


Contributorsxi
Forewordxiii

Prefacexvii

PartI.Climate

Large-ScaleEddiesandtheGeneralCirculation

oftheTroposphere

IsaacM.HeldandBrianJ.Hoskins

1.Introduction3

2.TheHadleyCell4

3.RossbyWaveRadiation9

4.EddyFluxClosure17
5.StationaryEddiesandTheirInteractionwithTransients20

References29

OntheRoleofBarotropicEnergyConversions

intheGeneralCirculation

J.M.WallaceandN.-C.Lau

1.Introduction33

2.StructureoftheTransientEddies36

3.AVectorialRepresentationoftheBarotropicConversion37

4.ObservationalResults41
5.ResultsBasedonGCMSimulations55

6.NetTransientEddyForcingoftheMeanFlow64

7.FurtherInterpretation69

References72

BalanceConditionsintheEarth'sClimateSystem

AbrahamH.Oort

1.Introduction75
2.HistoryofObservationalStudiesattheGeophysical

FluidDynamicsLaboratory76
3.GlobalBalanceRequirementsforAngularMomentum,

Water,andEnergy80
4.Summary95

References97



ClimateSensitivity

RobertE.Dickinson

1.Introduction99

2.SensitivityAnalysesfromtheViewpointofGlobalEnergyBalance101

3.TheGlobalFeedbackParameter105

4.Ice-AlbedoFeedbacks109

5.ThermalInertia111

6.ClimateSensitivityandPaleoclimates113

7.Land-SurfaceProcessesandRegionalClimateSensitivity115

8.QuestionsofStatisticalSignificance120

9.ConcludingRemarks124

References125

CO2andHydrology

SyukuroManabeandRichardT.Wetherald

1.Introduction131

2.NumericalExperiments132

3.AnnualMeanResponse137

4.SeasonalResponse141

5.ConcludingRemarks154

References156

ModelingofPaleoclimates

JohnE.Kutzbach

1.Introduction159

2.SettingtheStage160

3.ObservationsofPaleoclimates168

4.ModelingofPaleoclimates171

5.SummaryandProspectsfortheFuture190

References192

TheSouthernOscillationandElNino

S.GeorgePhilanderandEugeneM.Rasmusson

1.Introduction197

2.SeasonalVariability199

3.InterannualVariability202

4.The1982-1983Episode206

5.Teleconnections207



6.Air-SeaInteractions209

7.Discussion213

References213

PartII.TheMiddleAtmosphere

SomeAspectsofStratosphericDynamics

DennisL.Hartmann

1.Introduction219
2.TheConceptofaStratosphereDrivenfromBelow221

3.PlanetaryWavePropagationandWave-Mean-FlowInteraction229

4.InstabilityintheStratosphere236

5.Conclusion241

References242

Wave-Mean-FlowInteractionintheMiddleAtmosphere

DavidG.Andrews

1.Introduction249
2.TheoreticalBackground250

3.SuddenWarmingsinthePolarStratosphere255

4.TheQuasi-BiennialOscillationoftheEquatorial

LowerStratosphere259

5.OtherWave-Mean-FlowInteractionPhenomena265
6.ConclusionsandFutureOutlook270

References272

Radiative-DynamicalInteractionsintheMiddleAtmosphere

StephenB.Fels

1.Introduction277

2.RadiativeImbalancesintheWinterMiddleAtmosphere279
3.RadiativeDampingofWavesintheMiddleAtmosphere291

4.AFinalSpeculation296

References298

MechanisticInterpretationofStratosphericTracerTransport

J.D.Mahlman

1.Introduction301

2.ModelDescriptionandDesignofExperiments304

3.TheTHETATracerExperiment305



4.ThePHITracerExperiment313

5.Summary319

References320

PartIII.PlanetaryAtmospheres

TheGeneralCirculationofMars:ModelsandObservations

ConwayB.Leovy

1.WhyModelMars?327

2.EarlyModels:AFlatMars329

3.MarswithTopography331

4.MarinerandVikingObservations:TheRoleofDust336

5.LessonsfromMars342

References344

AtmosphericCirculationofVenus

WilliamB.Rossow

1.Introduction347

2.DevelopmentoftheProblem348

3.LimitationsofFactandTheory355

4.NewFormulationofVenusQuestions369

5.Summary373

References375

JovianandComparativeAtmosphericModeling

GarethP.Williams

1.Introduction381

2.ObservationsforDynamicalModeling392

3.NumericalModeling:PlanetaryTurbulence,Coherence,Circulations..406

4.PlanetaryProspects421

5.Conclusion422

References423

PartIV.OceanDynamics

ModelingOceanCirculation

KirkBryanandJorgeL.Sarmiento

1.Introduction433

2.TheModel435



3.ZonallyAveragedTransportofMass,Heat,and
PotentialVorticity439
4.PycnoclineStructure446
5.TransientResponse450
6.TritiumSimulations454
7.Summary457
References459

TropicalOceanography

S.GeorgePhilander

1.Introduction461
2.JetsandWaves463
3.TheEquatorialUndercurrent470
4.TheSomaliCurrent472
5.Discussion475
References475

SimulationofMesoscaleOceanVariability
inMid-LatitudeGyres

WilliamR.Holland

1.Introduction479
2.TheObservations481
3.Eddy-ResolvedOceanModels490
4.SpeculationsandConclusions518
References522

ModelingCirculationandMixinginEstuaries
andCoastalOceans

AlanF.BlumbergandLi-YauwOey

1.Introduction525
2.SomeProblems527
3.ModelsandModelResultsandInterpretations528
4.FutureDirectionsandConcludingRemarks544
References545

ModelingSea-IceDynamics

W.D.Hibler,III

1.Introduction549
2.TheoryofSea-IceDynamics550



3.TheRoleofSea-IceDynamicsintheAtmosphere-OceanSystem567

4.ConcludingRemarks575

References578

Index581







LARGE-SCALEEDDIES

ANDTHEGENERALCIRCULATION

OFTHETROPOSPHERE

IsaacM.Held

GeophysicalFluidDynamicsLaboratory/NOAA
PrincetonUniversityPrinceton,NewJersey

AND

BrianJ.Hoskins

DepartmentofMeteorology
UniversityofReading
Reading,England

1.Introduction32.TheHadleyCell4

3.RossbyWaveRadiation9
4.EddyFluxClosure17

5.StationaryEddiesandTheirInteractionwithTransients20
5.1.ExtratropicalStationaryEddies20
5.2.TropicalStationaryEddies23
5.3.ZonallyAsymmetricTransients26
References29





ONTHEROLEOFBAROTROPIC

ENERGYCONVERSIONS

INTHEGENERALCIRCULATION

J.M.Wallace

DepartmentofAtmosphericSciences
UniversityofWashington
Seattle,Washington

AND

N.-C.Lau

GeophysicalFluidDynamicsLaboratory/NOAA
PrincetonUniversityPrinceton,NewJersey

1.Introduction33
2.StructureoftheTransientEddies36

3.AVectorialRepresentationoftheBarotropicConversion37
4.ObservationalResults41

4.1.NMCAnalyses;NorthernHemisphereWinter41
4.2.StationData50
4.3.AnalysesfromtheGlobalWeatherExperiment52

5.ResultsBasedonGCMSimulations55
6.NetTransientEddyForcingoftheMeanFlow64
7.FurtherInterpretation69
References72





BALANCECONDITIONS

INTHEEARTH'SCLIMATESYSTEM

AbrahamH.Oort

GeophysicalFluidDynamicsLaboratory/NOAA
PrincetonUniversity
Princeton,NewJersey

1.Introduction75
2.HistoryofObservationalStudiesattheGeophysicalFluidDynamicsLaboratory.76

2.1.HistoryofGFDLStudiesDiagnosingtheAtmosphere76
2.2.HistoryofGFDLStudiesDiagnosingtheOceansandtheSolidEarth....79
3.GlobalBalanceRequirementsforAngularMomentum,Water,andEnergy...80
3.1.AngularMomentumCycle80
3.2.WaterCycle89
3.3.EnergyCycle93
4.Summary95
References97





MODELINGOFPALEOCLIMATES

JohnE.Kutzbach

IES,CenterforClimaticResearch
UniversityofWisconsin―Madison
Madison,Wisconsin

1.Introduction159
2.SettingtheStage160

2.1.EighteenthandNineteenthCenturies160
2.2.EarlyTwentiethCentury164

2.3.DevelopmentofGeneralCirculationModels165
3.ObservationsofPaleoclimates168
3.1.Precambrian168
3.2.Paleozoic168
3.3.Mesozoic169
3.4.Tertiary169
3.5.Quaternary170

4.ModelingofPaleoclimates171
4.1.Statistical-DynamicalModels172
4.2.GeneralCirculationModels180
5.SummaryandProspectsfortheFuture190
References192





THESOUTHERNOSCILLATION

ANDELNINO

S.GeorgePhilander

GeophysicalFluidDynamicsLaboratory'/N0AA

PrincetonUniversityPrinceton,NewJersey

AND

EugeneM.Rasmusson

ClimateAnalysisCenter

NationalMeteorologicalCenter
NationalWeatherService/NOAA
Washington,DC.

1.Introduction197
2.SeasonalVariability199
3.InterannualVariability202
4.The1982-1983Episode206
5.Teleconnections207
6.Air-SeaInteractions209
6.1.ResponseoftheOcean210
6.2.TheAtmosphericResponse211
6.3.Air-SeaInteractions211
7.Discussion213
References213





SOMEASPECTS

OFSTRATOSPHERICDYNAMICS

DennisL.Hartmann

DepartmentofAtmosphericSciences
UniversityofWashington
Seattle,Washington

1.Introduction219
2.TheConceptofaStratosphereDrivenfromBelow221

2.1.StratosphericBehaviorContrastedwiththeTroposphere221
2.2.DiagnosticStudiesoftheLowerStratosphere223
2.3.ClimatologyoftheNorthernandSouthernHemispheres224

3.PlanetaryWavePropagationandWave-Mean-FlowInteraction229
3.1.ForcedExtratropicalWaves229
3.2.TropicalWaves233
4.InstabilityintheStratosphere236
4.1.InstabilitywithintheStratosphere236

4.2.Upward-PropagatingBaroclinicInstability239
5.Conclusion241
References242





WAVE-MEAN-FLOWINTERACTION

INTHEMIDDLEATMOSPHERE

DavidG.Andrews

DepartmentofAtmosphericPhysics
ClarendonLaboratory,OxfordUniversity
Oxford,UnitedKingdom

1.Introduction249
2.TheoreticalBackground250
3.SuddenWarmingsinthePolarStratosphere255
4.TheQuasi-BiennialOscillationoftheEquatorialLowerStratosphere259
5.OtherWave-Mean-FlowInteractionPhenomena265
5.1.BreakingGravityWaves265
5.2.TheEquatorialSemiannualOscillation267
5.3.Wave-Mean-FlowInteractioninSomeGeneralCirculationModelsofthe
MiddleAtmosphere267

6.ConclusionsandFutureOutlook270
References272





ATMOSPHERICCIRCULATION

OFVENUS

WilliamB.Rossow

NASAGoddardSpaceFlightCenter
InstituteforSpaceStudies
NewYork,NewYork

1.Introduction347

2.DevelopmentoftheProblem348
2.1.PuzzleoftheHotSurface350

2.2.PuzzleoftheFastWindsatCloudLevels351
3.LimitationsofFactandTheory355
3.1.LimitationsofFact3553.2.LimitationsofTheory358

4.NewFormulationofVenusQuestions369
4.1.DeepAtmosphere369

4.2.Cloud-LevelAtmosphere371
4.3.UpperAtmosphere372
5.Summary373

5.1.NewQuestionsandWorkNeeded373
5.2.Conclusions374
References375





JOVIANANDCOMPARATIVE

ATMOSPHERICMODELING

GarethP.Williams

GeophysicalFluidDynamicsLaboratory/NOAA
PrincetonUniversity
Princeton,NewJersey

Princeton,NewJersey

1.Introduction381
1.1.DevelopmentoftheTerrestrialConnection383
1.2.PlanetaryComparisons387
1.3.ModelingProblemsandStrategy390
2.ObservationsforDynamicalModeling392
2.1.Stratification392
2.2.BaroclinicityandBarotropy394
2.3.Cloud-LevelCirculation397
2.4.DataAnalysis401
2.5.NewWorlds:Titan404
3.NumericalModeling:PlanetaryTurbulence,Coherence,Circulations406
3.1.PlanetaryTurbulence406
3.2.PlanetaryCoherence411
3.3.ComparativeGlobalCirculations414
4.PlanetaryProspects421
4.1.Observations421
4.2.Modeling421
4.3.Theory422
5.Conclusion422
References423





MODELINGOCEANCIRCULATION

KirkBryan

GeophysicalFluidDynamicsLaboratory'/NOAA
PrincetonUniversity
Princeton,NewJersey

AND

JorgeL.Sarmiento

GeophysicalFluidDynamicsProgram
PrincetonUniversity
Princeton,NewJersey

1.Introduction433
2.TheModel435
3.ZonallyAveragedTransportsofMass,Heat,andPotentialVorticity439
3.1.MassTransportintheMeridionalVerticalPlane439
3.2.MassTransportintheMeridionalTemperaturePlane442
3.3.PotentialVorticityTransportDiagrams445
4.PycnoclineStructure446
5.TransientResponse450
6.TritiumSimulations454
7.Summary457
References459





SIMULATIONOFMESOSCALE

OCEANVARIABILITY

INMID-LATITUDEGYRES

WilliamR.Holland

NationalCenterforAtmosphericResearch
Boulder,Colorado

1.Introduction479
2.TheObservations481
3.Eddy-ResolvedOceanModels490
3.1.Two-LayerExperiments491
3.2.Three-LayerExperiments499
3.3.Eight-LayerExperiments513
4.SpeculationsandConclusions518
References522





MODELINGCIRCULATIONANDMIXING

INESTUARIESANDCOASTALOCEANS

AlanF.Blumberg*

DynalysisofPrinceton
Princeton,NewJersey

AND

Ll-YAUWOEYf

GeophysicalFluidDynamicsProgram
PrincetonUniversityPrinceton,NewJersey

1.Introduction525
2.SomeProblems527

3.ModelsandModelResultsandInterpretations528
3.1.Two-DimensionalVerticallyIntegratedModels529
3.2.Two-DimensionalModelswithVerticalStructure532
3.3.Three-DimensionalModels534
4.FutureDirectionsandConcludingRemarks544
References545





MODELINGSEA-ICEDYNAMICS

W.D.HlBLER,III

U.S.A.ColdRegions
ResearchandEngineeringLaboratories
Hanover,NewHampshire

1.Introduction549
2.TheoryofSea-IceDynamics550
2.1.MomentumBalance550
2.2.Sea-IceRheology:AHighlyNonlinearMedium552
2.3.IceThicknessDistributionandThickness-StrengthCoupling558
3.TheRoleofSea-IceDynamicsintheAtmosphere-OceanSystem567
3.1.EffectofSea-IceDynamicsonSimulatedSeasonalSea-IceCycles567
3.2.SomeResultsfromanIce-OceanModel573
4.ConcludingRemarks575
References578


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28
	page29
	page30
	page31
	page32
	page33
	page34

