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Abstract  Computer visualization and data analysig tools are an essenbial component in the study and evaluation of
climate model output. A number of useful visualization and analysis tools alveady exist, each with its own set of unigue
strengths. A translation tool is needed to convert datn from the large number of model cutput formats into lormats
suitable for use with visualization and analysis tools.  Such a translator would allow a researcher using a climate model
to easily exploit a large numnber of visualization and analysis tools.  OGur goal is to develop a translation tool for UNIX
computer systems that will be highly portable, very simple to use, and casily expandable.  The translation program, The
ANU Transiator, will feature a graphical user interface when run on any system with an X101 interface, It will work
with a number of climate model formats, including: CCMI, CCM2, RegUM2, MMSE, CSIROY, and ANT-CTM, It will
produce output in a range of data file formats, including Vish}, GrADS, and netCDF. NetCDEF allows access to a range of
analysis and visualization tools, including AYS, HDF, and GMT. Visily, GrADS, and the tools compatible with netCDF
will enable the user to view data statically or in animation, including the following critical options: 1) geographic
distribution plots, 2) lwo dimensional graphics, and 3} fully three dimensional renderings. It is intended that this
translation package be made widely available for use by the climate modeling community as a research and teaching aid.

1. INTRODUCTION e it provides the modeler with a quick method of
chocking that a model run is proceeding in a plausi-
The climale modeling community relies heavily upon daia ble manner. This assists the modeler to prevent the
visualization for the evaluation and analysis of climate squandering of valuable computer resources when,
model results.  Because there are no closed-form solu- due to human or computer error, a run s pot pro-
tions for climate models, the analysis of model results ceeding as intended;
must be achieved through the integration of vast amounts # it helps the modeler compare the oulput derived
of data. Statistical methods are applied to some extent from sensitivity experirmnents with the output derived
for the purposes of evaluating model performance, but 1t from control runs;
is often unclear whether or not such methods are strictly e i provides iHustrations for scientific arbicles and
applicable to model results.  Many statistical methods sonlerence discussions;

assume a random variable and/or a normal digtribution;
this poses a problem when analyzing output from General
Circulation Models (GCMs} because they are determinis-
tic systerns.  In addition to statistical analysis, numerical
data analysis Is used by climate modelers for preparing
data for visualization, e.g. to time average the data before

e it provides visual aids to help scientists meet their
obligations to educate the public about the hmpor-
tance and implications of their work;

s i allows sclenlists to examine processes, which tend
to incorporate the time-dependent behavior of two
or more variables in concert; and

plotting, T ) i . o
’ e i aids scientists in locating displaced climatic fea-
Scientific visualization is of value in the following ways: tures that may be mora difficult to detect through
shatistical methods alone, e.g. 2 somewhal displaced
e il serves as a diagnostic for model performance with major circulation esll like the Teelandic Low.

reapect to observations; . . .
! ¢ ' Cne of the most extensive and widely used analysis and

visuahization packages in climate modeling is the National

2] —



Clenter for Atmospheric Res (NCAR) Modalar Pro-
cessor which is compatible with the NCAR Community
Climate Models (CCMs) [Buja, 1992; Buja, 1993]. The
NCAR Modular Processor also reads observational data
written in CCM format, such as the Duropean Centre for
Medium Range Weather Forecasts (ROMWE) data. The
NCAR Modular Processor was designed for use on the
MCAR Crays and is highly dependent on Cray architee-
ture. 1t has only been successfully ported to other Crays
and to the 183 RS/6000. In Cray binary representa-
{ion, the integer, character, and foating point words
all equal sized, G4 bit words.,  The Processor takes advan-
tage of this memory structure to manage whole blocks of
mixed mode (integer/real/character) memory as a large
group of integers or as a large group of reals depending
The TBM RS/6000 has the rare proper

arch

are

upoen the task.

of being able to emilate this equal-size memory construct,

but other high-end processors do not.

in addition to the NCAR Modular Processor, a number
highly useful sclentific visnalization and analy-
sis tools exist, each with 58 own sel of unique strengths
The most uﬁnhié.mg, factor Tor climale modelers wishing to
access these tools is the problem of converting vast quanti-

whle for visualization

of other

ties of model cutput into formats suit
and analysts tools.  Our goal i3 to d_f;sveiop a compuler
program that will convert large amounts of data from a
number of model cuiput formats inte formats suitable for
inputting into a variety of visualize
We aim Lo create a program that will be highly poria
casity extendible, and very simple to use.  We believe &
such a dafa translation tool will be of considerable value
to the wider climale modeling community.

rtion and analysis to

hat.

The conversion program, The ANU D ator, is being
written by Dena B, Hyman and Drew Whitehouse at the
Australian Wational University (ANT). T
ten m ANSI O with a Tel interpreter. 1L
to be highly portable, capable of running on any UNIX
platform, The Translator is also designed to be simple
to use and eastly expandable. It inferacts with the user
through a Uel/ Tk user-friendly, graphical interface. and
can also be run in non-praphical mode if an X117 interface
or Tk are unavailable,
following models into The ANU Translator in the speci-
fled ovder: COMIL, CUM2, RegCM2, MMB, CSIROY, and
ANI-CTM. A brief description of cach of these models
follows below in section 1.1, Qur goal is also to mcor-
porale the following ontput formats/tools into The ANU
Translator in the npr;uﬂed order: VishD, Gralds,
netCDT, NetCDF allows access Lo AVS, GMT, HDF
other tools. A brief description of the output formats and
toals mentioned here follows v gection 1.2,

he code is wrll-
i designed

Cur goal s to meorporate the

and

,and

1.1 Model Descriptions
A, CCML1. The NCAR Community Climate Model
Version 1 (COM1) s a twelve-vertieal-layer pseudo-

spectral atmospheric global GUM with \:peci.ra] resolution
R15, corresponding to a grid resclution of 4.44° latitude x

7.5% longitude.  CCUMI can be run with an optional inter-
active surface hydrology based on a simple bucket model.
For a complete description of CCMI, see Wilthamson et

al. [1087).

b, CCM2Z., The NCAR Community Climate Model
Yersion 2 {CCM2 ) is an eighteen-vertical-layer pseudo-
spectral atmospherie global GGOM with spectral resolulion
142, corresponding to a grid resolution of 2.8° latitude x
280 lomgi Lude. to GOMI,
eterizations are improved upon {or a number of key ¢
the planetary boundary layer, moist
convection, transport, and clonds and radiation. A di-
urnal eyvele i1s added.  COM2 can be run coupled to the
Biosphere- Atrnosphere Transfer Scheme (BATS) for more
advanced teeatment of land surface processes, Tor a com-
piete deseription of CCM2, see Hack ot al, [1993].

Compared the physical pamm—
Himate

o 5, including:

¢. BATS. We plan to pive The ANT Translator the
capability of reading BATS output files.  The purposes of
BATS az coupled to the COM are [Dickinson et al., 1093}

» to caleulate the nel exchange of thermal infrared
radiation of different surfaces and the fraction of in-

cident solar radiation absorbed by them;

e Lo compute tem sbure and moisture values at land

and sea ice su E‘f}l(‘,@}i‘:

»  to determine the transfers of moisture, momentum,
and sensible heat between the atmosphere and the
surface; and

®  to compute values for wind, teruperatnre, and mois-
ture at the level of surface observations, within veg-
etation canopies, and in the atmosphere.

d. BegCh32., RegCM2 s an updated version of the
Penn /U AR Mesoscale Model Version 4 (MMA4).
Compared fo 2 GOM, a mesoscale model has a limited
conbinental scale or smaller) and
relatively high spatial and [vE v 4
is & compressible, hydrosiatic, primitive-equation atmo-
spheric model with a horizental Clarlesian grid and vertical
terrain-following sigma cocrdinates,  The grid strueture
incorporates a staggering of model variables in the hor-
izontal and the vertical.  Tor a complete description of
M4 see Anthes of al. (1887, "The standard Kuo version
of MM4 was enhanced io produce RegUM2 by Giorgi et
al. [1983] who made the model more physically complete
RegCM2 includes

atial domain {usually

temporal resolution.

and more computationally efficient.
the lollowing improvements over MM4:
& use of a split-explicit time miegration technique;
= mcorporabion of the radiative transfer scheme of
COM2;

# use of BATS

e p'mms*h‘rm‘ the surface p!n'”

s utilization of an improved formuelation of currmius
canvechion; and

e imclusion of a lake model;



e.  MMS5, MM5 is the latewt sion of the Penn
State/ NCAR mesoscale model. Tt incorporates a nurm-
ber of improvements and increased options compared to
the previous version. [t includes the option of running
the model in non-hydrostatic mode.  For a complete
description of MM5 see Grell ot al. [1694], and for in-
formation about running MMD, see the followmg URL:
hitp://wew.mmm. near. edu/mnb,/mub-home . html.

. CSIRGYS. CSIROY is a nine-vertical-level atmo-
spheric GCM developed by the Australian Commonwealth
Scientific and Industrial Research Organisation (CSIRO)
Division of Atmospheric Research (DAR). 1t's resolution
in spectral space s R21; in grid space it has 64 evenly
spaced longitudes on the globe and 28 unevenly spaced
latitudes in each hemisphere. CSIROS includes a diur-
nal cycle and does nob include any blosphere modeling.
Three layers are used for the computation of soil tempera-
tures, with the upper layer being the gurface; soil moisture
s computed in the reservolr method.  Ocean grid points
adjacent to sea ice are modeled as 50 m deep mixed layer
ocean {(MLO) points; the location of MLO poinks changes
as gea ice extent waxes and wanes. Expansion of the
MLO points to include the entire ocean is In progress,
SSIROY computes sereen temperatures, facilitating diag-
nostic coruparisons with observational data, The model
includes a particle trajectory facility for analyzing flow
patterns and estimating final positions of particles intro-
duced into the atmosphere {e.g. voleanos, 1901 Gull war
oil fires}.  For a complete description of the model see
MeGregor ef al. [1003].

g. ANU-CTM. The ANU Chermnical Transport Model
(ANU-CTM) is a three-dimensional Lagrangian modal de-
signed o advect air parcels in the atrnosphere.  Tach
alr parcel represents a known mass of 2 iracer gas in air.
The tracers are advected according to a stochastic scheme
based upon ECMWT observational wind data on a 2.5% x
2.5° grid with seven vertical levels, A mean and a time-
varying component are included in the wind field.  The
flux of & trace gas is added or removed from air parcels
at the lowest vertical lovel.  Mixing ratios are computed
by translating Lagrangian parcel coordinates to Bulerian
grid coordinates.  The model incorporates diffusive mix-
ing belween air parcels [Taylor, 1989; Taylor ot al., 1991].
ANU-CTM is currently helng extended using fourteen and
fifteen level T42 ECMWE re-analyses which cover the pe-
riod 1885-1994 [Irenberth, 1992). The snhanced model
will include a boundary laver and stratosphere and the
capability of siraulating inter-annual variability.

1.2 Descriptions of Visualization and Analysis
Tools

a. VisbD. VisbD is a public-domain program for
UNIXK workstations designed for the interactive visualiza-
tion of large B-D gridded data sets. [ was fashioned
with numerical weather models tn mind.  The authors of
the most recent version are Bill Hibbard and Brian Paul
of the University of Wisconsin Space Science and Bngl-
neering Center.  VisbD is largely controlled through a

simple-to-use graphical user interface (GUI). It can be
used to make full eolor $wo dimensional and three di-
mensional static or animaled renderings, and it has fea-
tures for making contour line slives, colored slices, and
volume renderings. VishbDd has special provisions for
wind vectors and irajectories and for constructing isosur-
faces. A number of variables can be viewed and ani-
mated at once.  Several different map projections are
available including the ability to view data on a spher-
ical globe, and images can be easily rotated with the
mouse.  Ciraphical output may be saved and printed.
For more information on VisdD's reguirements and ca-
sample images of VishD output, and informa-

pabilities,
tion on obtaining Vis5D, please see the following URL:
file://iris.ssec.wisc.edu/pub/www/vishd. html.

o

b, GrADS. The Grid Analysis and Display System
(GrADSY is a public-domain program developed by Brian
E. Doty at the Center for Ocean-Land-Abmosphere In-
teractions at the University of Maryland. It is an in-
teractive tool for the analysis, manipulation, and display
of sarth science data on UNIX workstations and DOS
based PO, GrADS expects input data seis to be de-
scribed by four dimensions, usually:  latitude, longitude,
level, and time.  GraADS includes the following features

fattp://grads.iges.org/grads/gradover himl):

e it can handle station data and gridded data, includ-
ing non-linearly spaced grids and variable resolution
cdata;

¢ different data sets can be both compared analyti-
cally and graphically overlaid;
s user-defined or built-ln Tunctions can be performed
on the data interactively;
e graphics capabilifies include: bar graphs, line
graphs, scatter plots, contour lines and shaded
contours, wind veclors, streamline plots, grid and
shaded grid boxes, and station model plots.  The
user can control many aspeects of the graphical oui-
pul; the default settings are geophysically inluitive,
Graphics may be output in Postscript for color or
mencelirome printing;

o GrADS includes an inferpreted seripting language.
Scripts can be writlen to include widgets and aceepl
mouse input from the user and to antomate complex
caleulations or displays; and

w  GrADS may be run 1n batch mode.

For more information on GrA DS, incleding sample magoes
and instructions on how fo obiain the software, please see
the following URL:
hitp://grads.iges.org/grads/head. html.

€. netCDF.  The network Commeon Data Form
(netCDF) is a widely used, freely available format, in-
terface, and library for the creation, aceess, and shar-
ing of sclentific data. It was created by Russ Rew,
Glenn Davis, and Steve Bmmerson at the Unidata Pro-
gram Center.

NetODEF provides a machine-independent
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format for the representation of scientific data, an in-
terface for accessing the data, and a library thab spec-
ifies implementation ol the interface. A large num-
ber of commercial and free software packages can read
netCDF data, including but not hmited to the follow-
g AVS, GMT, HDF, DL, NCAR Graphics, and
Spyglass Dicer and Slicer.  CSIRO stores GOM resulis
in netODE form.  Many move software packages are
currently being expanded to incdude netCDY capabilities
[http://www. unidata.ucar. edu/packages/nstcdf/].

4. AVS.  Advanced Visual System’s Application Visu-
alization System (AVS) is a commercially available, highly
generic and customizable, powerful visualization envir
ment.  For more information on AVS, see the following:

ii-

1. bttp://wsw.menc.org/ETHL/ITD/IAC/EAC ktnd,
2. http://www.avs.com/products/avs.html

3. the file /avs_readme/WHAT IS.AVS available from
the anonymous fip site avs .nese. org.

w. HDF., The National Center for Supercomputing
f&pph(ahom ([\(SA) {ierarchical Data Format {HDE)
is a publiec-domain mulbi-ohject file format that expe-
dites the transfer of various data types between differ-
ent machines and operating systems.  HDF data sets

can be n-Dimensiopal and are self-defi
extendible. HDF includes utilities to create images
[http: //hdf.ncsa.uine. eduiBO0L].

ning and ¢

. GMT. Generic Mapping Tools (GMT] is a pack-
age created and mainbained by Paul Wessel and Walter
H. P, Smith. 1t is a collection of abount B0 UNIX tools
for manipuolating ‘.E’D and 30 dats and producing Hus-
trations. GMT is freely available to government agen-
cies and nonprofit educational organizations worldwide

[http://www.soest . hawaii.edu/soest/gmt htmi],

e

2. METHODS
2.1 SBtructure of The ANU Translator

The ANT Translator is being designed with the following
three goals In mind: 1) portability, 27 ease of use, and
3} extensibility, FPortability is achieved by the avoidance
of tmplementation-specific coding: ANSI Cis used witha
standard Tel [Tk interpreter [Ousterhont, 1594], Tel and
Tk encapsulate the graphical and the non-graphical user
The GUIL s designed so that a user can run the
Translator without relying significantly on documentation
(Figure 1).  The ease of use should assist researchers and
ereatly facilitate the Introduction of cimate modeling to

interfaces.

students.

The extensibility of The ANT Translator is being achieved
primarily through the modular nature of the C code and
the use of an internal representation type common to all
input and cutput types (Figure 2}, The C code has four
basic compenents: 1) Jatroduction, 2) Interrogation,
3) Extraction, and 4) Output. Fhe “Introduction” mod-
ule receives the user’s request for file interrogation from

Figure 1:
ANU Transialor,

The graphical user interface (GUT) of The

ENTERROGATION

COMPCCMY i i

B I TSN

paticn LEfirating. u the eher In ahLEn any LErsEn ki,

ENTRACTION

Figure 2:  The structure of The ANU Translator pro-

gram.

Telo dt d
bype is within the Translator’s capabilities and ealls the
appropriate “Interrogation” module. There iz one “Inber-
h g\s‘uﬂmi model type, (for cod-
ing purposes QUM and COM2 are considered one general
mode! type, as are RegUM2 and MMB).  The “Interro-
gation” modules read the model output files requested by
the user and indicate what information is present in the
files. This information is presented graphically when the
program 15 being run in graphical mode.  The Transla-
tor then recelves any exbraction requests from Tel.  An
“Ixiraction” module exists for each general model type.
Data is extracted from each model into a common internal
representation.  The “Output” stage proceeds from this
internal representation format, with sach different output
We hope to in-

rmines whether the user’s requested model

rogation” module for e

type havipg its own “Ouiput” module.
ciude the abilily to share ouiput tools, especially where
a visualizatlon tool does not include adequate numeri-
'al analysis capabilities, e.g. data could be averaged in
Gralds and then funneled into Vis5D.

Rather than having one reading and writing routine for
each inpui-to-oulput conversion type, the imnsla{m is
designed so that each input type requires only one reading
routine, and each output type requires only one writing
routine. A researcher wanting to add an input model
t¥pe to the Translator should be able to do so by adding

— 204



new “Interrogation” and “Extraction” modules and mak-
ing small adjustiments to the “Tntroduction” section and
the GUI Tcl/ Tk code. ailarly, a new output type can

be added easily by writing one “Output” module.

2.2 Hardware and Software Bequirements

The ANU Translator should run on any UNIX-based sys-
tern.  Because climate model output data are usually
extengive, the Translator is being designed i such a way
that all of the dala being analyzed fogether will not have
to be in memory at once.  Actual memory limitations and
disk space requirements are not known ab this time.

Compilation of The ANU Translator requires an ANS] C
compiler and a Tcl installation.  To run the graphical
version of the Translator, Tk and an X interface are also
necessary.  We expect to make the Transiator compatible
with the mast tecent non-beta versions of Tel, Tk, VishD.
GrADS, and netCDF available at the time of release.  n-
pub to the Transtator will be in the standard format for
the particular model type being input.  An installation of
one or more of the packages compatible with the Trans
lator’s output will be needed for the actual visualization
and for analysis.  The © compiler, Tel, Tk, most of the
climate models, and most of the analysis and visualization
tools discussed in this report may all be obtainad free of
charge via the Internet.

2.3  Availability

We plan to make The ANU ‘franslator freely and pub-
licly availahle via anonymous fip and the World Wide
Web, complete with easy-to-follow installation instruc
Lions. We hope that other researchers will add modules to
the code o increase its range of modal oput types and its
analysis and visualization cutpub types.  We believe that
The ANT] Translator will assist the research and teaching
purpoges of the climate modeling comumunity.

3. DATA AND RESBULTS

The RegCM2 outpui shown {Figure 3} is from a run con-
ducted by Jay Larson on the Fujitsu VP 2200 at ANU.
The model run incorporates a seventeen-vertical-level grid
with a horizontal resolution of 16 km, and i begins on ra-
diation day 1 December 1991, The grid is centered over
Japan at 36°N, 138°E, and is subdivided into 40 fatitudes
and 41 longitudes. The ouiput shown in VisSD is Tor the
last time step of the second day, Le. 2 December 1091
18Z. The topography and the map boundaries are baken
from the VisdD datasets.

The CSIRO0 oubpul shown {Figure 4) is froma 2 x CG»
Greenhouse run {666 ppmy) conducted by Martin Dix and
Tan Watterson of CUSIRO DAR on the CSIRO Cray Y-MP
in August-October 1991, The 2 x J0; run was initialized
from the state at the end of the ten-year climatology run
described in McGregor el al [1993]. The ten-year clima-
tology run relied on prescribed sea surface temperatures

Figure 3:  Oukput from RegCM2 run over Japan dis-
played in Vishl) using a rechilinesr projection. The time
step is 187 on day 2 of the run, corresponding to radiation
day 2 Decemnber 1091, The horizontal surface slice shows
model topegraphy (topo) in m.  The lightly shaded verti-
cal slice shows the senal wind {u), in ms™*. The dark 3-D
surface is the ternperature (17 isoswrface at 230 K. The
biack lines on the surface indicabe political boundaries.

(88Ts).  Surface heat fluxes [rom the ten-year climatol
ogy run were used to generate implied ocean heat fluxes
{g-flux); these were supplied to the blhm mixed layer ccean
model inclnded in the freenhouse run. The 2 x CO4 run
was allowed bo equilibrate for 27 years and then continned
for 30 additional years to Torm a climatology. The data
shown are the 30-vear July monthly averages.

Several features of VisBD) are illusirated by the RegUM2
and ORTROY outpnt displaved here, including:

s horizontal and vertical colored shees;
® two-dimensional wind vector maps;
e Lhree-dimensional isosurfaces;
e abilily of the wuser to choose among three
dirnensional projection types;
o display of the map and topography datasets built
into VishD; and
o simuliansous display of multiple variables.
Siatic, black and while, two-dimensional images do not
adequately eonvey the power and flexibility of computer
software, especiaily (1UIs and visualization packages. Ab
MODSIM 95 we will present a ecomputer display of
the ANT Translator and sample model ouwiput animated
within Vishl.
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Figure 4 Output from the CSIROT 2 x C04 (660

ppmy) displayed spherically in VisbD, Data are July 30-
vear averages. A vertizal slice of temperature {T) in K is
shown over the equator.  The horizonial uv wind vector
slice is in 575, The isosurface shows the zonal wind

{u) at B0 ms™ L

4, CONCLUSIONS

The ANT Translator is a work in progress.  We believe
that The Translator has a great deal to offer the climate
modeling community as a research fool and a leaching
b

is for a cooperative expansion of climate model

ald.  We hope that it will enjov wide usape and will form
I Jov wide usage and will form

the bas
visualization efforts.
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