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ESCAP, WMO ANDmE ESCAP/WMO TYPHOON COMMITTEE

ECONOMIC AND SOCIAL COMMISSION FOR ASIA AND THE PACIFIC (ESCAP)

The Economic and Social Commission for Asia and the Pacific (ESCAP) aims to initiate and participate in
measures for concerted action towards the development of Asia and the Pacific, including the social aspects of such
development, with a view to raising the level of economic activity and standards of living and maintaining and
strengthening the economic relations of countries and territories in the region, both among themselves and with
other countries in the world.

The Commission also:

-provides substantive services, secretariats and documentation for the Commission and its subsidiary
bodies;

-undertakes studies, investigations and other activities within the Commission's terms of reference;

-provides advisory services to Governments at their request;

-contributes to the planning and organization of programmes of technical co-operation and acts as
executing agency for those regional projects decentralized to it.

WORLD METEOROLOGICAL ORGANIZATION (WMO)

The World Meteorological Organization (WMO) is a specialized agency of the United Nations. WMO was
created:

-to facilitate international co-operation in the establishment of networks of stations and centres to provide
meteorological and hydrological services and observations;

-to promote the establishment and maintenance of systems for the rapid exchange of meteorological and
related information;

x

-to promote standardization of meteorological and related observations and ensure the uniform publication
of observations and statistics;

-to further the application of meteorology to aviation, shipping, water problems, agriculture and other
human activities;

-to promote activities in operational hydrology and to further close co-operation between Meteorological
and Hydrological Services;

-to encourage research and training in meteorology and, as appropriate, in related fields.

THE ESCAP/WMO TYPHOON COMMITTEE

Under the auspices of ESCAP and WMO, the Typhoon Committee was constituted with a view to promoting



xi

and co-ordinating efforts for minimizing typhoon damage in the ESCAP region. The incipient stage of the
Typhoon Committee dated back to 1964 when the United Nations Economic Commission for Asia and the Far
East (ECAFE)* at its twentieth session recommended that the Secretariat, in co-operation with WMO, should
study the practical means of initiating a joint programme of investigations of typhoons in the ECAFE region.
Accordingly, a meeting of the Working Group of Experts on Typhoon was organized by ECAFE and WMO with
financial assistance from the United Nations Development Programme (UNDP) in Manila in December 1965.
Noting the extensive damage caused by tropical cyclones in the region, the meeting recommended that a
Preparatory Mission on Typhoons be organized to visit the countries in the ECAFE region and neighbouring
countries affected by tropical cyclones, in order to formulate an action programme to mitigate typhoon damage.
It also recommended that a second meeting of experts be convened to examine the report of the Mission.

Consequently, the ECAFElWMO Preparatory Mission on Typhoons was organized during the period from
December 1966 to February 1967, with financial assistance from UNDP. Broadly, the report of the Mission
provided recommendations to improve meteorological observing networks, telecommunication facilities, typhoon
forecasting and arrangements for warnings. It also described requirements for the improvement or establishment
of new pilot flood forecasting and warning systems on a key river basin in each of the countries visited. The
establishment of a Regional Typhoon Centre was also dealt with in the report.

The second meeting of the Working Group of Experts on Typhoons was held in Bangkok in October 19.67and
the meeting endorsed the report of the Preparatory Mission and reiterated the need for early action to mitigate
typhoon damage as a means of speeding economic development in the region. It also re-affirmed that national as
well as joint efforts were necessary to combat effectively the detrimental effect of typhoons. Accordingly, the
meeting recommended that a Typhoon Committee with a Regional Typhoon Centre as its executive body be
established under the auspices of ECAFE in co-operation with WMO; and the ECAFE and WMO secretariats were
requested to draft jointly the statute and rules of procedure of the proposed Typhoon Committee and to convene
an ad hoc meeting of government representatives to consider and finalize the drafts. .

The ad hoc meeting on the statute of the Typhoon Committee was held in Bangkok from 29 February to 2 March
1968. The meeting, besides finalizing and adopting the statute and rules of procedure of the Typhoon Committee,
recommended that the statute of the Typhoon Committee be submitted to the twenty-fourth session ofECAFE and
the appropriate body ofWMO for consideration. It also recommended that ECAFE and WMO should provide a
small staff to undertake the preparatory work required for the implementation of the programme recommended
by the Mission.

At its twenty-fourth session in April 1968, ECAFE endorsed the establishment of the Typhoon Committee in
accordance with the statute as adopted by the ad hoc meeting. Ina parallel action, the WMO Executive Committee,
at its twentieth session in 1968, endorsed the establishment of the Typhoon Committee.

The inaugural session of the Typhoon Committee was convened in Bangkok in December 1968.

The Typhoon Committee is currently composed of 10Members: China, Hong Kong, Japan, the Republic of
Korea, Lao People's Democratic Republic, the Philippines, Thailand, Democratic Kampuchea, Malaysia and Viet
Nam.

* ECAFE was named as ESCAP (Economic and Social Commission for Asia and the Pacific) in 1974.



The functions of the Committee are to:

-review regularly the progress made in the various fields of typhoon damage prevention;

-recommend to the participating Governments concerned plans and measures for the improvement of
meteorological and hydrological facilities needed for typhoon damage prevention;

-recommend to the participating Governments concerned plans and measures for the improvement of
community preparedness and disaster prevention;

-promote the establishment of programmes and facilities for training personnel from countries of the
region in typhoon forecasting and warning, flood hydrology and control within the region and arrange
for training outside the region, as necessary;

-promote, prepare and submit to participating Governments and other interested organizations plans for
co-ordination of research programmes and activities concerning typhoons;

-consider, upon request, possible sources of financial and technical support for such plans and
programmes;

-prepare and submit, at the request and on behalf of the participating Governments, requests for technical,
financial and other assistance offered under the UNDP and by other organizations and contributors.

In carrying out these functions, the Typhoon Committee maintains and implements action programmes under
the five components of meteorology, hydrology, disaster prevention and preparedness, training, and research with
contributions and co-operation from its Members and assistance by the UNDP, ESCAP, WMO and other agencies.
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FOREWORD

1989 will go down in history as one of the worst years in terms of tropical cyclone casualties and damage in
the ESCAPIWMO Typhoon Committee region. A higher-than-average annual number (34) of tropical cyclones
occurred in the western North Pacific and the South China Sea. A total of 1 851 people lost their lives, tens of
thousands were made homeless and an estimated financial loss exceeding US$2 billion was sustained by Member
countries in the region.

In particular, Typhoon GAY (8929) alone, which hit southern Thailand in early November, was responsible
for the death of 602 people, caused a gas-drilling ship to capsize in the Gulf of Thailand and a damage worth over
US$450 million. Earlier in the year a total of eight tropical cyclones of varying intensity landed over northern Viet
Nam and inflicted widespread damage on the country. Elsewhere, the Philippines, southern and eastern China,
Taiwan, Japan and Korea also suffered considerable damage.

These continued distressing figures must make us pause and think whether the Committee and its participating
governments are doing enough in preventing and reducing the impact of typhoons and flooding. Many would hold
the opinion that higher death toll and more damage would have resulted had there not been the upgraded capability
of the countries in monitoring and warning these natural hazards. Many would also observe that the public are now
much better prepared for these onslaughts than before. Whatever the argument, it is obvious that whilst we can
never completely wipe out these natural disasters from the face of the earth, more strenuous efforts will have to
continue on the part of the countries themselves to reduce the economic and social impact whenever and wherever
these disasters strike. The Committee, on the other hand, also needs to devote more attention towards programmes
which will enable its members to share their experience in disaster reduction and the success and failure of
operational warning and preparedness systems.

The 1990s have been designated by the United Nations General Assembly as the International Decade for
Natural Disaster Reduction, a period in which all countries and all agencies should work together to reduce the
devastation caused by natural disasters. Since tropical cyclones, hurricanes and typhoons rank top on the list of
natural disaster killers, the ESCAPIWMO Typhoon Committee, like other regional tropical cyclone bodies
concerned with other areas - Indian Ocean, Southwestern Pacific, the Caribbean, etc., has a significant role to play.

We should all rise to the challenge of the Decade!

On behalf of the Typhoon Committee, I wish to express my sincere appreciation for the excellent work done
by the Chief Editor and the National Editors in preparing this review. I am grateful for the keen contributions made
by Members of the Committee which have not only enriched the contents of the review but also make it a very
readable publication.

-/£-~-~~=-----rp:-Sh';~; -
Chairman of Typhoon Committee

1989-90

xv



Mr. Mariano T. Asuncion (philippines)

ESCAP/WMO TYPHOON COMMITTEE ANNUAL REVIEW 1989

EDITORIAL BOARD

Chief Editor

Mr. Edwin S.T. Lai
(Hong Kong)

Editors

Mr. Chen Lianshou (China)

Mr. Edwin S.T. Lai (Hong Kong)

Mr. Y. Nozaka (Japan)

Dr. Lim Joo Tick (Malaysia)

Mr. Choi Hee-seung (Republic of Korea)

Dr. Patipat Patvivatsiri (Thailand)

xvi



Equivalents in SI units

IN1RODUCTION

ESCAPIWMO Typhoon Committee Annual Review 1989, with primary contributions from Members, was
compiled and published following the decision of the Typhoon Committee at its twenty-second session in 1989
to continue the publication of an annual review.

Chapter 1 provides an overview of the activities of the Typhoon Committee in 1989. It contains detailed
information supplied by Members of the Committee on individual national programmes and activities related to
meteorology, hydrology, disaster prevention and preparedness, training and research. Technical and administra-
tive support provided and activities undertaken by the Typhoon Committee Secretariat during 1989 are also
covered.

Based on Members' post analyses of tropical cyclones and climatological data available at the Royal
Observatory in Hong Kong, special features of the 1989 tropical cyclone season are highlighted. A summary of
the 34 tropical cyclones in 1989 is given in the first part of Chapter 2. Each tropical cyclone is identified by a 4-
digit code assigned by the Japan Meteorological Agency(JMA) and/or a name given by the Joint Typhoon
Warning Center (JTWC) in Guam. The intensity of the tropical cyclone is classified as follows in accordance with
WMO Guide to Marine Meteorological Services (WMO - No. 471) and WMO Manual on Marine Meteorological
Services (WMO - No. 558) :

Classification Maximum Sustained Winds

(a) Tropical depression up to 34 knots up to 17.2 mls

(b) Tropical storm 34 - 47 knots 17.2 - 24.4 mls

(c) Severe tropical storm 48 -63 knots 24.5 - 32.6 mls

(d) Typhoon 64 knots or more 32.7 mls or more

The second part of Chapter 2 contains in-depth reports on tropical cyclones affecting Members in the region.
Each report includes a detailed account of the physical and dynamical processes influencing the movement and
intensity of the tropical cyclone. Efforts were made to document the extent of damage caused by the tropical
cyclone as accurately as possible utilizing statistics supplied by the national editors and damage reports from the
press.

In the context of Chapter 2, sustained winds refer to wind speeds averaged over a period of 10 minutes. SI units
of hectopascal (hPa) for atmospheric pressure and metres per second (mls) for wind speed are adopted in
accordance with WMO recommendations, while kilometres per hour (km/h) for speed of movement of tropical
cyclones and other weather systems are used in accordance with the practice of some Members. Reference times
used in this Chapter are primarily in Greenwich Mean Time (GMT). But when described in a more general context
in the narratives, local time (with respect to the geographical area then affected by the tropical cyclone) is also used.
Whenever possible, station names contained in WMO Weather Reporting - Observing Stations (WMO - No.9,

XVll



Volume A) are used for geographical references.

Chapter 3 consists of three contributed papers which discuss in depth topics of regional interest The first paper
presents some recent technological advancements in the Republic of Korea. The second paper is a review of the
flight of FY-1, the first Chinese polar-orbiting meteorological satellite. The third paper summarizes the results of
studies conducted by the Malaysian Meteorological Service on the effects of EI Niiio on tropical cyclone behaviour
and Malaysian rainfall.

Chapter 4 outlines the activities of the WMO Tropical Cyclone Programme in 1989. In particular, the activities
of the regional tropical cyclone bodies are highlighted.

The Annual Review is a joint publication made possible through the support of ESCAP, WMO and UNDP.
This review could not have come to fruition without the co-operation and hard work of the national editors of the
Members of the Typhoon Committee and the valuable assistance of a number of colleagues at the Royal
Observatory, Hong Kong. In particular, I would like to thank: Mr. K.P. Wong for his tireless effort in assembling
and editing the manuscript, Miss P.C. Yu for her dedicated effort in extracting and verifying the required data, and
Mr. Y.K. Lee for his fine artwork on tropical cyclone tracks.

Chief Editor
May 1990, Hong Kong

xviii



CHAPTER 1

TYPHOON COMMITTEE ACTIVITIES IN 1989

1.1 METEOROLOGY

During the year, Members continued to undertake, with the assistanceofWMO, ESCAP and TCS, activities
called for by the Regional Co-operation Programme. These included the upgrading of meteorological satellite
ground receivers for the S-VISSR imageries, and the enhancement of computer and telecommunications systems
for more efficient data exchange among Members. It was expected that such measures would improve the quality
and timeliness of tropical cyclone forecasts, warnings and advisories.

The number of Members making use of prognostic products of the global numerical model from the European
Centre for Medium Range Weather Forecasts (ECMWF) continued to grow. ECMWF products had contributed
to much improved medium-range weather forecasts.

Some Members continued to experiment with numerical models for adoption into operational use at their
respective national meteorological centres.

Dr. Yonejiro Yamagishi, Director of the Forecast Division of the Japan Meteorological Agency (JMA), was
designated as the rapporteur of the Typhoon Committee Operational Manual (Meteorological Component) vice
Mr. S. Kadowaki.

A Special Working Group was established to formulate plans for a special tropical cyclone experiment to be
carried out during the 1990 tropical cyclone season. The timing of the experiment would coincide with the research
initiatives of a U.S. field experiment in the western Pacific to study tropical cyclone motion and a U.S.S.R.
experiment to study the causative mechanisms of anomalous tropical cyclone tracks in the western North Pacific.
An expert group meeting was held in Seoul in July to elaborate the plans for the special tropical cyclone
experiment. Mr. C.Y. Lam (Hong Kong) served as a WMO-seconded expert to prepare a questionnaire on planning
the experiment. Replies were summarized in a document submitted by WMO to the expert meeting. The Typhoon
Committee, at its twenty-second session, discussed in depth matters relating to the experiment and adopted
SPECTRUM (SPecial Experiment Concerning Typhoon Recurvature and Unusual Movement) as an acronym.
The following decisions and recommendations were made:

-adoption of an outline plan for SPECTRUM on the basis of the proposals made by the Special Working
Group,

- establishment of a steering group under the chairmanship of an expert from Hong Kong to oversee the
planning, execution, evaluation and other necessary follow-up actions; as well as to co-ordinate with the
U.S. and U.S.S.R. national experiments,

- convening of a meeting by the steering group before May 1990 to finalize implementation details for
SPECTRUM.

In China, the international terminology and classification of tropical cyclones as specified in "Typhoon
Committee Operational Manual, Meteorological Component" had been adopted with effect from 1 January 1989.
As a result of well-coordinated preparations within the meteorological offices at various levels and extensive
publicity made through the mass media, the general public and agencies concerned readily adapted to this change.
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A tropical cyclone positioning workstation had been set up in Beijing Meteorological Centre and was under
testing. This workstation was capable of receiving GMS imageries on an hourly basis and locating centres of
tropical cyclones. Additionally, the system contained functions that could retrieve historical tropical cyclone data
and perform data processing.

In spring, an inter-comparison experiment on gale observations was carried out jointly by three provinces and
one municipality along the coast of the East China Sea. This experiment, based on selected transportation vessels
and coastal stations, would last for 3 years. Starting from 1990, these data would be used mainly to study the
distribution and variation features of sea-land gales under various weather conditions within the region.

A new lO-cm radar type 714, designed and manufactured in China, had been installed at Dongtou (58760).
Parallel observations with the old one were made. It would become fully operational in 1990.

A new 100cmradar for monitoring tropical cyclone movement was installed and commissioned at Lianyungang.

A fishery-oriented meteorological station was set up in Zhoushan Islands. It aimed at providing a better service
for local and neighbouring fishing grounds, enhancing the benefits of services, and ensuring a safe fishery
production.

GMS grid-mesh imagery reception facilities had been installed in Beijing, Shanghai and Guangzhou. The
reception quality was considered satisfactory. Both hardware and software of the system were made in China.

The first-round talk on the upgrading of Beijing-Guangzhou-Hong Kong regional meteorological circuit (9600
bps) was held between China and Hong Kong. Efforts would be made for its early implementation.

RMC Beijing was in the process of establishing a Maintenance and Reparation Centre for Electronic
Equipment. A formal application for instruments needed in the Centre had been submitted to WMO Secretariat.

A second marine meteorological station, based on an offshore oil exploration platform, was set up for making
specific observations in the sea area.

The Fifth Session of the Technical Panel on Typhoon Operations was held on 12-22 December in Daishan
County, Zhejiang Province. Prof. L. Chen made a comprehensive report on the tropical cyclone experiments which
would be carried out by USSR, USA, and the Typhoon Committee in 1990. He also made some arrangements for
the Chinese participation as a Member of the Typhoon Committee. Discussions were also held on policy issues
in connection with Marine Meteorological Service, issuance of marine warnings, and gale verification methods,
etc.

A tropical cyclone (historical and real-time) database covering the western North Pacific had been created for
data compilation, scientific research and routine operational forecasts.

In Hong Kong, the NAVTEX system of broadcasting weather information to the marine community was
introduced in September 1989. This allowed ships with appropriate NAVTEX receivers to obtain tropical cyclone
warnings in a practically operator-free manner.

The Royal Observatory Limited Area Model (ROLAM) entered its second year of operation. The model terrain
was refined to improve the forecasting of circulation systems in the vicinity of Hong Kong. To enhance the
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usefulness of the model for forecasting operations, the following forecast maps/charts were produced routinely:
rainfall distribution, stability indices, vertical time cross-section and vertical profiles. An extended-area model with
2.5-degree resolution was implemented to provide forecast first-guess fields for computing analysis over an area
substantially greater than that covered by the operational ROLAM.

GMS S-VISSR ground reception system functioned satisfactorily during the year. The availability of hourly S-
VISSR imageries greatly facilitated the monitoring of tropical cyclones in the western North Pacific and the South
China Sea. The PC-based LR-FAX (WEFAX) reception system continued to function as a backup for the reception
of satellite pictures. .

The Royal Observatory continued to expand its automatic weather station network in Hong Kong by setting up
two new stations at Tai Po and Hong Kong South. The meteorological and oceanographic station at Waglan Island
(45009), which began operations in 1952, was successfully automated in August 1989 when the island became
unmanned. The automatic observations at the island included wind, temperature, humidity, pressure, rainfall,
visibility, sea wave, tide and sea surface temperature. Plans were under way to establish two more automatic weather
stations at Sai Kung and Junk Bay in 1990.

As a means to observe weather and visibility at automatic weather stations, a PC-based remote video observing
system (RVOS) was successfully developed in-house during the year. The RVOS consisted of a video camera and
a microcomputer at the field station. A video image was grabbed periodically by the microcomputer, digitized and
sent to the central station at the Royal Observatory Headquarters in real time via telephone line or radio link. At the
central station, the image was re-constructed and displayed on a monitor, thus allowing the observer to monitor the
weather and estimate the visibility at the field station. A remote pan-and-tilt mechanism allowed the observer at the
central station to aim the camera at different azimuths and elevations. The first RVOS field unit was deployed to
Waglan Island and became operational in October 1989.

InJapan, the GMS-4 (Fig. 1.1), successor of the GMS-3, was successfully launched on 6 September 1989 from
the Tanegashima Space Centre of the NASDA (NAtional Space Development Agency of Japan). In October 1989,
the GMS-4 was stationed at 1600E above the equator for comprehensive testing. At 01 UTC on 18 October 1989,
the GMS-4 succeeded in obtaining its first VIS/IR full-disk picture of the earth. In early December 1989, the
GMS-4 was moved to 1400Eand took over the full operation from the GMS-3. Meanwhile, the GMS-3 was moved
to 1200E as a backup for the GMS-4. The functions and configuration of the GMS-4 were quite identical to those
of the GMS-3 and the GMS pictures broadcasting schedule remained unchanged.

In March 1989, the meteorological radar in central Tokyo was replaced and re-located to Kashiwa (47695), 30
km northeast of the previous site. The new radar was equipped with the Radar Echo Digitalizing and Disseminating
System (REDIS) as the former Tokyo radar was. The radar at Sendai (47590) would be replaced in March 1990.
Under the radar-echo digitizing project, REDIS was installed at Hakodate radar (47432) in March 1989. The radars
at Kushiro (47418) and Naze (47909) would be equipped with REDIS in March 1990. Thus, 17 of the 20 radars of
JMA would be equipped with REDIS by the end ofFY-1989 (i.e. March 1990).

Since the installation of the automated upper-air observation system at the Aerological Observatory Tateno(47646)
in March 1986, JMA had introduced the system at Naha (47936), Sapporo (47412) and Fukuoka (47807). The
installation at Minamidaitojima (47945) would be completed in March 1990. This system would be introduced at
other upper-air observation sites in the near future. The system had functions which could automatically decode the
signals from a sonde, derive upper-air observation data and transmit the data to the JMA Headquarters,
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Figure 1. 1 The GMS-4,successor of GMS-3, beforeits launch on 6
September 1989 (by courtesy of the National Space
Development Agency of Japan /Japan Meteorological
Agency).
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From I July 1989, the domain of the Typhoon Spectral Model dedicated to tropical cyclone track forecast up
to 48 hours was expanded from the previous 4 ()()()km x 4 000 km area to 5 400 km x 5 400 km. This had improved
the accuracy of forecasting tropical cyclone movement Regarding the Global Spectral Model, some improvements
were also made in November 1989, namely: more sophisticated physical process, higher horizontal resolution
from T63 (typical resolution: 180 km) to TI06 (110 km), and increased vertical resolution from 16 to 21 layers.

Intensive evaluation of the techniques to derive lower wind field in tropical cyclone areas was carried out at
the Meteorological Satellite Centre of JMA for 80 cases in 23 tropical cyclones during the period from January
to September 1989. Wind field was derived from three 15-minute consecutive GMS visible images at 0330, 0345
and 0400 UTC in the vicinity of the tropical cyclone. Derived lower wind data showed good correlation to the
surface wind data reported from ships.

The Meteorological Satellite Centre also started to provide satellite-derived index of precipitation intensity on
an hourly basis in March 1989 for the sea areas adjacent to Japan. The index was estimated based on statistical
relationships correlating IRNIS data with in-situ rain-gauge data of the AMeDAS network and radar data. The
index was used as a preliminary indicator of very short-range precipitation forecast. It also served to extend the
detection area of precipitation beyond areas covered by the meteorological radars. The index was reported to the
JMA Headquarters on a real-time basis.

JMA had been providing very short-range precipitation forecast up to three hours ahead to the whole country
with the exception of the Okinawa Islands. Precipitation was estimated in every 5 km x 5 km area. Pictorial
information was promptly provided to regional and local disaster prevention authorities when heavy rain due to
tropical cyclone, frontal systems, etc. was expected. Delivery of the grid-point values of this product to mass media
and private weather business commenced in September 1989. This information was anticipated to be a powerful
tool for the forecasting of water level of rivers.

Daily issuance of one-week forecast for the western region of Japan commenced in June 1989 in addition to
the service already operational in the eastern region from October 1988. It was based on the forecasts up to 192
hours ahead made by the Global Spectral Model. This service was to meet requirements of various users from the
industrial field, including agriculture and electric power companies.

At 03 UTC on 5 January 1989, operational broadcasting service offull-disk S-VISSR data on an hourly basis
commenced after eight months of testing. Full operation of the digital data transmission made it possible for users
to reap more benefit from the satellite data, such as obtaining the imagery data on a real-time basis and processing
the data by themselves.

Tropical cyclone positions estimated from the GMS imageries in SAREP code were transmitted via GTS at
3-hourly intervals while intensity data in CI number at 0.5 intervals were transmitted 6-hourly. On 8 November
1989, the target area of intensity analysis was expanded from between 1OOoE and 1400E to between 1OO~E and
180° north of the equator.

In October 1989, JMA started to enhance the 100day information service of sea surface current. The previous
service was limited to the waters adjacent to Japan. The new product covered the whole of the western North
Pacific north of the equator and west of the International Dateline. The recent activation of sea surface current data,
reported on the meteorological code FM-62 vrn Ext TRACKOB from merchant vessels, enabled JMA to issue
the product on an operational basis. The product was disseminated by the meteorological radio facsimile on short
waves (JMH) along with other meteorological and oceanographic products.



RSMC Tokyo had requested all Members of the Typhoon Committee to designate contact points for
communication on the technical matters of the operations of the centre. Most Members had since designated their
contact points.

JMA dispatched RlV Ryofu Maru in the winter/summer and RIV Keifu Maru in the summer of 1989 for
maritime meteorological and oceanographical observations in the western equatorial Pacific.

On 1July 1989, RSMC Tokyo started to disseminate the following new products to Members of the Typhoon
Committee via GTS :

(1) Bulletins relating to tropical cyclones -

(i) WTPQ20 RJTD: Analysis of tropical cyclones 3 hours after each main synoptic hour.

(ii) WTPQ21 RJTD: 24-hour forecast of centre location with degree of uncertainty, central pressure,
direction and speed of movement, and the maximum wind speed for tropical
cyclone(s) in the western North Pacific. It would be made available 3 hours after each
main synoptic hour. The 48-hour forecast was also available for tropical cyclones
within the area from Equator to 600N and 1000E to 1500E.

(iii) WTPQ23 RJTD : Outputs of tropical cyclone movement prediction by numerical model. Predicted
positions were 12,24,36,48 and 60 hours ahead with initial times at 00 and 12UTC
for tropical cyclone(s) located within the western North Pacific. Transmission times
were around 06 and 18 UTC. The number of typhoons to be treated was less than
three. The model applied was "TYM (Typhoon Model)", or "MNG (Moving
Nesting Grid Model)" on a backup basis.

(2) Daily products broadcast on the JMH-

24- and 48-hour prognosis charts of the streamline field at 850-hPa level with initial time at 12 UTC were
broadcast daily from 2240 to 2259 UTC. The type of projection of the map was tangent cylinder and the
area covered was from 200S to 600N and from 800E to 1600W (Fig. 1.2).

In 1990, more charts of analysis and/or forecast products would be ready for dissemination by radio facsimile
on high frequency bands (JMH). Since only a limited number (may be one or two/once or twice a day) could be
accommodated within the tight schedule of JMH, Members of the Typhoon Committee were requested to consider
the priority of the charts to be broadcast. Similar restriction applied to the dissemination of grid-point value (GPV)
data of objective analysis and/or numerical weather prediction products (Table 1.1).

On 13 October 1989, RSMC despatched by airmail the first batch of tables giving the best tracks of tropical
cyclones T890 1-T8918 to the contact points of Members of Typhoon Committee. By mid 1990, such information
would be put onto the GTS for quicker delivery.

Time series of GPV data from the Global Spectral Model (GSM) were transmitted daily via the GTS to the
Royal Observatory Hong Kong starting from April 1987 and to the Korea Meteorological Service from April 1989.
The GPV data were used as lateral boundary values to their respective limited-area numerical prediction models.
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Figure 1.2 850-hPa prognostic charts produced by RSMC Tokyo (a) 24- (b) 48-hour streamline with initial
time at 12 GMT on 26 October 1989. The circulation of Forrest (8928) can be located south of
Honshu.
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Table 1.1 Implementation plan of RSMC Tokyo - Typhoon Centre.

POODUCT 88 89 90 91 92 REMARKS

GMS Observation
GMS S-VISSR - 8tms/dy(full),16tms/dy(north hemi)

24tms/dy(full)
HR-FAX -
WEFAX 4sector:8tms/dy, Image H:24tms/dy

Image I or J:24tms/dy
Cloud motion wind 4tms/dy

f---------------- -- -- - r--- - f---------------
Analysis
SAREP (for tropical cyclone) 4~8tms/dy, Dvorak intensity

(estimation included)
Report of typhoon analysis 4tms/dy
Sea surface temperature 10-day mean and its anomaly
Objective analysis

conventional FAX (Polar stereo)
conventional FAX (Mercator)*, GPV*
stream line FAX*

Cloud distribution GPV*
Long-wave radiation GPV*

---------------- -- -- - r- - 1---------------
Forecast
Report of typhoon forecast 4tms/dy, 24 & 48 hrs forecast
Prognostic reasoning
Outputs of the numerical prediction

model for typhoon movement; 4tms/dy, up to 60 hrs
NWP products

conventional - FAX (Northern Hemisphere Model)
conventional FAX (Global Model, Polar stereo)
conventional FAX (Mercator)*, GPV*
stream line FAX

---------------- _- - - f-- - _'-- - -- ---- -- - --
other Best track -- Mail

GTS

SUPPORl'ING ACTIVITY 88 89 90 91 92 REMARKS

Data archive
Product dissemination via GMS Subject to budgetary allocation
Typhoon intensity prediction

Irodelling

* Some of these products will be disseminated within the capacity of traffic of the GTS
and JMH.



InMalaysia, a GMS S-VISSR reception system was acquired in early 1989 as a replacement to the old GMS
HR-FAX system at the Headquarters of the Malaysian Meteorological Service (MMS). The new reception system
was commissioned on 10 April 1989 about four months after the installation of two LR-FAX reception systems,
one at the Kuching Meteorological Office and the other at the Kota Kinabalu Meteorological Office.

As a preliminary step towards upgrading the GTS circuits between Bangkok and Kuala Lumpur, a new data
circuit of speed 1 200 bps was installed in mid January 1989. Automated message switching was tested using the
new data circuit before it became fully operational in July 1989. The MMS wished to express its heartfelt thanks
to the Thai Meteorological Department for its full support in realizing the completion of the important project
under the Typhoon Committee Programme.

Another new data circuit with speed of 1 200 bps was also installed between Kuala Lumpur and Singapore in
late February 1989. Automatic message switching was still being tested at the Singapore end.

An expert mission to Malaysia was conducted by Mr. Takaaki Kimura of JMA under the TCDC scheme from
17 to 31 July 1989. The objective of this mission was to assist the MMS in preparing a project proposal for
implementing an appropriate AMeDAS for the Klang Valley region.

Following the call made during the Tripartite Review Meeting held in conjunction with the twenty-first Session
of the Typhoon Committee, Malaysia made a study of its needs for support in setting up an Electronic Equipment
Maintenance and Repair Workshop within the MMS. Accordingly, a list of maintenance and test equipment
required by MMS for operating the workshop was submitted to the TCS in late December 1988. WMO took prompt
action in initiating the procurement of the equipment, thus enabling the early receipt of the equipment.

In the Philippines, the GMS ground receiver of the Philippine Atmospheric, Geophysical and Astronomical
Services Administration (PAGASA) continued to receive low-resolution signals from GMS-4 in the reception of
satellite pictures in 1989. A new GMS S-VISSR system was installed in April 1989, became operational in May,
but became defective in August. Some components of the S-VISSR system were shipped back to NEC-Japan for
repair. The ALDEN LRFAX receiver was used as a backup to receive/output satellite pictures except for the brief
periods when the receiver experienced technical difficulties.

The point-to-point circuits between Tokyo and Manila (200 bps) and between Manila and Singapore (75 bps)
remained fully operational with satisfactory performance.

The Engineering Services of the MTS Development Project which commenced in September 1988 was
completed by the end of September 1989.

The VAX 111730 Computer System continued to aid the operational weather forecasting activities of the
Weather Branch. Besides operational routine, the Techniques Development Section had come out with other
computer products such as:

(i) automatic retrieval.and plotting of tropical cyclone tracks (1948-1989), either in single or multiple
combination, which eliminated the trouble of searching through voluminous files;

(ii) graphical-mode mapping of the ECMWF data of 850-hPa level for the 00-,24- and 48-hour vorticityl
vertical motion;

(iii) graphical-mode mapping of wind fields of KWBC 500- and 200-hPa level analyses, and ECMWF 850-
and 200-hPa analyses plus 24- to 48-hour forecasts;

9
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(iv) computer computation (Clark Air Base radiosonde data) of the various stability indices for thunderstorms
forecasting over Metro Manila.

Thirteen objective techniques were run on the NEC PC-9801 VM to produce the 12- to 24-hour forecast
positions of tropical cyclones for consideration in the Philippine Area of Responsibility.

Weather Surveillance Radar (WSR) operating at Baguio (98321) and Tanay performed satisfactorily except
for a few weeks during the early part of the year when the former was inoperative.

The radiosonde station at Mactan (98646) was inoperational from January to August either due to defective
equipment or lack of consumable. It resumed uninterrupted from September 1989.

PAGASA had received approval of funds and started negotiations for the purchase of two microcomputers for
the improvement of tropical cyclone warning.

Inthe Republic of Korea, the Korea Meteorological Service (KMS) adopted the following three items as key
policy matters for the development of improved weather service and had made much progress thus far :

(i) improvement of weather service for disaster prevention;
(ii) computerization of weather service;
(iii) modernization of equipment.

Weather service for disaster prevention was given top priority in 1989 :

-KMS revised and refmed its weather service operational manual for disaster prevention to meet the new
demand from the public;

-a Typhoon Dummy Exercise was conducted by KMS in June to check the readiness for the coming rainy
and tropical cyclone season;

-two KMS weathermen were seconded to the Central Anticalamity Headquarters to support weather
service for disaster prevention and preparedness for the period from 15 June to 15 October.

The manual on forecast verification method was revised and computerized. The forecasting terminology was
simplified and re-grouped for better computer processing. As a result, the heavy work load for this job was greatly
reduced.

KMS contributed US$12 000, the same amount as last year, for the Typhoon Committee Trust Fund inOctober.
The total cash contribution to support the activities of the Typhoon Committee amounted to US$36 000.

An expert meeting on the 1990 tropical cyclone experiment was held in Seoul from 11 to 13 July. It was attended
by experts designated by seven Member countries. Three observers from US and USSR and five staff from WMO
and TCS also attended the meeting.

Prognostic charts (12-,24- and 36-hour) of surface and 500-hPa levels were routinely produced since 1 July
1989 by a limited-area primitive equation model.

Three tropical cyclone forecast methods (Cook, PC and Analogue methods) were improved and used for track
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forecasts.

Additional chart plotters were installed at four regional offices. Meteorological data from the Tokyo Regional
Centre were distributed via Seoul to the regional offices at a speed of 4 800 bps over the meteorological computer
communications network.

A new satellite data receiving system was installed in June for the reception of GMS S-VISSR data and NOAA
HRPTffOVS data. The old equipment was relocated to the two district meteorological services (Pusan and
Kwangju) for the reception of GMS-WEFAX imageries.

An ocean data system was purchased by KMS during the year and would be installed in mid 1990. This buoy
system would be moored in the central part of the Yellow Sea (37°N, 125°4O'E). It was of disk form measuring
three metres in diameter. It would be used to measure the amplitude and direction of the waves, determine the
energy distribution on the surface, and transmit meteorological information in real time by VHF radio link.

The dial-a-weather telephone system (telephone number 131) for the transmission of weather forecast
information had been completed. This nationwide network of weather calls consisted of 1 124 telephone lines for
67 local areas, of which 120 channels belonged to the Seoul Headquarters. This system provided another access
to updated weather information throughout the country.

KMS offered to host the twenty-third session of the Typhoon Committee in Seoul and this offer was
unanimously adopted at the twenty-second session of the Committee held in Tokyo in late 1989.

In Thailand, S-Band Doppler radars at Phuket International Airport and Bangkok Don-Muang International
Airport were being installed and would be completed in 1990.

Re-location of the Songkhla radar to the Stingphra site (90 km north of the original site) and the Had Yai
International Airport radar to the northern province of Phitsanulok were in progress.

The old Bangkok Airport radar would be re-located to Rayond in 1990 once the installation of the new radar
was completed.

The radar network of the country continued to transmit RADOB via GTS regularly.

The new GMS satellite receiving station became operational during the year.

1.2 HYDROLOGY

Members spent sustained efforts towards establishing and improving the flood forecasting and warning
systems in their major river basins.

ESCAP, in co-operation with WMO and TCS, organized the Second Mission on Comprehensive Flood Loss
Prevention and Management which visited eight Members, namely Thailand, the Philippines, Hong Kong, China,
Japan, the Republic of Korea, Malaysia and Viet Nam from 7 February to 7 March 1989. The Second Expert Group
Meeting on Comprehensive Flood Loss Prevention and Management was also organized and convened at the
ESCAP Headquarters in Bangkok from 3 to 7 July 1989.



ESCAP, in co-operation with TCS and with financial support from the Government of Japan, implemented
Phase I of the project on urban flood loss prevention and mitigation in the ESCAP region.

In China, hydrological agencies in 29 provinces, including municipalities or autonomous regions, and
hydrological bodies in some river-basin departments had been equipped with 34 VAX II computers. Real-time
systems for receiving and processing hydrological data were established in 22 units.

A total of 31 hydrological telemetering systems for river basins had been created and seven were still under
construction. The pilot areas for GMS-3 and ARGOS Hydrological Telemetering Systems were being set up at
Daninghe Branch of Yangtze River and at Yuzixi of Sichuan Province respectively.

A computer-based large screen display system had been established in the office of State Flood Control
Headquarters. The system was capable of displaying nationwide rainfall charts, hydrographs of water level and
discharges, as well as satellite imageries.

In Hong Kong, in order to enhance the real-time rainfall networks and minimize loss of data, 46 of the 66
automatic rain-gauges were upgraded in early 1989.

Regarding the Automatic Water Level Reporting System, real-time water level data from Kam Tin were
transmitted to the Flood Control Unit of the Civil Engineering Services Department from the Royal Observatory
since 18 April 1989 for immediate action on flood control.

The Territorial Land Drainage and Flood Control Strategy Study Phase I commenced in November 1988 and
would come to an end in March 1990. Under the study, rainfall and tidal analyses had been extended to include
data up to 1988 and the results would be used for updating the drainage design/analysis practice. On the
administrative side, a Drainage Ordinance had been proposed to fully empower the Government to undertake
maintenance and management of storm water drainage infrastructures. Technical support for the operation of the
Ordinance had to rely on the Drainage Management Plans which would have to be drawn up after further studies.

The main disasters in 1989 were as follows:

In Japan, damage on public facilities located in the region directly administered by the Ministry of
Construction amounted to ¥141.4 billion. Compared with that of 1988, the increase was 93.3%. On the other hand,
of the 65 898 cases of damage on public facilities located in the subsidized region of the Ministry of Construction,
the loss inflicted was about ¥405.1 billion. This was about 12% higher than the average over the last five years.

24 Jul- 30 Jul :
28 Jul- 2 Aug:

Judy (8911) attacked the Kyushu area.
Ken-Lola (8912) brought concentrated rainfall and disasters, especially in Tiba
Prefecture.
Mac (8913) hit the Tohoku area.
Roger (8917) affected the whole country except the Kyushu area.

3 Aug - 7 Aug:
26 Aug - 29 Aug:

Dyke breakage of about 250 metres in length occurred in the Natsui River in Fukushima Prefecture owing to
the heavy rainfall from 5 to 7 August caused by Mac (8913) (Fig. 1.3).

In addition, heavy rainfall on 2-4 September (332 mm) triggered off landslide in Nagano Prefecture where
70000 cm3 of sediment collapsed (Fig. 1.4).
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Figure 1.3 Dyke breakage in Natsui River due to heavy rain associated with Mac (8913) on 5-7
August (by courtesy of River Bureau, Ministry of Construction, Japan).

Figure 1.4 Heavy rain on 2-4 September triggered off landslide in Nagano Prefecture (by courtesy
of River Bureau, Ministry of Construction, Japan).
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Tenders were called to construct new telemetry flood forecasting systems for the Batu Pahat and Sarawak rivers
in the states of Johore and Sarawak respectively.They were expected to be completed by mid 1990.

The Ministry of Construction had been implementing counter-measures against the above-mentioned disasters
and construction of a more comfortable environment according to the strategy laid down in the White Paper of
1989.

InMalaysia, the Tank Model and the Linear Transfer Function (LTF) Model continued to be used for real-time
tlood forecasting in the Kelantan and Pahang river basins respectively with satisfactory results. The Linear
Transfer Function Model recently developed for Sadong and Kinabatangan river basins was being monitored and
tested. A flood forecasting model was being developed for the Muar river basin using either the Linear Transfer
Function Model or the Tank Model.

The November 1988 flood which hit nearly all states in Peninsular Malaysia had tested many of the flood
warning boards. Some were proven to be quite effective while a few still needed to be re-calibrated. Most of the
tlood siren systems were very effective and would be useful in areas with short time of concentration. Five flood
warning board stations in Sabah had been changed to flood siren stations in 1989.

A new system of storing flood information data called FLOOD CATALOOUE had been initiated. The system
used the software of Lotus 123 to store flood information in chronological order and would provide an effective
flood-monitoring means of updating as well as retrieving flood information for future analysis.

Mr. George Whitehouse, a consultant from ESCAP, visited Malaysia on 21-26 February 1989 for the
preparation of a manual giving guidelines for comprehensive flood loss prevention and management in the ESCAP
region. During the visit, among other items, the expert delivered a talk which was attended by officers from all
departments/agencies in Malaysia dealing with flood mitigation, including the focal points of various components.

The Philippines, through the PAGASA, continued to monitor, as an ongoing activity, the flood forecasting and
warning systems at the four major river basins of the country (pampanga, Agno, Bicol and Cagayan). The daily
monitoring of hydrological conditions and flood forecasting and warning operations resulted in the preparation!
issuance of 135 flood bulletins/statements, 324 daily situationers and one special flood information for Metro
Manila. Post-flood surveys were conducted after the passage of four tropical cyclones which seriously affected
the country. Two post-flood investigations were carried out to disprove the hypothesized causes of the floodings
in some parts of the Agno river basin and areas downstream of the Angat Dam.

To ensure operational continuity and reliability, monthly and quarterly preventive maintenance and routine
checkups were made on the radio multiplex communication and telemetry systems. Some emergency repairs had
been carried out at the sub-centres of Control and Monitoring Stations. Repair and rehabilitation works were also
undertaken for three hydrological stations damaged by previous floods.

Data processing was carried out with the extraction of 76 station-months dam telemetered data, 1 044 station-
months basin telemetered data, and 18019 station-months hydrometric rainfall data; electronic encoding of 20
month-years Agno telemetered data, four station-months Angat telemetered data and 2 615 station-months
hydrometric, synoptic and climatological rainfall data; collection and transcription of 7 315 station-months
hydrometric, synoptic and climatological data; validation and storage and editing of5 572 station-months print-
outs of hydrometric, synoptic and climatological data.
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Documentation of procedures was done with the production of the User's Manuals for the operation of the
microcomputer-based flood forecasting models which facilitated the storage and retrieval of hydrological data,
rainfall observations and streamflow measurements.

On personnel development, local and foreign-assisted training programmes, seminars, and fellowships in
hydrology were attended by thirty staff members of PAGASA.

The contract negotiation for the establishment of the OECF-funded Flood Forecasting and Warning System
for Dam Operation (FFWSDO) Project II (Contract B) for Ambuklao, Binga and Magat Dams was completed. The
contract for the construction of the Data Information Centre building and related works, a component of the
FFWSOO Project, had also been awarded and signed. The construction phase of both contracts would start in the
first quarter of 1990.

On international linkages, the Philippines also played an active role in hydrological data and information
exchange.

Inthe Republic of Korea, hydrological data were collected through KMS, the Ministry of Construction, Korea
Water Resources Development Corporation, and Agriculture Development Corporation. Together, they operated
390 rainfall recording stations and 217 river-stage gauging stations. Among them, 113 of the rainfall recording
stations and 67 of the river-stage gauging stations were operated with telemetry system. All the hydrological
observation data were micro-filmed and published in "The Hydrologic Annual Report in Korea".

The project "Development of Water Resources Management Techniques" carried out by the Korea Institute
of Construction Technology, under the Ministry of Construction, would continue until 1992. The budget for this
project was about US$1.67 million.

Works related to the International Hydrological Program (lHP) continued.

The flood forecasting and warning system for the Sumjin river basin became operational in December 1989.
The facilities of the fourth and fifth flood forecasting systems in Korea for the Geum and Youngsan river basins
would become operational in late 1990 and late 1991 respectively. By then, the five flood forecasting and warning
systems would be able to cover 68.4% of the total land area of Korea.

In Thailand, the flood forecasting and warning system in the designated Pasak river basin was monitored on
a routine basis.

The Bangkok Metropolitan Administration (BMA) continued its activities to further implement flood plain
management in the Bangkok area and its vicinity.

1.3 DISASTER PREVENTION AND PREPAREDNESS

Members continued to upgrade the capabilities of their Disaster Prevention and Preparedness (OPP) agencies
by conducting seminars and training courses for their staff, local governments and non-government organizations.
Publications on DPP were widely disseminated to promote public awareness and education. Further access to such
information was made available through the print and broadcast media, telephone, telex and fax whenever
practicable.



Some Members had indicated their willingness to participate in the UNDRO-proposed project on Public
Education and Information for Disaster Prevention and Preparedness.

Letters were sent to request Members to provide the TC/WMO research coordinator with feedbacks on the
research activities on DPP. Copies of responses already received were provided to the Members.

The Typhoon Committee decided that the income derived from the Typhoon Committee Foundation
Incorporation (rCF!) would be used to generate greater public awareness on DPP measures by setting up a
Typhoon Committee Natural Disaster Prevention Award. The award would be presented at an annual promotional
event in the country hosting a session of the Committee to person(s) or organization(s) rendering distinguished
services in DPP activities.

In China, in response to Resolution 169 adopted by the forty-second Session of the United Nations, a
"Committee for the International Decade for Natural Disaster Reduction", jointly committeed by 10 agencies
involved in disaster prevention and relief operations, was set up in March 1989.

The damage incurred in China in terms of economic loss was well above the usual figures as a result of ten
tropical cyclones, which outnumbered the annual average, landing in China in 1989. However, through the TV
cyclone warning system at Beijing Meteorological Centre, tropical cyclone warnings and other urgent warnings
were made to the general public and nationwide users via Central China TV. These warnings played an important
role in disaster prevention and preparedness and in reducing the loss of lives and property.

Since the onset of the flood season in 1989, relatively large-scale floods occurred in the upper streams of the
Yellow River, mid and upper streams of the Yangtze River, the Nenjiang River, as well as in the upper-streams
of the Huaihe River. Local heavy rain or floods hit 21 provinces, including autonomous regions and municipalities.
About 126 million hectares of farmlands were waterlogged, among which 609 ()()()hectares were seriously
affected, particularly in Sichuan, Zhejiang and Jiangxi provinces. There were no dyke breaches along the large
rivers. Most floods were caused by overflows of medium and small rivers, or by waterlogging. In an effort to
combat floods, the hydrological agencies at various levels contributed to the flood control by providing timely
and accurate hydrological observations and forecasts.

In Hong Kong, the close approach of Typhoon Gordon (8908) to Hong Kong in July 1989 provided an
opportunity to test the government's overall response plan. It confirmed that advance notification about major
changes in warning status given to public transport operators was successful in controlling the flow of workers
heading home for safety. It also prompted a series of reviews on the scheme to release workers in a staggered
manner which would smooth out the surge in demand for public transport.

The dial-a-weather telephone system continued to play an important role in making information on tropical
cyclones available to the public. The system handled more than 1.3 million calls in 1989, representing an increase
of some 30% over 1988. The plan to expand the system reached an advanced stage by the end of the year.

An experimental scheme to present regular weather programme on television by professional meteorologists
proved reasonably successful. A public opinion survey conducted towards the end of 1989 revealed that the public
was favourably impressed by the performance of professional meteorologists. The possibility of extending the
scope of such programmes was being explored.

The Royal Observatory Calendar 1990 was published with a theme in support of the International Decade for
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Natural Disaster Reduction designated by the United Nations.

InMalaysia, machinery for the planning, execution and co-ordination of disaster relief was established at the
national level incorporating the Disaster Relief Committees at the state and district levels. The Committees
consisting of representatives from relevant Government agencies, local authorities and voluntary organizations
were activated during the course of national disasters.

The Ministry of Welfare Services was responsible for the management of evacuation centres, and the list of
centres and the team of volunteers were updated every year. The National Rice and Padi Board and the Ministry
of Trade and Industry, as members of the National Disaster Relief Committee, assisted the Ministry in providing
rice and other food stuff either for use in the evacuation centres or to be transported directly to the forward bases.

Funds were made available to facilitate the issue of ration for use at the evacuation centres as well as the
payment of grants for the rehabilitation of victims in the aftermath of disasters.

The Philippines worked continuously for the improvement of its disaster management system particularly in
the fields of disaster preparedness, prevention and mitigation as well as on training and research.

The Office of Civil Defense(OCD) had been working on a research project entitled "Human Response to
Disaster Warning".

Through OCD, about 255 re-organized Disaster Coordinating Councils (DCCs), 1 840 organized DCCs, 10
fire brigades and 75 organized Disaster Control Groups (DCGs) contributed to the 1989 OCD output in the
organization of community-based councils and groups which spearheaded disaster-related activities.

Public education was achieved by broadcasts over radio, TV commercials, distribution of materials to the
public in the form of posters, comic magazines, handbooks, manuals etc., continuous liaison with various
government warning agencies in developing information materials, updating of the proposals regarding the
establishment of a disaster research and training centre and the improvement of DCC communications capability
and mobility, and management and operation of the radio station DZCA. The population reached by the multi-
media materials exceeded the projected 10 million Filipinos and the most popular materials were the comic
magazines.

Through the OCD, the National Disaster Coordinating Council (NDCC) had issued a series of NDCC
Memorandum Orders to further improve the Philippine disaster management system.

NDCC, the highest policy-making body on disaster-related activities in the Philippines, together with the Metro
Manila Disaster Coordinating Council and its 13 Municipal and four City Disaster Coordinating Councils,
sponsored the celebration of the nationwide Natural Disaster Consciousness Week. The launching day was
commemorated with series of drills and symposia, continuous radio and TV broadcast of disaster tips and warning
measures, and special appearances and interviews of prominent heads of frontline agencies on disaster management.

Four committees were organized to prepare plans to be implemented during the International Decade for
Natural Disaster Reduction, namely Committee on Structural Measures, Committee on Non-structural Measures,
Committee on Disaster Research, and Committee on Disaster Legislation.

In the field of disaster operations management, the NDCC had established stabilization measures in the areas
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badly affected by tropical cyclones and other disasters. Immediate recommendations under the state of calamity
facilitated the release of 983.64 million pesos from the one billion pesos 1989 Calamity Fund under the Office of
the President.

During the year, the National Committee on Dam Monitoring for Public Safety (NCDMPS) undertook
precautionary measures at the major dams in the Philippines. The Memorandum of Agreement on the Safe
Handling and Disposal of Hazardous Materials had been finalized.

Implementation of the training programme was intensified. Altogether, 20676 DCC and DCG members and
volunteer workers were trained, while 7 822 local officials and private groups were briefed on civil defense
matters.

Disaster management seminars and workshops sponsored by the British government and attended by
government executives and non-government organizations (NGOs) were held at the national and regional levels.

Inthe Republic of Korea, a commanding post exercise took place in August 1989 to enhance the coordination
among the agencies concerned when disasters occurred and to strengthen prevention abilities against nationwide
disasters.

Altogether, 880 provincial government officials and 580 660 citizens were educated on disaster prevention and
preparedness.

Notice of flood damage potential in summer and advice against storms and tropical cyclones were made
through the mass media. Booklets describing disaster prevention activities and measures were distributed to the
agencies concerned.

In 1989,307 people were killed or reported missing due to natural disasters. Rehabilitation was provided by
the agencies concerned.

InThailand, information on severe weather and flooding issued by the Meteorological Department was duly
transmitted to the Local Administration Department by SSB radio, telephone or telefax. The Local Administration
Department immediately disseminated the special announcements and warnings to the public in those provinces
which would be affected.

Several seminar and training courses organized by the Local Administration Department for local officers were
conducted during 1989 for the purpose of hazard mitigation and disaster prevention.

The seminar courses for the civil defence authorities and volunteers for the Civil Defence Project were
conducted during 1989.

As a consequence of the disastrous flood events in southern Thailand in November 1988, the Civil Defence
Secretariat had set up two Emergency Operation Centres in southern Thailand at Hat Yai District, Songkhla
Province and at Nakhon Si Thammarat Province. These centres were responsible for the management of various
activities, such as prevention, preparedness, relief and rehabilitation when flood disaster occurred in the provinces
of responsibility.

The Local Administration Department, in co-operation with the Asian Institute of Technology (AIT), had



19

prepared three draft project proposals regarding flood protection and relief management in Thailand. Technical
and financial assistance would be requested from donor countries in the next few years. The three plans of action
were:

(i) establishment of Flood Forecasting Models for Thailand;
(ii) creation of four Regional Flood Centres in Thailand;
(iii) Flood Study and Catchment Management for Flood Protection and Alleviation in Thailand.

The meeting of experts on ASEAN Natural Disasters, organized by the Local Administration Department of
Thailand, was held in Bangkok on 13-15 December 1989.

The assessment of damage caused by tropical cyclones and floods during 1989 was conducted under a standard
format adopted at the Third Planning Meeting of TOPEX.

During the passage of Typhoon Gay (8929), the Thai Meteorological Department closely monitored the event
and kept the public informed. Though the loss of lives and property damage were unavoidable due to the nature
of the event, the experience served to enhance the public's awareness of the impact of tropical cyclones. In fact,
Gay (8929) was the first typhoon-strength storm to hit Thailand in more than 30 years.

1.4 TRAINING

Training opportunities were provided by Members in the fields of meteorology, hydrology and disaster
prevention and preparedness. Members also continued to take advantage of grants, both from within and without
the region, to train their staff. Highlights of some of the activities are given in the following paragraphs. A more
comprehensive review and summary can be found in Tables 1.2 and 1.3.

In China, 20 people in operational management participated in a training course on test, installation and
maintenance techniques of unmanned wind-sounding stations. Ten more such stations were planned to be
established on some uninhabited islands along the coast to enhance the capability in monitoring strong sea winds.

In September 1989, a Chinese meteorologist on tropical cyclones was sent to the Malaysian Meteorological
Service to study operational techniques on marine meteorological forecasts, particularly on wave modelling and
monsoon forecasting. During the 2-week study, he received support and guidance from his Malaysian colleagues.

Plans were under way for a seminar on sea-wave forecast to be held in China and about 30 participants were
expected. It would be the third seminar on this subject. Topics would cover wave theories that were available both
nationally and internationally, sea-wave statistical forecast, and numerical wave forecast models, etc.

According to the arrangement of TCDC programme, China held a training seminar on meteorological
instruments from 21 August to 1 September 1989. Participants from the Philippines, Thailand and WMO attended
the seminar. They visited the State Meteorological Administration as well as instrument manufacturers in
Changchun, Shanghai, Guangzhou and Beijing.

InHong Kong, various training courses were run by the Royal Observatory for Class I, Class II and Class III
meteorologists with lectures, practicals and current weather sessions on weather forecasting in Southeast Asia. A
total of 11 overseas meteorological personnel, of which two were funded by WMO, received meteorological
training at the Royal Observatory.
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Table 1.2 Training courses/seminars/workshops/visits organized by TC Members in 1989.

Host Member Title
Participants

Duration(Number if known)

China Training course on test, installation and maintenance local (20)
techniques of unmanned wind-sounding stations

Training seminar on meteorological instruments Philippines 21 Aug - 1 Sep
Thailand
WMO

Hong Kong Applied Meteorology Course for Forecasters Malaysia (2) 30 Jan - 30 Jun
Brunei (1)
Iraq (1)
Maldives (1)
local (4)

Course on Meteorology of Southeast Asia Brunei (1) 3 Apr - 30Jun
Macau (1)

Initial Training Course for Scientific Assistants Macau (1) 18 Sep - 8 Dec
local (11)

Japan Forecast service China (1) 18 months from 1 Jun 88
NWP modelling Korea (1) 4 months from 1 Feb
Meteorology telecommunication Philippines (4) 2 months from 25 Aug
Group training course in meteorology Malaysia (1) 4 months from 7 Sep

South America
Africa

International Meeting on Numerical Weather Prediction with Malaysia 6-13 Feb
Emphasis on Disaster Prevention

Numerical Weather Korea 14 Aug - 8 Sep
Long-range forecast Korea (2) 1 month from 2 Oct
Satellite Meteorology Korea 17 Oct - 17 Nov
Very short-range precipitation forecast Korea (1) 6 months from 1 Nov
Automated meteorological observation techniques Korea (2) 13 -17 Nov

Malaysia Second Conference of the Advisory Committee and (19) 4 - 9 Jan
Consolidation Session for Finalization of Manual by
Technical Consultants and Project Coordinators

WMO RA II/RA V Training Seminar on Urban Climatology Hong Kong (1) 13 -17 Mar
Others (40)

Visit to acquire skill in weather and wave forecast in equatorial China (1) 3 -17 Sep
region

Basic Course in Meteorological Instruments and Climatology Brunei (3) 2 - 21 Oct
Upper Air Refresher Course Brunei (3) 21- 28 Nov
Clicom Software Training Myanmar (1) 1 Nov 89 - 31 Jan 90

Philippines Meteorological Observers Training Course local (16)
Meteorological Training Course local (14)
Introductory Course on Meteorology (4 groups) local (87)
Basic Field Maintenance and Procedures local (62)
Port Meteorological Officer Course local (19)
2nd International Workshop on Tropical Cyclones Malaysia (1) 27 Nov - 8 Dec

Korea
Clicom Training Seminar Malaysia (1) 19 - 29 Nov

Thailand (2)
Hydrological Aspects of Flooding in Urban Area Thailand (1) 17 - 21 Oct

Thailand RA II/Typhoon Committee Training Workshop on Hong Kong (1) 18 - 22 Dec
Telecommunication and Implementation Coordination Malaysia (1)
Meeting on GTS Korea

Training Course on use of micro-computer for oceanographic Malaysia (1) 16 Jan - 3 Feb
management

Training Workshop on Satellite Crop monitoring using Malaysia (2) 12 Jun - 7 Jul
NOAA AVHRR data



Table 1.3 Training courses/seminars/workshops organized by other institutions and attended by TC Members
in 1989.

Attending
Participants Title Venue DurationMember

Hong Kong 1 NumericalWeather Prediction Florida 26 Feb - 8Apr
2 Scientific Officers Course UK 7 Sep 89 - 28 Jan 90
1 Regional Training Seminar for National Instructors Jakarta 18-29 Sep

ofRAII and RA V
1 Diploma Course on Management of Information UK 25 Sep 89 - 29 Jun 90

Systems
1 Training Course on Aeronautical Meteorology Florida 16-27 Oct

(Emphasis on Satellite Applications)

Malaysia 3 Basic Meteorology Course Texas 3 Jan - 30 Dec
1 Fifth UN/FAO/WMO/ESA Training Course on the Canberra 15 May - 2Jun

use of Remote Sensor Systems in Hydrological
and Meteorological Applications

2 Workshop on numerical weather forecast results London 24-30 Jun
2 Advanced Course in General Meteorology Pune 11 Sep 89 - 10 Sep 90
2 Regional Training Seminar for National Instructors Jakarta 18-29 Sep

ofRAII and RA V
1 Ph.D. in Agrometeorology UK Sep 89 - Sep 91

Republic of Numerical Weather Prediction USA 1 Apr- 3 Aug
Korea Tropical cyclone motion workshop USA 19-21 May

Fifth UN/FAO/WMO/ESA Training Course Australia 18 May - 18 Jun
Workshop on Numerical Products from RSMC UK 26 Jun - 4 Jul

Brackoell
Numerical Weather Prediction USA 5 Sep - 9 Dec
Numerical Weather Prediction USA 15 Sep 89 - 28 Feb 90

Thailand 2 Agrometeorology of Arid and Semi-Arid Zone Israel 15 Dec 88 - 31 Jan 89
1 Preliminary Meteorology Pakistan 4 Feb - 6 Aug
1 WMO Training Workshop on Observations and Czechoslovakia 10-21 Jul

Forecast Methods for Very Short -range
Forecasting (VSRF)

1 Software Development for Meteorology Singapore 1 Jul- 31 Aug
1 Crop-Weather Modelling Israel 3 - 23 Sep
1 Regional Training Seminar for National Instructors Jakarta 18 - 29 Sep

of RA II and RA V
1 Agrometeorology of Arid and Semi-Arid Zones Israel 1 Nov -15 Dec
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In Japan, JMA had been making continuous efforts to facilitate technical co-operation. Training opportunities
were offered to Members of the Typhoon Committee on subjects like numerical weather prediction (NWP),
satellite data utilization, etc. Group training course in meteorology started from 7 September to 20 December 1989
with six participants from five nations in Asia, South America and Africa.

During the year, 10 meteorological personnel from Hong Kong, of which four were funded by WMO, were
sent to various overseas institutions for advanced and special training. Two Class I meteorologists from Hong
Kong participated as lecturers in training seminars. One of them participated in the Training Seminar on Urban
Climatology held in Kuala Lumpur, Malaysia on 13-17 March while the other participated in the Regional
Training Seminar for National Instructors of RA II & RA V held in Jakarta, Indonesia, from 18 to 29 September.

Expert services, in fields such as meteorological telecommunication, automation of meteorological observation,
etc., were provided to Members as tabulated below:

Subject Members
served

Number of
experts

Duration

Probability forecast Korea 1 10 days from 20 Jan '89

Improvement of meteorology
services

Thailand 2 10 days from 6 Mar. '89

Meteorology
telecommunicatio n

Philippines 2 2 weeks from 11 June '89

Automation of meteorology
observation

Malaysia 2 weeks from 16 July '89

Satellite receiving system Philippines 2 10 days from 7 Aug. '89

Meteorology
telecommunication

Philippines 1 7 months from 1 Sept:89

The "International Meeting on Numerical Weather Prediction with Emphasis on Disaster Prevention" was held
at JMA from 6 to 13 February 1989 under the auspices of the Japan Foundation for Shipbuilding Advancement.
Among the various topics, the problem concerning bogus data of tropical cyclone position/intensity in a standard
form was intensively discussed.

In Malaysia, under the TCDC arrangement, Mr. Wu Xinyguo (Deputy Director, Guangxi Weather Bureau,
China) visited the Malaysian Meteorological Service on 3-17 September 1989 for the purpose of acquiring skill
in weather and wave forecasting in the equatorial region.

Two newly-recruited officers of the Malaysian Meteorological Service attended a 21-week (30 January - 30
June 1989) Applied Meteorology Course for Forecasters organized by the Royal Observatory, Hong Kong. The
subsistence allowance and travel cost for the two officers were borne by the Commonwealth Fund for Technical
Cooperation. In this regard, Malaysia wished to take the opportunity to thank the Royal Observatory, Hong Kong
for waiving the tuition fees.
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Three officers from the Malaysian Meteorological Service were undergoing a one-year training course in
meteorology at the Texas A&M University, Texas, U.S.A. Malaysia wished to express its deep appreciation and
thanks to NOAA, U.S.A. for its financial support. This form of technical assistance would go a long way in helping
Malaysia in maintaining an effective national meteorological service.

In the Philippines, the Atmospheric, Geophysical and Space Sciences Branch (AGSSB) conducted some in-
house training courses in 1989.

As the Regional Meteorological Training Center (RMTC), the Department of Meteorology and Oceanography
of the University of the Philippines (DMO-UP) had 21 scholars (local and foreign) pursuing Master of Science
and Doctorate degrees in Meteorology. Three obtained their Ph.D (Met.) degrees and two had M.Sc. (Met.)
degrees.

Some personnel from the Typhoon Moderation Research and Development Branch (fMRDB) taught in the
Meteorological Training Courses. Other TMRDB personnel acted as Resource Speakers on Disaster Management
Courses. Three training courses, one workshop and one conference, all held abroad, were each attended by one
TMRDB personnel.

Inthe Republic of Korea, staff members of the Korea Meteorological Service attended several training courses
abroad.

In Thailand, staff of the Meteorological Department also attended several courses abroad.

1.5 RESEARCH

Research continued to assume an integral part in the three major components of Members' activities (i.e.
meteorological, hydrological, and disaster prevention and preparedness).

Research projects undertaken were predominantly on tropical cyclones such as their development, objective
techniques of forecasting, large-scale effects, NWP models, El Nifio effect, storm surges and associated floods.

The Typhoon Committee was preparing for a special tropical cyclone experiment in the western North Pacific
in conjunction with the US and USSR research initiatives in August and September 1990.

InChina, the competitive incentive was first introduced into tropical cyclone research projects by providing
funds to those more capable institutions. Projects expected to be completed in 1990 by the funded bodies included
studies on sudden changes of tropical cyclone tracks and intensities, abrupt increase of rainfall induced by tropical
cyclones, objective forecasts of tropical cyclone tracks, computer-based workstations for tropical cyclone
diagnosis and prognosis, etc.

Efforts on evaluating the socio-economic benefits and loss analysis of the tropical cyclone warning system
would continue. A survey would be carried out to improve the understanding of the tropical cyclone forecast!
warning systems now available in China.

In Hong Kong, a comparison of the rainfall estimated from the CAPPI images of the digital radar and
measurements from about 20 telemetry rain-gauges during 19 rainstorms in 1987-88 was carried out. The main
finding was that the CAPPI generally underestimated surface rainfall. Correlation between the two was also



investigated, and relations between radar reflectivity and rate of rainfall for various weather systems in Hong Kong
were derived.

A vertically-integrated hydrodynamic model was tuned and run to simulate storm surges in Hong Kong, with
the objective of eventually implementing it for operational computation of storm surges.

The International Conference on East Asia and Western Pacific Meteorology and Climate was held in Hong
Kong on 17 and 18 July 1989.

The fourth Hong Kong-Guangzhou Joint Seminar on Hazardous Weather was held in Hong Kong on 17 and
18 October 1989.

The following research papers were printed or ready for print in 1989:

(i) Applying numerical modelling to the prevention of natural disasters
(ii) A real-time meteorological data display system
(iii) Cool season weather with cyclonic circulations in the South China Sea
(iv) An automatic raingauge system
(v) Statistics of wind and sea state in Hong Kong coastal waters
(vi) A shallow water wave model for Hong Kong waters
(vii) Onset of the summer monsoon rain season in Hong Kong
(viii) A feasibility study on the use of a numerical hydrodynamical model in tidal simulations
(ix) Comparison of algorithms for the computation of the thermodynamic properties of moist air
(x) Performance of the ECMWF model in predicting the movement of Typhoon Wayne (1986)
(xi) Numerical simulation of shallow water tides in Hong Kong
(xii) The damage to Hong Kong brought by the rain-bands of Typhoon Warren (8806)
(xiii) The choice of topography in meso-scale atmospheric numerical models
(xiv) Impact of the termination of aircraft reconnaissance on tropical cyclone forecast in the western

North Pacific
(xv) The operational analysis scheme and limited-area model in Hong Kong
(xvi) Impact of hourly S-VISSR satellite imagery on operational forecasting in Hong Kong
(xvii) Numerical simulation of meso-scale meteorological phenomenon in Hong Kong
(xviii) Royal Observatory long-range rainfall forecast methods.

In Japan, improvement on a tropical cyclone model was under way to (i) modify the cumulus convection
parameterization for depiction of the meso-scale disturbances in tropical cyclone including rainbands; and (ii)
increase the horizontal resolution to 0.42 degree-grid separation for simulation of the finer structure of
disturbances (using triple nesting scheme).

GMS infra-red data had been utilized to analyze the thermal structure of the tropical atmosphere and activity
index of the tropical disturbances. It was found that 50% of upper cloud amount were associated with deep
convection. For monitoring the changing wind/temperature/moisture in the tropical western Pacific, analysis of
the relevant upper-air data had been accumulated.
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Noting the national needs for preventing disasters caused by strong wind, the Meteorological Research Institute
initiated a new five-year project "Development of Doppler Radar System for Operational Use" in April 1989.
Major purposes of the project were (i) intense observation/analysis of the low-level wind hazard associated with
the atmospheric disturbances including tropical cyclones, and (ii) development of softlhardwares for operational
use. The core instrumentations included a C-band Doppler radar with ground clutter canceller, a 400-MHz wind
profiler, and a meteorological tower of 213 metres high capable of monitoring the horizontal and vertical
components of the winds at seven levels of the tower. They were installed at Tsukuba and utilized in a composite
manner.

Since installation, three tropical cyclones, namely Mac (8913), Roger (8917) and Wayne (8922) were
observed. With Mac and Wayne passing nearby, radar echoes presenting their eye walls were recognized. During
their passages, omega-sondes were launched at short time intervals to observe the three-dimensional fine structure
of the storm centres. Spiral bands of Roger were also observed.

InMalaysia, the large-scale effects of tropical cyclones, near or in the South China Sea, on Malaysian weather
had become increasingly evident. Some interesting circulation patterns and associated cloud features had been
observed.

Above all, these tropical storms inflicted considerable damage to Malaysia. On 4 November 1988, the tail effect
of Tess(8830) brought about a record-breaking 255 mm of rainfall in a single day to the west coast of Sabah,
resulting in the worst floods in 10 years. In addition, hundreds of houses were submerged in 1-2 metres of water
or damaged by landslides. Disruption of electricity supply and closure of roads were common. More recently, an
extensive cloud band in the vicinity of Malaysian territorial water developed on 16 May 1989 due to the large-
scale effect of Typhoon Brenda(8903). During the northwestward progression of this typhoon, the ensuing heavy
rain and flood waters on 18 May 1989 destroyed more than 50 hectares of vegetable farms and flower nurseries
in several areas in the Cameron Highlands on the west coast of Peninsular Malaysia, causing damage of about
US$0.4 million. The next day, heavy rain and strong winds inflicted damage on Jertih in Terengganu. Two persons
were killed by lightning and three others were injured.

In view of the socio-economic impacts as illustrated above, Malaysia planned to propose an observational
programme on the large-scale effects of tropical cyclones, particularly in the southern South China Sea, to be
incorporated into the ESCAPIWMO Typhoon Committee SPECTRUM experiment which would be carried out
in conjunction with the U.S. Tropical Cyclone Motion Field Program in the western North Pacific during the
summer of 1990. This should provide better and new insights into such aspects of tropical cyclones.

Preliminary findings by the Malaysian Meteorological Service indicated that tropical cyclones tended to
recurve over the western North Pacific before reaching the Philippines during the month of October in EI Nino
years. On the contrary, during the month of October in anti-El Nino years, tropical cyclones tended to cross the
Philippines from the Pacific. As such, plans were afoot to study the relationship of tropical cyclone occurrences
in both the South China Sea and the western North Pacific and the low-frequency oscillations of the Northern
Hemisphere summer monsoon.

Inthe Philippines, the Typhoon Moderation Research and Development Branch (fMRDB) had completed the
following technical reports:

(i) Development of the Direct Model Output Statistics Scheme in Forecasting Tropical Cyclone
Displacement



(i) Sea Surface Temperature and EI Nino on Cyclogenesis
(ii) Operational Testing (Experiment) on the Use of Typhoon Forecast Decision System.

(ii) Effect of Wind Shear on Cloud Growth and Development - a Numerical Experiment
(iii) Comparative Study of some of the Actual Variable Atmospheric Constituents in Selected Urban Centre

of Manila
(iv) Effect of EI Nino on Rainfall in Central Luzon.

The following research projects at the TMRDB were at their completion stage:

The following research projects at the TMRDB were still being undertaken:

(i) Topographic Influence on Tropical Cyclone Structure and Motion
(Observation Data) (90%)

(ii) Reorientation of Grid to Forecast Track of Tropical Cyclone by
Statistical Method (85%)

(iii) Climatological Aspects of the Intensity of Typhoons in the Philippines (70%)

(iv) Theoretical Studies of Topographic and Fujiwhara Effect on Tropical
Cyclones (Dynamical) (65%)

(v) Development of Typhoon Damage Assessment Model (60%)

(vi) Model Output Statistics of I-D Cloud Model (60%)

(vii) Survey on Human Response to Typhoon Warning and Typhoon
Risk Mapping (60%)

(viii) Development of Weather-Related Disaster Database System (60%)

(ix) Development of Asymmetrical Model for Typhoon Surface Wind (50%)

(i) Objective Cloud Type Classification of Meteorological Satellite Image - Extraction of Cloud Type

The Atmospheric, Geophysical and Space Sciences Branch (AGSSB) had also completed the following
research/study projects:

(i) Simulation of Cloud and Rainfall associated with Large Scale Synoptic Condition
(ii) Sunspots and Monsoon
(iii) Analysis of Rainfall Over Bicol Region
(iv) Relationship between Solar Radiation and Weather Changes
(v) Meteorological Balloon.

AGSSB was also undertaking the research of "Study on Lunar Phases and Rainfall" and conducting test flights
for the locally (pAGASA) manufactured meteorological balloons (100-gram and 350-gram).

In the Republic of Korea, studies completed during 1989 were as follows:

a) General Studies
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Classification Parameter
(ii) Accuracy Evaluation of Radar Rainfall Measurement
(iii) A Study on Characteristics of Wind Field around the Yellow Sea
(iv) A Study on the Synoptic Climatology of Characteristics of Summer Rain Season Pattern at the Level

of500hPa

(v) A Study on the Efficiency and Improvement of Automatic Weather System
(vi) Some Climatological Properties over Sobaek Mountain Area.

b) Tropical Cyclone Studies

(i) A Survey on the Utilization of Typhoon Numerical Models

Various types of tropical cyclone models developed by the National Weather Service in the U.S.A. were
studied and inter-compared to select a model which would be suitable for forecasting tropical cyclone
passage over the Korean Peninsula. The most suitable model was found to be the NRC 83 model, which
possessed the following characteristics:

-combined form of statistics and dynamics
-data supply for past storms and present meteorological elements
-forecasting future meteorological information.

(ii) A Study on the Forecast Method of Typhoon Intensity and Rain Distribution

When a tropical cyclone passed over the Korean Peninsula, the Pie Graph method was used to forecast
the rain distribution and tropical cyclone intensity along the storm track. According to the results, the
forecast error of the pressure at the storm centre averaged 0.0 hPa with a standard deviation of 2.6 hPa.
The rainfall distribution calculated by the Pie Graph method was very similar to that observed.
Therefore, this forecast method was considered useful in forecasting tropical cyclone intensity and
rainfall distribution.

(iii) A Study on Storm Surges caused by a Typhoon passing through the South Sea of Korea

Storm surges were investigated by applying the harmonic analysis method to tidal data observed at eight
stations when tropical cyclones passed over the South Sea of Korea. The results were as follows:

-surges in the western stations were higher than those in the eastern stations
-negative surges in the western stations were more apparent than those in the eastern stations
-several little peaks appeared to be superimposed on the low-frequency fluctuation
-when a tropical cyclone was passing over the area, a positive surge was followed by a negative surge

and several damped oscillations.

In Thailand, some objective techniques for tropical cyclone prediction over Thailand and neighbouring areas
were investigated further and formulated. Tropical cyclone climatology over the Thailand area of responsibility
had also been studied further.

27



28

The initialization schemes and boundary conditions for the primitive equation model applied for a limited
region in the South China Sea and surrounding area were being studied. Cumulus parameterization and large-scale
release of latent heat were being investigated for the tropical atmosphere.

ECMWF products of wind fields at 850- and 200-hPa levels had been programmed on IBMIPC for research
purposes.

The existing 5-levellimited-area model was being studied and modified for use over the region of Thailand
and neighbouring areas.

1.6 SECRETARIAT

Following the decision of the twenty-first Session of the Committee to use the cash portion of the 1988
SasakawalUNDRO Disaster Prevention Award for generating greater awareness on disaster prevention and
preparedness measures among the Members' populace, the Typhoon Committee Secretariat (TCS) set up a non-
stock non-profit foundation and registered it with the Philippine Securities and Exchange Commission on 25
August 1989. Named the Typhoon Committee Foundation, Inc. (TCFI), it was capitalized at 1000 000 pesos
(roughly the equivalent of a cash award of US$45 (00). Its principal aim was to establish an ESCAPIWMO.
Typhoon Committee Natural Disaster Prevention Award which would in turn be bestowed upon individuals and!
or institutions who had made outstanding contributions towards disaster prevention and preparedness.

The first such award consisting of a plague and US$3 000 was presented to Messrs. Saburo Yamamoto and
Yojiro Ogawa during the opening ceremonies of the twenty-second Session of the Typhoon Committee at Tokyo
on 30 October 1989. Dr. R.L. Kintanar presented the awards in his capacity as Chairman of the Foundation (Fig.
1.5). Mr. Yamamoto was cited for his extensive contributions to flood control works and flood disaster prevention
measures (Fig. 1.6) while the Disaster Prevention Week Conference, on whose behalf Mr. Ogawa received the
award, was cited for institutionalizing in Japan a disaster prevention week beginning in 1982 (Fig. 1.7).

TCS, in co-operation with WMO, ESCAP, and the Korea Meteorological Service, held the Experts Meeting
on Planning a Typhoon Committee Special Experiment at Seoul, Republic of Korea, on 11-13 July 1989.The Co-
ordinator, Meteorologist and Hydrologist attended the meeting.

The Hydrologist also participated in the Second Mission on Comprehensive Flood Loss Prevention and
Management in early 1989, the second Expert Group Meeting on Comprehensive Flood Loss Prevention and
Management held at Bangkok in July, and in the implementation of the project on urban flood loss prevention and
mitigation in the ESCAP region.

TCS also published and distributed the first issue of the Typhoon Committee newsletter and brochure.

The Philippines extended the provision of the services of the Co-ordinator, meteorologist, part-time DPP
expert, non-professional staff and host facilities in support ofTCS. On the other hand, Japan continued to provide
the services of the hydrologist.
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Figure 1.5 Dr. Roman L. Kintanar with the 1989 winners of the ESCAPIWMO Typhoon Committee
Natural Disaster Prevention Award in 1989.
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CHAPfER2

TROPICAL CYCLONES IN 1989

2.1 OVERVIEW

In 1989, there were 34 tropicalcyclones over the western North Pacific and the adjacent seas bounded by the
equator, 45°N, l000E and 1800.This is the first time since 1978 that the annual average (1951-1980) of32 tropical
cyclones is exceeded. The number of tropical cyclones attaining typhoon intensity is 21, which is also higher than
the annual average of 16. The monthly distributions of the frequencies of first occurrence of tropical cyclones and
that of typhoons for 1989 are shown in Fig. 2.1. The monthly mean frequencies of these two parameters during
the years 1946-1989 are shown in Fig. 2.2.

Eleven tropical cyclones affected the South China Sea, of which only two developed within the basin. The rest
moved into the region after traversing the Philippines. However, the South China Sea had an unusually barren spell
in August and September when it was nearly devoid of tropical cyclone activity. It would have been the first time
on record that this happened if Brian (8924) had not formed towards the end of September. While southern Viet
Nam had a very quiet year, the northern part was affected by eight tropical cyclones, of which four made their
passages via Hainan. In the south, there was the rare occurrence of a tropical cyclone developing within the Gulf
of Thailand and subsequently hitting southern Thailand as a mature typhoon. Over southern China, western
Guangdong was hit by two typhoons while eastern Guangdong and Fujian remained relatively unscathed. Further
to the east and north, Taiwan was devastated by Typhoon Sarah (8919) in September. Including a weakening
Sarah, five tropical cyclones landed over the coast of eastern China. Another six tropical cyclones struck Japan
and one of them went on to hit southern Korea in July.

The most intense tropical cyclone of the year was Typhoon Gordon (8908) in July. Prior to hitting northern
Luzon, its lowest central pressure was estimated to be about 905 hPa with maximum sustained winds of 60 mls.
The most destructive tropical cyclone was Typhoon Gay (8929) in early November. A total of 736 people was
reported dead or missing in Thailand. Financial damage was estimated to be over US$458 million. The most
serious incident occurred in the Gulf of Thailand where a gas-drilling ship capsized Only six of the 97-strong crew
on board survived.

In summary, 1989 was one of the most stormy yean; with 22 tropical cyclones affecting Members of the
Typhoon Committee (see Table 2.1 and Fig. 2.3). The death toll, including those reported missing, was over 3 200.
The estimated financial losses exceeded US$2 billion. A detailed breakdown of damage sustained in Members'
territories is shown in Table 2.2. As for those tropical cyclones producing no effects on Members, their tracks are
separately displayed in Fig. 2.4.

Winona (8901) was the first tropical cyclone to form over the western North Pacific in the year. It developed
from an area of low pressure which originated east of the International Dateline and moved west -southwestwards
into the western North Pacific on 15 January. After formation as a tropical depression about 1 250 km east-
northeast of Guam (91217) early on 18 January, Winona moved rapidly west-southwestwards. It intensified to a
tropical storm that afternoon. Winona passed about 150 km north of Guam on 19 January and then weakened to
a tropical depression. It turned westwards early next morning and dissipated over water about 850 km east of
Manila (98429) early on 21 January.

About three months later, Tropical Depression Andy (8902) developed over the Caroline Islands about 650 km
south-southeast of Guam early on 18 April. It quickly strengthened into a tropical storm and moved north-
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Table 2.2 Casualties and damage sustained by Members of the Typhoon Committee due to tropical cyclones in 1989.

Nellber of Casualties Dallage Dallage in monetary teres lin ail lien USS J

Typboon
Nalleaf Date COlI.nittee Persons Persons Perscns Houses Houses Houses Homeless Affected Source of

tropical cyclone sustaining dead lIissing injured destroyed damaged affected Publie,orks/ Private Agricultural Total infonation
dallage persons fallilies persons laai lies infrastructure properties production daaage

Brenda IB9031 IH1May Cbina II -- 4B 5401 1665 -- -- -- -- -- -- -- 53.360 82.18 Ed

Hong Kong 6 1 119 329 -- 12 899 m 269 9l 0.182 -- 1.128 1.l! Ed
IBiningl Philippines 16 40 1 612 4189 -- 1012 652 Jl 184 12191 1.031 + 0.299 3.13 Ed

Cecil 189041 22·26 Kay Viet Nail 140 600 _. 16000 -- -- 150000 -- -- -- -- -- -- -- Hews

Dot 189051 H2 Jane Cbina 9 -- 59 1569 80121 -- -- -- -- -- -- -- -- 96.48 Ed

VietH" 3 -- -- -- -- -- -- -- -- -- -- -- -- -- News

Gordon 189081 11-19Jul China 18 -- W 10 119 80654 -- -- -- -- 664000 -- -- -- 298.51 Ed

Hong Xong 2 0 38 -- 2 6 18 24 259 -- 0.029 -- 0.018 0.01 Ed

IGoringl Pbilippines 94 3 182 8845 41JH -- 14 288 8845 488151 95269 20.168 • 41.l14 61.50 Ed

Hope 189091 15-21Jul Cbina 198 51 1901 14 984 84940 -- -- -- -- 58000 -_. -- -- 289.14 Ed

Irving 189101 19-24 Jul VietH .. 102 -- 488 -- 80000 -- -- -- -- -- -- -- -- -- ~elis

Judy 189111 21-29Jul Japan 2 0 1 -- -- -- -- -- -- -- -- -- -- -- Ed
Korea 20 I 16 III 188 11 193 1258 101 20845 4 156 40.419 1.llJ 59.612 103.18 Ed

Xen-Lola 189121 28Jul- Cbina 8 -- 822 141606 111361 -- -- -- -- 6930 -- -- -- 0.81 Ed

1 Aug

Mac 189131 10Jul- Japan 8 1 15 12 -- -- -- -- -- -- -- -- -- -- Ed
8 Aug

Roger 189!11 2H8Aug Japan 1 1 11 -- -- -- -- -- -- -- -- -- -- -- Ed

Sarab 189181 5-14 Sep China 4 -- -- -- -- -- -- -- -- 1280 -- -- -- 5.94 Ed
10pengi Pbilippines 14 1 21 4lJ 4 811 -- 6006 1151 506356 9141l n.en . 12.901 25.91 Ed

Vera 189211 11-16Sep China IJl 154 1952 60266 101012 -- -- -- --1164580 -- -- 4.110 156.41 Ed

Wayne 189221 16-20Sep Japan 1 1 0 -- 4 -- -- -- -- -- -- -- -- -- Ed

Angela 189231 28 Sep- China -- -- 41 11198 85 214 -- -- -- -- -- -- -- -- 15.00 Ed
IRubingl lIOet Pbilippines 119 191 28 14064 19245 -- 84828 14118 219118 19095 5.284 + 1.121 8.61 Ed

Brian 189241 29Sep- China 48 --. 491 15951 169166 -- -- -- -- -- -- -- -- 182.24 Ed
4 Oet

Dan 189261 8-14 Oet Cbina 16 -- -- 4151 10 992 -- -- -- -- -- -- -- -- 69.95 Ed
ISalingl Philippines 58 14 105 12883 10 420 10 420 12881 682699 115145 12.054 • 51.818 61.81 Ed

Viet Hal 14 -- 466 8000 500000 -- -- -- -- -- -- -- -- News

Elsie 189211 lJ-22 Oct Cbina 4 -- -- -- -- -- -- -- -- -- -- -- -- 1.91 Ed

Irasingl Pbilippines 4J -- 161 19210 115620 115 620 19210 551041 109961 4.694 • 14.853 19.55 Ed

Gay 189291 l!Oct - Thailand 602 IHII 184 -- 46958 -- -- -- 42941 200241 -- -- -- 458.10 Ed
4 Novl

Bunt 189101 16-24 Nov Pbilippines 8 -- I -- -- -- 90 15 55029 I1JJJ -- -- -- _. Ed
1Unsingl

ANN U I L lOT A L 1851 1405 1111 404581 1618122 118l! mm 51521 2 640 566 2806428 98.912 1.111 262.816 211!.24

Hales' in bracket are tropical cyclone naaes assigned by PAGASA
Ed : frOIL national editor
Hews = fro. newspaper reports

= dallage to properties. public and private
=Dot known
, moving west of tbe longitude of 9O'E

I Prom press reports, a Hong Kong fisbing vessel sank off the coast of Hainan, Done of the seven crew aeabers vas found.
It PrODpress reports, an American gas-drilling ship. ·Seacrest", capsized in the Gulf of Thailand, only six of ber 91-strong crev vere rescued.
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northwestwards. Andy then turned westwards in the evening and continued to intensify. It began to reCUIVeduring
the night of 19 April. By the next morning, Andy had reached typhoon strength and was moving steadily
northeastwards. The eye of Typhoon Andy became visible on the satellite imageries on the same day. It passed
about 150 km south-southeast of Guam early on 21 April. Andy became a severe tropical storm early on 23 April
and a tropical storm that evening. It completed its extratropical transition on the morning of 24 April over the
waters near Marcus Island.

The first tropical cyclone to affect the South China Sea occurred in May. Brenda (8903) formed over the western
North Pacific about 590 km southwest of Yap (91413) on 14 May. It crossed the Philippines as a severe tropical
storm and intensified to a typhoon about 410 km south-southeast of Hong Kong (45005) over the South China Sea
on 19May. Brenda moved northwestwards across the South China Sea and made landfall early on 21 May over
western Guangdong where it finally dissipated later that evening. Fifty-six people were killed or missing in the
Philippines, seven in Hong Kong, and 23 in western Guangdong.

Soon after the dissipation of Brenda, Cecil (8904) formed as a tropical depression over the central part of the
South China Sea about 740 km east-southeast of Da Nang (48855) on 22 May. By the next day, it had attained
severe tropical storm intensity and changed to a west-northwestward track. Cecil acquired marginal typhoon
intensity and started to move erratically on 24 May. It made landfall near Da Nang the next morning and moved
further inland on a west-northwestward track before weakening to an area of low pressure over northeastern
Thailand later on 26 May. According to press reports, about 140 people were killed in Viet Nam and 600 people
were reported missing.

Two tropical cyclones developed in June. Dot (8905) formed early in the month about 300 km southwest of
Yap. Itmoved along a west-northwestward course for most part of its journey across the Pacific and the South
China Sea. Dot swept past the central Philippines as a tropical storm on 6 June and hit southern Hainan as a typhoon
four days later. It crossed the coast of northern Viet Nam near Hai Phong on 11 June and dissipated later on 12
June. about 240 km northwest of Hanoi (48820). Nine people were killed in China and three in Viet Nam.

The other June storm was Ellis (8906) which formed over the Pacific about 1 190 km south-southeast of Naha
(47936) on 20 June. From an initial west-northwestward track, it turned gradually to the northwest over the next
couple of days. After acquiring tropical storm intensity on the night of 22 June, it accelerated to the north-northeast
and passed to the east of the Ryukyu Islands the next day. It hit Kyushu that night as a severe tropical storm and
traversed the island along a northward track. Ellis degenerated into an area of low pressure off the north coast of
western Honshu about 330 km north of Kagoshima (47827) on 24 June.

Of the seven tropical cyclones in July, Faye (8907) was the first to form on 6 July. It developed as a tropical
depression about 970 km east of Manila. Moving northwestwards at first, it turned to a westward track by the
following day. It swept across Luzon later on 8 July as a severe tropical storm and turned west-northwestwards
across the South China Sea over the next two days after weakening to a tropical storm. It moved across the
northeastern part of Hainan on the night of 10 July and landed over the coast of northern Viet Nam the next day.
Faye eventually dissipated over southwestern China that evening about 170 km west-southwest of Nanning
(59431).

Just when Faye was dissipating, Gordon (8908) formed as a tropical depression about 650 km northeast of
Guam. For the first four days in the life history of Gordon, the direction of movement was west or west-southwest
across the Pacific. During that time, it intensified steadily to a typhoon. Aftertuming west-northwestwards on 15
July, it swept past northern Luzon early next day. Though weakening slightly, Gordon maintained its typhoon
status as it crossed the north em part of the South China Sea. It passed 190 km to the southwest of Hong Kong early
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on 18 July before landing over the coast of western Guangdong later that day. It pushed further inland for the next
24 hours before finally dissipating about 200 km west-northwest of Nanning. In the Philippines, 94 people were
killed and three were reported missing. The numbers of deaths in China and Hong Kong were 38 and two
respectively .

While Gordon was approaching Luzon, another disturbance developed into Tropical Depression Hope (8909)
on the night of 15 July about 1140 km southeast of Naha, Its movement was generally to the northwest with some
mild oscillations along the way. It crossed the Ryukyu Islands as a tropical storm on 18 July and made landfall
over the east coast of China on the night of 20 July after briefly attaining typhoon intensity. Weakening rapidly
into a tropical depression within the next 24 hours, Hope finally dissipated on the morning of 23 July about 300
km west of Shanghai (58367). In eastern China, the number of people killed or missing was 251.

While Hope was over the East China Sea, Irving (8910) developed as a tropical depression over the Pacific
about 810 km east-southeast of Manila later on 19 July. It moved west-northwestwards across southern Luzon on
20 July and intensified to a tropical storm the next day over the South China Sea. Strengthening to a severe tropical
storm and moving west on 21 July, Irving turned briefly northwestwards that night before reverting to a west-
northwestward track the next day. Over the southern part of Beibu Wan on 23 July, it turned more to the northwest
while struggling to maintain its strength. It landed early on 24 July about 200 km south of Hanoi and dissipated
that evening about 200 km west-southwest of the city. The passage of Irving over northern Viet Nam led to a death
toll of 102.

Judy (8911) formed at a time when Hope was degenerating over eastern China and Irving was strengthening
over the South China Sea It developed as a tropical depression about 550 km southwest of Guam early on 21 July.
After tracking north-northwestwards for the first couple of days, it moved northwards on 23 - 25 July while
intensifying to a typhoon in the mean time. Over the next two days, Judy adopted a northwestward course which
took it past the southern tip of Kyushu on the night of27 July. It started to weaken over the western part of the
Korea Strait and degenerated into a tropical storm about 360 km south-southeast of Seoul (47108) soon after
making landfall over southern Korea later on 28 July. Turning slightly to the north-northwest, it moved into the
Yellow Sea on 29 July and dissipated during the day off the west coast of the Korean Peninsula Two people were
killed in Japan during the passage of Judy and 20 others met the same fate in the Republic of Korea.

Tropical Depression Ken (8912) formed about 470 km south-southeast of Naha on 28 July when Judy was
departing from Kyushu. During the remaining days of the month, it described an elliptical track in a cyclonic sense,
covering a distance of about 2 500 km over the Pacific waters before ending up near the Ryukyu Islands on 1August
about 500 km north of its original point of genesis. During the sojourn, severe tropical storm intensity was reached
on 30 July and the storm was re-named Lola the following day. After weakening to a tropical storm and becoming
almost stationary on 1August, Lola started to track northwestwards the next day. It re-gained severe tropical storm
intensity on 3 August while adopting a track to the west-northwest. Lola struck Shanghai the next morning and
though weakening gradually, maintained a reasonable organization as it ploughed deeper inland across the
provinces of Jiangsu, Anhui, Henan, and Hubei. The tenacious Lola eventually dissipated over central China on
7 August when it was 220 km west-southwest of Wuhan (57494). Eight people lost their lives during the passage
of Lola over eastern China.

While Ken was approaching its easternmost extent of its journey, another disturbance further east developed
into Tropical Depression Mac (8913) about 1 250 km east-southeast ofIwo Jima (47981) on 30 July. Moving
southwestwards after formation, it made a cyclonic loop that night and tracked north-north westwards over the next
couple of days. Turning increasingly to its left on 2 August, Mac moved to the west and then west-southwest the
next day while intensifying to a typhoon. Another abrupt tum on 4 August put Mac back on track towards eastern
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Japan. It weakened to a severe tropical storm prior to making landfall on 6 August about 90 km east of Tokyo
(47662). It moved into the Sea of Japan that night and weakened further on 7 August. Recurving northeastwards,
Mac finally dissipated about 550 km north of Sapporo (47412) later on 8 August. In Japan, eight people were killed
and seven were reported missing.

Besides Ken-Lola and Mac, six other tropical cyclones occurred in August. Two developed over the East China
Sea and the rest all formed over the Pacific east of 145°E. It was the second consecutive year that the South China
Sea was devoid of tropical cyclones in August.

Nancy (8914) formed as a tropical depression about 1 410 km east-southeast of Iwo Jima on 11 August. It
moved east-northeastwards initially but turned gradually to the north-northwest over the next couple of days while
intensifying to a typhoon. It accelerated northwestwards on 14 August and adopted a more northward track the

. next day. After weakening to a severe tropical storm during the night, another directional change to the north-
northeast on 16 August took it past the northeastern tip of Hokkaido later in the evening. Nancy became
extratropical early next morning when it was about 470 km east-northeast of Sapporo.

A day after the formation of Nancy, another disturbance further west developed into Tropical Depression Owen
(8915) about 730 km north-northeast of Guam. After an initial southeastward drift, it followed a track with a
directional tendency not dissimilar to that of Nancy. Owen made a cyclonic tum on 13 and 14 August while
strengthening to a typhoon before settling down on a track to the north-northwest for the following two days as
a severe tropical storm. Owen passed about 510 km east of Tokyo on 17 August and recurved northeastwards. It
weakened to a tropical storm early next day before evolving into an extratropical cyclone about 600 km southwest
of the southern tip of Kamchatka Peninsula on 19 August.

While Nancy and Owen were heading northwards into higher latitudes, two relatively weak tropical cyclones
developed in quick succession. The first to form was a tropical depression named Peggy (8916) about 860 km
north-northeast of Guam on 16 August. It moved northwards at first but turned increasingly to the west the next
day. Lacking any significant intensification, it finally dissipated about 1 120 km north of Guam early on 18August.
Meanwhile, over the East China Sea, another tropical depression formed about 310 km east-southeast of Shanghai
on 17August. It moved southwards and turned west-southwestwards the next day. It intensified briefly to a tropical
storm off the coast of northern Fujian on 19 August before making landfall about 100 km northeast of Fuzhou
(58847) the following morning and dissipating over land.

However, unsettled conditions persisted over the East China Sea and led to the formation of Roger (8917) as
a tropical depression about 450 km west ofNaha early on 24 August. It moved initially to the east-southeast but
turned northeastwards the next day. It became a severe tropical storm early on 26 August and accelerated towards
central Japan. Skirting past the southeast coast of Shikoku, Roger crossed the coast of Honshu later on 27 August
about 60 km south-southwest of Osaka (47772). Roving along off the west coast of eastern Honshu, Roger reached
Hokkaido early next day and passed 40 km to the southeast of Sapporo. It subsequently evolved into an
extratropical cyclone that evening over the waters north of Hokkaido. In Japan, three people were killed and
another three were reported missing.

At the time when Roger was intensifying and accelerating towards Japan, a tropical depression (8918) formed
further east out in the Pacific about 1 700 km northwest of Wake Island (91245) on 26 August. It moved east-
northeastwards and became a tropical storm the next day. However, it failed to maintain its strength and soon
dissipated about 1 550 km north-northwest of Wake Island that evening.

Another six tropical cyclones formed in the month of September. Sarah (8919) developed as a tropical
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depression on 5 September about 2 070 Ian east-southeast of Naha. It moved westwards for the first two days and
turned to the west-northwest on 7 September while strengthening to a severe tropical storm. Sarah turned
increasingly to the south on 8 September and moved erratically the next day over the waters to the east of northern
Luzon. After some re-organization, Sarah became a typhoon on the night of 9 September and started to move
steadily to the north-northwest towards Taiwan. A west-northwestward turn later on 11 September took it ashore
about 210 Ian south ofTaibei (58968). Sarah started to weaken and spent the next day drifting along the east coast
of northern Taiwan. Crossing the northern part of the Taiwan Strait early on 13 September, it landed in Fujian
Province later that day as a severe tropical storm. Turning southwestwards, Sarah dissipated the following day in
the vicinity of Fuzhou. Heavy rain associated with Sarah claimed the lives of 47 people, including three missing,
in the Philippines. In China, four people were killed during the passage of Sarah.

While Sarah was hesitating to the east of Luzon, Tip (8920) formed as a tropical depression about 1 200 Ian
northeast of Guam on 9 September. It turned from an initial north-northeastward track to a northwestward course
that evening and intensified to a tropical storm the next day. After slowing down later on 10 September, Tip moved
northwards the next day. It then gradually turned eastwards on 12 September and weakened to an area of low
pressure about 2300 Ian east of Tokyo early on 14 September.

Vera (8921) was a contemporary of Sarah and Tip. It formed as a tropical depression about 610 Ian north-
northeast of Guam on 11 September. It moved southwestwards at first before embarking on a west-northwestward
track on 12 September across the Pacific. Vera reached severe tropical storm intensity on the night of 13 September
and crossed the Ryukyu Islands early on 15 September. It moved slightly more to the northwest while over the
East China Sea and landed about 300 km south of Shanghai. It weakened over land and turned northwards before
evolving into an extratropical cyclone about 240 Ian northwest of Shanghai later on 16 September. Vera inflicted
severe damage on eastern China where 172 people were killed and 354 people were reported missing.

With Vera weakening over eastern China after landfall, Wayne (8922) formed about 760 Ian south ofNaha on
16 September and moved to the north-northwest for the rest of the day. After apparently moving more to the
northwest early next day, it made a sudden tum to the north-northeast that night. Wayne moved increasingly to
the east-northeast and accelerated over the next couple of days while strengthening to a typhoon. It struck the
southern tip of Kyushu early on 19 September and skirted along the south coast of Honshu that night, passing about
60 km southeast of Tokyo. Wayne weakened to a tropical storm the next morning before it merged with a frontal
system during the day. During its passage across Japan, three people were killed and one person was missing.

Eight days later, Angela (8923) developed as a tropical depression about 360 km east-northeast of Yap. After
some uncertain movement in the first 24 hours, it began to move to the north-northwest later on 29 September.
Angela turned progressively to a westward track across the Pacific after it developed into a typhoon early on 1
October. Soon after the genesis of Angela, Brian (8924) formed over the South China Sea about 780 km southeast
of Hong Kong early on 29 September. It moved northwestwards at first before turning west and then southwest
over the next couple of days. After becoming a typhoon early on 2 October, Brian accelerated westwards and swept
past southern Hainan that night. It crossed the southern part of Beibu Wan on 3 October and landed as a severe
tropical storm over Viet Nam about 220 km south of Hanoi that evening. Brian moved west-northwestwards
further inland before dissipating over Lao P.D.R. early on 4 October. The passage of Brian claimed 48 lives in
China.

Meanwhile, Angela reached northern Luzon on the night of 5 October and skirted along the north coast of the
island. Over the South China Sea, Angela moved to the west or west-southwest and passed 40 km to the south of
Hainan on the night of 9 October. It weakened to a severe tropical storm on the evening of 10 October about 250
km west-northwest ofDa Nang after crossing the coast of Viet Nam earlier in the day. Weakening continued for
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the next 12 hours before Angela finally dissipated over Lao P.D.R. the next morning. Although no casualties were
reported in China, the numbers of deaths and missing in the Philippines amounted to 119 and 191 respectively.

While Angela and Brian were peaking in intensity, Colleen (8925) formed further east over the Pacific about
600 km east-southeast of Guam on 2 October. After an initial west-northwestward movement, it meandered along
a generally north-northwestward track and crossed the Mariana Islands on 4 October. It attained typhoon intensity
about 620 km south-southeast ofIwo Jima early on 6 October and struck Iwo Jima later in the day. As Colleen
passed to the west of the Ogasawara Islands early on 7 October, it recurved and accelerated to the northeast. It
completed its extratropical transition on 8 October about 1 200 km northeast of Tokyo.

On the day when Colleen became extratropical and while Angela was still traversing the South China Sea,
another tropical depression named Dan (8926) developed over the western North Pacific about 220 km east-
southeast of Yap. It moved west-northwestwards and swept across southern Luzon as a typhoon on the night of
10 October. After moving more to the northwest for a while over the South China Sea on 11 October, it turned
westwards that night before reverting to a west-northwestward track the next day towards northern Viet Nam.
After passing 60 km to the south of Hainan earlier in the day, Dan made landfall on the evening of 13October about
300 km south of Hanoi as it weakened to a severe tropical storm. Dissipation was completed within the next 24
hours as Dan moved into northern Thailand. In the Philippines, 58 people were killed and 14 others were reported
missing. Elsewhere, 36 and 34 people lost their lives in China and Viet Nam respectively.

As Dan made its final approach to land, Elsie (8927) formed as a tropical depression on 13 October about
1 610 km east of Manila. It moved to the west or west-northwest at first but decelerated later on 14 October and
became quasi-stationary the next day. Despite the slow movement, intensification continued as Elsie attained
typhoon intensity on 16 October. It also started to drift west-northwestwards but soon changed course to the west-
southwest the next day. Elsie adopted a more definite track to the west or west-northwest on 18 October and
persisted in this general direction for the rest of its journey. It struck central Luzon on 19 October and gradually
weakened over the South China Sea. It skirted past the south coast of Hainan on the night of 21 October as a severe
tropical storm and dissipated about 280 kIn south of Hanoi soon after it made landfall the following evening.
During the passage of Elsie, 47 people were killed in the Philippines and another four lost their lives in China.

While Elsie was moving past southern Hainan early on 22 October, an area of low pressure over the Pacific
developed into Tropical Depression Forrest (8928) about 820 km southeast of Guam. Itmoved northwestwards
and passed 160 km to the northeast of Guam on 24 October. Forrest attained typhoon intensity about 520 km
northwest of Guam on 25 October and persisted along a northwestward track over the next couple of days. It started
to tum north on 27 October and accelerated northeastwards the following day over the waters to the south of Japan.
Forrest weakened to a severe tropical storm on 28 October and became extratropical the next morning when it was
about 550 km southeast of Tokyo.

Gay (8929) was the most destructive tropical cyclone of the year. It was also the first ever tropical cyclone to
develop into a typhoon over the Gulf of Thailand. Gay originated from a disturbance which hovered over the
southern part of the South China Sea towards the end of October. After formation as a tropical depression later
on 31 October about 880 km southeast of Bangkok (48455), Gay moved westwards before turning to the northwest
over the next couple of days. Typhoon intensity was reached on 3 November before Gay changed to a west-
northwestward course that night. It swept across southern Thailand on 4 November, packing hurricane force winds
of over 40 mls near its centre. Weakening slightly, it crossed the Andaman Sea and hit the Andaman Islands early
on 6 November. Gay re-intensified and proceeded to cross the Bay of Bengal. After making landfall over eastern
India, it finally dissipated over the western part of the country on 10 November. Thailand sustained severe damage
from the onslaught of Gay with casualties which included 602 deaths and 134 cases of missing persons.
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Hunt (8930) formed as a tropical depression about 1690 km east of Manila early on 16November and moved
to the west or west-southwest during the day. It moved erratically in a net northwestward direction on 17 - 19
November while intensifying to a typhoon. Hunt turned to the west and west-southwest on 20 November before
curving round again to the northwest over the next couple of days as it swept across central Luzon. It moved into
the South China Sea as a tropical storm and continued to weaken under unfavourable synoptic influence. Hunt
moved westwards on the night of 22 November and turned increasingly to the south the next day before it fmally
dissipated over water early on 24 November about 570 km west of Manila. In the Philippines, eight people were
killed during the passage of Hunt.

Soon after the demise of Hunt, Irma (8931) formed as a tropical depression about 780 km east of Guam early
on 25 November and moved southwestwards. It turned west-northwestwards on 27 November and became a
typhoon about 220 km north-northeast of Yap early on 29 November. After some hesitant movement on 1
December, Irma recurved northeastwards on 2 December and weakened to a severe tropical storm the next day.
Weakening continued as Irma turned eastwards on 4 December and dissipated about 490 km south-southwest of
Iwo lima that evening.

Two more tropical cyclones formed in December before the end of the year, but neither of them affected
Member countries. A short-lived tropical depression formed about 280 km north-northwest of Yap early on 8
December. Itmoved north-northwestwards initially but turned northeastwards later in the day. It dissipated the
next morning about 450 km north of Yap.

The last tropical cyclone of the year was Typhoon Jack (8932). It developed as a tropical depression on 22
December about 1 400 km east-southeast of Guam. Jack moved northwestwards and slowed down the next
morning. It became a typhoon about 590 km east of Guam on 24 December. Turning briefly westwards on
Christmas Eve, Jack reverted to a northwestward track on the morning of 25 December and reached its peak
intensity that day. After making a loop on 26 December, Jack began to drift south-southwestwards the next day.
It weakened rapidly and degenerated into an area of low pressure about 310 km east-southeast of Guam by the
evening.



2.2.1 BRENDA (8903)
MAY

2.2 REPORTS ON INDIVIDUAL TROPICAL CYCLONES WHICH AFFECTED MEMBERS OF
THE TYPHOON COMMITTEE

A tropical depression formed about 590 km southwest of Yap (91413) on 14 May amidst an extensive area of
cloud clusters over the Pacific waters to the east of Mindanao. With adequate cross-equatorial inflow at low levels
and improved outflow aloft, it intensified to Tropical Storm Brenda early on 16 May about 830 km west of Yap.
Moving west-northwestwards at a speed of around 25 kmIh, it intensified to a severe tropical storm about 750 km
east-southeast of Manila (98429) that evening. It struck Borongan (98553) of Samar Island during the early hours
of 17May and maintained its intensity while traversing rapidly across Masbate (98543), Burias Island, the southern
tip of Bondoc Peninsula, Marinduque, and Batangas during the day. It passed closest to Manila just before midnight
about 20 km south-southwest of the metropolis. Over the southwestern part of Luzon, winds of 100 km/h were
reported at Iba (98324) and a 24-hour rainfall amount of 180.6 mm was recorded at Sangley Point (98428). During
the passage of Brenda, 16 people were killed and 40 others were reported missing. Over 3 000 people were made
homeless. At least four vessels were sunk in the stormy weather. Communications were cut off and power was
disrupted.

Brenda entered the South China Sea early on 18May at a reduced speed of 19 kmIh. Although development was
inhibited while over terrain, Brenda soon gathered strength once over open waters. Convection was particularly
intense over the southwestern quadrant of the storm as the moist southwesterlies fed into the system. While Brenda
continued to intensify during the day, a deepening westerly trough was sweeping across China. This induced a
weakness in the subtropical ridge and allowed Brenda to adopt a more northwestward track.

Early on 19May, a central dense overcast appeared over the storm centre (Fig. 2.6). Outflow was at first restricted
as Brenda moved underneath an area of weak flow. The situation soon improved as outflow channels to the south
and northeast both became established during the day. A ragged eye attempted to form and typhoon intensity was
attained while Brenda was 410 km south-southeast of Hong Kong (45005) that evening. Meanwhile, the westerly
trough over China had moved away eastwards but another short wave was developing near the longitude of 11OoE.
Under prevailing southeasterly steering, Brenda continued to track northwestwards during the night at a speed of
16 km/h. By the following day, the circulation of Brenda became detached from the convection further south.
Outflow to the south had decreased but an eye measuring about 45 km across in diameter could still be identified.
As the short wave relaxed, a weak ridge temporarily re-built over southern China and resulted in Brenda turning
more to the west-northwest prior to landfall. Passing about 130 km to the southwest of Hong Kong on the evening
of 20 May, Brenda landed over Taishan County in western Guangdong during the night and weakened to a severe
tropical storm. Rapid weakening resulted in Brenda degenerating into a tropical depression on the morning of 21
May before it finally dissipated that evening about 420 km west of Hong Kong.
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In Guangdong, heavy rain and squally showers caused severe flooding and landslides. About 1.42 million
hectares of agricultural land were inundated. Over 13000 houses were destroyed or damaged. Twenty-three people
were killed and 48 others were injured in southern China. The direct economic loss was estimated to be about
US$82.8 million.

In Hong Kong, torrential rain associated with Brenda resulted in 100 cases of landslides and 118 cases of floods.
About 130 hectares of fish ponds and 190 hectares of farmland were inundated. Huge losses in livestock were
incurred. Damage to crops and livestock was estimated to be around US$1.1 million. Six people were killed, one
was reported missing, and 119 were injured. About 900 people lost their homes.
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Figure 2.6 GMS-3 visible imagery of Severe Tropical Storm Brenda (8903) at 00 GMT on
19 May 1989 showing a central dense overcast over the storm centre.



2.2.2 CECIL (8904)
MAY

While Typhoon Brenda (8903) was dissipating over southern China, disturbances associated with the active
southwest monsoon hovered over the central and southern parts of the South China Sea. Convection remained
scattered until a north-south orientated rainband developed over the northern part of the South China Sea and
moved westwards. This heralded the pushing in of the Pacific ridge and an enhanced easterly inflow into the
monsoon disturbances. Increasing lateral shear at the low levels eventually led to the formation of a tropical
depression named Cecil on 22 May. At the time, Cecil was located about 740 km east-southeast of Da Nang
(48855).

Cecil intensified rapidly and reached severe tropical storm strength the next day. In the meantime, it moved
northwestwards at a speed of about 13 kmJh and was part of an extended trough system curving northeastwards
into southeastern China. Outflow was more efficient to the southwest and convection was most intense over the
southern semi-circle of the storm (Fig. 2.8). Later on 23 May, Cecil decelerated and turned to the west-northwest
in response to the relaxation of the trough and a further extension of the Pacific ridge into southwestern China.
It acquired marginal typhoon intensity the next day about 160 km east-southeast ofDa Nang. Convection near its
centre became more subdued and the previously cloud-filled eye became more apparent on the satellite imageries.
Outflow to the northeast was improved as another westerly trough emerged over southwestern China. At the same
time, Cecil began to move erratically towards the coast of Viet Nam. Its uncertain behaviour at this stage could
be attributed to the westerly trough and a corresponding erosion of the ridge. The steering flow was thereby
disrupted and the net effect of this disruption was a general westward drift which took Cecil ashore early on 25
May near Da Nang.

Once over land, Cecil gradually weakened. Convection during the day was mainly confined to the northern
semi-circle of the storm circulation. Cecil turned west-northwestwards that evening and ploughed further inland
across Lao P.D.R. before degenerating into an area of low pressure over northeastern Thailand on the evening of
26 May.

According to press reports, Cecil brought torrential rain to the central part of Viet Nam and caused catastrophic
floods there. In the city of Hue, streets were under two metres of water. In the central provinces of Viet Nam, 140
people were killed and about 600 were reported missing. About 112 000 hectares of rice paddy and 40 000 hectares
of other crops were destroyed or damaged. In addition, about 36 000 houses and 150 schools were destroyed,
leaving 150000 people homeless. Fishing boats which sank or were damaged totalled about 700. There were also
reports of waterworks and dams being destroyed. A weakening Cecil also brought heavy rain to the central and
northeastern parts of Thailand.
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COMPOSITE TRACK OF CECIL (8904)

Daily Positions at 00 GMT --@----@---
Intermediate 6 hrly. Positions

Scale
50 N

30 N
10 N

Z
7
I
I

200
Z 7

400 600 800 Kilometres

(The boundaries and names shown on this
map do not imply official acceptance or
endorsement by the United Nations.)

SOUTH CHINA SEA

THAILAND

1 QON

STAGE
TIMES FRCM AVAIIABLE

POST ANALYSES

HONG KONG JAPAN

TO 12 GlT 22/5 00 GlT 22/5
TS 18 GMl' 22/5 18 GMI' 22/5

STS 06 GlT 23/5 06 GlT 23/5
D

T 06 GMI' 24/5 <>
STS 00 GlT 25/5
TS 06 GMI' 25/5 12 GMl' 25/5
TO 12 GlT 25/5 00 GlT 26/5

END OF 12 GMl' 25/5 12 GMl' 26/5
TRACK (DISSIPATION) (DISSIPATION)

Figure 2.7 Composite track of Cecil (8904).
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Figure 2.8 GMS-3 visible imagery of Severe Tropical Storm Cecil (8904) at 06 GMT on
23 May1989 showing intense convection over the southern semi-circle of the
storm.
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2.2.3 DOT (8905)
JUNE

In early June, a group of cloud clusters associated with an area of low pressure hovered over the warm equatorial
waters of the Pacific near the longitude of 140oE. It developed into a tropical depression on 4 June when it was
about 300 km southwest of Yap (91413). Convection increased and banding features became more pronounced
as it intensified further to Tropical Storm Dot on 5 June. At the time, it was located about 1 000 km east-southeast
of Manila (98429).

With the axis of the subtropical ridge maintaining at a latitude near 20oN, Dot was steered under the ridge in
a west-northwestward direction for most part of its journey. It traversed the central Philippines on 6 June, sweeping
across Samar and Leyte in the east and Mindoro in the west, and passing at a distance of 190 km to the southwest
of Manila. With very good outflow aloft, Dot maintained its intensity during the crossing despite the terrain effect.
Its extensive rainbands also affected other parts of the Philippines.

Dot entered the South China Sea early on 7 June. Convection associated with Dot had become less extensive
and was mainly confined to the southern semi-circle of the storm. The upper-air analysis also showed that outflow
channels to quarters other than the south had noticeably decreased. Nevertheless, Dot continued to benefit from
strong low-level lateral shear provided by the easterlies and southwesterlies. Once over open waters, it gathered
strength and acquired severe tropical storm status that afternoon. It developed further into a typhoon the following
day when it was 810 km east of Da Nang (48855). Convection near the storm centre increased and an embryonic
eye appeared on the visible satellite imageries later in the day on 8 June (Fig. 2.10).

With the tendency of the subtropical ridge shifting north towards central China, Dot remained under east to
southeasterly steering as it crossed the South China Sea. It landed over the south coast of Hainan about 30 km east-
northeast of Sanya (59948) around noon on 10 June and swept across the southwestern part of the island. Its
previously cloud-filled eye had become indistinguishable and convection had also decreased. It moved into Beibu
Wan that evening and weakened to a severe tropical storm early next morning about 300 km southeast of Hanoi
(48820). Dot turned temporarily north-northwestwards as it approached the coast of northern Viet Nam on 11 June.
It made landfall that afternoon and passed near the coastal city of Hai Phong before weakening to a tropical
depression early next morning. As it pushed northwestwards further inland, it continued to weaken and eventually
dissipated on the evening of 12 June about 240 km northwest of Hanoi.

In China, nine people were killed during the passage of Dot. Over 7 000 houses were destroyed and 80 000 were
damaged. Torrential rain devastated over 50 000 hectares of crops. There were also reports of damaged dams and
weirs. The immediate economic loss was estimated to be about US$96.5 million. However, it was reckoned that
accurate and timely warnings had reduced the loss by at least US$16.6 million.

In Viet Nam, three people were killed during the passage of Dot. About 7 000 hectares of rice fields and 34000
hectares of the winter-spring crops were flooded. Hanoi was flooded by torrential rain, with streets submerged
under 50 to 70 em of water. Electricity was also cut off. Hai Phong also suffered widespread property damage.
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Figure 2.10 GMS-3 visible imagery of Typhoon Dot (8905) and its embryonic eye at 06 GMT on
8 June 1989.
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2.2.4 ELLIS (8906)
JUNE

From a disturbance in the south westerlies to the east of Luzon, Ellis formed as a tropical depression about
1 190 km south-southeast of Naha (47936) on 20 June. Itmoved initially to the west-northwest at 15 kmlh but
slowed down as it turned to the northwest the next day. Increasing easterlies and cross-equatorial southerlies
provided enhanced lateral shear at the low levels for the strengthening of the system on 22 June. Convection
increased noticeably near the centre and a cold dense overcast soon developed. As a result, Ellis intensified to a
tropical storm about 680 km south of Naha during the night (Fig. 2.12).

Meanwhile, Ellis had picked up speed and started to move north-northeastwards. At the time, a westerly trough
was moving out over eastern China but then became almost stationary over the East China Sea for the next couple
of days. Positioned to the east of this deep trough, Ellis was steered by a south to southwesterly current towards
western Japan. Moving at a speed of 45 km/h early on 23 June, it entered an environment with increasingly large
vertical shear and its further development was very much inhibited. Nevertheless, low-level inflow remained fairly
good. Convection tluctuated in intensity during the day but momentarily increased near the centre during the night
as Ellis briefly acquired severe tropical storm intensity about 210 km south of Kagoshima (47827). Maximum
winds near the centre were estimated to be 25 mls. However, the storm structure remained rather shallow and
compact. Ellis turned more to the north that night and accelerated to a high speed of 68 kmIh under the influence
of ajetstream aloft. It made landfall before dawn on 24 June over southern Kyushu about 40 km south-southwest
of Kagoshima. After intlicting a direct hit upon Kagoshima, it weakened to a tropical storm that morning and
degenerated rapidly into an area of low pressure off the north coast of western Honshu about 330 km north of
Kagoshima later in the day. Although no casualties were reported, heavy rain associated with Ellis affected Kyushu
and its neighbouring areas.
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Figure 2.11 Composite track of Ellis (8906).
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Figure 2.12 GMS-3 infra-red imagery of Tropical Storm Ellis (8906) with a cold dense overcast at
18 GMT on 22 June 1989.



2.2.5 FAYE (8907)
JULY

Faye formed as a tropical depression on 6 July about 970 km east of Manila (98429). It moved north westwards
initially and became a tropical storm the next day as it turned increasingly to the west. Satellite imageries taken on
7 July showed an active convective cell near the centre with a rainband straddling over the southeastern quadrant.
Convection became more centralized during the day and was particularly extensive to the south of the storm. Steered
by the easterlies south of a ridge, Faye moved westwards and accelerated from 13 kmIh to 22 kmIh.

With slightly improved organization and outflow, Faye intensified further to a severe tropical storm on 8 July
about 470 km east-northeast of Manila. It landed over the east coast of Luzon that evening about 310 km north-
northeast of Manila and brought heavy rain to eleven provinces in the northern Philippines. Topographical
disruption to its structure caused Faye to weaken to a tropical storm during the night about 290 km north of Manila.
There was also an apparent acceleration in speed to 30 kmlh as the storm attempted to re-organize to the west of
the Luzon mountains.

But Faye never quite re-gained its strength. After entering the South China Sea on the night of 8 July, it
encountered increasingly large vertical shear in a predominantly easterly environment. While convection remained
intense over the southwestern quadrant, its low-level centre became exposed and could be readily tracked from the
visible satellite imageries (Fig. 2.14). For the early part of9 July, Faye moved westwards at 23 km/h across the South
China Sea. As the ridge to its north retreated eastwards and southerly steering increased at low levels, it turned to
the west-northwest that evening in the general direction of Hainan. It picked up speed during the night to nearly 30
kmIh before slowing down again to 20 kmIh the following day. Faye reached Hainan on the night of 10 July and
landed about 70 km southeast of Haikou (59758). It cut across the northeastern corner of the island and passed 20
km to the southwest of Haikou. It weakened to a tropical depression as it moved across the northern part of Beibu
Wan on 11 July. Faye crossed the coast of northern Viet Nam in the afternoon and dissipated over southwestern
China that evening about 170 km west-southwest of Nanning (59431) in Guangxi.

In Hainan, telecommunication was interrupted during the passage of Faye and some tropical crops like pepper,
sugar-cane, coffee and vegetables were ruined.
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COMPOSITE TRACK OF FAYE (8907 )
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Figure 2.13 Composite track of Faye (8907).
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Figure 2.14 GMS-3 visible imagery of Tropical Storm Faye (8907) and its exposed low-level
circulation centre at 03 GMT on 9 July 1989.
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2.2.6 GORDON (8908)
JULY

The origin of Gordon could be traced to a disturbance near Wake Island in the central North Pacific on 8 July.
Convection associated with this disturbance moved westwards along the latitude of 200N and grew in organiza-
tion. This led to the formation of Gordon as a tropical depression about 650 km northeast of Guam (91217) on 11
July.

With a mid-tropospheric anticyclone dominating over the Ryukyu Islands, Gordon came under increasing
northeasterly steering and began to turn to the west-southwest on 12 July at a speed of 25 kmlh. At the same time,
spiral bandings became more pronounced as Gordon intensified to a tropical storm during the day about 650 km
north-northwest of Guam.

Up to this stage, Gordon remained essentially as a disturbance embedded within a broad band of low-level
easterlies. But over the next couple of days, cross-equatorial input gradually increased and intensification received
an extra impetus. Early on 13 July, Gordon strengthened to a severe tropical storm about 1 900 km east-northeast
of Manila (98429). Spiral rainbands were particularly extensive over the southern semi-circle and outflow aloft
also improved. Typhoon intensity was reached that night when Gordon was 1 420 km east-northeast of Manila.
An eye began to emerge the next day as the storm turned gradually to the west-northwest towards northern Luzon.
The directional change was in response to increased easterly steering as the anticyclone over Ryukyu evolved into
an east-west orientated ridge along 28°N.

Meanwhile, Gordon was developing into a rather extensive system. An intense squall line on its western
periphery reached Luzon later on 14 July (Fig. 2.16). A clear circular eye was evident on 15 July as Gordon reached
peak intensity. Packing high winds of about 60 mIs, Gordon struck northern Luzon at 4 a.m. on 16 July, landing
about 30 km south of Escarpada Point. Tuguegarao (98233) reported a pressure of 965.6 hPa and winds of
43 mls one and a half hours later. Despite losing its distinct eye as it swept westwards across Luzon, banding
features remained good. The storm entered the South China Sea on 16 July and re-organized. A ragged and poorly-
formed eye re-appeared later that day but central convection was still relatively subdued.

Reverting to a west-northwestward track at a speed of20 kmlh, Gordon headed towards the coast of southern
China. It remained in a east to southeasterly steering flow as a ridge persisted to its north over China. While
extensive convection prevailed over the southern semi-circle of the storm circulation, successive squall lines over
the northwestern quadrant ran ahead of the storm and hit Hainan and western Guangdong in southern China on
17 July. Passing 190 km to the southwest of Hong Kong (45005) that night, it landed over Yangjiang County in
western Guangdong the next morning.

The organization of Gordon deteriorated as it moved further inland. Itweakened to a severe tropical storm on
the evening of 18 July about 190 km east-southeast of Nanning (59431) and degenerated rapidly into a tropical
depression within the next 12 hours. Moving west-northwestwards at 25 kmIh, it dealt a direct blow to Nanning
that night before dissipating over Guangxi the next day about 200 km west-northwest of Nanning.

In the Philippines, 94 people were killed and another three were reported missing. Torrential rain resulted in
flooding and landslides in northern Luzon. Power and communication cables were blown down and seven
provinces were blacked out. The damage to public and private property totalled US$61.5 million.

In Hong Kong, two people were killed and 38 people were injured. Most of the injuries were caused by falling
objects or flying debris as the strong to gale force winds toppled scaffoldings and uprooted trees. Thirteen cases
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of flooding were reported, mostly in the outlying islands and the northern part of the territory. Floodings also
resulted in the destruction of some dykes and the inundation of fish ponds. During the passage of Gordon, a barge
ran aground and three boats sank. Local transport and air traffic were severely disrupted.

InMacau, about half of the territory was flooded and electricity supply to several areas was cut off. Water level
near the sea-front rose by 1.5 metres. The main bridge to the outlying island was temporarily closed.

In China, Gordon brought severe damage to Guangdong, Fujian and Guangxi. More than 240 000 hectares of
fields were waterlogged and around 90 000 buildings were destroyed or damaged. The death toll was 38 with 146
people injured. The direct economic loss was estimated at US$298.6 million.
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2.2.7 HOPE (8909)
JULY

In the wake of Gordon, a line of convection stretched eastwards over the western North Pacific towards the
Mariana Islands. An embedded convective cell grew in prominence on 15 July and developed into a tropical
depression that night about 1 140 km southeast of Naha (47936). With a broad band of cross-equatorial flow at
low levels and anticyclonic outflow aloft, it intensified to Tropical Storm Hope on the evening of 16 July about
770 km southeast of Naha, With a ridge tilting east-southeastwards from eastern China, Hope was steered to the
northwest as it picked up speed from 19 km/h to 27 kmlh by the following day.

However, Hope was subsequently deprived of the favourable environmental support present at its time of
genesis. The cross-equatorial southerlies were soon withdrawn while the southwesterlies fed mainly into Gordon
over the South China Sea. Hope thereafter survived as a disturbance within the low-level easterlies with only
limited support from upper levels. The rate of intensification was slow and stunted. Its storm structure also
apparently underwent several re-adjustment. Early on 17July, convection associated with Hope became elongated
in a north-south orientation. A secondary centre seemed to have appeared for a time to the south; but this soon gave
way to enhanced central convection to the north. Hope passed about 200 km to the southwest of Naha the next day
and moved into the East China Sea along a track bending gently to the right. '

On the morning of 19 July, Hope was moving to the north-northwest at 16 kmlh and acquired severe tropical
storm intensity about 600 km south-southeast of Shanghai (58367). Despite losing some of its central convection,
Hope became more organized as lateral shear at the low levels increased momentarily. This was the result of
additional northerly flow off the coast of eastern China induced by the emergence of an anticyclone to the west
of Hope. Less convection also exposed the low-level circulation centre of Hope which became readily identifiable
on satellite imageries (Fig. 2.18). Central convection increased during the night and convection also became rather
extensive over the southeastern quadrant.

Hope slowed down and turned to the west-northwest on 20 July off the coast of Zhejiang Province in eastern
China. At the time, Hope had evolved into a cut-off vortex with an axis aligned in a north-south orientation.
Steering flow became weak and the outbreak of intense convection to the south of the storm was also partly
responsible for the hesitant movement of Hope. Marginal typhoon intensity was briet1y attained that night as Hope
landed over Xiangshan County with hurricane force winds. It moved northwestwards into Zhejiang at 10 kmlh
and weakened rapidly over land to a tropical depression in less than 24 hours. It finally dissipated on the morning
of 23 July about 300 km west of Shanghai. By then, organization had generally deteriorated and only some remnant
convection persisted in the enhanced southwesterlies over Fujian Province.

In eastern China, 251 people were killed or reported missing and 1 901 people were injured. About 130000
houses were destroyed or damaged. The immediate damage amounted to US$289.4 million.
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Figure 2.18 GMS-3 visible imagery of Severe Tropical Storm Hope (8909) at 06 GMT on 19 July 1989.
A low-level circulation centre could be identified.
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2.2.8 IRVING (8910)
JULY

Irving formed as a tropical depression on the night of 19 July to the east of the Philippines about 810 km east-
southeast of Manila (98429). Moving generally west-northwestwards, it crossed southern Luzon the next day and
entered the South China Sea that night. With enhanced southwesteriies at the low levels and efficient outflow aloft
to the southwest, Irving soon strengthened to a tropical storm on 21 July about 450 km west of Manila and moved
westwards at a speed of 30 kmJh during the day. By that evening, it had intensified further to a severe tropical storm,
At the same time, intense convection to its southwest coupled with some internal re-adjustment resulted in some
hesitant motion. It first turned to the west-southwest before changing to a northwestward track early next morning.
Finding the easterly steering current again, Irving gradually reverted to a west-northwestward course during the
day. Visible satellite imageries revealed a slightly sheared structure of Irving with most of the convection
concentrated over its southwestern quadrant (Fig. 2.20).

With a mid-tropospheric ridge extending southeastwards to the east of the storm, southerly component
increased in the steering flow. Slowing down to 13 kmIh, Irving started to tum northwestwards early on 23 July.
At the same time, convection increased markedly with well-developed cold bandings. But apparently, upper-level
support was not consistently favourable and Irving failed to maintain its strength. Convection became erratic
during the day on 23 July and Irving weakened to a tropical storm about 450 km south-southeast of Hanoi (48820).
It stayed on a northwestward track over the southern part of Beibu Wan and headed towards northern Viet Nam
at 16 kmIh. Convection became enhanced that night as Irving temporarily re-gained severe tropical storm intensity
about 270 km south-southeast of Hanoi. But it soon weakened to a tropical storm again soon after making landfall
early on 24 July about 200 km south of Hanoi. Once over land, organization and convection deteriorated further.
It weakened to a tropical depression that evening and dissipated about 200 km west-southwest of Hanoi.

In Viet Nam, 102 people died and 488 people were injured. Over 80000 houses were damaged and 256 boats
were sunk. About 65 000 hectares of farmland were inundated.
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COMPOSITE TRACK OF IRVING ( 8910 )
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Figure 2.19 Composite track of Irving (8910).
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Figure 2.20 GMS-3 visible imagery of Severe Tropical Storm Irving (8910) at 03 GMT on 22 July 1989
showing most of the convection concentrating over its southwestern quadrant.
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2.2.9 JUDY (8911)
JULY

Judy formed as a tropical depression on 21 July about 550 km southwest of Guam (91217). Fed by low-level
easterlies and cross-equatorial southerlies, the disturbance grew in strength on 23 July when efficient outflow
channels were established both to the north and south. It became a tropical storm about 780 km west-northwest
of Guam while turning northwards from an initial north-northwestward track. Its speed increased from 10 km/h
to 20 kmlh over the next couple of days. During this period, Judy maintained a generally northward track as a result
of a weak Pacific ridge and the extension of some deep westerly troughs over east Asia. It continued to intensify
rapidly with efficient outflow to the east and south at upper levels and enhanced south and southwesterly inflow
at low levels. Convection was particularly extensive to the south of the storm centre and cold bandings became
evident near its centre. With an upper trough favourably positioned to its northwest, Judy strengthened to a typhoon
about 1010 km northwest of Guam on the evening of24 July after acquiring severe tropical storm intensity earlier
in the day. A clear eye emerged early next day while the most intense convection shifted to the eastern semi-circle.
Peak intensity was reached that afternoon when maximum winds near the storm centre were estimated to be about
50 mls.

Convection slightly decreased later on 25 July and the eye of Judy became dilated. At the same time, Judy
started to move more to the north-northwest and turned further to a northwestward track the next day. This was
in response to a westward-extending ridge over Japan. The eye of Judy became cloud-filled on 26 July and
convection decreased later that evening. Upper-level condition became less favourable as Judy moved underneath
an upper trough. Nevertheless, Judy recovered slightly the next day with increased central convection despite a
general reduction in the size of its circulation. A clear eye also re-appeared as Judy made its final approach towards
western Japan at a speed of24 krnJh (Fig. 2.22). It struck the southern tip of Kyushu that evening and passed 30
km to the southwest of Kagoshima (47827) during the night.

With the loss of its eye and a general deterioration in shape, Judy weakened to a severe tropical storm the next
morning over the western part of the Korea Strait. At the time, it was located about 590 km south-southeast of Seoul
(47108) and was steered slightly more to the north-northwest towards Korea. It weakened further to a tropical
storm about 360 km south-southeast of Seoul soon after making landfall later on 28 July. Accelerating across the
southwestern part of the Korean Peninsula, Judy degenerated rapidly during the night. It moved out to the Yellow
Sea the next morning as a tropical depression and dissipated during the day about 170 km west of Seoul.

In Japan, about 1 100 mm of rainfall were recorded in Kyushu. Two people were killed and seven others were
injured due to landslide caused by heavy rain (Fig. 2.23).

In the Republic of Korea, severe rainstorms associated with Judy brought serious destruction to the
southeastern part of the country. Twenty people died and one was reported missing. Total damage amounted to
US$103 million.
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Figure 2.21 Composite track of Judy (8911).
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Figure 2.22 GMS-3 infra-red imagery of Typhoon Judy (8911) at 09 GMT on 27 July 1989 when a clear
eye re-appeared as the storm approached Kyushu.
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Figure 2.23 Rainfall associated with Typhoon Judy (8911) ob-
served by the meteorological radar at Tanegashima
(47869) at (a) 1215 GMT on 27 July 1989 and (b) 1600
GMT on 27 July 1989 (by courtesy of Japan Meteoro-
logical Agency).
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2.2.10 KEN-LOLA (8912)
JULY - AUGUST

Towards the end of July, a band of convection on the southern flank of a broad low complex extended eastwards
from the northern part of the South China Sea into the western North Pacific. At the eastern end of this line of
convection, Tropical Depression Ken formed on 28 July about 470 Ian south-southeast of Naha (47936) and
moved southeastwards initially. It turned to the northeast on 29 July while intensifying to a tropical storm in the
morning. A low-level circulation could be clearly identified on the visible satellite imageries taken that day.
Although convection was extensive to the south of the circulation, it was not until evening time that convection
increased near the centre and curvature became more apparent.

Over the next couple of days till the end of July, the movement and strength of Ken was very much influenced
by an extensive upper cold low which drifted slowly westwards south of Japan. Convective activity tended to wrap
cyclonically around the upper cold low and Ken appeared to be overtaken by events in the upper troposphere. It
intensified to a severe tropical storm during the day on 30 July and then made a U-turn that evening while moving
at a speed of about 30 km/h. As a result, Ken turned from a northeastward track to a west-northwestward track in
less than 24 hours. Despite adequate low-level shear and ample moisture supply from the southwesterlies, there
was virtually no outflow support from the upper levels. Consequently, convection decreased and organization
showed very little improvement. During the day on 31 July, an exposed low-level circulation could be tracked and
was shown to have shifted rapidly westwards. The storm was then re-named Lola while it was 380 Ian northeast
of Naha. It slowed down later in the day and drifted increasingly southwards during the night.

Lola remained slow-moving on 1August and weakened to a tropical storm early next day about 140 Ian east-
northeast of Naha. With the establishment of a southeasterly steering current, Lola started to move northwestwards
with its speed increasing to 15 km/h by that night. With efficient outflow to the north, it reached severe tropical
storm intensity on the morning of3 August while it was 540 km east-southeast of Shanghai (58367) (Fig. 2.25).
It made landfall early next morning over Shanghai and turned westwards into Jiangsu Province. Being cut off from
the low-level southwesterlies, convection generally decreased. As a result, Lola weakened to a tropical depression
in Anhui Province during the night about 330 Ian west of Shanghai. However, the tenacious Lola retained fairly
good spiral features which could be readily tracked across central China. It crossed Henan Province on a west-
northwestward track before turning southwestwards into Hubei Province on 6 August. Lola persisted for another
day or so before it finally dissipated about 220 km west-southwest of Wuhan (57494) on the afternoon of7 August.

As Lola made landfall, very high tides affected the coastal region of Zhejiang Province. Severe floodings
triggered by heavy rain occurred in Zhejiang, Jiangsu and Anhui. Eight people were killed and 822 were injured.
Nearly 255 000 houses were destroyed or damaged. The total loss was estimated to be about US$6.8 million.
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Figure 2.24 Composite track of Ken-Lola (8912).
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Figure 2.25 GMS-3 visible imagery of Severe Tropical Storm Lola (8912) over the East China Sea
at 03 GMT on 3 August 1989.
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2.2.11 MAC (8913)
.JULY - AUGUST

Towards the end of July, extensive convection associated with a broad trough persisted along the latitude of
200N over the western North Pacific. A vortex embedded within this trough developed into a tropical depression
named Mac on 30 July about 1250 km east-southeast ofIwo Jima (47981). It moved southwestwards initially but
turned northwards as a tropical storm on 31 July after undergoing an anticlockwise loop earlier in the morning.
Increased convection and curvature were observed towards its centre on 1 August as Mac intensified further to
a severe tropical storm that evening about 990 km east of Iwo Jima. Under increasing mid-level southeasterly
steering, Mac turned north-northwestwards at 13 kmlh. It had a distinct coma-shaped cloud system as appeared
on the satellite imageries. Outtlow was most extensive to the south while the intensity of central convection
fluctuated.

After accelerating to a speed of 23 kmIh later on 2 August, Mac began to slow down and turned westwards.
This was in response to increased easterly steering as a mid-level anticyclone built to the east of Japan. Convection
near its centre moved into an active phase and was most intense over the northeastern quadrant. Mac continued
to strengthen during the night and an eye began to form. It eventually developed into a typhoon the next morning
about 630 km east-northeast of Iwo Jima.

Meanwhile, Mac was absorbed into a cyclonic complex with the steering current becoming ill-defined. Over
the next couple of days, it drifted slowly west-southwestwards in the general direction oflwo Jima Its eye became
enlarged and convection near its centre continued to exhibit fluctuating intensity (Fig. 2.27). It was during this
period that Mac attained its peak strength with maximum winds estimated to be in the region of 40 mls.

Having got as near as 360 km from Iwo Jima, Mac made an abrupt turn to the north during the day on 4 August,
taking advantage of a strengthening southerly current on the eastern periphery of the low complex. It skirted past
to the east of the Ogasawara Islands during the night at a speed of 14 kmIh and turned to the north-northwest the
next day with its speed increasing to 36 kmIh. As it moved to higher latitudes, the system became detached from
the convective bands further south. Moisture infeed was much reduced and central convection noticeably
decreased.

Mac weakened to a severe tropical storm on 6 August as it approached Japan. It struck land later in the day,
crossing the coast about 90 km east of Tokyo (47662). It then moved rapidly across eastern Honshu at a speed of
about 40 kmlh. Mac lost its eye feature as it made landfall and its organization was generally poorer due to
interaction with terrain. After entering the Sea of Japan, Mac weakened to a tropical storm on the morning of 7
August and degenerated further into a tropical depression that night. It recurved northeastwards the following day
before dissipating over water on the night of 8 August about 550 km north of Sapporo (47412).

InHonshu, heavy rain associated with Mac caused flooding and over 100 cases of landslides in Fukushima and
Miyagi prefectures. Twelve houses were destroyed. Eight people were killed, seven were reported missing and
15 people were injured. Many flights were cancelled and railway lines in seven prefectures were also paralysed.
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Figure 2.26 Composite track of Mac (8913).
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2.2.12 NANCY (8914)
AUGUST

Within a broad band of south and southwesterlies, extensive convection persisted along a trough stretching
west-southwest to east-northeast across the western North Pacific. With the strengthening in low-level easterlies,
an embedded disturbance developed into Tropical Depression Nancy on 11 August about 1410 km east-southeast
oflwo Jima (47981).

After formation, Nancy moved east-northeastwards at 14 kmJh with increased central convection during the
night. Outflow was good to the east and south as Nancy intensified to a tropical storm the next day about 1 660
km east-southeast ofIwo Jima. Meanwhile, it was turning gradually towards a weakness in the ridge to its north-
northwest. With a ridge extending westwards to Japan along an approximate latitude of 35°N and another tropical
cyclone Owen (8915) forming to its southwest, Nancy moved northwestwards in the general direction of eastern
Japan over the next few days. While convection became elongated in a north-south orientation on the night of 12·
August, curvature increased near the centre. With favourable support from upper levels, Nancy intensified to a
severe tropical storm the next morning about 1670 km east of Iwo Jima. Organization improved further during
the day with the development of prominent cold bandings within a compact circulation. Typhoon intensity was
reached that night when Nancy was 1 440 km east-northeast of Iwo Jima.

Meanwhile, Nancy continued to accelerate to the northwest and was moving at a speed of 45 km/h on the
morning of 14 August. Despite more subdued convection, spiral bandings remained good and an eye attempted
to form (Fig. 2.29). Although southwesterly inflow at low levels was more restricted owing to the presence of
Owen, a divergent southerly current aloft provided better ventilation. Convection around the eye became active
during the night as Nancy reached its peak intensity with maximum winds of about 36 mls near its centre.

With the ridge retreating eastwards, Nancy started to tum northwards on 15 August at a reduced speed of27
km/h and passed about 570 km east of Tokyo (47662) during the day. By then, low-level inflow was maintained
mostly by the easterlies and moisture supply became increasingly depleted. The eye disappeared and convection
became confined to its northern semi-circle as Nancy weakened to a severe tropical storm that night about 640 km
northeast of Tokyo. After reverting briefly to a north-northwestward track, it turned to the north-northeast at
23 km/h on 16August as a ridge re-built to its south. Organization deteriorated further and Nancy became a tropical
storm off the eastern tip of Hokkaido that evening about 350 km east of Sapporo (47412). Extratropical transition
was completed about 470 km east-northeast of Sapporo early next morning. Although no casualties were reported,
heavy rain associated with Nancy affected the eastern part of Japan.
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Figure 2.28 Composite track of Nancy (8914).
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Figure 2.29 GMS-3 visihle imagery at 06 GMT on 14 August 1989. The storm to the north was Typhoon
Nancy (8914). The one to the south was Typhoon Owen (8915).
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2.2.13 ROGER (8917)
AUGUST

In mid August, cloud clusters associated with a disturbance moved northwestwards over the western North
Pacific across the Ryukyu Islands and into the East China Sea. For days prior to 24 August, convective activity
persisted over the region but the cloud clusters remained loosely organized. In response to the passage of a westerly
trough at higher latitudes, the area of convection shifted back eastwards slightly. As the low-level southerlies
strengthened, a centre of enhanced activity 450 km west -southwest of Naha (47936) eventually developed into
a tropical depression named Roger early on 24 August. Roger was poorly formed with strong indications of
multiple centres at its initial stage of development. The rotation of the vortex complex resulted in Roger describing
an anticlockwise arc to the south of Naha. Its speed increased from an initial 6kmIh to over 20 km/h the next day
as Roger developed further into a tropical storm.

After passing 150 km to the south-southeast ofNaha on the night of25 August, Roger intensified to a severe
tropical storm the next morning about 260 km east-northeast of Naha. At the same time, it adopted a northeastward
track as it became linked with a deepening westerly trough. Convection remained active but became elongated
in a southwest-northeast orientation (Fig. 2.31). The probable existence of a secondary centre to the northeast
could explain the apparent acceleration to over 40 km/h earlier in the day. The structure of Roger subsequently
grew more stable with spiral bandings appearing more pronounced. At peak intensity, maximum winds near the
centre of Roger were estimated to be in the region of 30 m/s.

As Roger headed towards Japan at a reduced speed of 30 kmlh, its central convection became more subdued
and significant rainbands were mainly confined to its northern semi-circle. The storm skirted past the southeast
coast of Shikoku on the morning of 27 August and landed over central Honshu about 60 km south-southwest of
Osaka (47772) later in the day. After dealing a direct blow to Osaka, Roger moved rapidly across Honshu at about
60 kmlh before emerging slightly weakened over the waters off the west coast of eastern Honshu. Convection
associated with Roger decreased further as the system ventured into higher latitudes at about 50 kmIh. Moving
nearly parallel to the coastline, Roger turned gently to the north-northeast on the night of 27 August before
reverting back to a northeastward track the following day across Hokkaido. After passing 40 km to the southeast
of Sapporo, Roger evolved into an extratropical system on the evening of 28 August over the waters north of
Hokkaido.

With Roger rampaging through the Japanese archipelago, most part of the country was affected by its passage.
Three people were killed, three were reported missing, and another 11 were injured.
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2.2.14 SARAH (8919)
SEPTEMBER

Sarah developed from an easterly disturbance which propagated westwards across the western North Pacific
in early September. Before crossing the northern part of the Mariana Islands, the disturbance intensified to a
tropical depression 2 070 km east -southeast of Naha (47936) on 5 September. A westward-extending ridge to its
north provided increased low-level lateral shear and enhanced curvature in the cloud bands was observed. By early
next morning, Sarah had intensified to a tropical storm.

Steered by a broad band of easterlies, Sarah moved westwards for the first couple of days but decelerated from
an initial speed of 25 kmlh to a speed of about 20 kmIh early on 7 September when severe tropical storm intensity
was attained. Intensification continued at a moderate pace, handicapped by restricted outflow aloft. Convection
was limited to areas near the centre of Sarah and other convective bands were at a further distance out along its
periphery.

Sarah moved more to the west-northwest later on 7 September at about 35 km/h before turning southwestwards
the following day. This was in response to increased northeasterly steering southeast of an anticyclone over eastern
China. At the same time, the outer bands of convection were drawn increasingly inwards to the circulation centre
and central convection became enhanced. The development of strong convection and the subsequent merging with
an associated secondary centre to the southwest could also explain the accelerated southwestward movement of
Sarah on 8 September. With the circulation of Sarah growing rather extensive, the environmental steering flow
became ill-defined. Active convection developed around Sarah and other secondary centres emerged - first to the
southwest and then to the southeast. As a result, for the next 24 hours till the evening of 9 September, Sarah
underwent apparent looping motions over the waters east of northern Luzori.

While part of the convection blew over the mountains of Luzon and into the South China Sea, the main centre
of development remained to the east of Luzon and started to move northwards on the evening of9 September when
Sarah attained typhoon intensity about 890 km south-southeast of Taibei (58968). Convection grew more intense
during the night aided by favourable outflow to the southwest. A well-defmed eye at last appeared on the following
day after Sarah completed a period of tortuous re-organization (Fig. 2.33).

For the remainder of Sarah's journey, the direction of movement was generally to the north-northwest as the
ridge to the north of Sarah ,collapsed and an anticyclone built to its east instead. The steering current however was
less than steady and a west-northwestward detour on 11 September took Sarah ashore that night. It landed over
the east coast of Taiwan about 210 km south of Taibei, packing winds of about 55 m/s near its centre. Interaction
with the terrain resulted in the loss of its eye and a general deterioration in its organization.

Terrain also played a part in the subsequent movement of Sarah. Failing to traverse the central mountain range
of Taiwan, the low-level vorticity centre stayed on the eastern side and drifted back towards open waters. Hugging
the east coast of northern Taiwan, Sarah drifted northwards at 12 km/h - passing 30 km to the northeast of Taibei
during the night before turning northwestwards into the northern part of the Taiwan Strait. With drier air intruding
off the Asian land mass, convection became more subdued. After turning briefly northwards on the morning of
13 September, Sarah weakened to a severe tropical storm off the coast of Fujian Province. Sarah landed at Xiapu
in Fujian Province that afternoon and turned southwestwards. It degenerated rapidly into a tropical depression by
that evening before dissipating on the morning of 14 September in the vicinity of Fuzhou (58849).

Although Sarah stopped short of Luzon, rain associated with Sarah triggered off floods and landslides in
northern Philippines and left 44 people dead. Over 5 000 houses were destroyed or damaged. Rice and tobacco



fields were ruined. The total damage in the Philippines was estimated to be about US$26.0 million.

In Taiwan, 19 people were killed while 14 others were reported missing. About 40 people were injured. A
12 OOO-tonnefreighter, "Lung Hao", broke in half after strong winds drove it away from Hualian harbour (Fig.
2.34). There were 28 houses destroyed and 41 houses damaged. Landslides and flooding due to heavy rain caused
extensive damage to bridges, roads and railways on the island. Transportation and electricity supply were severely
disrupted. Extensive agricultural lands were inundated. Total loss incurred in agriculture and forestry was
estimated at about US$39 million.

In Fujian and Zhejiang, four people were killed and the total loss incurred amounted to US$6.8 million.
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Figure 2.34 A 12 OOO-tonnefreighter, "Lung Hao", broke in half off Hualian harbour, Taiwan (by courtesy of
Associated Press).
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2.2.15 VERA (8921)
SEPTEMBER

Within a band of convection extending southeastwards from the Ryukyu Islands, an area of low pressure east
of the Mariana Islands developed into a tropical depression named Vera during the day on 11 September. At the
time, it was located about 610 km north-northeast of Guam (91217). It moved southwestwards initially but turned
to the west-northwest during the night. With the favourable positioning of an upper trough to its north, Vera
acquired tropical storm intensity on the evening of 12 September about 560 km north-northwest of Guam.
Convection grew even more intense during the night with the development of a central dense overcast. However,
subsequent development of Vera was much inhibited following the withdrawal of favourable upper-air support.

With a ridge persisting to the north over Japan, Vera was steered along a steady west-northwestward track
towards the Ryukyu Islands. Its speed increased from 25 kmlh on 12 September to 40 kmIh on 14 September.
Despite an adequate supply of moisture from the low-level southerlies, outflow at upper levels appeared to be
restricted. Nevertheless, Vera did attain severe tropical storm intensity on the night of 13 September as its
convection went into an active phase, particularly over its southern semi-circle. Its position at the time was about
830 km east-southeast ofNaha (47936).

The southwestward extension of a mid-tropospheric ridge towards southern Taiwan added a southerly
component to the steering current. As a result, Vera turned more to the northwest on 15 September as it moved
into the East China Sea (Fig. 2.36). There was generally very little improvement in its organization and convection
decreased during the day as it approached the coast of eastern China at a speed of27 kmlh. It made landfall at
Wenling that evening about 300 km south of Shanghai (58367) with a maximum wind of 30 mls. Vera weakened
rapidly to a tropical depression the next day and recurved to the northeast. It evolved into an extratropical cyclone
about 240 km northwest of Shanghai as it left Jiangsu Province and moved into the Yellow Sea later on 16
September.

Strong winds, torrential rain and storm surges caused severe damage in eastern China. The number of deaths
was 172, with 354 missing and 1 952 injured. Over 60 000 houses were destroyed and hundreds of thousands
hectares of fields were inundated. The total loss was estimated to be about US$356.4 million.
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Figure 2.36 GMS-3 visible imagery of Severe Tropical Storm Vera (8921) over the East China Sea
at 00 GMT on 15 September 1989.
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2.2.16 WAYNE (8922)
SEPTEMBER

Wayne developed as a tropical depression over the Pacific to the northeast of Luzon on 16 September. At the
time of formation, it was located about 7ffJ krn south of Naha (47936) and was moving north-northwestwards at
19 krnlh. With convection mainly confined to its outer periphery, a low-level circulation centre could be seen to
the southwest of Naha on the visible satellite imageries taken on the morning of 17 September. But convection
became enhanced that night as Wayne slowed down and intensified to a tropical storm about 370 km southwest
of Naha. Taking advantage of a weakness in the ridge near the Ryukyu Islands, it turned to the north-northeast and
accelerated.

With an upper trough to the northwest of Wayne and an anticyclone to its east, favourable outflow channels
were established all round. As a result, Wayne strengthened further to a severe tropical storm on 18 September
while it was 250 krn west of Naha. Good spiral bandings were observed with the more intense convection
concentrating over the northern semi-circle of the circulation. An eye attempted to form at this stage and outflow
to the northeast was better preserved.

On the night of 18 September, Wayne turned further to the northeast at a speed of 40 km/h under the westerly
steering north of the ridge. Wayne attained typhoon intensity early next morning when it was 470 km southwest
of Kagoshima (47827). A ragged eye appeared for a while with maximum winds near its centre estimated to be
in the region of 35 mls (Fig. 2.38). Under the influence of a westerly jet, Wayne accelerated east-northeastwards
and struck southern Kyushu during the day, passing about 40 krn to the southeast of Kagoshima. The maximum
instantaneous wind speed recorded in western Japan was ffJ mls. Disrupted by the terrain, the eye feature was lost
as Wayne weakened to a severe tropical storm.

By-passing Shikoku, Wayne swept along the south coast of Honshu on the night of 19 September with its speed
increasing all the time to about 75 krn/h. After skirting past at a distance of ffJ krn to the southeast of Tokyo (47662),
Wayne weakened further to a tropical storm on the morning of20 September when it was 290 krn east-northeast
of Tokyo. It was subsequently absorbed into a frontal system during the day.

Like Roger (8917) in August, Wayne had a storm track which took it down the length of the Japanese
archipelago. Three people were killed and another was reported missing during its passage. Railway service in
Tokyo was disrupted due to heavy rain.
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2.2.17 ANGELA (8923)
SEPTEMBER-OCTOBER

Angela developed as a tropical depression from an easterly wave on 28 September about 360 km east-northeast
of Yap (91413). Itmoved west-northwestwards initially before turning to a generally northward movement on 29
September. Inthe meantime, it intensified to a tropical storm about 450 km north-northeast of Yap. With enhanced
southwesterly infeed and more efficient spin-up, increased curvature was observed in the convective cloud bands.
Turning northwestwards on 30 September, Angela decelerated to a speed of 6 kmlh. After a brief lull in its
convection earlier in the day, convection was rejuvenated during the day. A compact and highly symmetrical storm
system emerged as rapid intensification continued into the night. By the following morning, Angela had attained
typhoon intensity with the appearance of a sharp and well-defined eye. At the time, it was located about 770 km
north of Yap.

The earlier northward movement of Angela was partly due to some deep westerly troughs and the consequent
erosion of the Pacific ridge north of the storm. However, Angela failed to link up with the mid-latitude systems
and as the ridge slowly re-established to the south of Japan, easterly steering also increased. For the first couple
of days in October, Angela moved to the west-northwest at an average speed of 13 km/h as it developed to its first
intensity peak. It turned further to the west on 3 October with its eye feature showing signs of deterioration that
night. The eye re-appeared the following day but became increasingly dilated over the next 24 hours. Outflow to
the north remained good and the storm retained a very symmetrical structure.

After traversing the open waters at a speed of 20 km/h, Angela approached northern Luzon at a reduced speed
of 13 kmlh after attaining its secondary intensity peak on 5 October (Fig. 2.39). Maximum winds near its centre
were estimated to be about 59 m1s. During its passage across the northern tip of Ilocos Norte that night, storm force
winds of31 mls were recorded at Calayan (98133) at 5:10 a.m. when Angela passed 100 km south-southeast of
the station. Terrain effects temporarily disrupted the storm structure and the eye of Angela was lost. Nevertheless,
persistent low-level southerlies ensured an ample moisture supply and convection resumed on 6 October once
Angela was over open waters again.

The eye of Angela re-formed on 7 October as it crossed the northern part of the South China Sea at 13 krn/h
(Fig. 2.40). With a ridge persisting to its north, Angela stayed on a westward course with a slight inclination to
the south. Accelerating to a speed of 18 km/h, it passed 40 km to the south of Hainan on the night of 9 October.
By this stage, its organization had generally become poorer and convection was mainly confined to its south and
west. It weakened to a severe tropical storm on the evening of 10October about 250 kIn west-northwest ofDa Nang
(48855) after crossing the coast of Viet Nam earlier in the day. Weakening continued rapidly over the next twelve
hours before Angela finally dissipated over Lao P.D.R. about 320 km west-northwest of Da Nang.

In the northern Philippines which bore the brunt of Angela's fury, tlooding caused by heavy rain left 119 people
dead, 191 missing, and 28 injured. Over 14000 houses were destroyed, 19 O()() houses were damaged, and nearly
85 000 people were left homeless. Strong winds toppled electric and telephone posts. Rice fields and tobacco land
were inundated. Total damage was estimated to be about US$8.6 million.

Angela also brought severe damage to Hainan where 43 people were injured and 13 798 houses were destroyed.
The immediate economic loss reached US$15 million.

In eastern Malaysia, the tail effects of Angela while it was traversing Luzon caused two to three days of heavy
rainfall along the west coast of Sabah, with Kota Kinabalu (96471) recording a 24-hour total of 109 mm on 5
October. Several areas in the state, especially the suburbs of Kota Kinabalu, were tlooded. Many roads were
rendered impassable to light vehicles.



Figure 2.39 GMS-3 infra-red colour-enhanced imagery of Typhoon Angela (8923)
at 12 GMT on 5 October 1989, a few hours before its well-formed
eye hit the northern tip of Luzon.
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Figure 2.40 GMS-3 visible imagery of Typhoon Angela(8923) at 06 GMT on 7 October 1989. The eye of
Angela re-formed as it crossed the South China Sea.
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2.2.18 BRIAN (8924)
SEPTEMBER-OCTOBER

Towards the end of September, an extensive area of convection moved westwards across northern Luzon into
the South China Sea. It developed into a tropical depression about 780 km southeast of Hong Kong (45005) early
on 29 September and moved northwestwards during the day. Rainbands were at first confined to the outer
periphery and some even reached as far as Taiwan. With enhanced low-level south westerlies and supported by
anticyclonic outflow aloft, convection increased on 30 September as Brian progressed into the tropical storm stage
that evening about 270 km south-southeast of Hong Kong.

After drifting slowly westwards for a day on 30 September, Brian turned to the southwest at 12 kmIh early on
1 October. Spiral bandings were prominent all round and severe tropical storm intensity was attained during the
day while it was 310 km south of Hong Kong. After moving round the southeastern periphery of a mid-tropospheric
anticyclone over southwestern China, Brian embarked on a generally westward track on 2 October. It strengthened
further to a typhoon in the morning and accelerated in the general direction of Hainan. It reached peak intensity
that evening with maximum winds estimated to be about 40 m/s. Its eye was large and ragged (Fig. 2.43), with
convection and outflow particularly prominent over the southern semi-circle of the storm.

Brian landed over the southern part of Hainan on the night of 2 October, losing its eye and much of its convection
in the process. Banding features remained good despite the terrain effect. Once over the waters of Beibu Wan,
convection increased to the east and south of the centre during the day and its eye attempted to re-form. Moving
west-northwestwards across Beibu Wan, Brian accelerated to 40 kmlh as it approached the coast of northern Viet
Nam. It weakened to a severe tropical storm about 270 km south-southeast of Hanoi (48820) on 3 October prior
to making landfall about 220 km south of the city. Brian degenerated further that evening into a tropical storm about
240 km southwest of Hanoi. Convection decreased significantly during the night as Brian dissipated over the
northern part of Lao P.D.R. on 4 October.

In Hong Kong, more than 20 vessels taking part in a harbour race capsized in strong winds on 1 October but
no casualties were reported.

Off the coast of Hainan, a Hong Kong fishing vessel sank on the morning of3 October. The area was searched
but none of the seven crew members was found.

In Hainan, severe flooding resulted in the inundation of 86 000 hectares of paddy rice. Forty-eight people were
killed and 493 people were injured. Nearly 16000 houses collapsed and 169 166 houses were damaged. Over 25
million lumber trees and rubber trees were blown down. The total damage was estimated to be about US$182.2
million.
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Figure 2.42 Composite track of Brian (8924).
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2.2.19 DAN (8926)
OCTOBER

An area of convection moved westwards over the Caroline Islands and improved gradually in organization.
With enhanced cross-equatorial flow at low levels and a divergent northeasterly airstream at upper levels, it
developed into a tropical depression named Dan early on 8 October about 220 Ian east-southeast of Yap (91413).
After passing 40 Ian to the north of the island that night, Dan strengthened to a tropical storm the next morning
while moving to the west-northwest at 34 kmlh. Convection grew more intense with the appearance of extensive
spiral bandings. Outflow of the system was particularly efficient to the south.

For the next couple of days, Dan traversed the Pacific waters steered by a broad band of easterlies south of the
subtropical ridge. Convective activity increased even further as Dan acquired severe tropical storm intensity later
on 9 October about 1 250 km east-southeast of Manila (98429). Typhoon strength was attained within the next
24 hours when Dan was 640 Ian east-southeast of Manila. While the storm itself moved steadily at a speed of36
kmJh, precursor squall lines developed ahead of Dan and swept across the Philippines on 10 October (Fig. 2.45).
Dan skirted past to the north of Samar Island and traversed southern Luzon before passing 70 Ian southwest of
Manila early on 11 October. Interaction with the terrain resulted in temporary weakening of the storm.

Once over the waters of the South China Sea, Dan gathered strength again. Convection became increasingly
active as the southerly flow at low levels ensured a constant supply of moisture. Just when it seemed Dan was
bending to the northwest, it turned instead to a westward course on the night of 11 October before reverting to a
west-northwestward track the next day. Some outer rainbands developed over its northeastern quadrant and
affected the coastal waters of southern China early on 12 October. But after that, peripheral convection generally
decreased while central convection remained intense. An eye began to form later in the day as Dan reached peak
intensity, packing winds of about 40 m/s. It passed 60 km to the south of Hainan during the night and moved into
the southern part of Beibu Wan.

The eye of Dan became ragged 'early on 13 October and was largely gone later in the day. Moving steadily at
a speed of 22 kmJh, it crossed Beibu Wan and weakened to a severe tropical storm that evening as it made landfall
about 300 km south of Hanoi (48820). It degenerated further into a tropical storm during the night about 300 Ian
south-southwest of Hanoi. Pushing further inland, Dan crossed the northern part of Lao P.D.R. before dissipating
over northern Thailand about 590 km north of Bangkok (48455) on 14 October.

In the Philippines, 58 people were killed, 14were reported missing, and 105 were injured. Strong winds toppled
trees and power pylons in Manila where power supply was cut off for more than 24 hours, Dan also caused floods
and landslides which made at least 70 420 people homeless. The total loss due to crops and property damage as
well as industrial disruption ran to US$63.9 million.

InHainan, 36 people were killed with flooding occurring in many places. The water level in the city of Tongshi
rose to 1.5 metres high. Total damage was estimated to be over US$69.9 million.

In Viet Nam, 34 people were killed and 466 were injured. Dan's powerful winds also blew down about 44 000
houses and tore off the roofs of another 500 000 houses. Floods caused by heavy rain swept away some 8 000
houses and several hundred boats. Traffic on the highway was blocked. About 134000 hectares of rice ready for
harvest were inundated.
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Figure 2.44 Composite track of Dan (8926).
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Figure 2.45 GMS-3 infra-red imagery of Severe Tropical Storm Dan (8926) and its extensive convection
at 00 GMT on 10 October 1989. The tropical cyclone off the Viet Nam coast was Angela (8923).
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2.2.20 ELSIE (8927)
OCTOBER

Convection associated with an area of low pressure west of the Mariana Islands developed into a tropical
depression named Elsie about 1 610 km east of Manila (98429) on 13 October. As spin-up increased with the
injection of enhanced southwesterly flow at low levels, Elsie intensified further to a tropical storm on 14 October
about 1 170 km east of Manila. Convection extended northeastwards and was particularly active over that
quadrant

The formation of Elsie coincided with a period when the subtropical ridge was relatively weak. Slowing down
from an initial westward track, it became almost stationary with the tendency of a southward drift on the night of
14 October. The hesitant motion continued into the next day with Elsie failing to link up with the westerly troughs
which passed eastwards at higher latitudes. Later on 15 October, it started to move slowly to the northwest.
Meanwhile, it continued to gather strength over the warm waters and intensified to a severe tropical storm about
1070 km east of Manila. Banding features became even more prominent with central convection beginning to curl
tightly around an embryonic eye. On the following day, it reached typhoon intensity about 1 020 km east-northeast
of Manila.

As the subtropical ridge re-established to the north, Elsie was lodged in an easterly steering and started to tum
westwards later on 16 October. Its brief detour to the west-southwest on 17 October was readily tracked with a
small eye clearly showing up on the satellite imageries (Fig. 2.47). Its track then straightened up to a generally
westward direction as it approached Luzon at 27 kmJh early on 19 October. The previously sharp eye became
dilated but convection increased further during the approach. At peak intensity, maximum winds near the centre
of Elsie were estimated to be nearly 55 mls (Fig. 2.48).

Elsie crossed the east coast of Luzon near Casiguran (98336) at noon on 19 October. Despite a deterioration
in its overall organization and convection, Elsie retained minimal typhoon intensity as it moved into the South
China Sea that evening after passing near Baguio (98328) earlier on. With a strengthening anticyclone over the
Ryukyu Islands and the extension of a ridge into southern China, Elsie remained in easterly steering despite some
mild oscillatory behaviour on its way across the South China Sea. During this time, convection associated with
Elsie became erratic with an overall downward trend in intensity. This was the result of the occasional intrusion
of dry air off the continent.

Elsie clipped the southern tip of Hainan on the night of 21 October while moving at a speed of 23 km/h. By
then, it had weakened to a severe tropical storm. With diminishing southerly input, the moisture supply was
depleted and convection decreased further. Elsie degenerated into a tropical storm while crossing the Beibu Wan
early on 22 October. It weakened further to a tropical depression that afternoon about 290 km south-southeast of
Hanoi (48820) before crossing the coast of northern Viet Nam. It soon dissipated over the coastal areas that evening
about 280 km south of Hanoi.

In the Philippines, 47 people were killed and another 363 were injured. Over 115 000 people were left homeless
with almost 135 000 houses destroyed or damaged. The financial loss was estimated to be in the region of US$39.5
million.

In Hainan, four people were killed and the damage incurred amounted to US$1.9 million.
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Figure 2.47 GMS-3 visible imagery of Typhoon Elsie (8927) at 03 GMT on 17 October 1989
showing clearly a small eye.
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Figure 2.48 GMS-3 infra-red colour-enhanced imagery of Typhoon Elsie (8927)
at 12 GMT on 18 October 1989 showing a large and clear eye.



2.2.21 GAY (8929)
OCTOBER-NOVEMBER

Gay was one of the most intriguing storms in 1989. Rarely did a tropical cyclone develop over the Gulf of
Thailand and rarely did a tropical cyclone strike Thailand as a mature typhoon. Gay did exactly both in early
November.

Gay formed as a tropical depression on the evening of 31 October about 880 km southeast of Bangkok (48455).
It originated from a disturbance which moved westwards from the southern part of the South China Sea into the
Gulf of Thailand. Central convection and organization improved as Gay benefited from favourable environmental
conditions. Enhanced northeast monsoon over the region coupled with a steady cross-equatorial flow provided
the necessary spin-up. Outflow aloft was supported by a divergent easterly airstream.

With a broad anticyclone over the South China Sea providing a weak southeasterly current, Gay turned to the
northwest on the night of 1 November. Curvature in the convective bands increased near the centre and outflow
to the north and southwest was maintained. On the morning of 2 November, Gay strengthened to a tropical storm
about 660 km south-southeast of Bangkok. Despite a brief lull in convection during the day, further intensification
took place that night. Typhoon intensity was attained early on 3 November when Gay was about 510 km south
of Bangkok. An eye began to form which became a sharp and well-defined feature by evening time.

Gay turned gradually to a west-northwestward track at a steady speed of about 10 km/h on 3 November. The
directional change was a reflection of the increasing role played by steering currents at higher levels where a
zonally orientated ridge to the north of Gay grew more prominent. Prior to making landfall, Gay reached its first
intensity peak as a mature typhoon (Fig. 2.50). It swept across the 90-km wide isthmus of southern Thailand at
a speed of 13 km/h during the day on 4 November, packing hurricane force winds of over 40 mls near its centre.
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During the passage of Gay, an American gas-drilling ship, "Seacrest", capsized in the Gulf of Thailand and only
six of her 97-strong crew were rescued. In Thailand, 602 people were killed, 134 people were reported missing,
and 184 people were injured. Over 46 900 houses were damaged and 639 fishing boats were sunk. Some 150536
hectares of rubber, coconut, palm and other plantation crops were severely damaged. The total loss in Thailand
was estimated to be about US$458 million (Fig. 2.51).

Gay moved into the Andaman Sea later on 4 November. Despite an eye re-appearing for a while on 5 November,
it weakened slightly as a result of the crossing of southern Thailand. After sweeping past the Andaman Islands,
it re-intensified on 6 November and reached its second intensity peak as it crossed the Bay of Bengal. On its final
approach to land, it turned slightly more to the west at a speed of 20 km/h and weakened to a severe tropical storm.
Gay crossed the east coast of India on the night of 8 November and eventually dissipated over western India on
10 November.
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Figure 2.49 Composite track of Gay (8929).
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2.2.22 HUNT (8930)
NOVEMBER

Convection associated with an area of disturbance over the Pacific waters east of the Philippines grew in
intensity later on 15 November. It developed into a tropical depression named Hunt during the night while it was
1 690 km east of Manila (98429). While its peripheral convection decreased on the following day, convection near
the centre was enhanced. With increasing lateral shear at low levels and a divergent easterly current aloft, it
intensified further to a tropical storm about 1 310 km east of Manila on the evening of 16 November.

After formation, Hunt moved to the west and west-southwest before its movement became increasingly erratic
over the next several days. The net west-northwestward track of Hunt from the Pacific to the South China Sea was
beset by significant oscillatory motion. At a time when the mid-latitude westerly regime was exerting its influence
over the subtropics, the strength of the subtropical ridge vacillated correspondingly. Deepening westerly troughs
induced Hunt to tum northwards while relaxation of these troughs allowed the ridge to extend back westwards and
provided more easterly steering. Failing to link up properly with the westerly troughs, the resultant track of Hunt
was an uncertain compromise between the two steering mechanisms.

Hunt intensified to a severe tropical storm about 1 ()()()km east-southeast of Manila early on 18 November with
its most intense convection shifting from the western to the southern semi-circle. Increased curvature was
observed near its centre and good outflow was established to the north and southwest. During the day, it turned
increasingly to the north-northwest while decelerating to a speed of 6 kmlh. On 19 November, Hunt attained
typhoon intensity with the formation of a ragged eye (Fig. 2.53). Peak intensity was reached that evening when
maximum wind near the centre of Hunt was estimated to be about 45 mls.

Hunt turned to the west and west-southwest on 20 November before curving round to the west-northwest again
the next day as it made its fmal approach to Luzon at an increased speed of 16kmJh. Outflow became more inhibited
and convection generally decreased. The eye disappeared prior to landfall that night over the east coast of Luzon
about 110 km north-northeast of Manila. After passing 80 km to the north-northeast of Manila, it weakened to a
severe tropical storm as its structure became seriously distorted by the mountainous terrain of Luzon. It skirted
past to the south of Baguio (98328) on the morning of 22 November and moved north westwards into the South
China Sea as a tropical storm at a speed of 20 km/h.

Despite being over water again, the intrusion of dry air off the continent and increasing vertical shear prevented
Hunt fr?m re-intensitlca~ion. It turned westwards on the night of 22 November and weakened to a tropical
depression ~e next mornmg about 540 km northwest of Manila. By then, convection was virtually non-existent.
~nd.er t?e influence of low-level northeasterlies, it turned increasingly to the south-southwest before finally
dissipating over water about 520 km west of Manila on the morning of 24 November.

The passage of Hunt .across the P~il.ippines left eight people dead. Direct property damage had been light as
the effect of Hunt was milder than anticipated. The storm passed mainly over remote and sparsely populated areas
of Luzon and had weakened significantly as it moved across the towering Sierra Madre Mountains.
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Figure 2.52 Composite track of Hunt (8930).
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Figure 2.53 GMS-3 infra-red imagery of Typhoon Hunt (8930) with a ragged eye at 12 GMT on
19 November 1989.
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CONTRIBUTED PAPERS

3.1 THE DEVELOPMENT OF MESDAS AND COMIS IN KOREA

Korea Meteorological Service (KMS)

1. Meteorological SateUite Data Analysis System (MESDAS)

As part of a long-term plan to upgrade its operations, KMS had recently set up a new and powerful satellite
receiving and processing system (MESDAS) in Seoul, Korea. The system was designed for use in such areas as
meteorology, oceanography and atmospheric environments with special emphasis on providing useful outputs to
KMS forecasters and researchers.

Design of the system

- The system was a meteorological satellite ground station for receiving, processing, analyzing and archiving
meteorological satellite data (such as S-VISSR from GMS, and HRPT and APT from NOAA).

- The design included a dual system capable of receiving and processing multiple satellite data in real time while
storing data for scientific data processing in an off-line mode.

- The system consisted of antenna sub-system, main processing controller and its peripherals, image processing
sub-system, and application software packages including satellite data processing, collection, archiving and
display functions for GMS and NOAA satellites. The processing power was fueled by a powerful VAX 8350
computer assisted by an array processor with 4 gigabytes of on-line disk storage.

- The system was designed for simultaneous processing of two CPUs in normal operation, and to carry out the
entire system performances by a single CPU in case of failure of one of the CPUs. Accordingly, the system
had a monitoring device for easy check and self-diagnostics of system status, and consisted of totally
integrated, clustered and separated CPUs.

- The system also contained redundant memory for multiple processing capabilities, microcomputer-based
workstations for image processing, pattern recognition and classifications related to research activities, and an
array processor for fast executions of image processing and data analysis, etc.

- The system was furnished with the capability of GTS data reception via KMS's telecommunication computer
system, and the regular standard format was applied for storage and distribution of digital informations.

- The system was designed to have a t1exible configuration of hardware and software to allow for any alterations
in frequency ranges or signal format of meteorological satellites.

Configuration of the system (Fig. 3.1)

Receiving sub-system

The receiving sub-system comprised one set of receiving sub-system for GMS data and another set for the
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NOAA satellite. The GMS component consisted of semi-fixed antenna, manual antenna control unit, down
converter, receiver, analogue high-density tape recorder, bit synchronizer, frame synchronizer, quick-look video
display, main processing controller interface and other accessories, etc. The NOAA component was similar but
had tracking antenna and auto-tracking controller instead of fixed antenna.

Main processing control sub-system

The dual CPUs of the main processing control sub-system was capable of receiving and processing GMS and
NOAA satellite data simultaneously in real time. A network was also provided to do simultaneous processing in
normal condition. Peripherals were connected to the network for various users of the system.

Image processing sub-system

The image processing sub-system provided functions of image display and image enhancements according to
application purposes.

Hard copy and data archiving sub-system

The hard copy and data archiving sub-system provided hard copy output of displayed image for operational
use in weather forecast. The sub-system included colour printer, colour graphics camera, colour film printer,
microfiche printer and the existing high-resolution photo transmission facsimile and laserfax digital image
recorder of KMS.

Application softwares

The application softwares included all related softwares for receiving, processing and analysis of the satellite
data. They consisted of the general function package for satellite data receiving, recording/playback and automatic
scheduling, the meteorological analysis package for meteorological analysis and image display control, the
oceanic analysis package for oceanic and marine analysis, and the environmental monitoring package.

2. Combined Meteorological Information System (COMIS)

COMIS, the acronym for the COmbined Meteorological Information System, was designed to meet the needs
for disaster prevention and preparedness through the automation of meteorological services. It consisted of several
infra-structures: observation, communication, analysis and numerical prediction, image processing through man-
machine interface, and the dissemination to forecasters and other final users in the field of disaster prevention and
preparedness.

COMIS project started in 1988 with the cooperation of World Meteorological Organization (WMO) and
United Nations Development Programme (UNDP). WMOIUNDP provided the financial support and made
relevant arrangements for expert services and foreign training for the COMIS project. KMS assembled the
required computer systems and other facilities.

The. ~/N data network, which consisted of about 40 synoptic stations, were linked on-line with the host
computer which in turn was connected with the Global Telecommunication System (GTS) through RTH Tokyo.
It mainly served to prompt acquisition and dissemination of the a/N meteorological information, including
observations and forecasts, to domestic and overseas users.



In parallel with this ctiN data network:, a newly-equipped image processing and communication network was
in operation to broadcast satellite (Fig. 3.2) and radar imageries (Fig. 3.3), thunderstorm distribution map, and
weather charts to about 30 remote weather stations. This network was designed to be used as ex/N data network
in case of emergency.

Recently, the a/N data network was extended to remote personal computer (PC) network, which consisted of
80 PCs distributed among the sub-synoptic stations nationwide. The PC network served to acquire and disseminate
local weather information (e.g. rainfall amount) for the monitoring and forecasting of severe weather. At the same
time, this PC network:was used for establishing a distributed database of local climatology. In the near future, about
100 automatic weather stations (AWS) would be installed. The AWS network would be linked to the PC network
and was expected to strengthen local severe weather watch.

The development of a numerical weather prediction (NWP) system was the core task in the COMIS project.
It played a central role in the processing of various meteorological information gathered through the observation
network and in preparing user-oriented forecast information for dissemination to the decision makers. At the
moment, two regional NWP models produced separate weather forecasts up to 2 to 3 days ahead. One was a 5-
level coarse mesh model and the other was a lO-level fine mesh model. The operation of the fine mesh model using
output from the coarse mesh model was carefully investigated by the research group. The effective use of both
the fine mesh model and the nowcasting expert system by image extrapolation was one of the advanced goals of
COMIS.

Since the beginning of the project, an expert planning the overall structure of the COMIS project had visited
KMS. Seven trainees had participated or were participating in foreign training programmes at advanced
meteorological institutions. Before the end of 1992, the final year of the COMIS project, six more experts in the
fields of NWP, image processing, pre- and post-processing, probability forecasts, and nowcasting would visit
KMS; and nine more trainees would participate in relevant training programmes.

To make the COMIS project complete, the ultimate goal was to integrate the various components which at
present worked independently. This integration would be achieved in two different phases. Firstly, a hardware
interface needed to be established among the different computer systems (image processing and communication
network, a/N data network, PC network, AWS network, and numerical weather prediction system). Secondly, a
software interface was required for the various supporting functions in COMIS: observation, analysis and
prediction, tailored forecast, and dissemination.
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Figure 3.2 Satellite imagery presented at the remote terminal.

Figure 3.3 Radar image presented at the remote terminal.
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STATE METEOROLOGICAL ADMINISTRATION, PRC

3.2 THE FIRST FLIGHT STATUS OF EXPERIMENTAL AND TRIAL POLAR ORBITING
SATELLITE FY-I*

FY-1 polar-orbiting satellite was the first domestic-made experimental and trial meteorological satellite in
China. The mission of FY-1 was to acquire visible and infra-red radiation data from the earth and the atmosphere.

FY-1 was launched on 7 September 1988. It went into the predicted orbit successfully and started to make
observation and transmission on the same day. Some of the imageries taken during the early stages of its flight
were shown in Figs. 3.4-3.6. It worked for 39 days before its failure on 15October 1988. Even though it fell short
of its expected lifetime, the overall system consideration and the subsystem designs turned out to be correct.
During the flight of FY-1, the performances and specifications of the equipment on board were examined. The
status of the first flight was summarized as follows:

PARAMETERS OF ORBIT

FY-1 was launched by the launch rocket "Long March No.4" into the sun-synchronous orbit. According to
the actual measurement, all orbit parameters and requirements were met.

SATELLITE STRUCTURE AND SERVICE SYSTEMS

The tlight experiments showed that the structure design of the satellite was successful and the service system
did a good job. The dynamic specifications, electro-magnetic functions and power supplies ensured that the
payload of the satellite worked well.
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VISIBLE CLOUD IMAGERIES

The scan radiometer on the satellite produced visible cloud imageries with very high resolution. Rivers of
kilometres in width could be clearly recognized. Signal-to-noise ratio for the visible channel was higher than the
designed one.

INFRA-RED CLOUD IMAGERIES

Infra-red (IR) signal could be received after the infra-red channel was put through early on 20 September 1988.
But the signal strength was much lower than the designed level and it was further attenuated rapidly during the
next few days. Even though the grey level of the imageries was reduced, the Yangtze River and the Yellow River
could still be seen. This showed that the resolution of the IR image was good. Sea surface temperature evolution
retrieved from FY-1 data showed that the results were comparable to those from the NOAA satellite. This
confirmed that the calibration of IR data was correct.

CHANNEL TRANSMISSION

All transmitters on board the satellite transmitted data in correct formats. The transmitter power and frequency
stabilization met the designed specifications.

(* Chief Editor's note: "FY" is an abbreviation of two Chinese characters "Feng" and "Yun". The former means
"wind" and the latter means "cloud".)
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DELAY CLOUD PICTURE TRANSMISSION (OPT)

The OPT was as clear as the Automatic Picture Transmission (APT), which showed that the magnetic tape
recorder generally performed satisfactorily.

ATTITUDE

The attitude of the satellite was out of control, which caused the satellite to roll and lose its ability.

CONCLUSION

On the whole, the orbit of FY-1 satellite was accurate. The quality of the visible imageries was good while the
infra-red channel failed. The loss of control in attitude eventually disabled the satellite.

Tackling all these problems would lead to improvements that should benefit China's meteorological satellite
programme in the future.



Figure 3.4 A sub-synoptic scale cloud cluster observed by FY-1 at 0617
GMT on 7 September 1988.
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Figure 3.5 Typhoon Hal (8818) observed by FY-1 at 0621 GMT on 13
September 1988.



Figure 3.6 A three-orbit mosaic imagery from FY-1 on 7 September 1988.
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1. Introduction

3.3 SUMMARY OF RESULTS OF STUDIES CONDUCTED IN MALAYSIA ON THE EFFECTS OF
EL NINO ON THE MONSOON CIRCULATION AND TROPICAL CYCLONE ACTIVITY IN
EAST ASIA

Boon-Khean Cheang
Malaysian Meteorological Service

The influence of Southern Oscillation (SO) on the Indian summer monsoon rainfall has been widely studied.
In contrast, study on the influence of SO on northern winter monsoon rainfall in Southeast Asia is very much less.
In 1982, Tanaka and Yoshino showed that when the Southern Oscillation Index (SOl) was positive, there was a
tendency for the formation of two ITCZs with heavy precipitation over the South China Sea - Indonesia region
during the active northern winter monsoon of December, January and February. In contrast, only one ITCZ near
New Guinea was observed when the winter monsoon was weak (decrease in rainfall over the South China Sea
region) and the SOl was negative.

The record-breaking EI Nino event of 1982/1983 led to massive displacement of rainfall regions in the tropics,
bringing drought to vast areas and torrential rain to otherwise arid regions. Malaysia did not escape from this
influence. From late spring of 1982 through late winter of 1983, East Malaysia (northern Borneo) experienced
widespread drought after continuously having below-normal rainfall for 11 months. Peninsular Malaysia also
experienced serious deficiency of rainfall but for a shorter period, from January to April 1983. Because of this
significant event and the demand for long-range forecast, preliminary study to examine the relationship between
SOl and Malaysian northern winter monsoon rainfall was initiated by Cheang (1984). Rainfall during the season
of northern winter monsoon normally accounts for 50% or more of the annual rainfall in most places in Malaysia.
Excessive rainfall during this season often brings about severe widespread flooding. On the contrary, weak
monsoon or earlier retreat of the monsoon rain often results in long dry spell and drought.
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The main aim of Cheang's study in 1984 and his subsequent studies in 1985 and 1988 was to examine any
possible similarity in the monthly-mean circulation patterns during the few months preceding the northern winter
monsoon in Asia for EI Nino years and for anti-El Nino years. He also examined the relationship between ENSO
(EI Nino Southern Oscillation) and anti-EN SO events and tropical cyclone activity over the western North Pacific
- South China Sea region. Subsequently, Meijer and Prakash (1988), Quah (1988), and Prakash and Saw (1990)
also studied the relationship between EI Nino events and rainfall in Malaysia.

The following sections summarize the results of the above-mentioned studies.

2. Relationship between ENSO and Rainfall in Malaysia

Cheang (1985) found that total northern winter monsoon rainfall (November to January) in Malaysia was
correlated with the SOl (corr. coeff.=O.6). He noted that out of 19 winter monsoons with a negative SOl, 14 had
below-normal rainfall in Malaysia; whereas out of 14 winter monsoons with a positive SOl, 10had above-normal
rainfall. This led him to conclude that there was a high probability that winter monsoon rainfall in Malaysia would
be above (below) normal when the winter SOl was positive (negative).

In 1988, Meijer and Prakash conducted a more rigorous correlation analysis using regional monthly
standardized rainfall anomaly index and the SOL They found that no correlation existed between the two indices
for each month over both west and east coast of Peninsular Malaysia whereas some significant correlation existed
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for the states of Sarawak and Sabah in northern Borneo. The highest correlation coefficient was 0.71 for January
in Sabah.

In 1988, Quah used vector rose diagram to depict the linear ENSO-related precipitation response. He found
that distinct responses were realized over ASEAN region. Four separate regions in ASEAN could be broadly
delineated arising from different linear responses to ENSO-related forcing. Strong responses were seen over the
Indonesian islands, Borneo, and the Philippines. Over the west coast of Peninsular Malaysia and Sumatra Island,
the response was moderate to weak. However, over Thailand and the east coast of Peninsular Malaysia, rainfall
anomalies seemed to be unrelated to ENSO forcing.

In 1990, Prakash and Saw used the technique of Empirical Orthogonal Function (EOF) to analyze the monthly
rainfall data of 60 stations in Kedah (a northwestern state in Peninsular Malaysia) from a record of 15 years (1971-
1985). They found that the effect of EI Nino could be detected in the second EOF.

3. Monthly Mean Circulation Patterns for ENSO and Anti-ENSO Years and Typhoon Activity

Cheang (1984) examined three synoptic conditions during the fall transitional months (October and Novem-
ber) of 16 years (1968-1983). The three synoptic conditions were:-

(i) the movement of the monsoon trough in Southeast Asia;

(ii) monthly mean upper-level (200-hPa) winds over Bombay (India), Bayan Lepas (Malaysia), Hong Kong,
and Ponape (West Pacific); and

(iii) tropical cyclone activity over the West Pacific and the South China Sea.

The years were divided into two groups; namely, years of +SOI and years of -SOl. In the former group, values
of SOl during the northern winter (November through March) were persistently positive. On the other hand, the
reverse was true for the -SOl group.

The results ofCheang (1984) are summarized below:-

i) (a) For the +SOl group, the monsoon trough moved steadily southward from the northern part of the
South China Sea during October to the southern part of the South China Sea during November;

(b) For the -SOl group, the monsoon trough often disappeared from the South China Sea region. Its
southward movement was interrupted by the intrusion of zonal easterlies from the Pacific to the
South China Sea region.

ii) (a) For the +SOI group, the 200-hPa monthly mean winds at (i) Bombay (India) and (ii) Bayan Lepas
(Malaysia) were easterlies whilst those at Hong Kong and Ponape (West Pacific) were westerlies.

(b) For the -SOl group, the 200-hPa monthly mean winds at Bombay and Hong Kong were westerlies
while those at Bayan Lepas and Ponape were easterlies. The upper westerlies (easterlies) at Hong
Kong (Bayan Lepas) were stronger (weaker) as compared to those in the +SOI group.

iii) There were more storms (depressions, tropical storms and typhoons) in the West Pacific - South China
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Sea region in the +SOl group than in the -SOl group during the October month. Table 3.1 shows the
total storm days over the region during October for the +SOI and -SOl groups.

TABLE 3.1 Number of Storm Days in October.

+SOIGroup -SOl Group

Year Storm days Year Storm days

1970 23 1968 14

71 23 69 8

73 23 72 2

74 22 76 0

75 16 77 3

79 18 78 26

81 6 80 3

83 25 82 10

(The underlined years in the +SOI (-SOl) group are anti-El Nino (EI Nino) years.)

Distinct differences in the three synoptic conditions could be detected between the positive and negative SOl
groups during the months of October and November. Because ofthis encouraging result, this study was extended
by Cheang in 1985 and 1988.

In Cheang (1985), the monthly mean 850-hPa and 200-hPa circulation patterns of Asia, West Pacific and
Australia of 6 months (September through February) for 17 years (1968 through 1984) were examined using
upper-wind data of 23 selected stations obtained from the "Monthly Climatic Data for the World" of the U.S.
National Climatic Data Centre. In Cheang (1988), the examination of the monthly mean circulation patterns
covered the whole year for 19 years (1968 through 1986). Upper-air data were obtained from the same source,
except for the 1986 data which were obtained from the data set compiled by the Kuala Lumpur Activity Centre
of the WMO Long-term Asian Winter Monsoon project. Movements of tropical depressions, tropical storms and
typhoons were also analyzed in both studies. Data on the positions of the storms were extracted from the
"Meteorological Results-Tropical Cyclone Summaries" published by the Hong Kong Royal Observatory.

In the former study, the years were divided into two groups: the first group consisting of '68, '69, '72, '76, '77,
'78, '80 and '82 when the northern winter SOls were negative and the second group consisting of '70, '71, '73,
'74, '75, '79, '81, '83, and '84 when the SOls were positive during the northern winter months.
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In the latter study, the years were divided into five groups. The first group consisted of'72 and '82, the well-
known intense EI Nino years. The second group consisted of the weak:EI Nifio years of '69, '76 and '77. The third
group consisted of '70, '71, '73, '74, '75 and '81, the anti-El Nino years. The fourth group consisted of '70, '80,
'83 and '84 which were years with the monthly SOl values fluctuating around zero during the whole year and there
were no prolonged widespread dry spells during the winter months (November, December and January) in
Malaysia. The fifth group consisted of '68, '78, '85 and '86 when the SOl values again fluctuated around zero but
there were prolonged dry spells during the winter months in isolated areas in Malaysia.

The results ofthese two studies are summarized in Tables 3.2 - 3.4

Figures 3.7 - 3.10 depict some of the differences described above in Tables 3.1 - 3.4 between EI Nifio and anti-
EI Nino years.

It was found in Cheang (1988) that these differences were not prominent in years when the monthly SOl values
fluctuated around zero.

4. Discussion and Conclusion

The three studies by Cheang showed consistent results. Distinct differences in the activity of the near-equatorial
trough over Southeast Asia, 200-hPa level subtropical ridge over Asia and the western North Pacific, tropical
upper-tropospheric trough and tropical cyclones over the western North Pacific and the South China Sea between
EI Nino and anti-EI Nino years could be noted from the record of 19 years (1968 - 1986).

The differences could be detected as early as April when the double near-equatorial troughs were more active
over Southeast Asia during the anti-EI Nino years than during the EI Nino years. The difference became clearer
over the West/Central Pacific during the northern summer months when the summer monsoon trough was found
to extend further eastward during the EI Nino years than during the anti-El Nino years.

During the October months of the EI Nino years, the appearance of zonal easterlies at the 850-hPa level
(replacing the double near-equatorial troughs over Southeast Asia) and the presence of cyclonic vortex activity
over the West/Central Pacific indicated that there had to be large-scale subsidence over Southeast Asia and ascent
over the West/Central Pacific.

The weaker winter monsoon over Southeast Asia during the EI Nino years was associated with the earlier and
stronger extension of the upper westerlies from the higher latitudes to the tropics, resulting in the further southward
extension of the subtropical ridge over India and Southeast Asia.

The frequent recurving of tropical cyclones over the West Pacific before reaching the Philippines during the
October months of EI Nino years was associated with stronger-than-nollilal200-hPa westerly winds over southern
China (indicated by the 200-hPa wind at Hong Kong mentioned in Cheang 1984) and the presence of an upper
westerly trough over eastern China. The upper westerly trough might have blocked the westward movement of
tropical cyclones. It might also have caused surface pressure to drop east of the trough axis. The storms therefore
recurved towards region of falling pressure tendency. At the same time, the upper-level easterlies over the West
Pacific were stronger than those downstream over Southeast Asia, indicating upper-level downstream convergence
and possibly low-level downstream divergence - conditions favourable for tropical cyclones to continue their
westward movement into the South China Sea.
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Table 3.4 Tropical cyclone movement over the West Pacific and the South China Sea during
October.

Intense El Nino Weak El Nifio Anti-El Nino

(i) 10 out of 12 tropical 5 out of 5 tropical 3 out of 21 tropical
disturbances (depressions/ disturbances recurved over disturbances recurved over
tropical storms/typhoons) Pacific before reaching Pacific before reaching
in the Pacific recurved Philippines Philippines
or dissipated before
reaching Philippines

(ii) Only 1 out of 12 tropical (ii) Nil 15 out of 21 cases moved
disturbances moved across from West Pacific across
Philippines to South China Philippines to South China
Sea Sea-

(iii) Only 1 out of 12 originated (iii) Nil 3 out of 21 cases originated
over South China Sea over South China Sea
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Figure 3.8 Monthly mean wind for October 1970 (Anti EI Nino year).
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Upper easterlies over low-level cyclonic vortices and tropical upper tropospheric trough (TUIT) over low-
level easterlies were found to be the two prominent features in both the EI Nino and anti-EI Nino years. The former
was related to low-level convergence and upper-level divergence whereas the latter was related to low-level
divergence and upper-level convergence. They formed the east-west circulation. A displacement of this vertical
circulation brought about the weather anomaly in Southeast Asia and the West Pacific.

The rainfall and circulation pattern analyses of all the studies summarized in the earlier sections contain some
predictive values by virtue of the fact that tropical atmosphere has a tendency of being phase-locked in either
ENSO or anti-EN SO. Once a particular stage is set, the coupled tropical ocean-atmosphere system will tend to
evolve along a general path with the attendant anomalous circulations. This, together with the phase information
afforded by the EN SO-related precipitation response (Quah (1988», can possibly form a useful basis for the
provision of weather outlook on seasonal time scales. Great caution, however, should be exercised in such
endeavour as each ENSO episode also tends to have its own identity and this works against any attempt of
generalization. Furthermore, data of longer record, especially concerning tropical cyclone activity, should be used
in future studies before any concrete conclusion can be made on the anomalous circulation pattern and tropical
cyclone activity associated with ENSO and anti-ENSO events.
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CHAYfER4

WMO TROPICAL CYCLONE PROGRAMME NEWS

4.1 INTRODUCTION

The ultimate objective of the WMO Tropical Cyclone Programme (TCP) is the establishment or upgrading of
nationally and regionally co-ordinated operational systems to prevent loss of life and mitigate disasters caused by
tropical cyclones and associated phenomena such as floods, storm surges and landslides/landslips. The programme
is concerned with the early warning systems, response to the warnings, and the organization and execution of the
related essential disaster prevention and preparedness measures. The main activities are therefore carried out in
the fields of meteorology, hydrology, disaster prevention and preparedness, together with training and research
in these fields. Technical co-operation activities in support of developing countries are provided through UNDP
projects, WMONCP, bilateral arrangements and other means.

The Executive Council, at its forty-first session in June 1989 (EC-XLI), expressed satisfaction with the
continued progress being accomplished under the TCP and commended the regional tropical cyclone bodies on
the steps taken to strengthen the forecasting and warning systems and the disaster preparedness measures to meet
the goals of the programme. It noted the contribution of regional co-operation to the success of the programme
and activity specialization in tropical cyclone analysis, tracking and forecasting. It further recognized the
importance of co-operation between Meteorological and Hydrological Services in this field and encouraged
further enhancement of such co-operation.

The TCP will be intensified in the 1990s which has been designated by the UN as the International Decade for
Natural Disaster Reduction (lDNDR).

4.2 PROGRAMME ACTIVITIES IN 1989

The main activities under the general component comprise the publication of manuals and reports, which
provide information and guidance to Members and thus assist them in the increased application of scientific
knowledge and technological developments for the improvement of the warning and disaster prevention and
preparedness systems. They encompass the broader aspects of training for the TCP. Preparation of the report on
TCP Project No.9 - 'Tropical cyclone warning systems' has been completed A revised draft report ofTCP Project
No. 14 - 'Public information and education' is under preparation by the lead consultant. Other project areas and
activities have been identified and are in the planning stage.

As requested by the Panel on Tropical Cyclones in February 1989, the training material on the tropical cyclone
forecasting system in the Panel area (Bay of Bengal and the Arabian Sea) and guidance material on the use of the
products of the RSMC-New Delhi are being prepared for publication. A consultant has prepared an analysis and
summary of the monitoring reports submitted by Members of the Typhoon Committee on their flood forecasting
systems for the period 1984-1987.

Due to the large demands from Members, agencies, organizations and other users, some TCP-prepared reports,
which ran out of stock or were in short supply, were re-printed and became available again.

The Second WMO International Workshop on Tropical Cyclones (IWTC-II) was held from 27 November to
8 December 1989 in support of activities relating to tropical cyclones. An International Programme Committee
(!PC) was established under the chairmanship of Dr. G. Holland (Australia) with members from both the research



and forecasting communities. Plans are also being made for the preparation of an operational guide for tropical
cyclone forecasting.

The main thrust of the regional component continues to be for the efficient operation of tropical cyclone early
warning systems, including warnings of associated phenomena such as storm surges and floods by the relevant
disaster prevention and preparedness organization. The work is being carried out under the programmes of two
inter-governmental groups (the ESCAPIWMO Typhoon Committee and the WMOIESCAP Panel on Tropical
Cyclones for the Bay of Bengal and the Arabian Sea) and three working groups of the Regional Associations (the
RA I Tropical Cyclone Committee for the South-West Indian Ocean, the RA IV Hurricane Committee, and the
RA V Tropical Cyclone Committee for the South Pacific and South-East Indian Ocean).

The sixteenth session of the WMO/ESCAP Panel on Tropical Cyclones took place from 21 to 27 February
in New Delhi, India. The Panel reviewed the progress made since its last session in its co-operative arrangements
and its requirements for the next six years. It also adopted a new Programme and Implementation Plan to include,
in particular, the regional computer network and the storm surge projects. The session also looked into
requirements for implementation, such as technical and financial support.

Supplement No.2 to the Operational Plan for the Bay of Bengal and the Arabian Sea was issued in May.

India continued to provide Panel countries with satellite imageries of INSAT -1B on the facsimile mode over
the GTS and derived winds in real time.

Taking into account the investigation made by the Panel's Technical Support Unit (TSU) of the specifications
of the high-gust anemometers suitable for use in the region, the Panel requested WMO to procure equipment from
UNDPIWMO regional project funds for Panel Members. WMO has commenced procedures for procurement.

The Panel decided on the implementation of the first phase of its Regional Computer Network (RCN) project,
with installation of turn-key microcomputer-based systems in Bangladesh, Pakistan and Sri Lanka. Plans have
been initiated for organizing a workshop in the region to train personnel to use the computers.

Progress was made by Members in the implementation of the hydrological component of the Panel's work
programme with the advice and assistance of ESCAP and WMO. The Working Group on Hydrology ofWMO
Regional Association II continued in implementing the regional aspects of the Operational Hydrology Programme
which gave special importance to hydrological forecasting activities.

The publication "Panel News" for 1989 was issued in November.

The programme for regular exchange of tropical cyclone forecasters for 1989 in the region of RA I Tropical
Cyclone Committee for the South-West Indian Ocean during the cyclone season (mid January to March) was
carried out in accordance with the detailed plan developed by the Committee.

Progress was made in the region to improve hydrological forecasting and related data collection systems. In
particular, seven Members of the Committee designated National Reference Centres under WMO' s Hydrological
Operational Multi-purpose Sub-programme (HOMS).
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A biennial session was held in Harare, Zimbabwe on 9-14 October and took various decisions and
recommendations in reviewing the Committee's regional co-operation programme.
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The eleventh session of the RA IV Hurricane Committee which took place in San Andres, Colombia from
11 to 17April 1989 reviewed the past hurricane season, a particularly active one with three strong hurricanes. Two
of these hurricanes produced records. In September 1988, hurricane Gilbert produced the lowest measured
pressure in the western hemisphere and hence was the most intense on record in that region. In the following month,
hurricane Joan became the strongest hurricane on record to strike Nicaragua. The RA IV Hurricane Operational
Plan was recognized to function well with support provided under the plan by the RSMC Miami - Hurricane
Center.

The RA IV Hurricane Committee organized a Workshop on Hurricane Forecasting and Warning in Miami,
USA in April to train hurricane forecasters at the RSMC Miami - Hurricane Center. The workshop was attended
by participants from 18 Members of the Region.

A fellowship was awarded to a nominee from the Bahamas who would be trained to develop storm surge atlases
in accordance with the plan for TCP Project No. 13 - Regional Aspects of Storm Surge Prediction (Caribbean,
Central America and Eastern Pacific).

A Tropical Cyclone Operational Plan for the South Pacific and South-East Indian Ocean was published in
the TCP series.

The detailed work plan for activities supported by the UNDPIWMO regional project was under implemen-
tation. The third phase of service by a Chief Technical Adviser was implemented in the period from April to May
with missions to island countries in the region to identify national requirements for meteorological facilities and
to give them advice on meteorological technical matters.

The activities of the ESCAP/WMO Typhoon Committee are described in Chapter 1.

TCP maintained close consultation with ESCAP, UNDP, UNDRO, LRCS and other organizations, on a variety
of matters of common concern. The main items include ESCAP's co-sponsorship of the Typhoon Committee and
the Panel on Tropical Cyclones, UNDP's invaluable support through regional projects in four regions, as well as
the involvement ofUNDRO and LRCS in the disaster prevention and preparedness element of the TCP. Special
mention ought to be made of UNDRO's and LRCS's involvement in TCP Project No. 14 "Public Information and
Education" .

Progress is being made towards attaining the objectives of the TCP with support to the programmes of four
regional tropical cyclone bodies, (i.e., the ESCAPIWMO Typhoon Committee, the WMOIESCAP Panel on
Tropical Cyclones, the RA V Tropical Cyclone Committee for the South Pacific and the RA IV Hurricane
Committee) being provided under the regional projects in the fourth cycle inter-country programme of UNDP
(1987-1991). The input from UNDP amounted to US$3.75 million for the provision of equipment, expert services,
fellowships and group training which were essential to the further improvement of forecasting and warning
services in the tropical cyclone regions.

The UN General Assembly designated the 1990s as the International Decade for Natural Disaster Reduction
(IDNDR). EC-XLI (1989) decided that WMO should participate actively in the IDNDR.

The Secretary-General of the United Nations appointed a panel of 25 eminent scientists and experts, of whom
three were meteorologists, to advise him on the planning of the Decade. From the western hemisphere, the Asia
and South Pacific regions, Dr. R.E. Hallgren (President of the American Meteorological Society, and a former



Activities for the first half of 1990 under the regional component of TCP are given below :

Permanent Representative of USA with WMO), Dr. Roman L. Kintanar (Director of the Philippine Atmospheric,
Geophysical and Astronomical Services Administration (PAGASA), Chairman of the Typhoon Committee
(1988-89) and Co-ordinator of the Typhoon Committee Secretariat (TCS», and Mr. Ram Krishna (Director of the
Fiji Meteorological Service, Chairman of the RA V Tropical Cyclone Committee tor the South Pacific and UNDP/
WMO Project Co-ordinator), were designated as members of the above International Ad Hoc Experts' Group. As
special assignments, Dr. Hallgren carried out the task of developing an organizational structure for the Decade,
Dr. Kintanar served as Chairman of the Sub-Group on Atmosphere-Bionosphere, and Mr. Krishna made a special
contribution as rapporteur on "Regional Capabilities and Needs". The report "Implementing the IDNDR",
consolidated by the expert group, was submitted to the Secretary-General of the United Nations who prepared a
document tor consideration at the forty-fourth session of the UN General Assembly.

4.3 PROGRAMME FOR 1990

WMOIESCAP Panel on Tropical Cyclones, seventeenth session (Dhaka, Bangladesh, 30 January to 5 February
1990);

Training Course on Tropical Meteorology and Tropical Cyclone Forecasting (Miami, USA, 26 February to 4
May 1990);

RA IV Hurricane Committee, twelfth session (Havana, Cuba, 12 - 16 March 1990).
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WMO TROPICAL CYCLONE PROGRAMME - GENERAL COMPONENT

Status of Implementation on 31 December 1989

APPENDIX I

A. Projects completed or under which reports have been issued

Project number
and title

No. 1 - Special tropical
cyclone observing
network

No.2 - Observations from
mobile ships

No.3 - Automatic weather
stations

No.4 - Radar

No.5 - Geostationary
satellites

No.6 - Forecasting
tropical cyclone
intensity and
movement

No.7 - Storm surge
prediction

No.8 - Risk evaluation
techniques

Title of report and
date of issue

"Special wind and pressure
observing network" issued in
September 1982.

"Observations from mobile
ships" distributed on
16 March 1977.

"Automatic weather stations
for tropical cyclone areas"
issued in July 1981.

"Weather radars for monitoring
tropical cyclones" issued in
December 1984.

"The use of Satellite Imagery
in Tropical Cyclone Analysis"
issued in November 1977.

"Operational Techniques for
Forecasting Tropical Cyclone
Intensity and Movement"
issued in August 1979.

"Present techniques of
tropical storm surge prediction"
issued in March 1978.

''The quantitative evaluation
of the risk of disaster from
tropical cyclones - report
of a WMO/UNDP project on the
meteorological and hydrological
aspects" issued at the end of
1976. English, Spanish, French.
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Remarks

WMO Publication, in
the TCP series (WMO-
No. 570)*.

Published in the TCP
series as report No.
TCP-17.

WMO Technical Note No.
153 (WMO-No. 473)*.

WMO Publication (WMO-
No. 528)**.

WMO Publication (WMO-
No. 500)*.

WMO Publication (WMO-
No. 455).
Spanish"
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No. 10- Community "Guidelines for Disaster Published by WMO.
preparedness Prevention and Preparedness Requests for copies
and disaster in Tropical Cyclone Areas" may be addressed to
prevention prepared jointly by WMO, WMO, ESCAP or LRCS

ESCAP and LRCS and issued Secretariats.
in English in June 1977
and in French and Spanish
during the first half of
1978.

No. 11 - Flood forecasting A joint ESCAPIWMO
and warning mission visited the

Tropical Cyclone Panel
member countries to
assess facilities
available and evaluate
the improvements
required. Significant
progress has been made
in improving
hydrological facilities
in the Typhoon
Committee area. A
roving seminar was
organized to train
local personnel in the
analysis and prediction
of intense
precipitation and
tloods in Asia and S.W.
Pacific.

No. 12- Human response to "Human response to tropical Published in the TCP
tropical cyclone cyclone warnings and their series**.
warnings and content" issued in February
their content 1983.

No. 15 - Typhoon (See list below)
Operational
Experiment
(TOPEX)

TOPEX Report No. 1 - WMO Publication in the
"First Planning Meeting" TCP series (WMO-No.
issued in 1980. 565)*.

TOPEX Report No. 2* - Published in the TCP
''TOPEX Operational Manual" series**.



issued in 1980, new
editions issued in 1981 and
March 1983.

TOPEX Report No.3 -
"TOPEX - a general
description" issued in
1981.

TOPEX Report No.4 -
"Information on objective
methods of typhoon track
prediction being used
operationally at
experiment sub-centres,
TOPEX Core Experiment"
issued in May 1982.

TOPEX Report NO.5 -
"Second Planning Meeting"
issued in June 1982.

TOPEX Report No.6 -
"Evaluation report on the
Pre-experiment for the
Meteorological Component of
TOPEX" issued in September
1982.

TOPEX Report NO.7 -
"First Operational
Experiment - Report of the
International Experiment
Centre" issued in March 1983.

TOPEX Report No.8 -
"Third Planning Meeting"
published in June 1983.

TOPEX Report No.9 -
"A preliminary evaluation
of the TOPEX First Operational
Experiment - Meteorological
Component" published in
October 1983.

TOPEX Report No. 10-
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WMO Publication in the
TCP series (WMO-No.
573).

Published in the TCP
series.

Published in the TCP
series.

Published in the TCP
series.

Published in the TCP
series.

Published in the TCP
series.

Published in the TCP
series.

Published in the TCP.



B. Other projects

Project number,
title and objectives

No.9 - Tropical cyclone
warnings

Objectives:
The production of
guidelines
describing the
main principles
and practical
considerations to
be followed in
setting up a
tropical cyclone
warning system.

No. 13 - Regional aspects
of storm surge
prediction
(Caribbean,
Central America
and Eastern
Pacific).

"Second Operational
Experiment. Reports of the
International Experiment
Centre and of the Typhoon
Tracking Experiments"
published in December 1984.

"TOPEX Evaluation Meeting"
published in March 1985.

"Activities under the
Hydrological Component of
TOPEX" published in May
1985.

"Counter-Attack: The story
of the Typhoon Operational
Experiment" published in
1987.

Mode of implementation

Revision and updating to be
carried out by a small group
of experts:

Mr. R. Falls (Australiaj-Leader,
Mr. R. Lau (Hong Kong),
Mr. 1. Flores (Philippines).
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series.

Published in the TCP
series as report No.
TCP-18.

Published in the TCP
series as report No.
TCP-20.

Published in the TCP
series as report No.
TCP-22.

Status

Publication expected
mid-1990.



Main objectives:

a) To develop storm
surge atlases for
all the larger
countries of the
region that are
substantially
threatened by
storm surges.

b) To study the impact
of the surge on small
islands.

c) To develop the
capability of updating
the models used to generate
the atlases with a view to
facilitating simulation
exercises as well as revision
of the atlases.

d) To provide for training of
personnel involved in the
application of the atlases.

No. 14 - Public information
and education

Objectives:

To prepare guidance
and sample material
to assist Members
in the improvement
of their public
information and
education programmes.

* Out of print

** Reprinted 1989

Members represented on the
RA IV Hurricane Committee
with assistance from the
WM 0 Secretariat.

Joint WMOIUNDROILRCS
project

Mr. E. Ressler
(UNDRO/LRCSIWMO),
Mr. H. Friedman
(USA).

144

Members to nominate
candidates to be
trained and to develop
the atlases.

A report is under
preparation.



APPENDIX II

TROPICAL CYCLONE PROGRAMME REPORTS

I. Technical documents (programme reports) -Tropical Cyclone Programme (TCP) series (includ-
ing TOPEX report sub-series)

WMO-No. 565*
(TCP-l) First Planning Meeting for TOPEX. TOPEX Report No.1. 1980.

(TCP-2)* TOPEX Operational Manual (Core Experiment). 1980. Revised 1983.

(TCP-3)* Report on the WMO Workshop on the Use of Satellite Data for Hurricane
Detection and Prediction. 1981.

(TCP-4) Tropical Cyclone Programme Plan of Action. 1981. E, F, R*, S.

WMO-No. 570*
(TCP-5) Automatic Weather Stations for Tropical Cyclone Areas. 1981.

WMO-No.573
(TCP-6)

(TCP-7)

(TCP-8)

(TCP-9)

(TCP-lO)

(TCP-l1)

WMO-No.618
(TCP-12)

(TCP-13)

(TCP-14)

(TCP-15)

Typhoon Operational Experiment - A General Description. TOPEX Report No.3.
1981.

Information on Objective Methods of Typhoon Track Prediction being Used
Operationally at Experiment Sub-Centres, TOPEX Core Experiment. TOPEX Report
NO.4. 1982.

Second Planning Meeting for TOPEX. TOPEX Report NO.5. 1982.

Report on the WMO Seminar on the Application of Satellite Data to Tropical
Cyclone Forecasting. 1982.

Evaluation Report on the Pre-Experiment for the Meteorological Component of
TOPEX - TOPEX Report No.6. 1982.

Human Response to Tropical Cyclone Warnings and their Content. 1983.

Tropical Cyclone Operational Plan for the South-West Indian Ocean. 1983. -E*, F.

First Operational Experiment - Report of the International Experiment
Centre. TOPEX Report No.7. 1983.

Third Planning Meeting for TOPEX. TOPEX Report No.8. 1983.

A Preliminary Evaluation of the TOPEX First Operational Experiment -
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II. Other relevant published reports

(TCP-16)

WMorrO-No. 8
(TCP-17)

WMorrO-No.21
(TCP-18)

WMorrO-No. 26
(TCP-19)

WMorrO-No. 37
(TCP-20)

WMorrO-No. 84
(TCP-21)

WMorrO-No. 185
(TCP-22)

WMorrO-No.196
(TCP-23)

WMorrO-No. 292
(TCP-24)

WMorrO-No. 327
(TCP-25)

A. TCP Projects

WMO-No.455
Special
Environmental
Report

WMO-No. 473*
Technical Note
No. 153

Meteorological Component. TOPEX Report No.9. 1983.

Second Operational Experiment. Reports of the International Experiment
Centre and of the Typhoon Tracking Experiments. TOPEX Report No. 10. 1984.

Weather Radars for Monitoring Tropical Cyclones. 1984.

TOPEX Evaluation Meeting. 1985.

Report of the Seminar on the Application of Radar Data to Tropical Cyclone
Forecasting. 1985.

Activities under the Hydrological Component of TOPEX. 1985.

Tropical Cyclone Operational Plan for the Bay of Bengal and the Arabian Sea. 1986.

Counter-Attack: The Story of the Typhoon Operational Experiment (TOPEX). 1987.

Typhoon Committee Operational Manual- Meteorological Component. 1987.

Tropical Cyclone Operational Plan for the South Pacific and South-East Indian
Ocean. 1989. E, F.

Some Aspects of Flood Forecasting Systems in Asia, 1984 to 1988. 1989.

The Quantitative Evaluation of the Risk of Disaster from
Tropical Cyclones. 1976. E, F, S.

The Use of Satellite Imagery in Tropical Cyclone Analysis.
1977.
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B. TCP Regional Bodies

C. Operational Hydrology

ESCAP, WMO,
LRCS

WMO-No. 500*
Marine Science
Affairs

WMO-No.528*
World Weather
Watch

WMO-No.524
World Weather
Watch

WMO,ESCAP
ESC APIWMO
Typhoon
Committee

ESCAPIWMO
Typhoon
Committee

WMO-No.655
Operatio nal
Hydrology

WMO-No.704
Operational
Hydrology

* Out of print

Guidelines to Disaster Prevention and Preparedness in Tropical
Cyclone Areas. Geneva/Bangkok, 1977. E, F, S.

Present Techniques of Tropical Storm Surge Prediction. 1978.

Operational Techniques for Forecasting Tropical Cyclone
Intensity and Movement. 1979.

Regional Association IV (North and Central America) Hurricane
Operational Plan. 1979. New edition 1985. E, S.

Symposium on Typhoons. 1980*

ESCAPIWM 0Typhoon Committee Annual Review for 1985, 1986,
1987, 1988. Four reports, issued in each case in the following year.

Tropical Hydrology. 1987.

Hydrological Aspects of Combined Effects of Storm Surges and
Heavy Rainfall on River Flow. 1988.
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