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I1. Narrative Documentation

A. Thelong term goalsof this program remain largely unchanged, namely to define, and attempt to approach
in practice, the limits to predictability of tropica cyclones, beginning with track forecasting and later
extending the work to intensity and structure.

B. The scientific objectives of the effort are to apply the techniques of non-linear systems analysis to
estimating the so-called “intrinsic” limits to predictability for (i) tropical cyclone mean forecast position
errorsin thefirst instance, and (ii) to tropical cycloneintensity and intensity change in the second part of the
program. The intrinsic limits are to be compared with the results being obtained in practice and the size of
the disparity representsthe gains in predictive skill that are still achievable. It is of fundamental importance
to have some idea of how large the gap is between that being obtained and the ultimately achievable in order
to justify the continued alocation of resources to the various problems. Additionaly, it is worthwhile
recognizing that the critical problem of landfalling tropical cyclonesis now capable of being addressed with
the new data sources and improved models now available.

C. Theapproach to thetask has been to extend the work of the previous program (1994-1995), which used
a“perfect model - perfect ensemble’ technique to estimate the inherent predictability limit and compared that
limit with results obtained in practice, for the Australian region and the northwest Pacific, out to 72 hours
ahead. A barotropic model was used in that study, together with a new data assimilation scheme devel oped
jointly with Oregon State University. In the present program, the barotropic work was completed by
extending it to other basins. Results were similar to those already obtained. All work is presently being
carried out with a new model developed at UNSW in collaboration with NCEP, Washington, DC and using
data obtained from NRL-Monterey, UW-Madison and the Australian Bureau of Meteorology. The focus thus
far has been on the Atlantic and Australian region basins, especidly the very active 1995 and 1996 Atlantic
basin seasons. Increased attention also is now being paid to the eastern Pacific asit is of great interest to the
US Navy. The data used has been of much higher quality than that hitherto available, and thisfact is reflected
in the results section, below.

D. The proposal is nearing the end of the first year of itsterm and the tasks completed are as follows:

(i) work with the barotropic model on four hurricane basins has been completed. Essentially identical
results were obtained for every basin.

('ii ) attention has now turned exclusively to a baroclinic model and the entire set of calculationsis being
repeated for each basin, together with additional work on the Atlantic basin seasons of 1995 and 1996.
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(iii ) the data assimilation scheme developed with Andrew bennett of OSU also has been extended to a
baroclinic model, and can be relocated anywhere on the globe. A series of experiments has been carried out
with TCM-90 data and published using this approach. NRL-Monterey have expressed interest in the
procedure.

(iv) very high quality data sets have been obtained from NRL-Monterey,UW-Madison and the Australian
Bureau of Meteorology and are being used routinely in the PI’ s data assimilation scheme.

E. Results

As mentioned above, the barotropic work was completed by extending it to other basins, including the
Atlantic and Indian Ocean basins. Results were dmost identical with the previous estimates of a gap between
practical and inherent predictability limits of between 40 to 50 per cent. Over the second half of the program,
a new, high resolution, baroclinic model has been used and to date has been applied to the Atlantic and
Australian region basins and in great detail to a number of selected “difficult” storms. The other major
development has been the availability in real time and research mode of high spatial and temporal resolution
satellite wind vectors from GOES-8 and GMS-5. Water vapor and scatterometer winds also are being
ingested into the assimilation system. The combination of improved data, a superior data assimilation
scheme, and the new model has reduced the difference between the practical and inherent predictability limits
by 10 per cent to between 30 and 40 per cent. Moreover, the difficult storms were those that were most
dramaticaly improved, as has been reported onin journd articles and will be reported on further in upcoming
conferences.

F. Impact for science/systems applications

By far the most significant impact in the program to date continues to be the large reduction of mean position
errorsin tropical cyclone track prediction by the order of 10 per cent. This reduction has come from three
main sources. improved data coverage with up to 1000 additional, high quality satellite derived wind vectors
for each 24 hours of data assimilation; the devel opment of the 4-D variational data assimilation scheme; and
the use of the new very high resolution limited area model. As far as the Pl is aware, no other data
assmilation system is operating on an hourly dataingestion, and much of the impact has come from this high
temporal resolution assimilation of high quality data

G. Trangitions: the new data assimilation and prediction system is now run routinely at the Sydney office of
the Bureau of Meteorology, and isbeing tested in redl-time during the next Australian region tropical cyclone
season (October 1997 - April 1998), jointly with Dr. John LeMarshall of the Australian Bureau of
Meteorology. The system was tested during the Atlantic season of 1997 but as there was only one hurricane
no conclusions can be drawn. The Pl is planning to visit NRL-Monterey early in 1998 to test the system
again, jointly with UW-Madison in the 1998 season.

H. Relationship to other projects: there is some overlap with the program of Prof. Johnny Chan of the City
University of Hong Kong. Thelink is the use of amodel developed at UNSW and avisit by Kevin Cheung
to UNSW funded by a China-Austrdliaagreement. Thereisno collaborative work at this stage, but that might
change in the future.

I11. Statistical | nformation

A. Ligt of publications: atota of 24 publications were accepted/published in peer-reviewed journalsin 1997.
One of thesewas a Specia Issue of the journal Meteorology and Atmospheric Physics, edited by Dr. Naomi
Surgi of the National Hurricane center, Miami and mysdlf. A further 4 are in preparation, including two book
chapters, and 2 WMO reports. The full list of publications can be found at the end of this report.



B. Number/names of graduate students: Mr. Kwok Aune Tan (Data assimilation, modeling); Miss Lu Hua
(Modeling, air-seainteraction), Mr Qi Lixin. One female, and 2 minority students.

C. Post-docs: Dr. Matthew England. Air-seainteraction. Funded by Australian Research Council for period
Jan 1 1997 to December 31, 1998.

D. Patents: Nil

E. Oral presentations: During 1997, atotal of about 25 oral presentations have been made, including:

3 presentations, AMOS Conference, Melbourne, February 1997

2 presentation, the 22nd AM S Conference on Hurricanes and Tropical Meteorology, Fort Collins, May 19-23,
1997

1 presentation, UCLA, May 26, 1997

2 presentations, IAMAS/IAPSO meeting, Melbourne, July 1-9, 1997

Invited Lecture, Macquarie University, August 13, 1997

4 presentations, Chinese Academy of Sciences, Beijing, August 18-22, 1997

2 presentations, WM O COM PA RE workshop, Deutshe Wetterdienst, Offenbach, Germany, October, 1997
Address to Graduating Science Class on Tropical Meteorology, October 1997.

F. Service on committees: A number of committees were served on during 1997, including:

AMS Committee for the Me senger Award, 1997

COMPARE Committee (WMO), 1996 ->. TCM-90 case chosen for the next COMPARE experiment.
Convenor and member of organizing committee, AMOS Conference, Sydney, February, 1997.
Organizing Committee for next CITAC (Conference on Information Technology and Advanced
Computation), Adelaide, September,1997.

G. HonorgAwards. One magjor honor was achieved during 1997, namely, the Pl was elected as an
Academician in the Eurasian Academy of Science in a ceremony in Beijing on August 19, 1997. The
Academy is relatively new and has formed out of the old Russian academy of Science. Its head office will
be located in Bonn, Germany.

H. Percentage of fundsto other organizations: Aside from overheads of 17.5% charged by UNSW, nil.
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