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Trends in the observed partial pressure of CO2 for 
ocean minus air, for 1981-2007

Le Quéré et al. 2009
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Change in surface ocean pCO2 and pH 1983–2005

Based on Gonzalez-Dávila et al. 2003; Dore et al. 2003; Bates et al. 2002; Gruber et al. 2002; IPCC 2007
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A marginal sea of the Pacific
3 basins deeper than 2000 m
Max sill depth: ~150 m

Semi-isolated basin

The East/Japan Sea
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The East/Japan Sea: A Miniature Ocean
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• Deep convection
• Thermohaline circulation
• Double-Gyre circulation
• Sub-polar front
• Mesoscale eddies
• Upwelling
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Role of the East/Japan Sea
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 Oceans are now in a state of change.

 Shift in conveyor belt system in the East Sea shows a 
resemblance to what is supposed to happen in the global ocean 
conveyor belt associated with global warming.

 Behavior of the East/Japan Sea is needed to look at from a 
global point of view.
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Decadal change of CO2 in the Ulleung Basin, East/Japan Sea

Underway fCO2
measurement

Verify the 
short/long term 

change

Spatiotemporal 
distribution 

fCO2 Ocean 
Acidification
estimation

Purpose of this Study
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Underway measurement of CO2 in the Ulleung 
Basin, East/Japan Sea

Lat. 36 - 38 ° N
Long. 130 – 133 ° E

Time Research Vessel

6-7 Aug. 1995 R/V Professor Khromov

23-24 Feb. 1996 R/V Parvel Gordienko

31Jul.-10 Aug. 1996 R/V Professor Khromov

19 Mar.–7 Apr. 1997 R/V Parvel Gordienko

25 Jun. - 1 Jul. 1999 R/V Roger Revelle

12-19 Apr. 2002 R/V Professor Gargarinsky

9-14 Jun. 2003 R/V Tamgu-5

12-22 Dec. 2003 R/V Tamgu-5

6-19 May 2004 R/V Akademik Labrantiev

10 -11 Jun. 2004 R/V Tamgu-1

14-15 Sep. 2004 R/V Tamgu-1

5-29 Oct. 2004 R/V Tamgu-5
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Observed fCO2sw
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Decadal trend in fCO2sw & fCO2air

3.36 μatm yr-1
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R2=0.82

Corrected fCO2 monthly variation for 
the reference year of 1995

fCO2
1995 = fCO2

in-situ – 3.36 × (Year- 1995)

Harmonic  function analysis  : 

fCO2
1995(t)=c0+c1sin(2πt)+c2cos(2πt)

+c3sin(πt)+c4cos(2πt)

(Nojiri et al, 1999, Zeng et al, 2002)  

fCO2 
*= fCO2

1995(t)+3.36× (Year- 1995) 
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Monthly variations in fCO2
in-situ & fCO2

*
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fCO2 nontherm = fCO2 obs × e0.0423 (Tmean-Tobs)

fCO2 therm = fCO2 mean × e0.0423 (Tobs-Tmean)

Takahashi et al., 2002
Ulleung Basin

fCO2, nontherm
:Temperature-independent fCO2 @18.2
(biological effect + vertical mixing)

fCO2, therm
:Temperature-dependent fCO2

month

SST

fCO2

Mean: 18.4 °C

Mean: 348.2 matm

month

236atm

193 atm

Thermal and non-thermal forcing on surface fCO2
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Comparison with other sites

Thermal
Effect
[atm]

Non-
Thermal

Effect
[atm]

T/N-T location

236 193 1.2 36-38 ° N
30-133 ° E

BATs 150 55 2.7 32° 50’ N
64 ° 10’w

Ross Sea 5 260 0.02 76 ° 30’S
169E-177 ° W

Station “P” 100 115 0.9 50 °N 
145 °W

Ulleung Basin
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Gosan

Ulleung Basin
3.2 atm

(Dore et al., 2003, Keeling et al., 2004)

1.8 ppm

Long-Term Variability of fCO2

1.9 ppm

3.36 atm
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Global Mean  
1.5 atm yr-1
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Long-Term Variability of pH

Calculated with CO2SYS
Assume that TA is constant (2266±17 μeq kg-1)

Good agreement with Measured values (r2 = 0.8)
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CO2 and pH time series in the UB vs. Global

Global 1.5 atm yr-1

UB 3.3 atm yr-1

Global -0.02 decade-1

UB -0.04 decade-1
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Surface CO2 concentration in the East 
Sea (Ulleung Basin) has been increasing 
(~3.4 μatm yr-1).

 Surface water of Ulleung Basin is 
acidifying rapidly. 

Ulleung Basin 0.04 pH unit/decade

Global ocean 0.02 pH unit/decad

Summary
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Thank you!


