


Computational Aspects of Numerical
Models for Weather Prediction and
Climate Simulation

AKIRA KASAHARA

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH*
BOULDER, COLORADO

I. Introduction .
II. Basic Equations of the Atmosphere
A. Equations of Motion . .
B. Simplification of Equations of Motlon .
C. Equation of Mass Continuity .
D. Thermodynamic Energy Equation
II1. Principal Procedure in Numerical Prediction .
A. Time Extrapolation
B. Primitive Equations
C. Vertical Coordinates .
IV. Physical Processes in Prediction Models
General Consideration .
Solar and Terrestrial Radiation
Prediction of Clouds and Precipitation
Atmospheric Boundary Layer .
Influence of the Oceans .
Parameterization of Subgrid- Scale Monons .
Effects of Upper Boundary Conditions .
umerical Integration Methods
Types of Differential Equations
Time-Differencing Schemes
Finite-Difference Method
Quadratic Conserving Schemes
Problems in Mapping Flows over a Sphere
Spectral Methods . .
Implicit Methods
Nonlinear Instability .
Discretization in the Vertical .
VI. Initial Conditions
A. Initialization . .
B. Four-Dimensional Data Assmxlatlon .
VII. Future Outlook .
A. Atmospheric Predxctablllty

S IOTMEUAWRZOMEmUO® >

o0~ Ww» W N

9
10
10
i
12
17
17
18
19
21
23
24
26
27
27
29
32
35
40
43
47
48
51
54
54
55
56
56

* The National Center for Atmospheric Research is sponsored by the National Science

Foundation.



B. Climate Sensitivity
C. Conclusions .
References .

AKIRA KASAHARA

58
59
60









United Kingdom Meteorological Office
Five-Level General Circulation Model

IL
II1.
Iv.

VI
VIL
VIIL
IX.

XL

G. A. CorBy, A. GILCHRIST, AND P. R. ROWNTREE

METEOROLOGICAL OFFICE
BRACKNELL, ENGLAND

. Introduction . . . Y .Y
Coordinate System and Grld Coe e
Basic Equations and Finite Difference Approx1matlons A ¢
Dissipation Terms (Lateral Eddy Viscosity) . . . . . . . . . . . . . . 174

. Large-Scale Precipitation and Latent Heating . . . . . . . . . . . . . 175
Simple Boundary Layer Parameterization . . . . . . . . . . . . . . 76
Representation of Surface Exchange Processes . . . . . . . . . . . . . 82
A. Momentum Exchange . . . . . 72
B. Sensible and Latent Heat Fluxes . . |
Treatment of Land and Ice Surfaces . . . . . . . . . . . . . . . . 86
Convective Interchange . . . . . . . . . . . . . . . . . . . . . 87

. Radiation Scheme . . . . )
Model’s January and July Slmulatlons 1
Listof Symbols . . . . . . . . . . . . . . . . . . . . . . .. 107

References . . . . . . . . . . . . . . . . . . . . . . . . . 108






A Description of the NCAR Global
Circulation Models

WARREN M. WASHINGTON AND DAvID L. WILLIAMSON

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH*
BOULDER, COLORADO

I. Origin and Development of the NCAR Global Circulation Models . . . . . . 111
II. Continuous Equations . . . . . . . . . . . . . . . . . . . . .. 15
A. Prognostic Equations . . . . . . . . . . . . . . . . . . . . . 115

B. Diagnostic Equations . . . . . . . . . . . . . . . . . . . . . 117

C. Boundary Conditions . . . . . . . . . . . . . . . . . . . . . 119

D. Physical Processes . . . . . . . . . . . . . . . . . . . .. .12
III. Numerical Approximations . . . . . . . . . . . . . . . . . . . . 131
A. Grid Structure . . . . . . . . . . . . . . . ... ... .1

B. Discrete Operators . . . . . . . . . . . . . . . . . . . . . . 136

C. Discrete Equations . . . . . . . . . . . . . . . . . . . . . . 137

D. Filtering . . . . . . . . . . . . . . . . . ... ... 12

IV. Application of NCARModels . . . . . . . . . . . . . . . . . . . l64

References . . . . . . . . . . . . . . . . . . .. . ... .. 16






Computational Design of the Basic
Dynamical Processes of the UCLA
General Circulation Model

AKIO ARAKAWA AND VIVIAN R. LAMB

DEPARTMENT OF ATMOSPHERIC SCIENCES
UNIVERSITY OF CALIFORNIA
LOS ANGELES, CALIFORNIA

I. Outline of the General Circulation Model . . . . . . . . . . . . . . 174

II. Principles of Mathematical Modeling . . . . B (¢

III. Finite Difference Schemes for Homogeneous Incompressrble Flow B 0

A. Distribution of Variables over the Grid Points. . . . . . . . . . . . 180

B. Two-Dimensional Nondivergent Flow . . . ... . 190

C. Finite Difference Scheme for the Nonlinear Shallow Water Equatrons .o.o.o201

IV. Basic Governing Equations . . . . . . . . . . . . . . . . . . . 207

A. The Vertical Coordinate . . . . . . . . . . . . . . . . . . . 207

B. The EquationofState . . . . . . . . . . . . . . . . . . . . 209

C. The Hydrostatic Equation. . . . . . . . . . . . . . . . . . . 209

D. The Equation of Continuity . . . e e 209

E. The Individual Time Derivative and Its Flux Form 2 B

F. The Momentum Equation. . . 3 B

G. The Thermodynamic Energy Equatxon S e e e e o212

H. The Water Vapor and Ozone Continuity Equanons Ce e e e 212

V. The Vertical Difference Scheme of the Model . . . . oo 213

A. Some Integral Properties of the Adiabatic Frictionless Atmosphere ... 213

B. A Vertical Difference Scheme Which Maintains Integral Properties . . . . 218

C. Vertical Propagation of Wave Energy in an Isothermal Atmosphere . . . . 229

D. Final Determination of the Vertical Difference Scheme. . . . . . . . . 234

VI. The Horizontal Difference Scheme of the Model . . . . ..o .. 236

A. The Governing Equations in Orthogonal Curvilinear Coordmates ... 236

B. Horizontal Differencing of the Governing Equations . . . . . . . . . 239

C. Modification of the Horizontal Differencing near the Poles . . . . . 246
VII. Vertical and Horizontal Drﬂ”erencmg of the Water Vapor and Ozone Contmurty

Equations. . . . A Y

A. Vertical Drﬂ'erencmg - 5 |

B. Horizontal Transport of Water Vapor and Ozone .. . . . .. . . . 258

C. Large-Scale Condensation and Precipitation . . . . . . . . . . . . 25

VIII. Time Differencing . . . . . . . . . . . . . . . . . . . . . . . 260

IX. Summary and Conclusions . . . . . . . . . . . . . . . . . . . . 262

References . . . . . . . . . . . . . . . . . . . . . . . .. 204

173






IL

IIL

IVv.

VL

Global Modeling of Atmospheric
Flow by Spectral Methods

WILLIAM BOURKE, BRYANT MCAVANEY, KAMAL PURI, AND

ROBERT THURLING

AUSTRALIAN NUMERICAL METEOROLOGY RESEARCH CENTRE,

MELBOURNE, AUSTRALIA

. Introduction
A. Preview . .
B. Development of Spectral Models .

C. Relative Merits of Spectral and Finite D1fference Models.

D. Survey of Current Status of Spectral Models .
Spectral Algebra . . .

A. Barotropic Nondivergent Model .

B. Silberman’s Method

C. Integral Constraints

D. Transform Method .

E. Experiments with Barotropic Spectral Transform Models

Multilevel Spectral Model.

Model Formulation . .
Equations of Motion in Spectral Form .
Semi-implicit Time Integration .

. Inclusion of Topography .

Model Computer Coding.

Application of Time-Splitting Techmque .
umerical Weather Prediction via a Spectral Model
. Operational Model Configuration

Spectral Data Analysis and Processing .

Model Initialization

. Typical Synoptic Results .

General Comments

FﬂUOFU:PZT"lF’UOFU?’

. General Circulation via a Spectral Model

A. Model Configuration .

B. Radiative Transfer Calculatlon
C. Lower Boundary Conditions
D. Mean January Simulation

E. General Comments .
Conclusion .

Appendix

A. Matrix G .

B. Matrices V and V’ .
References .

267

268
268
268
270
270
271
271
272
275
276
279
285
285
289
295
297
299
301
302
303
303
304
304
310
311
311
312
312
313
319
319
320
320
321
323



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12

