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FOREWORD
The Commonwealth Meteorology Research Centre (CMRC)/Australian

Numerical Meteorology Research Centre (ANMRC) has been sponsored jointly by

the CSIRO and the Department of Science. Some 15 years after formation;

decisions taken to disband the Centre in 1981 are now being effected and this

valedictory report has been prepared to chronicle the role of the Centre throughout

its years. ihe Centre has been a much discussed experiment in the organization of

Australian Government funded research with much learned comment written on or

about it. As is the wont in review processes, of which there have been many, much

of the assessment of the success of this experiment has been generated from

without. In this, the finalpresentation by the Centre itself, we have attempted to

provide a forum for informed external comment, and an opportunity for comment

by present and past members of staff.

The substantialimplication of our valedictory report is that the Centre has been

a very successful research organization with significant national and international

achievement. That such an arrangement should be terminated remains apuzzle to

the staff of ANMRC, who in turn are not surprised at the bewilderment of

international colleagues. Nevertheless the decision has been taken and in addition

to our retrospective assessment we offer the prospective view that research in

dynamical and numerical meteorology is, and continues to be, important in

Australia. We further believethat the major research programs in which the Centre

has achieved distinction will survive and transcend the institutional rearrangement

and rationalization of meteorology research in Australia. Indeed, as suggested by

Mr John Lonergan in his contribution to this report, the future challenge to the new

research organizations is very ctear: ". . . to give effect to the promise they made

that in cotlaboration they could do at least as good a job as the Centre. When the

future work receives the measure of acclaim that ANMRC's work did we can all be

content that thC promise has been honoured."

The preparation of this report has made demands on a number of people closely

associaled with CMRC/ANMRC. The origins of GMRC in L969 have been

documented by two of the key figures responsible for its inception. Successive

Officers-in-Charge have prepared essays on the years of their stewardships'

Distinguished overseas scientists, closely associated with the Centre have provided

u nort-h"rn hemisphere perspective of CMRC/ANMRC. Current Centre staff

coltaboratively have provided a comprehensive summary of the years of research

and many members of rtuff, both past and present, have responded to invitation's

to provide informal perspectives on the Centre.

Frances Gauntlett has expertly provided the editorial and organizational skills

necessary in the preparation of this report and all present members of staff extend

their thanks to Frances.
(William Bourke)

August 1984
Acting Officer-in-Charge



I. ORIGINS OF CIVIRC

W.J. GIBBS, OBE MSc SM(MIT) Hon DSc
(Melb)

Joined Bureau of Meteorology 1939; RAAF
Meteor ological Seruice 19 41 - 19 46 ; Assistant Di-
rector (Research) 1958-1962; Director of Meteo'
rology 1962-L978; Consultant with World CIi-
mate Programme Oft'ice, WMO 1980-1981.
CMRC Committee 1969-1973, ANMRC Adui'
sory Committee 197 4-197 8.

C.H.B. PRIESTLEY, AO MA DSc (Cantab)

Hon DSc (Iftonash) FAA FRS

Chief CSIRO Diuision of Meteorological Phvsics
1946-1973: Chairman CSIRO Enuironmental
Physics Research Laboratories 197 3-197 8, Pro-

f essor oJ Meteorology Monosh University
1978-1980. CMRC Committee 1969-1973;
ANMRC Aduisory Committee 1974-1979.

Government approval in April 1969 for the establishment of the Commonwealth

Meteorology Research Centre was separated by only 18 months from the

ICSU/WMO Agreement (October 1967) which formalised the concept of the Global

Atmospheric Research Programme (GARP). Historians of meteorology will see this

as no cbincidence, for the ultimate rationalizations were the same. The national and

the international tasks were closely related, and each was large and complex

enough, in the eyes of those with the ultimate decision, to require a marshalling of

atl the appropriate talent which was available at the time'

Thus closed a decade which had been internationally, and in many separate

national theatres, one of forward vision and expanding horizons. The potential of

the satellite and the computer had engendercd a sense of excitement throughout

the meteorological world. In his exhortations to the United Nations in 1961 and

1963 to use the advancing technologies to the benefit of mankind, President

Kennedy had drawn special attention to meteorology. ICSU and WMO had



appointed committees of experts to advise on action in response. The latter had
launched the World Weather Watch, the former had begun the design of a global
experiment later to become the shared responsibility of GARP. These were much
the most ambitious initiatives in world collaboration which any branch of science
had ever undertaken. Among Australians we, the authors of this chapter, were the
most heavily involved in the preparatory stages and in the best position to arrange
for a substantial Australian contribution to the programs.

The Director of the Bureau of Meteorology, Dr Gibbs had proposed to the
Government in t964 that the Bureau should (a) have a substantial increase in staff
to meet more adequately the demands for a wider variety and greater complexity
of meteorological services; (b) be equipped with a large and powerful electronic
computer; (c) accept the invitation to install one of the three World Centres of the
World Weather Watch in Melbourne; and (d)have staff of the Research Scientist
category to strengthen research activities. The Government agreed to (a), (b) and
(c) above. The proposal for Research Scientist staff met heavier going and
negotiations with the Public Service Board dragged on from L964 to 1968, during
which time the Chairman of CSIRO, Sir Frederick White, and the Chief of the
Division of Meteorological Physics, Dr C.H.B. Priestley gave unwavering support.
The CSIRO Division of Meteorological Physics, created in 1946, had remained
almost constant in size since 1951, with a staff of nine Research Scientists. ln 7964
Priestley's submission for a significant expansion was approved by the Executive,
having been strongly commended by White and supported by two part-time
members, Sir Arthur Coles and Lord Casey.

Together with White, Gibbs and Priestley jointly prepared a "Prospectus for
Meteorological Research in Australia" which, on its publication in L967, revealed
our mutual understanding as to the respective roles which the two institutions
should follow. At the same time it sought to promote better appreciation in
governmental and general scientific circles of the special problems for this area of
science. Another of its objectives, the encouragement of meteorology in Australian
universities, found response at Flinders University.

In 1968 Gibbs made a further submission based on a wide research panorama
drawn up by Dr G.B. Tucker, Assistant Director of Research, and Mr P.V. Moran of
the Public Service Board. Despite CSIRO support, the Board remained adamant
that Research Scientist positions were not for the Bureau; and word came back that
Cabinet would require sharper focus and assurance of CSIRO participation.
Accordingly the submission was replaced by a joint one, for the establishment of
what we suggested be called the H.C. Russell Research Centre, in memory of the
pioneer Australian researcher into the large scale systems of the southern
hemisphere. This submission was approved, but the title decided was Com-
monwealth Meteorology Research Centre. Dr Tucker was appointed
Officer-in-Charge. The specialities were identified in the formal objectives which
read as follows:

"The work of the Centre would consist of studies of the behaviour of the
earth's atmosphere, with emphasis on general circulation, directed towards
improvement in understanding the distribution and variations in climate on
the earth, and towards improvement in the accuracy and timescale of
weather forecasting.



This would include the formulation and testing of numerical hemispheric
models, and the modelling of circulations of a more regional type. The
approach to these problems would, as desirable, develop the interpretation
and use of new forms of observational data. The Centre would not,
however, undertake responsibility for observational programmes."

Scientific initiatives taken much earlier had put us in a good position to face up
to these objectives. The extension of our horizons could be said to have started with
the establishment in the late 1940's of stations at Heard and Macquarie Islands.
These were complemented by scientific bases on the Antarctic continent set up and
maintained by Australia and other nations, culminating in the International
GeophysicalYear (7957 ). They marked the beginning of a permanent data network.
Australian analysts had seized these opportunities to develop synoptic techniques
and models of atmospheric behaviour in middle and high southern latitudes. Such
were to prove of substantial importance to the Melbourne WMC, to the International
Antarctic Analysis Centre 0AAC), and later to the CMRC.

The IAAC had been established in Melbourne at the request of ICSU's Special
Committee for Antarctic Research. It was sponsored lointly by the Bureau and the
Academy of Science with a steering committee composed of the Director of
Meteorology (Chairman), Dr Priestley and Dr L.G.H. Huxley. Under the leadership
of Mr H.R. Phillpot the Centre achieved substantial improvements in the quality and
operational viability of circumpolar southern hemisphere analysis. Subsequently
there was a change of emphasis into polar and hemispheric synoptic research before
it was disbanded on the creation of CMRC.

Moreover, Australia's research in micrometeorology had been pursued in
expectation inter alia that surface energy and momentum fluxes would become
inputs in quantitative climatology and extended-period forecasting. In the event,
appropriate formulations were available by (in fact before) the time that the
numerical models were sufficiently developed to incorporate them.

Nor did Australians come 'cold' to the major numerical modelling tasks which
confronted them as soon as CMRC was formed. Dr U. Radok and Dr M.J.D. Jenssen
of the University of Melbourne had initially addressed the numerical forecast
problem in the late 1950's. Mr R. Maine and Mr G. Rutherford had made progress
during the mid 1960's with the development of numericalanalysis and prediction
in the Bureau, later to be joined by Dr D.J. Gauntlett and Mr R.S. Seaman. Dr R.H.
Clarke of CSIRO, while at the Geophysical Fluid Dynamics Laboratory (GFDL) in
the U.S.A. had made the first baroclinic numerical prediction for the southern
hemisphere. Mr B.G. Hunt, also at GFDL was involved in the rapidly developing
field of numericalgeneral circulation and climate simulation. Subsequently he and
Dr W.P. Bourke were recruited to CSIRO for numerical studies of the general
circulation.

Throughout the preliminary thinking and negotiations as recounted above a
number of things had been constantly in mind: that the ultimate produciion ol
operational models for the southern hemisphere, or any substantial part of it, would
demand a scale of effort, a massive component of developmental as well as research
work, a computer strength and a number of supporting staff, which only the
Government would be able to provide; that a straight takeover or simple adaptation



of techniques developed in the northern hemisphere would not be good enough;
that the immense and predominantly oceanic data gaps, and the scientific difficulty
which these imposed, would throw up a host of new problems; that it would be many
years before researchers in the northern hemisphere could afford to engage these
southern problems; and that no other southern country would be capable ol
mounting the requisite effort. Thus Australia stood not only to help itself, but to
make a signal contribution of hemispheric and world benefit.

At this, the time of the Centre's disbandment, its past and present members will
look back with pride at the results achieved and with appreciative memories of
collaboration with scientists outside, both here and overseas. We fully share their
feelings, and in the context of this chapter bring forward one special name.
Professor Joseph Smagorinsky (GFDL) gave unsparingly to us of his advice and
wisdom in the build-up stages: in so doing, and in the collaboration successively with
Hunt, Clarke, Gauntlett and Hincksman, and subsequently Bourke and Puri, GFDL
made a lasting contribution to the development of numerical meteorology in
Australia.



II. PROFILE OF CIYIRC/ ANIIIRC

The next four sections are contributed by Officers-in-Charge of the Centre, their

terms of office indicated.

FORrvlAtM YEARS - 1969-1973

G.B. TUCKER

The formation of CMRC in April 1969 occurred at an early and exciting stage of

development in the international Global Atmospheric Research Programme
(GARP). GARR a joint program of the International Commission of Scientific
Unions (ICSU) and the World Meteorological Organization (WMO), had two clear

scientific objectives: to study the transient behaviour of the atmosphere with a view
to increasing the accuracy of forecasting; and to study the statistical properties of

the general circulation with a view to a better understanding of the physical basis

of climate. It was natural therefore for a newly developing numerical modelling
research group to be influenced by this international program and later to feed back
its own influence. Indeed thepropinquity between GARP and the burgeoning CMRC
program was particularly appropriate because both involved a collaborative effort

between research scientists and national weather service practitioners.

A few years earlier an interdepartmental review (Tucker and Moran, L9671had

outlined weaknesses in Australian meteorological research. The aim of CMRC was

to focus on the most glaring deficiency: the urgent need for an up-to-date numerical
modelling facility to be applied to both the synoptic scale problem of weather

analysis and prediction and the larger scale problem of understanding the (southern

hemisphere) general circulation of the atmosphere. A major task was the

devetopment of numerical models which would make good use of the new computer
system recently acquired by the Bureau of Meteorology and also the computing
power available in CSIRO. But it was recognised from the beginning that CMRC



must have a two{old objective: to develop an operational system of numerical
analysis and prognosis of synoptic systems which could be adopted by the Bureau
of Meteorology to perform its primary function of providing an information, forecast
and warning weather service; and to carry out numerical experiments to study
atmospheric behaviour and so to link with the research programs in the CSIRO
Division of Meteorological(later Atmospheric)Physics where the primary function
was to advance meteorological science.

New positions were provided by the Public Service Board to the Bureau of
Meteorology to establish its component of CMRC. This enabled a small complement
of half a dozen or so experienced meteorologists and programmers as well as some
less experienced staff to transfer from the Bureau to CMRC. Similarly, positions
from CSIRO enabled the early recruitment of four research scientists, all but one
of whom had no previous experience in atmospheric studies. Thus, while a small
nucleus of experience existed, to a large extent the early period of CMRC involved
building up both a research program and competent scientific staff from very small
beginnings. Careful judgement was required to assess whether the previous
experience and meteorological interests of applicants to join the Centre were likely
to yield progressive research achievements, This was particularly true for CSIRO
research scientists new to the subject.

At the same time a lot of groundwork had to be done to establish the existence
of CMRC in the nationaland internationalscientific scene. In these early years the
Centre was, fortunately, not involved in institutional politics, possibly because it
had not yet established itself and no-one knew whether it would turn into an asset
or a liability. Within a few years of its formation, however, it became obvious that
remarkable progress was being made. This progress was made known not only by
research publications with their time lag of a year or so but also by a policy of
encouraging short term visitors, both nationaland international. Indeed within a few
years several of the principalscientists involved in numerical modelling had visited
CMRC, including F.G. Shuman (NMC, Washington) and G.A. Corby (UK
Meteorological Office).

Gradually more positions and staff were acquired until by March 1973, some four
years after CMRC's formation, staff numbers reached 36, of which the 26
professional complement comprised 10 research scientists, 9 meteorologists, 6
programmers and a scientific services officer.

If these first four years can be regarded as 'the formative period', it is interesting
to note the program and philosophy that had been developed and the achievements
attained during this time.

From the beginning the importance of rapidly developing and implementing an
operational numerical weather prediction system for the Bureau was recognised.
This together with the twin GARP objectives provided the early research program
sub-divisions:
o research application - the development of an operational system which could

be taken over by the Bureau.
o analysis and prognosis - the development of improved numerical analysis

methods, using conventional and new (satellite) derived observations, and of
improved numerical weather prediction models.



. general circulation studies - the performance of numerical geophysical
experiments and observational studies of the southern hemisphere general
circulation.

Notwithstanding understandable Bureau requirements for a variety of opera-
tional systems to be developed as soon as possible, the autonomy of CMRC and its
organizational separation from the Bureau allowed staff to develop individual skills
and potentialities to the full- aided in no small measure by association with CSIRO
research philosophies. This separateness also allowed the proper development and
testing of numerical models without the inevitable service pressures of a national
weather service forcing "an inadequate basic framework into premature servitude"
(Smagorinsky, L970). In fact, a rather unique balance was achieved between
research freedom from service requirements. This balance soon became
internationally admired and, even in these formative years, led to remarkably rapid
achievements.

Some of these achievements were closely related to contiguous developments
overseas. Indeed, the early analysis and prognosis schemes cannot fairly be
described other than as reflections or southern hemisphere adaptations of northern
hemisphere developments. However the difficulties of the data-void southern
hemisphere presented a major new challenge. Application of these methods to the
Australian scene was enhanced by strong international cooperation and in particular
by the interest and unstinting help provided by the Geophysical Fluid Dynamics
Laboratory at Princeton, N.J., a component of the U.S. National Oceanic and
Atmospheric Administration (NOAA). This led to what is perhaps the most
outstanding practical achievement of CMRC. R.S. Seaman and D.J. Gauntlett
became the principal architects of a numerical analysis and prognosis system for the
southern hemisphere, a system which successfully overcame for the first time the
data problem. Indeed this represents a landmark in Australian meteorology as
evidenced by the wide operational usage of numerical analyses and prognoses for
the southern hemisphere from this period onwards. Thus, even in its formative
years, strong international associations fostered as a matter of policy within CMRC
paid off handsomely.

Other achievements however, while generally aided by international collabo-
ration, were clearly the result of insight and industry by one or more individuals at
the Centre. Of the several examples which might be cited the following four are
particularly worthy of mention.

Within the first year of the Centre's formation one scientist (W.P. Bourke) began
to consider the formulation of an atmospheric model via the spherical harmonic
representation of the dynamic variables. He later spent some time at McGill
University and in the Research Group of the Canadian Weather Service developing
this model and studying associated spectral transform methods. By March 1973
severalexperiments with a hemispheric baroclinic model had been carried out, with
results which had important implications for forecasting using spectral models.
Subsequently, as a result of this pioneering effort, the Australian Bureau of
Meteorology was the first organization in the world to adopt a spectralforecasting
model for routine operations. The spectral model{ormulation developed in CMRC
is now used by many of the major research and operational centres overseas, for
both weather and climate study purposes.



Since the early 1960's cloud patterns derived from satellite had been used
effectively by Australian meteorologists as an aid in locating frontal zones and low
pressure centres over the observation-sparse southern oceans. When CMRC began
developing numerical analysis methods for application over the southern
hemisphere it became obvious rapidly that a much more comprehensive and
quantitative use of these cloud patterns was necessary. Indeed they were the only
way at that time in which conventional land-based and ship-based meteorological
observations could be adequately supplemented to provide meaningful numerical
analyses of the entire southern hemisphere. A scientist from the CSIRO Division of
Atmospheric Physics (the late A.J. Troup) was seconded to the Centre to work with
N.A. Streten. Together they developed a classification of cloud signatures for
different stages in the development of atmospheric vortices. This enabled surface
pressure and upper geopotentialanomaly patterns to be allocated quantitatively to
areas of the map occupied by particular cloud patterns. This work together with that
undertaken by forecasters at the Bureau CentralAnalysis Section, in particular that

of L. Guymer, has led to a method of deriving 'bogus observations' from satellite
derived cloud patterns; such observations are still an essential input to southern
hemisphere analyses undertaken not only in Australia but also in the major northern
hemisphere global analysis centres.

By 1973 a more quantitative application of satellite derived information was

being undertaken (by G.A. Kelly) at the Centre. Downward looking radiometers
providing measurements in eight different infrared channels were now being flown
on satellites and, beginning in January I973, temperature profiles obtained by
reduction of these data were sent to CMRC from the United States National
Environment Satellite Service. The potential of these new observations, which
amounted to some 400 soundings over the southern hemisphete every twelve
hours, was enormous. It was obvious at this early stage, however, that for many

situations the radiance reduction techniques were inadequate and experiments
were commenced aimed at improvements. Such improvements developed at the

Centre, and closely interwoven with numerical analysis and prognosis schemes, are
now in routine operation at the Bureau of Meteorology'

The first stage of yet another innovation in numerical weather prediction was also

completed during the formative years. In L972, under the guidance of CMRC

scientists, a visitor from the New Zealand Meteorological Service (D.K. Purnell)
undertook some work on a regional version of a primitive equation forecasting
model and produced a number of 24 hour forecasts for the Australian region. In later
years work in this area blossomed and fine mesh regionalmodels are now part of
ihe ar-oury of the Australian Bureau of Meteorology. This example represents the
first of a series of long term visits by overseas scientists some of which have led to

the establishment of mutually profitably links. Such visitors together with similar
visits to major northern hemisphere establishments by CMRC scientists who had

acquired an internationalreputation helped establish the Centre as a major research
institute on the world scene.

In addition to these achievements which led immediately and subsequently to

improved analysis and forecasting capabilities at the Bureau, several geophysical

experiments aimed at a more fundamental understanding of atmospheric processes

were already being carried out. These included a synthesis of southern hemisphere



atmospheric developments over L22 days via a general circulation model and the
detailed examination of a model generated storm. Also undertaken were studies of
the response of grid point hemispheric models to a low latitude sea surface
temperature anomaly (in the days before this topic became fashionable) and to the
simulated insertion of volcanic debris in the stratosphere and consequent
modification of shortwave radiation. Given the long lead time required to develop
and test general circulation models the successful performance of these early
experiments was quite remarkable, and much credit must go to B.G. Hunt.
Associated with these general circulation simulation experiments, observational
studies were also necessary to allow comparison of the performance of models with
the observed atmosphere. These included wave number spectra of travelling and
stationary waves and the identification of synoptic developments in both tropics and
mid latitudes as revealed by satellite cloud observations.

Thus within four years of its formation a clear course was set at CMRC, in terms
of a research program which combined the development of operational numerical
weather prediction systems with research into improved analysis and prognosis
methods, and combined geophysicalexperiments using general circulation models
with diagnostic studies of the observed atmosphere. But more important was the
establishment of a philosophy which encouraged focused research and the
development of specialised skills rather than attempting to cover too wide a field
less deeply. An essential element in this philosophy was the value placed on
research publications in the highest rating international journals. This ensured
critical scrutiny via pre-publication referceing procedures and the widest
dissemination of results. Also, by establishing international reputations, it assisted
progressive research by mutual interaction of scientists in the international scene
and constructive criticism amongst those leading the field. Such publications were
also an overt record of achievement.

In summary, a feature of the formative years of CMRC was the rapid attainment
of a very creditable research output while at the same time providing over a
remarkably short period the beginnings of a high quality operational numerical
analysis and prognosis system.
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ANMRC t974-t977

B.H. CLARKE

Following the 1973 Review of the Commonwealth Meteorology Research Centre
(CMRC), both its name and its management structure were changed. The most
important change was that the Centre, now called the Australian Numerical
Meteorology Research Centre (ANMRC), became an independent unit, with the
Officer-in-Charge (OIC) jointly responsible to the Chairman of CSIRO and the
Secretary, Department of Science. As the Centre was classed as one of the four
CSIRO member laboratories of the Environmental Physics Research Laboratories
(EPRL), the OIC was also answerable to its Chairman, Dr C.H.B. Priestley, who was
a source of strength in troubled times. He, in turn, was one of the Centre's four-man
Advisory Committee on Policy and Programs. The other three were the Director of
Meteorology (Dr WJ. Gibbs); the Chief, Division of Atmospheric Physics, CSIRO
(Dr G.B, Tucker); and Mr J.P. Lonergan, First Assistant Secretary of the
Department of Science, who was a good ally of ANMRC.

It appeared to the newly appointed OIC, at the end of 7974, that ANMRC was
a centre of excellence in a very difficult environment, and that all possible steps
should be taken to gain for it proper recognition of the important work it was doing,
both nationally and internationally. Especially was it important to 'sell ' itself to the
Bureau of Meteorology, as a provider.of expert analytical and prognostic tools for
the Bureau's NationalMeteorological Analysis Centre (NMAC). This was a difficult
task, partly because ANMRC was seen by many as an'ivory tower', more concerned
with pursuing scientific and academic prestige than with the main task for which it
was created: "the development and application of numerical models directed
towards improvement in the accuracy and time scale of weather forecasting, and
towards improvement in understanding the distribution and variations in climate on
earth, "

It was believed that action on two fronts could be taken to improve ANMRC's
'image' in the Bureau. One was to use the Advisory Committee as a medium to
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convince the Director and the Department of Science of the Centre's bona t'tde
desire to complement the Buteau's work in every way possible, and to adopt a 'low

personal profile' in a bid to relax the stultifying tensions of the past. The other was
to attempt to bring about better communication and interaction at the working level
in the two organizations.

One of the first actions of the new OIC was to approach the Director, an old and
valued friend, with a suggestion for the setting up of a joint Bureau-ANMRC
committee to actively pursue the goals of improving relations at the working level
and facilitating the adoption of ANMRC research products in the Bureau. Such a
joint group was set up early in I975, under the name Joint Working Party, which
was to meet monthly and report progress to the Director and OIC. Over the next
several years this Working Party was to contribute considerably to communication
between the Bureau and ANMRC, and to smooth the way for the acceptance o{
ANMRC research products. One result has been that between I97 6 and 1983 the
skill score (normalised mean error in operational prognosticated 24 hour surface
weather maps) has declined steadily from about 5L to 42. The 1970-1975 mean
error for 'manual' prognostics (made with benefit of the numerical prognostic) was
49. This result indicates that ANMRC and NMAC in partnership have evolved one
of the best predictive systems in the world, in a uniquely difficult geographical area.

The improvement in predictive skill is attributed to a new method of objective
analysis; to greatly improved methods of using satellite radiometer data; to the
adoption of radically new prognostic models and methods of initialization; and to
the marrying of the Australian regional model to the hemispheric spectral model.
It has been a significant achievement; the benefits are stil l accruing, in the form of
a continuing downward trend in the errors, and higher spatial resolution in the
predicted fields. One feels that this success justifies the optimism of the 1970's. It
also supports the stand taken by the authors* of the "Report of the Independent
Inquiry into the Commonwealth Scientific and Industrial Research Organization",
published in August 1977: "The Australian Numerical Meteorology Research
Centre . . . forms a bridge at present between the Bureau and CSIRO . . . We
suggest that this model is a good one . . ." The implication was that ANMRC was
fulfilling an important role, judged by the lnquiry's standard: "While the initial
objective of research is to obtain new knowledge, the ultimate objective is to see
that this knowledge is usefully applied."

From December 1976 to September L977 the reports from three reviews
affecting ANMRC were released.

The first, and most painful for ANMRC, was a "Report of the Committee of
Inquiry into the Bureau of Meteorology", dated December t976*.. This report
showed that the attempts being made to refurbish the 'image' of ANMRC in the
Bureau had not borne fruit. On the contrary, the Bureau appeared to have
persuaded the Inquiry Committee that it was not receiving "benefits from the
Centre commensurate with cost", which was surprising in view of the superior
Centre products being used in the Bureau at that time, especially the 36 hour

* A.J. Birch, C.T. Looker, R.T. Madigan
*' By P.W. Howson, J.L. Farrands (Secretary, Department of Science), W.J. Vines'
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hemispheric spectral prediction model and the variational blending analysis
scheme. Even more surprising was the implication that the benefit of continuing
research into numerical weather prediction (NWP) was in doubt: ". . . the Bureau
should concentrate its research effort in-house . . . and include research into
numerical weather prediction if this stil l seems promising at the time." (My
emphasis.)

The last statement suggested strongly that the Committee and those in the
Bureau who had advised it should be persuaded to face the fact that weather
forecasting was most unlikely to improve in quality except through a proper
scientific approach, involving the solution of numerous partial differential
equations, elf.ectively, through the numerical approach. Many years of extrapo-
lating features on maps, i.e., the empirical approach, had proved sterile in this
regard. The OIC of ANMRC was moved to drive home these points by delivering
a lecture in the Bureau and writing a monograph (1977) "The future of weather
forecasting in Australia". There are indications that the basic philosophy expressed
therein has, since then, been generally accepted in the Bureau.

The Howson Committee concluded: "Somewhat reluctantly . . . we have
accepted that the Bureau should continue to participate in the ANMRC", but "at
the end of the current agreement . . . the Bureau should concentrate its effort
in-house . . ." This was little less than the death-knellof a centre of excellence at the
height of its creativity, a severe morale-destroying blow from which recovery was
hardly possible.

The shattering blow delivered by the Howson Committee was somewhat
mitigated by the next two reviews: the Inquiry into CSIRO by the Birch Committee
in August 1977, mentioned above, and the Review o{ EPRL (September 7977)
chaired by Dr H.W Worner*. The Worner Committee gave ANMRC its seal of
approval: ". . . ANMRC as an independent unit operated jointly by CSIRO and the
Bureau of Meteorology [sic]-- is a unique arrangement, which has proved very
successful in ensuring close cooperation by the active participation of both
Organizations in the formulation and implementation of research programs. Many
of the Centre's research findings have already been incorporated into the Bureau's
operations or await implementation in the Bureau and both bodies receive
additional benefit from this close interaction of research and operationalstaff." The
recommendation to the CSIRO Executive was that it should "negotiate to renew it

[the enabling agreement with the Department of Science]for an indefinite term",
and that the OIC should "remain responsible for the direction of the research
program and will not be subject to any direction by the Advisory Committee on
Policy and Programs." A sour note in this review was the statement that
"collaboration with other CSIRO Divisions has been somewhat limited" and "the
Committee recommends that this be improved." This was a complaint
commonly heard from the Division of Atmospheric Physics, and continued, despite
successful efforts to persuade staff to attend seminars as widely as possible. The fact
of the uniqueness in Australia of many of ANMRC's interests and problems, and the

'  Other members were N.K. Boardman, J.P. Wild, N.H. Fletcher, B.R. Morton
'* "Bureau of Meteorology" should have read "Department of Science"
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30 km separating the two institutions, accounted for the appearance of insularity

in ANMRC, but there was certainly none on the international scale (nor in relations

with the Bureau); most of the staff had worked in overseas institutions at some time,

and had international contacts.

The Centre had only one more review to undergo. ln 7982 the Philip Committee

delivered the coup de grace, a recommendation, accepted by the Executive, with

the words: "The current involvement of CSIRO scientists in numerical weather
prediction directed to operational forecasting should cease on the disbandment of

ANMRC" which, it was agreed, "should begin immediately".

Through this maelstrom of reviews and sometimes ill-informed and irresponsible

criticisms, the dedicated research of ANMRC continued with little noticeable

diminution of. zeal. The Worner Committee was "impressed with the enthusiasm
of the [Centre's] research staff from both CSIRO and the Bureau".

A constantly recurring problem during I976-77 was insufficient computing
power, measured both in terms of the capacity and speed of available computers
and of the funds available to buy computing time. Time on the Bureau's relatively
primitive IBM machines was not subject to specific charges, and the Centre was able
to use time surplus to the Bureau's needs. (These, however, increased as time
passed.) A lump sum for computer use was in fact debited against the Centre in the
Bureau's budget, and this constituted a considerable portion of the Centre's running
costs, whose magnitude the Howson Committee implied was not commensurate
with benefits obtained. Costs for time on the far superior CSIRO computer had to
be allocated from available funds. It was felt that, while CSIRO paid lip service to
the notion of supporting the Centre as a bridge between the two organizations, it
carried a disproportionately small share of the burden. Since the supply of
computing power was never more than barely enough to meet the Centre's
legitimate demand, and in 1977 f.ellsomewhat below it, the OtC felt it was necessary
to take urgent action to obtain relief . A case for a recurring extra $50,000 p.a. for
climate research, to be devoted to studying the causes of drought in Australia, was
taken to the Executive and met a positive response, and this helped to ease the
rationing in computer use. At the same time, the Worner Committee was
recommending that the Executive "provide additionalcomputer time from CSIRO
funds", and that "the [CSIRO] computer operate three shifts and that a special rate
be charged for non-priority work".

One final aspect of the Centre's work deserves comment. While on one hand its
scientists were being accused of living in an'ivory tower', on the other, some of
them were being subjected to increasing pressure to produce practical results, in the
form of systems to demonstrably improv e weather analysis and forecasting, and to
produce them quickly. While there can be no doubt that this was a very worthy
activity, it did not necessarily produce many published research papers. Since
CSIRO scientists in particular achieve professionalpromotion through the quality

and number of their published works, there may well be some in ANMRC whose
careers have been detrimentally affected by their work situations. If such people

receivedless than their proper share of promotion recognition for their devotion to
the improvement of weather forecasting, this can only be regretted.
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ANMRC 1978-19&f

D.J. GAUNTLETT

Despite the uncertainty and disruption associated with both frequent reviews and
the continuing administrative conflict over the Centre's role and functions, the latter
years of the Centre's existence were paradoxically the most productive. In part, this
was due to the excellent scientific foundations established by previous Officers'
in-Charge. However, there was also a major scientific stimulus and this was the
opportunity provided in the form of the extra observational data which ensued from
the GARP Global Weather Experiment (GWE). For the first time the southern
hemisphere was observed to an accuracy approaching the requirements of
contemporary numerical models and for the scientists involved, this was an
opportunity not to let pass by.

In order to take advantage of the GWE data, two major initiatives were
developed. The first involved the construction of an advanced four dimensional data
assimilation model using the highly successful ANMRC spectral model as the
predictive component of the assimilation scheme. Several substantial technical
problems were addressed and solved, not the least of which were maximizing the
information impact of 'single level' data such as those provided by the extensive
ocean buoy network, and the associated issues of numerical stability and efficiency.
The development of a local expertise in the now well established field of normal
mode initialization was an important additional step towards solving these
problems. As a result of these research endeavours it was demonstrated that the
practicallimits of predictability in the southern hemisphere could be extended to at
least three days - a limit that operational prognoses from the European Centre for
Medium Range Weather Forecasts now routinely exceeds.

In parallel with these developments a major thrust was also made on the
applicaton of the GWE data in short range forecasting using a higher resolution
Australian region primitive equation (ARPE)model. By this stage the ARPE model
had already demonstrated its superiority over previous numerical models



developed for the National Meteorological Analysis Centre (NMAC) of the Bureau.
The challenge at hand was to improve on this performance by maximizing the
impact of the GWE data through redevelopment of the model (principally the
provision of time dependent lateral boundary conditions) and the introduction of
appropriate data assimilation procedures. Again these initiatives were successful
and further gains in prognosis performance were achieved'

The success of these experiments and developments led in turn to an increasing
optimism that we could proceed beyond the restricted synoptic scale application in
the southern hemisphere of deterministic forecasting models to include a genuine
consideration of the mesoscale. Two initiatives were again necessary to test this
hypothesis. The first involved the development of a capacity to generate initialdata
at densities approaching the mesoscale. It was decided to promote a local capacity
for the direct readout of high resolution sounding data from the TIROS-N polar
orbiting satellites and to develop the requisite software to enable production of high
density temperature profile information. These initiatives were greatly facilitated by
drawing on the technical expertise developed previously in respect of Vertical
Temperatur e Profile Radiometer (VTPR) sounding application in the northern
hemisphere and a very close working relationship with the Space Science and
Engineering Centre of the University of Wisconsin. The TIROS-N data were then
used in conjunction with a new movable fine mesh (MFM) mesoscale prediction
model in an attempt to forecast troublesome local small scale phenomena such as
the development and translation of mesoscale cold pools and 'Southerly Busters'.
Early results from these continuing experiments indicate great practical potential.

In addition to the GWE there were other GARP experiments which had an
important influence on the Centre's research activities. The Winter Monsoon
Experiment (WMONEX)for example, resulted in a major involvement by the Centre
in the development of a specialised tropical analysis and diagnostic capacity for the
Australian region. Previously such initiatives had been hampered by inadequate
data. However, this situation was largely redressed during WMONEX, enabling the
development of both the appropriate modelling techniques and, most importantly,
the confidence of the operational tropical meteorologists in the practical advantages
of such methods.

Substantialprogress was also achieved during this period in the Centre's climate
research activities. Because of the inherent difficulty of climate simulation and
diagnosis, it was inevitable that much of the Centre's early work in this field was
concerned with developing a local technical capacity and 'feel' for the problems
involved. By the late 1970's however, a much sharper focus had emerged
occasioned in no small part by the increasing statistical evidence collated by
ANMRC to link sea surface temperature anomalies, tropical anomalies in particular,
with seasonal variations in regional rainfall. In order to investigate such linkages
further the Centre embarked on a deliberate long term policy of enhancing its air-sea
interaction modelling capacity with a view to developing a comprehensive ocean
atmosphere general circulation modelling capability. Unfortunately the time
constant of such developments was not compatible with changing localpoliticaland
administrative circumstances and there is now a grave risk that the considerable
investment made in this field will be dissipated with only a small fraction of the
return that could have been realised.



An important 'spin off' from the air-sea interaction research initiatives was the
development of a limited area modelling capacity for the Bass Strait region. Initially
this research was instigated as part of a cooperative venture within the Victorian
Institute of Marine Sciences (VIMS) and in the first instance consisted of the
development of a simple depth averaged barotropic model for the region. Later,
because of the considerable user interest generated by the project and the
identification of several unique properties of the Strait circulation, this model was
extended to include baroclinic processes.

Much more could be said about the detailed achievements of the Centre, not only
during the period L97 8-83 but also prior to this. However, the issue which probably
really matters now is to ask the questions, "Why was the Cenfte a success?", and
"How can this experience be translated into effective future research arrangements
for the individuals and organizations concerned?". In my view, there were several
reasons for the Centre's success. First, and perhaps most importantly, its research
objectives were clear and well defined. Secondly, its resource base was broadly
consistent with these objectives although inadequate computational facilities were
a notable exception in this regard. Thirdly, it was single-minded in its pursuit of
quality, especially when important decisions regarding research priorities and staff
appointments were involved. A fairly high percentage of term appointment
positions, for example, was always a feature of the Centre's management strategy,
resulting in a healthy competitive scientific working environment. Fourthly, in an
organizational sense, the Centre occupied a unique position in the applications/
research spectrum. By effectively straddling the middle ground of this spectrum the
Centre was not only aware of real life problems, but was also in a position actually
to do something about solving them.

The translation of these characteristics into anew modus operandi for Australian
atmospheric science research, and that component more directly associated with
the development of future operational systems, will be no easy task. Already the
concept of the new Bureau of Meteorology Research Centre is well advanced and
it is to be hoped that the ANMRC experience will have a major influence in
determining its goals and operating philosophy.
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ANMRC 198:t-1984

W.P. BOURKE

In early 1983 the timing of the foreshadowed disbandment of ANMRC was

unclear; in November 1983 the target date was set at June 30 of the following year;

in mid 1984 the target date was set at December 1984. ANMRC has thus passed

its final years amidst some uncertainty. In the CSIRO context several resignations
occurred in 1983, and several promotions of Meteorologists and Computer Systems
Officers from ANMRC to the Bureau could only be met by acting promotions and
appointments to and within ANMRC. These problems were of course compounded
by the inability to recruit staff to the vacant CSIRO positions. So one may ask: How

did we manage in these final years? In the following I have attempted to chronicle
major activities and achievements in 1983 and 1984. In summary I believe ANMRC
has, despite the cited organizational difficulties, continued with notable achieve-
ment.

A major task facing ANMRC during the past two years has been to expand on

and implement the research developments of the yeats t977-L982 on the

upgraded Bureau computing facilities. Much o{ the ANMRC research in the late

1970's and early 1980's was conducted on the CSIRONET CDC 7600 computer.
With the installation of the FACOM M200 in mid 1982 the Bureau acquired

computing capacity which was equivalent in processing speed to that long available
on CStnOnET. This new computing facility however, has provided ANMRC staff

with an order of magnitude increase in effective computing facilities through the

excellent access provided by the Bureau'

Some highlights of recent progress are summarised below:

Weather Research
o An objective tropicalanalysis system has been implemented on a quasi-realtime

basis. The system is now run twice per day following successfuloperationaltrials
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o

o

in April 1983 and final acceptance in the Darwin Regional Office where the
scheme has been run since November 1983.

A hemispheric assimilation and prediction system has been implemented in
operational trials in the months of July and September 1983, and January and
June 1984. This state of the art system represents the first major upgrade to the
operational hemispheric analysis since I97 L and to the operational hemispheric
forecast model since 7976, and has been handed to Operations in final form in
July 1984.

Development of a generalized prediction verification system.

The Limited Area Regional Prediction Model has now been reorganized into a
very general form with a range of resolutions in the horizontal and vertical, and
with enhanced physical parameterizations. Operational implementation is in
progress at the time of writing.

Polar orbiting satellite microwave temperature retrievals have been applied
successfully to the location of the eyes of tropical cyclones.

Climate Research
A 10 year integration by a global climate model designed to study interannual
variability has been completed.

A coupled atmosphere-ocean model using the two-level global model and a
mixed-layer modelof the ocean has been developed and is being tested.

Detailed analysis has been made of the middle atmosphere simulation generated
by the global S4-level model with emphasis on the role of internalgravity waves.

The ANMRC globalspectralclimate and prediction modelhas been implemented
on the CYBER 205 computer recently available on CSIRONET.

Observational and Diagnostic Studies
Analysis and interpretation of the El Nino/Southern Oscillation phenomenon
have provided further evidence for the key role of air-sea interaction in the
oceans adjacent to northern Australia. Seasonal tropical cyclone activity has
been identified as strongly correlated with north Australian sea surface
temperature just prior to the onset of the cyclone season.

North Australian sea surface temperatures have been identified as a precursor
to variation in intensity of the Indian summer monsoon rainfall.

A comprehensive southern hemisphere climatology has been established and the
standing waves in this climatology analysed.



o A crucial factor in the development of outbreaks of tropical convection and the

genesis of intense monsoon depressions over tropical Australia has been

investigated, namely the day to day variation in the southern hemisphere

subtropical ridge.

As the sun sets on this relatively young research centre the momentum of
valuable research has been essentially maintained. This is a particular tribute to
those staff who, although faced with organizational uncertainty, have had the
conviction that the quality of this research was sufficient to survive foreshadowed
changes.

The Centre was conceived as a compromise solution to an organizational
problem of the 1960's; it is being disbanded seemingly as a compromise now to
solve problems of others. It could be said that its conception was scientifically more
responsible than its disbandment. There can be no guarantee of continued success
comparable to that provided by CMRC and ANMRC. This experiment in

organizational structure generated an unexpected but superb result; analysis of the

experiment has been available but not widely comprehended.



III. PERCEPTION OF A JOINT UNIT
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The ANMRC served a unique role in Australian science, and its programs without
exception were aimed at results that would have application to community needs.
It was outstandingly successful in its field, and at modest cost. Why then was it
unceremoniously and incongruously abolished? It seems to me that thoughtful
persons who, in particular, have some concern for the future of meteorological
research in Australia, or who, more generally, have an interest in how important
decisions are sometimes made here, would do well to ponder this question. It is from
one perspective, that of Chairman of ANMRC Advisory Committee, that I offer the
following comments on the matter.

There are, however, a couple of points that I think sufficiently important to
warrant special mention at the outset. In the first place, when one looks back and
recalls the administrative turbulence that, throughout the Centre's life, was never
{ar below the surface in the contiguous domains outside it, it is quite remarkable that
it should have been so unruffled in its internal operation and so very productive in
its output. This, I believe, is not something to be merely mentioned and then
promptly forgotten. On the contrary, it calls for recognition and acknowledgement
of dedication and commitment by a small group of people. I willmention particularly
Dr C.H.B. Priestley for his faith in the Centre and his unwavering support of it, and
Dr R.H. Clarke and Dr D.J. Gauntlett who as Officers-in-Charge fought tenaciously
on the battleground outside, and, at the same time, provided calm and purposeful
leadership in the arena within. To their lasting credit, the staff who could not have
been unaware of the Centre's vulnerability neverlel this interfere with the task in
hand and never reflected outside any attitude other than confidence in the program
and in their ability to implement it successfully. They are to be commended for their
dedication and their competence.

Secondly, I want to emphasise that, in speaking of the success of the Centre,
I do not do so idly or as a result of a purely subjective assessment, for 'success' was
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a term that recurred and recurred in the professional judgements of those who made
submissions to the review, to which I will refer later, and who were qualified to make
scientific appraisals. Moreover, in enquiries that I made overseas as part of that
review, I found that the work was of genuine international repute, and readily and
generously acknowledged as such by the Heads of the UK Meteorological Office,
the French Meteorological Service, and the European Centre for Medium Range
Weather Forecasts. The compliments to ANMRC's results and to the scientists
involved were intended by these distinguished officials to be taken as their
professional assessments, and they were certainly not offered lightly.

My first acquaintance with the Centre came shortly after the Bureau of
Meteorology was attached to the newly created Department of Science, and it soon
became apparent that there were serious disagreements within the then Committee
of Management. A new agreement between CSIRO and the Department for the
operation of the Centre came into force in August 197 4 and I found myself
appointed Chairman of a newly constituted Advisory Committee reporting to the
Secretary of the Department and the Chairman of CSIRO as the joint principals. The
Advisory Committee's main tasks were to review the program of the Centre, to
recommend on future work and to comment on the proposed budget. Apart from
the intractable and persistent difficulties posed by resource constraints, other
problems of an administrative or procedural nature were soon resolved and
improved interfacing arrangements between the Centre and the Bureau were put
into effect.

The Advisory Committee, as a corporate body, came to work very well indeed,
and it is a pleasure to place on record my appreciation of the cooperation I received
from all members during the six years or so that I was associated with it. The
members were Dr Priestley, Dr Tucker, Dr Gibbs and, after the retirement of the
last-named, Dr Zillman. The Officer-in-Charge of the Centre participated fully in the
meetings of the Committee, to the advantage of all concerned. It is to the credit of
the Director of Meteorology and the Chief of the Division of Atmospheric Physics
that, whilst they each had very firm ideas on what would constitute in their
respective views better alternative arrangements for the conduct of meteorological
research in Australia, nevertheless their participation in the business of the
Advisory Committee was always wholehearted, constructive and fruitful. Out of
C ..r,rittee, however, they were fully entitled to canvass their own ideas, and I
\elieve that, in part at least, the seeds for the Centre's eventual demise stemmed
from this circumstance, albeit indirectly.

From the earliest days of the Department of Science through untilthe retirement
of its First Secretary, departmental support for the Centte was based on the
following reasoning. There existed a very real, and indeed urgent, need to conduct
meteorologicalresearch in Australia of the highest practicable quality, with the aim
of improving the accuracy and scope of weather forecasts. For the foreseeable
future, at least, the way ahead seemed to lie in numericalmodelling. The Centre had
already developed a great deal of competence in this area, the scale of its efforts
was pitched at a realistic level, some of its products had gone into service, and its
then current program offered the substantial promise of providing new forecasting
methods that could be adopted with advantage by the Bureau. We were convinced
that a 'research scientist' based effort was mandatory, and, equally, that we had no



prospects of obtaining Public Service Board approval for the requisite organiza-
tional structure within the Bureau. There was another important consideration.
When any organization that includes a research facility is hard pressed, it is
invariably the research program that is the most vulnerable to crisis situations, and,
typically, the pursuit of research becomes subservient to pressing operational
demands and secondary to the maintenance of services when resources are cut. The
joint undertaking by the Department and CSIRO to sponsor the Centre at an agreed
resource level provided a reasonable assurance that the research would be insulated
to a large degree from such a possibility, and it also overcame the problem of
employment of research scientists.

Subsequently the arrangements worked well and the Principals abided by the
terms of their commitments. The Centre for its part, despite the fact that in the
event it suffered considerably from the resource constraints applied by the
Government, lived up to expectations and achieved results that are detailed
elsewhere in this report.

A major review of the Bureau of Meteorology by an independent committee of
enquiry, 'The Howson Committee', was completed at about the end of 1976 and
its outcome, I believe, gave the Director of Meteorology some cause to feel that
research within the Bureau might subsequently be significantly strengthened. No
doubt the hope thus engendered would co-exist uneasily with any long term
commitment to the Centre. Meanwhile the Chief of the Division of Atmospheric
Physics was coming to the view that the Centre was inexorably moving away from
its limited charter and that the interests of meteorological research would be better
served in the long haul if the Centre were disbanded and research programs were
entrusted to the Bureau and the Division collaborating under some form of
gentlemen's agreement. With this view the Director of Meteorology, I believe
concurred.

Dr J.L. Farrands who had been a member of the Howson Committee was
appointed Secretary of the Department of Science late in L977, and his strong
conviction was that the Bureau should strengthen its in-house research capability.
Then, towards the end of \978, the Chairman, CSIRO and the Secretary,
Department of Science, appointed a committee to review ANMRC, comprising
myself as Chairman, and Dr N.K. Boardman and Professor B.R. Morton as the other
members. We received a large number of submissions, in writing and/or in personal
presentations, and the outcome of our deliberations was to accept the considerable
weight of scientific opinioir endorsing the excellence and relevance of the Centre's
work, and the recommendation strongly expressed by the majority of respondents
that the Centre continue in its existing role.

Decisions on our recommendations had not been finalised by the Principals when
the Committee of Review of Government Functions, chaired by Sir Phillip Lynch,
came into existence with a mandate to identify ways of trimming the public sector.
The Secretariat of that Committee, presumably getting wind of the controversy
surrounding the Centre, took little time to point to it as a target for potential
abolition. Neither CSIRO nor the Department took kindly to the idea that a decision
about ANMRC's {uture should be made in this way - but that is how it finally turned
out.
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Those of us who can understand the issues involved - the scientific and
organizational aspects, and the genuine aspirations of the people caught up in the
affair, those who were pro-ANMRC and those who were anti - should all be
saddened by the sorry way in which the Centre's future was decided. It says little
for public administration in Australia when important decisions, as a decision about
the future of the Centre certainly was, are taken on this sort of a basis.

Those of us who came to care about what the Centre stood for willnow be looking
to the Director of Meteorology and the Chief of the Division at Atmospheric
Research to seize the opportunity now presented to them to give effect to the
promise they made, that in collaboration they could do at least as good a job as the
Centre. When the future work receives the measure of acclaim that the ANMRC's
work did, we can all be content that the promise has been honoured.
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This essay is written from the perspective oI a former staff member of
CMRC/ANMRC who was associated with research applications/operational
interface activities from 1971-75, and who then became leader of the National
Meteorological Analysis Centre (NMAC), the major Bureau user of ANMRC
research. Major strengths of the Centre were the CSIRO type working environment,
and its explicit objectives to advance operational numerical weather prediction
(NWP) in the Bureau of Meteorology. It is difficult to assess what results would have
been achieved had the Centre not been formed. Certainly a good start on NWP
research had been made with the Numerical Methods Section of the Bureau's
Research and Development Branch by people like R. Maine (now Assistant Director
Computing), D. Gauntlett (later Officer-in-Charge of ANMRC, and now Deputy
Director (Research and Systems) ) and R. Seaman (now a very senior research
meteorologist in the Centre) and later G. Kelly (also in the Centre). There would
have been a progression towards the development and application of primitive
equation models. However the group of CSIRO Research Scientists who formed a
nucleus of the Weather Research Group have made contributions of international
importance. The pioneering work on spectralmodels and initialization methods by
W. Bourke, K. Puri and B. McAvaney, and the collaboration between D. Gauntlett
and L. Leslie stand out as major contributions.

I joined the Centre as an experienced synoptician with a keen interest, but no
experience in numerical weather prediction. My duties, after a long apprenticeship,
included the testing of regional and hemispheric models, the conducting of trials,



re-runs of specific situations, verification studies and experiments with
pseudo-observations. In this work I acted collaboratively with J. Young, a senior
programmer with a scientific flair, and an early project was the restructuring of the
Maine filtered baroclinic model to test the contributions of secondary terms in the
model equations and to optimize surface friction, topography and the correction to
the vorticity equation to compensate for long wave retrogression. The Mark II
version of the regionalfiltered model replaced the Maine model in 1972 and was
used as the NMAC regional model until1977 . A hemispheric version developed by
J. Young was run operationally until replaced by the Bourke spectral primitive
equation model in January 1976.

A number of experiments was conducted by D. Gauntlett, W. Kininmonth and
D. Hincksman during L972 and 1973, testing the hemispheric primitive equation
modelon operationaldata and utilizing differing initialization techniques, improved
representation of convection, and differing time integration schemes. At this stage
the limitations in core and capacity of the IBM 360/65 for advanced numerical
modelling became an acute problem. After optimization the grid primitive equation
modeltook 90 minutes to execute a 24 hour forecast. The modelshowed significant
skill in a number of significant weather situations, for example cut-off lows. The late
D. Wright of the Bureau undertook an assessment of a series of 25 four day
forecasts and found useful skill at the end of the forecast period in more than 50%
of cases. Pseudo-observations prepared by operational analysts were, and still ar?,
deemed to be essential over the southern oceans.

During this period the spectralprimitive equation model was being developed by
W. Bourke and his group. Despite difficulties in representing topography, and
limitations in resolution, the spectral model was more efficient in computer usage
than the grid model, and indications were that it was superior in performance to the
filtered model. Eventually after tough negotiations with the late R. Falconer, leader
of the NMAC Operations Development Section, operationaltrials were organized.
At issue were several questions which were to assume importance in later years.
The first of these was the method and extent of testing the performance of the model
and comparing it with the operational model. Both objective and subjective tests
were agreed upon, culminating in extensive parallel operational trials. The second
question was the relative effort between the Centre and the Bureau in adapting the
model to the real time system. In the event, more than 12 months' work was
required to prepare the spectral modelfor operational use. The third question was
the degree of documentation which would be required to facilitate provision of
information to the Bureau on model and data set structure for the purpose of
program maintenance. A further underlying issue was the adequacy of interface
arrangements within ANMRC. Indeed NMAC and ANMRC had become convinced
that rather than a small, non-specialised interface group, a more efficient
arrangement would be for the developers of models destined for operational use,
to liaise more directly with the Operations Development Section.

In early 79751took over from the late A. Muffatti as Superintendent of NMAC,
at about the same time that R. Clarke, Officer-in-Charge of the Centre, and
W. Gibbs, Director of Meteorology, were devising new more formal interface
arrangements. The first meeting of a newly formed Joint Working Party (JWP) was
held in April 1975 under the chairmanship of D. Gauntlett, and considerable



attention was given to formalizing terms of reference and to refining a flow chart
devised by J. Lonergan, Deputy Secretary of the Department of Science and
Chairman of the ANMRC Advisory Committee, to define the various stages of a new
project initiation, development and implementation. Apart from providing

recommendations and information to the Advisory Committee, the JWP served as
a useful forum for debate on a number of relevant scientific/operational issues,
usually through the circulation of discussion papers. An early initiative was taken
by R. Seaman to improve grid point wind prediction for aviation in the tropics and
subtropics via analyses based on optimum interpolation in space and time and
predictions from these analyses based upon statistically damped persistence.

Initiat moves were made during 7975 to highlight user requirements for tropical
numerical analyses with a view to initiating a research project within ANMRC.
Seven years were to elapse before the Davidson/McAvaney tropical analysis was
developed, due largely to other priorities, and partly one suspects, to the low profile

at that stage of tropical meteorology. I believe that the operational availability of
imagery from the Japanese geostationary satellites (GMS 1 and later GMS 2)from
1978 did a lot to raise our consciousness of the importance of tropical meteorology
and tropical/mid latitude interactions. The availability of cloud vector winds on an
operational basis from 1980 onwards had a very beneficial impact on Darwin's
manual analyses and are seen as essential also to the objective analysis scheme.

Consultations were made with A. Powell, regional representative on the JWP
(now Regionat Director, Victoria), and Bureau Regional Offices on the question of
tropicalanalysis and the requirements for research in general. The JWP at this stage
felt that regional input was essential to specifying new projects and recommending
priorities, but at the same time stirred up something o{ a hornet's nest in high places.

It was seen to have a penchant for impinging on areas of responsibility other than
its own. However the information received was valuable in planning changes in
NMAC output and giving focus to the implementation of the Australian region
primitive equation model.

Implementation of the spectral model was a significant event, since NMAC was
the first operational centre in the world to have available a model of this type.
However, being constrained by computing limitations to five levels in the vertical
and rhomboidal wave number 15, the model from the outset suffered from
systematic deficiencies, including unrealistic equatorward drift and loss of intensity
of anticyclones, unrealistic treatment of cut-off lows and occasional drastic
weakening of sub polar lows. These deficiencies seriously undermined the
confidence of regional users. On the other hand the model formed an important
input to manual Indian Ocean prognoses, provided essential boundary conditions
to the nested Australian region primitive equation model, and provided essential
guidance for Antarctic aviation forecasts. Despite the limitations under which it has
had to operate the impact of the model must be judged as positive.

The harshest test of all is to predict the relatively smallproportion of significant
weather events which have the greatest community impact. At the instigation of the
then Director, W. Gibbs, the JWP undertook a project in 1977 and 1978 to examine
the skill of the regional model in predicting a number of significant weather
parameters, inctuding vorticity centres, cold pools, warm tongues, areas of
convective instability and rainfall. Success in predicting most of these phenomena
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was assessed as being less than 507o, indicating the critical need for improved
mesoscale data, analysis and prediction.

An archive of regional primitive equation prognoses was established in 1980
enabling development by Research and Development Branch staff (F. Woodcock,
G. Mills, R. Tapp) of model output statistics for prediction of maximum and
minimum temperature and precipitation.

During I97 6 the Bureau/ANMRC Joint Working Party provided comment on the
section of a Government Green Paper relating to numerical weather prediction. In
particular there was considerable debate on the importance of observational
networks and techniques versus adequate computer power. I had argued that the
deficiencies in observations and techniques at this stage outweighed the need for
additional computer power, however desirable this was seen to be. The FGGE
drifting buoy program, ASDAR and TOVS were on the horizon, and by I978 the
JWP had come to the conclusion that lack of computing capacity was the major
factor severely limiting the Bureau's ability to implement the improved models
developed by ANMRC. The points made in the JWP paper, written largely by
W. Bourke, remain equally valid in 1984 as they werein7978. On the one hand
there are obvious benefits and attractions in gaining access to a CRAY or CYBER
205 machine; on the other hand the large sum of money precluded the Bureau from
taking this course.

At one stage in 1979, whilst I was Chairman of the JWP, I expressed both positive
and negative views in a report to the Bureau's executive management. On the one
hand I listed twelve valuable discussion papers which had been prepared and
circulated, and outlined the manner in which requirements for research, and
implementation of research had been specified and facilitated. On the other hand,
in a fit of candour I wrote:

"A major problem during the lifetime of the JWP has been the lack of a
tangible response from its Principals to the recommendations or
comments made . . . We have on occasions been frowned at or even
growled ?t . . ., but I can find no evidence of suggestions e.g. on MOS or
tropical analysis being actively supported by top management . ."

On the question of the proposed computer upgrade, I wrote formally to the
Director (J. Zillman)and Officer-in-Charge, ANMRC (D. Gauntlett)in March 1979:

"The introduction of the JWP Report stated the reasons for its preparation
and the concern felt by members that they have a responsibility to state
a scientific rather than economic view on the Bureau's future computing
requirements. The current restraints are very well known, but the case
must be put that if we are to take advantage of improvements in data and
techniques a very large upgrade will be necessary. The incremental
benefits can be assessed as being very significant, but it is the task of
government to decide whether the nation wishes to pay for such an
upgrade.

"Members of the Joint Working Party consider that the question is vitalto
both research and operational activities and on their behalf I wish to
request a response from the Advisory Committee to the matters raised in
the report."
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There was considerable debate within the higher echelons of the Bureau during
this period on how much of an upgrade of the central computers could be supported,
but the Director replied courteously and positively, stating in part:

"The JWP's assessment of, and comments on, the future computing needs
of the Bureau represent one very important input to the Bureau
Executive's consideration of the approach to be taken in framing a
submission to Government for replacement/upgrading of the Bureau's
centralcomputers. I would like to thank you and the members of the JWP
for the effort that went into preparation of the report and for the views
expressed in i t . "

A number of heated debates occurred between Bureau and ANMRC staff
members during 1981 on the strategy for converting analysis/prognosis programs
to the new FACOM M200 computer. All the scientists and computer systems
officers directly undertaking the work were and are highly dedicated. Operations
Development staff implemented several practical models designed to assist
forecasters directly (vorticity and vertical velocity maps, an empirical sea state
prediction model, SAM PROG, SLYH rainfall prognosis, as well as considerable
development/implementation of the TOVS local readout initiated by G. Kelly). The
conclusion immediately prior to the disbandment of ANMRC is that in addition to
the continuous day to day contact between individuals, the JWP performed an
essential interface function in identifying problems, providing information both
laterally and upward and in facilitating cooperative action. I would consider that one
or more reasonably formally constituted interface committees should operate when
the Bureau of Meteorology Research Cenlre (BMRC) is set up.

Output from numerical analyses and prognoses now forrns a central component
of the Bureau's Forecasting and Warning Program. Essential to the success of the
numerical system has been both the research undertaken in ANMRC, and the
operationally focused scientific and systems expertise in the Operations Deve-
lopment Section and ADP Real Time Support Group.
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The Meteorology Department of the university of Melbourne has enjoyed a
unique and profitable history of collaboration with the CMRC/ANMRC. Historically
numericalmeteorology at the University started in the late 1950's when U. Radok
and D. Jenssen adapted the equivalent barotropic model of Charney ef ol. (1950)

to the Australian region using the University's first electronic digital computer
CSIRAC (Radok and Jenssen, L96I). The barotropic model was also extended to
include heat exchange processes (Jenssen and Radok, 1964) but the application of
the models was limited by the computers available at that time. Nevertheless over
this period numericalmodelling became a standard part of both the undergraduate
and graduate teaching program.

Close collaboration between the Meteorology Department and the Bureau of
Meteorology, and subsequently with CMRC/ANMRC personnelhas occurred over
the years. The numericalanalysis scheme used for daily operations by the Bureau
for many years had its origin in R. Maine's MSc thesis "Automatic numerical
weather analysis for the Australian region" in 1966. M. Voice completed an MSc in
L97L on"A barotropic numericalweather prediction experiment for the Australian
region". Later the application of primitive equation prediction models in both
CMRC research and Bureau operations was the subject of D. Gauntlett's PhD thesis

"The application of numerical models to problems of meteorological analysis and
prognosis over the southern hemisphere" in L974.

With the successful development of numerical modelling in the CMRC and the
Bureau, the Meteorology Department tended to concentrate more on other topics
of research including Antarctic meteorology, the modelling of ice sheets, sea-ice and
climate.

In the mid seventies U. Radok of the Meteorology Department and W. Budd (then

with the Antarctic Division, Glaciology Section) approached the ANMRC



(R. Clarke, Officer-in-Charge, B. Hunt, D. Gauntlett and W. Bourke) regarding
proposals for cooperative work on climate studies using general circulation models
(GCMs). The ANMRC provided considerable assistance to the Department of
Meteorology in setting up a version of the ANMRC spectral model for climate
studies on the University computers. The preliminary aim was to study the model's
ability to simulate the observed climate and study the role of a wide range of features
in the climate system such as Antarctic sea-ice, topography, extra tropical cyclones,
sea surface temperature and cloud cover.

A start was made to the formulation of an interactive sea-ice component for the
model by a visiting Research Fellow, T. Keliher. With the appointment of
I. Simmonds, already well experienced with GCMs, and spectral models in
particular, the Meteorology Department's activities in generalcirculation modelling
became fully established. I. Simmonds carried out studies of the effect of the
Antarctic sea-ice on the southern hgmisphere climate using the ANMRC spectral
model; he also studied the effects of a range of factors on the modelclimatology with
Y.-8. Lin, a visiting meteorologist from Nanking University. These included both
topographic and thermalforcing and the role of the Antarctic continent. Since then
further studies have been carried out on the effects of cloud, a different boundary
layer formulation, and more recently sea surface temperature, the latter in relation
to rainfall (Simmonds and Lin, 1981; 1983; Simmonds and Smith, 1984).

To include an adequate treatment of the oceans in the global atmosphere-ocean
climate system N.'Smlth worked as a Research Fellow at the Meteorology
Department for three years and successfully developed a deep sea global dynamic
ocean model. During this time, frequent interaction occurred with the ANMRC's
oceanography group including C. Fandry and R. Hughes.

In the field of southe.ln hemisphere climatology N. Streten and N. Nicholls have
interacted with the Meteorology Department and the Antarctic Glaciology Section
in studies of the effects of sea-ice, extra tropical cyclone tracks, persistent pressure
anomalies, sea surface temperatures and rainfall. N. Nicholls completed his MSc in
1980 on "The nature and possible cause of some aspects of the interannual
fluctuations in the Australian monsoon", showing statistical links between ocean
and atmosphere behaviour, followed by his PhD in 1982 indicating promising
prospects foi long range seasonal forecasting in Australia. N. Streten obtained his
DSc in 1982 through the Meteorology Department based on his extensive
publication record particularly on southern hemisphere and polar synoptic
climatology.

With the establishment of the Chair in Meteorology at Melbourne University in
I979 and the increase in the staff of the Meteorology Department to six academic
positions the Department has been able to maintain its activities in numerical
modelling. The continued work of T. Gibson, W. Wright, S. Kep, P. Whetton and
I. Simmonds on climate and general circulation using both observational and
modelling techniques stil l provides an avenue of long term cooperation even with
the organizational changes now overtaking the ANMRC,

After retiring as Officer-in-Charge, ANMRC, R. Clarke continued research as a
Senior Associate of the Meteorology Department. During this time he obtained a
DSc degree through'the Department based on his extensive publication record
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encompassing boundary layer measurements arrd numerical modelling, particularly
with regard to the mesoscale phenomena; he also continued both field work and
numerical modelling to study very successfully the northern Australian Morning
Glory phenomenon.

In addition to the many research interactions the Department of Meteorology has
had the benefit of a number of ANMRC research staff presenting lecture courses at
the University. The regular seminar series run by ANMRC in conjunction with the
other research institutes additionally has provided a very valuable forum for
presenting highlights of recent research results to the local meteorology com-
munity.

The high international reputation which the ANMRC has established has been
influential in attracting a continual stream of eminent meteoro[ogists from around
the world to visit Melbourne. The Meteorology Department has benefitted from
these visits and the colloquia sponsored by ANMRC.

The success, productivity and accomplishments of the ANMRC stand as a
landmark to a fruitful collaboration between the CSIRO and the Bureau of
Meteorology with the whole meteorology community benefitting as a consequence.

The achievements of the individuals and the group as a whole present a challenge
to the new organizational research structures of the Bureau of Meteorology and the
CSIRO Division of Atmospheric Research to emulate and excel.

The Meteorology Department of the University of Melbourne recognises the
considerable achievements of the ANMRC with the hope of being able to continue
and to expand the cooperation in the future through the new organizations.
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In the last 18 years, it was a remarkable and enjoyable experience {or me to have
opportunities to be associated with a number of long term visitors from
CMRC/ANMRC to the GFDL, such as R.H, Clarke, B.G. Hunt, D.J. Gauntlett,
W. Bourke and K. Puri, although the first two visitors came to GFDL prior to the
establishment of the Centre. Probably because of this acquaintance, I am now
requested to write my view on the titled subject. However, among the whole
activities of the Centre, i.e., numerical weather prediction, climate research,
diagnostic studies, and tropical research, I know only the areaof numerical weather
prediction. Accordingly, this article would be biased to a certain direction.

First of all, the Centre has been a unique and important establishment in the
Australian community of meteorology, and it has satisfactorily accomplished the
original objective. Although the Centre is a joint institution of CSIRO and the
Department of Science and Technology, it has been independent from both, and
thus has been able to concentrate on accomplishing the mission, i.e., implement-
ation of the numerical weather forecasts. The full achievement of the task is
prerequisite for pursuing the research. From the standpoint of the research, the
Centre has also been successful and has afforded an immeasurable degree o{
stimulation, and perhaps, guidance to the research community of Australia as well
as of the world.

In the following, I will describe my perception of the Centre's impact, selecting
only few items. They are: A. - the spectralmodel; B. - the southern hemisphere
weather maps; C. - the climate research; D. - the limited domain modelling; and
E. - El Nino and Southern Oscillation.

A. Spectral model

The impact of this model is indeed fantastic. At present it is widely in use at a
number of operational weather centres, meteorological research institutions and



universities. Bourke is literally a father of the era of spectral model, proliferating a
model in the barotropic version around the world.

ln 1969, when Bourke changed his professional career from nuclear physicist to

meteorotogist, he was assigned in CMRC (Tucker was Officer-in-Charge)to visit the

Dynamic Prediction Research Unit, Montreal, Canada. This decision was crucial and

excellent for the subsequent development of the spectral model, because this travel
was extremely timely; the place was most appropriate; and the host institution has

competent scientists. At that time (1970), the 'transform' spectral model had just

been devised by Orszag (1970) and Eliasen et al. (L970). Different from the

conventional 'interaction' spectral model, the transform model was very efficient in

calculation and was flexible for incorporation of radiation, condensation and other
physics. In Montreal, there was Robert, who was an expert on the conventional
spectral modelling and who was enthusiastic and charismatic. In this situation and

environment, Bourke completed building a barotropic model (Bourke, L972)
utitizing the efficient calculation algorithm and the semi-implicit scheme (Robert,

L969).

This pioneering work is the base of today's success of the spectral prediction

model and the spectral general circulation model (GCM). There are now many

descendants of this model. For example, the second generations are found in
Melbourne, Austral ia (Bourke, L974;Puri  and Bourke, 1974; Bourke et a\ . , I977;
McAvaney et al., 1978); Montreal, Canada (Daley et al., 1976\; Reading, UK
(Hoskins and Simmons, 1975), GFDL, USA (Gordon and Stern, L974;1982); and

NMC, USA (Sela, 1980). The third generations include ECMWF, UK (Baede and
Hansen, \977; Jarraud et a1.,1981); and GFDL, USA (Manabe and Hahn, 1981).
NCAR, USA (so-called Community Climate Models of version OA and OB)uses the

spectral model.

The first operationalforecast with the spectralmodelwas in January I976 atthe

Bureau of Meteorology, Melbourne, Australia, and three or four weeks later,

Montreal, Canada, also started the operational model for short range forecasts.

Three major operationat centres have recently switched operational models from

finite difference to spectralmodels: NMC, USA (R4Q-Rhomboidal40); ECMWF, UK
(T63-Triangular 63); and JMA Electronic Computation Centre, Japan (T42).

B. The southern hemisphere weather maps

In general, observational findings give a great deal of stimulus to researchers,
particularly in the cases where intriguing processes or phenomena are involved.
Weather maps may not be exactly in this category, but in the case of southern
hemisphere, the daily weather maps offer immense challenge and excitement,
simply because the nature of atmospheric circulations are yet to be unravelled.

There are two aspects in this connection. One is the diagnostic analysis of 15 year

series of weather maps, and the other is the consideration of observation system and
data assembling.

It should be made clear here that the weather maps have been produced by the

Bureau of Meteorology at Melbourne (the World Meteorological Centre), and not by
the ANMRC. However, I presume that the computer process of southern



hemisphere weather maps has been advanced by the demand of daily numerical
weather forecasts. The current analysis system which is over 12 years old was
developed by R.S. Seaman and D.J. Gauntlett of the ANMRC, in collaboration with
the Bureau of Meteorology (Gauntlett et ql., L972).

This wealth of meteorological treasure has been gradually exploited. Hartman
(I97 6) utilized the tropospheric analysis of Melbourne for his stratospheric studies.
Trenberth (1980, 1981.a, 1981b, 7982) andSwanson and rrenberth (1981) used the
May 7972 - November 1980 series of the WMC maps for diagnostic studies of the
southern hemisphere circulation. They found that the Melbourne maps are
successful in delineating the characteristic patterns associated with storm iracks,
blockings and other transient eddies. There is a number of more recenlworks, such
as Le Marshall and Kelly (1981).

In order to construct a unified picture of our global atmospheric circulation, or
to advance our understanding of the northern hemisphere circulation, it is
absolutely necessary to explore the process and mechanism of the southern
hemisphere circulation as well. There is another point. For the extended range
forecast in the northern hemisph ere, the global data rather than only the northein
hemisphere data have been used conventionally. Although the compelling reason
for this treatment has not been known, there is a feeling that the hemispheric
interaction may play a crucial role in the evolution of atmosphere beyond the time
scale of 10 days in connection with the so-called critical latitude (Webster and
Holton, 7982).

The second aspect is the observational system and the data assimilation process.
There is no doubt that the satellite observation is vitalfor the southern hemisphere
analysis. It is also important to use an appropriate assimilation technique for
dynamical consistency. This is the so-called four dimensionaldata assimilation. In
this respect, there is a number of important contributions from the Centre (for
example, Daley and Puri, 1980; Puri, 1981 and Bourke, 1982; Bourk e et al., 1982:
Puri et al., 7982). GFDL, for example, has benefited from these works for the
improvement of the four dimensional data assimilation svstem.

C. The climate research
In the centre's activity of the climate research, there was a number of people

involved, and the research area ranges from the ellect ol sea surface temperature
on the atmosphere to the air-sea coupled model. Among them, Hunt is a central
figure. He was originally a photochemist and was one of the first who incorporated
the photochemical process into an atmospheric dynamical model (Hunt, 1966;
797 2). His work on the development of the 18-level GCM (Manabe and Hunt, 1968)
at GFDL is now a classic in stratospheric studies. After joining CMRC, he continued
to carry out this pioneering study, developing the S4-level semi-spectral GcM,
which extends up to 100 km (Hunt, 7974 voice and Hunt, 1975;Hunt 1981a). A
corresponding GCM in the northern hemisphere is the  }-level model of Mahlman
in GFDL, which extends up to 80 km (Manabe and Mahlman, !976), although
Hunt's model does not include the orography.
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Hunt wrote a number of papers successively on a great variety of issues from
pollution to the paleoclimate, using the numerical simulation approach, (the Nz
transport, inertial instability in the equatorial upper stratosphere, solar-weather
relationship , effect of earth's rotation and obliquity change, elfect oI volcanoes,
impact of cloud albedo changes induced by atmospheric pollution, the 2-day wave
in the summer upper atmosphere, and death of the atmosphere) (Hunt, 197 3; 197 4;
797 6; L97 7 ; 197 9a L97 9b; 198 1 a; 198 1 b; 198 1 c; L982). All issues are extremely
attractive and provocative. Hunt claims to have opened up many new problems and
to have the most comprehensive simulation studies. However, some of his
conclusions remain controversial.

Anyway, all these activities are an important part of the Centre's research as I
perceived from the standpoint of my limited expertise.

D. The limited domain modelling
The limited domain modelling is one of the important research activities in the

Centre, which has a large local impact.

A limited area, six{evelprimitive equation modelhas been developed to provide
improved 36 hour forecasts for the Australian region. The model includes
semi-implicit time differencing, and a nesting procedure which enables boundary
values to be updated from the hemispheric spectral model (Gauntlett, 1975;
Gauntlett et al., L976;1978). The fine quality of the model has been proved based
on a number of test cases (McGregor et o|..,1978), and this model was implemented
for operational use during September L977, by the Bureau of Meteorology at
Melbourne.

A recent review by Anthes (1983)on meso -o scale prediction models (using the
horizontal resolution of 20-150 km grid) has quoted the ANMRC as one of the
active groups around the world in this research area. Currently, a movable fine mesh
model has also been developed. Leslie et al. (1981) showed that an improved
analysis scheme can make a significant positive impact on the forecast. Enhanced
data associated with FGGE improved the 51 skill score for the sea level pressure
prognosis.

A novel aspect is the nonlinear normal mode type initialization for a limited
domain (Bourke and McGregor, 1983). Another point is a study of 'Southerly

Buster' (Gauntlett et ql., 1984). This is an interesting Kelvin wave phenomenon,
which is generated by a combination of orography and a front. Similar phenomena
can be found in other parts of the world.

E. El Nino and Southern Oscillation
These phenomena are spectacular and their influence on the world weather is

indeed profound.

The research has been conducted on-and-off since the British and Dutch colonial
age (for example, Lockyer and Lockyer,1904; Walker and Bliss, 1930; Berlage,
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L957), Australia is located at a strategically most favorable position. The ANMRC

has succeeded this tradition with work such as Streten (L975; 1981), Nicholls
(1977; 1979a;1981.), Nicholls and woodcock (1981) and Nicholls et sl. \1982\.

Recently the international focus of attention has been directed to the origin of

Southern Oscillation. In this respect, the studies of Streten (L977), Streten and

Troup (1973), and Nicholls (1979b) may be quite relevant. Anyway, it looks to me

that this areaof. research in Australia will continue to be most promising.
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For more than a decade, United States and Australian scientists, from the
National Earth Satellite, Data, and Information Service (NESDIS) and the Aust-
ralian Numerical Meteorology Research Centre (ANMRC) have worked col-
taboratively on using satellite sounding observations to improve numerical weather
prediction. This collaboration has focused the talent of experts on satellite radiance
data interpretation and regionalmesoscale numericalweather prediction modelling
in order to accelerate the process of greatly improving regional weather forecasts
for both countries. Because of the benefits achieved, the collaboration between
scientists is to be continued into the future through a cooperative research program

to be established between the Australian Bureau o{ Meteorology Research Centre
(BMRC) and NOAA's Cooperative Institute for Meteorological Satellite Studies
(clMSS).

The close collaboration between the CMRC/ANMRC and the NESDIS (formerly

the National Environmental Satellite Service (NESS)) of NOAA had its origins at
the IAMAP/IAPSO First Special Assemblies held in Melbourne during January
L974. Both W. Smith and D. Wark of NESS were in attendance. During the
conference very fruitful discussions were held between G.B. Tucker, Chief CSIRO
Division of Atmospheric Physics, D. Gauntlett and G. Kelly of CMRC, and W. Smith
and D, Wark of NESS regarding the potential of satellite observations for
operational weather forecasting in the southern hemisphere. An invitation was
extended to G. Kelly, one of CMRC's experts on satellite meteorology, to visit the
NESS in order to see firsthand the developments that were taking place in the
United States, especially those developments related to the Satellite Atmospheric
Sounding Program. During G. Kelly's visit to NESS in 1975, further cooperative
efforts were established between ANMRC and NESS to enhance the science of
sounding retrieval from satellite observations of the southern hemisphere.
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During L976, under a cooperative agreement between NOAA, CSIRO and the
Australian Bureau of Meteorology, W. Smith (NESDIS) worked for eleven months
at CSIRO Division of Atmospheric Physics and the ANMRC with G. Kelly and
G. Mills to demonstrate successfully the positive impact of Nimbus-6 sounding data
on Australian regional numerical weather forecasts (Kelly et al., 1978). There was
close collaboration with J. Le Marshall and P. Powers on the optimization of
sounding retrieval methods for the southern hemisphere. The result of the
numericalweather prediction (NWP) impact tests and the enhancement of sounding
retrieval algorithms was the establishment of a joint Bureau of Meteorology and
ANMRC program to implement a direct readout and data handling facility for the
TIROS-N/NOAA operational satellite enabling real time processing and opera-
tional use of the sounding data in the Bureau's regional forecast model. At the same
time, W Smith recognised the unique attributes of the ANMRC limited area
(Australian region primitive equation (ARPE) ) model for utilizing satellite sounding
data. Since he was to return to Madison, Wisconsin as the Chief of a Mesoscale
Applications Branch of NESS, W. Smith requested the ANMRC to modify this
model in order to perform mesoscale NWP for the North American region.

Upon W. Smith's return to the United States, a joint NOAA/University of
Wisconsin (NOAA/UW) research group was established at the Space Science and
Engineering Centre (SSEC) in Madison, Wisconsin. Its charter was to develop
methods of using existing polar orbiting and forthcoming geostationary satellite
sounding data for mesoscale meteorological studies and weather forecasting. Soon
after the launch of the TIROS-N satellite in I979, G. Kelly, after collaboration with
L. Leslie and J. McGregor (ANMRC), worked with W. Smith's group to modify
successfully the ANMRC ARPE model to mesoscale resolution for application with
high spatial resolution TIROS-N soundings over North America received locally via
direct readout at Madison. During the same visit G. Kelly was able to take advantage
of NESS/UW software developments for processing direct readout TIROS-N
sounding data with high spatial resolution. The NESS/UW software was adopted
subsequent ly  fo r  the  T IROS-N/NOAA sa te l l i te  sound ing  sys tem
established by the Bureau of Meteorology in Melbourne.

During G. Kelly's assignment to Wisconsin, a NOAA/UW Cooperative Institute
for Meteorological Satellite Studies (CIMSS) was formed and a formal cooperative
program between CIMSS and the ANMRC was established. The CIMSS/ANMRC
cooperative program provided for: the exchange of satellite sounding and NWP
model software; the exchange of scientists; and, cooperative research on satellite
data processing technology and numerical forecasting techniques. lnt982, G. Mills
(ANMRC) worked at CIMSS on the application of high resolution NOAA satellite
soundings in the mesoscale numerical forecast model to the prediction of severe
convective weather events (Mills and Hayden, 1983). As a result of the Kelly and
Mills efforts, a mesoscale numerical forecast capability was established at CIMSS for
numerical weather prediction studies with satellite data.

After several short term visits of W. Smith (NESS)to ANMRC during 1982 and
1983, J. Le Marshall, formally of ANMRC and currently with the Bureau of
Meteorology, worked at the CIMSS on the application of the mesoscale NWP model
to the geostationary VAS satellite sounding data for forecasting severe convective
weather and tropical storm motions. J. Le Marshall also conducted studies with a
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newly developed 'physical' method of retrieving soundings from TIROS-N/NOAA
direct readout data in preparation for its eventual implementation at the Bureau of
Meteorology, Melbourne.

Thus the NESDIS (NESS)/ANMRC (CMRC) collaboration has existed over one
decade. The association has been extremely fruitful: software was developed and
implemented at the Bureau of Meteorology for the real time processing and
operational use of TIROS-N/NOAA polar orbiting satellite sounding data; and a
mesoscale numerical weather prediction model was established at the NOAA/UW
facility for conducting studies to demonstrate the impact of new satellite sounding
systems (e.g., VAS) on regional weather analysis and forecasting. As a result of the
cooperative research between NESDIS and ANMRC a further program is being
established between CIMSS and the BMRC to continue reaping the benefits clearly
available to both the United States and Australia.
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In view of the scientific achievements of the ANMRC as described in the
preceding summary profiles, the reasons for closing ANMRC and the adoption of
new administrative arrangements and scientific directions are important con-
siderations which deserve comment. From the Bureau point of view the Centre has
always represented an unsatisfactory compromise between what the Bureau
aspired to achieve in its statutory role as a national meteorological agency and what
it could actually achieve given the administrative constraints operating within the
Australian Public Service. This view was expressed in a number of relevant scientific
reviews and was specifically addressed by the 1976 Committee of Inquiry into the
Bureau of Meteorology (CIBM). In particular, CIBM called for a strengthening of the
Bureau's in-house research capacity to meet its statutory responsibilities. At about
the same time an independent Inquiry into CSIRo, while recognising that cSIRo
currently undertakes the bulk of Australian basic research in meteorology, called for
this research to be rationalized with the research programs of the Bureau.

In an integrated sense the relevant findings of these Inquiries reflecteda general
uneasiness concerning the organization and effectiveness of the total Australian
Government funded meteorological research effort and its capacity to respond to
the new directions which were emerging within the science of meteorology- Within
CSIRO major scientific adjustments were also about to take place with decisions to
phase out weather modification (cloud seeding) research and programs involving
aspects of routine monitoring (ozone networks). There was also a strong perception
that local research into numerical meteorology had developed to the point where
a specific institutional emphasis in the field was becoming less necessary. In short,
while scientific problems transcend institutional divisions, there was an appropriate
scientific climate and strong administrative and budgetary pressure to rationalize
the conduct of Australian research in the atmospheric sciences.

The formal instrument of rationalization was the Lg8l Review of Commonwealth
Functions (RCF). Specifically, as a result of the RCF it was decided that the ANMRC
should be closed and CSIRO's responsibilities for ozone monitoring should be
transferred to the Bureau. As part of the rationalization process decisions were also
made on the future division of research responsibilities between the Bureau and
CSIRO. These responsibilities were outlined as follows:

"The Bureau of Meteorology, as the national meteorological service for
Australia, will have primary responsibility for research in support of its
own operations and services, including research directed to the broad
delineation of the characteristics of Australian weather and climate and
for liaison with the world Meteorologi cal organization in relation to
relevant research in Australia.

cslRo's primary role will be to carry out research into physical and
chemical aspects of atmospheric processes and phenomena, especialy
basic aspects and those related to environmental and industrial
problems, and to community needs, bearing in mind the role of the
Bureau."

The focus for the Bureau's future research activities will be the new Bureau of
Meteorology Research Centre (BMRC) which will function fairly much as a
self-contained research institute under broad Bureau auspices. Its role will be to
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serve as a national meteorological research agency and to conduct research in

support of the Bureau's service requirements. Important aspects of the BMRC
structure will be the provision of Research Scientist staff classifications and the
appointment of high level scientific leadership. CSIRO meanwhile has already
consolidated its atmospheric science research into a new Division of Atmospheric
Research (DAR).

At this stage it is a little premature to map out in close detailthe future research
programs of both BMRC and DAR. However some broad comments on new
directions for research into weather and climate are possible. To aid in this it is
useful to attempt to classify the effort devoted to meteorological research over the
past 25 years or so. One useful way to do this is to consider a gross sub-division
according to the space-time scales of phenomena involved: small-short, medium,
and large{ong scales. Medium scales will be regarded as those of the synoptic
phenomena that have been the principal concern of national weather services since
their inception around the turn of the century, having orders of magnitude of 103 km
and 1-10 days. Largelong scales involve planetary phenomena, both hemispheric
and global, and climatic scale processes, having orders o{ magnitude of 104 km and
months and beyond. Small-short scales cover micro-meteorological and meso-
meteorological phenomena, having orders of magnitude less than 102 km and
fractions of a day.

From the 1950's to the beginning of GARP, in the mid 1960's, the focus of
attention of meteorological researchers was on the small and medium scales, with
perhaps most scientific progress being made in micro-meteorology and the
understanding of exchange mechanisms across the earth's surface and through the
lowest layers of the atmosphere. Of course many observational discoveries of the
atmospheric structure and behaviour on the medium scale had been made and some
fundamental theorems usefully applied to describe this behaviour, notably the
conservation of vorticity and the applicability of the Navier Stokes equations. But
in general, and certainly in Australia, micro-meteorology was the main scene of
scientific understanding. There was a smaller interest in climate except to the extent
that global budgets of energy, momentum and water had been drawn up.

With the coming of GARP (and CMRC), activities concerned with the medium
scale, the first GARP objective* became the major focus of activity. Considerable
advances in understanding synoptic processes occurred, principally due to rapid
improvement in computer technology, new observing systems (particularly those
involving satellites) and a more accurate handling of the numerics associated with
solving the equations of motion. However, by the time of the Global Weather

' "The Global Atmospheric Research Programme (GARP) is a programme for studying those
physical processes in the troposphere and stratosphere that are essential for an
understanding of:
(a) The transient behaviour of the atmosphere as manifested in the large-scale fluctuations

which control changes of the weather; this would lead to increasing the accuracy of
forecasting over periods from one day to several weeks;

(b) The factors that determine the statistical properties of the general circulation of the
atmosphere which would lead to better understanding of the physical basis of climate."

(WMO/ICSU GARP Publication Series)
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Experiment (the First GARP Global Experiment) in r979, a general tightening of
resources was seriously affecting all nations. For these and other more complex
reasons, associated with the competition for funds and the psychological attraction
of new initiatives, interest in the second GARP objective* blossomed at the expense
of the first. Climate became the new focus and this switch was aided by several
environmental concerns, some of which had a sound scientific basis. At this time,
too, a school of thought had emerged that linear treatments of the relevant
dynamical equations could yield some useful understanding of large scale processes
and patterns.

Looking into the future, two questions are apposite: What aspects of weather
and climate have so far been relatively intractable to scientific study since L96O?
What ne'p scientific techniques and concepts are emerging which have the greatest
potential to improve understanding of atmospheric behaviour? The first question
represents 'services pull'and the second represents 'science push' in the quest for
knowledge.

Two areas of intractability are particularly apparent. First, actual surface weather
forecasts have not improved commensurately with the demonstrable increase in
skill of forecasting the broad scale (synoptic) pattern. Second, long range
forecasting, long a catch-cry, is still far from being a reality - whether we refer to
monthly, seasonal or interannual time scales.

Fortunately answers to the second question to some extent parallel those to the
first. There are signs that the physics associated with the regional modulation of the
broad scale pattern is beginning to be represented adequately. Both on the
mesoscale (e.9., the mechanism of frontal systems) and on the microscale (e.g., the
effect of complex terrain on the boundary layer) there is some prospect of success
from a four-fold attack using field observations, laboratory modelling, numerical
modelling and theory. It will not be enough, however, to blindly apply finer and finer
mesh numerical models; two other classes of problems have to be solved to ensure
progress - the incorporation of the appropriate physics, and the observation of the
small scale field for parameterization of yet smaller scale processes and for
initialization and validation of any quantitative synthesis of behaviour. On the larger
scale it remains to be seen whether linear studies will continue to be profitable, but
ways of considering the eflect oJ non-linearity look promising; these include a wider
application of low-order climate models and also some new application of concepts
from statistical physics to the behaviour of the general circulation. In addition to
this, global studies of trace gas distribution, originally primarily.of environmental
concern, are yielding insight into both inter-hemispheric transport and exchange
between the atmosphere and the ocean. Finally, while air-sea interaction and joint
atmosphere-ocean modelling are topics of some appeal, the first could involve
expensive ship-based observations and the second expensive computer-based
studies so that a clear designation not only of scientific objectives but also of new
ideas and realistic targets will be a necessary pre-requisite for the mounting of any
major attack on these problems.

It is precisely because these problems have remained intractable that they will
require both new ideas and the highest quality of scientific attack for solution. Of
course, there are stil l many residual problems associated with the medium scale,
notably those concerning the most effective assimilation of observations.



particularly satellite observations, and the way in which the atmosphere moves
towards recognisable modes of behaviour, such as blocking patterns and index
cycles. Nevertheless it is our opinion that over the next decade while research into
the larger scale will certainly continue, a deterministic approach to microscale and
mesoscale phenomena will receive increased attention. It is likely too, that now that
many of the initial technical difficulties associated with numerical modelling have
been solved, this approach willtake its place in the wider armoury of methods used
to study the atmosphere. We can perhaps look forward to a more interactive
involvement of different methods than has occurred in the past.
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VI. RESEARCH PROGRAM

This chapter highlights the principal achievements of the Centre's research
program from 1969 to 7984 in terms of the three subject areas: weather research,
observational and diagnostic studies, and climate research. [n describing this
research below, explicit ref.erence to particular CMRC/ANMRC papers has been
omitted. References to external publications however, are included. A full
bibliography of CMRC/ANMRC publications is given in Appendix I.

1. WEATHER RESEARCH
Wl ANALYSIS

Overview

Meteorologicalanalysis may be defined as the problem of defining the state of the
atmosphere as comprehensively as possible given an irregular distribution in space
and time of observations of pressure, temperature and wind. This task of
interpolating discrete data to provide a more or less continuous representation in
space and time includes a range of procedures spanning manual analysis through
to comprehensive four dimensional numerical objective analysis by computational
methods. Numerical weather prediction depends vitally on the quality of such
objective numerical analysis, and the Centre's goal of improved prediction
demanded substantial research into these methods.

Observations are the raw materialfor analysis. The challenge of using the largely
satellite-based data of the southern hemisph ere, in the best possible way, has been
a continuing theme of the Centre's research program. In the earlier years, there was
great reliance upon satellite data in image (pictorial)form rather than in quantitative
form, During this period, the Centre had an active research program both in image
interpretation, and in the development of numericalanalysis methods designed to
make best use of interpretive data. More recently, as much more quantitative data
became available from satellites, the research emphasis shifted to focus upon
retrieval methods, and the so-called 'four dimensional assimilation' approach to
analysis.

A useful spin-off from analysis research has been the development of objective
methods to assess quantitatively the impact upon analysis accuracy of changes to
the observing network. These methods have found application in a variety of
specific problems for network design.

W1.1 Auctralian Region Objective Analysie

The pioneering work on numerical analysis for the Australian region was
commenced in the Bureau of Meteorology prior to the formation of the CMRC
(Maine, 1967; l"laine and Seaman, 1967). These early efforts were largely
responsible for the analysis system implemented by the Bureau in 1970. This
system was based upon that which had operated successfully for the northern
hemisphere at the US National Meteorological Centre.



It soon became clear that essential differences between the data bases of the
southern and northern hemispheres would necessitate the development of new
techniques for numerical analysis. The crucial difference at that time was the much
greater dependence in the Australian area upon interpretive data derived from
satellite imagery. Basically, the problem was to combine interpretive and
conventional data in the most appropriate way,

Much of the Centre's research in numerical analysis, in the early years, was
directed towards this problem. One approach, which led to some improvement in
the quality of analyses above 500 mb, made use of the systematic dependence of
the vertical stability structure above 500 mb on low and mid-tropospheric
temperatures. Since the 1000 to 500 mb thickness was a quantity which could be
interpreted with some skill from satellite imagery, such temperature-stability
relationships enabled verticalextrapolations to be made in a more meaningful way.
In particular, the tropopause was able to be delineated in a synoptically reasonable
manner.

A more substantial impact upon analyses followed from the recognition that it
was pattern, or differential geometry, which was best interpreted from satellite
imagery. This led to the development of the variational blending technique, a
mathematical method based upon the calculus of variations, to combine
quantitative observations of geopotential height and wind data with interpreted
cloud patterns. Variational blending in two dimensions was incorporated into the
Bureau's operationalanalyses inL976. A diagram elsewhere in this report (Section

W2,21 indicates an improvement in forecast accuracy commencing at about this
time. By January t977 thisapproach had been extended to allow three dimensional
btending of conventionalgeopotentialand wind data at alllevels with cloud patterns,

and subsequently with the newer form of observational data, such as satellite
derived temperature soundings and winds, and ocean buoy data. It was
implemented initially for the Australian region and later extended to the hemisphere
in anticipation of the increased data analysis requirement during FGGE. The
numerical analysis component of regional data impact experiments (see Section
W2.2llwas based upon variational blending principles.

W1.2 Southern Hemisphere Obiective Analysis

For the first half of the lifetime of the Centre less resources were devoted to

numerical analysis on a hemispheric scale, than to analysis in the Australian region.

This reflected both the relative priorities of the Bureau of Meteorology operations,
and the problems of sparse data, which wete even more accentuated for the

hemisphere than for the region. Developments for the hemisphere largely paralleled

those for the region, but were implemented later. From the outset, the hemispheric

anatysis system was designed for use in an analysis-forecast cycle, with the

background field for an analysis being provided by a 12 hour forecast from the
previous analysis time. In this respect, its design was a precursor to the strategy

developed to greater extent in later work on four dimensional assimilation. Some

of the hemispheric analysis-forecast cycling experiments made in the Centre include

the real and non-real time evaluations of the baroclinic and primitive equation
models in the early L970's (see Fig. 1); the establishment in 1973 of the

requirement to specify a pressure reterence level, the temperature field alone being
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insufficient to maintain a realistic objective analysis system; assessment of the
impact of VTPR satellite data on southern hemisphere analyses and forecasts,
during t976; and, as implied above, four dimensional assimilation tests.

W1.3 Tropical Objective Analysis

Much of Australia lies in tropical latitudes, and it has long been recognised that
the performance of (traditional) numerical weather prediction models has been
rather poor in these areas. To address this problem, the Centre established a
Tropical Research Group int979. Concurrent with the development of a numerical
system, it has been necessary to gain further insight into the space and time scales,
as well as the underlying physical processes, characteristic of tropical phenomena.
To this end a number of diagnostic studies has been conducted and these are
mentioned in Section D2.1.

One of the main problems in studying the weather systems of the Australian
tropics has been insufficient observationaldata arising from the lack of (and expense
to establish) a regularly reporting network of stations, together with the vast
expanses of surrounding oceans. The special experiments such as FGGE and
MONEX of the mid and late seventies therelore have provided extremely valuable
data sets on which to base much of the Group's research.

The first major task in developing a numericalweather prediction system for the
Australian tropics was the construction of a suitable analysis scheme. It was decided
to analyse wind, temperature and humidity on a regular grid on sigma surfaces using
three dimensional univariate optimum interpolation. The scheme developed also
allows variable resolution and grid location, and has flexibility with respect both to
the data bases for observation input, and the output of analysed fields.

Data from the FGGE year for December L978 were used to produce the first
analyses from this system (see Fig. 2), and these compared favourably with those
prepared manually by the Darwin Regional Meteorological Centre (RMC). A real
time trial of the system which was conducted in April 1983 with the cooperation
of the Darwin RMC, demonstrated its viability. It was modified {urther, particularly
to facilitate ease of use by the operator, and a second trial was conducted in
November 1983. This proved to be extremely successful, giving rise to plans for
upgrading equipment in the near future, and the continued use of the scheme by
Darwin for production of their Tropical Diagnostic Statement.

W1.4 Satellite Data

With its vast ocean expanses and relatively little land, the analysis of southern
hemisphere weather patterns has always been at a disadvantage compared to its
northern counterpart in its lack of conventional meteorological observations. The
advent of the weather satellites in the mid sixties afforded the potential for
alleviating this problem. The CMRC/ANMRC therefore has directed considerable
effort over the past 15 years to obtain maximum benefit from this resource.

W1.4.1 Pattern Interpretation

ln the early seventies satellite observations were principally in the form of cloud
pictures which it was found could be interpreted to yield values of the 1000 -
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500 mb geopotential thickness. Diagnostic studies within CMRC developed a
vortex classification scheme from which surface pressure, and 500 mb and 300 mb
geopotential heights were estimated in terms of anomaly patterns. These were used
as a guide for both manual and numerical synoptic analyses over sparse data areas.

Cloud vortex patterns were also used in a method for determining a reference
level in data sparse areas. This was required {or calculating geopotentialheight from
satellite temperature profiles which first became available in 7973. This scheme
was based on the SINAP method developed in the USA (Nagle and Hayden,L97l),
and used the statistical patterns of short wave 500 mb height for each stage of



53

FIg. 3, Nephanolysis and cloud clossificotion for 0000 GMT 5 Nouember 7969 Cloud uortices are stippled, with the

solid line indicating zero uorticity. Grid point 'bogus' obseruations are indicated by closed circles for cyclonic points and

open circles for anticyclonic points. Cloud classit'icotion is as indicated in Figure 77 '

development of a cloud vortex (see Fig. 3). It was applied successfully to a number
of forecasts from the November 1969 GARP Basic Data Set.

More recent developments have been, for instance, with the NOAA TIROS
Operatonal Vertical Sounder (TOVS) imagery for locating the eyes of tropical
cyclones. This is assisted by colour graphics techniques which have been developed
to differentiate data from the various wave length channels (see Fig. 4).

W1.4.2 Temperature and Moisture Retrievals

The first attempts in the Centre to obtain temperature profiles from clear column
radiances from the Vertical Temperature Profile Radiometer (VTPR) were
commenced in 1973 with the receipt of NOAA-2 satellite data from the USA
following the work of Smith et al. (L9701. A series of experiments was conducted
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to determine the sensitivity of the non-unique radiance transfer equation to various
first estimates of temperature and moisture. Some success was obtained by using
a numericalprediction modelto provide estimates below 100 mb for the NOAA-2
radiance data, while climatology was used above 100 mb.

The technique which has seen greatest development in the Centre, however, has
been to determine radiance-temperature relations from a series of linear regression
equations between satellite radiances and ground-based radiosonde data. Iterative
discriminant analysis is used to group the data'synoptically'. This approach has
resulted in the reduction of both bias and root mean square error for retrievals over
the Australian region when compared to those receivedfrom the USA. After several
data impact assessment tests (see Sections W2,1.3 andW2.2\ January 1978 saw
the acceptance of the discriminant analysis procedure for''the local reduction of
VTPR satellite data for operational real time hemispheric analysis by NMAC of the
Bureau of Meteorology.

Recent extensions of this work have been the establishment of local readout
capabilities for the TOVS data, assisted by algorithms obtained from the University
of Wisconsin (UW). Since early 1981 two to three orbits per day over eastern
Australia have been processed to yield temperature profiles at a horizontal
resolution of down to 60 km within two hours of the satellite pass. This compares
with data processed in the USA being receivedtive hours after the satellite pass,
at a horizontal resolution of approximately 500 km. With the subsequent
establishment of direct readout capability at Perth, Western Australia, there is now
full Australian coverage. In addition to higher densities of temperature and moisture
information, the locally processed TOVS data yield 1000 - 500 mb geopotential
thickness and geostrophic wind shears, and (with the use of a sea level pressure
analysis) the 250 mb geopotential height and geostrophic winds (see Fig. 5).

Fig.5. 77pm window channel
imagery from the HIRS-2
instrument on the NOAA-7 polar

orbiting sotellite for 76 Nouember
L983, with the 7000-500 mb
wind shears (knots) and thickness
onalysis (dm) obtained from the

satellite deriued temperoture doto.

Currently efforts are again being directed towards improving physical retrieval
algorithms (Smith etal., L984), as the regression approach is unable to take account
of complex surface conditions, or to utilize a forecast first guess. These
developments are now feasible as a result of the recent improvements to the
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Australian region primitive equation (ARPE) modelwhlch include improved model
physics and initialization, increased vertical and horizontal resolution, and a
'nesting' procedure by which its boundary conditions are obtained from the
hemispheric spectral model (see Section W2.2). A surface air temperature and
moisture analysis program is being developed for use in conjunction with a direct
inversion algorithm recently received from UW and a high resolution topography
data set for the Australian region has been modified for use with the TOVS data
processing.

W1.5 Obeervational Networks and Analycis Accuracy

The design of observational networks is an important practicalproblem. Some
of the concepts used in numerical analysis are relevant to observational network
design. In particular, the mathematical theory of interpolation may be used to
address the question of the analysis accuracy achievable with a specified
observational network. This theory provides a quantitative estimate of the root
mean square analysis error to be expected at any point in an analysis domain. The
analysis error will depend upon many factors, such as network density,
observational accuracy, and the characteristic variability in space and time of the
element being analysed.

Some examples of practical problems which have been
interpolation theory are:
o the effects of adding, or removing, specified stations from the

addressed using

Australian upper
air observing network;

o the effects of reduced observing frequency at specified stations;
o trade off between station density and observing frequency in specified areas;
o disposition of a fixed number of drifting buoys in the Southern and Indian oceans,

so as to minimize analysis error.

In addition to specific problems such as the above, interpolation theory has also
been used to examine more general problems in a quantitative way. These include;
o the variation of absolute and differential accuracy of analyses, with network

density, observational accuracy, and characteristic length scale of the element
being analysed;

o the interpolation accuracy and parameter sensitivity of different methods for
numerical analysis.

An example of this last study is illustrated by Figure 6 which shows analyses of a
particular distribution of synthetic data using statistical interpolation theory, and
the successive correction method (SCM)of Cressman compared with the true field.

W2 FORECASTING

Overview

Upon the formation of the CMRC the numericalsystems available in the Bureau
of Meteorology were an Australian region multi-level analysis scheme (Maine and
Seaman, 1967) and an Australian region one{evel barotropic prediction model
(Maine, 19671. Development was well advanced for operational application of a
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baroclinic filtered model for the region, and Bureau staff were involved in adapting

the US GFDL primitive equations general circulation modelfor weather forecasting

in the southern hemisphere. These initiatives paved the way for numerical weather
prediction research in the first years of CMRC/ANMRC. Subsequent research into

spectral transform methods, as distinct from the use of finite difference methods,

led to the development of baroclinic primitive equation spectralmodels for research

and operationaluse over the hemisphere by the mid seventies. The burgeoning data

base issociated with the space-based observing systems of the polar orbiting and
geostationary satellites, and the advent of the First GARP Global Experiment

inCCE) in 7979 prompted development of a four dimensional assimilation system

within the framework of the spectral model. At the disbandment of the ANMRC this

assimilation prediction system has just become operational in the Bureau of

Meteorology.

Fig.7, Meon sea leuel pressure

prediction 96 h in aduance lrom
the six-leuel PE model with the

corre sponding uer il ying analy sis

during o typical extended range

experiment in the eorly 7970's.
9 6  H R  M S L  A N A L
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W2.1 Southern Hemisphere

W2.1.1 Finite Difference Models

The Bureau of Meteorology's requirements for a hemispheric numerical
analysis-prediction system were identified in the early 1970's as pressing. In the
Centre a filtered baroclinic model, initially developed for the Australian region, was
being generalised for southern hemisphere prediction on a 47 x 47 (N23) polar
stereographic projection, and a hemispheric grid point primitive equation (PE)
model developed at GFDL (Smagorinsky et al., 1965) and made available to the
Bureau of Meteorology, was being modified further for comparative assessment. A
major experiment with this latter model in L970 was an assessment of 24 hour
predictions based on the November 7969 GARP Basic Data Set, with a 12 hour
feedback cycle to the hemispheric analyses .Later,96 hour predictions were subject
to extensive comparisons with manually prepared forecasts (see Fig. 7), and
although the initial results were encouraging, analysis uncertainties in data sparse
areas of the hemispherewere identified as a major problem. Further effort directed
towards this model's operational use was in doubt, however, due to the additional
computationaloverhead of the primitive equations. The filtered model on the other
hand, had a clear advantage of computational efficiency with the larger time step
permissible. It had demonstrated 24 hour prediction skill equivalent to manual
methods at mean sea level, and was slightly superior to manual methods at upper
levels.

Despite subsequent improvements in hemispheric analysis and substantial gains
in performance by the PE model relative to earlier trials, an optimized version of the
filtered baroclinic model incorporating an energetically consistent formulation, was
the one finally accepted for operational use in 1972. Thus the major goal of a real
t ime hemispheric analysis-prognosis system had been achieved. The
reprogrammed filtered model effectively remained unchanged in Bureau operations
until 1976, with seven levels and N30 resolution, but functioning with the lower
(N23) resolution analysis.

With a view to increasing the utility of 96 hour predictions, a parallel effort in the
early seventies was directed towards improving the physical parameterization of
convection and the incorporation of radiative heating into the PE model. The PE
model was in fact used to provide guidance to the extended forecasting section of
the Bureau for a number of months commencing inlate 1972.

Although further improvements in per{ormance and efficiency were obtained
with the PE model through semi-implicit integration, the near equivalent
performance and superior efficiency of the spectral model (see below) suggested
that it become the basis for large scale prediction, and that the PE model continue
to be developed for Australian region research.

For much of the subsequent hemispheric research, the inadequacy o{ the Bureau
IBM 360/65 computers became apparent necessitating the acquisition of additional
time of the CSIRO CDC 7600 machine.

W2.1.1 The Spectral Model

Research into the use of spherical harmonic representation of dynamic model
variables was initiated within six months of the formation of the CMRC prompted
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by Robert's (1966) application of the spectral method to primitive equation models

and the formulation by Merilees (1968) of primitive vorticity and divergence
equations. The pioneering studies of Silberman (1954) and Baer and Platzman
(1961) pointed the way for spectral models via the use of interaction coefficients,
as was implied also in the formulation of Merilees. By mid 1970 a free surface PE
model using interaction coefficients had been developed in CMRC and initialtests
conducted of semi-implicit time integration and analytic Rossby-Haurwitz wave
initialization. At this time Eliasen et al. (7970) and Orszag (1970) in a decisive
development proposed the use of transform procedures in spectral model
integrations, thereby overcoming the principal disadvantages of inefficiency and
difficulties with highly non-linear physical processes.

Comparison of the CMRC interaction coefficient free surface modeland a newly
developed transform version utilizing both primitive vorticity and divergence
equations, demonstrated an order of magnitude improvement in efficiency of the
latter model at the relatively low resolution of wave number 15 (see Fig. 8).
Numerical stability and accuracy, as well as the ease of semi-implicit time
integration and globalmodelling, together with the potentialto handle terms more
complex than quadratic, were now very clear advantages of the spectral method
using the transform approach.
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By mid L972 the first integrations from real data were performed with an
adiabatic baroclinic spectral model, integrated via the semi-implicit algorithm and
interfaced with the newly operational southern hemisphere analysis system. In
these studies initialization was by direct use of the analysed mass and wind fields,
but was later succeeded by a divergence dissipation scheme based on a suggestion
of Sadourny (7973).In I973 experimental 48 hour predictions using the GARP
Basic Data Set for November L969 were compared in detail with those of the
operational filtered baroclinic model. The spectral model prognoses proved to be
more accurate in phase prediction of synoptic systems and were quantitatively

slightly superior. Realtime trials in parallelwith operations in 1974, demonstrated



the suitability of the spectral model to provide both a 12 hour first guess to analysis
and a 48 hour prediction over the hemisphere.To meet the demand of operational
constraints, the global model was converted to a truly hemispheric version with
seven levels in the vertical, and 15 wave numbers; it also included moisture and
convection. Concurrently, the spectral model underwent general circulation
simulation tests (see Section C1.4.1) which greatly assisted prediction studies
through the development of comprehensive physical sensitivity parameterization
schemes.

With the addition of topography and land-sea contrast, a six week real time
operational trial in 1975 reaffirmed that the spectral model could provide useful
guidance up to 48 hours in advance (see Fig. 9). Thus it was finally implemented
operationally in January 1976, after 18 months of parallel testing and recoding,
replacing the filtered baroclinic model. The Bureau became the first operational
user of a baroclinic primitive equation spectral model.
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W2.1.3 Four Dimensional Data Assimilation

To ensure the full utilization of the diverse, inhomogeneous, and vast
meteorological data base which was becoming available, particularly in the period
leading up to and including FGGE, e.g., the large number of temperature retrievals



62

from polar orbiting satellites, the Centre directed considerable effort towards
developing a four dimensionaldata assimilation scheme. The problem of asynoptic
data assimilation was first addressed by the hemispheric PE model in late 1971
using SIRS polar orbiting satellite data from the November GARP Basic Data Set.
The requirements for geostrophic correction of the wind field in the presence of
temperature data alone and the clear needfor arelerencelevel of surface pressure
were highlighted in these early studies. In January 1973, the reception of
temperature soundings from the USA NOAA/NESS from the NOAA-2 satellite
radiance measurements seemed to offer a basis for defining the initial state more
accurately for such an assimilation system. However the use of these data
operationally was through the conventional synoptic analysis system.

In April 7976 the operational seven-level spectral model was used in
experimental trials for one month of analysis-forecast cycling in which the impact
of NOAA-4 data was also assessed. The discriminant retrieval method was tested
in these experiments which were based ona12 hour cycle. Manual intervention was
confined to the specification of mean sea level pressure once each 24 hours with
limited input at the upper levels where no satellite retrievals were available. These
experiments demonstrated that this limited manual input coupled with the satellite
data were sufficient to maintain a satisfactory analysis-prediction system for the
southern hemisphere.

Prompted by the success of this experiment, four dimensional assimilation for
use with the spectral model has undergone continuous development up to the
present. It was developed around the version of the ANMRC spectral model that
had been used for general circulation climate studies (see Section C1.4.1). This
approach allowed univariate analysis by the successive correction method of

ANMRC ASSIMILAIION SYSTEM

NUMERICAL MODEL

HEMISPHERIC SP€CTRAL MODEL - 9 LEVELS RHOMBOIDAL WAVE NO 21

PWSICAL PARAMETERIZATIONS 1, MOIST PROCESSES

2 BOIJNDARY LAYER PHYSICS

3 RADIATIVE TRANSFER

SEMI- IMPLICIT TIME INTEGRATION

INITIALIZATION

NON-LINEAR NORMAL MODE SCHEME

ANALYSIS

hlSERllON OF DATA INTO o CO-ORDINATES OF MODEL

DEVIATIONS OF MODEL FROM OBSERVED ARE CURRENTLY ANALYSED

BY SCM PROCEOURE TO MODEL GAUSSIAN GRID AND THEN

REPRESENTED SPECTRALLY

T  o  "  ^  T o v* r . \ / t ' N d L I N N . m E  
" \ f  \ i  r , * L r N N r c t r

\ l  ,  / /  tNr i lALlzAloN \ \ l i l  rNlr l^LlzArloN

6ms 12ffis

Fig.70. The principol Jeotures of

the ANMRC assimilation sgstem.



contemporaneous pressure, temperature, mixing ratio and winds, at any or all time
steps of the model(see Fig. 10). Geostrophic corrections were made to mass field
changes arising from surface pressure and temperature updates. The availability of
objective analysis procedures within the framework of the spectral model, the
comprehensive prediction component provided by the model, and finally the
inclusion of a non-linear normal mode initialization constituted the basic assimilation
system utilized for major experiments with data from the FGGE year. These
experiments represented a major Australian effort addressing the primary
objectives of GARP, namely to determine the optimum design for a globalobserving
system, and to assess the impact of FGGE data on numerical analysis and
prediction. They suggested that the FGGE data base was sufficient to support a data
assimilation cycle in the southern hemisphere with manual interaction limited to
observational data monitoring and editing.

CONTROL ANAL
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12 24 36 48

CONTROL ANALYSIS
VERIFICATION

12 24 36 48
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Ftg, 17. Root mean square lorecast error statistics in the Australion region aueroged ouer three situations and uerit'ied

ogainst the control anolyses for mean seo leuel pressure, 500 mb and 200 mb geopotential heights (let't), t'or 500 mb
and 200 mb temperature (centre) , and t'or wind at the same leuels (rght) . The dotted line denotes the control prognoses ,
crosses indicote no drifting buoy pressure data included and orrows indicote no satellite temperature retrieuols included;

the full line indicates persistence.

Thus with the assimilation system established, it was shown that the quality of
prediction at 48 hours depended crucially on data from both ocean buoys and
satellite temperature soundings (see Fig. 11). The buoys in particular had a positive
impact on prediction in the region and the hemisphere, while the satellite soundings
showed positive impact at 500 and 200 mb levels as well as at mean sea level. A
very powerful component of the assimilation scheme from both a practical and
diagnostic view point, is the non-linear normal mode initialization procedure.
Detailed studies of its characteristics indicate further potential gains in low latitude
analysis and prediction. The introduction of linear initialization, frequency cut-off
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initialization, and clarification of the role of Kelvin waves in maintaining tropical

circulations have been recentstudies of particular relevance for large scale analysis
and prediction.

With the acquisition of the FACOM M200 computer by the Bureau in 1982 it has

been possible to test the potential of the assimilation system for operational use. A

substantially enhanced system compared to that used for the FGGE tests, it now

utilizes univariate optimum interpolaiion instead of the successive correction
method, and improved model parameterizations for radiative heating and cooling,
and turbulent transfer processes in the boundary layer. Relative to existing
operations the new assimilation system is much more comprehensive in data usage'
and in addition includes a stratospheric analysis. Trials paralleling real time for July
and September 1983, and January and June 1984, indicate the equivalence of the
new analyses with operational analyses, and an undoubted improvement in the
prediction capacity arising from the improved model component (see Fig. 12).
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W22 Australian Region

At the time of establishment of the CMRC, forecasts of the 500 mb height fields
up to 24 hours in advance were being obtained in the Bureau of Meteorology from
a barotropic filtered model. This model was succeeded by a seven-level filtered
baroctinic model in 1970 which had also been developed prior to the formation of
CMRC. It was replaced by an improved version inI972 which remained operational
untilSeptember 7977. However it was anticipated in the early seventies that a PE
model would be beneficial, and initial experiments to develop such a model based
on the southern hemisphere version commenced in the Centre in t971.

At this stage PE models were not competitive because of the severe restrictions
imposed on the maximum time step allowable by the fast moving gravity waves. The
semi-implicit time differencing procedure of Robert (19691 held hopes for
surmounting this drawback, so that by L97 4 the hemispheric finite ditterence model
had been converted to a semi-implicit formulation and recast over the Australian
region. This Australian region primitive equation (ARPE) model which includes the
immediately adjacent waters operated at a resolution of approximately 250 km
with six levels in the vertical. Use of a staggered space grid formulation also gave

significant gains in elliciency. By late 1976 this model was tested extensively on the
Bureau IBM machines by NMAC before it became operationalin Septembet L977,
replacing the filtered baroclinic model. Monitoring the ARPE model performance
over subsequent months showed that the average monthly 51 skill scores for a
numerical weather prediction model were superior to those for manually produced
mean sea level forecasts for the first time in the Australian region.

One subsequent change to this operational version has been the introduction of
a 'nesting' procedure in 1981 enabling the forecast period to be extended to 36
hours; the regionalboundary conditions are obtained from a 48 hour spectralmodel
calculation initiated at the analysis time 12 hours prior. The other significant
improvement to the ARPE modelhas been the introduction of a nonlinear vertical
mode initialization scheme. The linearized equations with respect to which the
model modes are defined admit only gravity modes, and this approach has been
found to be effective in controlling spurious modeloscillations. These changes are
indicated in Figure 13 together with the operational mean monthly 51 skillscores
for the Australian region for the period 1970 to 1984.

With access to CSIRO's CYBER 76 computer, in I97 6 a ten-level version of the
ARPE model was used to assess the impact of Nimbus-6 satellite temperature
retrievals obtained from data made available to the Centre from NOAA NESS in
the USA. As well as high resolution infrared data, information was available from
the microwave soundings in cloudy as well as clear areas of the atmosphere yielding
high resolution (approximately 125 km) retrievals for the Australian region. Two
series of analysis-forecast cycling experiments were performed where the model
prediction at six hours provided a guess field for newly available data. One series
used conventional data only, and the second used satellite derived thickness and
temperature information. The 24 hour predictions from the second series showed
a marked improvement in accuracy at all levels compared to the first, with a
significant reduction in human effort required; manual intervention was necessary
only at the surface.
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TABLE 1

Comparative Sr skill score performance at mean sea level of the operational ARPE
model in L978 and L979 relative to persistence. TIROS-N and drifting buoy data
were availablein 7979. Scores marked'are record low values for that month.

MONTH
PERSISTENCE

1978 1979
OPERATIONAL MODEL

t978 1979

January

February

March

April

May

June

July

August

September

October

November

December

Mean

57
6 L
56
56
54
6 T
61
59
68
55
57
58

59

56
55
65
63
56
53
c t

62
57
6 1
63
59

59

49
49
47
49
43*
5 1
48
44
50
42*
48
49

48

47',
48
49
47
45
4z',
42',
42',
44',
43
47',
46',

45

5 2

5 0

u 4 8

3 a o
o

5 4 4

7 0

4 2

4 0

42

40

38
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Another project of significance, conducted lointly with the UW in 1978-79 was
designed to assess the impact on numerical weather prediction of high resolution
temperature profiles. These were produced by UW from satellite radiance data
using the Man Computer Interactive Data Access System (MclDAS). Sixty kilometre
resolution versions of the Australian region objective analysis and forecasting
models were constructed and adapted to operate over the North American region.
Tests of this system on a number of cases using the UW data sets, and also with
conventional data showed that forecasts comparable to the US limited area
forecasting model could be obtained.

More recently an extensive series of experiments has been carried out using the
FGGE data over the Australian region. Almost certainly due to this enhanced data
base, particularly the improved satellite data and drifting buoys over the Southern
Ocean, seven record low monthly 51 skill scores were obtained in 1979 by the
operational ARPE model (see Table 1 and Fig. 13). The mean daily improvement
was of the order of three skill score points at all levels'

Although manual analysis has been an essential component of the operational
analysis system since its inception, the enhanced data base during FGGE provided
the opportunity to assess whether an objective analysis-forecast system would be
feasible with manual intervention limited to a preliminary data checking phase.

Using a six hour analysis-forecast cycling mode for nine days during the FGGE
Special observing Period 2 (soP-2), this scheme remained stable (see Fis. 14). A
24 how forecast computed each 12 hours, to measure the effect of the
experimental analysis on predictions, indicated that the SOP-2 data sets were
sufficient to support such a system.

Flg.14, Mean sea leuel pressure

analsses for 0000 GMT 26 May

7979. The operational onolysis is

shown in the upper section, and

the equiualent onalysis produced

after nine days of automoted

analysis -f orecast cycling using the

ARPE model in the lower.
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W2.3 Mesoscale

W2.3.1 Moveable Fine Mesh (MFM) Model

The development of a MFM model commenced in L979, the primary aim being
to study mesoscale phenomena. This required much higher modelresolution than
available from other NWP models in the Centre. The MFM model constructed
operates with variable resolution within the ARPE model and is capable of
'following' discrete atmospheric phenomena. It has been applied to a number of
mesoscale weather events, the principal one being the simulation of 'southerly

busters' which occur along the New South Wales coast about 20 to 30 times per
year, mainly in spring and summer. For the eight situations examined to date, there
has been good agreement between model forecasts, for resolutions of 60 km and
30 km, and verifying analyses (see Fig. 15). Other applications have been to a cold
front situation. and to a rare rainfall situation over south west Western Australia.

Flg,75. The monuol meon sea

Ieuel pressure analysls t'or 7100

GMT 24 October 7972 (upper),

constituting the initial stote for the

24th mean seo leuel pressure

prognosis from the ANMRC MFM

model (centre). The uerilging

onolysis is shown in the lower

section of the diagram.

,Orr- rO\O
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W2.3.2 Australian Nowcasting System

This system has evolved during L982 to 1984 from the Australian region
analysis-forecasting system (Section W2.2), the use of TOVS data (SectionWL.4.2)
and the development of the MFM model above. It consists of three principal
modules, namely the Australian meteorological data base, the data assimilation-
forecasting system, and the meteorological interactive display system. To meet
operational requirements of the Bureau of Meteorology, the regional prediction
model has been restructured so that it resides fully in the computer memory; it is
scheduled to become the next operationalregionalmodel. This 'new' modelutilizes
variational analysis, the TOVS retrieval package, 'external nesting' to the
operational hemispheric spectral model for its boundary conditions and 'internal

nesting' to a finer mesh to focus on discrete phenomena. It also features a high
resolution surface temperature analysis, variable resolution (currently set at
100 km), and vertical mode initialization. The fine mesh (down to 30 km)
forecasting capability will constitute the nowcasting component of the system. At
present (August 1984) the regional prediction model is undergoing operational
trials within the Bureau, while the data assimilation-forecasting system is being
developed for research purposes and future operational nowcasting.

W2.3.3 Monash Collaborative Studies

An extensive series of numerical modelling experiments has been carried out
jointly with the Monash University Geophysical Fluid Dynamics Laboratory over the
period 1970 to1981, These projects can be divided conveniently into three groups.

C L I  M A T O L O G Y
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Ftg. 76, Monthly mean 57 skill scores for climotology (c), persistence (p), manuol (m), purely stotistical prediction (*),

model (o) , and stotisticol corrected model prognosis O . Each colendar month is represented by obout 780 days during

the period 1972 to 1977.
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Correction of Dynamical (NWP) Models: A statistical scheme has been
devised, in collaboration with Monash University, for identifying and reducing
systematic biases in the operational ARPE model. The essential feature of the
scheme is that the model prognosis and analysis are used to predict the model
error, rather than the full field. (The latter leads to unrealistically smooth fields.)
The final forecast and the error correction thus still retain the small scale structure
predicted by the dynamics alone. Results indicate that reductions in 51 skill scores
of approximately three points could be obtained in the mean sea levelpressure field
forecast to 24 hours (see Fig. 16). In addition empiricalBayes' methods have been
used to construct decision rules for the application of the correction scheme only
when prognoses would be improved. This leads to further potentialgains in skillfor
the operational ARPE model.

Local Wind Systems: A numerical model was constructed for the investigation
of a range of mesoscale wind circulations. These included sea{and breezes;
katabatic winds produced by nocturnal cooling of an isolated hill; the plume and
inflow region of a fire generated wind storm; heat island induced circulations; and
the genesis and development of 'dust devils'.

Tornadoes: The extreme violence of tornadoes, their short life-span and small
scale, until recently has severely restricted the collection of relevant data, which in
turn has hampered the understanding of their formation and behaviour. The recent
development of Doppler radar and observational efforts in the USA has alleviated
this situation to some extent. ANMRC modelling research with Monash University
was the first to utilize two pre-requisite conditions for tornado genesis, namely an
upward driving force (convection in the parent cloud) together with an organized
source of rotation (supplied by the meso-cyclone). Not only did this model produce
a tornadic vortex, but also it explained how a tornado develops downwards. Using
observed magnitudes of other parameters, features such as core size and vortex
strength were also reproduced successfully. Explanations have been found for why
so few storms actually spawn tornadoes, and why not all tornadic vortices reach
ground level. By including observed vertical soundings of temperature and
moisture, the distribution and level of buoyancy was shown to account for the
formation and maintenance of an intense tornado when the level of background
cyclonic rotatiron was within the observed range of values.

TABLE 2

Probability of occurrence of rain in Melbourne during winter in the next 12 hours
as a function of the current observed state and the state three hours prior. States
L,2,3 are cloud amounts of 0-2/8,3/8-5/8 and 6/8-8/8, respect ively with 4 the
rain state.

Past State

2 3
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W2.3.3 Statistical Forecasting of Weather Elements
In collaboration with CSIRO Division of Mathematics and Statistics probabilities

for rain and cloud amount have been forecast for up to 12 hours in advance by fitting
a second order Markov Chain model to three hourly data. The model, which has
time-of-day dependent transition probabilities, has been applied to five major
Australian cities, with the forecasts appreciably exceeding persistence or
climatology. One major advantage over other schemes, e.g., model output statistics
(MOS), is that once the transition probability tables have been established, a
forecast can be made immediately the observation is available. ln the example
shown in Table 2, if it was clear at 0900 and clear at the current time of 1200, then
the probability of rain in the next 12 hours is 0.05.
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2. OBSEBVATIONAL AND DIAGNOSTIC STUDIES
Much of the Centre's early research effort was devoted to the adaptation of

existing numerical models and the development of new numerical techniques for
solving the hydrodynamic equations on the globe. At the same time it was
appreciated that:
o our knowledge of the physical processes occurring in the real atmosphere was

incomplete, especially with regard to the climate of the southern hemisphere;
o it was difficult, in running a numerical model, to trace the lack of similitude of the

modelto inadequacies in the numericaltechniques or the specification of physical
processes.

It was therefore recognised that diagnostic studies of the real atmosphere and
intercomparisons with models were required to lead to improvements in the model
atmospheric simulations. These studies have covered spatial scales from the
synoptic to hemispheric, latitude bands from the equatorialto the polar regions and
time scales from single days to decades.

Dl SATELLITE DERIVED ANALYSIS AND CLIMATE INFORMATION

Satellite derived cloud picture mosaics for the entire earth first became available
on an operational basis in early 1967.These constituted then a unique source of
data for the southern hemisphere oceans which were generally without conven-
tional observations. From the establishment of CMRC it was apparent that work
should be carried out to utilize these data, first to assist in providing information to
be used ln day to day analyses, and secondly to derive inferences in relation to
broadscale circulation features. Study initially centred on the establishment of a
classification system for cloud vortices which are among the more prominent
features of the imagery, and which represented different development stages of
extratropical depressions (see Fig. 17). The life cycles of such vortices were
examined in some detail in relation to the available conventional observations at the
same time enabling the derivation of a series of mean three dimensional anomaly
patterns of surface pressure and upper level geopotential of 'pseudo observations'
for use in day to day analyses (see Section Wl.4.1, Fig.3).

Dxw

Flg. 77. Schemotic didgrom ol the classit'ication of extra tropicol uortex euolution patterns; r is the distance token as
the uortex radius
W - wave development
A - early uortex deuelopment
B - late uortex deuelopment

c
D

- full maturitg
- decoy: Dx - considerable cloud neor the centre

Dy - fragmentary cloud near the centre
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A synoptic climatology of these vortex types was produced for the hemisphere

und ,ho*"d time sequences and patterns of evolution, preferred regions of initial

cyclonic development and subsequent decay, frequency of tracks and rates of

motion. Much of this work confirmed and elaborated on the limited studies that had

been made previously using the conventionaldata of the InternationalGeophysical

Year (lGY) of 1957-58. Figure 18 shows an example of a comparison of data

derived from these two sources.

Flg. 18. Frequency ol vortices (types W, A and B, see Fig. 17) in summer per unit block (5o latitude by 70" Iongitude

standardized to 45" lotitude) per person (December to Morch) obtained from satellite imagery. The t'ull line is the

posltion of the polor front in summer t'rom IGY data (Taljaard' 7968)'

Mosaics of hemispheric cloud cover averaged over periods of several days to

several weeks were studied, enabling the identification of persisting cloud bands

extending from low to high latitudes which tend to occur with high frequency at

particular longitudes. These wererelatedto preferred long wave trough and ridge

iocations in the atmospheric flow and to the relative frequency of particular wave

numbers.
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D2 SYNOPTIC AND MESOSCALE FEATURES

D2.1 Observation Based Studies

Because much of the weather over southern Australia occurs in association with
extratropical cyclones and fronts, these features became a natural focus for early
diagnostic studies. The advent of high resolution imagery from polar orbiting
satellites and the Geostationary MeteorologicalSatellite (GMS) launched by Japan
in 7977 , greatly enhanced the diagnostic tools available to the research meteor-
ologist in the late seventies. A number of cyclone-frontal related events in eastern
Australia was studied during this period. These events were selected so that the
satellite data obtained were suitably augmented by the best available surface
network. By special arrangement with the Japan Meteorological Agency (JMA),
hourly imagery from the GMS were obtained which enabled synoptic and mesoscale
cloud features to be observed in unprecedented detail. As well as demonstrating the
importance of mesoscale processes in severe weather events, the results of these
studies also highlighted the potential advantages of an interactive computer based
system for integrating radar, satellite and conventional data for short term
forecasting applications in the Australian region. The experience gained also proved
to be valuable in the planning and implementation of the first field phase of the
Australian Cold Fronts Research Program in 1980.

In 1979, the diagnostic util ity of GMS imagery and cloud-tracer winds was
demonstrated further in a study of the north west Australian cloudband, a synoptic
scale feature frequently important to winter rainfall in central and south eastern
Australia (see Fig. 19). As well as providing an improved understanding of the

Flg. 19, GMS-I visible imogery of the north west Australion cloud band occurring at 0600 GMT 13 May 1979.
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dynamics of the cloudband, the study also resulted in the first published evaluation
of cloud-tracer winds in the Australian region. The data used in these studies were
collected during SOP-2 of FGGE and the research was undertaken in collaboration
with a visiting scientist from the JMA.

A number of diagnostic studies has also been important in documenting tropical
weather systems and formulating hypotheses to explain their behaviour. These
have included the onset of the Australian monsoon, pointing to a trigger mechanism
in the southern hemisphere rather than a cross equatorial link; active and break
phases in the north west monsoon, indicating a relationship with the south east
trade winds over the lndian Ocean; rain-producing weather systems in the tropics;
and a systematic documentation of tropical cyclones, in particular the accompa-
nying synoptic conditions.

D2.2 Synoptic Systems from Numerical Models

Budget studies of mass, angular momentum and energy constitute an important
diagnostic tool for studying the processes involved in the evolution of model
generated synoptic systems. In collaboration with researchers at the University of
Wisconsin, transport equations were formulated in a framework which moves with
the synoptic scale system under study. In this way the exchange of mass,
momentum, moisture and energy between the system and its environment can be
studied in relation to the sources and sinks of these properties within the system.

Application of this technique to both model generated systems and real systems
has proved to be important not only in identifying model weaknesses, but also in
providing insight into the physical interactions associated with the evolution of
features that occur in the real world. For example budget analyses of two model
extra-tropical cyclones one of which is illustrated by Figure 20, showed similar
energetics characteristics with the exception of the upper troposphere. This was
largely ascribed to the different relative locations of the surface cyclones and their
larger scale upper waves. The rates of change of the total kinetic energy budgets,
in contrast to those of absolute angular momentum, were not uniquely related to
the cyclones' development or decay. Similar analysis of a model anticyclone to a
large extent shows it to be a mirrored corollary of the extra tropical cyclones.
However, the eddy mode of lateral transport in the upper troposphere was not
enhanced by lower level frontogenetic effects as was the case with the model
cyclones.

Utilization of the four dimensional internal consistency of the data contained in
a model simulation also removes some of the uncertainties of measurement which
occur in direct observational studies. Such studies can contribute inter o/io to a
better understanding of the importance of horizontal resolution and sub grid scale
processes in simulating synoptic scale systems. For instance a number of features
associated with a modelretained baroclinic zone was diagnosed based on the ARPE
model output for a situation when severe wind damage occurred at a number of
locations in south eastern Australia. The diagnostics were undertaken some nine
hours into the integration when the three dimensional structure would have become
established, and where error growth due to inadequate model physics and
resolution might be expected to be reasonably bounded. The results indicated that
such short period integrations have the potential to provide a useful base for
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diagnosing three dimensional structure and the role of various terms in the local

energy and vorticity budgets, as well as for developing short term objective
forecasting aids, e.g., parameters to assist in estimating potential severe wind

damage.

D3 SOUTHERN HEMISPHERE CIRCULATION

D3.1 Observational Climatology

As numerous theories began to appear on the various potential influences on
climate, it became increasingly apparent that a continuing historical record was
necessary which described the month to month variations in the principal features
of the hemispheric circulation. Such a series of descriptions in the form of indices
of inter alia,latitude of the axis of sub tropical high pressure, latitude of the Antarctic
trough, strength of the mid latitude westerlies, and locations o{ mean centres of high
and low pressure may be used to monitor year to year changes and also to assess
the degree to which various numerical general circulation model formulations were
able to reproduce features of the real atmosphere. Such a series of indices was
commenced from the year L972 using the daily numericalanalysis of the southern
hemisphere at mean sea level, and data averaged for the five yeat period L972 to
197 6 were used to derive preliminary means and extremes of the principal

characteristics of the circulation. Over the oceans of most of the southern
hemisphere the atmosphere was quite barotropic and sea level patterns were
indicative of much of the lower troposphere. The mean pattern of surface flow,
however, is only one item in the description of seasonal climate, but given the
limited data network it is believed to be the most reliable and significant from a
human viewpoint.

These indices, which have subsequently been extended for a ten year data set,
were used to compare the hemispheric circulations during a transition from
extremes of a Southern Oscillation - El Nino cycle ln 1972-73, including the

substantialchanges which occur at middle and high latitudes as wellas in the tropics
during these events. Changes in the mean pattern were small but fairly welldefined,
those in the subtropics being associated with the reversal of the Southern
Oscillation Index between the two years.

Together with observational evidence from selected pairs of stations, another
application of these indices has been to study the broad scale circulation during the
FGGE year, revealing its quite anomalous nature. In particular the annual average
zonal westerly circulation between 40'S and 60oS was some 18 per cent stronger
than the five year index. The FGGE winter was marked by a substantial southward
movement of the subtropical high pressure belt and an expansion in its area,
particularly in eastern longitudes.

The energetics of the hemispheric circulation during FGGE were also calculated
and compared with calculations tot earlier data. The FGGE year results differed
from the climatological values, having pronounced increases in the zonal energies
during some winter months. However, the differences between the two estimates
of the southern hemisph ere energetics were small compared to differences between
estimates for the two hemispheres.
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D3.2 Numerical Analysis Climatology

A joint project involving the Bureau of Meteorology and Monash university
Department of Mathematics was commenced in 7982 to generate an atmospheric
climatology of the southern hemisphere based on ten years of daily hemispheric
numerical analyses prepared by NMAC.

The climatology has been compared to the earlier southern hemisphere
climatology of Taljaard et al. (1969). The major features are that the circumpolar
pressure trough is deeper but warmer in the later climatology except in the Drake
Passage region. The mean daily standard deviation shows an area of maximum
atmospheric variability in a band near 55oS, with local maxima south east of the
three major land masses.

Other aspects of the climatology have been examined. A standing wave
climatology has been obtained from the tenyear means and compared to the earlier
climatology. The interannual variability of the monthly means and standard
deviations over the len year period is being studied.

The data manipulation system set up to generate the southern hemisphere
climatology is being used to produce southern hemisphere climate diagnostics in
real time. At the end of each month, monthly means, daily standard deviations and
monthly mean anomalies from the climatology are computed for all the analysis
variables.

D3.3 Spatial and Temporal Variability

Most quantitative climatological studies of observed atmospheric mass and
motion fields have focused upon the mean properties, variances about the mean,
and various conventional general circulation measures such as mean and eddy
partitioned fluxes and energies. The aspects of spatialand temporalvariability have
been studied most commonly by means of spectral analysis. The spectral approach
is well suited to gridded data in a global or hemispheric domain, but is less
appropriate for irregularly spaced data and limited geographical areas. work
performed in the Centre has therefore utilized an alternative representation of
space-time variations, namely the autocovariance function (or equivalently, the
local variance and autocorrelation function).

Apart from its value as another index of atmospheric behaviour, a systematic
description of space-time autocovariance is useful for practical application in
objective analysis, network design, validation of observed data, and forecasting by
statistical methods. These practical applications were a significant motivation for
doing the work.

The data base used has been the Australian radiosonde and upper wind network.
The elements were wind, temperature and geopotential. Variations have been
considered for horizontal separations between 200 and 5000 km, vertical
separations resolved by standard pressure levels between 1000 and 100 mb, and
temporal separations from 6 to 24 hours. Some interesting findings have been as
follows:
o The joint space-time autocorrelation function of wind indicates a downstream

movement of maximum correlation, considerably slower than that predicted by
Taylor's'frozen turbulence' hypothesis.
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For temperature and geopotential autocorrelations, thete ate systematic
variations, both in length scales and in anisotropy, between tropics and mid
latitudes, and between levels. These are probably su{ficiently large to be taken
into account in objective analysis.

The spatial autocorrelations of zonal and meridional wind components deviate
systematically from the forms commonly assumed in objective analysis schemes
(see Fig. 2I).These deviations appear to be a feature of the generalcirculation,
associated with the poleward transport of angular momentum.

Fig.27. Contours for the

Austrolion region of the 500 mb

winter best litting meridional

correlotion coef ficient function
which allowed the orientation and

elongation of the axes to be

determined by the data.

D3.4 The El Nino - Southern Oscillation Phenomenon

Numerous studies of the nature of the El Nino - Southern Oscillation (ENSO)

phenomenon and its relationship to climate fluctuations, especially in the Australian
area have been carried out. ENSO is a large scale fluctuation of the atmospheric and
oceanic circulation centred on the Pacific. The existence of the ENSO has been
known since the start of the century but reasonably complete descriptions and the
first postulated theoretical explanations of the phenomenon have only begun to
appear over the past decade.

Associated with ENSO are considerable interannual variations of sea surface
temperature (SST) in the Pacific and Indian oceans. These SST's have been
examined for particular years during which the annual rainfallwas extremely hish
or extremely low over continental Australia. In extremely dry years the SST in
general was found to be low over an extensive area from the equator to around 30oS
in both the Indian and Pacific oceans adjacent to Australia, while in the very wet
years the continent lay in a warm 'bath' which extended over a similar area and even
to mid latitudes (seeFig.22).
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The pattern of SST was examined for these years at the other 'pole' of the ENSO
phenomenon; viz., the eastern tropical Pacific. In general, this area experienced out

of phase SST conditions with the Australian region. Studies have also revealed close
relationships between seasonal Australian rainfall and atmospheric 'indices' of the

Southern Oscillation.

The possible causes of thp ENSO have been studied and it was proposed that the
phenomenon was the result of a seasonally varying interaction between the ocean

and atmosph ere over Indonesia. This proposal can account for the quasi-periodicity

of ENSO, its phase-lagging to the annualcycle, and the strong relationships between
ENSO and SST in the Indonesian area (see Fig. 23). The proposal suggests that

changes in Indonesian SST should be the first precursor for ENSO events.

Subsequently evidence that this may indeed be so has been found in observational
studies.

D4 LONG RANGE PREDICTABILITY

Many varied methods for preparing long range forecasts have been suggested

over the years. Using observed data, the validity of the claims for some of these

methods was examined. Those based on sunspots or quasi-periodicities of the
atmosphere were easily shown to be of no value in long range rainfall prediction for
Australia.

Some workers have suggested that polar ice conditions might provide the key to
long range prediction. Some of the earliest attempts to assess the extent of the
Antarctic pack ice and its variations from year to year using satellite data were made
in the early seventies at CMRC. Since 1973 it has been possible to assess broadscale
sea ice features using the daily analyses made by the NOAA/US Navy Joint Ice

Centre. These data have been used to study the hemispheric variation of the

outermost sea ice boundary and to relate it to changing atmospheric conditions. So
far, the evidence indicates a major control of the ice extent is by the action of the

atmosphere (especially the effect of large depressions) in the short term (hours or
days), and more particularly in the longer term (weeks).

The relationship of Australian rainfallto ENSO has been noted above. In the early

decades of this century a number of studies suggested that lag relationships existed

between the Southern Oscillation and rainfall in Australia and Indonesia, which
might make long range prediction of seasonal rainfall feasible. Verification of these

suggestions on later independent data has confirmed this, and further work has also

indicated that the Southern Oscillation could be used to predict the date of the wet

season onset over tropical Australia.

The close relationship between SST and ENSO suggested that SST in this area
might be a useful long range predictor of other variables related to ENSO. For

instance, based on two separate periods of data, determined by the availability of
SST records for the north Australian-lndonesian region, it was found that years with

relatively many tropical cyclones were preceded by high north Australian SST, low

east Pacific SST and low Darwin pressure (see Fig. 24). Such years also tended to

be followed by the reversepattern. The north Australian{ndonesian SST anomalies
show strong persistence from about January through to October with a tendency
to dissipate or change sign during November. Changes in the SST anomalies lead



changes in the Southern Oscillation and east Pacific SST by about a season, and thus
offer a possible means for predicting El Nino, Australian seasonal rainfall, crop
yields, and tropical cyclone numbers, as well as Indian summer monsoon rainfall.
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3. CLIMATE RESEARCH

Overview

The essential theme of the Centre's climate research program has been to
develop and use numerical models to increase the understanding of the physical

basis of climate. This has included the improvement of the mathematical methods
for integrating equations governing the atmosphere's larger scale behaviour as well
as the representation of the physical processes relevant to longer term atmospheric
evolution.

Thus in the early stages of the Centre's existence most of its research effort
concentrated on the development of a number of numerical models suitable for a
variety of purposes, and which were lo be assessed by model intercomparison
studies. As it eventuated, the intercomparisons were not carried out at
CMRC/ANMRC in any formal study. Nevertheless, the impetus for model
development remained for at least the first half of the Centre's existence. Thereafter
the application of these models to particular tasks gave rise to a series of
geophysical experiments designed to quantify the role of basic atmospheric
processes in maintaining the general circulation, as well as to evaluate
anthropogenic inftuences such as carbon dioxide increases. In particular, a
hemispheric grid model was used for a number of these controlled experiments, a
two-level spectral model (for economy) for interannual studies, and global

semi-spectral or Fourier models for short term climate and middle atmosphere
studies. A global spectral model developed for numerical weather prediction was
also used for some general circulation studies.

The recognition of the importance of oceanic influences on the behaviour of the
atmosphere gave rise to a number of oceanographic studies in the second half of
the Centre's life span, including the development of a coupled atmosphere-ocean
modelling capability.

Cl GENERAL CIBCULATION MODELLING

C1.1 Geophysical Experiments

Once it is established that a particular modelformulation willgive a 'reasonable'

representation of the atmosphere's large scale behaviour, a control run or long
integration may be generated. The e{fect of specific perturbations to the modelled
atmosphere can then be assessed by comparison of the experimental run with the
control. In turn this may provide considerable insight into the functioning of the real
atmosphere, explaining why certain regimes are preferred to others.

A number of these experiments has been performed in the Centre using a
stereographic general circulation model. This model was developed initially at
GFDL, Princeton, USA (lvlanabe et a\.,1965; Smagorinsky et al., 1965; Manabe and
Hunt, 1968). It extends from the earth's surface to the stratosphere with 18levels
in the vertical and 20 grid points from equator to pole (N20 resolution); it
incorporates annual mean radiation forcing, the hydrologic cycle, land-sea contrast,
but no orography. After establishing this model's performanc e in representing the
annual mean conditions, an extensive control run was generated forming the basis
for assessing subsequent experiments. Some of these are described in the following.
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C1.1.1 Volcano Experiment

The injection of volcanic debris into the tropicalstratosphere was simulated using
the l8-level N20 polar stereographic model. Its basic effect was limited to
back-scattering of the incoming radiation during the 150 day integration. Transport
of the debris within the model appeared to be well simulated in comparison with
observed behaviour of radioactive debris in the atmosphere. Only slight
perturbations were produced in the large scale wind distributions, but the surface
temperature changes revealed a cooling of 0.3'K on a hemispheric mean basis, and
about 0.75oK for the tropical zonal mean (see Fig. 25).
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Ct.l.2 The Role of Clouds

A number of experiments was designed to assess the role played by clouds in the
radiative balance of the modelled atmosphere, and how realistically they should be
specified. In one experiment with the N20 stereographic modelthe climatologically
defined clouds used in the radiation calculation were removed entirely. This
resulted in a general warming of the earth's surface and lower atmosphere as
expecled, but there was relatively little response from the general circulation as a
whole. The zonalmean latitude-height distributions of zonalwind and kinetic energy
were almost identical with the control run, while synoptic distributions of most
model variables revealed little change in character attributable to the removal of
cloud.

Further investigation of the possibility of the coupling of radiative perturbations
associated with variable cloud cover and dynamical changes in the atmosphere has
been made using a two-level general circulation model (see Section Ct.4.2). The
control model forecast its own cloud cover to generate a time-averaged zonal mean
cloud distribution. This distribution then replaced the forecast clouds in the model,
and a new set of statistics was produced. Comparison of the two again showed very
little difference in the zonal mean properties of the general circulation. An indication
of the diflerence in synoptic characteristics is shown in Figure 26.

9 0 N

L O N G I T U D E

Fig.26. Temperoture difference (K) ot 750 mb between the control experiment with seff-generated cloud, and a

re-run using time ond zonally aueraged clouds from the control experiment. Both ore aueraged for integration days 37

n 57 for January conditions. Double hatching indicates the control run was more thon 2K warmer thon the model with

fixed clouds and single hatching 7K colder.

The above results have also been endorsed by an 18-level one dimensional
radiative-convective equilibrium model of the atmosphere in a series of experiments
involving systematic changes to the properties of clouds. The overall conclusion has
been that short term cloud transients could be ignored in these climate experiments.

C1.1.3 Sun Weather Relationship

Initially this experiment consisted of inserting a 'hole' in the climatological ozone
distribution in the high latitude mid stratosphere of the N20 stereographic model,

22 A,



similar to that observed after a solar proton event. It was hypothesised that the
resultant radiative changes would affect the transmissivity of the stratosphere to
upwards propagating energy from the troposphere, which in turn would modify
tropospheric synoptic systems, thus establishing a stratospheric-tropospheric link.
The experiment did indicate changes in the troposphere, particularly the mid
latitude upper troposphere where the mean zonal wind was enhanced by
approximately 25 per cent. However, it was not possible to identify a clear
mechanistic linkage between stratospheric transmissivity changes and perturba-
tions in high latitude upward propagating long waves.

If the response obtained above was due to a direct radiative effect, moving the
ozone hole to 45o where the response was a maximum should enhance it. This was
tested and the results obtained are shown in Figure 27 which indicates that the
response was not zero f,ot the 45" hole, but markedly reduced in amplitude and
different in character, lending support to the original hypothesis.
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C1.1.4 Variation of the Earth's Rotation Rate

These experiments wete perf.ormed in an attempt to understand some of the
fundamental features of the circulation patterns of the atmosphere, such as what
determines the location, number and intensity of the jet streams. The N20
stereographic model's rotation rate was both increased and decreased by a factor
of five, and the consequent simulations analysed. This resulted in the jet stream
characteristics and the structure of the mean meridional circulations changing
radically (see Fig. 28).The latitudinal extent of the Hadley cell varied inversely with
rotation rate, and the subtropical jet core was located at the conjunction of the
Hadley and Ferrel cells in both cases. A unique relationship was found between the
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region of descending air and the surface pressure high for each rate; also the

maximum latitudinal shear of the mean zonal wind at the height of the jet corc

attained the same critical value in each case.

Ftg.2g. The left hond side shous the mean zonal wind for 5 times the earth's rototion rate (wpet), the stondord

rototion rote (centre) and 7 / 5 the rotation rote (lower) The right hond side shows the corresponding mean meridionol

streom functions.
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C1.1.5 Variations in the Earth's Obliquity

Experiments involving variations in the earth's obliquity from its current value of
23.5o, to 0o and to 65o were carried out with the N20 stereographic model. The
objective was to evaluate the hypothesis that the occurrence of glacial conditions
in the tropics during the late Precambrian ice age were associated directly with this
factor.

For the 0o obliquity case, climate was found to be more active than at present,
and considerably colder at high latitudes. Thus the modelresponse was the opposite
to that claimed by palaeo-botanists to have existed 100 million years ago with
subtropicalplants flourishing at high latitudes and which was attributed to a much
smaller obliquity than the current 23.5".

The 65o case was more difficult to analyse because of the extreme seasonality
involved. While glacial conditions were not obtained over the model tropics, it
would appear that for ice age conditions glaciation would occur preferentially at low
latitudes as claimed by geologists for late Precambrian conditions 600 million years
ago.

C1.1.6 Atmospheric Vacillations

Although not a planned geophysical experiment, analysis of a time series of 724
days of data obtained from the N20 stereographic model revealed a marked
oscillation or vacillation in the hemispheric mean of both the eddy available
potentialenergy and the eddy kinetic energy. This vacillation had a period of about
20 days and appeared to be similar to one recently observed in the actual
atmosphere during winter.

Cl.2 Fourier Modelling

Fourier modeldevelopment commenced in the early 1970's with the increasing
requirement to model the atmosphere on a global basis. One approach was to
represent the atmospheric variables by a truncated series of spherical harmonics.
This approach, known as the spectralmethod, was being developed in the Centre
for numerical weather prediction. Another solution, the one adopted, was to
develop a hybrid modelcombining the spectralmethod for east-west variability and
grid point representation in the north-south direction: the so-called Fourier model.
A zonally symmetric model which generates balanced initialfields for the first term
of the Fourier series was also programmed at this time to assist in diagnosing some
of the numerical problems in the early development of the Fourier models.

The Fourier model was first tested with a relatively coarse N20 resolution and
a zonal Fourier series truncated at wave number 10. Early tests were also made in
NWP mode at N30 resolution, truncation at wave number 15, and five levels in the
vertical; the latter proved comparable to other ANMRC weather forecasting
models. To extend the Centre's modelling capabilities it was decided at this time to
concentrate development on two general circulation models, one to investigate
upper atmosphere dynamics and the other for short term climate problems.
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C1..2.l The Middle AtmosPhere

In the early 7970'sconsiderable interest was emerging concerning the dynamics

of the stratosphere and mesosphere. Relatively little was known of this region

because of the very limited observations. The need to study the impact of

supersonic flight on ihe stratosphere was also seen to be important. One approach

to this problem was via numerical modelling and the development of the global

Fourier model was thus extended to a S$-level version reaching 100 km into the

atmosphere. As considerable interest was focused on studying the mean circulation

patterns of the stratosphere, and coupling between the stratosphere and

L"rorphnrn, vertical resolution was increased somewhat to the detriment of

horizontalresolution (15 wave numbers and N20); the hydrologic cycle, topography

and the daily cycle were omitted. Land-sea contrast was incorporated; a simple

radiation approximation was employed above 70 km; and sea surface temperatures

were fixed.

The first experiment with this model was the generation of 30 days of simulated

atmospheric statistics for January conditions. As this was one of the first three

dimeniionat simulations of the upper atmosphere, considerable interest centred on

this basic climatology which gave rise to several unique results. The north-south

wind in the middle aimosphere generally has been considered to be a steady flow

of the order of 1 to 2 ms-l directed from the summer to the winter pole. However

in the model tropical atmosphere this wind was found to have an unusual layered

structure which also has beln explained recently by theoretical work both at the

ANMRC and in the USA, and determined to be an inertial instability due to the

excessively strong winter mesospheric jet in the model. Also of interest was the

multi-celled structure of atmospheric flow near 50 km. Below 20 km this structure

is well observed and also reproduced by the model, but current views based on

simpler models are that at higher levels the pattern should be single-celled from the

,u--", to winter pole. Resolution of these differing predictions should enhance our

understanding of the region.

The S1-level model was the first to reproduce the so-called two-day wave known

to occur in the summer mesosphere (above about 50 km), where it dominates the

north-south wind distribution. It has a wave number three pattern, moves westward

and at a given location reverses direction each24 hours (see FiS.29).

More recently a diurnal version of the model has been run, incorporating

dissipation generated by breaking internal gravity waves in the mesosphere'

Surfice pr"*ut" tides very similar in amplitude and phase to those observed are

obtained. Some critical feitures such as the mean meridional circulation and the

mesospheric polar night jet are reproduced more realistically, and easterlies are

now obtained above this jet in agreement with observation'

C1.2.2 l8-Level Fourier Model and Drought Studies

A short term climate model was constructed with a resolution of N30, 18 levels

in the vertical and 2I zonal wave numbers. It incorporates the hydrologic cycle,

topography, land-sea contrast, fixed sea surface temperatures and a surface

hydrology scheme.
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ln L977 it was decided that this model should be used to investigate a problem
of immediat e relevance to Australia, that of rainfall variability, particularly drought.
Consequently a series of SST anomaly experiments was embarked upon in the late
1970's using the Fourier model, the rationale for these being based on the
observational studies of the Diagnostic Studies Group (see Section D3.4).

The first drought experiment involved the insertion of cold SST anomalies north
of Australia in the tropicalPacific and Indian oceans, and the second, in addition to
these, included a warm anomaly in the eastern tropical Pacific. The analysis of the
model response in these two experiments was complex but implied that in the
Australian region there was a 'primary' response to the colder SST which induced
'secondary' responses over South America, South Africa and the USA (see
Fig. 30). The reduction in northern Australian rainfall could be related directly to
the reduced evaporation over the colder oceans releasing less energy into the
atmosphere and thus weaker convergence of air masses. In the second experiment
a similar rainfall pattern occurred over Australia implying that both SST patterns
induce a similar model response. Rainfall also increased on the west coast of South
America, which is observed during El Nino years.

Fig. 30. The precipitotion for the

control experiment (upper), units

cmd-l, the precipitation

differences between the control

and the Jirst drought experiment
(centre), and the precipitation

differences between the control

and the second drought

experiment (lower). Units for
these latter two are mmd-l, and

the results are oueraged ouer 70

doys. Positiue deportures (i.e ,
decreosed rainfall) are in block.

double and single hatching;

negotiue deportures are in large

dots, smoll dots ond clear

o

3 0 s
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C1.3 Southern Hemisphere

In the early seventies an N30 version of the stereographic model (Section C1.1)
with nine levels in the verticalwas also developed specifically to study the southern
hemisphere circulation. It was integrated for more than 1.00 days for fixed March
conditions. Synoptic analysis of the model's results showed that a good
representation of the atmosphere was obtained: storm tracks were realistic, major
subtropical jets were produced over Australia and South America, with a more
transient one over South Africa. A comprehensive analysis was made of one
particular storm in which the model reproduced a sequence of events typical of the
real atmosphere, for example frontal-type development manifested as concentra-
tions of temperature and moisture.

C1.3.1 Sea Surface Temperature Anomalies

One of the early geophysicalexperiments made in I972-73 using the nine-level
N30 polar stereographic model was to attempt to determine the effects of various
SST anomalies on the behaviour of the large scale atmospheric flow. A mid latitude
warm SST anomaly centred near New Zealand resulted in the development of a
blocking anticyclone at approximately day 24 of the integration, and lasted for some
ten days. When the anomaly was introduced ten days later the initial reactions were
similar to the first situation but the longer term response differed - the blocking
sequence was not evident and the flow in the middle latitudes was more zonal.

When a warm tropical anomaly was superimposed on the March SST, significant
departures from the control were obtained. Cyclone development in the anomaly
area was sustained and their movement south and downstream reinforced high
latitude systems.

C1.4 Spectral Modelling

C1.4.1 Nine-Level Global Simulation

In parallel with the development of the spectral modelfor operational numerical
weather prediction (Section W2.1.2) it was decided in 1974 to assess its
performance in a general circulation simulation. At this early stage no one had
attempted to run a spectral model with the extra physical parameterizations
required for such a simulation and utilizing semi-implicit time differencing.

Physical parameterizations developed by GFDL in the USA (Smagorinsky et ol.,
1965) were incorporated in a wave number 15 rhomboidal truncation, nine-level
global spectral model which was run for perpetualJanuary conditions. The study
demonstrated the usefulness of the spectral model in conducting large scale
simulations of the general circulation of the atmosphere. The accuracy afforded by
the spectral algebra, the efficiency provided by semi-implicit time integration, and
the capability to incorporate comprehensive physical paramelerizations success'
fully in a spectral model were clearly indicated. The simulation of the mean sea level
pressure and precipitation for January are shown in Figure 31.

The success of this modelalso when implemented on the NCAR (USA) CRAYl
computer, led the NCAR Climate Group to adopt it (with a new radiative transfer
code) as the Community Climate Model (Version 0) which has now been made
available to the university research community within the USA.
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C1.4.2 Two-Level Model

Multi-annual integrations of atmospheric models can provide insight into

processes associated with climatic variability. However,.if only limited computer

i".ou."", are available, then such studies are not feasible with, for example, the

multi-level model outlined in Section C1.4.1. Thus, a similar model has been

developed in the ANMRC but with a minimum vertical resolution (two levels) in

which th" gto.t features of atmospheric flow could be represented' Maximum

timesteps with the spectralmethod were achieved by semi-implicit time integration,

and the horizontalresolution was set initially at rhomboidalwave number 15. This

was increased later to wave number 21 .

The equations were cast in the flux form rather than the usual advective form,

the former having the advantages of vertical derivatives in a two-level model being

better represented, and superior conservation properties. The physical para-

meterizations were based on those used in the RAND twolevelmodel (Gates and

Schlesinger, 1977)which allowed for ground hydrology, radiation, convection and

self-geneiated cloud cover. Subsequent modifications gave improved surface fluxes

and cloud cover.

Two experiments have been conducted in which the model was integrated for

both perpetual January and Juty conditions, each for 150 days' Some of the cloud

related aspects are reilerred to in SectionC1.'t.2. A higher horizontal resolution

model(wave number 2L)was developed in which ground hydrology was enhanced

to include snow cover; a sea ice model was also included so that the system could

Fig. 32. Snow couer (hatched) ond sea ice couer (block) for 3L January (left hand side) and for 31 Julv (right hand side)

Jor geor Jiue oJ the 70 yeor two'leuel spectrol model integratlon



predict ice growth and decay according to season. Sea surface temperatures were
upgraded and available to the model on a monthly basis (see Section Cl.5.2). The
atmosphere-ice model was then integrated for ten years, the results of which are
currently being analysed. The snow and ice cover exhibit realistic interannual
variability (see Fig. 32), as do the other model variables, and it is this aspect that
is being assessed in terms of the feasibility of applying such models to the study of
drought and other long term features of the real world's climate.

C1.5 Coupled Atmosphete-Ocean Modelling

The longer term behaviour of the atmosphere is known to be closely linked with
the sea surface temperature and thus to simulate it correctly coupled
atmosphere-ocean models are necessary. Several approaches to this problem have
been made within the Centre.

C1.5.1. Nine-Level Spectral Model

A one dimensional mixed layer modelof the upper 200 metres of the ocean was
developed to predict mixed layer depth and sea surface temperature. This model
was coupled with the ANMRC southern hemisphere spectral general circulation
model(Section C1.4.1). As there was no horizontalcoupling in the ocean model, it
was attached eflectively to individual grid points of the atmospheric model. The
results obtained for perpetual January conditions suggested that sea surface
temperature anomalies are induced primarily by atmospheric forcing rather than by
mechanisms internal to the oceans. A more detailed analysis of the experiment
indicated that positive feedback between the ocean and atmosphere was likely to
be an important process in producing seasonal variability.

A further experiment with this coupled configuration was to insert a large tropical
SST anomaly, which was free to evolve in space and time, in the central South
Pacific, similar to one observed during the winter of 7977 which persisted into the
summer. Comparison was made with the atmosphere-only nine-level spectral model
with a fixed anomaly in the climatologicalSST in the same location. In both cases
precipitation increased over the western half of the anomaly but decreased over
Indonesia and the tropical regions of southern Africa and South America (see
FiS. 33), In the coupled model the anomaly persisted with a substantial area
remaining after 80 days. However, it did move westward due to enhanced mixing
and upwelling at its eastern edge, and a decrease in these components on its western
edge. Although substantial similarities were observed in both atmospheric
responses, the coupled model indicated the desirability of performing anomaly
experiments with coupled oceans.

C1.5.2 Two-Level Spectral Model

With the above indication of the likely role of feedback processes between the
ocean and atmosphere in seasonal variability simulations, preliminary work was
commenced in late L979 to couple the two-level spectral model (Section CL.4.2l
with a simple tr/zlayer advective ocean model. An experiment was conducted in
which the (uncoupled) ocean model was 'driven' by data from January and July
control runs of the atmospheric model, for a twelve year integration. Although some
anomalies were generated in SST by the use of the non-interactive atmospheric
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forcing, the mixed layer depths were quite reasonable and currents in the large scale
flow patterns were in the correct locations.

Further investigation of an appropriate ocean model for climate research
confirmed the suitability of an advective mixed layer modelwith imposed surface
heating and wind stress, and vertical entrainment of cold water from the deep layer
into the mixed layer. An ocean model incorporating these features has been coupled
with the two-levelclimate modeland the combined system is undergoing testing and
refinement prior to a seasonal cycle experiment.

C2 OCEANOGRAPHIC STUDIES

C2.1 South East Asian Seas

The oceanic behaviour south of Celebes, where the Makasar Strait meets the
Flores Sea, has been studied. This region is of particular interest because of its
upwelling, thus supporting a significant Indonesian fishing industry, and it has a
reasonable record length of sea surface temperature data which have been used in
studies of the interaction of the oceans and the circulation of the atmosphere (see

Section D3.4). Non-linear equations with discontinuous solutions have been shown
to describe the ocean flow in this area; this has led to the development of an
analyticalmethod for handling deep baroclinic flows of an arbitrary Rossby number.
(This technique was also applied to the problem of flow around an island. It showed
an asymmetry in the flow caused by vortex stretching; a result which had only been
hinted at by previous workers.)

A second related investigation concerned the shallow flow across the equator in
the South China Sea (within the Makasar Strait), despite the large variation in the
Coriolis parameter between the two basins. Bottom water pressure variation
between basins was identified as one of the primary mechanisms underlying this
flow. The study also showed that provided the wind stress is in the correct direction,
there is a balance between frictionally controlled redistribution of vorticity, vortex
stretching creating vorticity and beta-effects destroying it such that the flow is
symmetric within the Strait. This frictional control has since been supported by
limited observations made in the area. These imply that kinematic waves may
propagate along the Strait and be important to the dynamics of the region.

Bottom friction is also known to be important in the Java Sea. Previous attempts
to model this region with a depth integrated model have failed to capture a
potentially important western boundary current off the coast of Sumatra near
Singapore. The influence of a bottom stress induced secondary circulation has been
found to be a key aspect; this mechanism appears to be important only in shallow
equatorial seas. ln the limited observations available this current shows up weakly,
and it may be of importance for eastward shipping routes from Singapore.

C2.2 Great Barrier Reef

The lagoon of the Great Barrier Reef was the subject of a collaborative study with
AIMS (Australian Institute of Marine Science). What appear to be the largest pure

kinematic oceanographic waves were identified in this area and modelled
numerically. Unlike those kinematic waves hypothesised for the Makasar Strait,
these are controlled by bottom friction rather than lateral friction'



100

C2.3 Bass Strait

A two dimensional model of the hydrodynamics of Bass Strait was developed for
the Victorian Institute of Marine Sciences (VIMS). The governing equations were
linearised and vertically integrated on a grid with solid or open boundaries as
required by the geography of Bass Strait. The two forcing mechanisms considered
were surface winds, and tidal oscillations at the boundaries. An analytical model ol
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flow in a rectangular basin with open ends was also constructed to verify some of
the numerical results and the sensitivity of the open boundary conditions. For
instance, the elfectof a step change in depth (as used for the continental slope) was
predicted by the numerical model to cause a closed gyre over the step, and this was
validated by the analytical model.

The vertically integrated model was subsequently extended to three dimensions.
Circulation patterns corresponding to either surface wind or tidal forcing can be
generated at any depth and significant upwelling and downwelling motions along the
Victorian and Tasmanian coastlines can be predicted. The bathymetry and
geometry of the numerical model, and an example of the tidal output are shown in
Figure 34.

This development work was assisted by a number of instrument deployments in
Bass Strait designed and carried out in collaboration with VIMS. Accurate tidal
measurements were taken which were used as input data along the open boundaries
of the numerical model. The model is now used by various consulting and marine
organizations to obtain tidal and current information on Bass Strait.
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Appendix II

Professional Staff

T.P. ACKERMAN, MSc PhD,1976-1979

After completing his PhD at the University of Washington, Seattle, USA, Tom joined the

Centre in March I976.He worked in the Climate Research Group primarily on problems of

atmospheric chemistry and radiation. Tom returned to the USA in JuneL979'

M.E. ADAMS, BSc, 1969-t971

Mary, a computer programmer with the Bureau of Meteorology, was attached to the

CMRC's staff on its establishment in April 1969, and provided assistance with projects on the

early development of the hemispheric primitive equation model. She resigned from the Centre

in May 1971.

D.L.T. ANDERSON, BSc PhD, 1969-1973

David was appointed to the CMRC in mid September
1969 while still in the UK, coming to Melbourne in
December 1969 on a three year Post Doctoral
Fellowship. He worked in the General Circulation Group
developing a nine-level stereographic model (based on a
GFDL version) for southern hemisphere circulation
studies.

He returned to the UK in March L973 to take up a
position in ocean modelling with the University of
Cambridge. In February 1979 David returned as a
visiting scientist for approximately six months, during
which he worked on a number of projects, one being to
clarify the influence of high frequency forcing in a
coupled atmosphere ocean model.

In David's words:

I loined the CMRC within months of its inception. This was for me my first exposure to

meteorology, and looking back it was an exciting time as f orecast ond general circulotion models

were deueloped and improued, as the spectral model emerged, showed promise and became

a real olternatiue to grid point models.

To haue research scienfisfs and experienced meteorologisfs r.uorking side by side seemed so

natural that when I subsequently let't the CMRC I was surprised fhis uros not the rule. This mix

undoubtedly contributed to the success and t'ame of the CMRC in numerical weather prediction.

More recently with the deuelopment of seueral et'ficient general circulation models based on the

spectral technique its fame hos grou.rn. While the Centre is perhops best known t'or its spectral

work, it hos olso achieued recognition in other Jields: climate, mesoscale processes, and t'ine
mesh modelling. If is to me sad that it should be closed at a time when it was deueloping an

oceanographic eft'ort and mouing towards the design of a coupled atmosphere'ocean model,

so necessary if climate uariability is to be studied properly.

Hauing Jirst worked at the CMRC and loter returned os o uisitor to the ANMRC, I haue on

both occasions Jound the Centre o delightt'ul place in which to work: the stat'f were t'riendly, the

work uaried and of htgh quality . It is with greot regret that I realise it will not be possible to arronge

a t'uture uisit to what I consider one ot' the best groups in atmospheric modelling in the world.
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A.A. BARKER, MSc PhD,1971-1974

Tony joined the Centre in March 1971 following the completion o{ post doctoral research
in plasma physics at the University of Florida, USA. During his three years with the Centre
he investigated the radiative properties of clouds and convective parameterization
formulations using an 18-level general circulation model.

He returned to his home state of South Australia in late March 1974.

J.R. BLAKE, BSc PhD, 1969-1971

Roger spent from June 1969 to April 1971 with the Centre coming from the University
of Alaska. He worked on the mathematical treatment of cyclogenesis and frontal instability
in the southern hemisphere. Roger resigned from CSIRO to take up a position with the Royal
Melbourne Institute of Technology.

N.G. BLENCOWE, MSc, 1969

Noel was a foundation Meteorologist with the CMRC in April 1969, assisting with the early
development of the hemispheric and Australian region forecasting models. Noel resigned late
in 1969.

P. BOCA, BA, 1980+

Pat joined the ANMRC in mid 1980 as a Computer
Systems Officer. In his four years with the Centre he has
provided considerable support to the Tropical Research
Group in the development of the operational tropical
analysis system, and in enhancements of data handling
svstems.

W.P. BOURKE, MSc PhD, 1969+

In anticipation of the establishment of the CMRC, Bill was employed temporarily at the
CSIRO Division of Meteorological Physics (as it was called then) from January 1969. He was
transferred to the Centre upon its inception. As mentioned else where in this report Bill is
known for his work on developing spectral models of the atmosphere. Early developmental
work on spectral transform methods was carried out while he was at McGill University and
the Dynamic Prediction Unit of the Canadian Meteorological Service (Montreal, Canada) for
ten months in 1970-71.

With the continued development of this model a Spectral Modelling Group was established
under Bill's leadership, continuing until early in 197 8 when it was merged with the existing
Weather Research Group. On further reorganization in 1980, Bill became leader of the
scientists undertaking the large scale component of weather research, known as the Medium
Range Prediction Group. From April 1983 he has been Acting Officer-in-Charge of the Centre.

Other overseas visits Bill made were to Denmark, the UK, the USA and Canada for a six
week period in August/September 1974; to GFDL, Princeton for 12 months from May 1977;
to Norway and the UK for three weeks in June/July 1980; and for 12 months from August
1981 to work as a Visiting Scientist at the ECMWF.
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Bill's personal commenis follow:

I came to meteorologg in on appropriotely unpredictoble t'ashion. A chance ottendance at

e seminar as a sporting respite Jrom the rigours ot' thesis preparation on alpha porticle scottering

prouided the necessary stimulus. The seminor still clearly remembered uqs os o bolt from the

blue; it was presented with a conuiction ond excitement that identified t'or me an area of

releuance foi mathematicol physics I had not preuiously appreciated. I am especiallg indebted

to Dr C.H.B. Priestleg t'or that presentation by Lake Burley Grit'lin in 1968.

Ouer the past 75 years m9 colleagues in CMRC/ANMRC houe ualidated for me the

substance ot'ihat first seminar on the Global Atmospheric Reseorch Programme' lt has been

a great experience to work and research at the Centre and to houe hod the opportunity to pursue

interests Jurther with ouerseos colleogues on several occosions'

Along with many others I argued the merits ot' the Centre at innumeroble reuiews. In some

,"n"" i. won the arguments with those with whom we hod diologue. The imperatiue ol

rationalization howeuer, had difJerent boundarg conditions and forcing; this only reot't'irms that

predictability is a dilt'icult problem.

G.R.  BUDIN, BSc,1984+

Garry conrmenced duty with the ANMRC in January
1984, having completed the Meteorology Training
Course with the Bureau. Previously he had worked with
the Centre as a vacation student in 1980/81 ' He has
been working in the Diagnostic Studies Group on
analysis of the interannual variability of the IO year

simulation bv the twolevel climate model.

R.H. CLARKE, BA MSc DSc,1974-1978

Reg succeeded Brian Tucker as Officer-in-Charge of the ANMRC in November 1974.

Formerly he had been a Research Scientist with CSIRO Division at Atmospheric Physics from

7957, and prior to that a Meteorologist with the Bureau from October 7940. He conducted

research into problems associated with the atmospheric boundary layer, particularly the

nature of seabreezes, and contributed substantially to the Wangara and Koorin expeditions.

Reg continued some of his boundary layer research while directing the Centre's activities.

Comments on his time as Officer-in-Charge are included in an earlier chapter of this report.

From August 1975 Reg spent three months visiting various research institutes in the USA,

Canada, UK, France, Japan and South Africa. Since retiring in January 1978he has been a

Senior Research Associate with the Meteorology Department of the University of Melbourne,

held the position of chairman of the Australian Branch of the Royal Meteorology Society, and

led the 'morning glory' expedition to the Gulf of Carpentaria inlate I979. Reg was awarded

a DSc from the University of Melbourne in 1982 for his work on boundary layer measurement,

numerical modelling of mesoscale phenomena (in particular the sea bteeze), and the

parameterization of boundary layer components in general circulation modelling.
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N.E. DAVIDSON, BSc, 1979+

Noel took up temporary duty for four months with the
ANMRC in early 1977, from the Victorian Regional
Forecasting Centre in Melbourne. He worked in the field
of temperaturerelrieval from satellite data. In late1979
Noel was promoted to a permanent Meteorologist
position with the Centre. His major contribution has
been the development of an objective tropical analysis
scheme. He shared the first Priestley Medal to be
awarded (1987-82) with B.J. McAvaney for their paper
in the Australian Meteorological Magazine desuibing
this system. He has also contributed to the Centre's
research into the dvnamics of the Australian monsoon.

R. DEL BEATO, BSc,19&)

Romano, a Meteorologist in the Research and Development Branch of the Bureau joined

the Centre in a temporary capacity, from February to June 1980, in the absence of
W. Downey. He continued his quantitative precipitation forecasting study using satellite
imagery and numerical thickness pattern prognoses.

R.E. DINGLE, BSc Plr[,1974-1977

Rod commenced duty with the Centre in May 1974 coming from the Research and
Development Branch of the Bureau. He assisted in the assessment of operational trials of the

spectral model, and continued his work on a surface temperature prediction scheme. Rod
transferred to the South Australian Regional Forecasting Centre of the Bureau in Adelaide
in October 1977.

W.K. DOWNEY, FRIUIT PhD, 1972-1982

Bill returned to Australia in October 1972 fuom the
University of Wisconsin (UW) to join the CMRC. He
carried out one of the earlier sea surface temperature
anomaly experiments using a general circulation model
of the atmosphere. In consultation with UW he
developed a numerical budget scheme to assess the
roles of various physical and dynamical processes in the
evolution o{ synoptic systems, both in actual and model
generated situations.

Bil l returned to UW in May 1974Ior seven weeks,
and again for five months in 1980 as an Honorary
Fellow.

After several months in the Director's Office (Bureau

of Meteorology) in Canberra in late 1981, Bill was attached to Ansett Airlines under the Public

Service Board Interchange Program. He also spent five months with the Department of

Aviation before returning to the Research and Development Branch of the Bureau'
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Bill adds the following:

ANMRC _ A TEST OF'ENDUBANCE'

In December of 1914, Ernest Shackleton's Trans Antarctic Expedition sailed into Antarctic
waters aboard the 'Endurance'. On December 9, whilst still north of the Antarctic Circle the
'Endurance' 

found herself flonked by two giant icebergs. Only by recourse to an ice anchor,
capstan and the strength of her uew did she auoid being crushed by the mountains oJ ice on
either side.

On January 15, 1915, now only a Jew miles oJJ the Antarctic coast and in heauy pack ice,
the 'Endurance' tried to moue between two huge bergs into what looked like open seo beyond.
Howeuer, within o Iew hours o gale force wind t'rom the ENE t'orced the 'Endurance' to take
refuge on the lee side of one of the bergs. On Januorg 78 when the gale subsided slightly, the
'Endurance' uos stuck fast in the uost pcck ice of the Weddell Sea, After drifting in the pock

for many months, the enormous pressures of the ice finally (October 27) crushed the ship as
if it were a matchbox. On Nouember 27 the members of the expedition watched as bow first,
'Enduronce' sank through the ice some 500 miles from where she was first beset. Two months
earlier one of the party (Worsley) had written: "All honds are standing by, but to our relief just

as it appears she con stand no more, the huge floe weighing possibly a million tons or more yields

to our little ship by cracking ocross, % of a mile, and so relieues the pressure. The behauiour
of our ship in the ice has been mognificent. Undoubtedly she is the t'inest little wooden uessel
euer built."

Like the 'Endurance' the ANMRC was a uehicle by which scientists were ottempting to
explore and understand the mysteries of the enuironment in which we liue. Unlortunately she
olways t'ound herselt' in a political enuironment choracterised by stormy seas and monolithic
icebergs. Howeuer, just as Shackleton's group went on to suruiue and take a place in the history
of exploration, sofoo willmanyof those uhosoiled aboardtheANMRC. Aswewotchherfinol
demise it seems appropriate to soy "She was a gallant little ship".

I.M. DRAUDINS, BSc, l97t-1975

Ilmars commenced duty with the CMRC in late 1971 as a Programmer, working with the
Weather Research Group. In August l975he resigned from the Centre to take up a position
in private enterprise with the National Cash Register Company, and later moved to Control
Data of Australia where he is now Institute Manager, Melbourne.

G.K. EMBERY, BSc, 1979+

Gerry, a Computer Systems O{ficer, joined the
Cenlre early in 1979, from the Bureau of Meteorology
and has been attached to the Medium Range Prediction
Group. He has played a major role in the programming
development of the ANMRC four dimensional
assimilation system scheduled for operational use in mid
1984. Gerry was a 'guest worker' with CSIRO Division
of Computing Research in Canberra for three months
from December 1980,  involved in sof tware
development on various computer graphics packages.



P.G. ENGLAND, B$, I97O.I977

Peter transferred to a Programmer position with the CMRC in March 1970. His earlier
years with the Centre were involved in the development of numerical weather analysis and
pre-analysis routines suitable for operational use by the Bureau. Later he was attached to the
Climate Research Group to assist with the development of general circulation models on
CSIRO's CYBER 76 computer. Peter resigned from theCentre to take up a position with the
Bendigo College of Advanced Education in April 7977 .

R.L. FALCONER (late), BSc,1969

Bob joined the Centre from the Bureau on its establishment in April 1969. He was largely
involved with the operational implementation of the first analysis-prognosis system for the
Bureau, and subsequently its maintenance and updating. Late in 7969 he returned to the
Bureau to lead the Operational Development Group (now ODSS). The interface of much of
the ANMRC NWP modelling research to operational application involved a substantial
contribution from Bob. His death in 1978 was a significant loss to meteorology as well as to
those who knew him in CMRC and in the Bureau.

C.B. FANDRY, BSc PhD, 1980-1983

Chris joined the Centre in February 1980 initially for
a period of 18 months funded by the Victorian Institute
of Marine Sciences (VIMS). During this time he was
successful in securing several AMSTAC grants to
support his development of a numerical model of Bass
Strait. In July 1981 Chris was appointed to a fixed term
Research Scientist position at ANMRC and continued to
expand his work on Bass Strait as well as complete
research on a number of other topics mentioned below
in his personal comments.

Chris also made a number of short overseas visits: To
Oregon State University, NCAR and GFDL in the USA
in mid 1982; again to the USA in December 1982; and
to at tend several  symposia in  Europe in
August/September 1983.

In November 1983 he took up a permanent position with CSIRO Division of Oceanography
in Hobart, Tasmania. His comments follow:

ln many respects mg background as o geophysical fluid dynamicistf physical oceanographer
would normallg haue precluded me from obtaining a position at ANMRC. Howeuer, as a result
of an initiatiue proposed by D.J. Gsuntlett (Of ficer-in-Charge), m9 seruices were requested to
deuelop a numerical hydrodynamical model of Bass Strait. This project hos been extremelg
successt'ul in providing new inlormation obout the characteristics of tides and cutents in Boss
Strait. This diuersification of ANMRC's research progrqm extended its reputation both
notionally and internationally. As a result, important collaboratiue projects, t'or example with the
Victorion Institute of Morine Sciences and R.K. Steedmon ond Associofes lo study Boss Strait,
the North-West Shelt', numerical ocean waue prediction models, and tropicol cyclone induced
surges along the west coost ot' Australia were completed.

Together with these projects, other studies of a more t'undamental nature with both
oceanographic and meteorological applications were undertaken. These studies included
theoretical modelling of the ocean mixed-layer, stationary Rossby waues in the atmosphere,
blocking and the west coast heat trough. lt is important to point out that these studies were
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motiuated by discussions with meteorologists both ot ANMRC and the Bureau oJ Meteorology
and would not haue been successt'ul without their input.

The practical nature ot' the work carried out by the meteorologists at ANMRC was of great

benefit, as it prouided me with a continuol source of interesting, challenging problems.

Unfortunately, as a result of the decision to close the Centre, many ot' these problems were only
barely considered or remain unsolued.

The blending of the theoretically and the more practicolly orientated scientists, I belieue is
essential to the successt'ul operation of a reseorch establishment, such as ANMRC.

B.W. FORGAN, BSc PhD,1980-1984

Bruce joined ANMRC as a Meteorologist in early
1980 coming from the Ionospheric Prediction Service in
Western Australia. His main areas of work have been in
developing a radiation scheme for the extended range
prediction spectral model, and investigation of a number
of approaches to improve temperature data retrieval
from meteorological satellites. He maintained a
substantial interest in other areas of research associated
with solar radiation.

In mid 1983 Bruce visited a number of research
institutes in the USA, and attended several AMS
conferences.

Bruce was promoted in March 1984 to
Officer-in-Charge of the Bureau's Cape Grim Baseline Air Pollution Station in Tasmania.

ln his words:

A JAUNDICED VIEW

It would be a uery lean contribution, from one such as l, to comment on the history of the

ANMRC or its euolution. I am only a goung member of the ANMRC and therefore will leaue

the ualedictory statements to those more informed. Rather, my comments consisf of a personal

impression ot' the ANMRC, most certoinly a jaundiced one.

I loined the ANMRC at'ter a misconceiued haji into the outbock posing as a solar physicist.

My fresh iuory tower uiews on research were dampened during this misguided pilgrimage and
the opportunity to work at the ANMRC, in a field professing to be something related to my

studies, kindled my enthusiasm. During my time at the ANMRC, my appreciation ol its role

waxed and my bosic impression of its directions ond its people crystalized, I do notread poetry

often, howeuer some stanzas remoin. One ol these giues liJe to my uiew oJ the ANMRC:

"Two roods diuerged in a wood, and I -

I took the one less trauelled by."

All the roods ore science in ifs mony bronches, all leading off in the quest t'or knowledge.
Those who discouer dit'ferent places are the 'pure' scientists; those who trauel the well worn path

are the operational scienfists. The ANMRC is equiualentto the construction company, because
once aplqceis discouered, ithostobeopenedtotheultimote users. The ANMRCisthe lnterface
between new directions ond their implementation.

Like alt road builders, there are the surueyors and the road gong, Surueyors get the
opportunity to travel up the little poths ottempting to find appropriate roufes. The road gang

cuts downthe problemsinthe algorithms oncethepathhasbeenlaid, andwidensthe application
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of the science. Road construction crews by their uery nature haue to work as a team, and the
ANMRChoshodsomegoodones. lhouebeent'ortunateenoughtoworkinatleasttwoof them,

for the majority in the capacity as an algorithm jockey. The only regret I haue is that some ol
the other gongs, urhile ultimotely heoding in the same direction, houe foiled to use community
tools. Howeuer, competition between groups has been keen and it is a pity we haue all been
retrenched.

As a final note I should say something about the two elements of the ANMRC team.
Surueyors are recruited t'rom the world outside; gangers on the other hand, can work their way
up and euentually be recognised as potentiol surueyors . By that time howeuer, they haue usually
side-stepped into administration. By my recruitment route I consider myself part of the road
gong, but with a tendency to wander off on occasions, snilt'ing at flowers, or trging to look ouer
the hill into the next ualley. A succession of road construction managers has generally been
tolerant of this out-of-character actiuitg. Maybe they can sense the routineness of repairing
potholes or putting in new water t'ountains, and that has made all the difference. (Apologies to
Robert Frost.)

D.R. GARRETT, MSc, 1972-1974

Don joined the CMRC in January L972 as a Meteorologist to assist with evaluation of real
time operational tests of the Centre's forecasting models. Don developed a comprehensive
verification-feedback system which was subsequently implemented operationally by the
Bureau. He was promoted to a position in the Bureau in March 1974.

D.J. GAUNTLETT, BSc PhD, f969-1983

Doug was attached to the CMRC on its formation in April 1969 from the Bureau (Head
Office). At this time he was overseas at GFDL Princeton Univerisity developing a southern
hemisphere primitive equation forecasting model based on a very successful GFDL
formulation. Much of his work at the Centre involved the subsequent development of this
model, particularly the Australian region version. His PhD awarded by the University of
Melbourne in 197 4 was based on the earlier stages of this research.

Doug was leader of the Weather Research Group until eaily 1978.In March 1980 on the
dissection of this Group, he assumed leadership of the Regional and Mesoscale Prediction
Group. He acted as Officer'in-Charge from March 1973 to November L974, and in 1975
joined the CSIRO as a Research Scientist with the Centre. He was appointed Officer-in-Charge
in early L978.

In March/Apfil 1972 Doug visited a number of scientific institutions in the USSR, Europe
and North America. He spent 12 months at the ECMWF in the UKinL976-:7 7, involved with
the development and evaluation of a global forecasting model. Further short term visits were
made in mid 1981 to the USA, UK and West Germany, and in April 1982 to the UK.

Doug was appointed to the new position of Deputy Director (Research and Systems) with
the Bureau in April 1983.
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F.J. GAUNTLETT (nee Taubman) BSc' 1970*

Frances joined CMRC in December 1970 from the

University of New England, NSW, as its Scienti{ic
Services Officer. She has been responsible for maint-

aining the Centre's library, compiling and editing annual
and internal reports, and assisting the Officer-in-Charge
with the preparation of technical reports or submissions
as required. At times she has also collaborated on
several research proJects of the Weather Research
Group.

S.E. GIGLIUTO, BSc, 1983+

Sam joined the ANMRC as a Computer Systems
Officer in July 1983, coming from LaTrobe University.
He has been attached to the Regional and Mesoscale
Prediction Group and has been closely associated with
the development of the Bureau of Meteorology -

Division of Atmospheric Research Hewlett'Packard
computer link as well as interfacing the Bureau's local
network and CSIRONET.

H.B. GORDON, BSc PhD,1976+

Hal joined the ANMRC in April 7976 alter com-
pleting a PhD at the University of Exetet ' He has

developed a two{evel spectral model of the atmosphere
which is being used for multi-annual experiments and
which is being coupled with an ocean model. In March
1981 Hal ceased duty with CSIRO and took up a

Meteorologist (Bureau) position in the Centre.



J.K. GUARINO,BSc,1983 and 1984

Jenny has been employed on several occasions as a
Computer Systems Officer when there has been a
temporary vacancy at the Centre. She has supported the
Climate Research Group and worked on graphics
development.

T.F. HALES, BSc PhD, 1975

Trevor was employed temporarily by the Centre for ten months as an Experimental Officer,
prior to commencing further study in the UK. He assisted with developing the six{evel
semi-implicit Australian region forecasting model, and a concentrated vortex model. He has
since completed a PhD in computing science at Oxford and is now a member of the CSIRO
Division of Computing Research.

T.L. HART, MSc, 1984+

Terry commenced duty in the Centre in June 1984
coming from the Bureau (Head Office) to work in the
Medium Range Prediction Group, in particular on the
further development of the radiation scheme for the
spectral and regional prediction models.

D.R. HINCKSMAN, BSc, 1969-1977

David was a foundation member of CMRC's programming staff, coming from the Bureau
oI Meteorology. He worked mainly on the development of the Centre's hemispheric and
regional primitive equation models. lnlate 1969 he visited the Geophysical Fluid Dynamics
Laboratory, Princeton, USA, for three months to assist in the adaptation of the GFDL
nine{evel N40 model to a six-level N30 (primitive equation) model for southern hemisphere
forecasting, suitable for running on the Bureau's IBM machines.

From 1970 David was the senior Programmer with the Centre, providing considerable
support and advice in this area for the staff. He transferred to a position with the Bureau in
June 1977 .
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D.J. HOUSE, BSc,1971

Prior to commencing post graduate studies in the UK, Dianne was employed for eight

months by CMRC as an -xperimental Officer to develop a simplified radiation scheme suitable

for use in a general circulation model.

R.L. HUGHES, MEngSc PhD,1978-1983

Roger completed his PhD in Oceanography at the

University of Cambridge and joined the Centre in

October 1978, working in the Climate Research Group
on tropical oceanic and atmospheric dynamics. He

discovered and developed a method for modelling
baroclinic flow suited to the seas o{ south east Asia, and
developed a model to explain irregularities in the sea-ice
distribution o{ Antarctica. Roger also designed a simple
ocean model suitable for coupling to an atmospheric
general circulation model.

In July 1982 Roger joined the Department of Geology
and Geophysics at Yale University for an extended visit.
He resigned from the Centrein July 1983 to continue his
work at Yale, as well as to avoid the continued
uncertainty regarding his position upon the eventual closure of the ANMRC.

In Roger's words:

When ANMRC finally closes its doors, it will be the end of a uery successful experiment

between CSIRO and the Department of Science, Whether the Centre was always on borrowed

time or not does not really matter now. The Centre worked smoothly and we worked smoothly

in it.

Maybe the Juture will correct me, but I don't think any of us were truly brilliant scienfisfs.

We were all extremely competent at, what we did and we enjoyed doing it. We had uery good

leadership. With numericol weother research demanding team work ond more conceptual

climate research demanding personal initiatiue, we had the leadership styles we needed Yet

small a group as we were, we were known widely ouerseas and with good standing'

Certainly hauing the combined resources of the Bureau of Meteorology and CSIRO with

Melbourne lJniuersity so close at hand hetped us. Sometimes the resources auailable required

a bit of prising but they were uast. I remember, briet'ty feeling a little despondent about ihe

omount-of o"ionogropihic data I had for some project. Little did I know how much unpacked

dato lag iin those notorious brown cardboard boxes which had been used for relocating the

Bureau library! With o trippling of ttbrary staff , I was soon elated to find all the data I needed.

Euen though I was on the theoreticol rather than applied side oJ the Centre's octiuities, I felt the

strong support of the Bureau.

While the leadership and resources ouailoble to us were important in what we achieved, they

connot explain the cooperatiue attitude withinthe Centre, which I thinkunderlay ifs success. All

would agree that as a general rule scientists tend to be intense and moody by nature! The Centre

had its ihare, including myself, of those litting the stereotype. Yet we got on remarkobly well;

betterthan ln other organizations inwhichlhaue worked. Certainly morningand afternoonteas,

with weather chorts and plenty of jokes about riual research organizations, cemented us

together . Howeuer , there is more to it . Besides going about their own work , some ot' the support

stit'l unwittfngly produced this unity. One morning I receiued a request card with the wording
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"I would not appreciote a copy of . ." The word "not" had been inserted by hand' I uros so
oshomed I hid the cord. The next doy I wos told who hod really inserted the "not" . Neuertheless
this innocent practical joke had a message lor me. Similar incidents seemed to occur wheneuer
anyone started to take their own particulor work too seriously. The net result was that we
laughed more at ourselues and worked together better. In retrospect I am sure this was what
made the Centre dit'ferent.

When I left the Centre, I wos tired and my emotions shorued. Eueryone who worked there

Jor a gear or so must haue some feeling of regret ot leauing. ANMRC was a successful
experiment because it occurred with cooperation between t'riends. I sholl not forget working at
the Centre and the Jriends I had there.

B.G. HUNT, MSc, 1969-1984

Barrie was employed temporarily at the CSIRO
Division of Meteorological Physics from mid 1968 in
anticipation of the Centre's establishment in April 1969.
His early research included investigation o{ the role o{
photochemistry in the chemical structure of the upper
atmosphere. With over two years prior experience at
GFDL in the USA from 1965, Barrie's major
contribution has been the development of global
numerical models for simulating the general circulation
of the atmosphere. These have included the
semi-spectral or Fourier model, and its extended version
to 100 km; and the stereographic model, for which the
original code was developed in collaboration with GFDL.
He has used these models for a considerable number of
geophysical experiments to probe atmospheric and environmental effects.

Barrie was leader of the General Circulation (later Climate Research) Group from the
establishment of the Centre, and has been acting Officer-in-Charge for brief periods on several
occasions. He made a short visit to the USA in February 1972, and for three months in mid
7974he visited research institutes in the USA, UK and Europe. In late 1980 Barrie made a
{urther three month visit to the USA and Europe to assess relative climatic programs in
Australia and overseas.

Barrie transferred to the CSIRO Division of Atmospheric Research in July 1984.

D.J. KAROLY, BSc PhD,1980-1983

David joined the ANMRC in December 1980 on the
completion of a PhD at the University of Reading. He
was a member of the Climate Research Group until
February 1983 when he accepted an appointment with
Monash University as a lecturer in the l\4athematics
Department. During his term with the Centre his work
was directed towards understanding the forcing,
propagation and structure of planetary waves, as well as
their poor representation in numerical models. The
latter part of his time was spent developing a climatology
for the southern hemisphere based on numerical
analyses.



In July/August 1981 he visited the UK and west Germany for five weeks.

His comments follow:

There were two major influences on my work during the two years I was employed at

ANMRC as a fixed-terlm Post Doctoral Research Fellow. The lirst oJ these was the use ot'

fixed-term appointments in ANMRC, and possibly in other CSIRO Diuisions, as an unofficial

probationory or ossessment period in deciding the suitobility of the oppointee for a permonent
-Research 

Scientist position. Officially, this does not and cannot happen, but it actually was the

dominonf foctor in my decisions on which research problems I should uork. Since this

or."rr-rni is largely based on the number of publications during the t'ixed term, I decided to

u.rork on smoll, manageable problems r.ohich were likelg to lead to guick results and publishable

material rather than on mojor and perhaps more useful problems'

The second major influence on my u.rork uros the Reuiew of Atmospheric Sciences in CSIRO

ond the prior decision to disbqnd ANMRC. At this stage, I realised that the possibilities t'or joint

,"r"or"i between CSIBO snd the Bureau of Meteorologg might be reduced in the t'uture and

that I should take advantage oJ the unique situation ot' ANMRC to attack a problem which I felt

was major and likelg to leqd to some usef ul long term results euen if not to something publishable

in the ihort term. I decided to use the southern hemisphere (SH) daily numerical analyses of

the Bureau to inuestigate large scale interannual uariability of the SH troposphere and to Ueate

a focility for generating real time SH climate diagnostics as an aid for extended range prediction.

I spent much of my last year at ANMRC setting up such a SH data diognosfics system.

In October 1982, I decided to occept a continuing lectureship in the Mothematics

Department, Monosh 1Jniuersitg, as I fett uery uncertoin about my iob security, with my fixed
term position due to end in one yeor, ANMRC due to disband and no real indication t'rom
CSIBO or the Bureau about employment prospects at the end of my fixed term position'

I am uery grateful to Bitt Bourke t'or allowing me to continue at ANMRC os o uisifing scienfisf

after I storied ot Monosh since this hos meant thqt I can continue working on the SH data and

seueral loint publications ore likely in the near t'uture.

G.A.M. KELLY, BSc, 1970*

Graeme joined the CMRC in September l97O ftom
the Bureau of Meteorology (Head Office)' He has led a

small group specializing in developing techniques for the
retrieval of temperature and moisture profiles from
satellite radiance data (in collaboration with W. Smith of

NESDIS, University of Wisconsin). This has involved

demonstrating their positive impact on both regional
and hemispheric forecasting, resulting in their

operational use. In 1983 a local read-out and high
resolution temperature retrieval facility for operations
and research was implemented under Graeme's
leadership. Another area of involvement has been in

establishing a ten year southern hemisphere climatology
based on the Australian operational numerical analyses.

Since early 1983 Graeme has been leader of the Regional and Mesoscale Prediction Group'

He spent five weeks at NESS Washington D.C., as well as visiting various other research

institutes involved with satellite data retrieval, from April to June 1975. From October 1978

Graeme spent 12 months at the University of Wisconsin to participate in evaluating high

resolutionsounding data from the TIROS-N satellite in limited area lorecasting applications.

Currently he is spending 12 months at the ECMWF as a visiting scientific consultant.



D.W. KEENAN, MSc PhD,1983-1984

Dan commenced duty with the Centre in August
1983 coming from the Bureau's Regional Forecasting
Centre in Darwin following on from an earlier career in
theoretical astronomy. He has been developing a
surface temperature analysis for use in the tropical
analysis program to work in conjunction with the
analysis of TOVS satellite data.

In September 1984 Dan accepted a Research
Scientist appointment with the Delence Research
Centre, South Australia.

W.R. KININMONTH, MSc, 197O-197 4

Bill loined the Centre as a Meteorologist in September 1970 alter a period of study leave
from the Bureau at Colorado State University, USA. He developed a cloud model to
parameterize convection, and worked on problems associated with improving the physics of
the six{evel primitive equation {orecasting model.

In mid 1973 Bill spent a month overseas to attend a WMO/IAMAP symposium in the UK,
and to visit a number of research institutes there and in the USA. After a period of temporary
duty with the Research and Development Branch of the Bureau he took up a permanent
position there in July 1974.

J.F. LE MARSHALL, BSc PhD,1975-1979,1984

John joined the Centre in June 1975 from the
Victorian Regional Forecasting Centre of the Bureau.
His main area o{ work was on temperature inversion
methods for the retrieval of data from meteorological
satellites, and hemispheric analysis for the spectral
model.

John was promoted to a position in the Analysis
Section, Services Branch of the Bureau which he took
up in July 1979. He rejoined the Centre in October
1984.

Comments on his view of ANMRC are included:

It is difficult to write a eulogg for the ANMRC while the
body corporate is still exhibiting an impressiue uitolitg.

While not wishing to tolk in detail of my own work in the remote sensing, climatology and
analysis and prognosis areas, I feel it is important that some general comments be made obout
this Jelicitous combination of subjects which were studied at the ANMRC. The study of these
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Jields was an early recognition oJ the holistic nature of the ouerall observotional, onolgsis ond
"prognostic 

problem, and this pioblem itselt' addresses in real terms, the uncertainties of the
'sciJnce 

at tirge. The ANMRC from its earliest days deuoted itself to a pragmatic solution of the

ptroblem, euJr oware of the operational requirements of the Bureau. This endeauour is reflected
'in 

no small part by the high quality of f orecast aduice given by the Bureau to the Australian public '

The ANMRC was able to bridge the gap eJt'ectiuely between research and operations at a time

when the science was mouing at a uiry rapid pace. lt is interesting also to note as a result of

close collaboration withtheBureauoJMeteorologyNMAC, thatthatforecastand analysis centre

became the first to implement o spectral model operationally and also the first to input locallg

deriued direct readout dato into its regional onclysis ond prognosis scheme.

For my own part I was able to take aduantage of these surroundings andto work on projects

thot ranihe gimut of the ANMRC's inferests. lnitialtg I worked on auariety of problems

associated *ith th" remote sensing ol temperature and moisture profiles, t'rom satellite

measured infrared and microwaue radiances, and also with the sensing of surt'oce pressure with

an actiue sounder. These interests were naturally combined with analgsis work both on a

hemispheric uersion of the three dimensional uoriational onolysis scheme and in the t'our

dimensionol assimilation project, where the optimum use of asynoptic sotellite data was a goal

lnuoluement with analysis ond the Spectral Group also led to an interest in hemispheric

climatology and octiue participotion in deueloping a full hemispheric climotic otlos from the

hemispheric numerical analY ses.

Finally, I belieue the ANMRC has t'unctioned et'f ectiuely in an orea .which required the linking

of data ietrieual, onolysis and forecasting into a single system. In t'uture years when remote

ground based temperature and moisture profilers abound and are used in conjunction with
"space 

based actiui and passiue sounders for input to our numerical analysis and prognosis

sch.^es, we will rememLer ANMRC was a centre that held and worked towards such a uision.

It has been my pleosure to contribute to that organization'

L.M. LESLIE, BA MSc PhD' 1970+

Lance joined the CMRC in August 1970 from

Monash University. His major contribution has been in

limited area modell ing, advancing the Centre's

Australian region forecasting model' His more recent

work has been in the development of the movable line

mesh Australian region model. Other areas have

included studies of mesoscale phenomena, and

statistical correction procedures for numerical models
(both in coltaboration with Monash University), and more

recently the statistical prediction of weather elements (in

collaboiation with A. Miller of CSIRO Division ol

Mathematics and Statistics).

Lance made a number of overseas trips. He spent ten

months in 1973 working at the British Meteorological

Office and visited Sweden and Finland. He made five shorter term visits varying from one to

three months visiting universities and research institutes in the UK, Sweden, Finland, West

Germany, the USA, Canada, France and Japan'



L.W. LOGAN, BSc,1976+

Les was appointed as a Computer Systems Officer
with ANMRC early in 1976.Hehas been attached to the
Weather Research Group; on its dissection he worked in
the Medium Range Prediction Group and more recently
with the Regional and Mesoscale Prediction Group. He
has provided extensive programming support in
mesoscale modelling with particular emphasis on
upgrading the operational regional system.

R. MAINE, MSc, 1959-1970

Ross was a foundation member of the CMRC staff
coming from the Bureau of Meteorology (Head Office).
He was responsible for much of the early initiative in
developing and establishing the first regional operational
numerical forecasting system in the Bureau prior to the
formation of the Centre. He continued this work in the
Centre, in particular developing the filtered baroclinic
model for the Australian region.

ln 1970 Ross was Acting Of{icer-in-Charge o{ the
Centre for two months (April to June). He returned to
the Bureau in January 1971 as Assistant Director of the
ADP Division. He adds these comments:

The 1968/69 period in the then Central Ot'fice of the
Bureau of Meteorology was exciting and t'ull of potential t'or these were the years during which

the Bureau's first large scale computers (then dual IBM 360/65s) were installed.

The business of numericol meteorology hod been well underwag t'or seuerol years in the
Bureau and os computing is the life blood of numerical meteorology the numerical modellers
(then o uery smoll group Jrom the Bureou Research and Deuelopment Branch, uiz, Ross Moine

and Bob Seaman and loter Doug Gauntlett ond Dauid Hincksman) t'oresaw a new era for
meteorology in Austrolia. Under the leadership of such personalities as Gerry O'Mahoney and
Bill Gibbs (Director ol Meteorology) the dual 360/65 system become the bosic hardware for
the CMRC, which was born shortly after the second 360/65 was installed.

Although outomated multi-leuel numericol onolysis and a barotropic 500 mb prognosis

system had already been implemented in the Bureau, CMRC was t'ormed under the driue of

G.B. Tucker, ifs /irsf Officer-in-Charge, who began work immediotely organizing the Centre.
Meonwhile the deuelopment groups continued improuing the analysis system and deuising a

seuen-leuel operational liltered baroclinic prognosis model. Shortly thereoJter deuelopment

commenced on o primitiue equation model . Most of these models were based on extensiue work

olready carried out by IJS workers (such os Cressman, Shumon, Smogorinsky, O'Neill) but

special deuelopments were required for southern hemisphere use.

At the working leuel CMRC maintained a close relationship with the Bureau's Nofiono/
Meteorological Anolysis Centre (NMAC) t'or it uos obuious that if the Bureau u)as to obtain ualue

t'or money from CMRC its products would need to be useable directly in forecasting practice.
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The early gesrs were intensely exciting for one was aware that our work was close to the

leading edge ol meteorological and computer science. Consequently there was a race sgainst

time to ensure that results were exchanged effectiuely with other co-workers and tt)ere reported

to operotional meteorologists generally so that their uiews could be considered.

I am sure these attitudes continued and matured during the seuenties, Jor the ANMRC, os

it was soon to be known, continued to deuelop into an internotional research centre of high

standing.

B.J. McAVANEY, BSc PhD,1971+

Bryant joined CMRC in February 1971 from the
University of Adelaide. His earlier years at the Centre
were involved with the assessment and further
development of the spectral model; demonstration of
the viability of the spectral model for general circulation
studies was a major contribution by Bryant. In mid 1979
the Tropical Research Group was established under
Bryant's leadership. The major achievement of this
group has been the development and successful
operational trials of an objective analysis scheme for the
Australian tropics. For their joint publication on this
work in the Australian Meteorological Magazine in 1981,
Bryant and Noel Davidson shared the first Priestley
Medal to be awarded, for 1981-82.

ln t977 Bryant visited the USSR for six months under the Australian/USSR Science
Agreement. He spent four months at the Institute of Atmospheric Physics in Moscow and two

months at the Computing Centre of the Siberian Academy of Science in Novosibirsk. A second
long-term visit was undertaken in 1980-81 to Tallahasse, Florida, USA, where Bryant worked
for 13 months with T.N. Krishnamurti at Florida State University on tropical numerical
weather prediction. More recently (April to June 1984) he visited GFDL, USA to implement
the ANMRC spectral model on a CYBER 205 computer, prior to its use on the same machine
recently acquired by CSIRO.

Bryant includes the {ollowing comments:

My Jirstawareness ol CMRC/ANMRC camelrom alecture deliueredtothe South Austrolian

Branch ot' Australian Institute of Physics by Dr. C.H.B. Priestley some time in 7969. The
problems he desuibed seemed exciting and the enuironment in which to solue them wos

alluring, so on completion of my PhD thesis at the [Jniuersity of Adeloide I applied to join this

exciting new creation. Some 73 years loter I still lind the ANMRC on exciting place to work,

bustling with enthusiasm to get on with the job; my original decision to make the chonge from
experimental upper atmospheric physics to numerical meteorology was a good one.

As one of the CSIRO contingent with the ANMRC there haue been times when this has been

c disoduonfoge in dealing with both parties. For exomple when working with colleagues tlifhin

the Bureau of Meteorology ottempts at 'short circuiting' procedures to get things accomplished
houe often foiled when if r.uos reolised the interoction tuos not completely 'in house', one porty

being a CS/RO employee. On the CSIRO side there haue also been problems because of the

oppsrent scorn in which numericol modelling is held by many selt'-labelled'pure' researchers.
Lit'e as a numerical modeller olso hos been made more difficult because ot' the downgrading by

other scientists ot' the computer skills fhot o go od modeller must haue it' he is to get the absolute
best out of the computer to which he has access. A well constructed numerical model should

at least be considered in the same light as a well constructed ond innouatiue piece oJ

exp e rim ental e quip ment I



Because of the independent noture of the CMRC/ANMRC, excellent rapport with

operational meteorologists in the Regions hos been possible. Personally I houe found my

inuoluement with the Regional Meteorological Centre in Darwin most stimulating, as

compromises in our mutual interests were reached. A positiue sense of achieuement has
resulted from the prouision of a sgstem which has satist'ied some of the pressing needs of

operotionol meteorologists ond olso is an extremely uset'ul research tool. I can only hope that

the emergence of the BMRC nurtures this type oJ rapport and lets it grow in many other areas.

J.L. McBRIDE, MSc PhD,1974-1983

John's introduction to the CMRC was as a vacation
student in 1970-71. He joined the Centre in 1974
working on the development of the hemispheric and
regional versions of the primitive equation forecasting
model. From 7976 John spent three years on study
leave to undertake a PhD on tropical cyclones at
Colorado State University, USA, and in early 1979 was
appointed to the Centre as a Research Scientist. Here he
studied convective and larger scale interactions, the
Australian monsoon, the climatology of Australian
region tropical cyclones, and weather systems other
than tropical cyclones in the tropics. In October 1980
John visited the People's Republic of China, and Japan
for several weeks. Other short term visits included
Denpasar, Indonesia, in 1981, and Dacca, Bangladesh, in1982.

With the uncertainties following the Centre's final review John resigned from CSIRO in

May 7982 and returned to the Bureau. He was again attached to the Centre until May 1983

when he departed to undertake further research at Colorado State University.

In John's words:

I first came to CMRC as a cadet meteorologist in the summer of 1970-71. I worked then

with Neil Streten and the late Sandy Troup, ossisfing in the data reduction for their synoptic

climatology of mid latitude oceanic cqclones. Back then, Neil worned me that euery young

aspiring cadet had uisions of a grand and glorious scientific career. Years later I went back as

o lvleteorologist Closs 7, working first with Bill Kininmonth and then with Doug Gauntlett on the

hemispheric grid P,E. model. I let't again and returned again, this time as a CSIRO Posf Doctoral

Fellow. This led to three exciting years' research during which Bryont McAuoney, Noel

Dauidson, Neuille Nichol/s, Tom Keenan (Bureau) and I documented many of the basic

obseruational features of the Australian monsoon circulotion. Once more I left; once more I

returned, this time as an acting-Meteorologist C/oss 3. lt's been said I keep coming back to

CMRC/ANMRC as no one else in Australia is willing to employ me.

The success of CMRC/ANMRC os a scientific unit, and as a positiue deuelopmental force
in Austrolisn meteorology, is beyond question. This can be attributed to many t'actors: the

otmosphere of intellectual freedom; the encourogement of younger scienfists by the OIC's and

by the senior staff; the existence of a separate tea room for yarns ot' football, politics, t'inite
dilference schemes ond one-dimensional cloud models; the lack ot' formality and the uery

reloxed ottitudeto strictworking hours; the encouragementtotrquel on ouerseos scienfifc uisifs;

the good mix of obseruational, analytical and numerical scientists on the staff ; the strong uisiting

scientist program, and the co-operatiue seminar program with other institutions.

Somewhere along the line I leorned to do my science fearlessly ond to enjoy euery minute

ot' it. Since most of my career hos been at CMRC/ ANMRC, I probably learned itthere. For this

I am grateful to my many colleagues from that institution ouer the last 73 years.
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J.L.  McGREGOR, BSc PhD,1975+

John was appointed as a Research Scientist with the
ANMRC in July 1975. His earlier work was directed
towards the staggered grid reformulation of the
Australian region primitive equation (ARPE) model, its
implementation into NMAC operations, and to
convec t i ve  c l oud  pa rame te r i za t i on  schemes .
Subsequently he made several diagnostic studies based
on the ARPE model, and mor e recently has made further
refinemenis to this model and the spectral model.
Recent research on limited area initialization is now
being used operationally in the Bureau.

John spent September 7979 at the University of
Wisconsin to implement and test the equivalent of the
ARPE model developed at ANMRC for the North
American region. Currently he is spending six weeks at UW as a visiting scientist.

G.A. MILLS, MSc, 197 5-1982, 1984

Graham joined the ANMRC from the Adelaide
Regional Forecasting Centre of the Bureau inlateL9TS'
His major work involved modification of the analysis
programs for the Australian region and a number of
analysis prognosis cycling experiments to assess the
impact of data available during FGGE, including data
sent from the University of Wisconsin, USA.

Graham spent 11 months in 1981 at the University of
Wisconsin continuing the Centre's collaborative
research of recent years. From mid L982he was with the
Research and Development Branch of the Bureau, and
in October 1984 rejoined the Centre.

R.L. NAIDOO, BSc,1983+

Naidoo joined the Centre as a Computer Systems
Officer and later as a Meteorologist, coming from Florida
State University, USA, in August 1983. He has been
working on further development of the spectral model.
Prior to ioining the Centre he also spent ten months in
Sweden inl98l'.I982 contributing to the FGGE IIB data
processlng.
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N. NICHOLLS, MSc PhD,1975-1984

Neville joined the ANMRC in June 1975 from the
Research and Development Branch of the Bureau of
Meteorology. During the past nine years at the Centre he
has worked in the Diagnostic Studies Group developing
statistical methods for long range forecasting and
making a number of related observation-based studies
with emphasis on El Nino and the Southern Oscillation.

He undertook a six week visit overseas to the UK and
USA in August-September 1978, and a further visit of
two weeks to the USA in November-December 1982. In
1981 he held the WMO position of Consultant in Long
Range Weather Forecasting for four months located at
Badan Meteorologi dan Geofisika, Jakarta, Indonesia.

While at the Centre he completed his MSc and PhD at the University of Melbourne. He
offers the following from Petronius (A.D. 66) as a valedictory statement on ANMRC:

We trained hard . . . but euery time we were beginning to form up into teams we would be
re-organized. I was to learn later in life that we tend to meet any new situations by re-orgonizing
. . . and o wonderJul method it can be t'or creating the illusion of progress while producing
ineJJiciency and demoralisotion.

P.F. NOAR, MSc, 1970-1975

Peter joined the CMRC in November 1970 from the Tasmanian Regional Office of the
Bureau, to work in the interface areabetween Bureau operations and CMRC research. This
involved collaboration with the NMAC for real and non-real time trials of the Centre's
forecasting models and their subsequent assessment. Peter's comments appear in an earlier
chapter of this report.

Peter also experimented with a planetary boundary layer model, based on one from NMC
Suitland, USA, for use in air pollution potential prediction in the Australian region.

For several months in mid 797 2 Peter visited a number of overseas institutions involved
in the application of numerical weather prediction to the operational programs of national
weather services.

He ioined the NMAC of the Bureau in March 1975.

RJ. ORIIIEROD, BSc, 1980-1981

Robin, a PhD candidate from the University of New England, NSW, was temporarily
employed by the Centre for seven months. He assisted in an investigation of predicting the
Australian monsoon onset, and rain systems in the tropics other than tropical cyclones.
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He spent 14 months in 1978-79 at NCAR, Bouider, *'
U S A , a n d w a s i n s t r u m e n t a l i n t h e a d o p t i o n o f t h e
ANMRC spectral model as the NCAR Community

Climate Model. He made a brief return visit in October

1980, and also visited GFDL at Princeton University'

Subsequently he was appointed as a visiting scientist there for 13 months in early 1983'

Kamal's comments bring to memory, among other things, some of the more light-hearted

times at the Centre:

Hauing been with CMRC/ ANMRC for more than 72 years qualilies me to be a member of

tni ,it"ri group of the Cent:re's 
'old timers'. During these years I haue had the great priuilege

if particifotin1 ii the Centre's euolution to become o maior force in Numerical Weather

Prediction.It is not my intention here to engage in back patting regarding the Centre's scientif ic

achieuements - thot is best left to more objectiue obseruers. I sholl concentrate mainly on other

day-to-dog t'octors which made the Centre such on attractiue place to work.

I was uerg fortunate to be a member of the Spectral Modelling Group and share in the,

excitement of ihe deuelopment of the lirst spectral model for numerical weather prediction and

general circulation studies. For me, two aspects of this work were particularlg satisfying' One
"wos 

the occeptance of the spectral model as the Bureau of Meteorology's operational model -

o first. The'second was the lirst long integrotion with fixed January conditions with a global

spectrat model. The latter was carrled out on a shoestring budget which lelt uery little margin
ji, 

"rror. 
We were thus forced to conduct uery close monitoring ot' the integration with lengthy

'daily 
discussions of the'preuious night's runs. These discussions which were carried out in an

atiosphere ranging from deep depression on one day to high excitement the next, were

extremely stimulating and educotional.

A uery important factor in the Centre's deuelopment was the deep .c,ommitment 
towords the

Centre if ^ott of its employees. This commitment manifested itself both at the scientific and

socisl leuel. An exampll if this enthusiosm uos the Centre's participation in the CSIRO

swimming competition and winning it for three years agoinst much larger Diuisions. The

inuoluem-ento/ swimmers and non-swimmers had to be seen to be belieued. Social euents were

organized regularly and well attended. There was actiue support lor the social committee's

pii."t", rr.h o, its inuoluement in enterprising actiuities as the use of waste computer output

to iinon"" the Christmas parties, and caiering for morning and ot'ternoon teas at the IAMAP'

1974 meeting in Melbourne. Most of the considerable amount of money raised in the latter

project was ionated to the Darwin disoster fund. The highlight of the social scene was the
^,Thsnk 

God li's Friday Euening' Club whose meetings were originally held at the CitV Court

and later moued to the Continintal (locat hotets). These meetings, Iong ond short, were well

attended and always interesting and liuelg, especially the longer ones.

It is unfortunate thot in the 'interest' oJ rationalization of otmospheric research in Australia

it has been Jound necessary to disbondANMEC. It is doubly unfortunate becouse at the time



of the last reuiew the Centre was at its strongest in terms of personnel and expertise . Howeuer,
it is hoped that whateuer replaces the Centre will be able to recreate the sense of excitement
and purpose that was prouided so success/ullq by the CMRC/ANMRC. lt will be a difficult,
hopefullg not impossible, task. For me howeuer, the CMRC/ ANMRC will always be something
special.

J.M. SARDIE, BSc PhD,1984+

Joe joined the Centre on May 1984 after completing
a PhD at Pennsylvania State University while on leave
from the Bureau of Meteorology's Sydney Regional
Forecasting Centre. He is working with the Medium
Range Prediction Group

R.S. SEAMAN, BSc,1969+

Bob was a foundation member of the CMRC staff in
1969 coming from the Bureau where he had been
involved with the early development of numerical
analysis and weather prediction systems.

In the Centre Bob has been involved with most areas
of objective analysis research on which the Centre has
concen t ra ted ;  {o r  examp le  t he  des ign  and
implementation of a southern hemisphere objective
analysis scheme, as well as refinements to it and the
Australian region analysis-prognosis system when the
primitive equation models were developed. Bob
designed and carried out many other projects to
overcome problems arising from the lack of data for the
southern hemisphere, particularly conventional data at
upper levels. In recent years he has spent considerable time developing four dimensional data
assimilation procedures for the spectral forecasting model. This scheme has been used in
important experiments utilizing the FGGE data base and has now been expanded for
operational application.

Since April 1983 he has been leader of the Medium Range Prediction Group. For five weeks
in 1970 Bob visited a number of scientific centres concerned with meteorological analysis in
the USA and UK. He spent 13 months in 1978-:79 at the ECMWF as a research consultant
contributing to the earliest tests of the ECMWF four dimensional assimilation system.

Bob's views on a number of aspects are included in the following:

\
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soMEsUBJEcTIvETH)UGHTSoNCMRC/ANMRC1969-84

The beginning
,,My ownbetief , which someothers do notshore, isthot[inits decision.to.establishtheGMRC]

on this occasion the gouernment was wiser than its scientific aduisers'" (Priestley' 7982)

Count me ds one who supports the Priestley uiew. But my reason, with the benelit of

hinisight, diJt'ers from Prie"tliy' s. In the late 7960' s, the attitudes to reseorch which prevoiled

in the CSIRO on the one honi, and in the Public Seruice and the Bureau on the other hand'

differed euen more radically than they do now. Such rpos this disparity in attitudes, thatl belieue

the qctiue porticipation oi CS?O was essential at that time t'or a satist'octory reseorch

enuironment.

A tribute

And indeed, for its whole life, the key to the Centre's success wos its working enuironment'

An important eiement of this enuironment, porticulorly in the early doys, was the deliberate

"n"ourog"-"nt 
of diuerie attitudes, a polica not notably in euidence in the Bureau during the

7960',s.

Many people, including all the OIC'S, deserue credit' But one person stands out' Those ol

us who were t'oundation iembers, witnessed the single-mindednes,s with which Brian Tucker'

ii ti" fo." 
"f 

hostility t'rom the Bureau, established a new institutional spirit and identitg. Without

hfm, there ifmply would not houe been a Centre. Whateuer else hos happened since, for those

t'irst few years, Brian, manY thanks.

The two cultures

A prime reoson for setting up the GMRC wos io promole interac.tion between research and

op.ritionr. It certainlg did ttat, ond the result was undoubtedly of mutual benefit' But it was

not achieued without conflict between the more extreme attitudes ond personolities on either

side. The culture shock ias probably greatest lor those goung scientists in the Centre' whose

work brought them into contact with sime of the more reoctionary elements in the Bureou ' The

ititud", ioulded by these early encounters are clearly in euidence today.

It worked the other way too. ln my own case, despite hauing come from the Bureau's

Reseqrch and Deuelopment Branch, I neuer quite came to terms with the more extreme

iinifestotions of theCSIBO 
'publish or perish' attitude. tJndoubtedly, publicotions contributed

sign'tficantty to ihe Centre's international reputation, if you belieue that the latter has some

iitrinsic uatue. (And obuiouslg many do belieue it - we now houe the Bureau talking about
,iortt. 

"t' 
este'em' :,or BMRC.) Iiut arguably the Centre's more practical and tangible

achieuements (products used by the Bureau ond others) occuffed in spite of , not because ot',

the CSIRO attitude to publications.

The mushroom PrinciPle

Whot pubtish or perish is to the research scientisf, the mushroom principle is to the

administrator . The t'ormer attitude is happity waning; the lotter is aliue and well ' The agreement

to disbond the Centre wos reoched olmost a geor bef ore its onnouncement to ANMRC staf f (the

latter closely following a similor announcement in the American Meteorological Society

Newsletter).

The predictable reasons giuen for keeping us in the dark lor so /ong, were to preuent the

breakup ot' research teams and to maintain stoff morale. Readers are inuited to consider lor

themseluesthese reasons , both from the aspect of morality and from the aspect of effectiueness '

tuti ont. comment is that in an elitism contest, our top administrators would leaue the auerage

reseorch scienfisf for dead!



The end

At the time ot' writing, it appears that more thon three years will haue separated the decision
to disbond the Centre, ond its sctuol closing. A prolonged ond messy end. When my own time

comes, I hope it's quicker.

L.F. SIMPSON (nee Clear), BSc,t973-1976

Lesleigh, a Computer Systems Officer, joined CMRC in March 1973. She worked with both
the Spectral Modelling Group and the General Circulation Group. Lesleigh resigned in March
L976.

R.W. SIMPSON, BSc PhD,1972-1975

Rod joined the CMRC in March 1972 ftom the University of Queensland. He carried out

experiments using a general circulation model of the atmosphere to investigate the importance

of warm sea surface temperature anomalies to weather conditions over Australia. Rod

resigned from the Centre in March 1975.

S.H. SOUTHAM, BSc, f976-1980

Stewart joined the ANMRC as a Computer Systems Officer in March 1976. He was

attached to the Diagnostic Studies Group and later the Climate Research Group. He resigned
from the Centre in February 1980 to take up a position with Alcoa'

N.A. STRETEN, BSc DSc DPA,1969-f983

Soon after its establishment in 1969, Neil joined the
CMRC from the Bureau (Head Office) to develop
expertise in the area of satellite meteorology. This he
did, researching many aspects of southern hemisphere
circulation patterns and climatology. These included
cloud vortices, characteristics of extreme seasons, sea
surface temperature effects on seasonal climatic {ea-
tures. and the influence of Antarctic sea ice on
circulation patterns. Neil was leader of the Diagnostic
Studies Group from its inception in February 1976 until
his departure in 1983.

Neil held the position of Associate Professor oI Meteorology at the Geophysical Institute,
University of Alaska for 14 months from mid 1973. He also visited various research institutes
in the UK, USA, Japan and France in August-September 1975, and in the UK, Europe and
South Africa in 1981.

Neil was awarded a DSc from the University of Melbourne in 1983. He was appointed to
the new position of Assistant Director, Executive Branch in the Bureau in March 1983.

He contributes the following:
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ON THE PASSING OF ANMRC

Most organizations like all liuing things go through stages of youth, maturity ond old age'

ANMRC, cut short in its early years, perhaps reached barely the third of the seuen oges of man'

Had it at least become "the Soldier, t'ull ot' strange oaths . , . sudden and quick in quarrel", it

mog haue been able to det'end itself more proJessionally and go on to maturity. Its deolth in

chitdhood does not mean an illness or poor constitution, but the impotience of its porents,

themselues suffering straightened means ond a less thon ideal marriage. This is not to say that

either porent was inherently quel or ill-dispositioned. The process ot' torture (by multiple reuiew)

and ultimote martyrdom ot' ANMRC must be seen as a reflection of the existence of an actiue

aduersary system in the world of Australion science administrotion. Such a system, which would

be seen to be healthy in some circles, takes its motto from commondo training parlanr" - "get

him before he gets gou". Working scienfisfs ore rarely proficient in iungle warfare.

There is little point, howeuer, in considering what might haue been. To be optimistic, it has

to be belieued that the death oJ the Centre will lead to the spreading of its ideols to the

organization which t'ollows it, ond to those to ohich its members are dispersed If utos a unique
phenomenon in that t'or the t'irst time CSIRO and Public Seruice scienfisfs worked jointly on

reseorch projects of originolitg and signiJicance within o single orgonizotion. Howeuer , after this

experience, it is unlikely thot we will look upon its like again'

One might ask, does it matter in what type of organization research is performed. There is

reason to belieue that it does. To o research worker the necessities of lfe ore first the Jreedom
to euolue his research abilities and interests, and secondly, a reasonoble career structure. The

one oduontage which AMRC gaue to its research staJt' from the Bureau ot' Meteorology and

which the Bureau could not giue internolly wos continuity of project and line of research leading

to the deuelopment ot' expertise and substantial international standing. This ruos no t'ault oJ the

Bureou. Public Seruice career structure with emphasis on t'illing of positions which become

tempororily uacantwithin ahierarchy, the points scored Joractingin suchhigher positions (which

is uiewed as of great importance by the mechanism of Promotion and Appeal), and indeed, the

sense of justicebeing seentobe done, which areall portof thePublicSeruicepersonnel scheme,

haue their dork side in militoting against the steady deuelopment ot' a research career. For

uarious reosons, (initially as a policy, and later as a habit) Public Seruice prolessional stafJ in

ANMRC were not ot'ten seen os possibie candidates for such positions and were thus left to

continue their research work undisturbed. This prouided a continuity to research programs, but

also, in a number of cases, it mag be argued that it restricted career prospects. Thus, ANMRC
prouided continuitg but a less than ideal coreer structure.

CSIRO stoff within the Centre experienced no such problems. 'ln situ' promotion t'or good

research and the potential 'Principal Research Scienlist bulge' in staffing structure (admittedly

not achieued in the short lit'e ot' the Centre) enabled continuity of program and coreer prospects

to be maintained jointly. Such a costlg scheme has been, of course, anathema to the Public

Seruice Board.

It may be, thot at'ter many years, the Board has recognized that o research structure is quite

different to the rest of the Public Seruice, and that some special arrangements haue to be made

to maintain an actiue, deueloping ond mature research organization, while also prouiding

adequate career prospects to its reseorchers. lf , in some small wag, ANMRC helped to bring

home this point so that efficient principles of staff structure for research in the Public Seruice

in general, and the Bureau of Meteorology in porticular , can be deueloped it will not houe existed

in uain.

Ouer the door of any new reseorch orgonization within the Public Seruice ought to be carued

in massiue lefters 'CONTINUITY ond CAREER'.



R.L. THURLING, MSc, l97l+

Bob commenced duty with CMRC in June t977 as a
Programmer. Subsequently he contributed the major
programming expertise required in conducting the
spectral model trials in the early seventies, and its final
operational implementation in early 1976. He has
worked in most areas of the Centre's research program
becoming the senior Computer Systems Officer in the
latter part of t977. Since mid 1983 Bob has been on
temporary transfer to a senior position within the
Bureau o{ Meteorology.

A.J. TROUP (late), BSc, 1969-1971

Sandy, as he was known, was seconded to the CMRC from CSIRO Division of
Meteorological (later Atmospheric) Physics for two years from late in 7969 . His main area of
research, in collaboration with N. Streten, was the development of a synoptic climatology and
classification of southern hemisphere cloud vortices based on satellite imagery. Sandy's death
in 1983 was a great loss to meteorology and to his colleagues at ANMRC.

G.B. TUCKER, BSc PhD,1969-1973

Brian was the foundation Officer-in-Charge of the CMRC, from April 1969 until March

1973 when he became Chief , CSIRO Division of Atmospheric Physics. During those first years

of the Centre's life he selected many of its early staff members and established the main

research directions, overseeing the initial developments in NWP including an operational
analysis and prediction system for both the hemisphere and region. Brian's comments on this
period appear in an earlier chapter of this report. His own research included a number of

investigations based on the Laverton Serial Sounding data and the development of a time

average model of the atmosphere.

Brian spent several months in mid 1970 visiting major overseas research institutes engaged
in numerical meteorology. ln797l he attended an IUGG meeting in the USSR, and a GARP
planning conlerence in the USA, as well as visiting a number ol research institutes in Japan,

Switzerland and the UK. He was elected to the Joint Organizing Committee of GARP in1972,

and was a member of the ANMRC Advisory Committee from t97 4 until its disbandment in

t979,

M.E. VOICE, MSc 1969+

For eight months from June 1969 Mary was
seconded to the CMRC from the Bureau of Meteorology.
At that time she was completing her MSc at the
Melbourne University; she became a substantive
member of staff early in 1970. After some experience in
analysis research she joined the General Circulation
Group in 1972 wherc in collaboration with Barrie Hunt
she developed the l8level Fourier (or semi-spectral)
model, which has been used for studying drought
producing mechanisms.

Mary spent two weeks in 1980 attending a course
entitled "Climatic Variations: Facts and Causes" held at
Erice, Sicily, Italy. She also gave freely of her time to talk
to outside groups and schools on meteorology.
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Since mid 1983 Mary has been on temporary transfer to the Scientific Services Branch of

the Bureau. Being the poet of the Centre she has treated us to some verse for this valedictory

report:

BITTER AND SWEET

We started in secret and ended the same
ln many ways that was o shame
For the idea was good
A joint research ploce should
Fill a much needed role in the Aus weather game.

Thus there uros born a chimera child
Starting its lit'e unreconciled
To us on the inside tier
It seemed like a great ideo
But it sometimes droue the principals wild.

Those principals headed their t'ields with pride

But their persanal discord they could not hide
A sign of the passions
That science always Jashions
Who said science onlg had a calm rational side?

From the stort the Centre's name was a curse
It was always a mouthful and what was worse
It caused the Bureau pain
And again and again
There were ftghts on the size ol the t'iscal purse.

The Centre was uery much on the Jringe
Did that giue us o mandate to whinge
About'iuorg tower' shots
From practitioner slots
And from those with a cultural cringe?

Pressure trom without led to bonding within
At least until the money grew thin
Thus for many years
There were uery Jew tears
For we thought "A great place to work in"

I sow that the tussles for power grew large
There were fhose uho preferred not to plead but to borge
I was cought oft enough
Twixt the tough ond the rough
And the Ot'ficers - ssusTql - ln Chorge.

I hated this side of the Centre's esprit
Why can't people just liue ond let be
It seems so to me
That success personally
Comes from self and science integrity.



Remember Thurling's Arthur Ling
When the node was in its primal swing
When Bob Seaman teased
Much more than some pleased
And our alter egos did their thing.

Remember Dingle's louers' farm -

I guess he didn't do much harm
At lesst to the Centre
/ oslc in absentio
Did others hold such fatal chorm?

Ah, those were the days of corefree molaise
Of Watson's and Toto's and other cat'es
Of youtht'uldreams
Lit'e is what it seems
Gone now for euer are those golden days.

I neuer deep down thought the Centre would close
I was a little naiue I suppose
A new circumstance
I'm takin' a chance
ln the so-called Scientific Seruices Branch.

ln the last t'ew years the Centre was drained
The 'light on the hill' grew weak and waned
The t'uture was dim
The Bureau was grim
ln its Jold it wanted the Centre contained.

We, denied knowledge of crucial decisions
Unaware of some death-knell incisions
Now bitter we chime
We wasted our time
On reuiews that were rubber-stamp obscissions.

The Centre had characters in the creb
l'll only have space to mention a t'ew
A melting pot range
From the suaue to the strange
And heauily dosed with a wild lrish stew.

The person who kept the Centre aliue
Through good times and bad her work would arriue
That there was Gayle
A tribute I hail
She typed euerything laster than time-warps can driue,

The Gountlett thot fitted the Centre just right
Like a gloue you might say, perhaps a bit tight
He become O.LC.
Some would say oh - I see
He may not be big, but he's heouy not light.
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Reg Clorke indeed was no-one's t'ool
But olmost stubborn as a mule
He had t'ights with Barrie
On details don't tarry
But the air took many gears to cool.
** (CO z increoses notwithstanding)r *

The spectral t'action brooked no claim
Or chollenge to its selt'-claimed fame
To run laster AND cheaper
And be the world's keeper
For the players there t'was o deadly game.

Remember Brian Tucker's flair
For liar dice in o lunchtime lair
And Peter Noor's penchant
For horror mouies trenchant
And Tony Barker's oir of deuil'may-care'

Ii's sod to see the Centre must go
But science will always go on, that's so
We want oction these days
To cut through the moze
And Jorge forword with structures ure know.

The Centre wos part of my life - one part
But the science, the teaching, the weother as art
Come close to my soul
As a lile task that's whole
And gouerned my outlook and style from the start.

These interests thot beckoned me lar and afield
Meant that to research alone I would not gield
What with coreers talks t'or girls
And public education whirls
My feminine uiewpoint was barely concealed.

Where does the future decree I shqll turn
Can the Bureau accommodate women who burn
With radical uiews
In conseruatiue pews
Can I reach ombitions Luith rnhich I yearn?

Perhops o poet I should haue been
Leauing science research to those who are seen
As traditional doers
Then I could haue cleaned seLDers
Or danced o'er Elysian t'ields so green.

Farewell to the Centre, farewell to its cast
Farewell to the concept thot did not last
A unique uenture was tried
Nou ifs concord has died
Farewell to the Centre, larewell to the past.
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P.J. WEBSTER, FRMIT PhD,1971

Peter joined the CMRC in March L977 as a Meteorologist from Massachusetts Institute of

Technology, Cambridge, USA where he had completed his PhD. He investigated tropical

problems such as the influence of extra tropical forcing on low latitude circulations and the-Wult"r 
Circulation. Peter resigned in December 1971 to take up an academic position with

UCLA, Los Angeles, USA.

N.C. WELLS, BSc PhD,1975-1978

Neil was the first oceanographer to join the Centre, coming from the University of Reading,

UK, in October 1975.He worked on developing and assessing the suitability of numerical

models of the ocean for coupling with atmospheric models. Collaboration with Kamal Puri

yielded an early demonstration of a coupled atmosphere-ocean mixed layer model.

Neil returned to the UK in November 1978 to take up a position with the Department of

Oceanography at the University of Southhampton.

His comments:

I would much prefer to be writing about the future of the ANMRC, than contributing to this

valedictory report. I feel that it is o pity thot a young research centre with considerable tolent,

should be disbonded at a time when the efforts of post gears are coming to fruition.

Professionally, I felt that the Centre was a unique research laboratory. This uniqueness was

attributed to its physical locotion with the Bureau ot' Meteorology, in an enuironment where daily

contact between ANMRC reseorchers and the prot'essionol meteorologisfs 
'on the bench' could

take place. This type ot' contoct is of uital importance lor both the reseorcher in NWP and the

meteorologist. At the same time the Centre and its stoff had its independence t'rom the Bureau

of Meteorology which gaue the necessary t'reedom for scientists to follow up new and challenging

ideos, such os the spectral model. Furthermore, there was the necessity for each scientist to

proue his research copability by the pubtication of his work in the internationol meteorological-journals, 
which i,n turn led to a good reputation t'or the Centre, both in Australia and ouerseas.

Personally, I benefitted by this liberal ottitude and the helplulness of many colleagues in the

Centre. ln porticular, I was able to follow my ou)n line of work on coupled ocean-atmosphere

models without hindrance from my peers. Although these experiments were limited, this work

gque sn indicotion ol the interesting interactions between ocean ond atmosphere ond the

possibilifies for short-term climote prediction. Furthermore, I now realise after returning to an

academic deportment, thot this type of work can only be done successfully in an enuironment

consisting of both research meteorologists ond oceonogrophers.

Howeuer, it would be dishonest of me it' I were to giue the impression that I do not haue

criticisms of ANMRC during my three year appointment. As a member of the Climate Reseorch

Group, I lelt that the problems tackled by the group, although of undoubted scientit'ic merit,

were-too diuerse for the size of the group. Climote research is a more complex problem than

NWP, as it inuolutes on understanding of the changing boundary conditions of the atmosphere,

os tnell os the otmosphere itself . Because of this inherent complexity it would haue been wiser

with hindsight, iJ the eft'ort had been concentrated on a specific area of the climate problem,

perhaps siasonol and interannual uoriability. Furthermore, this diuersity of approoch resulted'in 
considerable et'fort being put into the deuelopment of models bet'ore any scientific

experiments could be carried out. More experiments would haue been possible if the effort had

been directed towards t'ewer models.

I also fett that many t'rustrations ot ANMR C between L97 5 and 7978 were related to the lack

of computing power. Compared with similar laboratories in the USA and Europe, the computing
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resources auailable were inadequate. lt is perhops a measure of the quality of the staff at the

Centre thot a high standord of research wos maintained, in spite ot' the short-comings in fhis

resource.

I would like to conclude by noting that although the ANMRC did not f it neatly administratiuely

into either the Bureau or CSIRO, it did work well as o research orgonization. I hope the

imperotiues of odministrotiue simplicity do not inhibit Australian NWP and climate research in

the future.

M.A.G. WILLSON, BA PhD, t97l-1975

Martin completed his PhD through the Cavendish Laboratory, Cambridge, UK and joined

the CMRC in August 1971. His research included a study of diurnal and semi-diurnal wind

variations over Australia, and statistical dynamical modelling. Martin resigned in February

1975.

E.J.A. WOLANSKI, MSc PhD,1974

Eric joined the CMRC in February 7974 as a Research Scientist from California Institute

of Technology, Pasadena, USA. He spent eight monthswith theCentre investigating problems

associated with modelling the planetary boundary layer. Eric resigned to take up a position

with the NSW State Pollution Control Commission.

J.R. YOUNG, BSc, 1969-197 5

Jim was a foundation member of the CMRC being
one of its programming staff. A major area of his work
was the development of an improved analysis'prognosis
system for Bureau operations for the hemisphere and
Australian region based on the baroclinic model. Jim
was promoted to a position within the Bureau in
September 1975.

Administrative Officers
The Centre was unique in being a joint unit of CSIRO and the Bureau of Meteorology until

1975, and afterwards CSIRO and the Department of Science. Administratively this entailed
a knowledge of not only CSIRO procedures, but also the Australian Public Service.

F.K. TIGHE,1969

Although not formally a member of the CMRC's staff, Frank Tighe, CSIRO Division of
Meteorological Physics, acted as Divisional Administrative Officer from April to August 1969,
thus carrying the initial administrative load in establishing the Centre.

w.P. DOMTN GUF7,, 19 69 -r97 0

Bill was the CMRC's first Administrative Officer taking up duty in early August 1969.He
was successful in obtaining promotion to a position with CSIRO Division of Horticultural
Research in South Australia, departing from the Centre in February 1970.
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N.W. BRANSON, 1970-1975

Norm was the Centre's Administrative Officer from February L970 to May 1976.

Norm was Secretary of the Organizing Committee fior the First Special Assemblies of
IAMAP/IAPSO held in Melbourne in January 1974.InMay 1976 he was promoted to a
position with CSIRO Division of Protein Chemistry, Parkville, Victoria. His comments on his
period with the Centre follow:

My period as Administratiue OJJicer lrom February 7970 until MaV 1976 couered almost qll

of the formatiue gears of the Centre.

I had the opportunitg to work with three Oft'icers-in-Charge during my stay, and although
all had significantly different personolities, whilst they u)ere at the helm of the Centre they hod
to walk the tight rope between scientiJic integrity and the need to deuelop systems for immediate
application. The other commonality amongst the leoders wos the recognition of the importance
of building and maintaining a team.

The most significant euent I feel now, Iooking back ouer those early qears, was that of being
part of a team striuing to proue to its detractors that the Centre was worth the expenditure of
resources necessary for its continuance. lt seems that there was always something else that
could be ochieued if the recources being applied to the Centre could be diuerted to other more
deseruing projects. The Centre wos an expensiue Unit, if one measured cost purely in terms
ol short term aduantage Jor the dollar expended. The dilliculty was to get the decision makers
to recognise that research ot' thts type was expensiue and long term, and needed a long term
commitment from Gouernment.

I have recognised o common troit omongst prouiders of resources for scientiJic research,
which initially I had thought was peculiar only to the Centre. That is, that their common desire
is to obtain some immediate return on their inuestment dollor. Whilst I can comprehend this
desire in a non science backed organization, I haue to admit still to being surprised that it exists
so openly in a scientific group.

From ahuman relations uiewpoint, the cont'licts of direction ond emphosis omongstthe joint
'owners' of the Centre generated a cameroderie at the working leuel that I haue rarely seen in
other groups. All Centre members seemedtobe charged withthe same responsibility: to proue
that the concept of the Centre could work. This is not to say that during this period, there were
not 'normal' scientiJic and social conflicts amongst the close knit group of workers, but there
nros this apparent ouerriding professional purpose.

It was indeed gratifying to be port of o team which was able to accomplish both personal and
team generated scientific ochieuement, uithin less than optimum environmental conditions.

J.L. GTNNANE, 1976-1982

Jim joined the ANMRC as Administrative Officer in August 1976, coming from CSIRO
Division of Atmospheric Physics. He successfully maintained good relationships with sta{f, as
well as with the administrations of both parent bodies during the ANMRC years of innumerable
reviews. Jim gained promotion to a position with CSIRO Victorian Regional Office, departing
from the Centre in July 1982.
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R.J. ABISHARA, 1982.1984

Dick was appointed as the Centre's Administrative
Officer in July 1982 coming from CSIRO Division of

Applied Organic Chemistry, after the decision had been
made to disband the Centre. Thus, apart from normal

duties, he was involved with the gradual 'winding down'
orocedures.

B. RIPPER,1984+

Barry joined the Centre in October 1984 for the final few months of its operation, coming
{rom CSIRO Division of Animal Health.

Technical and Support Staff

Three months or more

Miss C. Aiello, Stenographer/Secretary, 1984*

M.R. Brooks, Technical Assistant, 1971

Mrs D.K. Bulner, Technical Assistant, L976+

Mrs J. Buttler (nee Grech), Clerical Assistant, 1972-7978

V. Carreto, Technical Assistant, 1981

Miss K. Choy, Stenographer/Secretary, I'983-1984

Mrs G. Clarke (nee Burt) Stenographer f Secrelaty, L970-1983

Miss J. Carnegie, Stenographer / Secr etaty, 7984

P.G. Collie. Technical Assistant, 1975

Miss P.V. Cummings, Technical Assistant, L98L-L982

C. Donahoo, Clerical Assistant, 1973

Mrs C. Donkin (nee Bromley) Clerical Assistant, 1977-1983

Mrs M.A. Ellis (nee Lee-Archer), Stenographer/Secretary, 7969-L97L

Mrs D. Farmer, Stenographer /Seuetaty,7983

Miss F.J. Gilhooly, ClericalAssistant, L982+

P.E. Hambleton, Technical Officer, 1977+

Mrs S.A. Ickeringill, Technical Assistant, 7972-1978

Mrs C. lzzard, Technical Assistant,7975-7976



W.R. Kellas, Technical Officer, L97 2-L97 6

Mrs B.S. King (nee Jordan), Technical Assistant, 1969-7971

Mrs H.T. Nanscawen (nee Wilkinson), Clerical Assistant, I97O-7974

D.J. Pike, Technical Officer, 797 5+

P.E. Powers, BApplSc, Technical Officer, 1975+

Mrs W.M. Powers (nee Kenny), Technical Assistant, t97l-t976

Miss J. Ross, Clerical Assistant, 1974-1975

Mrs H. Scott, Technical Assistant, L973-1976

Mrs S. Smith, Clerical Assistant, 1973

Miss P.L. Snell, Technical Assistant, 1979-7980

Ms S. South, Clerical Assistant, 7976-7977

Mrs K.P. Wier, Technical Assistant, t971-1973

R.A. Weinert, Technical Officer, 7969-197 4

Mrs A.E. Wilson, Clerical Assistant, 1975-7977

P.P. Yew, Technical Assistant, L976-L984

Miss C. Aiello Mrs D.K. Bulner Miss J. Cornegie

Mrs C. Donkin Mss F.J. Gilhooly P.E. Hamblenn
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D.J. Pike P.E, Powers P.P. Yew

Scientific Consultants

A.J. MILLER, MSc PhD, CSIRO Division of

Mathematics and Statistics, 1981+

Alan has been working one day pet week at the

Centre to advise on statistical problems, and has

collaborated on several research projects.

G.F. NELSON, BSc, CSIRO Division of Mathematics and statistics,198l-7982

Graham also worked on statistical problems in collaboration with ANMRC stafl for one day

oet week.

Vacation Students

University students, who usually had completed the third year o{ their undergraduate

courses, employed by the GMRC/ANMRC for 8 to 12 weeks of their summer vacations.

R.C. Bell, L969-7 O, 197 O-7 l, Monash University

G.R. Budin, 1980-81, Australian National University

B.J. Davis, 1983-84, University of Melbourne

Miss J.L. Evans, 1982-83, Monash University

M.G. Hardy, 1983-84, Monash University



I

Miss F.M. Larkins, 82-83, Monash University

D.K.K. Lau, 1980-81, Monash University

J.L. McBride, 1970-77, University of Melbourne

Miss K.L. Mclnnes, 7982-83, Monash University

Miss J.A. Noonan, l98L-82, Monash University

T.J. Stevenson, 1983-84, Monash University

Special Youth Employment Tiaining Program

Employed for 17 weeks as Technical Assistants

Miss N.G. Borovec, January -May L982

D.G. Cameron, March - July 1982

Miss J.L. Campbell, July - November 1981

S. Catalano, May - September 1982

Miss P.V. Cummings, March - June 1981

Miss L. Cvetkovska, September 1983 - January 1984

M. James, November t982 - March 1983

A. Leptos, July - November 1982

I.D. McRae, September 1981 - January 1982

G, Phillips, February - May 1981

Miss E.M. Renehan, November 1981 - March 1982

E. Salvatori, May - September 1983

S. Scamporlino, September L982 - January 1983

Visiting Scientists

One week or more

Dr D.L.T. Anderson, Department of Applied Mathematics and Theoretical Physics,
University of Cambridge, UK, February to September L979.

Dr L. Bengtsson, European Centre for Medium Range Weather Forecasts, Reading, UK,
March 1978.

Dr W.F. Blyth, Royal Melbourne Institute of Technology, July to September 1983.
Dr D.M. Burridge, European Centre for Medium Range Weather Forecasts, Reading, UK,

November to December 1980.
Dr G.A. Corby, British Meteorological Office, UK, November 1972.
Prof K. Fraedrich, Freie Universitat, Berlin, West Germany, October 1982 to February 1983.
Prof W.L. Gates, Department Atmospheric Sciences, Oregon State University, USA, August

to September 1981.
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Dr A.E. Gill, Department o{ Applied Mathematics and Theoretical Physics, University of

Cambridge, UK, June to August 1982.

Dr J.S.A. Green, Atmospheric-Physics Group, Department of Physics, Imperial college of

Science and Technology, London, UK, November to December 1975'

Dr T. Hiraki, Japan MetJorological Agency, Tokyo, Japan, September to December 1984'

Prof D.R. Johnson, Department of Meteorology, University of Wisconsin, Madison, USA,

January to February 1974, Februaty 1977 ' November 1981'

Dr M. Kanamitsu, Japan Meteorological Agency, Tokyo, Japan, January to February 1984'

Dr J. Kidson, New Zealand Meteorological Service, Wellington, NZ, March 1970'

Dr M.J. Manton, cslRo Division of Atmospheric Research, Epping NSW, May 1984'

Dr K. Miyakoda, Geophysical Fluid Dynamics Laboratory, Princeton University, usA,

November to Decembet I97 9.
Prof N.A. Phillips, National Meteorological Center, NOAA, Washington DC, USA, May to

June 1981.
Mr D.K. purnell, New Zealand Meteorological Service, Wellington, NZ, February 7972 to

March 1973.
Dr F.G. Shuman, National Meteorological Center, US Department of Commerce, ESSA,

Silver Spring, USA, June to July 1970.
Dr M. Revell, New Zealand Meteorological service, wellington, NZ, Juneto septemberl9S4.

Dr B.F. Ryan, cslRo Division of cloud Physics, Epping, NSW, January 1980 to January

1982.
Dr W.L. Smith, CIMSS, Space Science and Engineering Center, University of Wisconsin,

Madison, USA, June 7976 to MaY 1977 .

Mr T. Tsuchiya, Meteorological Sitellite Centre, Japan Meteorological Agency, Tokyo,

Japan, September 1979 to September 1980'

Dr P.;. W;iSht, JISAO, NOAA, Lnvironmental Research Laboratories, Seattle, USA, April

1983.


