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Field observations

In February 2020, ground verification data was collected on Grand Bahama. A total of 208 ground verification points on the island were visited, and the geographic coordinates, land cover type, and post-hurricane status (i.e., damaged/destroyed or not damaged/destroyed) were recorded. These ground verification points informed the mangrove mapping process, as described below. The mapping analysis was conducted in the web-based geospatial analysis platform Google Earth Engine (Gorelick et al. 2017).

Mapping pre-hurricane mangrove extent

First, a pre-hurricane study image was created by making a composite of 10-m spatial resolution, cloud-free, atmospherically corrected Sentinel-2 imagery from 2019. The reflectance value for each pixel for each band of the image was the median value of that pixel across all available Sentinel-2 images captured between January 1 and May 1, 2019. The median value of each pixel was used to reduce the influence of potential outlier values on the classification process.

Second, the Normalized Difference Water Index (NDWI) (McFeeters 1996) was used to mask areas of open water out of the study image. This increased the processing efficiency and the accuracy of the classification.

Third, a supervised classification was used to classify the study image into two feature classes: mangrove and non-mangrove. The supervised classification used a support vector machine algorithm with the green, red, near-infrared, and shortwave infrared bands as inputs (Sentinel 2 bands 3, 4, 8, and 12). The classification algorithm was trained using polygons that were manually delineated on the study image by referencing the February 2020 field observations and visually examining the study image. The outputs of the supervised classification were classified thematic maps depicting mangrove and non-mangrove areas before Hurricane Dorian for Grand Bahama and Abaco. The non-mangrove pixels were filtered out and the mangrove pixels were retained to create pre-hurricane baseline mangrove maps for Grand Bahama and Abaco. 

Mapping the impact of Hurricane Dorian

The Normalized Difference Vegetation Index (NDVI), a widely used spectral index for mangrove vegetation health (Pham et al. 2019), was used to map mangrove damage and destruction within this baseline extent. Two atmospherically corrected Sentinel-2 imagery composites were processed—one pre-hurricane and one post-hurricane composite. For the pre-hurricane composite, the median NDVI value between January 1 and May 1, 2019, was calculated for each pixel within the pre-hurricane baseline extent. For the post-hurricane composite, the median NDVI value between January 1 and May 1, 2020, was calculated for each pixel within the pre-hurricane baseline extent. As above, the median NDVI value for each composite was used to minimize the influence of outliers and ensure that the analysis identified areas of true mangrove damage or destruction rather than sensor “noise.” The NDVI of a given pixel indicates the condition of mangrove vegetation within the “real-world” area covered by that pixel (Pham et al. 2019), with values ranging from -1 (worst condition) to 1 (best condition). Therefore, the pre-hurricane and post-hurricane NDVI composites mapped the relative condition of mangrove cover at each pixel before and after Hurricane Dorian.

To calculate how mangrove conditions changed after the hurricane, the difference between the pre-hurricane NDVI layer and the post-hurricane NDVI layer was calculated to create a new NDVI change layer. Field observations indicated that pixels where NDVI decreased by at least 0.2 corresponded to areas where mangroves were damaged or destroyed by the hurricane. All pixels where NDVI decreased by 0.2 or more were extracted from the NDVI change layer to create hurricane impact maps for Abaco and Grand Bahama (Figure 1). These maps were used to quantify the impact of the hurricane on the mangroves of Grand Bahama and Abaco.

Accuracy assessment

A systematic accuracy assessment of the hurricane impact maps was then conducted. The hurricane impact maps were checked against reference data at a total of 1000 control points: 250 points for damaged/destroyed mangroves on Grand Bahama, 250 points for undamaged mangroves on Grand Bahama, 250 points for damaged/destroyed mangroves on Abaco, and 250 points for undamaged mangroves on Abaco. A combination of the ground verification points collected during February 2020 and high-resolution Google Earth historical imagery from before and after Hurricane Dorian’s landfall was used as reference data (Congalton and Green 2008).

The overall accuracy and Kappa coefficient were calculated for the hurricane impact maps. Overall accuracy quantifies how well the classification process was able to differentiate between mangrove and non-mangrove features. The Kappa coefficient expresses the overall success of the classification relative to a random classification (Jensen 2015). The Grand Bahama hurricane impact map had an overall accuracy of 94.00 percent and a Kappa coefficient of 88.00 percent. The Abaco map had an overall accuracy of 92.20 percent and a Kappa coefficient of 84.40 percent.
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