change, where Sentinel (10 m) coverage was scarce or impeded by cloud. Due 
to this inconsistency, it was decided that this transition would not be mapped as it would result 
in a large level of uncertainty and accuracy. 

The implementation of Sentinel from Year 6 onwards provides standardised spatial resolution 
for forthcoming assessments. Therefore, it is expected that updates from degradation to 
deforestation, for legacy polygons will resume in Year 7. 

Table 7-3: Transition of Degradation to Deforestation Assessment Year 3 to 5 

Period Driver Start Land Cover Class 

Year 3 
Deforested 

(ha) 

Year 4 
Deforested 

(ha) 

Year 5 
Deforested 

(ha) 

Year 2 
Degradation  
Areas 

Mining 

Mixed Forest Degraded 112 63 22 

Montane Forest Degraded 32 2 - 

Swamp/Marsh Forest Degraded <1 - - 

Wallaba/Dakama/Muri Degraded 5 2 - 

Total Area (ha) 148 67 22 

Year 3 
Degradation 
Areas 

Mining 

Mixed Forest Degraded 190 87 

Montane Forest Degraded 8 2 

Swamp/Marsh Forest Degraded 1 3 

Wallaba/Dakama/Muri Degraded 2 2 

Total Area (ha) 200 94 

Year 4 
Degradation 
Areas 

Mining Mixed Forest Degraded  103 

 Montane Forest Degraded  21 

 Swamp/Marsh Forest Degraded  1 

 Wallaba/Dakama/Muri Degraded  2 

Total Area (ha)  127 

The changes recorded all occur around existing mining areas. Initial evidence suggests that 
forest areas are degraded during the initial activities. If the areas are fully operationalised, then 
it is probable that these areas recover. Alternatively, if mining proceeds, the areas are converted 
to deforestation. Further evaluation work is required to better understand the temporal dynamics 
ï i.e. the time taken to deforestation, and if not deforested the carbon emissions due to 
degradation activities. 

7.6 National Trends 

The temporal analysis provides a useful insight into deforestation trends relative to 1990. A more 
meaningful comparison is provided if the rates of change are divided by driver and annualised 
using Equation 7-1. In general, the following trends by driver are observed: 

¶ Forestry related change has remained relatively stable from Years 1 to 6. As in the 
case of earlier assessments, these are attributed to a forestry driver rather than 
attributing this change to Infrastructure. 
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¶ Agricultural developments causing deforestation peaks at Year 5, with an increase to 
817 ha. However, for Year 6 this drops back to (379 ha) rates akin to Years 3 and 4. 

¶ In Year 6, mining remains the largest contributor to deforestation, but has dropped 
significantly to one the lowest annualised reported rates (6 782 ha). The area of 
deforestation also includes roads used to access mining sites and areas of 
degradation that have been converted to deforestation. This includes roads that lead 
direct to mining sites. 

¶ Deforestation from fire has remained relatively stable up to Year 5. However, in Year 
6 several large fires were identified which have significantly inflated this number (1 509 
ha). 

Table 7-4: Annualised Rate of Forest Change by Period & Driver from 1990 to 2016 

Change 

Period 

Change 
Period 

Annualised Rate of Change by Driver Annual 
Rate of 
Change 

(ha) 

Forestry Agriculture Mining Infrastructure Fire Settlements 

(Years) Annual Area (ha) 

1990-2000 10 609 203 1 084 59 171 - 2 127 

2001-2005 5 1 684 570 4 288 261 47 - 6 850 

2006-2009 4.8 1 007 378 2 658 41 -  - 4 084 

2009-10 1 294 513 9 384 64 32 - 10 287 

2010-11 1.25 186 41 7 340 298 46 - 7 912 

2012 1 240 440 13 664 127 184 - 14 655 

2013 1 330 424 11 518 342 96 23 12 733 

2014 1 204 817 10 191 141 259 71 11 975 

2015-16 2 313 379 6 782 217 1 509 8 9 208 

7.7 Deforestation & Degradation Patterns 

The temporal analysis of deforestation from 1990 to 2016 are presented in Map 7-1. The map, 
which presents change from all drivers, shows that most of the change is clustered11 and that 
new areas tend to be developed near existing activities. Most Year 6 deforestation activities fall 
close to or inside the footprint of historical change areas in the north and west of the country. 

                                                      

11For the purposes of display the areas of deforestation have been buffered to make them more visible. 
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Map 7-1: Historical & Year 6 Forest Change 

 

The distribution pattern also shows that areas of increased activity tend to be clustered around 
the existing road infrastructure and navigable rivers as both provide accessibility. Historically 
very little change has been observed beyond central Guyana. This trend continues, with only 
small areas of change observed in this region. 

The following series of maps show the temporal and spatial distribution of deforestation by driver 
(mining, forestry and agricultural and biomass burning). The relative size of the change is 
represented by scaling the symbol proportional to the area it represents. 
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Map 7-2:  Mining Spatial & Temporal Distribution Historical and Year 6 

 

Mining 

The spatial trend on Map 7-2 shows that mining activities, including associated road 
construction, are concentrated in the northwest of the country. Forest change related to mining 
includes mining sites and any infrastructure associated with the operation, and historical 
degraded areas that have been converted to deforestation. This includes any roads that lead 
directly to mining. 

As with the previous years most of the deforestation activity occurs in the State Forest Area 
(SFA). Mining activities are consolidated in the centre of Guyana. Additional mining is observed 
to the west of the core mining area. 

Forestry  

Map 7-3 shows the majority of forestry activities are located inside the SFA. During the Year 6 
period, all deforestation events are associated with forestry harvest operations. The main 
causes of forest clearance include road and log market construction. The reported Year 6 value 
(of 627 ha annualised as 313 ha) is a marginal increase when compared to year 5 but is lower 
than year 4. 

Under the existing interim measures, forest harvesting is reported in terms of carbon removal 
(tCO2) rather than spatially. However, overall activity at the harvest block level (100 ha) across 
concessions is monitored. 
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Map 7-3: Forestry Spatial & Temporal Distribution in Year 6 

 

Infrastructure 

In Year 6, infrastructure developments (217 ha) have increased compared to Year 5 (141 ha). 
The area of clearance is in a similar location. The main change is related to road construction 
activities and tends to be near townships. Map 7-4 shows the distribution of infrastructure 
developments. 
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Map 7-4: Infrastructure Roads Spatial & Temporal Distribution Historical to Year 6 

 

Agricultural Development 

In Year 6 agricultural developments leading to deforestation have decreased to 379 ha. This is 
the lowest reported rate since Year 2. The main areas of development are located close to 
Georgetown and the north-eastern regions of Guyana. Development tends to be near river 
networks. 

Map 7-5: Agriculture Development Spatial & Temporal Distribution Historical and Year 6 

 

  



 

 

Copyright © The Guyana Forestry Commission 42 

Biomass Burning - Fire 

Year 6 captures a several significant fire events, resulting in the highest annualised rate of 
change by fire (1 509 ha). Spatially, they follow historic trends, where events occur in the white 
sand forest area surrounding Linden and extends towards the eastern border of Guyana. 

Burning events can be a precursor to agricultural development, or related to other clearance 
activities. Fire has also been observed in the non-forest savannah areas to the south of the 
country. Map 7-5 shows the distribution of fires resulting in deforestation. 

Map 7-6: Biomass Burning - Fire Temporal and Spatial Distribution Historical to Year 6 

 

7.8 State Forest Area 

Historical Change 

In the previous assessment the total change in SFA between 1990 and 2009 was estimated at 
63 646 ha. Overall the SFA accounted for 85% of all deforestation for the benchmark period. 
Annualised this represented a change rate of 3 200 ha/yr which is equivalent to a deforestation 
rate of - 0.03%/yr. During the Year 1 period, deforestation in the SFA was calculated at 8 910 ha. 
Overall 87% of all change for the year occurred inside the SFA.  

A similar trend was seen in Year 2 with around 9 362 ha cleared, and a deforestation rate within 
this sub category of 0.076% (note that this is calculated as a proportion of the land area making 
up this sub category), which is very similar to Year 1. A small increase is due to the transfer of 
forested area under the State Forest Estate category to Amerindian titled land. In Year 3 forest 
change was dominated by mining (95%) followed by forestry activities (2%). 

Infrastructure development, fire and agriculture are less prominent and contribute around 3% of 
the deforestation observed. In Year 4 the trend continued with 94% of deforestation attributed 
to mining activities. Degradation surrounding new infrastructure such as mining sites has 
increased from 1 499 ha in Year 3 to 2 616 ha in Year 4. 

Year 5 reporting is similar to Year 4. Mining continues to be the main driver for deforestation at 
92% of total deforestation. Degradation contributed to mining accounts for some 91%. 
Infrastructure development, forestry and agriculture make up some 4% of Year 5 deforestation, 
with the latter increasing from the Year 4 rate of 69 ha to 112 ha. Compared to Year 4, 
degradation has increased by 328 ha, again largely as a result of mining. 



 

 

Copyright © The Guyana Forestry Commission 43 

In Year 6, the total SFA deforestation rate is 15 281 ha over 24 months. Annualised, this rate is 
7 641 ha and accounts for 83% of total deforestation. Mining sees a significant decrease with 
an annualised rate of 5 824 ha (11 648 over 24 months). As a result, deforestation attributed to 
mining contributes to some 76% of all deforestation activates, in contrast to previous years 
where the contribution usually exceeded 90%. Several large forest fires were identified during 
the Year 6 assessment period. As a result, some 1 217 ha (annualised rate) contributes to 16% 
of all deforestation activities for this period. The previous highest rate was recorded in Year 5 
(259 ha). The remaining drivers are tracking similar to previous change rates. 
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Table 7-5 Annualised Year 6 SFA Total Forest Change by Driver from 1990 to 201612 

Driver  

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

2009-10 2010-11 2012 2013 2014 2015-16 

Deforested Deforested Degraded Deforested  Degraded Deforested Degraded Deforested Degraded Deforested 

Area (ha) 

Forestry 270 211 147 229 113 318 85 199 62 285 

Agriculture (permanent) 3 33 -  102 - 69 - 112 - 120 

Mining 8 582 8 788 5 038 12 179 1 499 10 202 2 616 9 326 3 391 5 824 

Infrastructure 24 322 5 44 13 283 108 113 63 188 

Fire (deforestation) 32 5 4 145 125 22 284 60 173 1 217 

Settlements           11 20 28 - 6 

Shifting Agriculture             287   39 -  

Degradation (Year 2) converted to deforestation        148   62   22     

Degradation (Year 3) converted to deforestation           194   93     

Degradation (Year 4) converted to deforestation               125     

Amaila Falls Development (Infrastructure roads)   255       64 20 49 20 -  

Area Deforested 8 910 9 362 5 194 12 848 1 749 11 161 3 400 10 127 3 748 7 641 

Total Forested SFA Area (ha) 12 417 718 12 341 893   12 341 893   12 329 045   12 249 224   12 230 896 

Total Forested SFA Remaining (ha) 12 408 807 12 332 530   12 329 045   12 317 884   12 239 097   12 215 615 

Period Deforestation rate (%) 0.07% 0.08%   0.10%   0.09%   0.08%   0.06%   

                                                      

1Amaila Fals total included in year 5 deforestation values. 
12 Area change totals may vary between 1 to 3 hectares owing to the rounding of numbers. 
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7.9 Changes in Guyana's State Lands 

Historical Change 

For the period spanning 1990 to 2009 a deforestation figure of 8 162 ha was reported. This 
equated to approximately 11% of all deforestation for the benchmark period. Annualised this 
represented a change rate of 463 ha/yr or an equivalent deforestation rate of 0.01%/ yr. For 
Year 1 deforestation in State Lands was calculated at 741 ha. 

In Year 2 the total area deforested had decreased to 202 ha. Like the SFA, the main contributor 
to deforestation is mining which accounted for approximately 59% of the change. This is 
followed by infrastructure in the form of roads, agriculture, fires and lastly forestry. 

In Year 3 the level of deforestation increased to 749 ha which is similar to the value reported in 
2009-10. The deforestation was shared equally between agriculture and mining. In Year 4 the 
deforestation figure increased to 912 ha accounting for 8% of total deforestation. Forest 
degradation also saw an upward trend from 85 ha in Year 3 to 219 ha in Year 4. In Year 4 this 
accounted for around 5% of all mapped forest degradation.  

In Year 5 the deforestation figure increased to 1 331 ha accounting for 11% of total deforestation. 
Forest degradation increased from 219 ha in Year 4 to 271 ha in Year 5. In Year 5 this accounted 
for around 6% of all mapped forest degradation. The following table provides a breakdown by 
driver for the benchmark and Year 1, 2, 3, 4 and 5 periods. 

In Year 6, the total State Lands deforestation rate is 1 992 ha over 24 months. Annualised, this 
rate is 996 ha and accounts for 11% of total deforestation. A notable difference is the increase 
in mining activities across State Lands, which is some 577 ha (annualised). This is largest 
reported rate which contributes to 58% of all change within State Lands. Within State Lands, 
fire contributes to 206 ha of deforestation and accounts for the second largest proportion, at 
21%. Deforestation driven by agriculture has decreased to 191 ha. This is significantly lower 
than the Year 5 value (671 ha). 
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Table 7-6: Annualised Year 6 State Lands Forest Change by Driver from 1990 to 201613 

Driver  

Year 1  
2009-10 

Year 2  
2010-11 

Year 3  
2012 

Year 4  
2013 

Year 5  
2014 

Year 6  
2015-16 

Deforested Deforested Degraded Deforested  Degraded Deforested Degraded Deforested Degraded Deforested 

Area (ha) 

Forestry 24 7 -  6 - 1 - 5 - 16 

Agriculture (permanent) 510 19 - 324 - 353 - 671 - 191 

Mining 175 120 26 331 38 443 131 392 114 577 

Infrastructure 32 47 - 49 - 33 24 22 - 6 

Fire (deforestation) - 9 4 39 47 70 57 199 93 206 

Settlements           12 - 40 - 1 

Shifting Agriculture             7   64 -  

Degradation (Year 2) converted to 
deforestation  

  -       -   -     

Degradation (Year 3) converted to 
deforestation 

          -   1     

Degradation (Year 4) converted to 
deforestation 

              -     

Amalia Falls Development (Infrastructure 
roads) 

              - - -  

Area Deforested 741 202 30 749 85 912 219 1 331 271 996 

Total Forested SFA Area (ha) 3 087 324 3 084 306   3 084 306   3 084 104   2 559 890   2 598 779 

Total Forested SFA Remaining (ha) 3 086 583 3 084 104   3 084 104   3 083192   2 558 560   2 596 787 

Period Deforestation rate (%) 0.02% 0.01%   0.02%   0.03%   0.05%   0.04% 

                                                      

13 Area change totals may vary between 1 to 3 hectares owing to the rounding of numbers.   
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7.10 Amerindian Areas 

Forest change and degradation is also monitored for Amerindian areas. 

Forest change has been mapped across the titled Amerindian areas. The trend indicates 
that Year 4 deforestation (660 ha) and the annual rate (0.03%) have increased relative to 
Year 1 and 2, but the area is less than that mapped in Year 3 (1056 ha).  

Mining dominates the change areas and contributes around 92% of the total change for Year 
4. The area of forest degradation (734 ha) is dominated by shifting agriculture14 (62% of the 
area). Shifting cultivation is often observed in the areas surrounding Amerindian 
communities. Degradation associated with mining operations contributes 208 ha of the total 
(~28%).  

Mining again dominates the change areas and contributes around 91% of the total 
deforestation for Year 5. The area of forest degradation (219 ha) is also dominated by mining 
activity (155 ha or 71%) with the remaining classified as shifting agriculture (64 ha or 29%). 
Shifting agriculture is often observed in the areas surrounding Amerindian communities.   

In Year 6, the total Amerindian Areas deforestation rate is 1 113 ha over 24 months. 
Annualised, this rate is 556 ha and accounts for 6% of total deforestation. Following on from 
historic trends, mining continues to be the lead driver at 378 ha, contributing to 68% of total 
deforestation. However, it should be noted that mining has progressively decreased since 
Year 3 (1 005 ha). Deforestation from fire and agriculture are the second and third largest 
contributors, at 82 and 68 ha respectively. 

                                                      

14 Shifting cultivation was reported for the first time in Year 4.  
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Table 7-7: Annualised Year 6 Amerindian Area Forest Change by Driver from 1990 to 201615 

Driver  

Year 1  
2009-10 

Year 2  
2010-11 

Year 3  
2012 

Year 4  
2013 

Year 5  
2014 

Year 6  
2015-16 

Deforested Deforested Degraded Deforested  Degraded Deforested Degraded Deforested Degraded Deforested 

Area (ha) 

Forestry - 15 - 4 - 11 - - - 4 

Agriculture (permanent) - - - 13 - 2 - 34 - 68 

Mining 627 267 216 1 005 92 606 208 458 155 378 

Infrastructure 8 - - 34 - 26 1 6 - 24 

Fire (deforestation) 0 44 20 0 36 4 54 - - 82 

Settlements           - - 3 - 1 

Shifting Agriculture             471   64 -  

Degradation (Year 2) converted to 
deforestation  

  -   -   5   -     

Degradation (Year 3) converted to 
deforestation 

          6   1     

Degradation (Year 4) converted to 
deforestation 

              3     

Amaila Falls Development (Infrastructure 
roads) 

              - - -  

Area Deforested 635 326 236 1056 129 660 734 503 219 556 

Total Forested SFA Area (ha) 2 488 415 2 546 852   2 546 852   2 546 526   2 582 440   2 561 873 

Total Forested SFA Remaining (ha) 2 487 780 2 546 526   2 546 526   2 545 866   2 581 936   2 560 760 

Period Deforestation rate (%) 0.03% 0.01%   0.04%   0.03%   0.02%   0.02%  

 

                                                      

15 Area change totals may vary between 1 to 3 hectares owing to the rounding of numbers.   



 

 

Copyright © The Guyana Forestry Commission 49 

8. VERIFYING FOREST CHANGE MAPPING & INTERIM MEASURES 

As part of the MRVS reporting process an independent accuracy assessment is also conducted. 
The results of the accuracy assessment will be reviewed by independent auditors. 

The Accuracy Assessment scope dictates that a third party not involved in the change mapping 
assesses deforestation, forest degradation and forest area change estimates for each period. 
Specifically, the terms of reference asked that confidence limits be attached to the forest area 
estimates. 

The methods applied in this report follow the recommendations set out in the GOFC-GOLD 
guidelines. The aim is to help identify and quantify uncertainty in the level and rate of 
deforestation and the amount of degraded forest area in Guyana over the period 1 January 2015 
to 31 December 2016 (Interim Measures Period ï Years 6 and 7).  

This year high-resolution Planet Labs imagery (see section 4.6) has been used to assess the 
wall-to-wall mapping of Guyana undertaken by the Guyana Forestry Commission (GFC). 

 

8.1 Accuracy Assessment Conclusions & Recommendations 

1. We conclude that the estimates of deforestation based on the mapping undertaken by GFC 
based largely on interpretation of Landsat and Sentinel-2 imagery is of a good standard. 

2. The methods used by GFC, and assisted by IAP, follow the good practice recommendations set 
out in the GOFC-GOLD guidelines and considerable effort has been made to acquire cloud free 
imagery towards the end of the census period January 2015 to December 2016 (Year 6). 

3. The estimate of the total area of change in the 24-month Year 6 period from forest to non-forest 
and degraded forest to non-forest is 16 239 ha, with a standard error of 1 940 ha and a 95% 
confidence interval (12 436 ha; 20 041 ha). 

4. The estimate of the annualised rate of deforestation that occurred over the Year 6 (24 month) 
period is 0.0548% with a standard error of 0.0064% and a 95% confidence interval (0.0423%; 
0.0673%). 

5. The estimate the total area of change in the 24-month Year 6 period from forest to degraded 
forest between Y5 and Y6 is 13 068 ha, with a standard error of 1 850 ha and a 95% confidence 
interval (11 046 ha; 18 297 ha). 

6. No changes were detected with samples located within the boundary of the Intact Forest 
Landscape. 

7. The PlanetScope data provided sufficient detail (spatial resolution) to assess the Landsat and 
Sentine-2 mapping as provided by GFC. 
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9. INTERIM MEASURES 

On 9 November 2009 Guyana and Norway agreed on a framework that establishes the pathway 
of REDD+ implementation. Under this framework several forest-based interim measures have 
been established.  

In 2015, a revised Joint Concept Note (JCN) under the Guyana/Norway Agreement was issued, 
and replaced the JCN of 2012. The revised JCN updated the progress in key areas of work 
including on the MRVS. REDD+ Interim Indicators and reporting requirements, as had been 
outlined in the 2009 JCN, were maintained. 

The intention is that these interim measures will be phased out as the MRVS is established16.  

The basis for comparison of a majority of the interim measures is the 30 September 2009 
benchmark map17. The first reporting period (Year 1) is set from 1 Oct 2009 to 30 Sept 2010. 
The means of monitoring and estimation during the interim period are identified as medium 
resolution satellite images. This includes: a time series of Landsat TM and ETM+, a composite 
of daily acquired MODIS (250 m resolution) taken as close as possible to the end of the 
benchmark reporting period September 2009. 

For Year 2, RapidEye was tasked over the most actively changing areas (12 million ha). As with 
preceding periods Landsat, MODIS and ASAR radar data were also used to ensure a full 
national coverage. 

From year 3 onwards a national coverage of RapidEye was commissioned. Images were 
acquired from August to December in 2012 and 2013. 

A summary of the key reporting measures and brief description for these interim measures are 
outlined in Table 9-1. The calculations to determine the rate of deforestation (ref. measure 1) 
are reported in Section 7.  

Outputs and results are provided for the Intact Forest Landscape (ref. measure 2) and forest 
management indicators (ref. measure 3 and 4) are outlined in this section. 

For measures such as forest degradation this is the second time this has been calculated using 
direct measurement from high-resolution satellite imagery. For the Year 1 assessment the 
default measure was applied which meant degradation was calculated by applying a 500 m 
buffer around mining sites and roads. 

                                                      

16The 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 at different 
stages of development. 
17Originally the benchmark map was set at February 2009, but due to the lack of cloud-free data the period was 
extended to Sept 2010. 
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Table 9-1: Reported Interim Measures 

Measu
re Ref. 

Reporting 
Measure 

Indicator 
Reporting 

Unit 

Adopted 
Reference 
Measure 

Year 2 
Period 

Year 3 

Period 

Year 4 
Period  

Year 5 
Period 

Year 6 

Period 

(Annualised 
Results) 

Difference between 
Year 6 & Reference 

Measure 

1 
Deforestation 
Indicator 

Rate of conversion of forest area as compared 
to the agreed reference level. 

Rate of 
change 
(%)/yr 

0.275% 0.054% 0.079% 0.068% 0.065% 0.050% 0.23% 

2 

Degradation 
Indicators 

National area of Intact Forest Landscape (IFL). 
Change in IFL post Year 1, following 
consideration of exclusion areas.  

ha 7 604 820 
7 604 754 

(66 ha loss) 

7 604 580 
(174 ha 

loss) 

7 604 425 

(155 ha loss) 

7 604 314 

(111 ha loss) 

7 604 024 

(290 ha loss) 

- 796 ha 

(290 ha loss in Year 
6) 

2b 
Determine the extent of degradation associated 
with new infrastructure such as mining, roads, 
settlements post the benchmark period7. 

ha 4 368 5 460 1 963 4 352 4 251 5 67918 -1 311 

3 
Forest 
Management  

Timber volumes post 2008 as verified by 
independent forest monitoring (IFM). These are 
compared to the mean volume from 2003-2008  

t CO2
 3 386 77819 

3 685 376
20 

2 159 151 3 106 693 3 366 326 1,892,371 1,494,407 t CO2 

4 

Emissions 
resulting from 
illegal logging 
activities 

In the absence of hard data on volumes of 
illegally harvested wood, a default factor of 15% 
(as compared to the legally harvested volume) 

t CO2 411 856 18 289 11 217 11 533 13 823 9,140 402,716 t CO2 

5 

Emissions 
resulting from 
anthropogenic 
forest fires 

Area of forest burnt each year should decrease 
compared to current amount. 

ha/yr 1 70621 28 208 395 265 762 944 

6 

Emissions 
resulting from 
subs. forestry, 
land use and SF  

Emissions resulting from communities to meet 
their local needs may increase as a result of 
inter alia a shorter fallow cycle or area 
expansion. (I.e. slash and burn agriculture). 

ha/yr - - - 765 167 93 - 

                                                      

18 Inlcudes natural degradation.  
19 Assessment completed based in Winrock International Report to the Guyana Forestry Commission, December 2011: Collateral Damage and Wood Products from Logging Practices 
in Guyana.  This methodology only applies to emissions and not any removals due to re-growth of the logged forest.  2.  The same is the case for the Reference level for illegal logging 
for Years 2, 3 and 4.   
20Computed for the period 1 October 2010 to 31 December 2011. (15 months) 
21 Degradation from forest fires is taken from an average over the past 20 years. This value is inclusive of all degradation drivers except for rotational shifting agriculture. 
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9.1 Interim Reporting Indicators 

The following provides a description, justification and performance measurement for each of the 
seven indicators. Historically only the first five of the seven measures are reported, with IM6 
being added and reported in Year 4. 

9.2 Gross Deforestation ï Measure 1 

Emissions from the loss of forests are identified as among the largest per unit emissions from 
terrestrial carbon loss in tropical forests. Above ground biomass and below ground biomass 
combined represent approximately 82% in Above Ground Biomass and Below Ground Biomass 
including dead wood, litter, and soil to 30 cm which account for the remaining percent22. Several 
key performance indicators and definitions have been developed as follows.  

Interim Performance Indicators 

¶ Comparison of the conversion rate of forest area as compared to agreed reference 
level as set out in the JCN.  

¶ Forest area as defined by Guyana in accordance with Marrakesh Accords. 

¶ Conversion of natural forest to tree plantations shall count as deforestation with full 
loss of carbon. 

¶ Forest area converted to new infrastructure, including logging roads, shall count as 
deforestation with full carbon loss. 

Gross Deforestation Monitoring Requirements 

Using the benchmark forest cover map as a base (30 September 2009) the intention is to identify 
activity data related to:  

¶ Expansion of human infrastructure (e.g. new roads, settlements and mining and 
agricultural expansion. 

Monitoring Approach 

The accepted approach as outlined in the JCN, uses medium resolution images to identify new 
areas of development at a one-hectare scale.   

9.3 Degradation Indicators - Measure 2 

The interim measure provided to monitor degradation is based on the definition of Intact Forest 
Landscapes (IFL).  

"IFL is defined as a territory within today's global extent of forest cover which contains forest 
and non-forest ecosystems minimally influenced by human economic activity, with an area of at 
least 500 km2 (50 000 ha) and a minimal width of 10 km (measured as the diameter of a circle 
that is entirely inscribed within the boundaries of the territory)".  

The reason for this indicator stems from the concept that degradation of intact forest through 
human activities will produce a net loss of carbon and is often the precursor to further processes 
causing long-term decreases in carbon stocks.  

Furthermore, preserving intact forests will contribute to the protection of biodiversity. The extent 
of Intact Forest was determined at the end of September 2010. It is a requirement that the total 
area of intact forest must remain constant from this date. In determining the IFL, only those 
areas that meet the forest definition are included.  

                                                      

22Results derived from field study conducted in Guyana as part of the Forest Carbon Monitoring System.   
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Within the areas that qualify as IFL, the following rules (first 4 bullets are elimination criteria) are 
defined: 

¶ Settlements (including a buffer zone of 1 km). 

¶ Infrastructure used for transportation between settlements or for industrial 
development of natural resources, including roads (except unpaved trails), railways, 
navigable waterways (including seashore), pipelines, and power transmission lines 
(including in all cases a buffer zone of 1 km on either side). 

¶ Agriculture and timber production used for local use. 

¶ Industrial activities during the last 30-70 years, such as logging, mining, oil and gas 
exploration and extraction, peat extraction, etc. 

Areas with evidence of low-intensity and old disturbances are treated as subject to 
"background" influence and are eligible for inclusion in an IFL. Sources of background influence 
include local shifting cultivation activities, diffuse grazing by domestic animals, low-intensity 
village-based selective logging, and hunting.  

9.4 IFL Data Sources & Methods 

The following provides a description of process and datasets used to generate the IFL. The 
datasets used were available as at 2010. Since the generation of the reference IFL layer GFC 
has continued to improve the quality of the base datasets and moved to high-resolution 
countrywide coverage. This has enabled continuous monitoring of forest change (deforestation 
and degradation) at a national level. It is proposed that the IFL be replaced in the near term to 
reflect these improvements.  

The areas excluded from IFL are: 

Settlements 

The population of Guyana is approximately 782 000, of which 90% reside on the narrow coastal 
strip (approximately 10% of the total land area of Guyana). Guyana's coastal strip ranges from 
10 to 40 miles (16 to 64 km) in width.  

Settlement extents were provided by GL&SC for six municipalities. In addition, the Bureau of 
Statistics provided 2002 census data for settlements with population >1000 people. The 
approximate extent of these settlements was determined from satellite imagery. The national 
Gazetteer which provides a spatial location of settlements was used to identify the remaining 
settlements. Included are Amerindian titled areas that were digitised as at 2009.  

Infrastructure, Mining & Navigable Rivers   

Infrastructure used for transport was identified using satellite images and assisted by GPS 
tracks. Infrastructure associated with SFM is not subtracted from the IFL unless it connects 
settlements. Only those roads that can be mapped from medium resolution satellite imagery or 
those leading to settlements have been included.  

Historical and current mining areas and the associated infrastructure from 1990 to 30 September 
2009 are subtracted from the IFL. These areas have been mapped from medium resolution 
satellite imagery 

Navigable waterways and seashore are as defined from medium resolution images and 1995-
96 radar imagery. Only those rivers identified from satellite imagery (~30 m width) have been 
included in the analysis. All of the rivers mapped in Year 1 are considered navigable. 

Permanent Agriculture & Forest Production 

Areas of permanent agriculture as identified from satellite imagery and supported by available 
agricultural leases are digitised from paper maps by GL&SC. Forest production areas under 
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SFM are held by GFC and are available in a GIS format. These areas are excluded from the 
IFL. 

Industrial-scale Exploitation of Resources 

Industrial-scale exploitation of timber (clear-felling with no natural regeneration), peat extraction 
and oil exploration are not practiced in Guyana in the period under review.  

Background Sources 

Background sources such as shifting cultivation. Shifting cultivation areas have been defined 
from medium resolution satellite imagery. 

9.5 Calculation of the Year 6 and 7 Intact Forest Landscape 

In accordance with the interim indicators the total area of intact forest must remain constant 
from the benchmark date (30 September 2009) onwards. Any change in area shall be accounted 
for as deforestation with full loss of carbon. The intention of the IFL is to allow a user to determine 
whether a specific activity falls within or outside an IFL with a margin of error of less than 1 km.   

In Year 6 and 7 the same benchmark IFL area was used. The analysis identified 290 ha of 
deforestation, 177 ha of which was mapped in Amerindian areas and 107 ha in State Lands.  

It is proposed that deforestation located in Amerindian areas is not counted in calculating the 
reduction in financial remuneration. These areas are part of Guyanaôs continuous land titling 
and demarcation programme.  

Map 9-1 (left) shows the extent of the benchmark IFL as created for the Year 1 period. At this 
point the total intact forest landscape area in Guyana was estimated at 7.60 million ha. The 
second map identifies the deforestation that has occurred inside the IFL since Year 1.  

Map 9-1: Intact Forest Landscape Maps 
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9.6 Carbon Loss as Indirect Effect of New Infrastructure ï Measure 2b 

The carbon loss associated with new infrastructure was determined by buffering the extent of 
areas detected in the medium resolution imagery by 500 m. This is the default option if the 
extent of degradation cannot be mapped. This was the case for Year 1 as there were a very 
limited number of high resolution scenes available over Guyana.  

For the Year 2 assessment, high resolution 5 m imagery was tasked and over 12 million ha were 
acquired. This area covered the most actively changing areas. The approach taken for Year 2 
was to visually assess the satellite imagery surrounding new infrastructure for signs of forest 
degradation. Analysis of the images and follow up fieldwork indicated that degradation around 
new infrastructure was fragmented and was directly related to the deforestation activity.  

The degradation impact was localised and did not extend further than 40 m from the 
deforestation site. Based on these findings a conservative 100 m buffer was applied around all 
new Year 2 infrastructure. Any forest degradation observed inside this buffer was mapped.   

In Year 3, 4 and 5 this approach was retained. Furthermore, areas of degradation identified in 
Year 2 and 3 were revisited and reassessed for change.  

The MRVS for Year 5 has, within mapping protocols, integrated the assessment of re-entry of 
existing mines and has included the results of this assessment within the total degradation 
reported for Year 5. Forest degradation that occurred in Year 5 has been mapped when 
surrounding Year 2, Year 3 and Year 4 infrastructure and mining.  

Interim Performance Indicators 

¶ Determine the extent of degradation associated with new infrastructure such as 
mining, roads and settlements.  

¶ If it cannot be determined from medium resolution imagery (either directly, or using a 
remote sensing technique) then a buffer of 500 m is applied from the external edge of 
each deforestation site. A 50% loss in biomass is assumed. 

The area of degradation for the Year 1 period (1 Oct 2009 to 30 Sept 2010) was estimated at 
92 413 ha. This area does not necessarily reflect forest degradation in a practical sense as it is 
based on applying the 500 m buffer around all detected deforestation events greater than one 
hectare.  

The Year 2 area is considerably lower at 5 460 ha. This can be attributed to the method applied 
which is based on interpretation of high-resolution satellite images rather than the calculation 
and application of a generic buffer to all new infrastructure.  

Degradation continued to fall in Year 3 with only 1 963 ha mapped. Of interest in Year 3 is the 
fact that areas of previous degradation have been deforested (141 ha). Under Interim Measures 
50% of the carbon loss over these areas has already been accounted. In Year 5 the area was 
4 251 ha which is some 117 ha below the reference measure and 101 ha less than Year 4 
reported degradation. As noted in Section 5.6 further work is required to better understand the 
temporal dynamics of degradation and the carbon emissions should the area not be deforested.  

The Year 6 assessment for gross deforestation and forest degradation in Guyana used a 
stratified random sampling design. Stratification was based on past patterns of deforestation 
from Period 1 (1990) though to Year 4 (Dec 2013), where the primary drivers of land cover 
change are alluvial gold mining, logging, anthropogenic fire, agriculture and associated 
infrastructure including roads.  The Interim Measures for Year 6 includes an assessment of the 
mapping of areas of forest degradation. Degradation has been mapped alongside Year 6 
deforestation using a rule-based approach for infrastructure and for shifting cultivation.  
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9.7 Forest Management ï Measure 3 

Management 

Under interim measures, forest management includes selective logging activities in natural or 
semi-natural forests.  

The intention of this measure is to ensure sustainable management of forest with net zero 
emissions or positive carbon balance in the long term. The requirement is that areas under SFM 
be rigorously monitored and activities documented such as harvest estimates. The following 
information is documented by the GFC and available for review for the period 1 January 2015 
to 31 December 2016, with the annualised total presented:  

¶ Production by forest concession 

¶ Total production. 

The reporting requirements include data on extracted timber volumes post 2008 and are 
available for verification. These are compared against the mean volume from 2003-2008. Any 
increase in extracted volume above the 2003-2008 mean is accounted for as an increase in 
carbon emissions. This is unless otherwise documented using the Gain Loss or stock difference 
methods as described by the IPCC for forests remaining forests. In addition to harvested 
volume, a default expansion factor shall be used to account for losses due to harvesting i.e. 
collateral damage. This is unless it can be shown this is already accounted for in the recorded 
extracted volume.  

Production volumes are recorded on declaration/removal permits, issued by the GFC to forest 
concession and private property holders. Upon declaration, the harvested produce is verified, 
permits collected and checked and sent to the GFCôs Head Office, followed by data input into 
the central database. The permits include details on the product, species, volume, log tracking 
tags number used, removal and transportation information, and in the case of large timber 
concessions, more specific information on the location of the harvesting. Production reports are 
generated by various categories including total volume, submitted to various groups of 
stakeholders and used in national reporting. Details on the main processes are provided below: 

Monitoring of Extracted Volume: Monitoring in the forest sector is coordinated and executed 
by the GFC and occurs at four main levels: forest concession monitoring, monitoring through 
the transportation network, monitoring of sawmills and lumberyards, and monitoring ports of 
export.  

For forest harvesting and transport, monitoring is done at station level, at concession level and 
supplemented by random monitoring by the GFCôs Internal Audit Unit and supervisory staff. At 
all active large concessions, resident forest officers perform the function of ensuring that all 
monitoring and legality procedures are strictly complied with. In instances of breach, an 
investigation is conducted and, based on the outcome, action is instituted according to GFCôs 
standard procedures for illegal actions and procedural breaches.   

Prior to harvesting, all forest concessions must be in possession of valid removal permit forms.  
Permit numbers are unique to operators and are issued along with unique log tracking tags.  
Production volumes are declared at designated GFC offices with checks made to verify legality 
of origin and completion of relevant documents, including removal permit, production register 
and log tracking. Removal permits require that operators declare: date of removal, type of 
product, species, volume, destination, vehicle type, vehicle number, name of driver/captain, 
tags, diameter of forest product (in case of logs) and other relevant information.  This is one of 
the initial control mechanisms that is in place whereby monitoring is done for proper 
documentation and also on the declared produce, etc. Control and quality checks are also 
undertaken at another level once entered in the centralised database for production.  Removal 
permits, and log tracking tags are only valid for a certain period and audit for use beyond that 
time is also an important part of the QA/QC checks conducted by the GFC. The unique identity 
of each tag and permit by operator also allows QA/QC to be conducted for individual operatorsô 
use. Thus, checks are allowed across time, by operator and by produce being declared.   
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In the case of large forest concessions, only approved blocks (100 ha) in Annual Plans are 
allowed to be harvested in a given year. Harvesting outside of those blocks, even if these areas 
are within the legally issued concessions, is not permitted. As such, this forms part of the QA/QC 
process for large concessions (Timber Sales Agreements and Wood Cutting Leases). As one 
prerequisite for approval of Annual Plans, forest inventory information at the pre-harvest level 
must be submitted, accompanied by details regarding the proposed operations for that 12-month 
period, such as maps, plans for road establishment, skid trail alignment etc. The QA/QC process 
that is executed at this initial stage requires the application of the guidelines for Annual Plans 
which must be complied with prior to any such approval being granted. A new addition to the 
monitoring mechanism has been the use of bar code scanners that allow for more real-time 
tracking of legality of origin of forest produce.   

In the case of Amerindian lands and private property, the documentary procedures outlined 
above as regards to removal permitting and log tracking, are only required if the produce is 
being moved outside the boundaries of the area. From this point onwards, the procedures that 
apply to State Forest concessions, apply to this produce as well.   

Data Collection: Following receipt of removal permits and production registers, monthly 
submissions are made to GFCôs Head Office for data entry. There is a dedicated unit in the 
GFCôs Management Information System section that is responsible for performing the function 
of data collection, recording, and quality control. Data is entered in SQL databases custom 
designed for production totals. This database has built in programmatic QA/QC controls that 
allow automatic validation and red flagging of tags being used by unauthorised operators, or 
permits being incorrectly, incompletely or otherwise misused, and cross-checking of basic entry 
issues including levels of production conversion rates, etc.   

As a second stage of QA/QC all entries are validated, and the validated data is then secured in 
a storage area in the database. There are security features at several levels of the database 
operations including a read/write only function for authorised users, and change tracking of 
production information by staff, as well as others. At the end of every month, data is posted to 
the archives and a separate unit of the GFC is responsible for cross-checking volume totals by 
species, concession and by period, and preparing the necessary report for external 
consumption. 

Forest Produce included in IMR: in tabulating the declared volumes for forest management, 
the following primary products that are extracted from the forest were: 

¶ Logs 

¶ Lumber (chainsawn lumber) 

¶ Roundwood (piles, poles, posts, spars) 

¶ Splitwood (shingles, staves) 

¶ Fuelwood (charcoal, firewood) 

Logging Damage ï Default Factor 

In 2011 progress was made in developing a methodology and finalising factors to assess 
Collateral Damage in a Technical Report developed by Winrock International for the GFC: 
Collateral Damage and Wood Products from Logging Practices in Guyana, December 2011.   

The objective of the report is to examine how emission factors were developed that relate total 
biomass damaged (collateral damage) and thus carbon emissions, to the volume of timber 
extracted. This relationship will allow the estimation of the total emissions generated by selective 
logging for different concession sizes across the entirety of Guyana. The following field data 
have been collected with which the emission factors have been developed:  

1. Measurements in a sample of logging gaps to collect data on the extracted timber biomass 
and carbon in the timber tree and the incidental carbon damage to surrounding trees.  

2. Estimating the carbon impact caused by the logging operations such as skid trails. Although 
selective logging clears forest for roads and decks, their emissions will be estimated through 
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the stock-change method based on estimates of area deforested by logging infrastructure 
determined in the land cover change monitoring.  

Accounting for the impact of selective logging on carbon stocks involves the estimation of a 
number of different components: 

¶ Biomass removed in the commercial tree felled ï emission.  

¶ Incidental dead wood created as a result of tree felling ï emission. 

¶ Damage from logging skid trails ï emission. 

¶ Carbon stored in wood products from extracted timber by product class ï removal.  

¶ Regrowth resulting from gaps created by tree felling - removal. 

The emissions from selective logging are expressed in equation form as follows: 

Emissions, t CO2/yr = {[Vol x WD x CF x (1-LTP)] + [Vol x LDF] + [Lng x LIF]}*3.67
 (Eq. 1) 

Where: 

Vol = volume of timber over bark extracted (m3) 

WD = wood density (t/m3) 

CF = carbon fraction 

LTP = proportion of extracted wood in long term products still in use after 100 yr (dimensionless) 

LDF = logging damage factorðdead biomass left behind in gap from felled tree and incidental 
damage (t C/m3 extracted) 

Lng = total length of skid trails constructed to extract Vol (km) 

LIF = logging infrastructure factorðdead biomass caused by construction of infrastructure 
(t C/km of skid trail to extract the Vol) 

3.67 = conversion factor for t carbon to t carbon dioxide 

Wood in long term products 

Not all the carbon in harvested timber gets emitted to the atmosphere because a proportion of 
the wood removed may be stored in long term wood products. Total carbon stored permanently 
into wood products can be estimated as follows. 

)1(*)1(*)1(* OFSLFWWCCWP ---=
   (Eq. 2)23 

Where: 

CWP: = Carbon stock in long-term wood products pool (stock remaining in wood products after 
100 years and assumed to be permanent); t C ha-1 

C = Mean stock of extracted biomass carbon by class of wood product; t C ha-1 

WW = Wood waste. The fraction immediately emitted through mill inefficiency by class of wood 
product 

SLF = Fraction of wood products with a short life that will be emitted to the atmosphere within 5 
years of timber harvest by class of wood product 

OF = Fraction of wood products that will be emitted to the atmosphere between 5 and 100 years 
of timber harvest by class of wood product  

                                                      

23This is directly from the VCS (Verified Carbon Standard) approved methodology for wood products ï6CP-W Wood 

Products November 2010 
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The methodology presented here is a module in an approved (double verified) set of modules 
for REDD projects posted on the Verified Carbon Standard (VCS) set of methodologies.  The 
reported difference between the annual mean for the period 2003-2008 and the assessment 
year of 1 January 2015 to 31 December 2016, presented an an annualised total, is shown in the 
table below. For this period t CO2 has reduced by 1,494,407t CO2.     

Table 9-2: Interim Indicator on Forest Management 

Period Description Volume 
(t CO2) 

1 January 2015 ï 31 December 
2016 

t CO2 emissions arising from timber 
harvesting 

1,892,371 

2003-2008 (annual average) t CO2 emissions arising from timber 
harvesting 

3 386 778 

Difference (t CO2) 1,494,407 

9.8 Emissions Resulting from Illegal Logging Activities ï Measure 4 

Areas and processes of illegal logging must be monitored and documented as far as practicable. 
Monitoring and estimation of such areas is recommended to be done by assessing the volumes 
of illegally harvested wood. In the absence of hard data, a default factor of 15% (as compared 
to the legally harvested volume) is required to be used. It is stated in the Joint Concept Note 
that this factor can be adjusted upwards and downwards pending documentation on illegally 
harvested volumes, inter alia from Independent Forest Monitoring. Additionally, medium 
resolution satellite imagery can be used for detecting human infrastructure and targeted 
sampling of high-resolution satellite images for selected sites.  

In the historic reporting, the default level of 15% of harvested production of 705 347 m3 
corresponding to 411 856 t CO2, is used in the absence of a complete database of illegal 
activities being in place at that time. This level includes provision for collateral damage arising 
from logging activities. 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 offsite. 

The rate of illegal logging for the assessment Year 6, 1 January 2015 to 31 December 2016, is 
informed by a custom designed database that is updated monthly, and subject to routine internal 
audits. This database records infractions of illegal logging in Guyana in all areas. This level for 
the reporting period 402,716 t CO2, less than the historic period level. 

Table 9-3 Interim Indicator on Illegal Logging 

Period Description 
Volume 
(t CO2) 

1 January 2015 ï 31 December 2016 
(annualised) 

t CO2 emissions arising from illegal logging 9,140 

2003-2008 (annual average) t CO2 emissions arising from illegal logging 411 856 

Difference (t CO2) 402,716 

Reporting on illegal logging activities is done via the GFCôs 36 forest stations located 
strategically countrywide, as well as by field, monitoring and audit teams, through the execution 
of both routine and random monitoring exercises. The determination of illegal logging activities 
is made by the application of standard GFC procedures. The infractions are recorded, verified 
and audited at several levels. All infractions are summarised in the illegal logging database and 
result in a total volume being reported as illegal logging for any defined time period. 
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Explanatory Note 1 

The following steps are taken in the computation of gross emissions from forest 
management activities: 

Step 1: Compile background data to inform computations 

¶ Compile annual production of forest products 

¶ Compile annual area under harvest of various categories of Operators taking into 

consideration blocks under harvest by large concessions, small forest concessions 

areas, and titled Amerindian Areas involved in forestry activities. 

¶ Compute Yield in cubic meters per hectares by dividing the harvest level by the area 

size.  

 

Step 2: Computing impact of incidental impact and collateral damage emanating 
from logging activities.  Factors derived from data collected from 121 Logging 
Plots.   

¶ Compute total skid trails constructed during the assessment period. 

¶ Applying a logging damage factor of 0.95 t C/m3, and a logging infrastructure factor 

of 32.84 t C/km, derive total gross carbon emission impact from collateral damage 

and logging infrastructure by: 

(Area under harvest in hectares X Average Yield per ha in cubic meters) X 
Logging Damage Factor of 0.95 t C/m3)  

X (length of skid trails of that year in km X logging infrastructure factor of 

32.84 t C/km) 

Step 2 results in t C of collateral damage and infrastructure impacts from forest harvest, 
which then multiplied by 3.67 as the multiplier of t C to CO2, is the total CO2 emanating 
from forest management activities resulting from collateral damage and forest 
infrastructure.  

 

Step 3: Computing the actual impact of extracted wood including provision for 
storage in long term wood products.  Long term wood products storage 
computation based on Winjum et al 1998.  

¶ Compute total gross emissions emanating from wood extracted by: 

(Area under harvest in hectares X Average Yield per ha in cubic meters)  

X (Average carbon storage value per cubic meters of 0.4 t C/m3) ï (Carbon Stored in 
Long Term Wood Products computed by method proposed in Winjum et al 1998)  

Step 3 results in the computation of total gross emissions taking account of wood 
stored in Long Term Wood Products and is converted to CO2 by multiplying the 
above product by 3.67. 

 

Step 4: Computing the total CO2 emissions from total forest management 

¶ Results of Step 2 + Results of Step 3 
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Explanatory Note 2 

The following steps are taken in the computation of the total emissions from illegal 
logging activities: 

Step 1: Compile background data to inform computations 

¶ Compile annual illegal logging timber volume 

¶ Compile annual area under harvest of various categories that may have been 

subject to illegal logging. 

¶ Compute Yield in cubic meters per hectares by dividing the illegal logging 

production by the area size  

 

Step 2: Computing impact of collateral damage emanating from illegal logging 
activities.  Factors derived from data collected from 121 Logging Plots.   

¶ Applying a logging damage factor of 0.95 t C/m3, derive total gross carbon 

emission impact from collateral damage by: 

(Area under harvest in hectares X Average Yield per ha in cubic meters) 
X Logging Damage Factor of 0.95 t C/m3)  

Step 2 results in t C of collateral damage from illegal logging activities, which then 
multiplied by 3.67 as the multiplier of t C to CO2, is the total CO2 emanating from 
illegal logging activities resulting from collateral damage. 

 

Step 3: Computing the actual impact of extracted wood including provision for 
storage in long term wood products.  Long term wood products storage 
computation based on Winjum et al 1998.  

¶ Compute total gross emissions emanating from wood extracted by: 

(Area under harvest in hectares X Average Yield per ha in cubic meters)  

X (Average carbon storage value per cubic meters of 0.4 t C/m3) ï (Carbon Stored in 
Long Term Wood Products computed by method proposed in Winjum et al 1998)  

Step 3 results in the computation of total gross emissions taking account of wood 
stored in Long Term Wood Products and is converted to CO2 by multiplying the above 
product by 3.67. 

 

Step 4: Computing the total CO2 emissions from total illegal logging 

¶ Results of Step 2 + Results of Step 3 
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9.9 Emissions from Anthropogenic Forest Fires ï Measure 5 

The FIRMS fire point data from MODIS was used to identify potential fire locations (Map 9-2). 
In addition a systematic review of all fire points was undertaken to validate the presence of fire 
and establish the extent using the RapidEye imagery. This is an accepted approach that is 
documented in the GOFC-GOLD sourcebook.  

The initial approach used to set a reference level was to calculate the area burnt for the 1990 to 
September 2009 period. Over this 19 year period a total of 33 700 ha of forest was identified as 
degraded by burning24. This equated to a mean annual area of 1 700 ha. The mean area burnt 
was accepted as a suitable Interim Measures benchmark against which all subsequent change 
could be compared.  

In Year 2 a considerably lower area of 28 ha was mapped. In Year 3 the area degraded by fire 
increased to 208 ha and further to 395 ha in Year 4. In Year 5 the area degraded by fire was 
173 ha which is lower than reported in the previous two years.   

Overall, fire is an immaterial change driver in Guyana with almost all fires occurring within non 
forest/grassland landscapes as shown in Map 9-2. 

Map 9-2: Non Forest Area & FIRMS Fire Data 2010-2016 

 

The main non-forest areas as determined from the 2012 RapidEye imagery are located in the 
south along the Brazilian border and closer to Georgetown on the coastal fringe. 

                                                      

24This does not include areas deforested as a result of fire events. This has been recorded as deforestation. The .El 
Niño weather pattern is known to have occurred during this period. 
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10. ONGOING MONITORING PLAN & QA/QC PROCESSES 

A formal QA/QC process has been continually developed over time. The process ensures that 
the national change analysis is consistent and repeatable. The key elements of the process 
include: 

¶ Development of the monitoring plan to ensure the provision of satellite data to cover 
the reporting period.  

¶ Continued review of new satellite imagery options and evaluation.  

¶ Facilitating data sharing between agencies through inter-agency training.  

¶ Inclusion of over-flights and capture of geo-referenced oblique photos to confirm 
vegetation types and change. A database is being built over time containing many 
thousand aerial oblique photos over different land-cover types in Guyana.  

¶ Integration of a high-resolution datasets including satellite images and images 
collected by an airborne camera system to enable an unbiased assessment of map 
products. 

¶ Upgrading of GPS units to assist with photographic documentation, and geo-tagging. 

¶ Development of routines to automate processing of remote sensing datasets. 

¶ Development of standardized toolbars to enable consistent attribution of change and 
documentation of drivers of change. Incorporation of GIS datasets in a geodatabase.  

¶ Development of training materials to assist with the attribution of change Review of 
appropriate peer-review documentation to ensure best practices are adopted in 
developing methods 

¶ Development of fully aligned IPCC format reporting area change output from an 
operational MRVS. 

The process maps the change, then merges the tiles back together to form the updated master 
layer. A feature dataset is created for each tile. 

Once each tile is complete it is merged with the new master, an important step is to ensure the 
edges of the merged tiles are consistent in attribution and topology.  

The following description outlines the mapping process while Figure 10-1 shows the technical 
QC as it is applied. If analysis is based solely on manual digino image post-processing tasks 
are included, then the creation of the EVI vegetation ratio is not completed.   

QC steps -  

1. Stitch master datasets together, ensuring consistency. 

2. Select rivers and non-forest and clip to remove overlaps. 

3. Clip master to country boundary. 

4. Self-intersect the layer to find any final overlaps. 

5. Calculate areas and delete any areas under 25 m² these are considered invalid slivers. 

6. Harmonise table to ensure drivers LUCs are consistent. 

7. Intersect with land class layer. 
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Figure 10-1: QC Process Outline 

 

 



 

 

Copyright © The Guyana Forestry Commission 65 

11. REFERENCES 

Achard, F., Belward, A.S., Eva, H.D., Federici, S., Mollicone, D. and Raes, F. 2005. Accounting 
for avoided conversion of intact and non-intact forests. Technical options and a proposal 
for a policy tool. Joint Research Centre of the European Commission. 

Achard, F., DeFries, R., Herold, M., Mollicone, D., Pandey, D. and Souza Jr., C. 2008. Guidance 
on monitoring of gross changes in forest area. Chapter 3 In GOFC-GOLD. Reducing 
greenhouse gas emissions from deforestation and degradation in developing countries: 
a sourcebook of methods and procedures for monitoring, measuring and 
reporting.GOFC-GOLD Report version COP 13-2. GOFC-GOLD Project Office, Natural 
Resources Canada, Alberta, Canada. 

Acharya, K.P. and Dangi, R.B. 2009. Forest degradation in Nepal: review of data and methods. 
Case Studies on Measuring and Assessing ForestDegradation. Forest Resources 
Assessment Working Paper 163, Forestry Department, FAO, Rome, Italy. 

Asner G.P., 1998, Biophysical and Biochemical Sources of Variability in Canopy Reflectance, 
Remote Sensing of Environment, 64:234-253. 

Asner, G. P., Keller, M. and Silva, J. N. M. 2004: Spatial and temporal dynamics of forest canopy 
gaps following selective logging in the eastern Amazon. Global Change Biology 10:765ï
783. 

Asner, G.P., Knapp, D. E., Balaji, A. and Páez-Acosta, G. 2009. Automated mapping of tropical 
deforestation and forest degradation: CLASlite.  Journal of Applied Remote Sensing, 
3:033543. 

Asner, G.P., Knapp, D.E., Broadbent, E.N., Oliveira, P.J.C., Keller, M. and Silva, J. N. 
2005.Selective logging in the Brazilian Amazon. Science 310 (5747): 480-483. 

Asner, G.P. and Warner, A.S. 2003. Canopy shadow in IKONOS satellite observations of 
tropical forests and savannas. Remote Sensing of Environment 87:521-533. 

Becker, C.D., Banana, A.Y. and Gombya-Ssembajjwe, W. 1995. Early Detection of Tropical 
Forest Degradation: an IFRI (International Forest Resources and Institutions) Pilot 
Study in Uganda. Environmental Conservation, 22(1):31-38. 

Bholanath, P & Cort, 2015. National Scale Monitoring, Reporting and Verification of 
Deforestation and Forest Degradation in Guyana.  ISRSE, 2015. 

Broadbent E. N., Asner, G. P., Keller, M., Knapp, D.E., Oliviera, P.J.C. and Silva, J.N. 
2008.Forest fragmentation and edge effects from deforestation and selective logging in 
the Brazilian Amazon. Biological Conservation 141: 1745ï57. 

Broadbent, E. N., Asner, G. P., Penĕ a-claros, M., Palace, M. and Soriano. M. 2008. Spatial 
partitioning of biomass and diversity in a lowland Bolivian forest: Linking field and 
remote sensing measurements. Forest Ecology and Management 255: 2602ï2616. 

Brown, S. and Braatz, B. 2008. Methods for estimating CO2 emissions from deforestation and 
forest degradation. Chapter 5 in GOFC-GOLD. Reducing greenhouse gas emissions 
from deforestation and degradation in developing countries: a sourcebook of methods 
and procedures for monitoring, measuring and reporting.GOFC-GOLD Report version 
COP 13-2. GOFC-GOLD Project Office, Natural Resources Canada, Alberta, Canada. 

Chander, G., Markham, B.L., Helder, 2009, Summary of current radiometric calibration 
coefficients for Landsat MSS, TM, ETM+, and EO-1 ALI sensors. Remote Sensing of 
Environment 113: 893ï903. 

Chave, J, Andalo, C. Brown, S,et al (2005) Tree allometry and improved estimation of carbon 
stocks and balance in tropical forests. Oecologia (2005) 145:87-99. 

Cochrane, M. A. and Souza, C. M.1998.Linear mixture model classification of burned forests in 
the Eastern Amazon. International Journal of Remote Sensing 19(17): 3433-3440. 



 

 

Copyright © The Guyana Forestry Commission 66 

COP 7 29/10 - 9/11 2001 MARRAKESH, MOROCCO MARRAKESH ACCORDS REPORT 
(www.unfccc.int/cop7) FAO Forest Resource Assessment, 2010 
http://foris.fao.org/static/data/fra2010/FRA2010_Report_1oct2010.pdf 

Darmawan, M., Aniya, M. and Tsuyuki, S. 2001. Forest fire hazard model using remote sensing 
and geographic information systems: towards understanding of land and forest 
degradation in lowland areas of East Kalimantan, Indonesia. Paper presented at the 
22nd Asian Conference on Remote Sensing, 5-9 November 2001, Singapore. CRISP, 
SISV and AARS. 

DeFries, R., Achard, F., Brown, S., Herold, M., Murdiyarso, D., Schlamadinger, B. and Souza 
Jr. C. 2007. Earth observations for estimating greenhouse gas emissions from 
deforestation in developing countries. Environmental Science and Policy 10 (4): 385-
394. 

DeFries, R., G. Asner., F. Achard., C. Justice., N. Laporte., K. Price., C. Smalla and J. 
Townshend 2005. Monitoring Tropical Deforestation for Emerging Carbon 
Markets.Reduction of Tropical Deforestation and Climate Change Mitigation. Editors: 
Paulo Mountinho (IPAM) and Stephan Schwartzman (ED) 

Deng, F., Su, G., & Liu, C. (2007).Seasonal variation of MODIS vegetation indices and their 
statistical relationship with climate over the subtropic evergreen forest in Zhejiang, 
China.IEEE Geoscience and Remote Sensing Letters, 4(2), 236ī240. 

Du, Yong, Philippe M. Teillet, Josef Cihlar. 2002. Radiometric normalisation of multitemporal 
high-resolution satellite images with quality control for land cover change detection. 
Remote Sensing of Environment, 82: 123-134. 

Eckert, S., Ratsimba, H.R., Rakotondrasoa, L.O., Rajoelison, L.G. and Ehrensperger, A. 2011. 
Deforestation and forest degradation monitoring and assessment of biomass and 
carbon stock of lowland rainforest in the Analanjirofo region, Madagascar. Forest 
Ecology and Management 262:1996-2007. 

Gerwing, J. J. 2002. Degradation of forest through logging and fire in the eastern Brazilian 
Amazon. Forest Ecology and Management 157 (1-3): 131-141. 

Gibbs, H. K., Brown, S., Foley, J. A. and Niles, J. O. 2007. Monitoring and estimating tropical 
forest carbon stocks: making REDD and reality. Environmental Research Letters 
2:045023. 

GOFC-GOLD. 2008. Reducing greenhouse gas emissions from deforestation and degradation 
in developing countries: a sourcebook of methods and procedures for monitoring, 
measuring and reporting, GOFC-GOLD Report version COP 13-2. GOFC-GOLD 
Project Office, Natural Resources Canada, Alberta, Canada. 

GOFC-GOLD Sourcebook 2010.  A sourcebook of methods and procedures for monitoring and 
reporting anthropogenic greenhouse gas emissions and removals caused by  
deforestation, gains and losses of carbon stocks in forests remaining forests,  and 
forestation GOFC-GOLD. Report version COP16-1, (GOFC-GOLD Project Office, 
Natural Resource Canada, Alberta, Canada).   

Goslee, K., Brown, S., et al.  Sampling Design and Implementation Plan for Guyanaôs REDD+ 
Forest Carbon Monitoring System (FCMS).  Guyana Forestry Commission, September 
2011.   

Griscom, B., D. Ganz, N. Virgilio, F. Price, J. Hayward, R. Cortez, G. Dodge, J. Hurd, F.L. 
Lowenstein, B. Stanley. 2009. The Hidden Frontier of Forest Degradation: A Review of 
the Science, Policy and Practice of Reducing Degradation Emissions. The Nature 
Conservancy, Arlington, VA. 

Griscom, B., D. Ganz, N. Virgilio, F. Price, J. Hayward, R. Cortez, G. Dodge, J. Hurd, S. Marshall 
and B. Stanley. 2009. The Missing Piece: Including Forest Degradation in a REDD 
Framework. TNC draft report. URL: http://change.nature.org/wp-
content/uploads/REDD-Casebook-TNC-CI-and-WCS.pdf 

http://www.unfccc.int/cop7
http://foris.fao.org/static/data/fra2010/FRA2010_Report_1oct2010.pdf
http://change.nature.org/wp-content/uploads/REDD-Casebook-TNC-CI-and-WCS.pdf
http://change.nature.org/wp-content/uploads/REDD-Casebook-TNC-CI-and-WCS.pdf


 

 

Copyright © The Guyana Forestry Commission 67 

Hansen, M.C., Stehman, S.V.,  Potapov, P.V., Loveland, T.R., Townshed, J.R.G., DeFries, R.S., 
Pittman, K.W., Arunarwati, B.,  Stolle, F., Steininger, M.K., Carroll, M. and DiMiceli, C. 
2008. Humid tropical forest clearing from 2000 to 2005 quantified by using multitemporal 
and multi-resolution remotely sensed data. PNAS 105(27):9439-9444. 

Hellden, U. 1991. DesertificationðTime for an assessment? Ambio 20:372-383. 

Herold, M. 2008. Building national forest carbon monitoring capabilities for REDD. Presentation 
at the UNFCCC workshop on methodological issues relating to reducing emissions from 
deforestation and forest degradation in developing countries. Tokyo 24-27 June. URL: 
http://unfccc.int/methods_and_science/lulucf/items/4289.php. 

Herold M, 2009.Assessment of the status of the development of the standards for the Terrestrial 
Essential Climate Variables (www.fao.org/gtos) 

Herold, M., Román-Cuesta, R.M., Heymell, V., Hirata, Y., Van Laake, P., Asner, G.P., Souza, 
C., Avitabile, V. and MacDicken, K. 2011. A review of methods to measure and monitor 
historical carbon emissions from forest degradation. Unasylva 62(2): 16-24. 

Huete, A.R., H. Liu, K. Batchily, and W. van Leeuwen, 1997. A Comparison of Vegetation 
Indices Over a Global Set of TM Images for EOS-MODIS. Remote Sensing of 
Environment 59(3):440-451. 

IPCC Report on Definitions and Methodological Options to Inventory Emissions from 15 Direct 
Human-induced Degradation of Forests and Devegetation of Other Vegetation Types, 
2003 
(http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm#2) 

Kamungandu, C.M. 2009. La degradation des forets en Republique Democratique du Congo. 
Case Studies on Measuring and Assessing Forest Degradation. Forest Resources 
Assessment Working Paper 169, Forestry Department, FAO, Rome, Italy. 

Keller, M., Palace, M. and Hurtt, G. 2001. Biomass estimation in the Tapajos National Forest, 
Brazil: examination of sampling and allometric uncertainties. Forest Ecology and 
Management 154:371-82. 

Lambin, E.F. 1999. Monitoring forest degradation in tropical regions by remote sensing: some 
methodological issues. Global Ecology and Biogeography, 8:191-198. 

Martinuzzi, Sebastián; Gould, William A.; Ramos González, Olga M. 2007. Creating cloud-free 
Landsat ETM+ datasets in tropical landscapes: cloud and cloud-shadow removal. U.S. 
Department of Agriculture, Forest Service, International Institute of Tropical 
Forestry.Gen.Tech.Rep.IITF-32 

Matricardi, E.A.T., Skole, D.L., Pedlowski, M.A., Chomentowski, W. and Fernandes, L.C.  2010. 
Assessment of tropical forest degradation by selective logging and fire using Landsat 
imagery. Remote Sensing of Environment 114:1117ï1129. 

Miura, T., Huete, A. R., van Leeuwen, W. J. D., & Didan, K. (1998). Vegetation detection through 
smoke-filled AVIRIS images: an assessment using MODIS band passes. Journal of 
Geophysical Research103, 32001ï3201. 

Miura, T., Huete, A. R., Yoshioka, H., & Holben, B. N. (2001). An error and sensitivity analysis 
of atmospheric resistant vegetation indices derived from dark target-based atmospheric 
correction. Remote Sensing of Environment 78, 284ï298. 

Monteiro, A.L., Souza Jr, C.M. and Barreto, P. 2003. Detection of logging in Amazonian 
transition forests using spectral mixture models. International Journal of Remote 
Sensing 24(1):151-159. 

Morton, D.C., R.S. DeFries., Y.E. Shimabukuro., L.O. Anderson., F. Del Bon Espírito-Santo., M. 
Hansen and M. Carroll. 2002. Rapid Assessment of Annual Deforestation in the 
Brazilian Amazon Using MODIS Data.  

Morton, D.C., F. Del Bon Espírito-Santo. Y.E. Shimabukuro., R.S. DeFries and L.O. Anderson., 
2005. Validation of MODIS annual deforestation monitoring with CBERS, Landsat, and 

http://www.fao.org/gtos
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm#2


 

 

Copyright © The Guyana Forestry Commission 68 

field data. Anais XII Simpósio Brasileiro de Sensoriamento Remoto, Goiânia, Brasil, 16-
21 April 2005, INPE, p. 3159-3166. 

Murdiyarso, D., Skutsch, M., Guariguata, M. Kanninen, M., Luttrell, C. Verweij, P. and Stella, O. 
2008. Measuring and monitoring forest degradation for REDD: Implications of country 
circumstances. CIFOR info briefs 16. 

Nandy, S., Kushwaha, S.P.S. and Dadhwal, V.K. 2011.Forest degradation assessment in the 
upper catchment of the river Tons using remote sensing and GIS. Ecological Indicators 
11:509-513. 

Paolini, Leonardo, Francisco Grings, Jose A. Sobrino, Juan C. Jimenez Munoz, Haydee 
Karszenbaum, 2006, Radiometric correction effects in Landsat multi-date/multi-sensor 
change detection studies. International Journal of Remote Sensing 27 (3-4): 685-704. 

Penman, J, Gytarsky, M., Hiraishi, T., Krug, T., et al., eds, 2003. Good practice guidance for 
land use, land use change and forestry. Institute for Global Environmental Strategies 
for the Intergovernmental Panel on Climate Change. At http://www.ipcc 
nggip.iges.or.jp/public/gpglulucf.htm. 

Potapov, P., L. Laestadius, A. Yaroshenko, S. Turubanova. 2009. Global Mapping and 
Monitoring the Extent of Forest Alteration: The Intact Forest Landscapes Method. Case 
Studies on Measuring and Assessing Forest Degradation. Forest Resources 
Assessment Working Paper 161, Forestry Department, FAO, Rome, Italy. 

Pereira, P. 2014 Deforestation, Mining and Modelling Land Cover Change in the Guyanese 

Rainforest. MSc Dissertation, Department of Geography, University of Durham 

Prins, E. and Kikula, I.S. 1996. Deforestation and regrowth phenology in Miombo woodland 
assessed by Landsat Multispectral Scanner System data. Forest Ecology and 
Management 84:263-266 

Ringrose, S., Matheson, W., Tempest, F. and Boyle, T. 1990.The development and causes of 
range degradation features in southeast Botswana using multi-temporal Landsat MSS 
imagery. Photogrammetric Engineering and Remote Sensing 56:1253-1262. 

Rouse, J.W., R.H. Haas, J.A. Schell, and D.W. Deering, 1973. Monitoring Vegetation Systems 
in the Great Plains with ERTS. Third ERTS Symposium, NASA SP-351 I: 309-317. 

Roy, D.P., Jin, Y., Lewis, P.E. and Justice, C.O. 2005. Prototyping a global algorithm for 
systematic fire-affected area mapping using MODIS time series data. Remote Sensing 
of Environment 97:137ï162. 

Saatchi, S. S., Houghton, R. A., Dos Santos Alvara, R. C., Soares-Filho, J. V. and Yu, Y.  2007. 
Distribution of aboveground live biomass in the Amazon basin. Global Change Biology 
13(4): 816-837. 

Salas, W. Hagen, S, et al.Winrock International and Applied GeoSolutions.A Pilot Study to 
Assess Forest Degradation Surrounding New Infrastructure.Guyana Forestry 
Commission. February, 2012.  

Shearman, P. L., Ash, J., Mackey, B., Bryan, J.E. and Lokes, B. 2009. Forest Conversion and 
Degradation in Papua New Guinea 1972ï2002. Biotropica 41(3): 379ï390. 

Sist, Plinio:2000: Reduced-impact logging in the tropics: objectives, principles and impacts. 
International Forestry Review 2(I), 2000.Pages 3-10. 

Skutsch, M. 2007. In REDD, the second D is for degradation. Policy note from the Kyoto: 
Think Global, Act Local (K:TGAL) programme. URL 
http://www.communitycarbonforestry.org/ 

Souza Jr. C. M. and Roberts, S. 2005. Mapping forest degradation in the Amazon region with 
IKONOS images. International Journal of Remote Sensing 26(3): 425-429. 



 

 

Copyright © The Guyana Forestry Commission 69 

Souza Jr., C., Firestone, L. Silva L. M. and Roberts, D. 2003.Mapping forest degradation in the 
Eastern Amazon from SPOT 4 through spectral mixture models. Remote Sensing of 
Environment 87:494-506. 

Souza Jr., C. And Barreto, P. 2000. An alternative approach for detecting and monitoring 
selectively logged forests in the Amazon. International Journal of Remote Sensing 
21(1):173-179. 

Souza Jr., C.M., M.A. Cochrane, M.H. Sales, A.L. Monteiro, D. Mollicone. 2009. Integrating 
forest transects and remote sensing data to quantify carbon loss due to forest 
degradation in the Brazilian Amazon. Case Studies on Measuring and Assessing Forest 
Degradation.Forest Resources Assessment Working Paper 161, Forestry Department, 
FAO, Rome, Italy. 

Souza, Jr. C. M., Roberts, D. A. and Cochrane, M. A.  2005. Combining spectral and spatial 
information to map canopy damage from selective logging and forest fires. Remote 
Sensing of Environment 98: 329-343. 

Stehman, S. V.; Czaplewski, R. C. 1998. Design and analysis for thematic map accuracy 
assessment: fundamental principles. Remote Sensing of the Environment 64: 331ï344. 

Stehman, S.V., 2001. Statistical rigor and practical utility in thematic map accuracy assessment. 
Photogrammetric Engineering & Remote Sensing 67(6), 727-734. 

Story, M.; Congalton, R.G., 1986, Accuracy Assessment: A Userôs Perspective. PE&RS 53(3): 
397-399. 

Strahler A.H., Boschetti, L, Foody, G.M., Friedl, M.A., Hansen, M.C., Herold, M., Mayaux, P., 
Morisette, J.T., Stehman, S.V., and Woodcock, C.E. Global Land Cover Validation: 
Recommendations for Evaluation and Accuracy Assessment of Global Land Cover 
Maps. GOFC-GOLD, 2006. 

Tang, L., G. Shao, Z. Piao, L. Dai, M.A. Jenkins, S. Wang, Gang Wu, Jianguo Wu, Z. Jingzhu. 
2010. Forest degradation deepens around and within protected areas in East Asia. 
Biological Conservation 143: 1295-1298. 

Tovar, C.L.M. 2009. Analysis of the Normalized Differential Vegetation Index (NDVI) for the 
Detection of Degradation of Forest Cover in Mexico 2008 ï 2009. Case Studies on 
Measuring and Assessing Forest Degradation. Forest Resources Assessment Working 
Paper 163, Forestry Department, FAO, Rome, Italy. 

Tucker, C.J., Dregne, H.E. and Newcomb, W.W. 1991. Expansion and contraction the Sahara 
desert from 1980 to 1990. Science 253:299-301. 

Van der Hout, P.  2000. Testing the applicability of reduced impact logging in greenheart forest 
in Guyana. International Forestry Review 2(I), 2000. 

von Veh M.W., Watt P.J, 2010. LUCAS Mapping Harvesting and Deforestation 2008-2009 
Contract Report 38A12635. New Zealand Ministry for the Environment.  

Wang, C., Jiaguo Qi, and Cochrane, M. 2005. Assessing of tropical forest degradation with 
canopy fractional cover from Landsat ETM+ and IKONOS imagery. Earth Interactions 
9:1-18. 

Watt, P.J., Haywood, A.H., 2007. Mapping Forest Clearfelling using MODIS Satellite Data. 
Contract Report 38A08772. New Zealand Ministry for the Environment.  

Watt, P. J., Von veh, M.W. 2009. Guyana Forestry Commission/ITTO Supporting Forest Law 
Enforcement Using Remote Sensing and Information Systems. Contract Report 
38A09905. Guyana Forestry Commission. 

Watt, P. J., Von veh, M.W. 2010. Rapid Quantification of Forest Change from 1990 to 2009 
Contract Report 38A13255. Guyana Forestry Commission.  

Wertz-Kanounnikoff, S. 2008. Monitoring forest emissions ï a review of methods. CIFOR 
Working Paper No. 39. 19p. 



 

 

Copyright © The Guyana Forestry Commission 70 

White, J.D., Ryan, K.C., Key C.C. and Running, S.W. 1996. Remote sensing of forest fire 
severity and vegetation recovery. International Journal of Wildland Fire 6(3):125-136. 

Wulder, M.A., Franklin, S.E, White, J., Linke, J, and Magnussen, 2006. An accuracy assessment 
framework for large-area land cover products derived from medium-resolution satellite data. 
International Journal of Remote Sensing 27,(4) 663-683. 

 

 

 

 

 



 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1 
 

Development Areas Update 2017-2020 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 

 

 

Development Areas 2017 Update  

The following development areas are identified for the 2017-2020 period. Progress has been 
made on aspects of Task 3.1.12 and 3.1.13. Other tasks logically follow on from the continued 
development of a forest monitoring system that is uses frequent observations.  A summary of 
activities that are underway that relate to tasks 3.1.12 and 3.1.13 are documented.  

Table 2017-2020 Development Areas  

Task Description Activities 

3.1.10 
Report and Incorporate 
new development 
areas 

Further refinement of methods to quantify afforestation resulting from regenerating 
non-forest areas, and studies to show the carbon accumulation rate on abandoned 
mining sites.  This work links in with Guyanaôs planned mining reclamation project 
and the consideration of appropriate emission factors. 
Integration of new satellite sensors into the MRV such as. Sentinel 2A & Planet 
Labs, as well as RADAR. An accuracy evaluation of Sentinel 2A is proposed prior 
to integration into future MRV reporting 
 
Tracking of degradation to assess the areas transitioning from degradation to 
deforestation and those areas that are reforesting. 
 
Incorporation of deforestation modelling methods to predict future deforestation 
patterns, building on work done to date based on both econometric modelling for 
mining and timber production and spatial modelling for mining 

3.1.11 

Improve methodology 
for treatment of Shifting 
Cultivation, if deemed 
necessary  

As presented in Section 5.2 of the report 

3.1.12 

Explore Options for 
near-real time 
monitoring for high 
priority sites. 

Test different data streams and their usefulness and integration for near-real time 
monitoring of forest changes and REDD+ implementation starting in high priority 
sites.  
- Develop a framework to use near-real time monitoring to ensure compliance of 
deforestation agents and link into the same data sharing platform. 
- Develop a framework to use near-real time monitoring to ensure compliance of 
deforestation agents. 
- Produce a Report documenting results of near real-time monitoring tests and 
pilot system.   

3.1.13 

Explore options for 
development of an 
information platform for 
access to MRVS 
results and data. 

Using data housed under the MRVS from the period 1990 to 2014, collated under 
phase 1 of the MRVS, develop a platform for use of data and results at the 
concession level. This platform could potentially be extended to encourage data 
sharing between agencies, communities and for hosting near-real time 
deforestation updates.  
- Explore options for further development of an information platform with the 
Ministry of Natural Resources. 
- Conduct a feasibility study and explore identified options from previous 
experiences (i.e. TerraAmazon or TerraCongo, Google Earth Engine) and 
develop a plan on which data to use for this purpose  
- Explore making Guyanaôs MRVS data and information (results) available 
through the Global Forest Watch platform. 

3.1.14 

Develop platform and 
mechanism for use of 
MRVS data and results 
for forest concession 
monitoring and 
management  

Implement the platform and use it as active communication and feedback tool 
between the Ministry of Natural Resources, the Guyana Forestry Commission, 
and forest owner and managers. 
- Establish reporting framework for collating MRVS at concession level. 

3.1.15 

Conduct pilot of use of 
MRVS data and results 
through conducting a 
review of a forest 
concession agreement 

Focus group discussions to determine how stakeholders GGMC, GFC and 
MNR   interpret the policies and apply enforcement measures. The purpose to gain 
an overview of how well the policies are understood and implemented. 



 

 
 

 

 

 

Task 3.1.12 Explore Options for Near-real Time Monitoring for High Priority Sites 

Alternative Image Options 

The capability of forest countries to monitor and report change varies - ñone size does not fit 
allò. The lessons learnt from Norwayôs bilateral agreements have identified several challenges 
(NICFI Real-time Evaluations) that merit consideration and reflection on how to best achieve a 
reduction in global forest deforestation. 

Recent improvements in the ability to rapidly process large volumes of satellite imagery to 
produce 30 m global forest change maps (Hansen et al 2013) signal a shift in monitoring 
capabilities. A key prerequisite is, however, a continuous a supply of well calibrated satellite 
imagery that is free and easily accessible.  The landmark decision by USGS in 2008 to open 
the historical Landsat archives to the global community made this a reality. This situation 
continues to improve.  

Sentinel 

Today there are a variety of EO satellites in orbit although almost all, except for Landsat, are 
commercial and require tasking. The situation has change with the recent launch of Sentinel-2A 
(23rd June 2015, with operational data capture in October 2015), followed by Sentinel-2B an 
identical satellite. Like Landsat, Sentinel provides imagery that is both free and readily 
accessible to the public. 

This constellation provides two additional EO satellites capable of imaging the same location 
every five days at 10 m resolution. The specifications of Sentinel 2 (A & B) make it ideal as a 
replacement for the current use of Landsat as the supplement image for mapping. Furthermore, 
at 10 m resolution, it could be reasonably justified as a potential replacement for RapidEye. 

Year 6 analysis has made good use of Sentinel with the intention to start routinely using it for 
forest change and potentially the monitoring of degradation. Planet Labs datasets are also being 
actively evaluated and tested.   

Planet Labs 

In recent years improvements in technology have led to a decrease in the development costs of 
satellites. This is evident with the deployment of micro-satellites which is best demonstrated by 
Planet Labs. 

Planet Labs operates a network of satellites known as ódovesô. These are micro satellites 
measuring roughly 10 cm high x 10 cm wide and 30 cm in length.  

They aim to provide high resolution imagery using a large constellation of doves. This effectively 
decreases the revisit time and increases temporal resolution. The data sharing policy and pricing 
of Planet Labs imagery is still being developed. For the time being Planet data has been used 
by GFC over two test sites and also as a source of data for the Year 6 accuracy assessment.  

The launch timeline and constellation development are as follows;    

¶ 2013: Launched 71 doves 

¶ 2014: Built 95 new doves. 

¶ 2015-2018: 100+ new doves are commissioned aiming to provide daily capture at 3-5 m 
resolution. 

Over time the technical specifications and design characteristics have been altered based on 
evaluation of the data produced. The build process has rapidly improved and incorporates 
progressive refinements of hardware and software and extension of the receiving station 
network. In 2015 Planet Labs began establishing a reseller network and distributing engineering 
grade imagery via a beta version of the online catalogue. The constellation has since continued 
to improve, and data is now routinely collected and distributed via Planetôs online catalogue. 

Planetôs satellites follow two different orbits namely International Space Station (ISS) and Sun 
Synchronous Orbit (SSO). The SSO is common to many earth-observing satellites which have  



 

 
 

 

 

 

a set equator crossing time and acquire images only on descending orbit. The planet satellites 
in SSO cross equator at 9:30-11:30 acquiring images of an area almost same time in every 
revisit. The satellites in ISS however have no fixed equatorial crossing time. 

Data Characteristics of Planet Satellites 

 

The quality of the engineering grade 1 C imagery has been assessed against earlier releases 
of Planet Labs imagery and against Landsat. Results indicate that the data quality has continued 
to improve, however the radiometric quality and consistency of the latest 1C data is still variable. 
The characteristics of Flock 1C are that it images at 3 m spatial resolution which is resampled 
from an original pixel size of approximately 4.5 m.  

Comparison Planet Images from ISS and SSO Orbits 

 

Spectral Characteristics  

Planet has progressively added satellites to its constellation. Earlier satellites were equipped 
with three band cameras that recorded only blue, green, and red wavelengths. The more recent  



 

 
 

 

 

 

launches have included the near infrared band, referred to as óAnalyticMSô. The inclusion of the 
NIR band enables the calculation of the common Normalised Vegetation Index (NDVI) which 
aids in the separation of forest and non-forest. This assists in automating the detection of 
deforestation events.  

A feature of the Planet sensors which are essentially off-the-shelf cameras is that the 
wavelengths measured cover broader range than other satellites. As shown in Figure 6, Planetôs 
blue band extends from 450 to 700 nm cf. Landsat 8 which captures and resolves a narrower 
range which better matches the spectral response of the blue wavelength. 

Relative Spectral Response of Planet and Landsat 8 (Source: Planet Labs Inc.) 

 

This has two impacts, it means automated processes need to be adapted to use Planetôs NDVI 
values as the NDVI values are lower than other sensors which more precisely measure the 
position of the wavelengths. The second is that the wider span of the wavelengths and sensor 
filters used reduce the clarity of the images. This may reduce the usefulness of the planet 
images in areas where changes in forest cover are subtle (i.e. forest degradation activities), or 
the spectral characteristics of vegetation types are similar. 

To reduce the impact of these differences Planet have recently applied Spectral Band 
Adjustment Factors (SBAF). The motivation for the correction comes from the need to 
compensate the spectral response differences of multispectral sensors (i.e. Landsat and 
RapidEye) to provide a more accurate cross-calibration between the sensors. For reference, 
the difference in band radiance values for 38 Dove satellites from Flock 2p (SSO) and Flock 2e 
(ISS). 

The measure uses the percentage difference for each satellite as compared against the 
response from RapidEye and Landsat over the same invariant calibration sites.  

 

 

 

 

 

 

 

 



 

 
 

Before Correction F2E and F2P absolute accuracy vs. RapidEye and Landsat 8 (Source: 
Planet Labs Inc.) 

  

The purpose of the calibration is to reduce the variation between satellites so that Planetôs 
images better align with spectral bands measured by existing Earth observation satellites. 
According to Planetôs technical documentation the calibration model reduces the radiometric 
uncertainty to around 5-6%. The distribution of the radiance differences by satellite and band  

After Correction F2E and F2P Absolute Accuracy vs. RapidEye and Landsat 8 

 

Change Detection 

To effectively map forest change at a national scale efficiently a level of automation is desirable. 
Guyanaôs existing MRVS has been designed in a way that allows the inclusion of satellite 
images from various satellites. 

The approach is semi-automated and detects forest to non-forest change by identifying new 
change. These changes are identified by transforming the images to represent the Normalised 
Vegetation Index (NDVI). The NDVI as an indicator of vegetation vigour and presence has been 
widely used to differentiate forest from non-forest.  

The minimum mapping unit (MMU) threshold adopted for the MRVS is 1 ha. This means that all 
deforestation events equal to, or above this threshold are mapped and recorded in the MRVS. 
The exception to this guideline is the treatment of rotational shifting cultivation. In Guyana, these 
areas are often situated close to the forest / non-forest fringe. The areas cut are small and 
fragmented (Ò0.5 ha) and move through a process of being cut, burnt, cropped and then 
abandoned.  

The MRV has progressively added new indicators. In 2014 the annual area of shifting cultivation 
was first reported. The interim reporting measure includes shifting cultivation with other 
degradation sources and compares the annual change against an agreed benchmark value of 
4 368 ha. Work on characterising Shifting Cultivation continues.  



 

 
 

The results for the two sites are described as follow. 

 

Site 1: Rotational Shifting Cultivation 

The planet images were evaluated to ascertain if they could be used to identify the forest 
boundary and if the resolution was high enough to detect new areas of shifting cultivation. The 
number of scenes used was limited, so the analysis is only considered to provide first indication 
of the utility of the Planet datasets.  

The figure below compares the automated forest and non-forest mapping from the MRVS (A), 
derived from the Planet image (B), referenced against the Planet image (C). The image 
resolution and scene quality were adequate to identify the forest/non-forest edge. This edge 
matches the existing boundary which was derived from interpretation of 5 m RapidEye imagery 
(A). Going forward the findings suggested the dataset is suitable for refining or monitoring 
changes within the forested extent. 

Forest Non-Forest Class comparison between MRVS and Planet derived datasets. 

  

The second part of the assessment looked at an area of shifting cultivation that has been 
progressively monitored from 2012 to 2014. The areas detected were overlaid on the planet 
image and are relatively small (mean area of each patch 0.4 ha), but for completeness, any 
areas below the MMU threshold of 0.5 ha have are recorded.  

No shifting cultivation was identified post 2014 due to the suspension of the national monitoring 
program. The new changes are evident on the 2017 Planet imagery. The extent of these areas 
is automatically extracted using the NDVI routine, assigned a change driver and added to the 
MRV.  



 

 
 

 

 

 

Detection of new (post 2014) shifting cultivation areas 

 

The results indicate that Planet images can be used to track shifting cultivation through time.  
Inclusion of Planet images into the MRVS effectively increases the temporal frequency which 
makes it easier to identify and track newly cut areas and monitor those areas that have been 
abandoned.  

Site 2: Active Mining  

Site two covers an area of active mining that continues to expand. The extent of the activity has 
been automatically extracted to identify newly mined areas. In this example, the level of change 
means the mined areas are clearly separable from the surrounding forest.  

Delineation of forest change caused by mining activities.  

 

 



 

 
 

 

 

 

The analysis shows that images can be incorporated within the framework of the existing MRVS 
and used to track new deforestation events.  

Adoption of Real Time Monitoring  

The current MRVS used by GFC is designed to report annual/biannual forest change. While this 
system provides a robust framework25 and is suitable for this task, it is however not entirely 
compatible with operational requirements. For instance, it does not provide frequent and timely 
information in a format that can be readily distributed to GFC field stations, or other agencies 
involved in the management of resources. 

The increased temporal resolution represents an important shift towards continuous monitoring 
of resources. The ability to monitor the same location repeatedly enables the detection of subtle 
changes in the forest canopy and identification of trends. The real analytical efficiencies are 
accomplished by leveraging off cloud computing architecture which hosts and serves petabytes 
of historical and recently acquired images on-demand. With data held in this environment there 
is no need to individually review, download, or process and analyse satellite imagery as was the 
norm in the recent past.  

These developments represent a major change in the way data is analysed ï allowing on-
demand processing while simultaneously accessing an ever-increasing repository of global 
datasets, satellite images, topographic and climatic observations.  

The proposed solution uses a cloud-based processing environment hosted by Google Earth 
Engine (available free). Satellite images are available in the cloud (optical, Landsat, Sentinel 
2A/2B and radar Sentinel 1A).  

The proposed system leverages off the high image cadence to produce a series of monitoring 
layers that support more effective resource monitoring. Key components include; 

1. The use of cloud-based storage and image processing chain which reduces the need to invest 
and maintain computing software and hardware 

2. The inclusion of per-pixel level processing routines that reduce the impact of cloud. The process 
is designed to select the best available pixel from multiple images to produce a cloud-free 
composite ï this is relevant as parts of Guyana are frequently covered in cloud. 

 Cloud and Pixel Level Processing of Satellite Data 

 

3. Using the composites, the use of customised processing routines that automate the detection 
of forest change. 

4. The inclusion of images from other data sources to increase the number of observations i.e. 
Sentinel 1A radar based on experienced gained with CORSAIR and GFOI. 

                                                      

25 The MRV system has been subject to independent audits by DNV since 2009. The main purpose of the audits is to 
determine that the national forest change results are accurate.  



 

 
 

 

 

 

5. Validation of change (as real) is a key element of users having confidence in new technologies. 
We will fully test algorithms and use results to a Bayesian model that continually improves the 
predictive power of the satellite-based change observations. A strength of Durhamôs 
Mathematical Sciences Department is Bayes linear methods and uncertainty quantification 
including imprecise probability.   

Also, further operational research that tests the synergy and application of images sourced from 
other providers (Planet Labs / Cosmo Skymed and Tandem X) is also planned. The evaluation 
will be at a pilot scale to determine what the benefits are of, increased temporal resolution, 
inclusion of different sensors, and spatial resolutions. Equally important are the data costs 
versus potential benefits.   

Task 3.1.13 Explore options for development of an information platform for access to MRVS results 
and data. 

Several options are currently being considered and will be tested in 2018. These include 
development of an interagency solution (http://data.gim.gov.gy/), linkages with Forest Watcher 
which is a mobile app that allows offline display of forest change alerts generated by GFC or 
GFW (UMd maps).  

The general process is illustrated below which shows the link between satellite imagery, which 
is held and processed in the cloud and the final output layers which are hosted on a web-based 
GIS. Potentially the system could be deployed to the field stations via the internet. Field stations 
user the data layers to focus their field activities and as an evidential data source from which to 
enforce legality and compliance. After the inspection updated information is relayed back to 
GFC.    

Continuous Forest Monitoring Concept 

 

Key features and advantages of the solution include: 

1. A cloud-based environment that accesses and processes satellite images in a way that the user 
does not need to download imagery.  Downloading of large images is time-consuming and slow 
due to the limited internet connectivity. 

2. Image processing is completed in the cloud which increases processing efficiency and reduces 
the need for the GFC to invest in expensive remote sensing software, or image storage and 
back up.  

3. All processing is accessible via a simple web-based GUI that allows multiple users to access 
the same set of algorithms and tools.  

4. The process and methods used are documented and repeatable which allows consistency and 
an audit trial  

http://data.gim.gov.gy/


 

 
 

5. The detection algorithms will be adapted and improved based on operational feedback and 
experience.  

6. The final products are downloaded in a batch mode and divided into tiles which increases 
download efficiency and reduces redundancy. 

7. These layers are distributed to field stations via a secure web-based platform managed by GFC. 
The platform allows the layers to be viewed relative to base layers (i.e. forest /mining concession 
boundaries or approved harvest/exploration areas).  The different spatial layers ï i.e. KML, 
common GIS formats, GPS format or images can be downloaded to check compliance in the 
field. 

8. The layers also contain additional information such as the date the activity was detected the 
area (ha) and flags to signal if field inspections are necessary to ensure compliance. 

9. Further functionality allows field offices to upload feedback from the field after inspections are 
complete. 

The intention is that the system streamlines the monitoring and enforcement process. This will 
be achieved by embedding appropriate tools and technologies, so to provide an operational 
system that enables GFC to focus allocation of resources and improves the management of 
natural resources.  
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CAR 4 ï 2014 Minor 
Status ï Open 
 
Requirement: Interim Measures 2.2 and 2.4  
Non-Compliance: Biomass assessment 

plots of degraded forest within shifting 
cultivation areas are not adequately reflected 
within overall biomass calculation.  
Objective evidence:  

- Fieldwork evidence shows that most, if not 
all, SA mapped as pioneer actually is 
rotational.  
- Fieldwork evidence shows that the currently 
map identification of primary forest in shifting 
cultivation areas has led to the allocation of 
areas as primary forest where ground 
truthing of the same areas identified the area 
as rotational agriculture/degraded secondary 
forest.  

The brief inspection conducted during the 
audit indicated that rotational shifting 
cultivation was classified as pioneer. It is 
worth noting that this the first year shifting 
cultivation has been reported. It is 
anticipated that as an approach 3 MRVS  
and with further repeat image coverages the 
attribution of both historical and new shifting 
cultivation areas will be improved.  
While the areas in question still fall within 
Guyanaôs definition of forest, it is recognised 
that this is secondary forest. It is expected 
that the historical extent of shifting 
cultivation areas will improve in line with 
annual coverages of high resolution imagery 
and area data continues to be collected that 
identifies and maps new shifting cultivation 
areasThe current work on Emission Factors 
by GFC will account for the differing carbon 
contents.  
It is planned for field assessments to be 
conducted to inform an emission factor for 
Shifting Agriculture. This will inform the 
impact that this activity has on biomass. 
This will remove the dependence of 
categorising shifting agriculture type using 
remove sensing methods only, which 
evidently has specific challenges.  
It is envisaged that an Emission Factor will 
be developed as part of the second phase 
of the MRVS 2017-2020 for Shifting 
Agriculture. It is likely that the emission 
factor will be a function of the forest-fallow 
cycle and local practices.  
The challenge will be how to count for the 
net emissions from this activity. It is still 
being assessed whether Shifting Cultivation 
mosaics are lengthening or shortening or 
stable. This determination will help to decide 
their role. Once an estimate of the average 
C stock is derived in different Shifting 
Cultivation mosaics then this can be used 
with pioneer shifting cultivationði.e. first 
time cleared, as the net effect will not be the 
C stock of the application, that provisions 
need to be clearly outlined to address any 
eventuality ï like a randomly selected area, 
already having undergone forest change.  
A section is proposed to be added to the 
SOP for Forest Carbon Monitoring, to 
address this.  This will be included once the 
fieldwork and additional analysis of temporal 
forest changes have completed. 

The mapping of shifting 
cultivation has been reviewed 
and the section of the SOP 
specific to this has been 
updated to clarify mapping of 
pioneer and rotational shifting 
agriculture.  Essentially the 
historical extent of Rotational 
shifting agriculture has been 
adjusted.  Rotational shifting 
agriculture were extended using 
historical imagery as a guide 
whilst Pioneer shifting cultivation 
now has a more precise 
distinction in mapping 
boundaries that makes the 
separation of pioneer and 
rotational shifting agriculture 
more specific and thus, less 
likely to be misclassified. 
Further there has been 
additional effort directed 
towards a rigorous review of 
previously mapped areas of 
shifting cultivation to ensure that 
there is a precise and accurate 
mapping and attribution of this 
land use.   Refer to new 
improvements ot eh SOP: sub 
section 7.4, Rotational shifting 
agriculture pg.34 and Pioneer 
shifting agriculture pg. 35 of the 
SOP. 
 
From the forest carbon aspect, 
this is also an item of focus for 
the current phase of the work. 
Guyana is seeking a cost 
effective means to attain 
accuracy in assessment of 
shifting cultivation while not 
incurring disproportionate costs.  
Active discussions are occurring 
on whether shifting cultivation 
areas should be considered 
forest or non-forest given 
Guyanaôs forest definitionôs 
exclusion of ñlands that are 
predominantly under agricultureò 
as well as the fact that areas 
under shifting cultivation cycles 
will not be allowed to reach 
ñmaturityò. 
Excluding shifting cultivation 
would lead to a focus on the 
limited areas converted from 
forest to shifting cultivation, 
while ongoing inclusion would 
require more work to 
demonstrate cycle length and 
emission factors associated with 



 

 

Copyright © The Guyana Forestry Commission 2 

CARS and OBS  GFC Response Update 

initial conversion as well as any 
shortening of cycles.  
Guyana remains committed to 
accurate accounting. As such 
work over the next year will 
confirm the definition and will 
derive new procedures as 
necessary and will plan and 
where possible collect field data 
for new emission factors. 

CAR 2 - 2015 Minor 
Status - Open 

 
Requirement: 1.1, 2.1, 2.2, 2.3 and 2.4 Non-
Compliance: Historical GIS layers not confirm 
the Y5 RapidEye images in some cases. 

GFC GIS layers show a significant shift (of 
up to 60 meters) (e.g. tile 214308, west side; 
tile 2140704) with the Y5 RapidEye images. 
The current mis-registration of GIS layers 
with the imagery could cause new 
deforestation or degradation to be missed, 
when it, due to these issues with registration, 
seems to coincide with already existing 
neighbouring deforestation/degradation and 
thus would be disregarded because of 
apparently no change. For Y5 RapidEye 
updated the positional accuracy for Guyana, 
resulting in an offset (compared to Y4) for 
some areas up to 30 meters (according to p. 
12). This could be the root cause of this shift. 
However, whatever the cause, to ensure 
accurate mapping for Y6 the GIS layers of 
GFC should match the future RapidEye 
images. 

It was recognized that when the base map 
was updated from Landsat to RapidEye full 
coverage, it would produce an offset/shift 
with the historical change mapped. To 
correct for this misalignment, each GFC 
Analyst was required to shift all historical 
change to fit the 2014 RapidEye imagery for 
each tile they were tasked with mapping 
before they started to digitize/map Year 5 
change.  
We do recognize however that in identified 
areas, elements of the historical change 
remain misaligned with the 2014 RapidEye. 
To correct for this misalignment, the 
following is proposed and will be pursued in 
MRVS Year 6: Before the commencement 
of the year 6 mapping it is planned that 
each mapping analyst go through each 
RapidEye tile and manually correct for each 
misalignment found with the historical 
change and the 2014 RapidEye. The 
analyst would use the same approach for 
mapping new change (systematically go 
through tile by tile) except in this instance, 
they would be correcting the historical 
change and ensuring that it is properly 
aligned with the 2014 RapidEye imagery.  
As a secondary consideration there will be 
some exploration of the possibility of 
ordering the RapidEye 3B product which 
was used in 2013, as this aligns with 
historical change (this however would mean 
that GFC cannot use the updated base map 
and would need to align all change mapped 
for year 5 to the imagery (RapidEye 3B 
product) before GFC proceeds to do year 6 
mapping).  This is not the preferred option 
but will be explored to establish the pros 
and cons before a final decision is take on 
the next steps.   Further the GFC would be 
assessing whether year 6 or future 
RapidEye would be referenced to the same 
coordinates as year 5; also that any other 
imagery would also fit with the Year 5 image 
and derived map data. The SOP & QC rules 
may benefit from an update where historic 
GIS could be updated to reflect any shift in 
the current yearôs satellite imagery. E.g. for 
Year 6 data (where applicable) historic GIS 
will be shifted to show consistency with 
Year 6 imagery. In terms of the SOP, this 
step will go in the preprocessing stage 

RapidEye has not been used as 
a source of imagery. Landsat 
and Sentinel 2A images were 
used. Only deforestation has 
been mapped using these 
images. 
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(before digitising Year 6 change) so not to 
double count or misclassify any current 
changes. We also note that shifting is very 
common between different sensors and also 
from year to year as ground control points 
are updated. GFC has dealt with this issue 
in several examples over Phase 1 (Years 1 
to 4 of the MRVS) and through consistent 
QC and results from the AA, image shifting 
has not been an issue where the reported 
figures are significantly inconsistent.  We 
propose to continue using this approach 
moving forward as we are faced with similar 
challenges.   

CAR 3 - Minor 
Status- Open 
 

Requirement: 1.1 Non-Compliance: SOP are 
not followed in all events Objective evidence:  

the rechecks SOP instructions on Page 62 of 
the SOP for Carbon Measurements were not 
followed i.e.: When the two measurements of 
DBH are with the allowable error range, the 
average of the two values is entered in the 
carbon calculator workbook (with notation 
made to indicate this was done) o Any error 
exceeding allowable limits will be used to 
calculate measurements error as described 
below and the identified errors should be 

during the QA&QC were found as outlined in 
Page 68 of the SOP for Carbon 
measurements. 

In improving the MRV system the SOP 
guiding the implementation has to be 
updated from time to time. One such 
improvement is the updating of the QA/QC 
section of the SOP which was added in 
August 2015. Important to note is that this 
modification was done after the data on the 
medium potential for change area was 
collected.  The procedure will however, still 
be applied to this data and will be reported 
in the final report on the carbon stocks 
assessment after all biomass data is 
processed for the MRV Phase 1.  
Since the data for the low potential for 
change is still being processed including the 
rechecks, this modification to the SOP will 
be applied to this data set.  
A tab will be created in the tool itself to track 
the errors of data entry during the rechecks 
also applicable to the low potential for 
change stratum.  
We also plan on conducting a continuous 
programme of training of new and current 
staff to keep staff abreast of all relevant 
areas of the FCMS.  We note that in some 
cases, these will need to be refresher 
courses, and in other cases, courses on 
new developments and areas.    
In general, we would like to note that in our 
assessment, field errors are minimal and do 
not affect in any substantial way, the results 
and analysis.     
CAR 

The steps to correct these 
actions were taken as indicated 
by the initial GFC response. As 
was mentioned at the time of 
the audit, data were still being 
collected while changes to the 
SOP were made. The SOPs 
have been edited further 
following discussion between 
GFC and partners to ensure 
there are no inconsistencies, 
errors and incongruences. The 
modified SOPs were applied for 
the ground data collection in the 
LPFC. This analysis produced 
an estimate of measurement 
error of just 0.05%. 
Going forward routine training 
will continue as the MRV enters 
into its second phase and 
QA/QC process will be 
standard. 
 
Further, the SOP has now been 
updated to reflect the revised 
approach. 
The second measurement is 
considered to be definitive as it 
is captured by the most 
experienced field staff. 
However, the remeasurement is 
just a sample and as such 
should not be used to 
selectively replace originally 
collected data.  
The purpose of the 
remeasurement is singularly to 
determine the measurement 
error in field measurement. 

CAR 4 - Minor 
Status- Open 

 
 
Requirement: 1.1, 2.1, 2.2, 2.3 and 2.4 Non-
Compliance: RapidEye co-registration 
indicates misalignment leading to shifts 
between RapidEye images Objective 

The GFC has taken note of this issue and 
determines this matter to only prevail on a 
small scale and does not affect the main 
results and analysis.   
This is an important matter however, for the 
future improvement of the MRVS and to 
correct this issue we propose the following:  
Consult with RapidEye to inquire if it is 
possible for them to correct the 

RapidEye has not been used as 
a source of imagery. Landsat 
and Sentinel 2A images were 
used. Only deforestation has 
been mapped using these 
images.  
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images for one tile taken at different dates in 
Y5 don't exactly match. For example 
between 2140602_2014-
1112_RE3_3A_298743 and 2140602_2014-
1116_RE2_3A_298743, the latter is shifted 
approximately 3 pixels (15 meter) to the east. 

misalignment between scenes of imagery 
obtained for the same tile.   
Use the Georeferencing tool present in 
ArcGis to align imagery. The approach 
would be to check for the RapidEye 
tile/image that is best aligned with both 
historical and Year 5 change and shift all 
other imagery collected for this area to align 
them with the selected image (this would be 
done by doing a point shift).  
The GFC will consider ordering RapidEye 
swaths and re co register imagery and 
forward the GCPôs to RapidEye (this 
however does not guarantee that all images 
for the same area will line up, it is also time 
consuming).  Thus, this is not the preferred 
option but will be examined nevertheless, as 
one alternative. 
In conclusion, the GFC notes that shifting of 
coincident tiles from the same year/delivery 
is an issue with the RE imagery provided to 
GFC.  However, as a response for Year 
6/Phase 2 development we will include an 
additional level of QC which will look at 
consistency of coincident tiles (mosaicked 
geo referenced products). Where tiles are 
offset we can apply a correction to align 
them correctly and/or inform RE of the 
misalignment should the number of tiles 
affected. The latter will likely be used should 
the issue be on a larger scale. 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Appendix 3 
 

Joint Concept Note on REDD+ Cooperation between 
Guyana and Norway 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 


