
ImpactsImpacts ofof thethe tidestides andand
atmosphericatmospheric forcingforcing variabilityvariability onon
dissolveddissolved oxygenoxygen andand salinitysalinity inin
thethe subarcticsubarctic NorthNorth PacificPacific

Andreev A.G., V.I. Baturina



Abstracts
The impacts of the variation in the wind forcing and 18.6-
year tide (K1) cycle on the concentration of the dissolved
oxygen (DO) in the intermediate waters of the western
and eastern parts of the subarctic North Pacific were
analyzed. Our results demonstrate that the interannual
changes of DO on isopycnal in the intermediate waters
and the surface salinity in the western subarctic Pacific
can be described very accurately by a linear combination
of the intensity of the Aleutian Low pressure system (NPI 
index) and zonal momentum flux (45-52°N, 165°E-
170°W) in winter, and an annually averaged cubic of tidal
amplitude for the central Aleutian and northern Kuril
regions. The residual signal shows a good correlation with
the temporal variations of DO in the Alaskan Gyre.



Schematic representation of the current and frontal
system in the northern North Pacific (adapted from Favorite
et al. [1976] and Ohtani [2001]).



TemporalTemporal variationsvariations inin DO (DO (µmolµmol//kgkg) ) inin thethe westernwestern ( 48( 48--60°N, 16060°N, 160––170°E) 170°E) 
subarcticsubarctic PacificPacific andand OkhotskOkhotsk SeaSea atat σθσθ = 27.0. DO = 27.0. DO datadata werewere groupedgrouped byby
yearyear andand thenthen forfor eacheach groupgroup anan averageaverage andand itsits 95%95% confidenceconfidence intervalsintervals
((errorerror barsbars) ) werewere computedcomputed. . TheThe blueblue lineline [AB1][AB1]showsshows thethe temporaltemporal
variationvariation inin thethe NorthNorth PacificPacific indexindex, , smoothedsmoothed withwith a 5a 5--year year runningrunning meanmean..
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KurilKuril Basin of the Okhotsk Sea Basin of the Okhotsk Sea 
((AndreevAndreev and and BaturinaBaturina, 2005), 2005)

A. Temporal variations of surface (40 –60 m) salinity in the southern Okhotsk
Sea, and the NP index in winter (December – March). Red solid line is the NP temporal
variations, smoothed with a three – year running mean.
B. Temporal variations of the Amur River discharge, May- October Precipitation Rate

(45-55 °N, 120- 135 °E), and the NP index in summer (May- October). Green solid line
is the NP temporal variations, smoothed with a three – year running mean.



KurilKuril Basin of the Okhotsk Sea Basin of the Okhotsk Sea 
((AndreevAndreev and and BaturinaBaturina, 2005), 2005)

Temporal variations of the depth of isopycnal of 26.8σθ and
27.0σθ (a) and temperature (b) at 26.8σθ and 27.0σθ in the
southern and central parts of the Okhotsk Sea.



KurilKuril Basin of the Okhotsk Sea Basin of the Okhotsk Sea 
((AndreevAndreev and and BaturinaBaturina, 2005), 2005)

Temporal variations of the dissolved oxygen at 26.8σθ and
27.0σθ in the southern and central parts of the Okhotsk Sea
(a), and the NPI in winter (b).



Dissolved oxygen (A) and dissolved inorganic carbon (B) 
versus temperature at σθ= 26.8 and σθ= 27.0.



CompositeComposite mapsmaps ofof temperaturetemperature andand dissolveddissolved oxygenoxygen ((umolumol//kgkg) ) 
distributiondistribution atat 26.8 26.8 sigmasigma-- thetatheta isopycnalisopycnal surfacesurface, , andand thethe depthdepth
ofof 26.8 26.8 sigmasigma-- thetatheta inin thethe northernnorthern NorthNorth PacificPacific inin 19601960-- 1990.1990.



VerticalVertical profilesprofiles ofof thethe potentialpotential densitydensity (A) (A) andand salinitysalinity (B), (B), andand dissolveddissolved oxygenoxygen
versusversus potentialpotential densitydensity inin thethe AlaskaAlaska GyreGyre (WOCE (WOCE datadata, P16N , P16N andand P17N) P17N) andand WesternWestern
SubarcticSubarctic GyreGyre (WOCE (WOCE datadata, P13N)., P13N).











TemporalTemporal variationvariation ofof thethe annuallyannually averagedaveraged differencedifference (GT) (GT) betweenbetween thethe MeanMean
HigherHigher-- HighHigh WaterWater andand thethe LowerLower-- LowLow WaterWater inin thethe AdakAdak andand ParamusirParamusir IslandsIslands (A)(A)
andand thethe distributionsdistributions ofof thethe surfacesurface ( 50m) ( 50m) salinitysalinity andand dissolveddissolved oxygenoxygen atat σθσθ=26.8 =26.8 atat
thethe transectionstransections acrossacross thethe AleutianAleutian (B) (B) andand KurilKuril StraitsStraits (C, D).(C, D).

















A) A) TemporalTemporal variationsvariations ofof dissolveddissolved oxygenoxygen atat σθσθ = 26.8 = 26.8 inin thethe AlaskaAlaska CurrentCurrent regionregion
andand atat StnStn.”PAPA”, .”PAPA”, andand residualresidual DO (DO (thethe differencedifference betweenbetween thethe measuredmeasured andand
calculatedcalculated byby EqEq. (1) . (1) thethe concentrationconcentration ofof dissolveddissolved oxygenoxygen) ) inin thethe OyashioOyashio CurrentCurrent
regionregion; B) ; B) DissolvedDissolved oxygenoxygen versusversus temperaturetemperature atat σθσθ = 26.8 = 26.8 inin thethe AlaskaAlaska GyreGyre regionregion. . 
MixingMixing occursoccurs alongalong solidsolid lineline; C) ; C) TemporalTemporal variationsvariations ofof thethe residualresidual DO DO atat σθσθ = 26.8 = 26.8 atat
StnStn.”PAPA” (.”PAPA” (thethe differencedifference betweenbetween thethe measuredmeasured andand calculatedcalculated byby EqEq. (3) . (3) thethe
concentrationconcentration ofof dissolveddissolved oxygenoxygen), ), andand NP NP indexindex withwith 3 3 yearyear timetime laglag. . ThickThick solidsolid lineline isis
thethe NP, NP, smoothedsmoothed withwith threethree ––yearyear runningrunning meanmean..



DistributionsDistributions ofof thethe temperaturetemperature andand dissolveddissolved oxygenoxygen atat σθσθ = 26.8 = 26.8 onon
sectionssections inin thethe NorthNorth PacificPacific. WOCE . WOCE datadata: P13 (165° E, 1992), P14 (180°, : P13 (165° E, 1992), P14 (180°, 
1995), 1995), andand P17NP17N (135° W, 2001).(135° W, 2001).







•• ConclusionsConclusions
•• OurOur resultsresults demonstratedemonstrate thatthat toto offeroffer a a 

reasonablereasonable descriptiondescription ofof thethe processesprocesses
thatthat makemake upup thethe interannualinterannual variationsvariations
inin thethe physicalphysical andand chemicalchemical parametersparameters
ofof thethe surfacesurface andand intermediateintermediate waterswaters ofof
thethe subarcticsubarctic NorthNorth PacificPacific, a , a modelmodel withwith
thethe subtidalsubtidal//tidaltidal dynamicdynamic andand thethe
atmosphericatmospheric forcingforcing byby observedobserved
climatologyclimatology shouldshould bebe appliedapplied. . InIn
additionaddition, , thethe modelmodel shouldshould accountaccount thethe
changeschanges inin thethe densitydensity ofof thethe outcroppingoutcropping
ofof isopycnalisopycnal surfacessurfaces causedcaused byby thethe
changeschanges inin thethe salinitysalinity stratificationstratification ofof thethe
subarcticsubarctic NorthNorth PacificPacific..

•• httphttp://://www.pmel.noaa.govwww.pmel.noaa.gov/co2/NP/JGR//co2/NP/JGR/
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