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Blue Carbon  
  

Carbon stored, sequestered or released from 
vegetatedcoastal ecosystems - mangroves, tidal marshes, 
and seagrass meadows.  
 
When coastal ecosystems are degraded or destroyed, that 
carbon is released back into the atmosphere as CO2 
emissions.  
 
Thus, effective management and conservation of coastal 
wetlands is now a critical priority, especially in regions where 
people are highly dependent on these ecosystems for critical 
services.  



mainly mangroves, tidal marshes and 
seagrass meadows 
 
recognized as having very high levels 
of carbon stocks and sequestration 
rates  

Vegetated coastal ecosystems 



Global distribuition of seagrasses, salt marsh 
and mangrove 

Globally ~2.3 – 7 million km2 - cover 0,2 - 2 % of the marine bottoms 
corresponding to less than 3%  of terrestrial vegetation 



Blue Carbon Systems account for 46% of total carbon burial in the ocean sediments 

Despite the small 
fraction of ocean 
surface, mangroves, 
salt marshes and 
seagrasses account 
together for 46% of 
total carbon burial in 
the oean sediments.  
 



 

   store 

Globally, BC sinks store up to 10 Pg each 
in the top meter soil layer (total of 25 Pg)  

Pg = 1015 



Burial rates in mangroves, salt marshes and seagrasses are exceptionally high, 
exceeding those in the soils of terrestrial forest by 30-50 fold. 

Bury similar amount of OC to terrestrial forest annually,  despite the extent of 
less than 3% of that forests 



Among the most valuable 
ecosystem on earth 

Constanza et al. 1997 

- USD $1.6 billion in ecosystem services annually  
 

- play an essential role in the livelihoods and well being of 
billions of people 
 

- Regulate nutrient fluxes, 
- Provide habitat 
- Climate regulation  
- Coastal protection 
- CO2 sinks 

 
Coastal areas are among the most 
threatened natural ecosystems on 
Earth 
Alongi 2002, Waycott et al. 2009, Saintilan et al. 2009, Donato et al. 2010 



Coastal ecosystems are being lost in fast rates 

Even providing us an estimated USD $1.6 billion in 
ecosystem services annually and play an essential role 
in the livelihoods and well being of billions of people, 
coastal areas are among the most threatened natural 
ecosystems on Earth.  



Degradation causes Emissions of 
GHG 

 
 
 

Pendelton et al. 2012 

Habitats Soil Organic  
C at risk 
(tCO2e/ha) 
 

Total C at 
Risk 
(tCO2e/ha) 

Habitat 
Extent 
(Mha) 
 

Annual C 
loss  
0.7% rate 
(BtCO2e) 
 

Annual C 
loss  
2% rate 
(BtCO2e) 
 

Salt Marsh 250 282 5.1 0.01 0.029 
 

Mangroves 1298 1762 13.8 0.17 0.49 

Seagrass 500 511 30 0.107 0.31 

Total 48.9 0.287 0.829 
 

Equivalent to  5-20 % from emissions by deforestation and land use change 



Variability of Organic Carbon in sedinment 
Duarte et al. 2005. Biogeosciences 

Seagrasses ~ 2% C 
Salt Marshes ~ 5%  
Mangroves ~ 8.5% C 
 
Where are the hot spots 

and conditions for 
their formation? 

 
% C corresponding to 

burial rates? 



GHG emission reduction (up to 25%) could be 
achieved by conservation and recovering of 

green and blue carbon 

Blue carbon: protection, improved management and 
restoration of the ocean’s blue carbon sinks would result in 
preventing the annual loss of up to 450 Tg C yr–1, 
corresponding 10% of the emissions reductions needed 
(Nellemann at al. 2009).  

Green carbon: Reducing deforestation rates by 50% by 2050 
would avoid the direct release of up to 50 Gt C, equivalent to 
12–15% of the emissions reductions needed to keep 
atmospheric concentrations of carbon dioxide below 450 
ppm (Trumper et al., 2009).  



Intergovernmental 
Oceanographic
Commission

United Nations
Educational, Scientific and 

Cultural Organization 

International and integrated program focused on mitigating climate change by 
conserving and restoring coastal marine ecosystems globally.  
 
Led by CI, IUCN and UNESCO, works with partners from national governments, research institutions, nongovernmental 
organizations, coastal communities, inter-governmental and international bodies and other relevant stakeholders.  



 



Blue Carbon Scientific Working Group  
 

          
 

           
         

    
 

              
            
           

          
        

          
       

          
       

        
  
        

   
          

 
        

    
          

 
               

          
  

      
           
          

          
    

           
          

             
           

           
 

         
             

  
      
     
         
            
         

     
         

      
         

      
        

          
            

 
  

            
        

          
       

Provides the scientific foundation for the Blue Carbon Initiative.  
 
Focused on synthesizing current and emerging science on blue carbon and 
providing the robust scientific basis for coastal carbon conservation, 
management, and accounting.  



 





 

Blue Carbon International Scientific 
Working Group 

October 20-23,  2014 
FURG, Rio Grande – Brazil 



 

Blue Carbon International Scientific 
Working Group 

 20 à 23 de outubro de 2014 
FURG, Rio Grande – Brazil 



Geomorphology of Brazilian Coast line 
(according to Dieter 2010) 



Brazilian mangrove forest 
Spalding et al. (2010) 

“World Atlas of Mangroves” 



Total 

Protected Areas 

Brazilian mangrove forest 



Geophysical and Climate Drivers in Mangrove Aboveground Biomass in 
the Neotropics 

Pagliosa et al. (in review)  

Geophysical - tides, river discharge, wave energy  
Climate - temperature, precipitation 
 
Model mangrove AGB in the Neotropics 

Dr. Paulo Pagliosa,  
Dra. Alessandra Fonseca,  
MSc Andre Rovai - UFSC 



Geophysical and Climate Drivers in Mangrove Aboveground Biomass in 
the Neotropics 

Pagliosa et al. (in review)  



GLOBAL AVERAGES OF CARBON STOCK AND SEQUESTRATION 

Mean ± SD Max Min Articles (Values) 

Carbon Stock (tC.ha-1) 78.0 ± 64.5 418.5 0.9 69 (316) 

Carbon Sequestration (tC.ha-1.ano-1) 2.9 ± 2.2 9.7 0.4 26 (101) 
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Data of forest ecosystems from: IPCC (2003) and IPCC (2006)  

Estrada  et al. 2014  Estuarine Coastal Shelf Science) 



 



Coastal erosion Northern Brazil 



Soils or Sediments 
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Nóbrega et al (2015.)  

Soil Carbon Stock in Brazilian Biomes or Ecossystems 
 

@ Dr. Tiago O. Ferreira, ESALQ – USP 
Soil Science 



@ T. O. Ferreira, 
ESALQ – USP 
Soil Science 

 
Carbon dioxide emissions rate in NO- impacted and 

impacted soils by waste aquaculture 
 



Cartagena Bay 

(Colômbia, 10º N)  
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Argentina 

Uruguay 

Equador 

Venezuela 
Colombia 

Peru 

Guiana  
Francesa  

Suriname 
Guiana 

Bolivia 

Chile 

Paraguay 

Tropical  

Temperate 

30° S 

10° N 

0° 

10° S 

5° S 

20° S 

10° N 

0° 

55° S 
55° S 

Salt marshes of the Atlantic South America 

Magallanes Region 
(Chile, 55º S)  

Southern limit of mangroves 
Laguna (28° 28' S) 

C. Costa – Blue Carbon Sceintific Working Groug, 2014 



Tropical  Atlantic Tropical Salt Marshes 

- Total extension is  unknown. 
- Estimates from few 
studies (% of marsh cover) 

Inability to distinguish bare salt flats and 
marshes with spaced herbaceous plants 
by the resolution of satellite image used. 

Salt flats are important intertidal 
backup systems for 
mangrove/salt marsh realignment 
facing sea level rising 



 
Ferreira et al. Soil Research 52: 140–154 (2014) 

 
APICUM: 
1.5 % TOC 

Apicum – Salt flats associated to mangroves 

Salt flats are important intertidal backup 
systems for mangrove/salt marsh 
realignment facing sea level rising. 

Salt 
Flats 
 
Y     Km² 
72-> 9.0 
86-> 7.1  
88-> 6.3 
91-> 6.2 
97-> 5.6 
 
Net gain 
3.4 Km² 



Brackish microtidal marshes  

Salty macrotidal marshes  
• Areal extent 
• (Isaach et al. 2006). 

Atlantic Temperate Salt Marshes 

C. Costa et al. – Blue Carbon Sceintific Working Groug, 2014 



Atlantic Temperate Salt Marshes 

Habitats' areas 

~ 218. 964 Hecs Stock ~ 5 Ton C / ha 

C. Costa et al. – Blue Carbon Sceintific Working Groug, 2014 



Seagrasses 



Seagrass meadows distribuition and area (Km2) 

 
 

Temperate 
Northern 
Hemisphere 

Temperate 
Southern 
Hemisphere 

Tropical 
Americas 
 

Tropical 
Asia 

Africa Mediterranean Global 
(km2) 

Min 
Max 

68.000 
136.000 
 

21.000 
42.000 
 

45.000  
89.500 
 

123.000  
246.000 
 

29.500  
59.000 
 

13.500  
50.000 
 

300.000  
600.000 
 

Based on moddeling, with few validation sites 

Larger 
uncertantities 
about area and 
distribuition 
globally 

Short et al, 2010 
2005, UNEP-WCMC 



 



 



Distribution of seagrass species along Brazilian coast based on 
studies and observations 

Review and metadata 
  
• List of Studies on Brazilian 

seagrasses 
• Locations and geographic 

coordinates;  
• Parameters collected;  
• Methodologies used; 
• Period or date of collection;  
• Publications associated to the 

data; 
 
 
 



Seagrass distributional mapping  



Seagrass monitoring in Brazil 
Ilha do Japonês, Cabo Frio, RJ - 19 years 

monitoring Halodule wrightii (SeagrassNet site 
since 2002) 

Lagoa dos Patos, Rio Grande, RS – 34 years 
monitoring Ruppia maritima. Site PELD-
FURG) since 1999) 

Abrolhos, BA e Tamandaré, PE SegrassNet sites 
since 2002 



 

 
Biomass values of H. wrightii:  

comparison among different parts of Brazil and tropical world (from Barros 2008)  
g DW m-2 Local Reference Plant part 

 
 
Above 
 
 
 

 
 
Bellow 
 
 

 
 
 
All 
Plant 
 
 
 
 
 
 
 

Barros 2008 

Barros 2008 

Barros 2008 

Values are 
higher  
in Pernambuco 
(NE, protected 
coasts), similar 
to  other tropical 
places 
 
 
Decreasing 
towards North 
and South 
 
 

Brazil 



 
 

Biomass values of H. wrightii:  
comparison across latitude of Americas (Sordo et al. 2011) 

 
 
 

Trend in biomass decreases 
 according to  mean  
annual temperature  
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Developing a Field Measurement Plan 
3 – Field Sampling of Soil Carbon Pools 
in Coastal Ecosystems 
4 – Field Sampling of Vegetative Carbon 
Pools in Coastal Ecosystems 
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Emissions 
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