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 Introduction 

1.1 Project Background  
 

The project titled, “Setting the foundations for zero net loss of the mangroves that underpin human wellbeing 

in the North Brazil Shelf Large Marine Ecosystem (NBS Mangrove Project)”, is a one-year primer project to 

help establish a shared and multi-national process for an Integrated Coastal Management (ICM) in the NBS 

through research and regional coordination. The project was implemented through a collaboration between 

the International Union for the Conservation of Nature South America (IUCN-Sur), Conservation 

International Americas Field Division (CI-AFD), together with Conservation International Guyana (CI-

Guyana) and Suriname (CI-Suriname), and other partners and is also funded by the Global Environment 

Facility (GEF). Under its International Waters Focal Area, the Global Environment Facility (GEF) helps 

countries to collectively and sustainably manage their transboundary surface water basins, groundwater 

basins, and coastal and marine ecosystems. 

In Guyana, CI is collaborating with the Mangrove Department of the National Agricultural Research and 

Extension Institute to implement the project. Suriname has the following co-financing partners: UNDP 

Suriname, WWF-Guianas, and The Foundation for Forest Management & Production Control (Stichting 

Bosbeheer en Bostoezicht (SBB). In Suriname, mangrove cover mapping was conducted by the SBB in 

partnership with CI Suriname.  

On July 26th, 2010, Guyana Forestry Commission (GFC) and NAREI (National Agriculture Research and 

Extension Institute) signed a Memorandum of Understanding (MOU). Under the agreement, the 

Government of Guyana, through NARI, provided GFC with funding for the implementation of the Mangrove 

Species Inventory Program.  

The undertakings were to inventories approximately 470 kilometers of mangrove forest coastline in Guyana, 

annually, for an initial period of three years. High resolution satellite images were used to calculate the 

coastal zone forest area in Guyana. This was derived from the semiautomated interpretation of the Satellite 

images which provides the extent of the forest along the entire coastline and also gives a detail breakdown 

by administrative regions. 

The total forested area at this point is estimated at22,632 ha (55,925 ac). This area is less than previous 

coastal zone forest estimates as reported by FAO in 1990, which was at 91,000 ha and Dr. Hans ter Steege 

in 2001 as 80,432 ha. [See full report: Mapping and Inventory of Coastal Zone Forests in Guyana, South 

America, 2011].  

Earth and Marine Environmental Consultants (EAME) was commissioned to undertake Mangrove Cover 

analysis across Guyana’s coastline on behalf of the project. This report is the Implementation Report 

providing supporting discussion for the data acquisition and processing utilised in order to produce the 

Mangrove Cover Extent Map. 
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1.2 Report Objectives  
 

The objectives of the work were as follows: 

▪ Production of an up-to-date Mangrove Cover and Extent map utilising the most recently available 

spatial data along Guyana’s Coastline; 

▪ Preparation and delivery of a mangrove monitoring operating procedure to monitor the change in 

mangrove forest cover extent; and 

▪ Creation of relevant knowledge transfer training documents and resources to be used within training 

exercises/ workshops. 

1.3 Study Limitations 
 

As there has been a substantial and concerted effort on image sourcing and clean-up followed by data 

processing, a more simplified land-use classification protocol was adopted than would have been preferred 

had more time been available. Further ground truthing of some of the remote land-use allocations derived 

from the remote sensing activities would be recommended.  
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 Data Acquisition 

2.1 Satellite Imagery 

 

Sentinel-2 Imagery was utilised in the classification of Mangrove along the Guyanese coastline. The 

Copernicus Sentinel-2 mission involved two satellites; Sentinel-2A, which was launched on the 22nd of June 

2015, and Sentinel-2B, which was launched on the 7th of March 2017 (Copernicus, 2019) Sentinel-2 

includes 13 spectral bands, four of which are at a 10m resolution, six at a 20m resolution and three bands 

at a 60m resolution (see Table1). 

Table1: Spectral band information for Sentinel-2. 

Band Number Band Colour Central 

Wavelength 

Bandwidth 

(nm) 

Spatial 

Resolution (m) 

1 Coastal Aerosol 443 20 60 

2 Blue 490 65 10 

3 Green 560 35 10 

4 Red 665 30 10 

5 Vegetation red 

edge 

705 15 20 

6 Vegetation red 

edge 

740 15 20 

7 Vegetation red 

edge 

783 20 20 

8 NIR 842 115 10 

8a Narrow NIR 865 20 20 

9 Water Vapour 945 20 60 

10 SWIR-Cirrus 1375 30 60 

11 SWIR 1610 90 20 

12 SWIR 2190 180 20 

 

Imagery was sourced through the Copernicus Open Access Hub, where Sentinel-2 satellite imagery is 

free to access and download. 
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2.2 Training Data 
 

Mangrove training regions of interest (RoI) were designed and informed by a combination of the most up 

to date Global Mangrove Watch data (2016) and field data collected by ERM during an extensive 2017 

survey associated with the Liza Offshore development.  

 

The ERM field data (in shapefile format) contained a qualitative review of all mangrove stands surveyed. 

Survey points that contained a positive description of mangrove health and quality were extracted. RoI’s 

were developed using these points and whilst remaining mindful of the GMW 2016 and a visual 

interpretation of the Sentinel data. 

 Data Preparation 

In order to produce the Mangrove Cover Extent Map, three software platforms were used:  

▪ SNAP Sentinel Toolbox;  

▪ QGIS (versions 2.18 and upwards); and 

▪ Microsoft Excel Package. 

SNAP Sentinel Toolbox is a multi-mission, open source, remote sensing software, supporting data such as 

RapidEye, SPOT, MODIS, Landsat (TM), etc.  This software was used to classify each Sentinel-2 satellite 

image. GIS software was used to manually refine the classification, conduct an accuracy assessment on 

the image, and produce a comprehensive Mangrove Extent map. The GIS software used was QGIS 3.4 

(long term release). All sourced and generated data sets used co-ordinate reference system WGS 84/ UTM 

zone 21N (ESPG: 32621). Each Sentinel image was allocated as a study area, resulting in six distinct study 

areas. Microsoft Excel was used to produce semi-automated spreadsheets for conducting the Accuracy 

Assessment. These spreadsheets were used with QGIS to fully complete the accuracy assessment stage 

of the project. 

3.1 Pre-processing 

The pre-processing stages involved the acquisition of the most appropriate (most up-to-date with as little 

coastal cloud as possible) Sentinel-2 satellite imagery, cloud identification, the creation of a cloud mask, 

cloud removal and replacement by mosaicking other cloud-free satellite imagery. The result was a series 

of atmospherically corrected composite images along the Guyanese coastline (see Table.2).  

Table.2: Satellite Imagery information associated with each composite image. 

Satellite Image Name Primary Image Date Secondary Image Dates 

S2_T20PRQ_20180401_21N 2018-03-01 
2018-02-20, 2018-10-

08, 2018-09-13 
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Satellite Image Name Primary Image Date Secondary Image Dates 

S2_T21NTJ_20180220 2018-02-20 2017-12-17 

S2_T21NUJ_20180620 2018-06-20 2017-12-17 

S2_T21NUH_20180322 2018-03-22 2018-02-20, 2018-07-05 

S2_T21NVH_20181025 2018-10-25 2018-10-15 

S2_T21NVG_20181025 2018-10-25 2018-10-10 

 

 

Figure 1: Satellite Imagery Extents 

3.2 Image Classification 

SNAP Sentinel toolbox was used to classify each image. A 10km limit of assessment was adopted along 

the shoreline of Guyana (i.e. assuming that Mangrove Forest would not exist beyond 10km from the water 

line), in order to reduce the total area being classified (Kirui, et al., 2013) as well as to reduce the 

interference of other land types, such as rainforest. Moreover, a three class system (Mangrove, Water, and 

Other Land Cover) (Thomas, et al., 2018) was used to also reduced interference between classes, which 

may have occurred when conducting a land cover classification using multiple land classes.  
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As mentioned previously mangrove training data (RoI’s) were generated by considering ERM 2017 survey 

data in conjunction with the most up-to-date GMW data (2016) (Bunting, et al., 2018). ERM survey points 

with positive qualitative data regarding the health and quality were extracted (see an extract of the ERM 

data attribute table in Figure.2) and used (whilst also considering GMW 2016 data and visual interpretation 

of the Sentinel data) to develop associated RoI’s (See Figure 3) 

 

 

Figure.2: ERM survey attribute table extract 

 

Figure 3: Development of mangrove training polygons 
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The random forest classifier was used within Snap Sentinel toolbox when classifying the images of Guyana’s 

coastline (Thomas, et al., 2018). Various indices, such as NDVI, BSI and NDWI were incorporated into the 

classification process and (along-side different RGB composites) provided additional aid to the 

development of the most appropriate training data (Figure 4). As the random forest classifier was adopted 

by the GMW methodology, incorporating its use increases the resulting data’s comparability.  

 

Figure 4: Various indices displayed in SNAP 

3.3 Manual Refinement/ Manipulation 

To refine the shape of the mangrove cover and the resulting accuracy the classification results was further 

edited. This process was done manually on a vector shapefile of the classified results by visual interpretation 

(Omar, Misman, & Musa, 2019) in QGIS.  Adjustments were made based on in-country knowledge from 

CI-Guyana and their partner agencies Guyana Forestry Commission and the National Agricultural Research 

and Extension Installation (NAREI), and professional judgement. 

 

Figure 5: Pre (left) and post (right) manual manipulation extract 
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3.4 Accuracy Assessment 

The Cohen’s Kappa Statistical test is a measure of interrater reliability between two raters. The importance 

of rater reliability lies in the fact that it represents the extent to which the data collected in the study are 

correct representations of the variables measured (McHugh, 2012). This is effectively a chance matrix that 

measures the interrater reliability between two “raters”, in this case being the GIS operator and the 

classification output generated via the remote sensing methodology. The result of the test can range 

between 0 to 1.  A kappa of 1 indicates perfect agreement, whereas a kappa of 0 indicates agreement 

equivalent to chance. This is a test that has previously been implemented in support of mangrove 

assessments and to determine map accuracy (Thomas, et al., 2018).       

The Cohen’s Kappa was adapted and used to assess the accuracy of the classification output (Thomas, et 

al., 2018).  

The Kappa co-efficient was implemented by generating 300 random testing points in each of the six study 

regions. These points were apportioned to each of the three classification classes based on percentage 

coverage (where this would have resulted in minimum numbers of points in a class, a minimum number 

was generated, i.e. 15 for water and 30 for mangrove). These points were then assessed by the 

‘researcher’. The co-efficient was then conducted on the random forest’s classification of a randomly 

generated point in relation to the ‘researcher’ classification of the same point. The accepted deviation from 

1 is generally considered to be 0.75. Where an output score dropped below this either further manual 

manipulation or full re-classification was undertaken. 

The Kappa Co-efficient output for each of the six study areas are shown in Table 3. 

Table 3: Kappa Co-efficient outputs 

 Study Area 1 Study Area 2 Study Area 3 Study Area 4 Study Area 5 Study Area 6 

Kappa 

Output 

Score 

0.92 0.82 0.87 0.79 0.86 0.95 

       

3.5 Ground Truthing 

In partnership with NAREI, a study area was visited within Region 5 near the Mahaicony River on the 18th 

September 2019 in order to verify and further refine the classification associated with the river and the 

coastal areas at the mouth of the river. The ground truthing exercise was able to verify significant 

proportions classified as mangrove. In addition, it was possible to remove certain areas that had been over 

classified and include some areas that were under-classified during the analysis.  
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Figure 6: Ground truthing results 

 Mangrove Extent Map 

The above described methodologies resulted in the development of the shapefile entitled 

“Guyana_Coastal_Mangrove_Cover_Extent_REV01.shp” describing mangrove coverage within the study 

area in 2018. Additionally, this shapefile was divided by administrative boundary into the following regional 

coverages: 

▪ Admin Region 1 – Barima – Waini is covered by the below shapefile; 

“Region_1_REV01.shp” 

▪ Admin Region 2 – Pomeroon – Supenaam is covered by the below shapefile; 

“Region_2_REV01.shp” 

▪ Admin Region 3 – Essequibo Islands – West Demerara is covered by the below shapefile; 

“Region_3_REV01.shp” 

▪ Admin Region 4 – Demerara - Mahaica is covered by the below shapefile; 
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“Region_4_REV01.shp” 

▪ Admin Region 5 – Mahaica – Berbice is covered by the below shapefile; 

“Region_5_REV01.shp” 

▪ Admin Region 6 – East Berbice – Corentyne is covered by the below shapefile; 

“Region_6_REV01.shp” 

Each of the developed shapefiles are accompanied with their, same-titled, supporting files including: .cpg; 

.dbf; .prj, .qpj, .shx. 

Additionally, for each shapefile a .CSV file has been developed to aid the digestion of area statistics. 

4.1 Change Analysis  
 

The freely available GMW data was used to develop an assessment of the temporal change of mangrove 

both regionally (across the entire Guyana coastline) and locally to administrative regions. EAME has opted 

to use the data sets developed by GMW that represent coverage for the years of 2009 (prior to the 

commencement of in country restoration efforts) and 2016.  

4.1.1 Region 1 – Barima / Waini 
 

Table 4 outlines the overall hectares of mangrove in each year of assessment. Table 5 outlines the gain, 

loss and overall net change observed in Region 1 between 2009 – 2016 and then 2016 – 2018.  

Table 4: Overall Coverage Region 1 

 GMW 2009 GMW 2016 EAME 2018 

Coverage (Ha) 19,075.89 18,977.69 17,519.83 

    

Table 5: Change Analysis Region 1 

 2009 – 2016 Area (Ha) 2016 – 2018 Area (Ha) 

Gain 746.65 6,160.33 

Loss 843.86 7,579.73 

Net -100.21 -1,419.4 
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Figure.7: Change analysis Region 1 

 

4.1.2 Region 2 – Pomeroon – Supenaam 

Table 6 outlines the overall hectares of mangrove in each year of assessment. Table 7 outlines the gain, 

loss and overall net change observed in Region 2 between 2009 – 2016 and then 2016 – 2018. Figure.8 

Table 6: Overall Coverage Region 2 

 GMW 2009 GMW 2016 EAME 2018 

Coverage (Ha) 5,158.69 5,351.60 5,406.99 

    

Table 7: Change Analysis Region 2 

 2009 – 2016 Area (Ha) 2016 – 2018 Area (Ha) 

Gain 330.14 1,571.86 

Loss 137.24 1,516.64 
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Net 192.9 55.22 

   

  

Figure.8: Change analysis Region 2 

 

Region 3 – Essequibo Islands - West Demerara 

Table 8 outlines the overall hectares of mangrove in each year of assessment. Table9 outlines the gain, 

loss and overall net change observed in Region 3 between 2009 – 2016 and then 2016 – 2018.  

Table 8: Overall Coverage Region 3 

 GMW 2009 GMW 2016 EAME 2018 

Coverage (Ha) 307.45 297.61 2,443.81 

    

Table9: Change Analysis Region 3 

 2009 – 2016 Area (Ha) 2016 – 2018 Area (Ha) 

Gain 10.74 2,204.46 



 

 

NORTH BRAZIL SHELF MANGROVE PROJECT | MANGROVE COVER OF GUYANA P A G E  |  19 

 

Loss 20.58 58.26 

Net -9.84 2146.2 

   

 

Figure 9: Change analysis Region 3 
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Region 4 – Demerara - Mahaica 

 

Table 10 outlines the overall hectares of mangrove in each year of assessment. Table 11 outlines the gain, 

loss and overall net change observed in Region 4 between 2009 – 2016 and then 2016 – 2018.  

Table 10: Overall Coverage Region 4 

 GMW 2009 GMW 2016 EAME 2018 

Coverage (Ha) 15.83 12.87 319.01 

    

Table 11: Change Analysis Region 4 

 2009 – 2016 Area (Ha) 2016 – 2018 Area (Ha) 

Gain 0.18 306.56 

Loss 3.14 0.36 

Net -2.96 306.2 

   

 

Figure 10: Change analysis Region 4 
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Region 5 – Mahaica -Berbice 

Table 12 outlines the overall hectares of mangrove in each year of assessment. Table 13 outlines the gain, 

loss and overall net change observed in Region 5 between 2009 – 2016 and then 2016 – 2018.  

Table 12: Overall Coverage Region 5 

 GMW 2009 GMW 2016 EAME 2018 

Coverage (Ha) 907.63 1,112.47 3,066.16 

    

Table 13: Change Analysis Region 5 

 2009 – 2016 Area (Ha) 2016 – 2018 Area (Ha) 

Gain 270.54 2,400.37 

Loss 65.70 287.82 

Net 204.84 2,112.55 

   

 

Figure 11: Change analysis Region 5 
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Region 6 – East Berbice -Corentyne  

Table 14 outlines the overall hectares of mangrove in each year of assessment. Table 15 outlines the 

gain, loss and overall net change observed in Region 6 between 2009 – 2016 and then 2016 – 2018. 

Figure 12 

Table 14: Overall Coverage Region 6 

 GMW 2009 GMW 2016 EAME 2018 

Coverage (Ha) 2,996.40 2,763.42 4,521.20 

    

Table 15: Change Analysis Region 6 

 2009 – 2016 Area (Ha) 2016 – 2018 Area (Ha) 

Gain 50.95 2,433.49 

Loss 283.92 677.04 

Net 232.97 1,756.45 
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Figure 12: Change analysis Region 6 

 Coastal Study Area Mangrove Cover 

Comparative total areas are presented in Table 16.  

Table 16: Coverage area comparisons 

Administrative Area 

 

GMW 2009 

(Ha) 

GMW 2016 

(Ha) 

EAME 2018 

(Ha) 

Total Mangrove Coverage 28,504.78 28,558.48 33,360.99 

    

This suggests a total net gain of Mangrove over the last ten years of over 5,000 hectares, but it is important 

to note that these losses and gains are indicative only and plausibly partially accountable to differences in 

methodologies and their precision between studies and differences in implementations of methodologies 

(this is particularly the case when comparing EAMEs results to GMW results).  Numerical comparisons and 

inferred regeneration should thus be treated with caution until some ground truthing has been carried to 

confirm whether the changes are real or computational.  

For example, the primary differences between GMW methods and EAME methods include GMW being 

applied on a global  scale making use of  RADAR (which in the timescale and budget for this project was 

not accessible), and GMW’s satellite imagery was of lower resolution than EAMEs.(see Section 6 for further 

discussion). 

Supporting follow on fieldwork will be essential to confirm the validity of inferred loss and regeneration zones 

between the two studies in the long term. Additionally, employment of the same, thorough and repeatable 

methodology as part of a multi-year longitudinal study would provide the most accurate data on temporal 

cover change.  

Some support for the suggestion that these changes are more real than computational can be found when 

considering the findings of a previous country specific estimate of mangrove cover that estimated total 

mangrove forest area to 22,632 Ha (Persaud, 2011). This provides some support to the estimates provided 

by GMW and therefore begins to suggest a real net gain of mangrove in recent years.  

 Limitations 

EAME solely used optical data within the classification section of the project. Optical imagery forms the 

basis of much of the global scale vegetation mapping due to the large number of available sensors, greater 

ease of image interpretation, and the increasing number of freely available data archives (Fatoyinbo & 

Simard). It is widely known that the main challenge with optical imagery is persistent cloud cover (Thomas, 

et al., 2018), especially over tropical regions (Martinuzzi, Gould, & Ramos Gonzalez, 2006).  
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In order to successfully remove most cloud cover, a series of composite Sentinel-2 satellite images were 

created across the Guyanese coastline, prioritising areas around the coastline to be as cloud free as 

possible.  The resulting composite images were composed of a mosaic of at least two images of differing 

ages (see Table.2). The mosaicking process has led to sharp contrasts in some areas between the differing 

images (see Figure13) within the composite image. This contrast may have had the potential to affect the 

classification output as a strong variance in image could be misinterpreted as different land classifications. 

However, manual manipulation will address significant amounts of this type of misrepresentation.   

 

Figure13: Contrast between images mosaicked to create a composite image. 

Although optical imagery is widely used for much of the global scale vegetation mapping, solely using optical 

imagery limits the extent of analysis that can be conducted. The use of RADAR and LIDAR technology can 

greatly supplement optical imagery, as these data acquisition methods are not affected by cloud cover and 

can also provide information regarding tree structure and density (Fatoyinbo & Simard), which can help 

increase the classification accuracy, as well as potentially being used to develop methods for species 

distinction. As only optical imagery was used, it is likely that there is an over representation of Mangrove 

cover due to the lack of additional data which could have been gained from RADAR technology.   

The Global Mangrove Watch Dataset was a product of a globally applied method for monitoring mangrove 

forest extent at high spatial resolution (Bunting, et al., 2018) through the combination of ALOS PALSAR 

and Landsat composite imagery (Thomas, et al., 2018). The Global Mangrove Watch was not site specific 

to Guyana, nor was a ground truthing study conducted in the country. It is known that Guyana’s mangrove 

zonation is considered a ‘spatial phenomenon’ in comparison to more typical mangrove forests (Evans, 

1998), therefore the accuracy of the Global Mangrove Watch dataset may be limited in comparison to other 

country’s with a more ‘typical’ mangrove forest. 
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Due to restrictions on the project timeline, EAME was unable to collect training data for the classification. 

Instead, EAME used the most up to date (2016) Global Mangrove Watch dataset (Bunting, et al., 2018), 

field data collected by ERM during an extensive 2017 survey and provided to EAME by CI-Guyana. Both 

the most updated Global Mangrove Watch dataset and datasets provided by the Client were produced 

based on Mangrove extent prior to 2018. As a result, the training data used may not be fully representative 

of the mangrove extent in 2018 and may have incorporated misclassified pixels when creating ‘regions of 

interest’ within the classification stage of the project. This is likely to have produced an over representation 

of Mangrove across the Guyanese Coastline. 

Due to constraints on the project timeline, EAME were unable to ground truth areas of uncertainty 

generated through remote sensing, at the time of preparation of this report. To overcome this, EAME had 

liaised with in knowledgeable in-country partners in order to confirm land use within areas of uncertainty. 

EAME had received feedback regarding some of the highlighted areas of uncertainty but not all, therefore 

those areas remained as their original classification and may contribute to an overrepresentation of 

Mangrove coverage. 

Due to methodology constraints, outputs of the classification process were often overclassified. EAME 

conducted multiple re-iterations of classification process with altered inputs but due to time frame 

constraints and constraints on data to develop further training data the final iterations remained over-

classified.  

Manual-manipulation is a regular and integral process to most remote sensing methodologies. Manual 

manipulation was conducted by comparing classification outputs with original imagery, the most up-to-date 

GMW data and academic knowledge of in-land land cover apportionments. Obvious misclassification, such 

as mangrove classified in regions of known agricultural activity were manually edited and reclassified. 

Cohen’s Kappa, used to conduct the accuracy assessment, is a measure of agreement between two raters. 

As with any statistical test, however, Cohen’s Kappa has inherent limitations. An example specific to 

Cohen’s Kappa is that it depends on the reliability of each rater achieving the accurate classification. 

Therefore, if the test is being undertaken to establish the reliability of one of the raters (in this case the 

random forests classification procedure), the other rater (the researcher) must be entirely precise. 

Cohen’s Kappa was conducted on the random forest classification of a randomly generated point in relation 

to the ‘researcher’ classification of the same point. The primary method of classification for the researcher 

was through visual inspection of the original, pre-processed satellite imagery within QGIS. There are integral 

limitations to this process and expert knowledge and familiarity within the area of interest would increase 

the accuracy of the results.   
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 Appendix 1 Data 

Mangrove Cover GIS Data 

Click the link below to access the datasets from the study.  

https://conservation.sharepoint.com/:f:/t/anon/guyana/Eg6EbjNF6vZAupTCnkqIemIBubAxPuP-

rZwXqx7JLdG2BA?e=4tUYeh 
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