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IntroductionIntroduction

Much work has been done on the open ocean Much work has been done on the open ocean 
COCO22 system, including longsystem, including long--term time series term time series 
studiesstudies

HOT and BATSHOT and BATS

Comparatively little work has been done on Comparatively little work has been done on 
coastal ocean COcoastal ocean CO22, especially time series work, especially time series work



ReferenceReference
Net CONet CO22 FluxFlux

(gCm(gCm--22yryr--11))Location/RegionLocation/Region
Bates et al. 2001Bates et al. 2001--14.414.4Hog Reef flat, BermudaHog Reef flat, Bermuda

GoyetGoyet et al. 1998et al. 1998--5.55.5Northern Arabian SeaNorthern Arabian Sea

KempeKempe and and PeglerPegler 19911991+16.2+16.2North SeaNorth Sea

TsunogaiTsunogai et al. 1999et al. 1999+35+35East China SeaEast China Sea
Thomas and Schneider 1999Thomas and Schneider 1999+10.8+10.8Baltic SeaBaltic Sea

Hales et al. 2003Hales et al. 2003+87.6+87.6Cape Cape PerpetuaPerpetua

GattusoGattuso et al. 1993et al. 1993--6.66.6MooreaMoorea, French Polynesia, French Polynesia

FrankignoulleFrankignoulle and Borges 2001and Borges 2001+21 +21 to +34.6to +34.6Gulf of BiscayGulf of Biscay
FrankignoulleFrankignoulle 19881988--2828Gulf of Gulf of CalviCalvi
DeGrandpreDeGrandpre et al. 2002et al. 2002+12+12Mid Atlantic BightMid Atlantic Bight

Borges and Borges and FrankignoulleFrankignoulle 20022002--13.2 13.2 to to --22.822.8ScheldtScheldt Estuarine PlumeEstuarine Plume
Borges and Borges and FrankignoulleFrankignoulle 20012001+7.9 +7.9 to +14to +14Galician CoastGalician Coast
BoehmeBoehme et al. 1998et al. 1998+5.2 +5.2 to +10.1to +10.1New JerseyNew Jersey

Wang et al. 2000Wang et al. 2000+14.4 +14.4 to +33.6to +33.6East China SeaEast China Sea

FrankignoulleFrankignoulle et al. 1998et al. 1998--438 438 to to --33303330European estuariesEuropean estuaries

CaiCai et al. 2003et al. 2003--3030South Atlantic BightSouth Atlantic Bight

from Andersson and Mackenzie 2004



Study SiteStudy Site

No time series studies have been performed in No time series studies have been performed in 
coastal zones of the tropical/subtropical Pacificcoastal zones of the tropical/subtropical Pacific

Kaneohe Bay, Oahu, HIKaneohe Bay, Oahu, HI
Windward (Eastern) side of OahuWindward (Eastern) side of Oahu

Largest bay in HawaiiLargest bay in Hawaii

Large barrier reefLarge barrier reef

Numerous patch reefsNumerous patch reefs

Multiple riverine inputsMultiple riverine inputs
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MethodsMethods

23 23 sample sitessample sites

Bimonthly sampling since September 2003Bimonthly sampling since September 2003

Total Alkalinity and Dissolved Inorganic Total Alkalinity and Dissolved Inorganic 
Carbon analysisCarbon analysis

HOT program equipment and methodsHOT program equipment and methods

PPCO2CO2 calculated using constants from calculated using constants from 
MehrbachMehrbach et al. (1973) refit by Dickson and et al. (1973) refit by Dickson and 
MilleroMillero (1987)(1987)



General TrendsGeneral Trends





Kaneohe Bay TrendsKaneohe Bay Trends

PPCO2CO2s above atmospheric for all sitess above atmospheric for all sites

Calcification Calcification 

Highest PHighest PCO2CO2s found in stream waterss found in stream waters

Remineralization of terrestrial organic matterRemineralization of terrestrial organic matter

Spatially small influence on baySpatially small influence on bay

Lowest PLowest PCO2CO2s found just outside barrier reefs found just outside barrier reef

How far until sink?How far until sink?

Bay sites within PBay sites within PCO2CO2 range of ~ 425 range of ~ 425 –– 575 575 µµatmatm
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Time SeriesTime Series
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Storm ResponseStorm Response

Storm induced increased river runoff flushes Storm induced increased river runoff flushes 
out soil/groundwaterout soil/groundwater

Extremely high PExtremely high PCO2CO2 water in riverwater in river
Complicating factorsComplicating factors
Nutrient loading of bay watersNutrient loading of bay waters

Photosynthesis stimulated by excess Photosynthesis stimulated by excess 
nutrients draws down COnutrients draws down CO22 to at or below to at or below 
atmospheric level throughout bayatmospheric level throughout bay

Response time days to a week Response time days to a week 
((RinguetRinguet and Mackenzie, in pressand Mackenzie, in press))





SummarySummary
Kaneohe Bay is a source of COKaneohe Bay is a source of CO22 to the atmosphereto the atmosphere

CalcificationCalcification

RemineralizationRemineralization

Storm derived nutrient loading stimulates Storm derived nutrient loading stimulates 
drawdown of COdrawdown of CO2 2 by photosynthesisby photosynthesis

Initial increase in PInitial increase in PCO2CO2 of stream watersof stream waters

Despite significant effects of storms,           Despite significant effects of storms,           
Kaneohe Bay remains a Kaneohe Bay remains a net sourcenet source

Estuaries are critical in determining whether coastal Estuaries are critical in determining whether coastal 
ocean is a net source or net sinkocean is a net source or net sink



Transect DataTransect Data

~ 2 m
i

364.2 uatm



ConclusionsConclusions
Kaneohe Bay is a net source of COKaneohe Bay is a net source of CO22 to the to the 
atmosphereatmosphere

Dominated by calcificationDominated by calcification

Drawdown following storm derived nutrient loadingDrawdown following storm derived nutrient loading

Source extends beyond bay Source extends beyond bay ‘‘boundaryboundary’’

Estuaries are a critical part of determining role of Estuaries are a critical part of determining role of 
coastal ocean in global inorganic carbon cyclecoastal ocean in global inorganic carbon cycle

Not yet possibleNot yet possible

Characterization of subtropical estuaries is an Characterization of subtropical estuaries is an 
important componentimportant component
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