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÷ŖňŶƝŻňĬƒ ±ƨǢŖ 
¯ĬƝůǎƨȁŖ ƛĬǋǋŻƝů ǪǖŻƝů ǎŖƛƨǢŖʋǖŖƝǖŻƝů 

Foreword 
This study is being carried out within the framework of the "Carib-Coast" project, falling under 
the priority axis entitled "Strengthening the capacity to respond to natural risks" of the 
European Interreg Caribbean program. Its main objectives are to pool, co-develop and share 
knowledge and processes on the management of coastal risks linked to climate change in six 
Caribbean territories: Guadeloupe, Jamaica, Martinique, Puerto Rico, Saint Martin and 
Trinidad and Tobago. 

It is in this context that La TeleScop, on behalf of the Institut de Recherche pour le 
Développement (IRD) in charge of WorkPackage 3 - Erosion monitoring network -, carried 
out mangrove maps on the fifteen pilot sites spread over six study territories. 

These maps were made from Sentinel 2 satellite images, uploaded to the Copernicus site of 
the European Space Agency (ESA). The "classic" learning method (machine learning) 
implemented with the Random Forest algorithm was used to detect mangroves at all study 
sites.
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I. STUDY AREAS 

A. Location of study sites 

The map below geographically locates the six Caribbean territories studied in this project: Guadeloupe, 
Jamaica, Martinique, Puerto Rico, Saint Martin and Trinidad and Tobago (Figure 1). 
 

 
Figure 1: Location of the study sites of the Carib-Coast project (background: Google Satellite). 

Our study areas are located at fifteen pilot sites spread over the six Caribbean territories (Table 1). 
 

Territories Pilot sites 

Guadeloupe 
Anse Maurice 
Clugny 
Cul-de-Sac 

Jamaica 
Kingston 
Negril 
White House 

Martinique 
Anse Etang 
Fondcorre 

Puerto Rico 

Fajardo 
Isla Verde 
Jobos 
Rincon 
Yabucoa 

Saint Martin Etang Barrière Poisson 
Trinidad and Tobago Manzanilla Cocos 

Table 1: Distribution of pilot sites on the study areas of Carib-Coast. 
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B. Selection of satellite images  

The Sentinel 2 images are dated 2019 or 2020 depending on pilot sites and uploaded from the Copernicus site 
of the European Space Agency (ESA) with atmospheric corrections made in "Top of Canopy" (L2A). The Sentinel 
2 images on each pilot site were selected by trying to be as close as possible to the date of the Pléaides images 
acquired on the same pilot sites (Table 2). 
 

Territories Pilot sites 

Number of 
Sentinel 2 images 
to cover the pilot 

site 

Acquisition date Projection 

Guadeloupe 
Anse Maurice 1 2020/01/27 WGS84 UTM zone 20N 

Clugny 1 2020/01/27 WGS84 UTM zone 20N 
Cul-de-Sac 1 2020/01/27 WGS84 UTM zone 20N 

Jamaica 
Kingston 2 2020/01/05 WGS84 UTM zone 18N 
Negril 1 2019/12/29 WGS84 UTM zone 17N 

White House 1 2020/03/23 WGS84 UTM zone 17N 

Martinique 
Anse Etang 1 2020/04/03 WGS84 UTM zone 20N 
Fondcorre 1 2020/01/19 WGS84 UTM zone 20N 

Puerto Rico 

Fajardo 1 2020/02/22 WGS84 UTM zone 19N 
Isla Verde 1 2020/02/27 WGS84 UTM zone 19N 

Jobos 1 2020/02/27 WGS84 UTM zone 19N 

Rincon 2 
2020/02/17 & 
2020/02/27 

WGS84 UTM zone 19N 

Yabucoa 2 2020/02/27 WGS84 UTM zone 19N 

Saint Martin 
Etang Barrière 

Poisson 
1 2020/05/14 WGS84 UTM zone 20N 

Trinidad and Tobago Manzanilla Cocos 1 2019/07/23 WGS84 UTM zone 20N 
Table 2: Acquisition dates of Sentinel 2 images. 

The spectral characteristics of these images are shown in the table below (Table 3). Within the framework of 
this project, only five spectral bands most relevant to detect mangrove were used: blue (band 2), green (band 
3), red (band 4), PIR (band 8), SWIR 1 (band 11). 
 

Spectral band Wavelength (nm) Spatial resolution (m) 
1 (aerosols coastal blue) 443,9 60 
2 (blue) 496,6 10 
3 (green) 560,0 10 
4 (red) 664,5 10 
5 (red-edge) 703,9 20 
6 (red-edge) 740,2 20 
7 (red-edge) 782,5 20 
8 (NIR) 835,1 10 
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8a (red-edge) 864,8 20 
9 (water vapor) 945,0 60 
10 (SWIR) 1373,5 60 
11 (SWIR) 1613,7 20 
12 (SWIR) 2202,4 20 

Table 3: Spectral characteristics of Sentinel 2. 

Figure 2 shows the Sentinel 2 image on the Cul-de-Sac site in Guadeloupe with the location of the site circled 
in yellow. 

 
Figure 2: Location of the Cul-de-Sac pilot site (yellow outline) in Guadeloupe (2020/01/27). 

Given the large number of Sentinel 2 images used in this project, the satellite images on the other sites are 
presented in the appendix. 

II. DATA PREPARATION  

A. Preprocessing of satellite images 

All Sentinel 2 images covering the 15 pilot sites were preprocessed according to the same scheme. 
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1. Resampling of the spectral bands 

Band 11 (SWIR) used to detect mangroves has a spatial resolution of 20 meters unlike the other four spectral 
bands (bands 2, 3, 4 and 8) with a spatial resolution of 10 meters. Resampling of the SWIR band was done with 
OrfeoToolBox (OTB) algorithm "Superimpose" processing to match the 10 meters spatial resolution at the 
output. 
 

2. Merging of spectral bands 

Following the resampling step with the output of the five spectral bands at 10 meters spatial resolution, these 
bands were merged with OTB's "ConcatenateImages" processing. 

3. Production of mosaics 

At some pilot sites, a mosaic of two Sentinel 2 images was produced with OTB's "Mosaic" treatment to cover 
the entire area. This is the case for the sites in Kingston in Jamaica, Rincon and Yabucoa in Puerto Rico. 

4. Images subsetting 

The final step in the preprocessing of images is the subsetting of the study area via OTB's "extraction" 
treatment, taking as the subset extent the footprint of each pilot site. 
 

B. Creation of fields database 

The classification method used in this study is the Random Forest (RF) algorithm. It requires to have a reference 
database comprising land cover polygons for each pilot site. The nomenclature has been expanded in order to 
be able to analyze in more detail the land cover classes likely to be confused with the mangrove class. In total, 
5 classes were selected: 
 

¶ Class 1 : water surfaces 
¶ Class 2 : forest areas 
¶ Class 3 : mangrove 
¶ Class 4 : vegetated areas 
¶ Class 5 : artificialized surfaces 

These databases must be as homogeneous as possible for each zone with a sufficiently large number of 
polygons in each land use class. They were created based on the GIS ƒĬȈŖǎ ƨŮ ǢŶŖ þêdê ʓdƒƨŇĬƒ ¯ĬƝůǎƨȁŖ 
DŻǖǢǎŻŇǪǢŻƨƝʔ Ůƨǎ ňƒĬǖǖ Ⱥ ʓmĬƝůǎƨȁŖǖʔ ĬƝŏ ŇȈ ǋŶƨǢƨ-interpretation of Sentinel 2 images for all other classes (1, 
2, 4 and 5) (Table 4). 
 
Territories Pilot sites Class 1 Class 2 Class 3 Class 4 Class 5 TOTAL 

Guadeloupe 
Anse Maurice 250 230 130 310 120 1040 

Clugny 120 270 0 50 60 500 
Cul-de-Sac 300 250 200 250 250 1250 

Jamaica 
Kingston 250 200 240 100 240 515 
Negril 250 200 100 120 120 790 
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White House 200 200 120 100 90 710 

Martinique 
Anse Etang 210 240 70 200 150 870 
Fondcorre 90 220 0 110 70 490 

Puerto Rico 

Fajardo 260 220 160 90 90 820 
Isla Verde 230 90 270 90 230 910 

Jobos 240 170 200 150 80 840 
Rincon 120 200 70 110 110 610 

Yabucoa 220 350 70 180 110 930 

Saint Martin 
Etang Barrière 

Poisson 
120 120 20 40 50 350 

Trinidad and 
Tobago 

Manzanilla 
Cocos 

140 250 100 130 70 690 

Table 4: Reference database for each pilot site. 

Each database will then be partitioned into two parts, a first part constituting the ground truth (reference 
database) and a second part used to train the classification algorithm (training database). For this, the QGIS 
random selection tool was used by indicating, for the majority of pilot sites, 50% of reference polygons of each 
class, the remaining 50% being used for classification training. Only the pilot site of Saint-Martin (Etang 
Barrière Poisson) was divided differently with 75% of the polygons in training and the remaining 25% in 
reference due to the very low presence of mangroves and therefore a database which is not statistically 
representative. 
 

C. Creation of cloud and shadow masks 

At each pilot site the Sentinel 2 images were selected with the least amount of clouds present. However, of the 
fifteen sites, only three have no clouds in their satellite image(s): Jobos in Puerto Rico, and Kingston and White 
House in Jamaica. At the other sites, a mask of clouds and their shadows was created beforehand and then 
applied to the Sentinel 2 image with OTB "BandMathX" processing. At the output, the satellite image covering 
the site no longer includes clouds and shadows, which allows for a reduction in classification errors later on. 

III. DETECTION OF MANGROVE 

The diagram below presents the classification process for the "classical" Random Forest machine learning 
method used for this project, with the output being a map of the mangroves selected for each pilot site (Figure 
3). 

In order to make the method more automatic by allowing the processing of the different steps of the developed 
methodology to be chained together, a windows batch was written for each pilot site. 
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Figure 3: Methdological frameword for the implementation of the Random Forest classification. 
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A. Random Forest classification  

1. Implementation 

The Random Forest classification algorithm was launched with the free software OrfeoToolBox (OTB). Several 
steps are required:  

¶ The calculation of satellite image statistics; 
¶ Training the model with the training database and taking into account the statistics of the satellite 

image; 
¶ The classification as such by integrating the model that emerged in the previous step; 
¶ The evaluation of the classification with the reference database via the calculation of the confusion 

matrix. 

This classification method was run on the 15 pilot sites with the same options in the Random Forest algorithm. 

2. Mappings 

For each pilot site, we obtain a map with a legend of five land use classes, including mangroves in class 3. 

Here is the land cover classification obtained at the Cul-de-Sac pilot site in Guadeloupe (Figure 4). 
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Figure 4: Land use in the Cul-de-Sac area of Guadeloupe on January 27, 2020. 

Due to the large number of mapping trips to the pilot sites, all mapping results are presented in the appendix. 

3. Statistics 

In order to assess the quality of the output, a confusion matrix in OTB was computed at each pilot site by 
comparing the data classified by the Random Forest algorithm with the reference data in the ground truth 
database. Linked to the confusion matrix, two indices are calculated: the Kappa coefficient and the overall 
accuracy. In addition, precision and recall values were calculated for each class of the classification for each 
pilot site.  

The Kappa coefficient allows to evaluate the quality of the classification by varying from 0 to 1. When the 
Kappa exceeds 0.8, the classification is conventionally considered as relevant. 

In the field of automatic classification, precision is the proportion of relevant elements among all the proposed 
elements and recall is the proportion of relevant elements proposed among all the relevant elements. These 
two values thus correspond to a measure of relevance with precision seen as a measure of accuracy or quality, 
while recall is a measure of completeness or quantity. 
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This table below summarizes the different statistics for each pilot site: the Kappa coefficient, the overall 
accuracy, and the precision and recall values for the Mangrove class (Table 5). 

Territories Pilot sites Kappa coefficient 
Overall 
accuracy 

Mangrove 
class recall 

Mangrove class 
precision 

Guadeloupe 
Anse Maurice 0.978182 0.994304 0.9998669 0.99037 

Clugny 0.987534 0.994525   
Cul-de-Sac 0.979801 0.985293 0.994793 0.96935 

Jamaica 
Kingston 0.988864 0.994538 0.978795 0.98998 
Negril 0.983282 0.991479 0.987004 0.920281 

White House 0.975945 0.99265 0.9311095 0.917615 

Martinique 
Anse Etang 0.96619 0.991327 1 0.967886 
Fondcorre 0.96243 0.987031   

Puerto Rico 

Fajardo 0.979277 0.990397 0.97768 0.927936 
Isla Verde 0.9889 0.994638 0.98352 0.991937 

Jobos 0.937875 0.978673 0.992395 0.99913 
Rincon 0.97369 0.994648 0.99723 0.673842 

Yabucoa 0.938136 0.975332 0.980149 0.551676 

Saint Martin 
Etang Barrière 

Poisson 
0.900869 0.9888625 0.744361 0.238554 

Trinidad and 
Tobago 

Manzanilla 
Cocos 

0.986457 0.996612 0.996258 0.906769 

Table 5: Summary of statistical values on the evaluation of classifications for each pilot site. 

B. Postclassification processing 

1. Binarization and filtering with altitude 

On the three selected classifications, we applied two coupled operations, with the "BandMathX" processing of 
OTB: 

¶ A binarization with in 1, mangroves, and in 0, all the other classes; 
¶ A filtering with the Digital Surface Model (DSM): either the LITTO3D (5 meters) available on 

Guadeloupe, Martinique and Saint Martin resampled to 10 meters spatial resolution or the COP-DEM 
(30 meters) available on the other sites (Jamaica, Puerto Rico, Trinidad and Tobago) and resampled 
also to 10 meters. 

The altitude of the mangrove filtering on the classification varies according to the pilot sites and the DSM used. 
Indeed, despite a maximum tidal range in the Caribbean of about 1 meter, fluctuating very little on sites, the 
margins of altimetric error of DSMs are one of the factors affecting the altitude of filtering. The LITTO3D has 
an altimeter error margin of 50 centimeters and the COP-DEM an error of 4 meters. The other factor is that, 
hypothetical because not validated in the field, the height of mangroves according to their shrub form. 
Depending on pilot sites, some areas detected as mangroves have high values in terms of altitude, around 15 
meters, sometimes up to 25 meters. This table summarizes the filtering values on each pilot site (Table 6). 
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Territories Pilot sites Filtering altitude (meters) 

Guadeloupe 
Anse Maurice 1,5 

Clugny 1,5 
Cul-de-Sac 1,5 

Jamaica 
Kingston 10 
Negril 10 

White House 15 

Martinique 
Anse Etang 3 
Fondcorre 1,5 

Puerto Rico 

Fajardo 16 
Isla Verde 16 

Jobos 16 
Rincon 18 

Yabucoa 25 
Saint Martin Etang Barrière Poisson 4 

Trinidad and Tobago Manzanilla Cocos 25 
Table 6: Summary of mangrove filtering elevation at each pilot site. 

2. Smoothing 

A smoothing with the option Screen of QGIS was carried out, by taking a threshold of 5 pixels, on outputs of 
the step Binarization & Filtering. This allows to remove the isolated pixels.  

In output, we obtain a raster layer of the mangrove on the 15 pilot sites distributed on the six territories of the 
"Carib-Coast" project. To illustrate, here is the output map on the Cul-de-Sac site in Guadeloupe (Figure 5). The 
final maps of mangroves on the other sites are presented in the appendix. 
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Figure 5: Location of mangroves on Cul-de-Sac in Guadeloupe on January 27, 2020. 

C. Limitations of the method 

The methodology used to detect the mangrove implies limitations to this work, some of which are generalized 
to all classifications on pilot sites: 

¶ The use of a DSM (Digital Surface Model) and not a DTM (Digital Terrain Model): the DSM takes 
into account the elements of the terrain and the above ground (buildings and vegetation) while the 
DTM only takes into account the surface of the ground.  

¶ The lack of knowledge of the height of the mangroves presents on the site: the filtering step by 
altitude could have been optimized with field data on the height of the mangroves.  

However, some of the limitations observed are specific to a few pilot sites: 

¶ Absence of mangroves on the sites of Clugny (Guadeloupe) and Fondcorre (Martinique). 
¶ Very low presence of mangroves on the site of Etang Barrière Poisson (Saint Martin): adaptation 

of the ground-truth database by dividing it three quarters (learning) / one quarter (validation). 
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¶ Problem of shadows with the reliefs on Fondcorre (Martinique) inducing classification errors. 
¶ Confusions between some classes on Jobos (Puerto Rico) decreasing the Kappa coefficient that 

evaluates the output classification.  

¶ Difficulty in selecting Sentinel 2 images at the same date over the whole Rincon site (Puerto Rico) 
due to almost constant heavy cloud cover: in the end, two Sentinel 2 images were downloaded but 
at two different dates (February 17 and 27, 2020). 

Despite limitations highlighted in this methodology, remote sensing mapping of mangroves obtained 
encouraging results on the fifteen pilot sites spread over the six Caribbean territories (Guadeloupe, Jamaica, 
Martinique, Puerto Rico, Saint Martin and Trinidad and Tobago). 

IV. APPENDIX 

A. Location of pilot sites 

1. Guadeloupe 

 
Figure 6: Location of the Anse Maurice pilot site (yellow outline) in Guadeloupe. 
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Figure 7: Location of the Clugny pilot site (yellow outline) in Guadeloupe. 

The map showing the location of the Cul-de-Sac pilot site in Guadeloupe can be found in section I.B (Figure 2). 
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2. Jamaica 

 
Figure 8: Location of the Kingston pilot site (yellow outline) in Jamaica. 
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Figure 9: Location of the Negril pilot site (yellow outline) in Jamaica. 
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Figure 10: Location of the White House pilot site (yellow outline) in Jamaica. 
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3. Martinique 

 
Figure 11: Location of the Anse Maurice pilot site (yellow outline) in Martinique. 
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Figure 12: Location of the Fondcorre pilot site (yellow outline) in Martinique. 

4. Puerto Rico 

 



  
 

 
La TeleScop ɰ Technical note ʈ Mangrove mapping using remote-sensing 22/48 

 
Figure 13: Location of the Fajardo pilot site (yellow outline) in Puerto Rico. 

 
Figure 14: Location of the Isla Verde pilot site (yellow outline) in Puerto Rico. 
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Figure 15: Location of the Jobos pilot site (yellow outline) in Puerto Rico. 

 
Figure 16: Location of the Rincon pilot site (yellow outline) in Puerto Rico. 
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Figure 17: Location of the Yabucoa pilot site (yellow outline) in Puerto Rico. 
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5. Saint-Martin 

 
Figure 18: Location of the Etang Barrière Poisson pilot site (yellow outline) in Saint Martin. 
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6. Trinidad and Tobago 

 
Figure 19: Location of the Manzanillas Cocos pilot site (yellow outline) in Trinidad and Tobago. 
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B. Land cover maps 

1. Guadeloupe 

 
Figure 20: Land use in the Anse Etang area of Guadeloupe on January 27, 2020. 
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Figure 21: Land use in the Clugny area of Guadeloupe on January 27, 2020. 

The map representing the land use on the Cul-de-Sac pilot site in Guadeloupe is found in paragraph III.A.2 
(Figure 4). 
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2. Jamaica 

 
Figure 22: Land use in the Kingston area of Jamaica on February 5, 2020. 
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Figure 23: Land use in the Negril area of Jamaica on December 29, 2019. 
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