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Global estuaries are important sources of Global estuaries are important sources of 
atmospheric COatmospheric CO22
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Global distribution of estuarine COGlobal distribution of estuarine CO22
research and patternresearch and pattern

Updated based on 
data compiled by 

Borges et al. 2005
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Global estuaries show a spectrum of Global estuaries show a spectrum of 
freshwater influencefreshwater influence
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Gas transfer rate in estuariesGas transfer rate in estuaries
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AirAir--water COwater CO2 2 fluxesfluxes
( mmol m-2 d-1 )

Tide Mar 04 May 04 Jun 03 Sep 02 Dec 03 Annual average

Sapelo Sound HW 11.76 21.57 36.14 45.38 16.96 26.8
LW 27.18 48.00 84.26 92.31 29.37 56.1
Avg. 19.47 34.79 60.20 68.85 23.17 41.4

Doboy Sound HW 5.95 17.47 35.07 42.57 18.10 24.4
LW 19.76 43.54 104.58 106.51 29.67 61.0
Avg. 12.86 30.51 69.83 74.54 23.89 42.7

Altamaha Sound HW 52.87 24.05 127.58 75.69 27.17 61.0
LW 158.51 83.32 248.44 157.91 53.09 137.6
Avg. 105.69 53.69 188.01 116.80 40.13 99.3



AreaArea--averaged surface averaged surface 
water water ppCOCO22
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TemperatureTemperature--normalizednormalized surface water surface water ppCOCO2
in Marine dominated estuariesin Marine dominated estuaries
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DIC in marshDIC in marsh--surrounded estuariessurrounded estuaries
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Estuarine mixing: Estuarine mixing: 
riverineriverine vs. nonvs. non--riverineriverine
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COCO22 sources in marinesources in marine--dominated estuariesdominated estuaries

Inorganic respiratory products from the intertidal salt marshes play the largest role 
(Cai and Wang 1998; Cai et al. 1999; Wang and Cai 2004)

(modified from Jahnke et al. 2003)

tidal oscillationtidal oscillation

AdvectiveAdvective transport of pore watertransport of pore water
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COCO22 contributed from river or marshcontributed from river or marsh
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COCO22 contributed from river and marshcontributed from river and marsh
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Flux contributed by the river input of DICFlux contributed by the river input of DIC

]CO[ΔkΔF w2⋅=

])CO[]CO[(kF 2a2w −⋅=

Air-water CO2 flux:

Differentiate both sides:

(1)

(2)

Since we already know CO2 concentration that is contributed 
by the river; the fluxes contributed by the river can then be calculated 
according to (2).
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The surface water pCO2 in the river-
dominated estuaries is much higher than 
that in the marine-dominated estuaries.

The CO2 loading from freshwater runoff
is believed to be responsible for the extra 
higher CO2 fluxes in the river-dominated 
estuaries. (explain why river has high CO2)

ConclusionsConclusions
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Mississippi River (MR) plumeMississippi River (MR) plume
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Mississippi River discharge at Mississippi River discharge at TarbertTarbert
LandingLanding
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ppCOCO22 in the in the ChangjiangChangjiang plume, East China Sea  plume, East China Sea  
((TsunogaiTsunogai et al. 1999)et al. 1999)
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Amazon plumeAmazon plume

Cooley et al. GBC : 21, GB3014, doi:10.1029/2006GB002831, 2007



Mixing in the Amazon Mixing in the Amazon 
River plumeRiver plume

Amazon River water has low TA & low buffer 
capacity; in contrast, MR water has high TA and high 
buffer capacity.
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Estuaries on which the global estuarine COEstuaries on which the global estuarine CO22 fluxes fluxes 
were based are mainly riverwere based are mainly river--dominated estuariesdominated estuaries

(Table from Borges et al. 2005)
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The air-water CO2 flux of the global estuaries 
(0.4 Pg C/yr) is quite uncertainty.



Region No. Sound Flow ratios 
(average annual)

Type
Fluvial Drainage 

(mi2)
Estuarine 

Drainage (mi2)
Flow rates 

(ft3/s)
Total Area of the non-

riverine (mi2)

Total Area 
of riverine 

(mi2)
Northeast 1.01 Passamaquoddy Bay 0.004 N NA 3200 6.2 157

1.02 Englishman Bay 0.003 N NA 883 1.6 76
1.03 Narraguagus Bay 0.002 N NA 416 0.9 70
1.04 Blue Hill Bay 0.002 N NA 825 1.3 115
1.05 Penobscot Bay 0.007 Y 6250 3160 16.1 361
1.06 Muscongus Bay 0.002 N NA 346 0.6 72
1.07 Sheepscot Bay 0.036 Y 3920 6150 17.6 103
1.08 Casco Bay 0.002 N NA 1159 2.1 164
1.09 Saco Bay 0.039 N NA 1771 3.6 17
1.10 Great Bay 0.039 N NA 950 2.0 15
1.11 Merrimack River 0.319 Y 2680 2300 8.4 6
1.12 Boston Bay 0.005 N NA 670 1.8 69
1.13 Cape Cod Bay 0.006 N NA 771 1.8 548
1.14 Buzzards Bay 0.002 N NA 576 1.2 228
1.15 Narragansett Bay 0.008 Y 451 1330 3.2 165
1.16 Gardiners Bay 0.003 N NA 400 0.7 197
1.18 Great South Bay 0.011 N NA 845 0.7 151
1.19 Hudson River/Raritan Bay 0.046 Y 8037 8467 26.7 298
1.20 Barnegat Bay 0.033 N NA 1350 2.3 102
1.21 Delaware Bay 0.009 Y 8700 4750 19.8 768
1.22 Chincoteague Bay 0.012 N NA 300 0.4 137

Southeast 2.01 Albemarle Sound 0.216 Y 12434 5804 24.8 922
2.03 Bogue Sound 0.012 N NA 680 1.3 102
2.04 New River 0.058 N NA 470 0.8 32
2.05 Cape Fear River 0.128 Y 4750 4340 10.1 38
2.06 Winyah Bay 0.301 Y 8578 9511 20.4 30
2.07 Charleston Harbor 0.150 Y 14582 1202 16.1 37
2.08 North and South Santee Rivers 0.138 Y 14582 718 2.7 9
2.09 St. Helena Sound 0.015 Y 3242 1537 4.6 85
2.10 Broad River 0.002 N NA 1000 0.9 100
2.11 Savannah River 0.092 Y 9484 916 12.8 33
2.12 Ossabaw Sound 0.022 Y 3240 1490 3.0 33
2.13 St. Catherines/Sapelo Sound 0.003 N NA 965 0.8 75
2.14 Altamaha River 0.283 Y 12690 1510 14.9 15
2.15 St. Andrew/St. Simons Sound 0.008 Y 773 3260 2.5 72
2.16 St. Johns River 0.185 Y 2860 6500 7.8 258
2.17 Indian River 0.027 N NA 1246 1.4 280
2.18 Biscayne Bay 0.013 N NA 1850 3.2 269

2976 3233

MarineMarine--dominated estuaries cover a large dominated estuaries cover a large 
portion of the global estuariesportion of the global estuaries



Conclusion on the current flux estimatesConclusion on the current flux estimates

The air-water CO2 flux of the global estuaries (0.4 Pg C/yr) is 
quite uncertainty and is likely overestimated.

Marshes and mangroves are highly productive ecosystems that 
are not yet in the picture.

Productivity: 1275 gC/m2/yr (Woodwell 1973)
Area:383,700 km2

Total production or CO2 fixation: 0.49 Pg C/yr (or 41 Tmol/yr).

Net sea- (or ground-) air CO2 flux in estuarine and nearshore
systems cannot be constrained with any satisfaction at this 
stage, but is probably a small CO2 sink.



metabolism in estuariesmetabolism in estuaries

PP (total) = PP (total) = 3535 TmolTmol/yr/yr (Smith & Hollibaugh 1993)(Smith & Hollibaugh 1993)

RespResp (pelagic) ~ 86 mmol/m(pelagic) ~ 86 mmol/m22/d /d (Hopkinson (Hopkinson 
2002?)2002?)

RespResp (benthic) = 34 mmol/m(benthic) = 34 mmol/m22/d /d (Hopkinson (Hopkinson 
2002?)2002?)

RespResp (total) ~(total) ~120120 mmol/mmmol/m22/d = /d = 6060 TmolTmol/yr /yr 
(Hopkinson 2002?)(Hopkinson 2002?)

Estuarine is heterotrophic, burning more Estuarine is heterotrophic, burning more 
OC than it produced.OC than it produced.



C budget & metabolism in estuariesC budget & metabolism in estuaries

PP = 35
Resp = 60

(in 10(in 101212 mol/yr or mol/yr or TmolTmol/yr)/yr)
Terrestrial OC = 35

Salt marsh/ mangrove

CO2 fixation 
=

PP=41 
Resp= 9

Burial = 2

OC export = 30

30 (27 to 36)

Estuarine zone

OC export 
=39

exDIC export
= 60-90

degassing
Degassing (27)

coastal
Burial = 9.5 Open ocean

Burial = 2.5



Latitudinal distribution of HCOLatitudinal distribution of HCO33 in global riversin global rivers
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