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I. Introduction

THE UNITED KINGDOM METEOROLOGICAL OFFICE general circulation model
has been developed over a number of years. The first experiments to deter-
mine a suitable grid and finite difference systems were reported by Grimmer
and Shaw (1967). The first version of the model was described by Corby
et al. (1972), and the first long integration by Gilchrist et al. (1973). At that
time, the grid, which was hemispheric only, was of regular latitude-longitude
form with a spacing of 3° x 5°. This is approximately square in middle
latitudes. To avoid very short time steps, the area from the pole to 81°N
was treated as a polar cap so that only mean values of variables over the
cap had to be carried. From 81°N to the latitude at which the longitudinal
and latitudinal grid lengths were equal, a spatially variable time step,
chosen so that the Courant—Friedrichs—Lewy condition for linear computa-
tional stability was satisfied locally, was used. When the model was re-
programmed for another computer, the grid and finite differences were
changed to the second system tested by Grimmer and Shaw—namely, one

67
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I. Origin and Development of the NCAR Global Circulation Models

THIS ARTICLE DETAILS THE various National Center for Atmospheric Re-
search (NCAR) global circulation models (GCM), showing their develop-
ment for climate simulation and short-range weather forecasting. When
modeling began in 1964 at NCAR, experience elsewhere with global or
hemispheric primitive equation models was limited (see Kasahara in this
volume). For example, in 1964, work on such models in the United States
was progressing at the Geophysical Fluid Dynamics Laboratory (GFDL)
(Smagorinsky et al., 1965; Manabe et al., 1965), Lawrence Radiation Labo-
ratory (LRL) (Leith, 1965), and the University of California, Los Angeles
(UCLA) (Mintz, 1964; Arakawa, 1966).

The GFDL and UCLA models used variants of the sigma vertical co-
ordinate system devised by Phillips (1957) for incorporating orography. The
LRL model used pressure as the vertical coordinate with no attempt to
include orography. It was apparent that there were difficulties with the

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

111



Iv.

VL

VIL

VIIL
IX.

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

. Outline of the General Circulation Model
1L
I11.

Principles of Mathematical Modeling . ;
Finite Difference Schemes for Homogeneous Incompre551ble Flow .
A. Distribution of Variables over the Grid Points .
B. Two-Dimensional Nondivergent Flow ;
C. Finite Difference Scheme for the Nonlinear Shallow Water Equatlons
Basic Governing Equations
. The Vertical Coordinate
The Equation of State
The Hydrostatic Equation .
. The Equation of Continuity ; 2
The Individual Time Derivative and Its Flux Form .
The Momentum Equation .
. The Thermodynamic Energy Equatlon -
. The Water Vapor and Ozone Continuity Equatlons

TOommouNw»

. The Vertical Difference Scheme of the Model

A. Some Integral Properties of the Adiabatic Frictionless Atmosphcre
B. A Vertical Difference Scheme Which Maintains Integral Properties
C. Vertical Propagation of Wave Energy in an Isothermal Atmosphere
D. Final Determination of the Vertical Difference Scheme .
The Horizontal Difference Scheme of the Model

. The Governing Equations in Orthogonal Curvilinear Coordmates
B Horizontal Differencing of the Governing Equations
C. Modification of the Horizontal Differencing near the Poles
Vertical and Horizontal Differencing of the Water Vapor and Ozone Contmulty
Equations .
A. Vertical leferencmg
B. Horizontal Transport of Water Vapor and Ozone
C. Large-Scale Condensation and Precipitation
Time Differencing . ;
Summary and Conclusions .
References

173

174
176
179
180
190
201
207
207
209
209
209
211
211
212
212
213
213
218
229
234
236
236
239
246

251
251
258
259
260
262
264



IL

III.

Iv.

VL

Global Modeling of Atmospheric
Flow by Spectral Methods

WIiLLIAM 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 leference Models

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

A. Barotropic Nondlvergent 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
Numerlcal Weather Prediction via a Spectral Model
A. Operational Model Configuration
B. Spectral Data Analysis and Processing .
C. Model Initialization
D. Typical Synoptic Results .

E. General Comments

TmoOw e

. General Circulation via a Spectral Model

Model Configuration .
Radiative Transfer Ca]culauon
Lower Boundary Conditions

. Mean January Simulation
General Comments .

Concluswn ;

Appendix

A. Matrix G .

B. Matrices V and V’ .

References .

Mo 0w>

267

268
268
268
270
270
271
27
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



