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• Several reviews of the literature summarize relation between mangroves and 
environmental drivers to speculate on how mangroves will be impacted by climate change 
in coming decades 
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• Several reviews of the literature summarize relation between mangroves and environmental 
drivers to speculate on how mangroves will be impacted by climate change in coming 
decades 
 

• However, impacts of changing wave climates have not received attention 
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Gedan, K. B., et al. The present and future role of coastal wetland vegetation in protecting shorelines: answering recent challenges to the 
paradigm. Clim. Change 106, 7–29 (2011). 



• Several reviews of the literature summarize relation between mangroves and environmental 
drivers to speculate on how mangroves will be impacted by climate change in coming 
decades 
 

• However, changes in wind-generated waves have received no attention 
 
• Here, we present one of the most comprehensive records of mangrove surface area 

changes 
 
• based on a 60-year combined dataset of aerial and satellite images 
• on a 320 km subsection of the vast 1500 km Amazon-Orinoco coast 
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• We propose that the leading forcing mechanism affecting the rates of mangrove expansion 

and retreat is related to a low frequency fluctuation of the climate system 
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• Several reviews of the literature summarize relation between mangroves and environmental 
drivers to speculate on how mangroves will be impacted by climate change in coming 
decades 
 

• However, changes in wind-generated waves have received no attention 
 
• Here, we present one of the most comprehensive records of mangrove surface area changes 

 
• We propose that the leading forcing mechanism affecting the rates of mangrove expansion 

and retreat is related to a low frequency fluctuation of the climate system 
 

• We show that this climate fluctuation modulates the strength of trade wind generated 
waves that in turn affect the intertidal morphology of the mangrove coast 
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Data collection 

• We have collected a   ̴60-
year record of aerial and 
satellite images 

 

• We have drawn annual 
maps of mangrove surface 
areas (Ms) into a GIS 
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Data collection 

• 292 coastal sections were 
casted perpendicular to 
the coast and spaced 1km 
alongshore 

 

• Coastal sections and maps 
were then overlayed to 
obtain time series of Ms at 
each section of the coast 

• We have collected a   ̴60-
year record of aerial and 
satellite images 

 

• We have drawn annual 
maps of mangrove surface 
areas (Ms) into a GIS 
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Ms time series can easily be represented as a Hovmöller diagram of the form: 

 

𝑀𝑠 = 𝓃𝒾 ×  𝓂𝒿 
 

were each row 𝓷 is a map of 𝒾 sections along the coast at a given time, and where each 
column 𝓶 is a time series of 𝒿 time interval at an given section. 
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Linking Ms changes to sea level fluctuations 
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2010 1950 

Mean Ms 

 The 18.6 yr tidal cycle (Saros) 

1988 2006 

Gratiot, N. et al. Significant contribution of the 18.6 year tidal cycle to regional coastal changes. Nature Geosc. 1, 169–172 
(2008). 

MHWL cycle 
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observed expected 

Gratiot, N. et al. Significant contribution of the 18.6 year tidal cycle to regional coastal changes. Nature Geosc. 1, 169–172 
(2008). 

1988 2006 



2010 1950 

Mean Ms 

1988 2006 

MHWL cycle 

Linking Ms changes to sea level fluctuations 

The tidal cycle can’t be the dominant driving force over this period 
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observed 

Gratiot, N. et al. Significant contribution of the 18.6 year tidal cycle to regional coastal changes. Nature Geosc. 1, 169–172 
(2008). 



• Complex Empirical Orthogonal Functions analysis (EOF) where used in order to extract the 
leading modes of Ms temporal variability 

 

Miller, J. K. & Dean R. G. Shoreline variability via empirical orthogonal function analysis: Part I temporal and spatial characteristics. Coastal 
Engineering 54, 111–131 (2007). 
Miller, J. K. & Dean R. G. Shoreline variability via empirical orthogonal function analysis: Part II relationship to nearshore conditions. Coastal 
Engineering 54, 133–150 (2007). 

Assessing the leading mode of Ms variability 
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The first mode accounts for 78% of the observed variations 
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Linking the leading mode of Ms variability to oceanic surface parameters 

Wave heights / Wave period / Wave direction 

Augustinus, P. G. E. F. The Changing Shoreline of Surinam (South America). Thesis, Univ. Utrecht (1978). 
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(1991). 
 
Augustinus, P.G.E.F. The Influence of trade winds on the coastal development of the Guianas at various scale levels: a synthesis. Mar. Geol. 208 
145-151 (2004). 
 
Gratiot, N., Gardel, A. & Anthony, E. J. Trade-wind waves and mud dynamics on the French Guiana coast, South America: Input from ERA-40 wave 
data and field investigations. Marine Geol. 236, 15–26 (2007). 

Data from the ECMWF reanalysis products available at http://www.ecmwf.int/. 
ERA-40 product (1958-2002) 
ERA-Interim product (1979-2014) 

http://www.ecmwf.int/
http://www.ecmwf.int/
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Linking the leading mode of Ms variability to oceanic surface parameters 

Wave heights / Wave period / Wave direction 
 

• We used Maximum Covariance Analysis 
 

 Results depict strong multi-decadal co-variations 
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Linking the leading mode of Ms variability to oceanic surface parameters 

Wave heights / Wave period / Wave direction 
 
 

• We used Maximum Covariance Analysis 
 

 Results depict multi-decadal co-variations 
 

 Encompassing the whole North Atlantic basin 

Wave height  

Wave period  Wave direction  



Linking the leading mode of Ms variability to oceanic surface parameters 

• The North Atlantic Oscillation is the main mode of climate multidecadal variability of the 
North Atlantic basin 
 

• North Atlantic wind waves are strongly affected by the winter NAO leading to strengthening 
(weakening) of their intensity during NAO+ (NAO–) phases 
 



Linking the leading mode of Ms variability to oceanic surface parameters 

• The North Atlantic Oscillation is the main mode of climate multidecadal variability of the 
North Atlantic basin 
 

• North Atlantic wind waves are strongly affected by the winter NAO leading to strengthening 
(weakening) of their intensity during NAO+ (NAO–) phases 
 



21 

• XXth century Ms can be reconstructed using wind wave reanalysis dataset 
 

o ERA-CLIM wave product from the ECMWF (should be available in 2014) 
o 20CR reanalysis from the NCEP-NCAR (wind parameters only) 

Perspectives 

Mann, M. E., Bradley, R. S. & Hughes M. K. Global-scale temperature patterns and climate forcing over the past six centuries. Nature 
392, 779-787 (1998). 
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• XXth century Ms can be reconstructed using wind wave reanalysis dataset 
 

o ERA-CLIM wave product from the ECMWF (should be available in 2014) 
o 20CR reanalysis from the NCEP-NCAR (wind parameters only) 

 
• Ms can be converted into standing biomass (T. C. ha-1) 

 
o allowing a quantification of mangrove Carbon stock dynamics at the coast over the 

last 6 decades 

Perspectives 

Alongi, D. M. Carbon cycling and storage in mangrove forests. Annu. Rev. Mar. Sci. 6,195–219 (2014). 
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