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1. Introduction

Mangrove forests are a key component of coastal ecosystems and play an essential role in protecting
local communities from catastrophic storms, sheltering economic activities during hurricane exposure,
and preventing permanent losses to economic activities (Hochard et al. 2019). Moreover, they are able
to regulate the climate through carbon sequestration and storage and thus, their dynamics have a
disproportionate impact on global carbon balance in comparison to other ecosystems (Friess et al. 2020).
Therefore, increased frequencies and intensities of hurricanes are a major threat to the economic and
ecologic stability of the Caribbean region (Collymore 2011; Camargo and Wing 2021). We herein aim
to understand how the cumulative presence of hurricanes in the Caribbean and Gulf of Mexico regions
(1979-2018) has affected the structure of the mangroves, particularly height, to navigate actions for
regional coastal ecosystem conservation and restoration. To achieve this, we overlap the hotspots of
hurricane wind affectation in that period, from the ERAS5 reanalysis cumulative maximum winds at
31km resolution, and the Global Ecosystem Dynamics Investigation (GEDI) Level 3 (L3) gridded data
at 1km resolution from 2019-2020 (Dubayah et al. 2021).

2. Data and Methods

2.1 Data

We used the 2019-2020 Global Ecosystem Dynamics Investigation (GEDI) Level 3 (L3) gridded mean
canopy height, i.e., averages of the 30-m footprint RH100 metrics within each 1 sq. km cell (Dubayah
et al. 2021). The Copernicus Climate Change Service (C3S) ERAS reanalysis data (0.25° of spatial
resolution and hourly temporal resolution) for maximum 3-second wind at 10 m height from 1979 to
2018 was used to estimate storm history (Hersbach et al. 2018). We also used 1996 and 2016 mangrove
distribution data from the Global Mangrove Watch (GMW; Bunting et al. 2018) and data for the bio-
regionalization of coastal and shelf areas (Spalding et al. 2007) for the entire Caribbean region, which
comprises 25 countries from the southern United States down to Colombia and Venezuela (Figure 1).
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2.2 Methods

We first generated grids for the annual maximum sustained wind speed from 1979 to 2018 from the
ERADS hourly wind data that summarizes the maximum 3-second wind at 10 m height at every 31 km.
The annual maximum wind speed values for each grid-cell were calculated from the available hourly
data and converted to kilometers per hour. From this 40-composite-bands file, we calculated the 40-year
cumulative sustained wind speed (km/h), the number of times each cell present maximum sustained
wind speed higher than 119 km/h, which classifies it as a hurricane according to the Saffir-Simpson
Hurricane Scale, and the time since the last hurricane.

We then created a mangrove mask based on the intersection between the 1996 and 2016 GMW
layers (i.e., the current and historical extent combined) and generated random sampling points with 1-
km spacing within this region. For each point we extracted the GEDI canopy height (m) (i), the 40-years
cumulative sustained wind speed (km/h) (ii), the history of hurricane impact from 1979 to 2018 (iii),
and the time since the last hurricane (iv). Points with no missing values summed 1,806. We then
calculated the non-parametric Spearman rank coefficient (r) between (i) and (ii) and (i) and (iv) and
tested whether heights of mangrove groups (i), which were impacted by zero, one or two hurricanes
from 1979 to 2018 (iii), originate from the same distribution by means of the Kruskal-Wallis test. We
analyzed the data for the entire Caribbean region but also by ecoregion.

3. Results and Discussion

We found that the median canopy height of the Gulf of Mexico and Caribbean mangroves is 5.36m,
ranging from 1.42 to 21.53m tall (Figure 1).
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Figure 1: Location of sample points (n = 1,806) within the Gulf of Mexico and Caribbean regions
where mangrove height was extracted using GEDI L3 data for 2019-2020, along a gradient of
hurricane cumulative presence during the period 1979-2018.

Our results show a clear inverse relation between cumulative sustained wind speed from 1979 to
2018, and the height of Caribbean mangroves in 2019-2020 (Figure 1a). This relationship is corroborated
by Simard et al. (2019) that correlated the global SRTM and ICESat-2/GLAS mangrove height estimates
with the frequency of tropical cyclones. The tallest mangroves (of about 20 m) are in regions not affected
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by the strongest wind gusts and that stand out for their lowest cumulative wind speeds, i.e., in the
Southern and Southwestern Caribbean regions (Figure 1a and 1b). Conversely, mangroves are less
structurally diverse and shorter than 10 m in regions affected twice by the strongest wind gusts and that
also present the highest cumulative wind speeds over the studied time range, i.e., in the Bahamian,
Northern Gulf of Mexico, and in some places of the Western Caribbean region (Figure 1a and 1b). All
regions presented a tendency of height decrease with rising cumulative wind speeds and the degree of
correlation between these two variables is moderate for the Southern (r = -0.38) and Southwestern
Caribbean (-0.33) regions and strong for the Northern Gulf of Mexico (-0.58).

ERAS5 reanalysis appears to underestimate the maximum sustained wind speed, even though it is
considered consistent to capture wind speed ranges (e.g., Jourdier 2020). Thus, the 119 km/h threshold
captures higher category wind gusts with ERA5 data, like those observed in the 1995, 1998, 2004, 2005,
2008, 2015, 2016, and 2017 mega-hurricane seasons (Figure 1c). In general, we did not observe taller
mangroves where the time since the last hurricane was longer, which suggests there was no regional
pattern of structural resilience in mangroves hit by strong wind gusts. This expected pattern was seen in
mangroves from the Greater Antilles (r = 0.42) and from the Northern Gulf of Mexico (0.41) moderately.
The further exploration of GEDI L1 and L2 data will allow us to better understand the impact of
hurricanes on the entire mangroves’ vertical profiles.

4. Conclusions

GEDI L3 gridded data is a powerful dataset for understanding the long-term effect of extreme climate
events on forest structure across large regions. Our results indicate that the cumulative impact of
hurricanes seems to compromise the Caribbean mangrove structural diversity and that, in general, they
appear not being structurally resilient upon hurricane impact.
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