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Outline 

• Introdution & background 

• Recent advances in RS of mangroves:  

– Mapping for Conservation  

– Global Mangrove Watch  

– Global height maps 

– New Sensors and datasets 

 

 



Mangroves 101  

Mangrove forests are coastal wetlands that: 

• contribute to biodiversity and act as links 
between upland and coastal and marine 
ecosystems. 

• Provide habitat for over 1300 species of 
animals, including many economically 
important fish and shrimp species. 
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Mangroves 101  

Mangrove forests are coastal wetlands that: 

• contribute to biodiversity and act as links 
between upland and coastal and marine 
ecosystems. 

• Provide habitat for over 1300 species of 
animals, including many economically 
important fish and shrimp species. 

• Act as a protection of shoreline against 
tropical storms, hurricanes and tsunamis 

• Biogeochemistry: Among the most 
productive ecosystems on Earth (2.5 g C 
m2 /day) 

 25% accumulates in sediments 

 25% recycled 

 50% exported to oceans ( 11% of 
Global Dissolved Organic Carbon) 

 

 



Mangroves and Carbon 

• Amongst most carbon-rich forests, 
containing ~1,000 Mg carbon per ha 

• Soils account for 49–98% of carbon 
storage. 

• Mangrove deforestation generates 
emissions potentially as high as around 
10% of emissions from deforestation 
globally 

• Estimated economical value varies 
between $200k to $900k per km2  per 
year (UNEP report 2006) 

• Initiatives such as REDD+ and  UN Blue 
Carbon Initiative are developing 
frameworks to compensate states for 
their C storage. 

 

Comparison of 
mangrove C storage 
with that of major 
forest domains (from 
Donato et al. 2011). 



Mangroves are endangered 

But as a result of their location, they are among the most rapidly changing landscapes. 

• 35% to 50% of mangrove forests have disappeared in the past 60 years 

• The greatest current threats to mangroves derive from human activities: aquaculture, freshwater 
diversions, overharvesting and urban and industrial development. 

• The effects of climate change, such as sea-level rise and increased extreme climatic events (e.g. 
hurricanes), may also increase the vulnerability of this ecosystem 

Gulf of Fonseca, Honduras 

An ecosystem in crisis 

• Endangered by: 

• development 

• aquaculture  

• extreme weather and  

• sea-level rise  

• 50 % of global cover lost in past 60 years but no systematic baseline data is 

available  



Mangroves are endangered 
An ecosystem in crisis 

Limpopo River Estuary, Mozambique  

• Endangered by: 

• development 

• aquaculture  

• extreme weather and  

• sea-level rise  

• 50 % of global cover lost in past 60 years but no systematic baseline data is 

available  

But as a result of their location, they are among the most rapidly changing landscapes. 

• 35% to 50% of mangrove forests have disappeared in the past 60 years 

• The greatest current threats to mangroves derive from human activities: aquaculture, freshwater 
diversions, overharvesting and urban and industrial development. 

• The effects of climate change, such as sea-level rise and increased extreme climatic events (e.g. 
hurricanes), may also increase the vulnerability of this ecosystem 



Cover and Change mapping of Mangroves  



Global distribution of Mangroves 

USGS/NASA Global Mangrove Map 

Giri et al, 2011 

Also: 
- UNEP WCMC World Mangrove Atlas, 2010  



Mangrove mapping with SAR 

• Polarimetric SAR imaging is sensitive to the forest spatial structure in ways not possible with 
optical data:  

– It is not affected by clouds 

– aboveground biomass.  

– land cover classification and land cover change measurements.  

– In addition to deforestation, we can also detect degradation 

 



• Largest mangrove forest in the world. 
• Area where large human populations are clashing 

with tiger populations and sea-level rise 
 

Mangrove extent and degradation in the Sundarbans 



Mangrove extent and degradation in the Sundarbans 

• Largest mangrove forest in the world. 
• Area where large human populations are 

clashing with tiger populations and sea-level 
rise 

• Can maps of forest help with Tiger population 
studies? 
 

Cornforth et al. 2013 



• Collaboration between Aberystwyth U./U. New South Wales/JAXA/NASA/JPL/IWMI 

• Global mapping and characterizing of mangrove change from 1995 era to 2010 era 

• Time-series comparison of JERS-1 (93-98)and ALOS PALSAR (07-11) data (and ALOS-2) 

• Programmed for repeat data acquisition over global wetland sites through the Kyoto and 
Carbon Initiative in support of the Ramsar convention. (Free 50m mosaics) 

From Lucas et al. 2007, 2010 

 

 
Figure 13.  The Matang Mangrove Forest Reserve in Perak, Malaysia [20]. 

Top: JERS-1 SAR time series from 1992, 1995 and 1998. Areas logged in the 

period appear in blue and green, while areas of regrowth appear in orange. 

Bottom. ALOS PALSAR composite from 2006-2007. Red indicates regrowth 

in areas logged recently prior to the 2006 observation. Blue shows recent 

crearings. Only the HH channel has been used, as the increased double-

bounce scattering from the water surface and remaining tree stumps is the 

key signal for the detection of logged mangroves. 
 

C. Overview of approach 

The primary benefit of using ALOS PALSAR data was the 

provision of cloud-free observations for entire regions over a 

relative short (1 - 4 month) time period during any annual 

cycle.  The consistent provision of data over consecutive years 

also provides opportunities for detecting change, as illustrated 

in Figure 13.  The use of multi-temporal ALOS PALSAR data 

is advocated as errors associated with classification of other 

remote sensing data or digitising are largely overcome.  The 

primary objective should therefore be to establish a consistent 

baseline dataset for a single year (e.g., 2007/2008) against 

which change can be assessed.   

The use of the SRTM data is adequate for retrieving the 

height (within certain error bounds) of extensive areas of 

relatively closed-canopy mangroves, the 90 m spatial 

resolution does limit retrieval.  Therefore, the integration of 

finer spatial resolution DEMs (e.g., 30 m SRTM data or 10 m 

NextMap Intermap is advocated).  The reliability and 

consistency of height retrieval across regions and for a range of 

mangrove structural types therefore needs to be quantified in 

order to give confidence in the approach. 

Whilst maps have been generated for all or part of the study 

regions, the validation of these remains a challenge, 

particularly in relation to the detection of change, the cause of 

which vary considerably between regions.   This needs to be 

achieved by strengthening collaboration with existing mapping 

agencies in the countries involved, at both the national and 

international level.   

 

VI. CONCLUSIONS, RECOMMENDATIONS AND 

FUTURE STUDY 

Using ALOS PALSAR in conjunction with SRTM data, 

extensive areas of mangrove can be categorised into a 

minimum of three broad classes, with these relating to relative 

biomass and structure.   The classification is supported by 

observations using airborne SAR data at sites in Australia and 

Belize.   A particular advantage of the technique is that the 

classification is rule-based and can be applied between regions. 

The detection of change using ALOS PALSAR data 

currently requires reference to existing baselines of mangrove 

extent although it is anticipated that after adjustment to a single 

year, the ALOS PALSAR can form part of an ongoing 

mangrove monitoring system.  The main benefit of the ALOS 

is that cloud-free observations of regions can be guaranteed. 

Within the study region, both human-induced and natural 

change has been observed through comparison of ALOS 

PALSAR data against existing baselines.  Key outcomes from 

the research include: 

a) Detection of ongoing change in mangrove 

colonisation and loss along the Amazon-influenced coast of 

South America. 

b) Significant seaward expansion of mangroves in the 

Gulf of Carpentaria in northern Australia, which is linked to 

increased rainfall and extreme flooding within the catchments. 

c) Loss of mangrove areas in south-east Asia which have 

previously been reported as intact.   
For several study areas, the existing baseline datasets 

appear to not reliablely depict the extent of mangroves, either 
due to issues arising during their generation or because of 
change occurring in the interim periods.   Within Phase 2, 
continued development of the mangrove mapping and change 
detection for the study regions will be undertaken together with 
the development of algorithms that can be applied to other 
regions when regional mosaics become available.   

APPENDUM: WETLANDS CLASSIFICATION, QUEENSLAND 

In addition to establishing the potential of ALOS PALSAR 
for mangrove characterisation and mapping, the role of these 
data for supporting classification of wetlands in Queensland is 
being investigated.  Across the State, regional mapping of 
wetlands has been undertaken previously by the Queensland 
Environmental Protection Agency (EPA) through reference to 
aerial photography and optical (primarily Landsat but also 
SPOT and IKONOS) sensor data supported by ground survey.  
The ALOS PALSAR provides complementary and often new 
information on wetlands, particularly in relation to inundated 
(woody) vegetation (Figure 14) and open water.   These data 
are being integrated within a rule-based classification (e.g,. 
Figure 15; based on Definiens Developer software) with a view 
to refining or advancing the classification of wetlands 
occurring from the coastal margins to the inland semi-arid 
regions of the south-west of the State.  These classifications 
makes use of the Landsat FPC and ALOS PALSAR mosaics 
generated for the State.  These classifications will be 
supplemented using ScanSAR data acquired by the ALOS 
during Phase 2.  

 
The Global Mangrove Watch Project 



Mangrove losses and gains: South East Asia 
(JERS-1 SAR (1995) and ALOS PALSAR HH (2007 and 2010) in RGB.) 

Losses (red) associated primarily with aquaculture Colonisation by mangroves (blue) 

Lucas et al, in press 



Anthropogenic change; seaward expansion 

JERS-1 / ALOS PALSAR HH  
1996, 2007 and 2010 in 

RGB 
 

Indonesia 
Lucas et al, in press 



2009 to 2010 2008 to 2009 2007 to 2008 

2000 to 2007 1996 to 2000 Stable from 1996 to 2010 

Changes in mangrove extent, French Guiana: 
 1996 to 2010 

Lucas et al, in press 



Changes in mangroves along the French Guiana coast (1996 to 2008) 

JERS-SAR (1996) 

ALOS PALSAR (2008) 

Classification of Change:   
JERS-1 SAR and ALOS PALSAR comparisons 

Lucas et al, in press 



Causes of mangrove loss   Processes leading to mangrove expansion 

Mangrove loss (% of area in 2010) Mangrove gain (% of area in 2010) 

Mangrove Losses and Gains in South America  
           (mid 1990s to 2010) 

Lucas et al, in prep 



Mangrove Height and biomass mapping 



Height and Biomass Map the Florida Everglades 



Vertical Structure from Lidar and InSAR 
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Height and Biomass Map of Mangrove Forests of Africa 

Fatoyinbo & Simard, IJRS 2013 

Country  Area in km2 
Total Biomass in 

Mg 
Mean Biomass in Mg/ha 

Angola 154 1,441,200 93 

Benin  18 137,719 76 

Cameroon 1,483 25,334,900 171 

Congo 15 267,603 178 

Cote d'Ivoire 32 406,516 124 

Djibouti  17 1,653,170 90 

DRC 183 51,570 140 

Egypt 1 8,344 117 

Equatorial Guinee 181 2,922,420 161 

Eritrea 49 640,038 129 

Gabon 1,457 23,840,000 162 

Gambia 519.11 5,509,300 106 

Ghana 76 742,925 97 

Guinea 1,889 18,153,800 108 

Guinea Bissao 2,806 31,712,300 113 

Kenya 192 2,294,820 119 

Liberia 189 2,141,860 113 

Madagascar 2,059 24,856,900 121 

Mauritania 0.4 4,156 95 

Mozambique 3,054 30,974,100 101 

Nigeria  8,573 94,788,000 111 

Senegal 1,200 11,462,100 95 

Sierra Leone 955 10,655,600 112 

Somalia 30 436,907 143 

Soudan 4 135,626 113 

South Africa  12 40,018 100 

Togo 2 15,861 78 

Tanzania 809 11,037,800 136 

Africa 25,960 301,665,553 116 

Google earth & Geotiffs: http:www-radar.jpl.nasa.gov/coastal 



Applications 

Zambezi Mangrove Carbon Project 

Mozambique 

The Soil is the Major Carbon 
Pool in Mangroves 

From Donato et al. 2011 



Global Map of Mangrove Height: 

South America Atlantic  

Caribbean 

South America Pacific 

Longitude 



New Sensors 



High Resolution Radar/ Lidar Height & Biomass Maps  

S. Lee (in prep) 

• TanDEM-X InSAR 

• G-LiHt Lidar 



Pol-InSAR Height Inversion with TanDEM-X 

HH VV 

InSAR Phase Center Height 

Campeche, Mexico 
<Acquisition date> 
TSX/TDX: 2014/03/20 
Gliht: 2013/04/29 

S. Lee (in prep) 



EcoSAR 

• Advanced airborne P-band (435 MHz) instrument 
• Digital Beamforming  
• Dual Antenna for single pass InSAR 
• Polarization HH, VV, HV, VH 

 
• Provides 2 &3 D fine scale measurements of terrestrial 

ecosystem structure and biomass: 
• Height measurements from Pol-InSAR of 1 m  
• Ground resolution ranges from 1.5 m to 30m 
• Swath width of 4 km to 8 km 
• Biomass from backscatter up to ~ 200 Mg/ha 
• Biomass measurements from tree height 
• Tomography/canopy profiles  
• Disturbance and recovery 

 
 

 
 

 



March 27 Test Flight: Andros Island 

• Most forested Island in the Bahamas 

• Pine & Mangrove forest 



March 29-31 Science Flights to Costa Rica 

• 3 Sites: 
– La Selva 

– Terraba Sierpe Mangroves 

– Corcovado National Park 

 





Google Image ( 04-09-2003) 



Canopy Biomass Lidars 

Saenz & Schaaf, in prep 



Questions? 

Lola.Fatoyinbo@nasa.gov 



Advances/conclusions 

- Developments in Remote Sensing science have the possibility of changing mangrove (and 
other ecosystem) monitoring as we know it: 

- NASA open data policy 

- UMD/NASA Global Forest Change product 

- Sentinel & ESA open data policy 

 

 


