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https://scripps.ucsd.edu/programs/keelingcurve/



  



  

http://gaw.empa.ch/gawsis/

Mauna Loa is not the only atmospheric CO2 observatory!



Fate of Anthropogenic CO2 Emissions (2003-2012 average)

Source: Le Quéré et al 2013; CDIAC Data; Global Carbon Project 2013 http://www.globalcarbonproject.org

2.6 ± 0.5 GtC/yr
27%

8.6 ± 0.4 GtC/yr      92%

+0.8 ± 0.5 GtC/yr      8%

2.6 ± 0.8 GtC/yr
27%

Calculated as the residual
of all other flux components

4.3±0.1 GtC/yr
45%

http://www.earth-syst-sci-data-discuss.net/6/689/2013
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/
http://www.globalcarbonproject.org/


Ocean Sink

Ocean carbon sink continues to increase
2.6±0.5 GtC/yr for 2003–2012, 2.9±0.5 GtC/yr in 2012

Source: Le Quéré et al 2013; Global Carbon Project 2013 http://www.globalcarbonproject.org

http://www.earth-syst-sci-data-discuss.net/6/689/2013
http://www.globalcarbonproject.org/
http://www.globalcarbonproject.org/
http://www.globalcarbonproject.org/


  

http://www.igbp.net/download/18.30566fc6142425d6c91140a/1385975160621/OA_spm2-FULL-lorez.pdf

Anthropogenic ocean acidification is currently on progress 
and it is measurable
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http://www.epoca-project.eu/index.php/guide-to-best-practices-for-ocean-acidification-research-and-data-reporting.html

a) CO2 dissolves in seawater

b) CO2 reacts with water forming 
bicarbonate (HCO3

-) and hydrogen 
(H+) ions

c) These H+ ions react with carbonate 
(CO3

-2) ions, forming more HCO3
-

d) Summarizing:

CO2(aq) + CO3
-2 + H2O 2HCO↔ 3

-

e) [CO2] and [HCO3
-] increase, pH and 

[CO3
-2] decrease



  

d) Summarizing:

CO2(aq) + CO3
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http://www.epoca-project.eu/index.php/guide-to-best-practices-for-ocean-acidification-research-and-data-reporting.html
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Data: 
Bates (2007)
Dore et al. (2009)
Santana-Casiano et al. (2007) 
Gonzàles-Dàvila et al. (2010)

Change in pH from ocean acidification is already measurable

IPCC AR5 WG1 Report, Chap. 3 (2013)

Station 
ESTOC 



www.oceanacidification.net



Less available CO3
-2 in seawater means that:

Organisms building CaCO3 structures (e.g. shells) will be affected

CaCO3(s)  Ca↔ +2
(aq) + CO3

-2
(aq)

Equilibrium constant for this reaction is:

Ksp = [Ca+2]*[CO3
-2], where Ksp is the solubility product

In Marine Chemistry, we represent the “saturation state” of CaCO3 (Ω) like this:

Ω=
[Ca+2]∗[CO3

−2]

K sp
°

If Ω is > 1, seawater conditions are favourable for organisms to form shells
while

If Ω is <1, seawater conditions are “corrosive” for shells and skeletons



Aragonite saturation state in the oceans: predictions for year 2100.
If Ω is less than 1 (Ω<1), conditions are corrosive (undersaturated) for aragonite-

based shells and skeletons. 
Coral growth benefits from Ω≥3.

http://ocean-acidification.net
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How does it exactly happen?



Increasing Increasing 
COCO

22 in the  in the 
atmosphereatmosphere Negative Negative 

effects for effects for 
the biotathe biota

Decrease Decrease 
in in 

dissolved dissolved 
OO22, , 

hypoxia or hypoxia or 
anoxiaanoxia

Microbial Microbial 
respiration respiration 
of organic of organic 

mattermatter

Excess nutrientsExcess nutrients
↓↓

Algal bloomsAlgal blooms

Increase in [COIncrease in [CO
22], ], 

lower pH, lower lower pH, lower 
[CO[CO

33
-2-2], ], 

dependent on T dependent on T 
and Sand S

Sunda & Cai, dx.doi.org/10.1021/es300626f | Environ. Sci. Technol. 2012, 46, 10651−10659



Wallace et al (2014), ECSS. 



Wallace et al (2014), ECSS. 



Summarizing:

  anthropogenic nutrients  expansion of hypoxic/anoxic bottom waters;→

 Combining low O2 and high CO2/low pH  negative effect on respiration  energy → →

obtained from respiratory oxidation of organic matter is directly related to the log 
of the [O2]/[CO2] ratio;

 Combining observations (LONG-TERM!) and model results:  pH from respiration 
+  atmospheric CO2 will act in concert  combined pH e→ ffects will be more than 
additive;

 Negative impacts: coastal systems support most of world fisheries and 
aquaculture!

 Future impacts  dependent on T and S  influenced by climate change.→ →
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IPCC 4th Assessment Report – WG1 – 2007 & Sabine et al (2004), Science



IPCC 4th Assessment Report – WG1 – 2007 & Sabine et al (2004), Science





IPCC AR5 – WGII – SPM – 2014



Aragonite saturation state in the oceans: predictions for year 2100.
If Ω is less than 1 (Ω<1), conditions are corrosive (undersaturated) for aragonite-

based shells and skeletons. 
Coral growth benefits from Ω≥3.

http://ocean-acidification.net
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Continental margins and coastal ecosystems

✔ Extreme heterogeneity

✔ CO2 system regulated by nutrients + biological processes in these areas

✔ CO2 system parameters vary at daily AND seasonal time scales

✔ Lack of long term observations + inadequacy of global biogeochemistry 

models resolving these areas

✔ How would anthropogenic CO2 influence these areas?

Estuário Barra Grande, SE Brazil (Ilha Grande)Estuário Barra Grande, SE Brazil (Ilha Grande)



  

Joatinga Channel  Eutrophic , urban area (Rio de Janeiro)→

(Soares, Farias, Hamacher, Araújo & Da Cunha, unpublished data) 



  

Low tide – Dec 2013 Flood tide – Dec 2013



  

Brazilian continental shelf

SOCAT v.2 data

Bakker et al (2013) 
d.o.i. 10.5194/essdd-6-465-2013

Da Cunha & Moser, in preparation



  

Long-term data for some N-
hemisphere
 coastal areas
 (from Duarte et al 2013 doi 10.1007/s12237-013-
9594-3)

Do you see any trends 
in these graphics???



  

Canal da Joatinga, Rio de Janeiro, Dec. 2013

Start long-term observations

Adopt a “typology” for coastal areas/ecosystems

Downscale marine biogeochemistry models to resolve these areas

Effective coastal ecosystem management for conservation and mitigation



  

Facts about climate change and anthropogenic COFacts about climate change and anthropogenic CO22
 emissions emissions

What exactly is “ocean acidification” from a chemical point of view?What exactly is “ocean acidification” from a chemical point of view?

Are there other forcings for changes in seawater pH?Are there other forcings for changes in seawater pH?

OA effects on open ocean areas OA effects on open ocean areas 
Things we knowThings we know
PredictionsPredictions

OA effects on coastal areasOA effects on coastal areas
Why are coastal areas so complex?Why are coastal areas so complex?
Is it possible to make predictions for the coastal area?Is it possible to make predictions for the coastal area?

What is currently going on in OA research Brazil?



Group formation



Brazil and the ocean acidification issue



Establish a national research network focused on all issues Establish a national research network focused on all issues 
regarding OA, including capacity buildingregarding OA, including capacity building

Objectives:

 short-term:
Identify and integrate BR research groups dealing with OA Identify and integrate BR research groups dealing with OA 
issues, and contribute to international ongoing issues, and contribute to international ongoing 
programmes. programmes. 

 medium-term:
Integrate analytical facilities for OA research in the Integrate analytical facilities for OA research in the 
country; adopt a national protocol for chemical analyses country; adopt a national protocol for chemical analyses 
and biological essays; certify results against reference and biological essays; certify results against reference 
materials and intercalibration exercisesmaterials and intercalibration exercises

 long-term:
Capacity building: critical mass of trained researchers and Capacity building: critical mass of trained researchers and 
technicians able to deal with OA issues  improve scientific →technicians able to deal with OA issues  improve scientific →

knowledge; identify and protect ecosystems at risk; knowledge; identify and protect ecosystems at risk; 
manage fisheries, aquaculture, tourism.manage fisheries, aquaculture, tourism.

Mission + objectives

Downloadable @:
http://joomla.furg.br/broa/images/doc/BROA.pdf



BrOA today

Today we are: 
8 institutions

33 Researchers
16 Students

BrOA is registered within BrOA is registered within 
CNPq research groupsCNPq research groups

Research themes: Research themes: 
  

1)1) Coastal ocean and estuarine biogeochemistry.Coastal ocean and estuarine biogeochemistry.
2)2) Effects of OA and ecosystem chemistry in marine organismsEffects of OA and ecosystem chemistry in marine organisms
3)3) Use of proxies to evaluate marine carbonate system changes, paleaoceanography.Use of proxies to evaluate marine carbonate system changes, paleaoceanography.
4)4) Ocean circulation and biogeochemistry modelling applied to OA issues.Ocean circulation and biogeochemistry modelling applied to OA issues.
5)5) Physical and biogeochemical processes controlling sea-air COPhysical and biogeochemical processes controlling sea-air CO22 fluxes. fluxes.



2013 activities

1st  BrOA report (Dec 2012)

GOA-ON Workshop (Jul)

BrOA webpage released (Sep)

Brazil-France Meeting (Nov)

6th EncoGrad meeting (Dec)

Rede Clima workshop (Dec)

Brazilian SOLAS representant Dr. 

Leticia da Cunha

Scientific projects approved



 

Experiment with Experiment with Siderastrea stellata Siderastrea stellata e e Porites Porites 

astreoides astreoides recruitsrecruits
Scenarios according to the increase of COScenarios according to the increase of CO

22 and   and  
sea surface temperature predicted on the IPCCsea surface temperature predicted on the IPCC

“Overview of the effects of increasing atmospheric CO2 

on the building organisms at Rocas Atoll- RN” 
Bárbara Pinheiro- Rebecca Albright- Manuel FloresBárbara Pinheiro- Rebecca Albright- Manuel Flores

barbara.pinheiro@gmail.combarbara.pinheiro@gmail.com

 

CO2 characterization:

biogeochemical cycle at Rocas Atoll 
 

 How ocean acidification and rising sea 

surface temperature will influence the 

development of coral recruits?

Sponsor:Acknowledgment:

 

Water sampling and analysis Water sampling and analysis 

at Rocas Atoll poolsat Rocas Atoll pools
Temperature, condutivity (salinity), pH,Temperature, condutivity (salinity), pH,

  dissolved oxigen, and total alcalinitydissolved oxigen, and total alcalinity



  

What do we need at present in Brazil?What do we need at present in Brazil?

Long-term coastal monitoring programmes (define key 
parameters, automated ANDAND integrated regional observatories)

 Capacity building (all levels, including technicians)

Accessible data, easily readable electronic format

“Feed” models, at both diagnostic and prognostic levels 

Identify the most sensitive coastal ecosystems (biodiversity, 
fisheries, aquaculture, tourism, management)

OA is a multidisciplinary issue!!



  




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Fate of Anthropogenic CO2 Emissions (2003-2012 average)
	Ocean Sink
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

