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Introduction

• Mangroves

– Mangrove and adjacent wetland ecosystems are 
among the most productive ecosystems on earth.

– Also among the most vulnerable ecosystems

• Dredge and fill

• Aquaculture

• Construction 

• and other environmental modifications in tropical 
coastal zones.
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Introduction (cont.)

– Biogeographic studies reveal that mangrove 
canopy height is inversely related to latitude, with 
taller trees possessing higher biomass in 
equatorial locations relative to stands found closer 
to the subtropics.

– Frequent, landfalling hurricanes, which can cause 
widespread mortality of mangrove trees, provide 
one plausible explanation for this biogeographic 
trend.
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Motivation

• A number of studies have examined the influence of tropical storms and 
hurricanes on mangrove community resilience and resistance to these 
major disturbance events (Baldwin et al., 2001; Krauss et al., 2006, Piou et 
al., 2006). 

• Owing to their position along coastal margins, hurricane-related mortality 
in mangrove forests may be high (> 30 percent); however, mangroves have 
shown resilience if storm frequencies are sufficiently low to allow 
regeneration through re-sprouting and seedling growth (Baldwin et al., 
2001). 

• Many studies have utilized optical remote sensing to study mangrove 
biophysical properties (Blasco et al., 1998; Diaz and Blackburn 2003; Vijay 
et al. 2005; Thampanya et al., 2006) and have revealed much about 
mangrove ecosystems including leaf densities, deforestation, erosion, and 
pollution and other anthropogenic impacts.
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Motivation (cont.)

• Several studies have utilized medium-resolution imagery to examine 
mangrove leaf area using spatial resolutions appropriate for studying 
changes in mangrove canopy extent and condition (Green et al., 1997; 
Green et al., 1998; Kovacs et al., 2004). 

• However, few studies have systematically employed medium and coarse-
resolution optical imagery in combination to study hurricane impacts on 
mangrove canopies.
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Objective

• We present an analysis of apparent hurricane-
induced changes in mangrove canopies using 
vegetation index imagery from SPOT and 
MODIS Terra sensors acquired before and 
after four hurricane events affecting two 
major mangrove forests of the Atlantic basin.
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Study Areas

• The Sian Ka’an Biosphere Reserve, Quintana 
Roo, Mexico.
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Study Areas (cont.)

• The Everglades National Park in south Florida, 
USA.
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Hurricane Events

Hurricane Dean 

Hurricane Emily 

Hurricane Katrina 

Hurricane Wilma

Optical imagery from NOAA Environmental Visualization Laboratory (http://www.nnvl.noaa.gov/).
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Data & Methods

• Hurricane Selection

– Proximity of hurricane track to our study areas.

• Hurricane-force winds can extend outward from the 
center of circulation to approximately 50-150 km, a 
centroid of each study area was calculated and 100 km 
buffer was created around the centroid to determine if 
a particular hurricane track intersected the centroid 
buffer.

– Availability of SPOT imagery with low cloud cover 
(<40 percent)
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Data & Methods (cont.)

• For the Sian Ka’an site, nine separate SPOT 
scenes were needed to obtain sufficient cloud-
free views of mangrove forests.

• For the Everglades site, two SPOT scenes were 
required. 

– Cloud cover was generally much higher for Sian 
Ka’an scenes than for the Everglades SPOT scenes.
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Figs. A and B. False color NDVI composites of the Quintana Roo area before and

after Hurricane Dean made landfall, respectively.
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Figs. A and B. False color NDVI composites of the South Florida area before and after

Hurricanes Wilma and Katrina made landfall, respectively.
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Data & Methods (cont.)

• Vegetation indices

– The normalized difference vegetation index (NDVI) 

• SPOT 20m multispectral

• 500m Moderate Resolution Imaging Spectrometer 
(MODIS Terra) imagery

NDVI
NIR RED

NIR RED
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Data & Methods (cont.)

– The enhanced vegetation index (EVI) 

• MODIS Terra

• EVI was designed to reduce atmospheric effects caused 
by aerosols and gaseous absorption, and is less prone 
to saturation with dense leaf canopies than NDVI.

EVI G
NIR RED 1

NIR RED C1 C2 BLUE RED L RED
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Data & Methods (cont.)

• Sample points were digitized to avoid clouds 
and non-mangrove features.

– Dean, n = 1567

– Emily, n = 394;

– Katrina and Wilma, n = 644
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Data & Methods (cont.)

• Conducted paired t-tests to assess statistical 
significance of the differences before and after 
the four storm events.

• To evaluate the potential effect of hurricanes 
relative to foliar phenology and potential 
interannual effects, we extracted the NDVI 
and EVI time series for mangrove pixels from 
series of 16-day MODIS composites.
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Results

• Hurricane Dean

– produced an apparent decrease of approximately 
0.40 units in mean mangrove NDVI with mean 
negative NDVI of -0.19 after the storm. 

– This value suggests that many mangrove areas 
were devoid of leaf canopies and largely 
inundated after this event. 
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Results (cont.)

• Hurricanes Wilma and Katrina

– The decrease in mean NDVI was approximately 
0.27 NDVI units.

– Suggesting partial-to-complete defoliation with 
exposed background and woody debris remaining 
after the storms. 
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Results (cont.)

• Hurricane Emily

– Produced an apparent increase of approximately 
0.26 NDVI units.

– Suggests that this storm increased freshwater 
availability that stimulated new leaf production in 
mangrove canopies. 

• Paired t-tests revealed statistically significant 
differences in these before-and-after NDVI 
means, all t statistics significant at p < 0.05.
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Results (cont.)
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Results (cont.)

• Time Series of MODIS NDVI

– Reveal seasonal variation, which may confound 
interpretation of the causes of temporal variation 
in these vegetation indices.

– Seasonality was more apparent in the NDVI than 
the EVI time series for both sites and the EVI 
series appeared to contain more high frequency 
noise.

• This result is contrary to our expectations given that EVI 
generally is considered less sensitive to atmospheric 
effects
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Results (cont.)
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Conclusions

• Short-term changes in mangrove communities 
associated with hurricane passage can result 
in major changes in vegetation index values.

– Hurricanes Wilma

• NFC reports indicated a major (2-3 m) storm surge in 
the Everglades study area, much of the damage to 
mangroves there may have resulted from this particular 
disturbance.

• Modest changes

– Hurricane Dean
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Conclusions (cont.)

• Hurricane Katrina

– MODIS NDVI and EVI time series allowed us to 
confirm that Hurricane Katrina apparently did not 
contribute to the observed decrease in 
photosynthetic activity.
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Conclusions (cont.)

• Hurricane Emily
– Produced an unexpected result in that both NDVI and EVI increased in 

16-day composites as well as SPOT NDVI after the passage of this 
storm event.

– Considering that the most damaging part of hurricanes is the 
northeast quadrant of circulation, it appears that mangroves in Sian 
Ka’an were spared damage from Emily and may have benefited from 
heavy precipitation usually associated with such storms.
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Conclusion (cont.)

• Our consistent results obtained at different spatial and 
temporal resolutions and scales along with data provided by 
the NHC suggest that a combination of multitemporal MODIS 
and medium-resolution imagery (e.g., SPOT) is effective for 
monitoring seasonality of leaf display as well as storm damage 
and recovery of mangrove ecosystems. 

• We conclude that damage from storms is highly context 
specific and hurricanes may actually be beneficial for 
mangrove productivity if a particular event does not produce 
a major storm surge or high winds in mangrove stands as 
expected in locations distant from landfall.
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Thank You!

30


