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ABSTRACT

As a preliminary to the introduction of numerical methods
into the routine operations of the Bureau of Meteorology an
operational experiment in automatic weather analysis and
prognosis was undertaken. The main input media was con-
ventional telegraph tape containing weather information, and
from this was produced output of printed and plotter-drawn
weather charts and magnetic tape containing the historical
results of processing.

The experimental conditions were aimed at simulating as
far as possible the environment anticipated following the
installation of the Bureau of Meteorology's own computer
system. This computer system contains dual IBM 360/65
computers, but in this experiment a single C.D,C, 3600
computer was used. The main programming system used
was FORTRAN IV which is common to both 360 and 3600
systems. The earlier part of this report deals with systems
aspects in setting up an automatic analysis-prognosis
system on the computer and describes the operations environ-
ment, the computer program functions and meteorological
characteristics, and examples of the typical computer out-
put. The later part contains an evaluation of the overall
meteorological aspects of the analyses, and specifically
discusses selected objective and concurrentmanual analyses.
Some refinements are suggested in the objective techniques.

1. INTRODUCTION

One of the main objectives in conducting this experiment was to gain experience which
would lead to swift and smooth introduction of a useful automatic weather analysis and prognosis
system into the daily operations of the Bureau of Meteorology's Central Analysis Office (CAO).

It was considered necessary to undertake the analysis-prognosis experiment in
simulated real time before the installation of the Bureau's own computer system scheduled for
early 1968, This experiment was feasible since sufficient experience had been acquired in the
scientific aspects of automatic analysis and barotropic prognosis by early 1967. The experi-
ment was run in mid-1967 on the C,D.C, 3600 computer owned by CSIRO, Canberra. This
system has 32k,, 48 bit words of high speed store, 7 magnetic tapes and a magnetic drum as

secondary storage and includes a 1000 line per minute printer and a CALCOMP 565 incremental
plotter,

A detailed description of the multi-level analysis model used in the experiment has
been given by Maine (1966) and Maine and Seaman (1967). Further information relating to
starting procedures in automatic analysis is contained in Maine and Gauntlett (1967). A detailed
account of the barotropic numerical prognosis models used is contained in Maine (1967).

Almost all programming for the exercise was carried out in 3600 FORTRAN, which
is an over-set of FORTRAN IV, This was very convenient since the Bureau's own I.B.M, system
will also accept A.S.A. FORTRAN IV and only relatively minor changes are necessary to make
the C.D.C. program execute correctly on the I.B.M, §ystem. However, such programs are
not necessarily well organised for the system 360/65, especially when direct access devices
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are used as secondary storage.

The general plan of the experiment was to obtain special access to the C,S.I.R.O.
computer at three periods of the day, centred on the local times: 0900, 1200 and 1800 hours.
The intention was to carry out input of five-hole telegraph tape containing weather messages
and to perform limited weather analysis, prognosis and chart drawing at these times on a
24-hour basis for continuous periods up to five days at a time. The experiment was run every
alternate week in order to allow an adequate period for evaluation, assessment and modifications
to the system before the commencement of the next five-day experimental run.

2. THE COMPUTER OPERATING SYSTEM FOR THE EXPERIMENT

(a) General Remarks

Overall job control on the C.S.I,R,O, 3600 system is accomplished by the DAD
(Drum and Display) operating system which is a fully time shared system giving priority to
loading and unloading of input-output files to peripheral units, Processing of the main job
stream by the central processor is of a sequential nature and the dual priority job stream is
buffered on to the drum storage unit, which also holds the input and output streams. Remote
keyboard display units may be operated in conjunction with a small optionally resident display
monitor.

A convenient system utility program (CARDIMED) which employs a small vocabulary
of control statements was available to allow source language programs, relocatable binary
programs and data to be stored and updated on blocked magnetic tape.

So as to allow reasonable flexibility in the stringing together of meteorological
programs and to avoid any need to interfere with DAD operating system, all processing required
from the one synoptic hour of data was defined as one job. Thus various program packages
could be constructed to perform typical sets of required tasks or sub-systems of the overall
system at each synoptic hour.

Flexibility of package construction and elimination of voluminous card decks was
brought about by making use of the CARDIMED utility program. Updating of a master tape of
relocatable binary programs was carried out at times during the period of the experiment.

Under the primary operating system DAD a secondary level of operation was considered.
This dealt specifically with the manner in which the analysis/prognosis application was processed
at any particular synoptic hour. The secondary system consisted of programs SUBLINK and
CARDIMED, and in brief these caused the reading in of a binary program package onto the drum
storage followed by the loading of the subsystem programs from the drum unit and their execution
in the required sequence. If the contents of the drum remained intact, then at the next run the
required parts of a package were loaded direct from the drum., Otherwise master tape to drum
transfer was again repeated as a start uyp procedure. Due to a need to have to work in a general
job stream of many other computer users, it was possible that system anomalies could result
in destruction or overflow of the drum storage.

The program names in each production package required are set out in Table 1, and
Table 2 sets out the functions of the individual programs.

Table 1. Contents of program packages for each synoptic hour

Hour _ _Program Name

23/05Z METAPE, INMET, PREANAL, META, POSTANAL,
LNPLOT, BALPROG, LNPLOT, BARPROG.

02/08/11/17/20Z2 METAPE, INMET, PREANAL, META, POSTANAL,
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Operating under CARDIMED it was possible to execute the contents of a program package with
a deck of "system control cards" using the vocabularies of both CARDIMED for program trans-
fer and DAD for execution. Thus for each synoptic hour it was possible to prepare a set of
specific control cards to initiate execution of the set of programs required. This arrangement
was convenient because transfer of programs to the drum storage was avoided in frequent

start up situations, in addition separate job accounting figures were available from DAD for the
processing of each program forming a part of the processing for a synoptic hour.

Table 2. Function of Programs

Program Function

METAPE Recognition of messages from the Australian region collection of weather
reports,

INMET Decoding and editing of meteorological report and preparation of data tables,

Hydrostatic check.

PREANAL Preliminary treatment and check of data tables before analysis; acceptance
of pseudo observations; handling of starting analysis and information density
procedures.

META Complete differential analysis from surface to 100 mb with internal horizontal

validation of reports, producing displays of contours, isotachs and isotherms|
POSTANAL Maintenance of time continuity and preparation of preliminary fields for next
run of automatic analysis; sybsidiary analyses. Display of selected analysis

on a large "VISTA" C,.R.T, display console.

BALPROG Balanced stream function equivalent barotropic prognosis model for the
Australian region.

BARPROG Geostrophic equivalent barotropic prognosis model.

LNPLOT Incremental plotter isopleth display of selected charts singly or overlayed
from analysis or prognosis tapes.

AHIST Update of master analysis and data history tape.
PHIST Update of master prognosis history tape,
PVERF Verification, over assignable subgrid or observation station subset, of scalar

and vector properties of prognosis; e.g. error field, RMS error, RMS
vector error, persistence, skill scores, ordinary and stretch vector cor-
relation coefficients,

(b) Automatic Linkage and Execution of Subsystem Program

The subsystem linkage program ""SUBLINK" was developed to eliminate manual
error in preparing and sequencing of the control cards for the DAD system and CARDIMED
controls between programs. The input to this program was a simply formatted "Meteorologist
Program Request' containing the time and date of the analysis to be performed, the names of
the programs to be run, the special variable meteorological options {see Table 3) to be taken
within the programs and the pseudo observations for the analysis, if any. The permitted
omission of-any program on the 'Meteorologist Program Request" indicated to the function
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‘control and subsystem linkage program "SUBLINK'" that this program (e.g. plotting, prognosis)
is not required to be executed. The program "SUBLINK" checked for invalid omissions,
e.g. message recognition omitted when analysis is requested.

Program "SUBLINK" processes the '"Meteorologist Program Request" and generates
the required control cards for the DAD and CARDIMED systems on the drum storage unit as a
separate document. If a breakdown occurs in the execution of the main meteorological jobs,
then the control program is rerun with a restart option turned on and this generates a new
control deck assuming programs which are not required to be run again are omitted from the
new '""Meteorologist Program Request", Under these conditions processing usually proceeds .
from the beginning of the program during which breakdown or ineffective data transfers
occurred.

The initial starting of the execution of the programs contained in the ""Meteorologist
Program Request' is physically achieved using the remote display consoles by first ""locating"
the program document on the drum prepared by "SUBLINK' and then keying in an "EXECUTE"
DAD system control statement.

After processing a normal ""Meteorologist Program Request' the "SUB LINK" pro-
gram automatically generates a "Meteorological Operations Log" on the line printer. This
log contains dates and times of run, magnetic tape labels written and read, suitable format
spaces in which notes of special conditions associated with the run, and record tape serial
numbers, and other output identification labels may be made. Fig. 1 is an example of the
"Meteorologist Program Request'" and Fig. 2 is an example of the ""Meteorologist Operations
Log".

The meteorologist is thus automatically assisted in the preparation of the
documentation for a particular run and is therefore able to give maximum attention to main-
taining the meteorological effectiveness of all processing.

(c) Meteorologist Program Request

In constructing a valid request the meteorologist first indicates the G.M.T. time
and date of his run and previous automatic analysis tape, or whether he is actually re-starting
after a computational malfunction during a run. There is very little else connected with
computer management with which the meteorologist must subsequently concern himself since
the automatic "SUBLINK" program will look after interconnection of all programs. The pro-
gram request is not complete without the assignment of all required meteorological options to
the programs requested. These program options are the means the meteorologist has of
changing the characteristics of his analysis without making internal changes to the computer
program.,

Table 3, Abbreviated list of external options and externally set parameter values which can be
adjusted by the operating meteorologist to vary characteristics of analysis and prognosis

Program Name External Options and Parameters

PREANAL Whether or not the following are required; display of information ‘density,
pseudo observations to be inserted, printed output of preliminary fields
and/or data tables. :

Specification of a standard pass radius for information density calculation
and pseudo observations.

META Whether or not the following are required; repetition of this analysis, later
input of additional pseudo observations, misfit information not rejected
except on first pass, contour output only, no line-printer output at all.
Specification of analysis area, highest level to be analysed, and for each
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Table 3. (Continued)

Program Name External Options and Parameters
META analysis standard pass radii, initial and final actual pass radii, scalar and
(Continued) vector tolerances for each pass, relative weight given to scalar and vector
observations,

POSTANAL Whether the next MSL preliminary field is to be prepared by advection or
isallobars or by advection of the actual MSL chart. Specification of the
coefficients controlling the advection rate for MSL advection and thickness
advection.

LNPLOT Specification of analyses or prognoses to be plotted and/or overlaid,
e.g. isotherms over contours, etc,

BARPROG Specification of time step, total No. of steps, frequency of smoothing,
frequency of output, coefficients of advective operator, relaxation co-
efficient, smoothing intensity,

BALPROG Specification of time step, total No. of steps, frequency of smoothing,
frequency of output, coefficients of advective operator, value of longwave
retrogression parameter, relaxation coefficient.

AHIST Whether or not an initial run or print out of final tape required, specifi-
cation of GMT time of analysis to be added to history and labels, and
whether data or analysis tape is to be added. For retrieval specify name of
file required, date of first record of file required, and total number of sub-
sequent records to be extracted.

PHIST Whether or not initial run. No retrieval features as yet.

PVERF Specification of whether verification is for pressures or geopotential heights|
and whether prognosis and analysis are obtained from cards or magneétic
tapes. Specify sub-grids for which verification parameters are required.
Specify prediction model name, level for verification, error fields con-
toured, gridded, correlation coefficient, RMS vector error, RMS error,
persistence skill score (grid or station) output of forecast and actual chart
contoured. )

Table 3 gives an abbreviated list of the external program options-and externally set
program parameters available to the meteorologist. For instance, the analyst may change the
validation rejection criteria for pressure or wind data at any level, or he may hasten the
analysis or prognosis process at the expense of greater accuracy, or he may selectively weight
wind observations in preference to pressure, or simply select only special charts for final
contouring on the incremental plotter.

In addition to the program options the meteorologist is also required to consider the
necessity for pseudo observations and, if necessary, insert them.

' (d) Pseudo Observations and Analysis Start-up Procedures

In the Australian region a great lack of data exists over the surrounding oceans, and
in order to start the automatic analysis system a pre-assigned set of pressure or height values
is extracted from previous manual analyses for each standard pressure level over the ocean
area. Given enough actual observations, these alone are sufficient to construct the required
starting or preliminary analyses. However, starting pseudo observations (given the name
STOBS) are prepared by the meteorologist before the teletype paper tape '"cut-off'" time to
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initialise the analysis first approximations. STOB pseudo observations are at pre-assigned
positions and the program is aware of all possible locations. A set of 29 STOBS was easily
contained on three 80-column punch cards. Fig. 3 shows the placing of the standard "STOB"
locations.

In the course of regular three-hourly running of the analysis program STOB cards
are not required and if encountered would be read but ignored by the program. STOBS have a
singular qualification that they are only applied during the pre-analysis stage for starting ‘
purposes and not during the later differential analysis, Their area of influence is standard and
is not modified by information density procedures.

The main type of continuing analyst intervention is through pseudo observations,
called PAOBS, normally not present under starting conditions and which are applied during
routine running of the analysis. This type of pseudo observation can have an assignable area of
influence, and thus features of varying scale may be modified or generated without interference
from automatic information density procedures. The position and level of a PAOB is indicated
in special fields of the PAOB card. If a PAOB is used to insert vector and/or scalar data
{e.g. wind and pressure) then this observation will be forced into the subsequent analysis, over-
riding any other types of data present near the location of the PAOB.

A third class of pseudo observations remains (not STOB and not PAOB). Pseudo
observations of this type have been used to insert, in abbreviated format, information which is
known to be absent from the physical paper tape containing the weather messages available at
the cut off time for a particular synoptic hour, e.g. information received too early or too late.
Such pseudo observations are treated as normal observations and carried through into the
main analysis.

{e} Processing Sequence

Fig. 4 is a diagrammatic representation of the 2300Z program package identifying the
data paths between programs and schematically showing the main control points of the observing
system. The type and content of the output generated by each program is also shown. It is
clear from the diagrams that the entire function of analysis and prognosis has been divided into.
several activities which take place essentially in a sequential fashion. However, it should be
noted that when the analysis has been completed then the activities of chart display and prognosis
should be able to proceed in parallel, but as the C,S,I.R,O, computer system is not a ""'multi-
processor' this manipulation is not possible.

Fig. 5 is a schematic showing the activities in the ""Verification Run'. During this
processing (usually carried out once daily) the input data, consisting of output from several
runs of the analysis and prognosis programs, was used to update master tapes containing a full
history of data and results from each experimental run. Separate history master tapes were
prepared for analysis data and grid fields, and prognosis grid fields. From the master tapes
it was possible to verify objectively all prognoses produced. The objective verification of
analyses themselves against observations is done automatically immediately after completion
of the analysis by comparison with the input data.

The functions of the history and verification programs are given in Table 2. From
Fig. 5 it is clear that master tape production of analyses and prognoses can proceed in
parallel and that verification cannot proceed until both master tapes have been generated.

Since the "Verification' run was only carried out about once daily whereas the
analysis and prognosis processing was carried out several times daily, the operations shown
in Fig. 5 were not included in the main program package but were processed as a simple job
"stack' run from binary relocatable program cards through the card reader.






