
Contents

1 Numerical Resolution and Modeling of the Global Atmospheric
Circulation: A Review of Our Current Understanding
and Outstanding Issues . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Kevin Hamilton
1.1 Introduction – Global Atmospheric Simulations . . . . . . . . . . . 7
1.2 Effect of Horizontal Resolution on Simulations

of Tropospheric Circulation . . . . . . . . . . . . . . . . . . . . . . 9
1.3 Effects of Vertical Resolution on Simulations

of Tropospheric Circulation . . . . . . . . . . . . . . . . . . . . . . 12
1.4 Explicit Simulation of Mesoscale Phenomena . . . . . . . . . . . . 13
1.5 Changing Subgrid-Scale Parameterizations

with Model Resolution . . . . . . . . . . . . . . . . . . . . . . . . 16
1.6 Middle Atmosphere . . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.7 Coupled Global Ocean–Atmosphere Model Simulations

and Climate Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . 20
1.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2 The Rationale for Why Climate Models Should Adequately
Resolve the Mesoscale . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Isidoro Orlanski
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.2 The Role of the High Frequency Wave Activity

in Climate Variability . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.3 The Performance of the Eddy Activity in Three Climate Models . . . 34
2.4 The Cyclone-Frontal System . . . . . . . . . . . . . . . . . . . . . 39
2.5 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . 42

3 Project TERRA: A Glimpse into the Future of Weather
and Climate Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Isidoro Orlanski and Christopher Kerr
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
3.2 High Resolution Results . . . . . . . . . . . . . . . . . . . . . . . . 46
3.3 The Versatility Offered by Nonhydrostatic GCM’s . . . . . . . . . . 46
3.4 Computational Requirements . . . . . . . . . . . . . . . . . . . . . 47
3.5 Summary and Conclusion . . . . . . . . . . . . . . . . . . . . . . . 49

v



vi Contents

4 An Updated Description of the Conformal-Cubic Atmospheric Model 51
John L. McGregor and Martin R. Dix
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
4.2 Dynamical Formulation of CCAM . . . . . . . . . . . . . . . . . . 52

4.2.1 Primitive Equations . . . . . . . . . . . . . . . . . . . . . . 52
4.2.2 Semi-Lagrangian Discretization . . . . . . . . . . . . . . . . 54

4.3 Physical Parameterizations . . . . . . . . . . . . . . . . . . . . . . 60
4.4 Parallel Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.4.1 Grid Decomposition . . . . . . . . . . . . . . . . . . . . . . 61
4.4.2 Treatment of the Semi-Lagrangian Interpolations . . . . . . . 63
4.4.3 Helmholtz Solver . . . . . . . . . . . . . . . . . . . . . . . . 64
4.4.4 Performance . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.5 Examples of CCAM Simulations . . . . . . . . . . . . . . . . . . . 65
4.5.1 Held-Suarez Test . . . . . . . . . . . . . . . . . . . . . . . . 65
4.5.2 Aquaplanet Simulation . . . . . . . . . . . . . . . . . . . . . 65
4.5.3 AMIP Simulation . . . . . . . . . . . . . . . . . . . . . . . 65
4.5.4 Simulation of Antarctic Snow Accumulation . . . . . . . . . 72

4.6 Concluding Comments . . . . . . . . . . . . . . . . . . . . . . . . 72

5 Description of AFES 2: Improvements for High-Resolution
and Coupled Simulations . . . . . . . . . . . . . . . . . . . . . . . . . 77
Takeshi Enomoto, Akira Kuwano-Yoshida, Nobumasa Komori,
and Wataru Ohfuchi
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.2 Dynamical Processes . . . . . . . . . . . . . . . . . . . . . . . . . 79

5.2.1 Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.2.2 Modifications to the Legendre Transform . . . . . . . . . . . 81

5.3 Physical Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.3.1 Radiation Scheme mstrnX . . . . . . . . . . . . . . . . . . . 85
5.3.2 Dry Convective Adjustment . . . . . . . . . . . . . . . . . . 86
5.3.3 Emanuel Convective Parametrization . . . . . . . . . . . . . 87
5.3.4 Other Modifications . . . . . . . . . . . . . . . . . . . . . . 94

5.4 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . 95

6 Precipitation Statistics Comparison Between Global Cloud
Resolving Simulation with NICAM and TRMM PR Data . . . . . . . 99
M. Satoh, T. Nasuno, H. Miura, H. Tomita, S. Iga, and Y. Takayabu
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
6.2 Model and the Experimental Setup . . . . . . . . . . . . . . . . . . 101
6.3 Precipitation Distribution . . . . . . . . . . . . . . . . . . . . . . . 102
6.4 Precipitation Frequency . . . . . . . . . . . . . . . . . . . . . . . . 103
6.5 Spectral Representations of Rain-Top Height . . . . . . . . . . . . . 105
6.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109



Contents vii

7 Global Warming Projection by an Atmospheric General
Circulation Model with a 20-km Grid . . . . . . . . . . . . . . . . . . 113
Akira Noda, Shoji Kusunoki, Jun Yoshimura, Hiromasa Yoshimura,
Kazuyoshi Oouchi, and Ryo Mizuta
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
7.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

7.2.1 Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
7.2.2 Experimental Design . . . . . . . . . . . . . . . . . . . . . . 116

7.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
7.3.1 Change in Tropical Cyclones . . . . . . . . . . . . . . . . . 116
7.3.2 Change in Baiu Rain Band . . . . . . . . . . . . . . . . . . . 120

7.4 Discussion and Concluding Remarks . . . . . . . . . . . . . . . . . 125

8 Simulations of Forecast and Climate Modes
Using Non-Hydrostatic Regional Models . . . . . . . . . . . . . . . . . 129
Masanori Yoshizaki, Chiashi Muroi, Hisaki Eito, Sachie Kanada,
Yasutaka Wakazuki and Akihiro Hashimoto
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

8.1.1 Forecast Mode: JPCZ and the Formation Mechanism
of T-Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

8.1.2 Climate Mode: Changes in the Baiu Frontal Activity
in the Future Warming Climate from the Present Climate . . . 134

8.2 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

9 High-Resolution Simulations of High-Impact Weather Systems
Using the Cloud-Resolving Model on the Earth Simulator . . . . . . . 141
Kazuhisa Tsuboki
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
9.2 Description of CReSS . . . . . . . . . . . . . . . . . . . . . . . . . 142
9.3 Optimization for the Earth Simulator . . . . . . . . . . . . . . . . . 144
9.4 Localized Heavy Rainfall . . . . . . . . . . . . . . . . . . . . . . . 145
9.5 Typhoons and the Associated Heavy Rainfall . . . . . . . . . . . . . 146
9.6 Snowstorms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

9.6.1 Idealized Experiment of Snow Cloud Bands . . . . . . . . . . 150
9.6.2 Snowstorms Over the Sea of Japan . . . . . . . . . . . . . . 154

9.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

10 An Eddy-Resolving Hindcast Simulation of the Quasiglobal Ocean
from 1950 to 2003 on the Earth Simulator . . . . . . . . . . . . . . . . 157
Hideharu Sasaki, Masami Nonaka, Yukio Masumoto, Yoshikazu Sasai,
Hitoshi Uehara, and Hirofumi Sakuma
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
10.2 Model Description . . . . . . . . . . . . . . . . . . . . . . . . . . . 159



viii Contents

10.3 Overview of the Simulated Fields . . . . . . . . . . . . . . . . . . . 160
10.3.1 Variations of Global Mean Values . . . . . . . . . . . . . . . 160
10.3.2 Global Upper-Layer Ocean Circulations . . . . . . . . . . . . 162
10.3.3 Improvements over the Spin-Up Integration . . . . . . . . . . 163
10.3.4 Remaining Problems . . . . . . . . . . . . . . . . . . . . . . 165

10.4 Variability at Various Timescales . . . . . . . . . . . . . . . . . . . 166
10.4.1 Intraseasonal Variability . . . . . . . . . . . . . . . . . . . . 166
10.4.2 Interannual Variations . . . . . . . . . . . . . . . . . . . . . 168
10.4.3 Decadal Variability . . . . . . . . . . . . . . . . . . . . . . . 175

10.5 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . 180

11 Jets and Waves in the Pacific Ocean . . . . . . . . . . . . . . . . . . . 187
Kelvin Richards, Hideharu Sasaki, and Frank Bryan
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
11.2 Jets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
11.3 Waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
11.4 Impact on the Transport of Tracers . . . . . . . . . . . . . . . . . . 193
11.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

12 The Distribution of the Thickness Diffusivity Inferred
from a High-Resolution Ocean Model . . . . . . . . . . . . . . . . . . 197
Yukio Tanaka, Hiroyasu Hasumi, and Masahiro Endoh
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
12.2 GM Parameterization . . . . . . . . . . . . . . . . . . . . . . . . . 199
12.3 Model Description . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
12.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

12.4.1 The Distribution of the EBFC . . . . . . . . . . . . . . . . . 201
12.4.2 The Distribution of the Thickness Diffusivity . . . . . . . . . 203

12.5 Summary and Discussion . . . . . . . . . . . . . . . . . . . . . . . 204

13 High Resolution Kuroshio Forecast System:
Description and its Applications . . . . . . . . . . . . . . . . . . . . . 209
Takashi Kagimoto, Yasumasa Miyazawa, Xinyu Guo,
and Hideyuki Kawajiri
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
13.2 Description of Forecast System . . . . . . . . . . . . . . . . . . . . 211

13.2.1 Numerical Model . . . . . . . . . . . . . . . . . . . . . . . . 211
13.2.2 Nesting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
13.2.3 Surface Forcings . . . . . . . . . . . . . . . . . . . . . . . . 214
13.2.4 Observational Data . . . . . . . . . . . . . . . . . . . . . . . 216
13.2.5 Data Assimilation . . . . . . . . . . . . . . . . . . . . . . . 218
13.2.6 Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 223
13.2.7 Incremental Analysis Update . . . . . . . . . . . . . . . . . 224

13.3 Predictions of the Kuroshio Large Meander . . . . . . . . . . . . . . 226
13.3.1 Case for April to June 2003 . . . . . . . . . . . . . . . . . . 226



Contents ix

13.3.2 Case for May to July 2004 . . . . . . . . . . . . . . . . . . . 228
13.3.3 Sensitivity of the Forecast to Parameters . . . . . . . . . . . 229

13.4 Toward the Kuroshio Forecast Downscaling for Coastal Oceans
and Bays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

13.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

14 High-Resolution Simulation of the Global Coupled
Atmosphere–Ocean System: Description and Preliminary
Outcomes of CFES (CGCM for the Earth Simulator) . . . . . . . . . 241
Nobumasa Komori, Akira Kuwano-Yoshida, Takeshi Enomoto,
Hideharu Sasaki, and Wataru Ohfuchi
14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
14.2 Coupled Atmosphere–Ocean GCM: CFES . . . . . . . . . . . . . . 242

14.2.1 Atmospheric Component: AFES 2 . . . . . . . . . . . . . . . 242
14.2.2 Oceanic Component: OIFES . . . . . . . . . . . . . . . . . . 243
14.2.3 Coupling Method . . . . . . . . . . . . . . . . . . . . . . . . 243

14.3 Preliminary Results . . . . . . . . . . . . . . . . . . . . . . . . . . 245
14.3.1 Simulation Setting . . . . . . . . . . . . . . . . . . . . . . . 245
14.3.2 Global View of Snapshots . . . . . . . . . . . . . . . . . . . 246
14.3.3 Local View Around Japan . . . . . . . . . . . . . . . . . . . 247
14.3.4 Annual-Mean Surface Climatologies . . . . . . . . . . . . . 248
14.3.5 Seasonal Cycle of Tropical SST and Polar Sea-Ice Extent . . 254

14.4 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . 256

15 Impact of Coupled Nonhydrostatic Atmosphere–Ocean–Land
Model with High Resolution . . . . . . . . . . . . . . . . . . . . . . . 261
Keiko Takahashi, Xindong Peng, Ryo Onishi, Mitsuru Ohdaira, Koji Goto,
Hiromitsu Fuchigami, and Takeshi Sugimura
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
15.2 Model Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . 262

15.2.1 MSSG-A Non-hydrostatic Atmosphere Global
Circulation Model . . . . . . . . . . . . . . . . . . . . . . . 262

15.2.2 MSSG-O; Non-hydrostatic/Hydrostatic Ocean Global
Circulation Model . . . . . . . . . . . . . . . . . . . . . . . 263

15.2.3 Grid System Configuration . . . . . . . . . . . . . . . . . . . 264
15.2.4 Differencing Schemes . . . . . . . . . . . . . . . . . . . . . 265
15.2.5 Regional Coupled Model, Coupling and Nesting Schemes . . 266

15.3 Results of High Resolution Simulations . . . . . . . . . . . . . . . . 267
15.3.1 Validation of the MSSG-A . . . . . . . . . . . . . . . . . . . 267
15.3.2 Preliminary Validation Results of the MSSG-O . . . . . . . . 270
15.3.3 Physical Performance of the MSSG . . . . . . . . . . . . . . 271

15.4 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . . 272

Color Plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




