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FOREWORD

The Typhoon Committee was established in 1968, jointly sponsored by the Economic and Social Commission for Asia
and the Pacific (ESCAP) and the World Meteorological Organization (WMO), with a view to promoting and co-ordinating efforts
to minimize typhoon damage in the Asia and Pacific region. Since its inception, impressive progress has been made in the re-
gion in the mitigation of damage caused by typhoons. This would not have been possible without the active co-operation of
the Typhoon Committee members and their contributions to the action programmes of the Committee, as well as the support pro-
vided by United Nations Development Programme (UNDP), ESCAP, WMO and other agencies.

I share the views of the members of the Typhoon Committee that the activities and achievements of the Committee be
compiled and given the appropriate circulation so that all of us concerned may reflect on and learn from past experiences while
planning to improve ourselves further. The ESCAP/WMO Typhoon Committee at its seventeenth session held in Manila in De-
cember 1984, decided to proceed with the publication of an annual review. As a result of the concerted efforts of the members
of the Committee and the Typhoon Committee Secretariat, the first issue, "ESCAP/WMO Typhoon Committee Annual Re-
view 1985", is now completed. It covers members' activities in meteorology, hydrology, disaster prevention and preparedness,
training and research, and the valuable services rendered by the Typhoon Committee Secretariat in 1985. Readers will also find,
as I have found, a thorough and informative review of tropical cyclones that affected the region in 1985 and news of programmes
in other tropical cyclone-prone regions. I hope this publication meets general approval and the objective of being a useful ref-
erence to those who have a scientific or organizational interest in the management of tropical cyclone warning and preparedness
systems.

On behalf of the Typhoon Committee, Iwish to place on record my appreciation of the excellent co-operation of members
of the Committee in their contributions to this Review. Last but not least, Iwish to convey my thanks to the members of the
Editorial Board for their great efforts in putting together the information in this publication.

LUO Jibin
Chairman of the Typhoon Committee

1985-86
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CHIEF EDITOR'S NOTE

The seventeenth session of the Typhoon Committee in December 1984 decided to proceed with the production of the
ESCAP/WMO Typhoon Committee Annual Review 1985. An editorial board to compile the Annual Review was established in
May 1985 consisting of national editors from members of the Committee and a chief editor volunteered by Hong Kong. Members
of the editorial board served not only as efficient channels through which essential information for the publication was conveyed,
but also as focal points for exchange of opinions on various issues regarding the preparation of the Annual Review.

Chapter 1 provides an overview of the activities of the Typhoon Committee in 1985. It also 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. Activities and technical and administrative support given by the
Typhoon Committee Secretariat during 1985 were also covered.

Based on members' post analyses of tropical cyclones and the climatological data available at the Royal Observatory in
Hong Kong, special features of the 1985 tropical cyclone season were highlighted and an executive summary of the twenty-
nine tropical cyclones that occurred during the season was given in the first part of Chapter 2.

The second part of Chapter 2 provides in-depth reports on tropical cyclones which affected members. Each report contains
a detailed account of the physical and dynamical processes that influenced the movement and intensity of the tropical cyclone.
Efforts were also made to document the extent of damage caused by the tropical cyclones as accurately as possible utilizing
statistics supplied by members' national editors and damage reports from the press.

In compiling these reports, drafts had been circulated twice to national editors for comments and responses had been
incorporated in the reports appearing in this Chapter. Each report now contains the life history of the tropical cyclone, a com-
posite track, and damage caused by the tropical cyclone with illustrations whenever possible. The composite track is based on
post analyses from contributing members. Accompanying each composite track is a table showing times of genesis, changes in
intensity and times when a particular intensity of the tropical cyclone was reached,reflecting differences in intensity classifica-
tion by individual members. The text of the individual tropical cyclone report adheres closely to the analyses provided by mem-
bers. This approach in compiling tropical cyclone reports was adopted in accordance with the wish of the majority of members
of the Committee.

In Chapter 2, each tropical cyclone is identified by a 4-digit code assigned by Japan and/or a name given by the Joint
TyphoonWarning Centre (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):

Classification Maximum Sustained Winds

Equivalents in SI units

(a) Tropical depression up to 34 knots up to 17.5 mis
(b) Tropical storm 34 - 47 knots 17.5 - 24.2 mis
(c) Severe tropical storm 48 - 63 knots 24.7 - 32.4 mis
(d) Typhoon 64 knots or more 32.9 mis or more

In the context of Chapter 2, sustained winds refer to wind speeds averaged over a period of ten minutes. However, wind
data from reconnaissance aircraft are quoted from eye-fix messages from JTWC without any attempt to convert the wind speeds
into equivalent lO-minute means. SI units of hectopascal (hPa) for atmospheric pressure and metres per second (m/s) for wind
speed are adopted in accordance with WMO recommendations while kilometres per hour (km/h) for speed of movement of
tropical cyclone or system are used in accordance with the practice of some members. Reference times used in this chapter
are in Greenwich Mean Time (GMT). Whenever possible, station names contained in WMO Weather Reporting - Observing Stations
(WMO - No. 9, Volume A) are used for geographical references.
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Chapter 3 outlines the objectives and organization of the WMO Tropical Cyclone Programme. Its achievements since 1971
were reviewed and, in particular, the activities of the WMO/ESCAP Panel on Tropical Cyclones and the various regional tropical
cyclone committees in 1985 were highlighted. A status report on the programmes implemented up to 30 June 1985 is included
as an Appendix.

This publication represents the first attempt by a regional tropical cyclone body to produce an annual review of its own.
I hope that it will be widely read and contributions from readers will be welcome on various aspects of the publication, for
example on the origin of the word "typhoon" in the following section, so that future issues of the Annual Review may be im-
proved.

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. But for the valuable assistance of a number of colleagues at the Royal Observatory, this publication would have
missed the deadline for printing in August 1986. In particular, I would like to thank Mrs. H. Lam and Mr. H.G. Wai for their
untiring efforts in the preparation of the Review and Dr. P. U for his constructive comments on the manuscript. Last but not
least, I wish to thank the Director of the Royal Observatory, Mr. P. Sham, for his encouragement and valuable advice throughout
the preparation of this publication.

Chief Editor
May 1986, Hong Kong.
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Visual typhoon warning signals displayed in
the Semaphore in Shanghai with a view of the
Huangpu Hang, looking south (circa 1940's)
in the photo above and on Blackhead's Hill in
Hong Kong (1908 - 1938) in the left photo.
Visual warning signals were commonly used
by the weather services of China, Hong Kong
and other·countries in the Asia/Pacific Region
in the first half of the 20th century.
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TYPHOON

The etymology of "Typhoon" is a fascinating and interesting subject. To give a complete account of the origin of the
word is practically impossible. However, a few versions are offered for those who wish to dwell deeper into the subject.

The most common version associates the word "Typhoon" with the Chinese expression "ta-feng" (jc)!i\I.) which means
"great wind".

Chinese navigators sailing the Taiwan Strait and the East China Sea noticed that storms of a special nature appeared in
the vicinity of the island of Taiwan in a particular season of the year. They gave these storms the name "tai-feng" (~ffli\.) or
"wind from Taiwan".

Others claim that the word "Typhoon" is a derivative of the Arabic word "tufan". There are yet others who believe that
it comes from the name of a Greek god "Typhon", the father of dangerous winds. In another Greek myth, "Typhon" was des-
cribed as the son of Aeolus, "the ruler of the winds" who was commanded by his father to stir up a few waves for Juno who
wished to vent her anger on a Trojan ship.

Yet more recent explanations were advanced by the late Father Ernesto Gherzi (1886-1973) who made notable contri-
butions to science and the practice of seismology and meteorology. He pointed out that the word "Typhoon" was derived from
a combination of the Chinese word "wind" Oll.) and the radical ("Éi) of the character "womb" (tIf:l), since typhoons were gen-
erally called "hong thai" (J!Ul.JJt) in several dialects spoken by fishermen and residents along the southeastern coast of China.
He further explained that since then a new character "thai' (lWl) was introduced in which the radical "flesh" (Jj) of the character
"womb" was replaced by the radical "wind" (Bil).

Whatever is the origin, the word "Typhoon" is commonly used in the northwest Pacific. Everyone is aware of the havoc
that it can bring. The aftermath of its onslaught can be described in no uncertain terms whether it is called a "Typhoon",
"Cyclone" or "Hurricane".
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INTRODUCTION

The Economic and Social Commission for Asia and the Pacific (ESCAP) is to initiate and participate in measures for facilita-
ting concerted action for the development of Asia and the Pacific, including the social aspects of such developments, with a
view to raising the level of economic activity and standards of living and for maintaining and strengthening the economic re-
lations of countries and territories in Asia and the Pacific, 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.

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 meteoro-
logical and hydrological services and observations;

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

to promote standardization of meteorological and related observations and ensure the uniform publication of obser-
vations 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 Hydro-
logical Services;

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

The Typhoon Committee was established in 1968 under the auspices of the United Nations Economic and Social Com-
mission for Asia and the Pacific and the World Meteorological Organization with a view to promoting and co-ordinating efforts
to minimize typhoon damage in the ESCAP region. Its present membership includes China, Democratic Kampuchea, Hong Kong,
Japan, Lao P.D.R., Malaysia, Philippines, Republic of Korea, Thailand and Viet Nam.

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 programs 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 United Nations Development Programme and by other organizations and con-
tributors.

In carrying out these functions, the Typhoon Committee maintains and implements action programmes under the five
components of meteorology, hydrology, disaster prevention and preparedness (DPP), training and research with contributions
by its members and their co-operation and assistance provided by the United Nations Development Programme (UNDP), ESCAP,
WMO and other agencies.
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CHAPTER 1
TYPHOON COMMITTEE ACTIVITIES IN 1985

1.1 METEOROLOGY

During 1985, considerable progress was made by members of the Typhoon Committee in improving their observing facilities
and capabilities for typhoon forecasting and warning services.

The .radar network in the area was expanded during the year. 8 new radars were installed and put into operation by mem-
bers of the Committee. Figure 1 shows the extent of radar coverage during the Typhoon Operational Experiment (TOPEX)
in 1983.

Enhancement of local as well as inter-member telecommunication facilities was made by members of the Typhoon Com-
mittee in 1985. Data acquisition and warning dissemination were made more efficient through the improvement of domestic
circuits.

More data were exchanged between members of the Typhoon Committee as a result of the upgrading of the point-to-
point circuits between Tokyo and Beijing to 9 600 bps and between Tokyo and Hong Kong, Tokyo and Seoul, Tokyo and Bang-
kok, as well as Tokyo and Manila to 200 bps. The existing GTS point-to-point circuits connecting members of the Committee
is shown in Figure 2.

Useful operational practices and research activity which started during TOPEX continued to be carried out effectively by
member of the Committee. Details of TOP EX are included in the list of publications on page 89. In 1985, China, Hong Kong,
Japan and the Philippines carried out intensified surface, upper-air and radar observations. These data and typhoon forecasts
were exchanged over the GTS. The radar fix messages were also disseminated by radio broadcasts atthe regional telecommunica-
tion hubs for the benefit of those members who had not yet established point-to-point GTS circuits. The 850 and 200 hectopascal
upper-air streamline charts for the period of the Second Operational Experiment of TOPEX, prepared with the assistance of
China and Japan, were made available in microfilm and distributed to members by WMO.

The Expert Meeting on Planning Regional Operational Co-operation for the typhoon area was held from 20 to 23 August
1985 in Tokyo as a follow-up of the recommendations of the Evaluating Meeting of TOPEX (1984) and in response to a proposal
of the Typhoon Committee at its seventeenth session (I984) that a regional centre for tropical disturbance advisories be con-
sidered for the typhoon area. The eighteenth session of the Typhoon Committee (1985) endorsed the concept for a regional
co-operation programme and recommended a regional implementation programme be prepared based on this concept.

In China, new satellite ground receiving equipment with colour-enhancement and picture animation capabilities, provided
under the UNDP national project, was installed at Beijing and became fully operational for receiving both the GMS and TIROS-N
imageries. Cloud data obtained were disseminated to all provincial stations by teletype using the FM-85 SAREP format and by
facsimile.

The exchange of data at the Regional Meteorological Centre in Beijing became more efficient in 1985 with the installation
of an additional computer, model PDP 11/44. A similar computer would be installed at Guangzhou to improve the Beijing-
Guangzhou-Hong Kong circuit.

A prototype 10-centimetre radar was installed at Shantou and replaced the obsolete radar there. The prototype would
be put into production and installed for operational use along the coastal areas. The procurement by China of two additional
radars with doppier capability was under way.

Commencing 1986, China planned to intensify radar, upper-air and surface observations and carry out in-depth studies
of one or more typhoons every year with a view to improving the forecasting of tropical cyclone movement and intensity. The
Typhoon Operational Manual was also modified and included detailed procedures on monitoring, telecommunication, forecasting
and warning dissemination. It was put into operational use on 1 June 1985. Evaluation procedures on typhoon forecast accuracy
were also established in 1985 and used at all forecasting centres in China. A number of publications were under preparation
during the year. They included the Typhoon Year Book for 1984, Typhoon Data, a Collection of Papers on TOPEX and Typhoon
Operational Forecasting Manual.

An automatic weather station was established in July 1985 as a joint project between China's Guangdong Meteorological
Bureau (GMB) and the Royal Observatory, Hong Kong (ROHK). The microprocessor-based system was designed and constructed
by the ROHK and was installed, with the help of the GMB. on a small uninhabited island, Huangmao Zhou, about 100 kilometres
south of the Pearl River estuary (21 °49'18"N, 113°57'24"E). Tropical cyclones passed close to the station in August and Septem-
ber 1985 and observations obtained were extremely useful in operational forecasting.
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In 1985 the Royal Observatory of Hong Kong continued to provide operational information on surface, upper-air and
radar observations through the GTS to members in accordance with the procedures contained in the TOPEX Operational Manual.
Newly installed automatic weather stations and radar facilities provided improved data coverage for the tropical cyclone and
flood warning services.

A pilot scheme of automatic weather chart plotting was successfully carried out in Hong Kong. The automation of weather
chart plotting and local dissemination of weather information would be implemented in 1987 when additional data processing
facilities would be installed.

Japan continued to maintain and operate the GMS·3 which provided vital information to members of the Typhoon Com-
mittee for tracking and estimation of the intensity of tropical cyclones.

Japan planned to upgrade the service of the GMS-3. Subject to the availability of funds, three-hourly full earth-disk high
resolution facsimile (HR-FAX), three-hourly low resolution facsimile (LR-FAX) picutres in four sectors (instead of in seven
sectors) and hourly polar stereographic projection pictures (north of lOON) would be transmitted in March 1987. Starting from
1988, the HR-FAX transmissions would be discontinued and replaced by three-hourly full-disk and hourly half-disk picture
transmissions in a digital format. To accommodate transmission of imageries in a digital format, it would be necessary for mem-
bers to modify their satellite ground receivers in the near future. GMS-4 was scheduled to be launched in 1989 and picture trans-
mission in a digital format would be continued.

Japan replaced an old radar by a new model at Tanegashima and installed a radar echo digitizing and disseminating system
(REDIS) at Osaka and Hiroshima. Data acquired from six radars equipped with REDIS devices were composited to provide
radar coverage of two thirds of the island of Honshu. A composite radar picture is shown on page 34. Data from radars and
the automated meteorological data acquisition system (AMeDAS) were integrated to provide composite maps and these were
disseminated over telephone lines and television network to weather stations and the public throughout the country. In order
to improve domestic data exchange in Japan, a 200-bps land teletype circuit and a 4 800-bps coded digital facsimile circuit were
introduced in Okinawa.

The ocean weather ship, Keifu Maru, continued its observation at 200N 1300E during August and September and at 300N
1400E during October 1985 and provided three-hourly surface observations, 00 and 12 GMT rawinsonde reports, 06 and 18
GMT rawin reports, 00 and 06 GMT radar reports and daily bathythermograph reports through the GTS. Ocean data buoys
with WMO identification numbers 21001,21003,21004,22001 and 22002 also continued to operate at their usual locations.

Malaysia requested the services of the Telecommunications and Electronics Expert and the Meteorologist of the Typhoon
Committee Secretariat, to inspect and calibrate its radar test equipment supplied under the UNDP regional typhoon programme.
The service also included a visit to Penang where the experts examined the test equipment and inspected the installation works
for the new radar at the Butterworth Meteorological Office. To improve its warning services for hazardous weather, Malaysia
planned to install a new radar at Kuching and replace the existing radars at Subang, Kuantan and Kota Bharu.

Meteorological telecommunication facilities in Malaysia were enhanced in 1985. Improved teleprinters with computer
memory devices were installed to replace the old equipment, and a new transmission link was established between Butterworth
and the main forecasting office in Kuala Lumpur. Plans were also in hand to establish additional transmission links between
Kuala Terengganu and Kuantan in the near future. The upgrading of meteorological telecommunication facilities would ensure
reliable and speedy data exchange within Malaysia and internationally.

In the Philippines, the GMS HR-FAX ground receiving equipment of the Philippine Atmospheric, Geophysical and As-
tronomical Services Administration (PAGASA) operated satisfactorily in 1985 except for a brief period early in the year when
technical difficulty was experienced. PAGASA planned to seek external assistance to install additional peripheral devices for
the display of colour-enhanced cloud imageries as well as picture animation of satellite cloud imageries. Some spare parts for
the GMS receiver were provided by the Typhoon Committee Secretariat. Improvement of the satellite picture dissemination
system for transmission of TIROS-N pictures between the satellite receiving station and the forecasting centre was also planned
to be implemented through external support.

In spite of the lack of spare parts, a number of PAGASA's radars remained operational during the year. The construction
and installation of an additional ID-centimetre radar at Tanay near Manila was under way. Installation of a new WSR-77 10-
centimetre radar at Busuanga, Palawan Island facing the South China Sea was completed. It was expected to be operational
soon. The ID-centimetre radars at Guiuan and Virac were renovated with a new colour digital video integrating processor and the
WSR-77 radar at Guiuan would become operational by early 1986. Installation of a wind-finding radar at Puerto Princesa through
assistance under the Voluntary Co-operation Programme (VCP), was also under way. The exchange of radar observations, in-
cluding hourly radar observations, were continued to be carried out satisfactorily but operations of upper-air observing stations
were hamperd due to lack of consumables.

To cope with the increase in the volume of data traffic, the point-to-point circuit between TokY9 and Manila was upgraded
to 200 bps and the circuit performed satisfactory during the year. A final feasibility report was completed on improving the
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telecommunication system for national data collection in the Philippines with assistance provided by the Japanese Government.
A request for financial assistance from Japan for implementation of the proposed plans was being considered by the Governments
concerned.

A VAX-llj730 computer was installed at PAGASA with bilateral assistance from the United States of America. The com-
puter was used to produce objective typhoon forecasts, thunderstorm forecasts and two-day forecasts of minimum and maximum
temperatures.

In the Republic of Korea, a doppier radar was being procured with assistance from UNDP. This radar would be used to
study the structure of severe weather disturbances such as thunderstorms and heavy rainfall associated with typhoons. Plans
were in hand to replace an existing 10-centimetre radar and a GMS satellite receiver and install three additional radars in the
eastern and southern parts of the Republic of Korea in the near future.

Data collection in the Republic of Korea was further improved through assistance of the UNDP regional typhoon pro-
gramme. The national project of Korean Meteorological Service which included the subproject to modernize data acquisition
and forecasting techniques, had been carried out with satisfaction in 1985, the second year of the five-year programme. The
point-to-point telecommunication circuit between Seoul and Tokyo was upgraded to 200 bps and operated satisfactorily. In-
stallation of the automatic data switching system at Seoul was completed in the middle of 1985 and would become operational
soon.

In Thailand, the installation of two 5.6-centimetre radars at Chumphon and Songkhla was under way in 1985 and the
two radars would be commissioned soon. The existing 5.6-centimetre radar at Songkhla would be transferred to Phuket in early
1986. Additional 10-centimetre radars were planned and would be installed at Khon Kaen in northeastern Thailand and at
Chanthaburi in eastern Thailand with external assistance.

The procurement of an additional antenna system in Thailand for upgrading the reception of TIROS-N satellite pictures
was under way. The existing antenna system would be modified for use with the LANDSAT satellite receiver to improve the
quality of pictures received. The procurement of a colour video display unit for the satellite reception system was under way.
Thirty-three sets of single side band (SSB) transceivers were procured in 1983 and 1984 and the installation of these transceivers
was completed in June 1985. An additional Il sets of SSB transceivers were under procurement and expected to be installed
by the end of 1986 in northern Thailand to enhance night-time data collection. Installation of new upper-air ground equipment
(403-MHz Omega type) at Chiang Mai and Songkhla was completed and they became fully operational in 1985.

1.2 HYDROLOGY

Sustained efforts were made by members of the Typhoon Committee to establish and improve the flood forecasting and
warning systems in major river basins in 1985. New flood forecasting and warning systems were introduced in Malaysia and
China. The Philippines started a programme of flood forecasting and warning systems for dam operations.

A number of members continued to monitor their flood forecasting systems in 1985 as an on-going activity under the
hydrological component following the methodology developed during TOPEX and modified at the seventeenth session of the
Committee (1984). The activity and the need for increased meteorological input to the preparation of flood forecasts, played
an important role in the Committee's work programme in flood forecasting. Therefore, all members who had monitored their
systems under TOPEX (Figure 3) were encouraged to continue doing so and to designate additional flood forecasting systems
for monitoring.

The WMO secretariat organized exchange visits of experts responsible for operating the designated flood forecasting systems.
Their visits covered China, Hong Kong, Malaysia and the Philippines during the period 16 November to 3 December 1985. These
visits were considered valuable for the members.

The Typhoon Committee recognized the importance of flood risk analysis and mapping as an essential element in any plan
to reduce loss of life and damage from flooding. Thus, a coordinated programme of activities on flood risk assessment and map-
ping was developed. With the support of the Japan-ESCAP Cooperation Fund (JECF), a mission of experts visited members
of the Typhoon Committee in 1984 to advise on techniques for flood risk assessment and mapping and to select a demonstration
area to which these techniques would be applied and which would serve as a pilot project for the benefit of all members. The
Upper Klang River basin in Malaysia was chosen as the demonstration area.

On the basis of the findings of the first mission, the second mission, comprised of an expert in flood risk analysis and
the Typhoon Committee Hydrologist, visited Malaysia from February to April 1985 and prepared a detailed implementation
programme of flood risk analysis in the Upper Klang River basin. An expert group meeting was organized in Bangkok from
8 to 13 July 1985 to review the results of the first and second missions and to discuss the detailed implementation programme
of flood risk analysis in Committee members and in the selected pilot demonstration basin.
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Figure 3. Designated river basins under the hydrological component of TOPEX.
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At the eighteenth session of the Typhoon Committee in Beijing in 1985, the Committee examined and endorsed the recom-
mendations made by the expert group meeting. In particular, it decided to include in the Committee's work programme a pro-
ject on the preparation of a manual and guide-lines on flood risk analysis as well as the preparation of information material on
comprehensive flood loss prevention and management.

It also endorsed the recommendation that a seminar to demonstrate the ·methodology and techniques and to discuss the
manual and guide-lines, should be organized after the completion of the pilot demonstration project on flood risk analysis of
the Upper Klang River basin. It also recognized the need for a roving mission to members of the Typhoon Committee to finalize
the manual and guide-lines.

In China, continued efforts were made in 1985 towards further improvement of the flood forecasting and warning systems
in major rivers.

Three flood forecasting and warning systems were installed in Lushui, Huathe and Yongding River basins. Two of them
became operational in June 1985. Two booklets entitled Hydrological Information and Forecasting Standards and Standards
for Hydrological Telemetry Systems were published for the implementation of flood forecasting systems. Two workshops on
hydrological forecasting models, in which about 100 participants from all over the country took part, were held in 1985.

In Hong Kong, the flood warning system introduced in 1983 covering both urban and rural areas continued to be operated
in 1985. 10more automatic rain-gauges with on-site recording and battery back-up facilities were installed during the year and
the total number of automatic rain-gauges increased to 66, covering most areas of Hong Kong.

The unit hydrograph, the tank and the storage function models were transferred to Hong Kong in the latter part of 1985.
The computer programs of these models had been converted for execution on a personal computer. Sample test runs were success-
ful and these models would be calibrated using local data. The storm water management model (SWMM) continued to be calibrated
using local drainage data.

An automatic water-level reporting system would be installed to relay stage data of a flood-prone area to the Royal Obser-
vatory Headquarters in real-time for operational flood forecasting in Hong Kong.

In Japan, 17 important river basins and 91 other river basins were designated for which flood warnings were to be issued.
A number of telemetering rainfall and water-level gauging stations were installed in these river basins to aid accurate and timely
flood forecasting and warning. Continued efforts were made to improve the existing flood forecasting and warning systems.
Eight radar-raingauge stations were established to assess the distribution of rainfall and its movement. An additional 14 radar-
raingauge stations, 5 of which were already under construction, would be added to cover almost the whole of Japan.

Japan also carried out comprehensive flood mitigation measures, such as maintaining flood water retention function and
guiding proper land use, to further reduce damage caused by floods.

Flood risk maps based on actual inundation for 262 river basins were made public and those based on flood estimation
would become available soon. In October 1985, a river information centre was established by the Ministry of Construction to
offer data on river basins to the local government, private companies and the public whenever necessary. Such data included
rainfall, water level and water quality data from radar-raingauge stations and other data acquisition systems.

In Malaysia, flood forecasting and warning systems were established in Sabah and Sarawak in 1985. Continued efforts
were made to improve other flood forecasting and warning systems in the Peninsula of Malaysia such as a review of flood warning
displays for easier comprehension. The Drainage and Irrigation Department planned to decentralise flood forecasting operations
to the States of Kelantan, Terengganu, Pahang, Perak and Sarawak, each of which would prepare their own forecast using a
microcomputer. At present flood forecasting was centralised in Kuala Lumpur using a microcomputer and these forecasts were
transmitted to the States by teleprinters:

At the request of the Drainage and Irrigation Department, WMO in collaboration with the Asian Institute of Technology
(AlT) in Bangkok, planned to modify a flood forecasting software package which was based on the discrete linear cascade model
and developed by VITUKI of Hungary, for implementation on microcomputers.

A number of articles written in Malay were published in the 'Wartani', the quarterly magazine of the Ministry of Agri-
culture, describing flood forecasting systems and precautionary procedures to follow during the flood season. This magazine
had a wide target audience including farmers, fishermen and villagers.

The Flood Risk Mapping Project, the pilot project for Comprehensive Flood Loss Prevention and Management, for the
Upper Klang River basin proceeded smoothly during the year. A Japanese expert in Flood Risk Mapping, Mr. Noboru Jitsuhiro
from Nikken Consultants, and the Typhoon Committee hydrologist, Mr. Yokouchi, visited Malaysia in April in connection with
the project. A Steering Committee was formed, based on the recommendations of Mr. Jitsuhiro and held its first session on
18 July 1985. The Committee was made up of 3 Government departments: the Survey Department, the Kuala Lumpur City
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Hall and the Drainage and Irrigation Department. Several new members were to be invited from relevant government agencies
to sit in the Committee. The Steering Committee also set out objectives and outlined long-term plans to extend the project
to other cities in Malaysia. The Technical Working Group for the project set up in the Drainage and Irrigation Department started
data collection, topographic survey and model testing' to produce a flood map for the basin. Since the project began, survey work
along the Klang River covered a stretch of 2 km, and plans were made to tender out the remainder of the survey work on the
other 2 rivers, Gombak River and Batu River, to bring the surveying schedule to about 6 months. The first Regional Meeting
organized by ESCAP to review this pilot project in Flood Risk Mapping was held in Bangkok from 8 to 13 July 1985. During
the meeting, the representative of the Government of Malaysia stressed that assistance of an expert would be necessary for the
implementation of flood risk analysis and mapping in the demonstration area and expressed the desire that the Government of
Japan should provide the expert support.

The Philippines began construction of flood forecasting and warning systems for the efficient operation of major dams in
Luzon. Civil and telecommunication works would be completed by the middle of 1986. Work was also in progress to set up a
detailed design for the establishment of flood forecasting and warning systems over the Marikina River basin in connection with
the operation of the Manggahan Flood Way and Napindan Tidal Gate in the same basin. The system was expected to be completed
in 1987. This basin was also designated as a pilot area for flood risk analysis and mapping. The Philippines continued monitoring
of the flood forecasting systems as an on-going activity under the hyrological component.

In the Republic of Korea, continued efforts were made in 1985 to improve the existing flood forecasting and warning
systems in the Han River basin. A master plan to establish a flood forecasting system in Nakdong River basin in the southeastern
part of the Korean peninsula was drawn up. Basin investigation was underway. Computer programmes were developed and neces-
sary equipment was purchased. The flood forecasting system was expected to be completed in 1986 and become operational in
1987. For the study of flood risk analysis and mapping, the Ministry of Construction had examined all data sources and external
consultative assistance might be required.

Thailand planned to strengthen the flood forecasting activities in the Pasak River basin, taking advantage of the construc-
tion of some facilities for water resources development and flood control in the basin. Reports on the verification of forecasts for
the water year, 1 April 1984 to 31 March 1985, were made and copies were sent to the Typhoon Committee Secretariat, ESCAP
and WMO.

A Typhoon Committee Mission visited Thailand from 9 to Il October 1984 to assess the current status and needs regarding
the implementation of a comprehensive approach to flood loss prevention and management and, in particular, of flood risk
analysis and mapping. In connection with this, a contour map covering an area of over 500 square kilometres in the city of Bang-
kok was under preparation and it would be completed soon.

Viet Nam planned to establish a pilot flood forecasting and warning system in the Ka River basin with external assistance.

1.3 DISASTER PREVENTION AND PREPAREDNESS

During 1985, members continued to follow the guidelines, suggested by the Typhoon Committee at its sixteenth session
(1983), in compiling disaster statistics for damage assessment.

In line with the Committee's public education and information campaign, forecasters in Hong Kong and the Philippines
gave live radio and television interviews and briefings to provide the public with the latest tropical cyclone information. These
public appearances proved to be very effective in disseminating timely warnings to the public.

In connection with the request of the Committee at its seventeenth session (1984), the League of Red Cross Societies
(LRCS) provided the Typhoon Committee Secretariat with information on case studies involving DPP programmes which resulted
in mitigation of damage. These case studies could be used as evidence based on which further government support might be obtained.

The LRCS stressed the need to ensure that warnings reached threatened areas in understandable language, to make results
of activities such as flood risk mapping available to the public, to continue research and training in DPP and to promote co-
operation among organizations concerned with DPP.

In China, work on DPP was actively undertaken. An example was the production of a film on tropical cyclones as part of
the public education and information campaign. To meet requirements of specialized users, China installed automatic warning
systems for disseminating typhoon and disastrous weather forecasts and warnings by very high frequency (VHF) signals at coastal
cities such as Guangzhou, Shanghai, Tianjin, Dalian and Shenzhen. Since 1984, the Shanghai Meteorological Bureau had been
issuing marine weather forecasts and typhoon warnings by facsimile. The contents of the forecasts and warnings would be ex-
panded and the frequency of transmission would be increased gradually. Also, two VHF meteorological telephone networks
were set up along the coastal areas, one in the provinces of Jiangsu, Zhejiang and Anhui and the other in the mouth of the Pearl
River and Shantou region. These VHF meteorological telephone networks ensured uninterrupted transmission of meteorological
information in those areas during the passage of typhoons.
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In Hong Kong, the Royal Observatory continued to take a major and leading role in collaborating with other government
departments and voluntary organizations to combat natural disasters by issuing and disseminating timely warnings on impending
hazardous weather conditions.

In order to provide the general public with the most up-to-date weather information and forecasts, weather bulletins were
updated every hour with effect from 15 May 1985, for dissemination by the mass media. In addition, a Dial-a-Weather Service
was introduced in July 1985 to enable direct access by the public to up-to-date weather information via telephone. Up-to-the-
minute tropical cyclone information was provided to the public by the Royal Observatory forecasters giving live interviews and
briefings over radio and on television.

The prototype microprocessor-based system introduced in 1984 to automate the process of disseminating severe weather
warnings from the Royal Observatory proved to be very useful and reduced substantially the time required for dissemination.
Various forms of warnings and advisory bulletins were stored on disks and could be recalled by the forecaster on a video display
unit for editing using a word processor. In 1985, funds were sought from the Government to enhance the Royal Observatory
computer system so as to fully automate the local telecommunication network.

The theme, Meteorology and Public Safety, was well publicized in an exhibition held to celebrate World Meteorological
Day on 23 March 1985. At the exhibition, the weather forecasting and climatological services provided by the Royal Observa-
tory to protect the public from hazardous meteorological phenomena, especially typhoons and floods, were described through
various visual displays. The exhibition aroused great public interest and over 4000 people visited the Royal Observatory during
the three-day period from 23 to 25 March 1985.

During the year, the Japanese Government carried out counter-measures against disasters. These included promotion of
science and technology concerning disaster prevention, reinforcement of disaster preparedness, promotion of national land con-
servation and promotion of restoration work.

In order to secure rapid and proper exchange of information among organizations and bodies concerned, a disaster pre-
vention radio communication system of the National Land Agency was introduced in 1978 to connect the Agency with all desig-
nated administrative and public organizations and bodies in Tokyo. The system was completed in March 1985. It acted as a hot
line and played an important role not only during the occurrence of disasters but also for prevention purposes.

As a counter-measure against disasters caused by landslides, debris flows and slope failures, Japan had established a Joint
Meeting for promotion of Land Surface Hazards Counter-measures and an Advisory Committee for Land Surface Hazards Coun-
ter-measures, composing of Government officials of relevant ministries and agencies and other experts in these fields.

In preparation for flood disasters in 1985, the Ministry of Welfare Services of Malaysia identified a total of 2 631 evacua-
tion centres which could accommodate over 700000 victims. Existing "forward supply bases", particularly those in isolated
areas, were stocked with food and other necessities.

In the Philippines, the organization of local Disaster Coordinating Councils (DCCs) and Disaster Control Groups (DCGs)
was undertaken. The DCCs which were organized from the regional down to the barangay level, were actually the duplication
of the National Disaster Coordination Council (NDCC), the body responsible for co-ordination in times of disasters. A total of
782 DCCs were organized or reorganized during the year in addition to the 2 168 DCCs in 1984.22 DCGs were organized in
1985.

Training on disaster preparedness of DCC and DCG members as well as volunteer workers was a continuing activity in co-
ordination with other agencies including PAGASA. The trained members would then echo the knowledge that they had acquired
to the people within their jurisdiction. To ensure automatic response during disasters, participants were given a scenario that
would call for role playing or simulated exposure to emergency conditions before the end of the seminar. Over 4 000 DCC and
DCG members and volunteers were trained in 1985.

The Office of Civil Defence (OCD) Regional Centers, in co-ordination with local DCCs, continued to conduct periodic
drills and exercises to test the effectiveness of their operational plans and of the organization. The exercise covered all phases
of disaster operations in which DCC members and volunteer workers participated. To strengthen co-ordination and co-operation
between implementing and cooperating agencies, DCC working groups, particularly at the national. level, met regularly once a
month to discuss matters relating to disaster prevention, mitigating and control. To encourage the participation of the people
in the government's disaster control operations through their voluntary involvement in the activities of DCCs, an Executive
Order providing compensatory benefits to disaster volunteer workers engaged in emergency operations was issued in 1984. A
manual to guide the local DCCs on disaster management was being prepared for dissemination. Review and revision of counter-
disaster plans had also been undertaken. •

Continuous public education on the nature of all types of disasters, their threats to lives and properties and the counter-
measures against them, was undertaken. Aside from distributing leaflets and manuals, and preparing audio and visual aids on
disaster preparedness for local presentation, OCD also developed radio plugs for receiving warnings and instructions from the
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authorities concerned on how to cope with disasters. The warnings and instructions were prepared in different dialects and were
aired particularly before and during disasters.

The Action Group of the NDCC in the Philippines had drafted two measures for consideration of the Government on
providing criteria and procedures for the declaration of a state of calamity in certain disaster areas and to prioritize allocation of
funds for relief and rehabilitation programmes aimed at hastening normalization and recovery of disaster-stricken areas: Periodic
meetings were also held among government agencies to enable dam operations to come up with emergency plans for warning
downstream communities, should water be released from dams.

To intensify the disaster preparedness programme among the young in the Philippines, the National Service Program was
implemented since the beginning of the school year 1985-86. This programme aimed at training young civil defense volunteers
both in and out of school.

Procurement of additional communications sets for warning dissemination was not realized due to lack of funds. Only
repair of defective communication sets, particularly those installed in disaster-prone areas, was undertaken. In this regard, co-
ordinations had been made with both government and private agencies on the utilization of their command network which
linked the central office with the regional centres. Testing of this linkage was carried out, once or twice a month. In addition,
the Emergency Braodeast System and facilities of the Committee on Warning System were also used.

In addition to the on-going activities relating to the recommendations given by the roving mission on the damage compila-
tion system, further analysis of past major disasters was being made to compare with the present or recent disasters. For reporting,
DCCs were encouraged to use a standard format to facilitate the preparation and dissemination of disaster information. In co-
ordination with other agencies, case studies on the response to major disasters were prepared starting from 1985. These included
public response to warning information, participation during the disaster operation and reaction or activities during the recovery
phase.

A proposal on the establishment of the Disaster Research and Training Institute in the Philippines was submitted to UNDP
through the National Economic Development Authority.

In Thailand, plans for the establishment of the Civil Defence School Project under the Ministry of the Interior was drafted
for consideration by the Government. The objectives of this project were to provide training and seminars to civil officers,
volunteers and employees from private sectors. The project had not yet been completed owing to lack of funds and external
assistance would be required. Seminar courses for all levels of civil defence authorities and volunteers under the Civil Defence
Project were conducted. Pamphlets for community education and awareness of natural hazards were improved, published and
circulated. Flat-bottom aluminium boats for emergency use in frequently flooded provinces as well as short-wave radio trans-
ceivers at municipals for the purpose of warning dissemination were procured. An assessment of the damage caused by tropical
cyclones and floods since 1981 was made, according to the standard format adopted at the Third Planning Meeting of TOP EX.

The Asian Institute of Technology (AlT) in Bangkok recently took the initiative to establish a regional disaster manage-
ment centre, complementing other similar institutions such as the proposed Disaster Research and Training Institute in the Philip-
pines. AlT approached the Office of the United Nations Disaster Relief Co-ordinator (UNDRO) for technical advice in develop-
ing a training programme for uppper-level disaster managers. Following a feasibility study, supported by UNDRO in association
with UNDP and WMO, it was expected that the training centre would be established in 1986. The training facilities on disaster
management at AlT would be made available to members of the Typhoon Committee. Another meeting of experts on natural
disasters was being organized by ASEAN and would be held in Bangkok in early 1986.

1.4 TRAINING

Members took advantage of a number of courses to train staff in a variety of disciplines. Funds from the WMOjVCP, UNDP
project and bilateral or multilateral arrangements were used to sponsor attendance at the courses listed below:

(a) WMO/HOMS Workshop on Equipment and Procedures for Measurement and Estimation of Sediment Loads, Katmandu,
Nepal,7 to 19 January 1985;

(b) Graduate Course in Hydrology, University of New South Wales, Australia, Il March to 14 June 1985;
(c) International Advanced Training Course on Hydrology, East China Technical University of Water Resources, Nanjing,

China,5 April to 5 June 1985;
(d) Workshop on Microcomputer-based Flood Forecasting System, Quezon City, Philippines, 15 to 27 April 1985;
(e) Training Course on River Engineering, Tokyo, 9 July to 21 November 1985;
(f) Group Training Course on the Operation, Calibration and Maintenance of Weather Radars, including Doppler Radars,

Quezon City, the Philippines, 2 to 14 September 1985;
(g) Group Training Course on Meteorology, Tokyo, 5 September to 23 December 1985;
(h) HOMS Workshop on Flood Routing and River Forecasting, Bandung, Indonesia, 25 to 30 November 1985 (for which

the following members of the Committee were invited to nominate two participants each - China, Malaysia, Thailand
and Viet Nam); and



(i) Seminar on Flood Inundation Forecasting, Rangoon, 9 to 21 December 1985 (for which the following members were
invited to nominate participants - China, Malaysia, the Philippines, Thailand and Viet Nam); ESCAP was also invited
to send a representative.

The following seminar and meeting on DPP were held during the year:
(a) Expert Group Meeting on the Improvement of Disaster Prevention Systems based on Risk Analysis of Natural Disasters

related to Typhoons and Heavy Rainfall, ESCAP, Bangkok, 8 to 13 July 1985; and
(b) Seminar on Technology for Disaster Prevention, Tsukuba, Japan, 22 August to 9 November 1985.

The Typhoon Committee at its seventeenth session (1984) noted the dearth of training opportunities in DPP and expressed
its desire that with the assistance of WMO, ESCAP, UNDRO and LRCS, efforts should be made to create more opportunities
for such training. A list of training facilities on disaster management as well as hazard and risk prevention and preparedness
was provided by UNDRO and circulated to members in 1985.

At the same session of the Typhoon Committee, members requested the possibility of using Technical Co-operation among
Developing Countries (TCDC) arrangements for exchange visits of scientists and experts between members, attachment of staff
to advanced centres and study tours. In 1985, a consolidated list of requirements and offer of facilities by members was compiled
and forwarded by the Typhoon Committee Secretariat to WMO for possible funding. UNDP had also expressed its support for
expansion of TCDC activities among Typhoon Committee members.

In China, training of personnel on objective and subjective typhoon forecasting, including forecasting of precipitation and
wind strength, was conducted in 1985. Nine senior scientists specialized in typhoons participated in the WMO International
Workshop on Tropical Cyclones in Bangkok from 25 November to 7 December 1985. Through TCDC arrangement, two fore-
casters from China visited PAGASA in the Philippines from 12 November to 24 December 1985. Attachment of forecasters
from China to Thailand was being arranged under the TCDC scheme with their travel and per diem provided by WMO.

In Hong Kong, training activities during 1985 were as follows:
(a) A training course was run by the Royal Observatory for Class IIMeteorologists including lectures on the meteorology

of southeast Asia;
(b) A series of lectures on heavy rain in China and tropical cyclones was organized in January to February 1985. Professors

Tao Shiyan and Ding Yihue from the Institute of Atmospheric Physics, Academia Sinica, Beijing, each gave 20 lectures;
(c) One Class I Meteorologist attended a workshop in PAGASA on Microcomputer-based Flood Forecasting Systems in

April 1985 ;
(d) One Class I Meteorologist visited the Typhoon Research Institute at Shanghai, China during August to September

1985 under TCDC arrangement;
(e) One Class I Meteorologist was attached to the Environmental Research Laboratory, NOAA,from September to

October to study the Program for Regional Observing and Forecasting Services (PROFS);
(f) Two Class II Meteorologists attended a WMO Workshop on Modern Telecommunication Techniques held in Jakarta

in October 1985; and
(g) An l Sweek Initial Training Course was conducted for 9 Class III Meteorologists.

In Japan, the National Research Center for Disaster Prevention continued to organize its annual seminar on Technology
for Disaster Prevention with the support of the Japan International Co-operation Agency in 1985. The seminar material was
compiled, as in previous years, into a publication which served as useful references on disaster prevention to Typhoon Com-
mittee members.

In the Philippines, the Basic Training Course in Hydrology for Atmospheric Science and Technology Specialists was con-
ducted from 17 April 1985 to 9 July 1985. The course was followed by a one-month practical phase of on-the-job training in
flood forecasting and warning operations from 10 July to 30 August 1985. 17 participants graduated. Training/workshop on
Microcomputer-based Flood Forecasting System in collaboration with WMO and its HOMS Office was conducted from 15 to
27 April 1985 at PAGASA for 6 foreign and 7 local participants. lts objective was to introduce its operational microcomputer-
based flood forecasting system to other members of the Committee. Full documentation of the microcomputer-based flood
models of the National Flood Forecasting Office (NFFO) of PAGASA was prepared and used as training materialsfor the work-
shop.

The first Regional Group Training Course on Radar Maintenance and Operation was held in the Philippines from 2 to 14
September, 1985. The course was organized under a UNDP project and eo-sponsored by WMO and ESCAP. 16 participants
attended, including 9 from eight other countries and 7 from the Philippines. The training course provided participants with good
knowledge of the operation and maintenance of a weather radar with particular emphasis on the digital video integrating pro-
cessar and general introduction on doppier radar systems, so as to ensure effective operation of radars in their respective coun-
tries.

A Specialized Agrometeorologists Training Course was conducted in the Philippines from 3 June to 23 August 1985 for
the Theoretical Phase and from 9 September to 4 October 1985 for the Specialization Phase with 30 participants including one
from Thailand.

- Il -



A Training Course for Meteorological Observers was held from 20 November 1984 to 9 August 1985, from which 32 parti-
cipants graduated. Another training course for Meteorological Observers started on 25 July 1985 and would last up fo April
1986. A correspondence course for Chief Meteorological Officers of the Mindanao Area was planned to be conducted soon.

A Hydrological Technician Training Course for Class III Meteorologists commenced on 2 September 1985 and would
be completed on 17 January 1986. The staff from NFFO were sent abroad to attend the following workshops or courses related
to hydrology:

(a) WMO/HOMS Workshop on Equipment and Procedures for Measurement and Estimation of Sediment Loads held in
Katmandu, Nepal on 7 to 19 January 1985;

(b) Graduate Course in Hydrology covering principles, practice and application of surface and ground water hydrology,
offered by the University of New South Wales, Australia for a period of three months from 11 March to 14 June
1985;and

(c) International Advanced Training Course on Hydrology held at the East China Technical University of Water Resources,
Nanjing, China from 5 April to 5 June 1985.

The Flood Forecasting and Warning System for Dam Operation (FFWSDO) Project in collaboration with the National Institute
of Atmospheric Sciences, PAGASA provided an on-the-job training course in hydrology and telecommunications at PAGASA
on 1 October 1985 lasting until 31 March 1987. The course in hydrology was designed for personnel who planned to work in the
FFWSDO Project with the following duties: flood forecasting, simulation of and recommendation on the dam operation, com-
pilation of related hydrological data, field inspection of hydrological equipment and research work for the improvement of the
flood forecasting system. The course in telecommunications was intended to prepare trainees for the operation and maintenance
of all telecommunication equipment and facilities of the FFWSDO. The Project was being undertaken with two other local
agencies, the National Power Corporation and the National Irrigation Administration.

Training courses on disaster prevention and preparedness for Disaster Co-ordinating Councils and Disaster Control Groups
had also been undertaken.

During 1985, representatives of the Republic of Korea participated in various training courses and workshops in the region.
Such participation contributed effectively to the meteorological service and technical development in the country.

In Thailand, training activities during 1985/86 were as. follows:
(a) One officer attended a course on Computer Applications held at the AlT in Bangkok from 30 April 1984 to 30 April

1985;
(b) Two officers attended the Group Training Course on Meteorology in Japan from 27 September 1984 to 28 January

1985;
(c) One representative participated in the Workshop on a Microcomputer-based Flood Forecasting System in the Philip-

pines from 15 to 27 April 1985; and
(d) One representative was sent to the United Kingdom for training in basic electronic instruments from 5 September

1985 to 5 September 1986.

A seminar on non-structural measures of flood damage mitigation including flood risk analysis and mapping was held in
Bangkok in December 1985 with the help of ESCAP, WMO and the Typhoon Committee Secretariat.

1.5 RESEARCH

In 1985, much research was carried out by members of the Typhoon Committee. Research correspondents designated by
each member under the three major components, meteorological, hydrological and disaster prevention and preparedness (DPP),
continued to serve as focal points for facilitating research co-operation among members. Following the decision of the Typhoon
Committee at its seventeenth session (1984), Dr. T. Kitade of Japan was designated as the co-ordinator in respect of the meteoro-
logical component. However, it was considered that the activities under the other two main components pertained mainly to
national undertakings and, therefore, no co-ordinators for the hydrological and DPP components for research activities were
designated. Progress was made in continuation of the work done by the Sub-committee of TOPEX Sub-Experiment in research
and studies based on the data collected during the operational phase.

To emphasize the importance of promoting tropical cyclone research activities, a workshop on tropical cyclones was held
at Bangkok in November 1985. This was the first scientific tropical cyclone workshop bringing together researchers and fore-
casters from all cyclone-affected regions in the world.

In China, abstracts of research undertaken by the Institute of Oceanography, Academia Sinica were provided to the Ty-
phoon Committee Secretariat. These included the following studies on storm surges:

(a) generation of storm surge in shallow water;
(b) forced waves caused by a low atmospheric pressure system travelling normal to or parallel to the coastline; and
(c) fundamental dynamic characteristics of the three-dimensional structure ofa storm surge.
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A copy of the paper "Status Quo and Future Prospect of Storm Surge Researches and Predictions in China" was provided
to the Typhoon Committee Secretariat by the Shandong College of Oceanography, Qingdao.

In order to strengthen technical guidance in typhoon operation, a Typhoon Operational Technical Group was set up con-
sisting of experts in typhoon forecasting, research and operational management. Its first meeting was held in December 1985.
The meeting reviewed typhoon track forecasting in 1985, discussed the problems in the forecasting of typhoons in 1985 and
made recommendations for future studies to be undertaken in 1986. The Typhoon Scientific Research Foundation was also es-
tablished so as to strengthen research work on typhoons.

In Hong Kong, tropical cyclone wave statistics at Waglan Island was compiled and an open coast storm surge model was
under development. Research was also carried out in applying the empirical orthogonal function analysis method to forecast
tropical cyclone movement. Diurnal variation of convective activity associated with tropical cyclones was investigated. Efforts
were also made to produce intensity distribution of tropical cyclones per 2-1/2 degree square in the region bounded by lOoN
to 25°N and 105°E to 1200E.

By integrating digital radar and satellite data, algorithms to estimate rainfall extent from satellite pictures were developed
and tested. It was further planned to develop quantitative estimates of rainfall from satellite imageries. The aim of this project
was to extend the presently available digitized rainfall areas as depicted on radar to produce quantitative satellite rainfall maps.
This would be particularly useful for severe weather forecasts.

In Japan, a new eight-level numerical model for typhoon forecasting with 81 x 81 grid points and 50-kilometre Mercator
projection grid mesh, was developed by the Japan Meteorological Agency. The new model provided better forecasts of cyclone
movements and heavy rainfall.

Furthermore, in order to understand the mechanism of tropical cyclone movement, numerical studies were carried out
using both a sophisticated baroelinie numerical model and a simplified barotropic model.

Flood risk mapping studies were also undertaken in Japan based on geomorphology of the area, historical data, hydro-
logical-hydraulic models and damage statistics.

On the improvement of flood forecasting techniques, studies were undertaken on the short-term rainfall forecast method
based on the radar-ramgauge network. Studies had also been undertaken concerning flood damage mitigation especially in urban
areas. In 14 urban rivers of Japan, studies on comprehensive flood loss prevention measures, including the application of non-
structural measures and land use regulation, were carried out in situ.

In Malaysia, the Malaysian Meteorological Service continued to pursue research on the large-scale influence of typhoon
on equatorial southeast Asia. In particular, more efforts were put into investigations of air-sea interactions, especially wave genera-
tion associated with the occurrence of tropical cyclones.

In the Philippines, several technical papers were completed and presented at the international conferences sponsored by
the Philippine Meteorological Society in December 1984 and also jointly with the American Meteorological Society in March
1985. The papers were on:

(a) Typhoon Nitang (Ike, 8411) and the Typhoon Mitigation Program of the Philippines;
(b) Vulnerability to storm surge in the case of Typhoon Nitang (Ike, 8411) and Typhoon Undang (Agnes, 8424);
(c) Assessment of the Typhoon Mitigation Program in the Philippines;
(d) Wind/pressure profiles and damage patterns of selected landfalling typhoons;
(e) A country paper on storm surges - the development of a storm surge prediction scheme in the Philippines;
(f) Preliminary typhoon damage scale in the Philippines;
(g) Damage and casualty due to Typhoon Ike (Nitang, 8411) and Typhoon Agnes (Undang, 8424); and
(h) A simple numerical model for storm surge prediction.

The following technical papers were completed and were ready for publication:
(a) Tropical Cyclone Climatology in the Philippines;
(b) Surface Wind and Pressure Profiles of Selected Typhoons in the Philippine Area of Responsibility (PAR);
(c) Application of Barotropic and Baroelinie Wave Theories on Dynamic Stability Theories;
(d) Sea-surface Temperature, Rainfall and Tropical Cyclone Formation in the PAR;
(e) On Typhoon Genesis/Development; and
(f) An Investigation of Droplet Growth by Condensation Using the Canlas Equation.

Research on storm surge, air-sea interaction, development of flood forecast procedures and typhoon predictions and model-
ling remained on-going.
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In the Republic of Korea, the WMO/UNDP project for the strengthening of research activities had been implemented since
1983. Under this project, several officers studied abroad and an expert was developing a basic numerical weather prediction
model for the Korean Meteorological Service. Studies for improving tracking techniques for typhoons were being undertaken.

In Thailand, an analysis of tropical cyclone data since 1951 was conducted. A new weighted combination of persistence
and climatology scheme of predicting tropical cyclone movement, especially in the low latitudes, was completed in 1985. The
new method would be tested with tropical cyclone data collected during the TOPEX period. Other studies and investigations
on the TOPEX data sets were also undertaken. Attempts were made to develop a numerical weather prediction model for tropical
cyclones and their associated rainfall.

1.6 SECRET ARIA T

To assist the Typhoon Committee in its day-to-day work and to co-ordinate the implementation of project activities of
the Typhoon Committee, an ECAFE (renamed ESCAP in 1974)/WMO Joint Unit on Typhoon was established in 1968 with
three professional experts, namely, a Chief Technical Adviser (Meteorologist), a Telecommunications and Electronics Expert
and a Hydrologist and Flood Forecasting Expert, with financial assistance from UNDP.

The Joint Unit was initially located at the ESCAP Secretariat in Bangkok but was transferred to Manila in 1971 in response
to an invitation from the Philippine Government. Upon the transfer to Manila, it was renamed the Typhoon Committee Sec-
retariat (TCS) to reflect its proper duties and functions.

The functions and duties of the TCS are contained in the Statute and Rules of Procedures of the Typhoon Committee
and these are reproduced in Appendix I.

The support by UNDP for the posts of Hydrologist and Chief Technical Adviser was withdrawn in 1977 and 1980 respec-
tively, in accordance with its policy.

From 1977 onwards, the post of Hydrologist and Flood Forecasting Expert was provided by Japan. Or. S.N. Sen who was
the Chief Technical Adviser until 1980, was replaced by Or. R.L. Kintanar, Administrator of PAGASA of the Philippines as the
Co-ordinator of the TCS.

During 1985, the TCS consisted of the following staff:

(a) Co-ordinator Dr. R.L. Kintanar
(Nominated by the Philippine Government)

Mr. C.H. Tang
(Funded by UNDP)

Mr. C.S. Doctor
(Seconded by the Philippine Government)

Mr. H. Yokouchi
(Seconded by the Japanese Government)

Mr. C.C. Reyes
(Nominated by the Philippine Government)

(b) Telecommunications/
Electronics Expert

(c) Meteorologist

(d) Hydrologist and
Flood Forecasting Expert

Technical Assistant to
the Co-ordinator

(e)

The Secretariat staff undertook missions during the year and provided technical assistance and training and co-ordinated
the implementation of projects and programmed activities of the Committee. The missions included:

Staff Member
Telecommunications &
Electronics Expert

Mission to

Hong Kong (June)
China (J une)
Japan (July)
Republic of Korea (July)
Malaysia (July)
Thailand (August)
Japan (August)
China (October)
Hong Kong (October)

Malaysia (February to May)
China (June)
Hong Kong (June)
Thailand (July)
China (October)

Hydrologist

-14 -



Meteorologist Hong Kong (J une)
China (June)
Japan (July)
Republic of Korea (July)
Malaysia (July)
Thailand (August)
China (October)
Hong Kong (October)

Training seminars related to the meteorological and hydrological components as well as on maintenance and operation
of electronic equipment including principles of the doppier radar were arranged by the TCS staff. Technical assistance was pro-
vided in the repair and calibration of electronic equipment to Malaysia and Thailand. The TCS also assisted members in the
selection of new electronic equipment and procurement of spare parts.

In collaboration with WMO and PAGASA, the TCS conducted a Regional Group Training Course on the Operation, Main-
tenance and Calibration of Weather Radars, including Doppler Radars, held at the PAGASA headquarters at Quezon City, Philip-
pines from 2 to 14 September 1985. Participants included engineers and technicians from members of the Typhoon Committee
and those of the Panel of Tropical Cyclones.

The TCS prepared half-yearly progress reports and these were submitted to UNDP. It also prepared in co-operation with
the executing agencies (ESCAP and WMO) working documents and reports for the annual session of the Committee. The TCS
assisted in making the necessary arrangements for the Expert Group Meeting on Planning Regional Operational Co-operation,
which was held in Tokyo in August 1985.

In addition to experts' missions to members, the TCS maintained close contact with the members by correspondence on
all matters relating to the implementation of projects and programme of activities. The TCS undertook surveys, compiled statis-
tics and prepared various reports and technical notes for circulation to members. It also assisted and participated in the exchange
of information among members, such as on typhoon research activities.

TCS co-ordinated with ESCAP and WMO on all matters and sought guidance from them on the execution of programme
activities of the Committee as and when necessary.

The TCS also assisted members in obtaining external assistance to implement programme. activities. The service provided
by the TCS included feasibility studies of projects and liaison with ESCAP, WMO or directly with the prospective donor to
obtain assistance to implement the project.
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CHAPTER 2
TROPICAL CYCLONES IN 1985

A noticeable feature of the tropical cyclone season for the northwest Pacific in 1985 was the formation of tropical cyclones
in clusters. July was relatively quiet with only three tropical cyclones in the region while the activity of tropical cyclones in
August surpassed that in any August during the past 15 years. During this month, four typhoons and three severe tropical storms
formed over the Pacific, and three of them clustered over the waters close to south Japan at one time. All but one tropical cyclone
occurring in August moved north and affected regions of higher latitudes. Japan, Korea and the eastern and northeastern parts
of China suffered heavy damage. However, no tropical cyclone occurred over the South China Sea in August, a phenomenon
last observed in 1950.

1985 was also an active year for the East China Sea and the Yellow Sea. A total of six typhoons and two severe tropical
storms occurred there, which was rarely observed.

The frequent onslaught of tropical cyclones not only taxed heavily on the warning and disaster relief services of the govern-
ments concerned, it also posed some difficulties in the forecasting of individual tropical cyclones.

2.1 OVERVIEW

During the year, 29 tropical cyclones occurred over the western North Pacific and the South China Sea in the area bounded
by the Equator, 45°N, lOOoE and 180oE. This is slightly lower than the annual average of 31. Sixteen of them attained typhoon
intensity against the average of 15 per year. Eight tropical cyclones affected Japan, two crossed the Korean peninsula, ten landed
on China, five passed over the Philippines, two came close to Hong Kong, three made landfall on Viet Nam and moved into
Laos, one of which affected Thailand subsequently. The monthly distribution of the frequency of first occurrence of tropical
cyclones is shown in Figure 4 and the monthly mean frequency of first occurrence of tropical cyclones during the year 1946-
1985 is shown in Figure 5. A total of 19 tropical cyclones affected and caused damage to members of the Typhoon Committee
in 1985. Table I contains the list of tropical cyclones and damage sustained in members' territories are summarized in Table 2.
Tracks of all tropical cyclones in the region in 1985 are shown on the frontispiece.

The most intense typhoon of the year was Typhoon Dot (8522) which affected the Philippines and southern China. Dot
developed over the Pacific to the southeast of Guam. It attained peak intensity with maximum sustained winds of 67 mis before
reaching the Philippines. It inflicted severe damage in the Philippines causing the death of 81 people and loss of property amount-
ing to US$60 million. More destructive typhoons of the year, in terms of casualties, were: Typhoon Cecil (8521) in late October
which brought a death toll of 769 people in Viet Nam and Typhoon Jeff (8507) in late July and early August which killed 245
people and injured I 400 residents in eastern and northeastern parts of China.

The tropical cyclone season in the northwest Pacific began with two tropical storms in the early part of January. Tropical
Storm Fabian (8501) developed over the Pacific between the Philippines and Guam. It drifted slowly over this part of the ocean
from 6 to 14 January except for a period of southeastward movement on 9 January when it came under the influence of Tropical
Storm Elsie (8502) to the east. Elsie developed near the Caroline Islands on 7 January. It recurved to the north near Guam on 9
January and then veered to the northeast before dissipating over water on 11 January.

The months February to April were quiet with only one tropical depression occurring over the northwest Pacific. After
formation about 850 km east of Luzon on 22 April, it moved east-northeastwards and dissipated on 24 April.

Only one tropical cyclone occurrred in May. Typhoon Gay (8503) formed about 700 km to the east of the Philippines.
It moved northwards and recurved about 650 km south of Okinawa on 24 May. Gay became an extratropical cyclone about
600 km south of Tokyo on 26 May.

Tropical cyclone activity increased in the second half of June. A broad trough of low pressure in the lower troposphere
extended eastwards from the northern part of the South China Sea to the Mariana Islands in the Pacific and triggered the forma-
tion of three tropical cyclones. They were Tropical Depression (8504), Typhoon Hal (8505) and Typhoon Irma (8506).

Tropical Depression (8504) formed over the South China Sea about 470 km east of Da Nang on 17 June. It remained
almost stationary in the first two days. With the development of this tropical depression, the southwesterlies over the South
China Sea were enhanced and sea conditions became increasingly choppy. Waves with maximum significant height of up to
2.1 m were recorded at the Samarang oil platform located in the coastal waters of East Malaysia in the morning of 18 June.
The tropical depression moved towards Hainan Dao on 19 June and dissipated over the island on 20 June. During this period,
winds and wave heights over the East Malaysian region correspondingly decreased. The tropical depression (8504) was a good
example of the large scale effects induced by tropical cyclones over the South China Sea which influenced the East Malaysian
coastal waters.
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Figure 4.
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Monthly distribution of the frequency of first occurrence of tropical cyclones* in the western North Pacific and
the South China Sea in 1985.

"Tropical cyclones with or without damage to Typhoon Committee members, based on data from Royal Observatory, Hong Kong.
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Figure 5.
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Monthly distribution of the mean frequency of first occurrence of tropical cyclones* in the western North Pacific
and the South China Sea, 1946-1985.

*Tropical cyclones with or without damage to Typhoon Committee members, based on data from Royal Observatory, Hong Kong.
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Table I. LIST OF TROPICAL CYCLONESWHICHAFFECTED MEMBERSOF THE
TYPHOON COMMITTEE IN 1985

Beginning of Composite Track End of Composite Track Maximum Intensity"
Name of Maximum sustained Minimum central

tropical cyclone Date Time Position Date Time Position
GMT oN oE GMT oN oE surface wind pressure

(mis) (hPa)

GAY (8503) 18 May 12 9.0 129.8 26May 18 31.0 142.0 47 950
HAL (8505) 17 Jun 06 12.5 141.3 28 Jun 00 32.5 125.5 49 960
IRMA (8506) 23 Jun 12 6.8 140.5 1 Jul 12 43.6 148.0 41 955
JEFF (8507) 21 Jul 12 19.0 146.5 3 Aug 12 44.9 137.5 40 965
KIT (8508) 30 Jul 12 22.1 148.0 11 Aug 06 42.9 135.8 41 960
LEE (8509) 9 Aug 12 20.8 131.0 15 Aug 00 47.0 130.0 32 975

MAMIE (8510) 14 Aug 06 23.5 123.0 20Aug 00 45.2 127.7 31 975
NELSON (8511) 16 Aug 00 14.4 142.0 25 Aug 18 25.9 112.4 52 950
ODESSA (8512) 22 Aug 06 19.3 142.2 2 Sep 00 37.0 143.0 41 955

PAT (8513) 24 Aug 06 24.6 123.4 1 Sep 12 42.0 145.0 41 955
RUBY (8514) 26 Aug 00 19.5 136.7 1 Sep 06 41.0 154.0 30 985
TESS (8516) 31 Aug 18 15.0 133.0 9 Sep 00 24.0 102.0 38 965
VAL (8517) 12 Sep 12 13.0 146.0 18 Sep 06 21.0 115.0 23 994

WINONA (8518) 18 Sep 18 15.8 115.5 24 Sep 00 24.7 116.3 23 990
ANDY (8519) 24 Sep 06 9.4 131.5 20ct 06 17.3 104.5 34 975

BRENDA (8520) 29 Sep 00 17.0 134.3 60ct 06 39.0 133.0 45 955
CECIL (8521) Il Oct 06 8.7 126.0 170ct 12 18.0 98.0 41 960
DOT (8522) Il Oct 12 5.0 155.0 220ct 12 19.0 99.0 67 880

FAYE (8524) 220ct 06 12.0 128.0 1 Nov 12 28.7 140.6 40 963

*Maximum peak intensity from available post analyses
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Typhoon Hal (8505) developed over the Pacific to the west of Guam on 19 June. It moved west-northwestwards and passed
close to the north of Luzon over the Balintang Channel on 22 June. Hal crossed the northern part of the South China Sea and
turned north-northwestwards on 24 June. It landed about 120 km east-northeast of Hong Kong in the afternoon of 24 June.
Hal caused widespread damage in the central and northern Philippines, the island of Taiwan and the provinces of Guangdong
and Fujian.

Typhoon Irma (8506) developed around midnight of 24 June about I 630 km southeast of Manila. It moved west-north-
westwards at first but turned northwards on 27 June over the Pacific to the east of the Philippines. Irma took a more northeaster-
ly track near the Ryukyus on 29 June and skirted the coast of southern Honshu on 30 June. It passed over Tokyo early on
I July and became an extratropical cyclone to the southeast of Hokkaido later on the day. Irma left serious damage in Japan.
Its presence also caused enhanced southwest monsoon winds in the Philippines which brought heavy rain and floods.

In July, only three tropical cyclones formed in the region, which was fewer than normal. This was attributed to the weak
southwesterlies in the mid to lower troposphere for most of July. On 4 July a tropical depression developed about 1 200 km
east-southeast of Manila. It crossed central Philippines and dissipated on reaching the south China coast about 200 km east-
northeast of Hong Kong late on 8 July.

Typhoon Jeff (8507) originated about 490 km east-southeast of Iwo Jima on 22 July and lasted for 12 days. It moved
north-northeastwards and intensified to a severe tropical storm to the southeast of Japan on 23 July. Jeff turned westwards
on 24 July and weakened over water on 25 July. However, it re-intensified to a tropical storm on 27 July east ofOkinawa and
reached typhoon intensity on 29 July as it turned gradually to the northwest. It crossed the coast of east China in the province
of Zhejiang about 320 km south of Shanghai the following day. Jeff recurved to the northeast over the delta of Chang Jiang
(Yangtze River), crossed the Yellow Sea and landed again near the northeastern border of China on 2 August. Soon after land-
fall, it became an extra tropical cyclone and continued to move northeastwards across the provinces of Liaoning, Jilin and Heilong-
jiang and the Soviet Far East. Heavy rain and floods associated with Jeff inflicted heavy losses in Zhejiang Province and the
northeastern provinces of China.

Typhoon Kit (8508) formed about 670 km east-southeast of Iwo Jima on 31 July. It moved west-southwestwards initially
and turned northwest on 2 August. It became slow-moving from 4 to 6 August to the south-southeast of Kyushu. Kit took a west-
northwesterly course on 7 August and passed the islands south of Kyushu early on 8 July. It recurved near Cheju Do and crossed
southern Korea on 10 August. Kit finally became an extratropical cyclone over the Sea of Japan west of Hokkaido on II August.

As Typhoon Kit moved across southern Korea on 10 August, another tropical cyclone, Lee (8509), formed some 650 km
southeast of Okinawa. It passed near Okinawa on 12 August and intensified to a severe tropical storm over the East China Sea.
Lee took a northerly course over the Yellow Sea and passed about 170 km west of Seoul on 14 August. It eventually became
an extra tropical cyclone over Heilongjiang Province the next day.

In the wake of Severe Tropical Storm Lee, another tropical cyclone, Mamie (8510), developed over the Pacific about
160 km to the east of Taiwan on 14 August. It strengthened over the East China Sea and became a severe tropical storm on 17
August. Mamie moved northwestwards and skirted the coast of China from Shanghai to Shandong Province on 18 August. Mamie
crossed Shandong peninsula on 19 August and landed over Liaodong peninsula near Dalian. It subsequently became an extra-
tropical cyclone over Heilongjiang Province on 20 August. Mamie brought landslips and flooding to Okinawa and Korea. Heavy
precipitation, storm surge and flooding associated with Mamie brought severe damage to Shandong Province and the northeastern
provinces of China. In Liaoning Province, record heavy rain and collapse of dykes at various rivers gave rise to extensive flooding.

Jeff (8507), Lee (8509) and Mamie (8510) and their interaction with relatively colder air from the northwest brought
heavy rain and widespread flooding in the provinces of Zhejiang, Jiangsu, Shandong, Liaoning and Jilin of northern China.

As Mamie (8510) moved northwards and strengthened over the East China Sea, Typhoon Nelson (8511) formed over the
Pacific about 330 km west of Guam in the morning of 16 August. It moved northwards initially but turned to the west on 18
August. Unlike the other tropical cyclones in August this year, it maintained a westerly course until landfall. It passed about
55 km north of Taibei in the morning of 23 August and landed in Fujian Province about 55 km south-southeast of Fuzhou later
the same day. Packed with maximum sustained winds of 47 tal«, Nelson was the worst typhoon to hit Fujian in 16 years. Sub-
stantial damage was inflicted there with 48 people killed and 330 others injured. Nelson made its way through southern Jiangxi
Province before completely dissipating in Hunan Province on 26 August. In Hunan, Nelson caused severe rainstorms in which
147 people were killed.

As Nelson swept across south China, a triplet of tropical cyclones formed over the Pacific within 6 days of one another.
They were Typhoon Odessa (8512), Typhoon Pat (8513) and Severe Tropical Storm Ruby (8514). They located close enough
to one another to cause interaction. Odessa formed about 730 km northwest of Guam on 23 August. It moved northwards from
24 to 26 August and turned to the west near the Ogasawara Islands on 27 August. Under the influence of Pat, it passed west-
northwestwards south of Kyushu on 29 August and then turned to the northeast over the East. China Sea about 440 km east-
southeast of Shanghai on 31 August. Odessa passed to the northwest of Nagasaki late on 31 August and moved over the Sea of
Japan. After crossing Honshu overnight on 1 September, it dissipated over the northern Pacific in the morning of2 September.
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Pat formed over the Bashi Channel about 300 km east-southeast of Gaoxiong on 26 August. It became slow-moving about
360 km southeast of Okinawa on 29 August. As the northward steering flow over Pat was enhanced by the circulation of Odessa,
Pat accelerated on 30 August and skirted the west coast of Kyushu early on 31 August. It recurved to the northeast over the
Sea of Japan and turned further to the east while crossing Hokkaido in the afternoon of I September. It became an extratropical
cyclone over the northern Pacific in the evening.

Ruby developed about 270 km south-southeast of Iwo Jima early on 28 August. It moved north-northwestwards, recurved
south of Honshu and passed about 20 km east of Tokyo on 30 August. It then moved north-northeastwards over the eastern
part of Honshu and re-entered the Pacific where it became an extratropical cyclone east of Hokkaido on 1 September. Between
30 August and 1 September, these three tropical cyclones landed on or passed close to Japan six times, inflicting extensive damage
there. Heavy rain and strong winds associated with Odessa and Pat also affected southern Korea.

The last tropical cyclone in August, Typhoon Skip (8515), was distinctly different from the other tropical cyclones in
the year. It formed much further to the east, near the Marshall Islands, on 31 August. Skip moved northwestwards at first and
recurved to the northeast about 1 400 km southwest of Midway Island on 4 September. It crossed the date-line about 1 000 km
north of the island on 8 September.

After the hectic month of tropical cyclone activity over the waters adjacent to Japan, Korea and central and northeast
China, the zone of frequent occurrence of tropical cyclones shifted southwards. All tropical cyclones from September onwards
occurred south of 25°N, with the exception of Typhoon Brenda (8520) and Typhoon Faye (8524). All but three of the sixteen
tropical cyclones developed in the last four months of 1985 affected the South China Sea.

Altogether five tropical cyclones formed over the northwest Pacific in September. Tess (8516) developed about 1 200 km
east of Manila on 1 September. It crossed Luzon on 3 September and intensified to a typhoon over the South China Sea on
5 September. Tess crossed the south China coast in the morning of 6 September about 220 km west-southwest of Hong Kong
and brought extensive damage to western Guangdong. It eventually dissipated over Yunnan Province about 470 km west-
northwest of Nanning in the evening of 8 September.

Tropical Storm Val (8517) developed near 18°N and 132°E on 15 September. It remained weak and poorly organized
throughout its life. Val passed westwards over the Bashi Channel about 65 km off the southern tip of the island of Taiwan on
17 September and dissipated over the South China Sea the following day.

A weak surge of winter mansaan over the northern part of the South China Sea induced the formation of Winana (8518)
about 580 km west of Manila in the morning of 19 September. It moved west-northwestwards initially but turned north-north-
westwards on 20 September while intensifying to a tropical storm. Winona passed to the northeast of Hainan Dao and landed
on the Leizhou peninsula on 22 September, causing severe damage there. Winona recurved to the east overland and brought
heavy precipitation in the province of Guangxi and western Guangdong. It finally dissipated about 190 km north of Hong Kong
in the evening of 23 September.

Typhoon Andy (8519) formed over the Pacific about 560 km east of Mindanao on 24 September. It moved in a north-
westerly direction and crossed the northeastern tip of Luzon on 26 September. Andy followed a gently oscillatory westward
track over the northern part of the South China Sea and passed over southeastern part of Hainan Dao early on 30 September.
It moved west-southwestwards, landed about 350 km south of Hanoi on I October and dissipated over Laos on 2 October. Andy
left 46 people dead during its passage in Viet Nam.

Typhoon Brenda (8520) developed over the Pacific about 1 200 km east of Luzon on 29 September. It moved west-south-
westwards at first and became slow-moving from 30 September to 2 October. On 3 October Brenda tracked northwestwards
and passed about 180 km off the eastern coast of the island of Taiwan early on 4 October. In the afternoon, it recurved to the
north-northeast about 320 km east of Fuzhou. Brenda swept across the East China Sea and became an extratropical cyclone
over the Korea Strait on 15 October. Brenda was an unusually late tropical cyclone for south Kórea and east China. It left sub-
stantial damage along its trail in east China, southern Korea and southern Japan.

The active inter-tropical convergence zone produced four tropical cyclones in the month of October. Typhoon Cecil (8521)
developed over the Sulu Sea on 12 October. It took a northwesterly course over the South China Sea on 15 October and made
landfall about 140 km northwest of Da Nang on 16 October. It crossed central Viet Nam where severe damage was inflicted.
Cecil passed over Laos and dissipated in northern Thailand on 17 October bringing heavy rain to the region.

The most intense typhoon of the year, Dot (8522), developed about 540 km southeast of Guam on 13 October. It moved
west-northwestwards and became a typhoon about 760 km west of Guam on 15 October. Dot attained its peak intensity about
1 100 km east of Manila in the evening of 16 October with maximum sustained winds of about 67 m/so Dot weakened consider-
ably on crossing the Philippines on 18 October. Nevertheless, heavy loss was inflicted there. Dot re-intensified over the South
China Sea and moved west-northwestwards. It passed close to Yulin on the southern tip of Hainan Dao on 21 October and landed
on Viet Nam about 280 km south of Hanoi later on the same day. It finally dissipated near Vientiane on 22 October.
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Ellis (8523) formed over the Pacific about 850 km east-southeast of Guam on 16 October. It remained slow-moving and in-
tensified to a severe tropical storm on 18 October. Ellis moved southwestwards from 18 to 19 October and turned west-northwest-
wards on 20 October. It dissipated over the ocean about 200 km west of Yap early on 22 October.

Typhoon Faye (8524) formed over the Pacific about 560 km east-southeast of Manila on 23 October. Unlike Cecil and
Dot, which followed a generally northwesterly track until landfall, Faye crossed Luzon on 24 October and recurved to the east-
northeast over the South China Sea about 460 km north-northwest of Manila on 25 October. It moved over the Balintang Channel
and accelerated northeastwards on 29 October. Faye turned east-northeastwards on 30 October and passed about 180 km south-
east of Okinawa the next day. It eventually dissipated over water about 780 km south of Tokyo on I November.

Only one tropical cyclone formed in the month of November. Tropical Depression Gordon (8525) developed over the
South China Sea about 220 km southwest of Nansha Dao on 23 November. It moved in a generally northwesterly direction at
first, turning southwestwards on 25 November near the coast of Viet Nam and dissipated about 260 km east of Ho Chi Minh
City in the evening. Widespread rain associated with the remnant of Gordon: was reported in southern Thailand on 26 November.

Two tropical cyclones occurred over the northwest Pacific in December. Irving (8527) developed over the South China
Sea about 390 km south of Nansha Dao on 17 December. It was slow-moving at first and intensified to a tropical storm on 18
December. It took a northwestward course on 19 December. Influenced by the northeast monsoon, Irving turned southwest-
wards on 20 December about 200 km off the coast of Viet Nam and dissipated about 480 km south of Ho Chi Minh City two
days later.

Another tropical cyclone, Hope (8526), originated about ISO km east of Yap also on 17 December. It moved northwest-
wards and became a typhoon about 400 km northwest of Yap on 19 December. Hope turned westwards the next day and re-
curved to the northeast on 22 and 23 December some 450 km east of Luzon. It weakened on encountering the northeast mon-
soon and dissipated over the ocean about I 130 km east-northeast of Manila on 24 December. This marked the end of the tropi-
cal cyclone season in 1985.

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

GAY (8503)
MAY

Gay was the first tropical cyclone to affect a member of the Typhoon Committee in 1985. It originated in the inter-tropical
convergence zone over the Pacific to the east of the Philippines in the second half of May. Gay intensified into a typhoon and
attained its maximum intensity on 24 May about 630 km south-southeast of Okinawa. Its central sea-level pressure was estimated
at 950 hPa. As a result of the interaction with a baroelinie westerly trough which extended into the subtropics in late May,
Gay recurved northeastwards on 24 May and became an extra tropical cyclone south of Tokyo on 26 May.

The pre-storm stage of Gay could be identified as early as 16 May. A cloud mass which was associated with a low pressure
area, could be observed on GMS imageries near the Caroline Islands south of lOoN. It moved westwards initially and changed
to a northeast direction to the east of Mindanao late on 18 May. During this period a northeast to southwest oriented trough of
low pressure in the upper troposphere stayed over the northern part of the South China Sea with westerlies up to 25 mis pre-
vailing in the vicinity of the tropical disturbance. These strong upper-level westerlies prevented intensification of the tropical
system.

The upper-level westerlies weakened and retreated poleward on 19 May and an upper-tropospheric anticyclone developed
over the system allowing it to strengthen into a tropical depression. Gay intensified further steadily and became a tropical storm
two days later. It attained typhoon intensity on 23 May about I 000 km east-northeast of Manila. The eye of Gay formed at
.around 06 GMT on the same day, was discernible on satellite pictures.

Located south of a weak subtropical ridge, Gay moved generally in a northerly direction with speeds between 5 km/h to
14 krn/h from 20 May to 22 May. Early on 23 May, with the passing of a mid-latitude westerly trough to the east, the subtropi-
cal ridge strengthened steering Gay northwestwards. Gay made an abrupt turn to the north early on 24 May and veered to the
northeast later when a second eastward-moving westerly trough moved near the longitude of Gay.

Near the point of recurvature, a deep upper-level trough to the west of Gay provided the typhoon with an efficient out-
flow channel to the northeast. Gay intensified rapidly and reached its maximum intensity in the afternoon of 24 May. A recon-
naissance aircraft which flew into the centre of Gay reported maximum surface winds of 51 mis and a minimum central pressure
of952 hPa at 0818 GMT.

Gay became embedded in the southwesterlies later on 24 May. It accelerated northeastwards reaching a maximum speed
of 50 km/h in the evening of 25 May. Moving rapidly northeastwards, Gay traversed over cooler waters over the Pacific and
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weakened. Interaction with a frontal system moving eastwards across Japan to the north of Gay weakened the typhoon further
(Figure 6). By the morning of 26 May, Gay had lost most of the intense convection near its centre and was estimated to have the
intensity of a severe tropical storm. It turned eastwards and slowed down to about 16 km/h. Gay finally became an extratropical
cyclone in the evening of 26 May about 600 km south of Tokyo.

Gay affected the areas of Shikoku, Kinki and Chubu in Japan on 25 and 26 May. There were no casualties but one house
was washed away and five others were flooded.

Figure 6. GMS-3 infra-red imagery of Typhoon Gay (8503) interacting with a frontal system which had moved past Japan
around 18 GMT on 25 May 1985.
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HAL(8505)
JUNE

Typhoon Hal was the first tropical cyclone in 1985 to cause major damage to members of the Typhoon Committee. It
developed over the northwest Pacific to the west of Guam on 19 June and maintained a west-northwesterly course from the
Pacific to the northern part of the South China Sea. Hal made an abrupt turn to the north-northwest shortly before crossing
the south China coast to the east of Hong Kong. It subsequently weakened to an area of low pressure in Guangdong Province
on 25 June. Hal reached typhoon strength two days from its inception and maintained that intensity until landfall. With a com-
paratively large circulation, Hal caused substantial damage in the island of Taiwan and the central and northern parts of the
Philippines although the eye of Hal did not cross them directly. Serious damage was also reported in both Guarigdong and the
southern part of Fujian Province in China.

Hal developed in a broad monsoon trough which covered the northern part of the South China Sea and the Pacific as far
as the Marianas. It was first noted as an active convective area north of the Caroline Islands from satellite and surface data on
17 June. The system drifted west-northwestwards initially and developed into a tropical depression on 19 June. Aided by the
anticyclonic flow over the tropical cyclone in the upper troposphere, Hal intensified steadily. It became a tropical storm in the
morning of 20 June about I 060 km east of Manila. Under the steering of the easterly flow south of the subtropical ridge, Hal
moved west-northwestwards at about Il km/h.

Hal continued to intensify and attained typhoon intensity early on 21 June. GMS imageries on that day showed that the eye
of Hal was ragged and unusually large with a diameter of about ISO km. A reconnaissance aircraft which flew into the typhoon
at 0900 GMT reported surface winds of 46 mis near its centre. In response to the strengthening of the subtropical ridge, Hal
accelerated to 25 km/h as it headed towards the Balintang Channel.

Hal passed about 65 km to the north of Luzon early on 22 June. A reconnaissance aircraft report on that day indicated
that the sea-level pressure fell to 961 hPa. Its extensive circulation, about I 300 km in diameter, could be observed on satellite
pictures (Figure 9). Bright and thick convective clouds covered the northern Philippines and part of Taiwan.

Hal brought heavy rain to Luzon. A total of 284.6 mm of rain was recorded at Baguio on 22 June. Monsoon generated
rains continued to affect the western Philippines on the following two days as Hal moved away.

Halleft 59 people dead or missing and 69 persons injured in the Philippines. II all persons and I 864 families were ren-
dered homeless while 66 531 persons and 12 654 families were affected. About 9 800 houses and buildings were totally or par-
tially destroyed and total damage to properties was estimated at about US$12.3 million. Hal damaged 61 473 hectares of farm-
land and 9 092 fruit plants. It also damaged public works facilities and public utilities in the Luzon area.

In Taiwan, 2 people were killed,S were missing and 18 others were injured. About 5 000 hectares of farmland were des-
troyed.

Hal entered the South China Sea in the afternoon of 22 June and slowed down to about 16 km/h. At 06 GMT on 23 June,
the ship, M.V. "Chevalier Roze", reported sustained winds of 28 mis about 200 km south of the centre. In the afternoon, Hal
passed about 75 km north of Dongsha Dao where maximum sustained winds of 28 mis were recorded. It further decelerated
to about 10 km/h and turned north-northwestwards in the early morning of 24 June about 190 km east-southeast of Hong Kong.
Satellite pictures showed that Hal had lost most of its convection to the north by then but intense convective activity remained
in the southern semicircle of the typhoon. Hal crossed the coast near Shanwei around 06 GMT on 24 June where a minimum
sea-level pressure of 976.4 hPa was recorded. It continued moving slowly inland and weakened to an area of low pressure about
260 km north of Hong Kong on 25 June. The low pressure area, whose centre could subsequently be tracked moving northeast-
wards over southeast China in the next two days, eventually filled over the East China Sea on 28 June.

In Guangdong Province in China, 2 people were killed and 2 others were injured. Nearly 40000 homes and more than
130000 hectares of crops were damaged. Widespread damage to embankments, bridges, roads and hydro-electric facilities was
reported in Haifeng, a coastal county of Guangdong, and about 200000 people were mobilized to repair them. Heavy rain asso-
ciated with the remnant of Typhoon Hal also affected southern Fujian. II people were injured or killed. More than lOO 000
others were stranded and vast areas of farmland were inundated.

In Hong Kong, during the passage of the typhoon, I person was missing and 24 others were injured. A motor tug sank and
a landing pontoon capsized. Two pleasure vessels were driven aground and two dwelling boats foundered. Thunderstorms and
heavy rain in the wake of Typhoon Hal caused numerous landslips and flooding, as a result of which 82 houses were destroyed
and 112 others were affected. 532 people and 88 families were rendered homeless and 641 people and 127 families were affected.
Damage to public works was estimated at US$65 000.
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Figure 9. GMS-3 visible imagery of Typhoon HAL (8505) with an extensive circulation around 00 GMT on 22 June 1985.
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Figure 10. Digital radar picture of Typhoon H~L (8505) about to make landfall to the east of Hong Kong at 0228 GMT
on 24 June 1985.
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Figure 11. Heavy rain in the wake of Typhoon HAL (8505) caused numerous landslips and flooding in Hong Kong.
(by Courtesy of Ta Kung Pao)

Figure 12. Homes destroyed by Typhoon HAL (8505) in Laoag City, about 320 km north of Manila.
(by Courtesy of Associated Press)
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IRMA (8506)
JUNE-JULY

Typhoon Irma was the third tropical cyclone to affect the region in the latter part of June. It developed in the inter-tropical
convergence zone to the east of the Philippines. Irma tracked along the western periphery of the subtropical ridge at first and
recurved subsequently to the northeast near Japan as a result of interaction with a mid-latitude westerly trough. The tropical
cyclone reached its maximum intensity shortly before its engagement with the trough.

The embryonic stage of-Irrna commenced as a tropical disturbance near 6°N and 146°E in the morning of June 20 as
noted from surface chart analysis and satellite pictures. The cloud cluster associated with the disturbance crept west-northwest-
wards along the southern margin of the Pacific ridge initially. It began to assume a vortical pattern and strengthened into a tropi-
cal depression shortly after midnight of 24 June about 1 630 km southeast of Manila.

Aided by good upper-level outflow, Irma then underwent rapid development and it became a tropical storm six hours
later.

By the morning of 26 June, the subtropical anticyclone north of Irma receded to the east which allowed the tropical
cyclone to track with a more northerly component but at a slightly reduced forward speed. Satellite pictures showed that a
separate cloud mass developed to the north of Irma's main cloud system. As the cloud mass shrank later on the day, Irma con-
solidated itself and strengthened.

In the afternoon of June 27, the satellite imagery of Irma changed markedly with the appearance of an ill-defined eye
some 780 km east of Casiguran. Irma became a typhoon with maximum surface winds estimated at 36 m/so Early on 28 June,
reconnaissance aircraft reports indicated that the central pressure had dropped to 966 hPa.

From 27 June to 29 June, an extensive cyclonic circulation covered southern China and the northern part of the South
China Sea in the lower troposphere. Together with the subtropical ridge, they provided a strong southerly flow east of the Asiatic
land mass and steered Irma northwards at speeds of between 18 to 28 km/h.

On 29 June, Irma was located ahead of an upper-level westerly trough which provided good outflow conditions aloft and
the typhoon further intensified about 240 km east of Okinawa. The maximum sustained surface winds and central pressure
were estimated at about 40 mis and 955 hPa respectively.

In the evening of 29 June, Irma turned gradually to the northeast and began to weaken on 30 June. It accelerated to about
70 km/h while skirting the southern coast of Honshu (Figure 14). Early on 1 July, Irma made landfall on Tagonoura. It then
continued moving northeastwards at about 80 km/h and passed close to Tokyo. Maximum surface winds of 32.9 mis were re-
corded in Chiba about 40 km southeast of the centre of the typhoon. Irma re-entered the ocean a few hours later and became
an extratropical cyclone over the Pacific to the southeast of Hokkaido in the afternoon.

Heavy rain associated with the typhoon, caused widespread flooding in Metro Manila and nearby provinces in the Philip-
pines. Between 25 and 29 June, 65 persons were reported dead or missing. 2413 persons and 648 families were rendered home-
less while 508654 persons and 94013 families were affected. About 2 100 houses and buildings were totally or partially des-
troyed and total damage to properties was estimated at about US$19 million. Irma damaged 205 hectares offarmlands and also
damaged public works facilities in central Luzon. Irma and Hal (8505) together caused evacuation of 24000 families and 144000
people in the Philippines.

Damage associated with Irma was reported in most areas of Japan. Between 18 June and 6 July, 22 persons were dead or
missing and 56 others were injured. With regard to damage to houses and buildings, 51 units were destroyed and 831 units were
partly damaged. A total of 21 457 units were flooded. 49522 hectares of farmland were affected and the loss of agricultural
products was estimated at over US$60 million. There were 2851 reports of landslides. The number of sites of damage of roads,
bridges and river embankments were 3526, 74 and 2412 respectively. Railway service and telecommunication were affected
at 3526 and 795 sites respectively.
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COMPOSITE TRACK OF IRMA (8506)
23 JUNE - 1 JULY 1985
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Figure 13. Composite track of Irma (8506).
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Figure 14. GMS·3 infra-red imagery of Typhoon Irma (8506) skirting the southern coast of Honshu around 12 GMT
on 30 June 1985.
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Figure 15. Composite picture of radar echoes observed at Mt. Fuji, Niigata, Fukui, Nagoya and Osaka of Typhoon Irma
(8506) at 07 GMT on 1 July 1985. (by Courtesy of Japan Meteorological Agency)
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Figure 16. Heavy rain associated with Typhoon
Irma (8506) poured on Manila continuously during
the night of 27 June, flooding much of the capital.
(by Courtesy of Associated Press)

Figure 17. A freighter left grounded by Typhoon
Irma (8506) near Shirahama, central Japan.
(by Courtesy of Associated Press)
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JEFF (8507)
JULY - AUGUST

Typhoon Jeff was the first of two tropical cyclones which formed in the region in July. It was noted for its variation in
intensity during its comparatively long life span of 12 days. Jeff developed and became a severe tropical storm to the southeast
of Japan initially but weakened over water on its way to the East China Sea. It regenerated subsequently and strengthened to a
typhoon prior to landfall in Zhejiang Province on the east coast of China. It then weakened to a severe tropical storm over the
delta of the Chang Jiang (Yangtze River). Jeff survived the trip overland and entered the Yellow Sea where it weakened further.
It landed in Liaoning Province and became an extratropical cyclone soon afterwards. Packed with sustained surface winds of
up to 40 mis, Jeff caused heavy damage in Zhejiang and Liaoning.

Under favourable anticyclonic outflow in the upper troposphere, Jeff developed in the inter-tropical convergence zone
over the Pacific and became a tropical depression about 490 km east-southeast of Iwo Jima on 22 July. It drifted northwards
slowly at first. On 23 J uly, Jeff accelerated north-northeastwards to about 15 km/h and approached the forward side of a deep
upper-Ir vel trough which was formed by the merging of an eastward-moving mid-latitude westerly wave in the north and an
almost stationary upper cold low in the south. The tropical cyclone intensified to a severe tropical storm that morning and a
reconnaissance aircraft which flew into its centre reported surface winds of about 33 mis and a sea-level pressure of 987 hPa.

On 24 June, as the lower-tropospheric anticyclone covering Japan extended eastwards, Jeff made a sharp turn to the west
during the evening about 670 km northeast of Iwo Jima. It continued to be steered by the anticyclone towards mainland China
in the next 6 days.

As Jeff moved westwards at about 15 km/h in the morning of 25 July, it came under the northerly flow on the western
side of the upper-level trough and began to weaken. It turned west-southwestwards and accelerated to 22 km/h in the evening.
Jeff approached a region where there was great vertical wind shear and further weakened to a tropical depression. By the morning
of 26 July, satellite imageries showed that Jeff had lost most of its high cloud cover and only a low-level circulation was dis-
cernible on the visible pictures. Maximum winds at the centre of Jeff was estimated to be not more than 13 m/so

With the re-establishment of southwest monsoon in the lower troposphere over the South China Sea and the nearby Pacific
waters and the decrease in vertical wind shear over the tropical depression, Jeff re-intensified and became a tropical storm in
the morning of27 July about 670 km east of Okinawa.

On 28 July, Jeff moved westwards at a reduced speed of 13 km/h and approached another upper-tropospheric trough
which remained slow-moving over the eastern part of China in the next 4 days.

Jeff turned gradually to the northwest in the morning of 29 July and became a typhoon in the evening about 230 km
east-northeast of Taibei. Jeff continued to intensify and GMS imageries on 30 July showed that Jeff had developed an eye.
As it headed towards the coast of Zhejiang (Figure 19), Jeff reached its maximum intensity in the afternoon of 30 July with
maximum sustained winds and central pressure estimated to be 40 mis and 965 hPa respectively. Jeff landed about 320 km
south of Shanghai in the evening. Surface winds of 34 mis were recorded at an off-shore island Daehen Dao, 50 km east of the
centre. After crossing the coast, Jeff turned gradually to the north and weakened to a severe tropical storm in the morning of
31 July. It recurved about 90 km to the west of Shanghai overnight on 31 July. In the morning of 1 August, Jeff turned north-
eastwards and entered the Yellow Sea about 140 km north-northwest of Shanghai.

The intensification of Jeff over water on 2 August was limited because of the strong vertical wind shear. Upper-level current
carried the high cloud associated with Jeff to the northeast while the low-level centre was steered to the north-northeast. Jeff
weakened to a tro+ical storm in the morning of 2 August over the Yellow Sea and made landfall again 20 km south of Dandong
near the northeastern border of China. Soon after it landed, Jeff became an extratropical cyclone. It continued to move north-
eastwards and was reported to Have caused widespread flooding in the region of Khabarovsk of the Soviet Far East.

In Zhejiang, 177 people were killed and about 1 400 others were injured. 20 000 homes were destroyed. About 1 400
boats were badly damaged or sunk. In Shanghai, Jeff brought the heaviest rain in 23 years, flooding 50000 houses and killing
4 people. In vandong, Jeff left 64 people dead in the worst flood in 25 years.

While moving northwards over the Yellow Sea on 1 August, Jeff brought rain and floods to western part of the Korean
peninsula. Four houses were damaged or affected and 15 persons were made homeless. Jeff caused the loss or damage of 12
ships and damaged facilities at 4 ports. Damage of houses and loss of private property were estimated at US$l5 000 and the
loss qf public works facilities was about US$738 000.
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Figure 18. Composite track of Jeff (8507).
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Figure 19. GMS·3 infra-red imagery of Typhoon Jeff (8507) approaching the east China coast around 12 GMT
on 30 July 1985.
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KIT (8508)
JULY - AUGUST

Kit began as a cloud vortex in the inter-tropical convergence zone over the western Pacific near the Mariana Islands in
late July. It developed into a tropical depression about 670 km east-southeast of Iwo Jima on 31 July. Intensification was slow
at first and it took three days for Kit to strengthen into a tropical storm about 640 km east of Okinawa. On 6 August, Kit at-
tained typhoon intensity and passed near the islands south of Kyushu on 8 August. It reached the westernmost point of its
track near Cheju Do early on 10 August. Kit then turned northeastwards and moved across the Korean peninsula with the strength
of a tropical storm. It weakened and finally became extratropical on Il August over the Sea of Japan.

During late July, the upper-tropospheric ridge over Japan was displaced southwards to about 22uN while the low-level
southwesterlies from the southern part of the South China Sea and the Celebes Sea extended well eastwards into the western
Pacific, providing favourable conditions for tropical cyclone development over the waters to the southeast of the Ryukyu Islands.
Kit intensified into a tropical storm with a central pressure of 998 hPa in the afternoon of 3 August.

During early August, the mid-tropospheric ridge axis was located at about 35cN. Under the weak steering flow south of
the subtropical ridge, Kit drifted northwestwards slowly on 4 August but moved in a generally northerly direction on the follow-
ing 2 days as a westerly trough passed eastwards to the north of the subtropical ridge. Kit maintained its intensity as a tropical
storm from 3 August to 5 August and intensified into a severe tropical storm in theafternoon of 5 August. Explosive development
occurred on 6 August when low-level southwesterlies feeding into the circulation of the tropical cyclone became well established.
The central pressure of Kit dropped from 985 hPa to a minimum of 960 hPa in 12 hours. During the evening, an eye appeared
on satellite pictures. A reconnaissance aircraft report at the same time confirmed that Kit had attained typhoon intensity with
maximum winds of 36 m/so

The subtropical ridge strengthened again on 7 August putting Kit back on a northwesterly track towards the islands south
of Kyushu. Maintaining its full strength, Kit accelerated slightly and moved with a speed of 15 km/h over the waters just 80 km
off the southern tip of Kyushu in the morning of 8 August. On that day, generally fresh to strong winds and widespread showers
were reported over Kyushu.

Kit entered the East China Sea in the afternoon of 8 August and continued to move northwestwards towards Cheju Do
(Figure 21). It started to weaken slowly from the morning of 9 August due to intrusion of drier air at low levels from the north-
west.

Under the influence of a mid-tropospheric westerly trough, Kit recurved to the west of Cheju Do early on 10 August and
accelerated northeastwards towards the southern tip of the Korean peninsula. Kit landed about 50 km south of Mokpo in the
morning of 10 August with a central pressure of 980 hPa and maximum sustained winds of about 23 mis Just prior to landfall.
Kit weakened rapidly over the terrain of the peninsula. Late on 10 August, it entered the Sea of Japan where it became an extra-
tropical cyclone a few hours later.

In Japan, Kit affected the areas of Chubu, Kinki, Shikoku and Kyushu. Between 5 August and 10 August, 62 houses were
partially damaged and 13 others were flooded. There were three reports of landslides and five reports of damage of roads. Three
ships were damaged or lost. The loss of agricultural production was estimated at over US$I.5 million.

Rain and floods brought heavy damage to southern Korea from 9 to 10 August. 12 persons were reported dead or missing,
eight persons were injured, 524 persons were made homeless and two other persons were affected. Five houses were destroyed,
197 were damaged and 200 others were affected. The damage of houses and loss of private property were estimated at US$167 000.
A total of 182.2 hectares of farmland was devastated and the loss of agricultural production was about US$60 000. There was
widespread damage of public works facilities including roads, bridges and river embankments, which was estimated at about
US$2 million. Damage of public utilities including 14 ports was about US$71 000. Kit also caused the loss or damage of 23
ships.

-39 -



ID°LO
~ID

gy_

~1ïi
:.::::::>
lJ...t':>
O~
:.::
u
<t
(}:>
I-- _J

W::::>
!::~
If)""o
Cl.~o
u

*1'iii
o
Cl.

;:,
""

'0
IIIc:
·E
'iii
o
Cl.

..?;>
'ë
o

, ~
-s'O~ ..,o ~

~~/ ~
-?-f

+-? '<t -fó- 0W
If)

<t
Z

J:
U

I--

U'I
<t
w

-40-

«~...,

U

LI.

U
<t
0..

z
<t
w
u
o

~ s ~
OD

l- I-I-
:>::>: :>:
oo o ~OD OD

0 0

.,
!!!
.,

iD~ "'
l-I- I- z:>: :>: oo o ~~ N

.,~!?
OD... "'

l- I- I-
:>::>: :>:
o£ o

OD ~0 0



-41 -

Figure 21. GMS-3 infra-red imagery of Typhoon Kit (8508) heading towards Cheju around 09 GMT on 8 August 1985.



LEE (8509)
AUGUST

While Typhoon Kit (8508) was moving across Korea and the Sea of Japan, another tropical cyclone, Lee (8509), developed
over the western Pacific southeast of the Ryukyu Islands early on 10 August. It took three days for Lee to attain the strength
of a severe tropical storm. From 12 August onwards, Lee was fast-moving with a gentle recurving track. lts speed of movement
was 30 km/h on average over the sea but up to 55 km/h after landing. On 14 August, Lee landed on the Korean peninsula north
of Pyongyang. It then moved north-northeastwards into northeastern China and became extratropical there the following day.

On 10 August, the subtropical ridge over the Sea of Japan became established at 35°N and the low-level easterlies south
of Japan increased from about 8 mts to about 20 m/so This led to an increase in the low-level horizontal wind shear along the
inter-tropical convergence zone to the southeast of the Ryukyu Islands and triggered off tropical cyclone genesis over that area.
With an upper-tropospheric anticyclone aloft providing favourable divergent conditions, Lee developed into a tropical depression
early on 10 August some 650 km southeast of Okinawa. The centre of Lee was ill-defined during the initial stage between 10
and 11 August. By the evening of 11 August, Lee had intensified to a tropical storm about 320 km southeast of Okinawa.

The deepening of a slow-moving westerly trough over central China and the presence of an anticyclone over Japan main-
tained a strong northward steering current over the East China Sea between 12 and 14 August. Lee moved north-northwestwards
with a speed of 22 km/h on 12 August and passed near Okinawa in the afternoon. It intensified further into a severe tropical
storm in the evening while crossing the East China Sea. In the morning of 13 August, Lee attained its peak intensity with a mini-
mum central pressure of 975 hPa and maximum sustained winds of 32 m/so However, Lee's rapid movement towards the north
displaced it from the upper-tropospheric ridge which stayed around 25°N throughout its life. Further intensification was thus
inhibited due to poor ventilation.

Lee recurved about 200 km west of Mokpo early on 14 August. It then accelerated northwards across the Yellow Sea
(Figure 23) and subsequently landed on the Korean peninsula about 90 km north-northwest of Pyongyang in the afternoon of
14 August. After landfall, Lee turned north-northeastwards and continued to accelerate. It started to weaken due to surface
friction and the entrainment of cooler and drier air from the northwest into the circulation. Lee weakened into a tropical storm
in the evening of 14 August and became an extratropical cyclone in the morning the following day over northeastern China.

Lee affected the areas of Kanto, Shikoku, Kyushu and Okinawa in Japan. Between 11 August and 14 August, 15 persons
were injured. Five houses were destroyed or washed away, 123 were partially damaged and 1 632 others were flooded. There
were 19 reports of landslides and two roads and Il bridges were damaged. One ship was lost or damaged. Loss of agricultural
production was about US$O.4 million.

As Lee swept across the Yellow Sea about 150 km off the west coast of Korea, 26 persons were reported dead or missing,
9 persons were injured, 385 persons were made homeless and .24 others were affected in south Korea. Loss of houses and private
property was about US$ll3 000 while the loss of agricultural production was about US$322 000. Damage of public works
facilities totalled at US$3.4 million which included damage of river embankments at 38 sites, irrigation facilities at 6 sites, roads
at nine sites and bridge at one site. Damage of public utilities was about US$16 000 which included damage of port facilities
at 40 sites. 71 ships were lost or damaged and there was 1 report of landslide. The total damage was estimated at about US$3.9
million.
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Figure 22. Composite track of Lee (8509).

-43 -

40'



- -~- 7-
I

Figure 23. GMS-3 visible imagery of Severe Tropical Storm Lee (8509) accelerating northwards over the Yellow Sea around
00 GMT on 14 August 1985. Another tropical cyclone, Mamie (851O),developed to its south.
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MAMIE (8510)
AUGUST

Mamie began as a tropical depression on 14 August to the southwest of Okinawa and deepened to a minimum central
pressure of 975 hPa near Shanghai early on 18 August. It reached the east China coast in the morning of 18 August and then
moved in a northwesterly direction following a gentle recurving track roughly parallel to the coast. On 19 August, Mamie turned
north-northeastwards, crossed Shandong peninsula and landed in Liaodong peninsula later on the same day. It became an extra-
tropical cyclone over Heilongjiang Province in the morning of 20 August.

In the morning of 14 August, conditions over the East China Sea and the waters to the east of the island of Taiwan were
still dominated by the strong south to southwesterlies feeding into the circulation of Severe Tropical Storm Lee (8509) which
was then over the northern part of the Yellow Sea. During the day of 14 August, the Pacific ridge over Japan extended west-
wards, bringing an easterly airstream into the southern part of the Yellow Sea and giving rise to cyclonic shear in the low-level
flow over the waters near Taiwan. This resulted in the formation of a tropical depression, named Mamie (8510), about 160 km
east of the island. Mamie moved north-northeastwards initially. With an upper-tropospheric ridge aloft, it intensified into a tropi-
cal storm about 180 km west of Okinawa in the morning of 16 August.

Marnie further intensified and attained the strength of a severe tropical storm early on 17 August. Under the influence
of a deep mid-tropospheric trough over the Yellow Sea, it moved northwards slowly on 16 August. On 17 August, the trough
over the Yellow Sea weakened and the Pacific ridge over Japan extended further westwards into the southern part of the Yellow
Sea. Mamie turned west-northwestwards in the morning of !7 August and moved with a speed of 14 km/h towards Shanghai.

While moving over the East China Sea, it continued to intensify and reached its peak intensity early on 18 August when
it was about 230 km southeast of Shanghai. At about the same time, Mamie turned northwest and passed to the east of Shanghai
in the morning of 18 August and then crossed Chongming Island around noon. During the rest of the day, Mamie continued
to move north-northwestwards off the east China coast (Figure 25) and weakened due to surface friction and intrusion of cooler
air from the northwest.

While recurving around the western extremity of the Pacific ridge, Mamie re-intensified slightly over the Yellow Sea and
landed on Shandong peninsula about 25 km southwest of Qingdao in the morning of 19 August with a maximum sustained wind
speed of about 23 m/so It accelerated north-northeastwards and entered Bo Hai in the afternoon after passing about 65 km to
the west of Yantai. Mamie swept across Bo Hai with a speed of 35 km/h and landed in Liaodong peninsula about 40 km west-
southwest of Dalian. After landfall, it continued to accelerate north-northeastwards across Liaoning Province and subsequently
became an extratropical cyclone over Heilongjiang Province on 20 August.

Heavy rain associated with Mamie caused landslides and flooding in Okinawa. Between 14 and 17 August, 115 houses were
flooded. Nine roads were damaged. 20 hectares of farmland were affected and the loss of agricultural production was estimated
at about US$0.37 million.

Mamie brought heavy rain to western Korea and gave rise to 24 cases of landslides and serious flooding. Between 16 and 19
August nine persons were reported dead or missing, two persons were injured, 1 363 persons were made homeless and 54398
persons were affected. With regard to damage of houses and buildings, 161 units were destroyed, four units were damaged and
397 units were affected. Damage of houses and loss of private property totalled at about US$0.65 million. For agricultural dam-
age, over 200 hectares of farmland were affected and 95 tons of crops destroyed. There were damage of river embankments and
irrigation facilities at 349 and 367 sites respectively. 78 m of railway and some roads and bridges were also damaged. There
were a few reports of failure of power and water supply and of telecommunication being disrupted. Loss of public works facili-
ties was estimated at about US$13 million and total damage amounted to US$13.7 million.

Mamie killed 1 person and injured another on Chongming Island during its passage on 18 August and brought substantial
damage to Shandong peninsula the following day. In Qingdao, 19 people were killed, 200 others were injured and 5 300 houses
were damaged. Several thousand hectares of farmland and fish-ponds were ruined. Roads and bridges were damaged and indus-
trial production, power supply, communication and transportation were disrupted. In Yantai, Marnie killed 16 people, ruined
2500 houses, wrecked 200 boats, flattened 200000 hectares of crops, blew down 6.5 million trees, drowned 120000 domestic
animals and disrupted water and power supply. Loss in Yantai was reported to be around US$I72 million.

In the-coastal areas of Tianjin and Tangshan, over 10 000 houses were flooded, several thousand hectares of shrimp-ponds
and fish-ponds were ruined and several boats were wrecked by storm surge generated by Mamie when it crossed Bo Hai on 19
August.

In Dalian, a bus was swept off the road by the torrent rushing down the hill and several passengers were carried away by
flood water.

As Mamie weakened over land in Liaodong peninsula, heavy precipitation continued to inflict extensive damage upon the
northeastern provinces of China, especially in the Liaohe region which got the heaviest downpour in the last 20 years. Several
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dykes at Liaohe, Hunhe and Taizihe collapsed. In Liaoning, over 300000 hectares of farmland were inundated. Train service
and industrial and commercial activities were disrupted. There were also reports of dykes collapsing in Jilin inundating 8 000
houses. Mamie also caused flooding in Heilongjiang on 20 August.

Jeff (8507), Lee (8509) and Mamie (8510) brought strong winds, heavy rain and flooding in the provinces of Zhejiang,
Jiangsu, Shandong, Liaaning and Jilin. In Liaaning alone, damage was estimated at about US$340 million. Over 1 000000 hec-
tares of farmland and 580000 houses were inundated.
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Figure 24. Composite Track of Mamie (8510).
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Figure 25. GMS-3 visible imagery of Mamie (8510) with severe tropical storm strength,
moving parallel to the coast of east China around 06 GMT on 18 August 1985.
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NELSON (8511)
AUGUST

As Mamie (8510) moved northwards and strengthened over the East China Sea, another tropical cyclone, Nelson (8511),
developed in the inter-tropical convergence zone over the western Pacific on 16 August. Unlike the two earlier tropical cyclones,
Lee (8509) and Mamie (8510), Nelson moved with a steady speed of about 17 km/h towards the west during most of its lifetime
and landed in southern China late on 23 August. It was also a steadily intensifying tropical cyclone. Deepening by about 8 hPal
day, Nelson attained its peak intensity near the island of Taiwan on 23 August, with a minimum central pressure of 950 hPa
and a maximum sustained wind speed of 52 mis. These made Nelson the second most intense typhoon developed over the western
Pacific, after Typhoon Dot (8522), in 1985.

A cloud mass discernible from satellite pictures in the vicinity of the Caroline Islands on 15 August marked' the early stage
of Nelson. It evolved into a vortical pattern and developed into a tropical depression in the next morning about 330 km west"
of Guam. Nelson moved northwards initially at about 15 km/h and gradually turned to the west on 18 August, when it came
under the influence of the easterlies on the southern flank of the Pacific ridge.

Throughout the lifetime of Nelson, there was a broad belt of low-level westerlies and southwesterlies of around 10 mis
persisting over the South China Sea and the western Pacific to the west of 1400E between lOoN and 20oN. At the same time,
an upper-tropospheric anticyclone to its east or northeast provided a diffluent flow over Nelson. Under these favourable con-
ditions, Nelson intensified into a tropical storm in the morning of 18 August and further intensified into a typhoon on 19 August.

Following the weakening of Mamie (8510) over northeastern China on 20 August, the Pacific ridge over Japan gradually
extended westwards maintaining a westward steering flow over the Pacific to the south of Japan and over the East China Sea.
Nel_son was thus kept in a generally westward course until landfall except for two brief periods of west-northwestward move-
ment overnight on 20 August and overnight on 22 August. These two transient deviations from the westward track were both
associated with fast-moving westerly troughs passing the longitude of Nelson to the north of the subtropical ridge.

The strong southwest monsoon over the South China Sea maintained a steady supply of moisture and Nelson reached its
peak intensity in the morning of 23 August, when it passed about 55 km north of Taibei (Figure 27). At that time, east-south-
easterly winds of 52 mis were reported on an island, Pengjia Yu, to the northeast of Taibei. Nelson was only slightly weakened
by the land mass of Taiwan and landed in Fujian Province about 55 km south-southeast of Fuzhou late on 23 August. With
a maximum sustained wind speed of 47 mis, Nelson was the worst typhoon to hit Fujian in 16 years. After crossing the coast,
it weakened rapidly to a tropical depression in the afternoon of 24 August over Fujian Province.

The tropical depression continued to move across southern Jiangxi Province before it completely dissipated in Hunan
Province on 26 August. Accompanied by strong southerly inflow at low levels and an upper-tropospheric anticyclone to its
northwest, Nelson brought severe rainstorms to southern Hunan. During the 24-hour period starting from the morning of 25
August, around 100 mm of rainfall were recorded at various stations, which were comparable with the average monthly rainfall
in August in this area ..

Between 21 and 23 August, Nelson affected Okinawa. Six houses were damaged and two others were flooded. There were
five reports of road damage and one report of damage of river embankment. One ship was lost or damaged. The loss of agricul-
tural products was estimated at US$IS2 000.

Nelson was the strongest typhoon to hit Taiwan since Typhoon Vera in 1977. Nelson killed at least 7 people and injured
over 15 others. Power supply to 138 000 families was disrupted and 142 000 telephones were disconnected. Transportation on
land was disrupted due to floods and landslides. A container vessel crashed with 2 boats off Gaoxiong and 1 person was injured.

In Fujian, 48 people were killed and 330 others were injured. Over 6 000 houses were ruined. One million hectares of farm-
land were inundated. Some roads were washed away.

In Hunan, 147 people were killed and 7 others were missing in floods. 1 100 houses and 9 schools were ruined. 16000
hectares of farmland were inundated.

Heavy rain associated with the remnant of Nelson also affected the south China coastal areas. 800000 hectares of farm-
land were inundated in the western part of Guangdong Province. In Hong Kong, floods and landslides injured 2 people and forced
over 100 others to be evacuated. 10 parked cars were washed into a ditch by flood water. Road traffic was disrupted. Some
vegetable fields were inundated.
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Figure 27. GMS-3 infra-red false-colour imagery of Typhoon Nelson (8511) attaining its peak intensity near Taiwan around
00 GMT on 23 August 1985.
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Figure 28. Taibei battered by Typhoon Nelson (8511). (by Courtesy of Associated Press)
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ODESSA (8512), PAT (8513) and RUBY (8514)
AUGUST - SEPTEMBER

August 1985 was the most active month for tropical cyclone genesis and development over the western Pacific in the last
15 years. The inter-tropical convergence zone (ITCl) over the western Pacific was very active and produced altogether 7 tropical
cyclones (8509 - 8515), 4 of which attained typhoon intensity. Towards the end of the month, a triplet of tropical cyclones
developed in the ITCl within 6 days of one another, as Typhoon Nelson (8511) swept over southeastern China. They were
Typhoon Odessa (8512), Typhoon Pat (8513) and Severe Tropical Storm Ruby (8514). These three tropical cyclones landed
on or passed close to Japan six times between 30 August and 1 September.

Of these three tropical cyclones, Odessa was the first to develop and was also the most intense. However, it was a compact
typhoon. The radius of the outermost closed isobar was about 250 km and its convection was confined to a circle of ISO-km
radius throughout its life as a typhoon. Pat was slightly weaker than Odessa in terms of minimum central pressure. However,
Pat was more extensive in circulation and caused more damage in Japan than the other two tropical cyclones. Ruby was the last
to develop and barely reached severe tropical storm intensity. Mutual interaction of the three tropical cyclones affected the
movement and intensity of each individual tropical cyclone. The relative rotation of Odessa and Pat was a good example of
the Fujiwara effect.

Odessa (8512) emerged as a tropical depression from the ITCl over the western Pacific early on 23 August about 730 km
northwest of Guam and just some 520 km from the place of origin of Typhoon Nelson (8511). It drifted southeastwards initial-
ly. Between 24 to 26 August, a mid-tropospheric trough moved eastwards across Japan and the northern Pacific. There was a
break in the subtropical ridge near Honshu with one anticyclone covering the Yellow Sea and another covering the western
Pacific to the east of Guam. Odessa, which was then located in the southerly flow in the northwestern flank of the latter anti-
cyclone was steered towards the north. At the same time, a tropical upper tropospheric trough (TUTT) was located to the north-
west of Odessa providing good diffluent flow above it. Odessa intensified into a tropical storm in the morning of 24 August.
In the morning of 26 August, Odessa attained typhoon intensity and an eye became discernible on satellite pictures.

As Odessa strengthened to a typhoon about 140 km east-northeast of Iwo Jima on 26 August, the second tropical cyclone,
Pat (8513), formed over the Bashi Channel about 300 km east-southeast of Gaoxiong. Pat was steered by the low-level flow in
a generally eastward direction at first.

Overnight on 26 August, a narrow ridge re-established over Japan and the Yellow Sea along 33°N, to the north of Odes sa.
The typhoon then took a sharp turn towards the west.

At the same time, the low-level cross equatorial flow over the Java Sea strengthened from about 5 m/s to about 10 m/s
while strong southwest mansaan prevailed over the northern and central part of the South China Sea. This upsurge of cross
equatorial flow led to a significant strengthening of the low-level southwesterlies and an increase of horizontal wind shear in
the ITCl to the east of the Bashi Channel. With favourable divergent condition aloft, Pat intensified to a tropical storm early
on 27 August. Pat then moved northeastwards under the influence of a mid-tropospheric ridge located to its southeast. As the
latitude of Pat increased, the westward steering flow due to the mid-tropospheric ridge over the Yellow Sea and Japan became
more important. Pat began to slow down on its northeastward course in the afternoon of 28 August when it intensified to a
typhoon about 370 km south-southeast of Okinawa.

Odessa turned west-northwestwards overnight on 28 August and reached its peak intensity in the morning of 29 August
with minimum central pressure of 955 hPa and a maximum sustained wind speed of 41 m/so

In the same morning, the separation between Odessa and Pat had decreased to about 800 km and the two typhoons began
to rotate significantly relative to each other. Odessa accelerated westwards towards the East China Sea during the day of 29
August under the combined effect of the subtropical ridge and the circulation of Pat. At around midnight on 29 August, it passed
about 155 km south of Kagoshima. After Odessa moved past the longitude of Pat in the late evening of 29 August, Pat accelerated
northwards towards Kyushu under the combined effect of the circulation of Odessa and a deepening mid-tropospheric westerly
trough which was located over central China at this time. The relative counter-clockwise rotation of the two typhoons reached
a peak of 32° in 6 hours late on 30 August, when they were about 500 km apart (Figure 30). The relative rotation is illustrated
in Figure 31.

As Odessa moved to the northwest of Pat, the moisture inflow into its circulation from the southwest was cut off by Pat
and Odessa began to weaken in the morning of 30 August. Unlike Odessa, Pat continued to intensify. As Pat passed over Yaku-
shima around midnight on 30 August, sustained winds of 36.5 m/s and a minimum central pressure of 958.5 hPa were recorded.
Pat was estimated to reach its maximum intensity shortly before making landfall in Makurazaki early on 31 August. Pat skirted
the western coast of Kyushu in the morning of 31 August. It entered the Sea of Japan around noon time and accelerated north-
eastwards. Because of an increase in the vertical wind shear ahead of the upper-level trough over central China, Pat weakened
into a severe tropical storm over the Sea of Japan on 31 August. It gradually turned eastwards and crossed the Hiyama Prefec-
ture in Hokkaido in the afternoon of 1 September. Pat became an extratropical cyclone over the northern Pacific in the evening.
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While Pat was accelerating northwards towards Kyushu on 30 August, its circulation exerted an influence on Odessa and
weakened the steering flow near it.Odessa, therefore, slowed down after entering the East China Sea. It moved round a small
counter-clockwise loop about 440 km east-southeast of Shanghai and weakened to a severe tropical storm at the same time.
As Pat moved away into the Sea of Japan, Odessa accelerated northeastwards in the morning of 31 August and passed through
Higashi-suido almost 50 km off the coast of Kyushu early on 1 September. While accelerating northeastwards, Odessa was also
embedded in a region of strong vertical wind shear and weakened rapidly. By the afternoon on 1 September, it became a tropical
depression over the Sea of Japan. Odessa crossed Honshu overnight on 1 September and finally dissipated over the northern
Pacific in the morning of 2 September.

After Odessa became detached from the ITCZ, another cloud cluster developed to the northwest of Guam on 26 August.
Early on 28 August, this cloud cluster developed into a tropical depression, Ruby (8514), some 270 km south-southeast of Iwo
Jima. Under the influence of Odessa which was located at about 750 km to its north-northwest at this time, Ruby started moving
in a northward direction. Under a diffluent upper flow, Ruby intensified into a tropical storm in the morning of 28 August
and further intensified into a severe tropical storm in the afternoon. It reached its maximum intensity in the evening with esti-
mated maximum sustained winds of 30 mis and a minimum central pressure of 985 hPa. Ruby was unable to maintain its peak
strength the following day as it moved under the TUTT where the upper-level flow was convergent. In the morning of 29 August,
Ruby turned north-northwestwards towards Honshu under the combined effect of the circulation of Odessa and a mid-tropo-
spheric anticyclone east-southeast of Japan. The effect of Odessa on Ruby's movement then started to decrease on 29 August
as Odessa accelerated westwards resulting in greater distance of separation between the two tropical cyclones (see Figure 32).
Ruby started to intensify again on 30 August as it came under an upper tropospheric anticyclone to the north of the TUTT.
On the same day, the mid-tropospheric anticyclone to the east-southeast of Japan shifted southwards. Ruby turned northwards
in the afternoon while deepening to a central pressure of 990 hPa. It landed on Yokosuka during the late evening of 30 August.
Ruby weakened rapidly into a tropical depression soon after landfall. It accelerated northeastwards and entered the northern
Pacific in the morning of 31 August, where it became an extratropical cyclone the following day.

During the passage of the three tropical cyclones, 29 people were killed and 177 others were injured in Japan. About
8 000 houses were damaged or destroyed and over 2 000 others were flooded. 23 hectares of farmland were ruined. 1 645 ships
were damaged. Telecommunication was disrupted. There were 198 reports of road damage, 1 report of bridge damage and 189
reports of dyke damage. 43 incidents of landslides were registered. Loss in agricultural product was estimated at US$13.8 mil-
lion.

Heavy rain and strong winds associated with Odessa and Pat also affected the southeastern part of Korea. Over 100 houses
were affected and the damage of houses and loss of private property was estimated at US$44 000. There were five reports of
road damage, 1 report of bridge damage, 10 reports of damage of river embankments and 2 reports of damage of irrigation facili-
ties, the monetary value of which was about US$334 ODD.Four ships were lost or damaged. There were also damage to agri-
cultural production and public utilities. The total damage was estimated at US$O.4 million.
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Figure 30. GMS-3 infra-red false-colour imagery of Typhoon Odessa (left) and Typhoon Pat (centre) with the Fujiwara
effect between them at a peak around 12 GMT on 30 August 1985. Near Honshu was Severe Tropical Storm Ruby
(right) just prior to landfall.



27 August-1 September 1985

Daily positions at OOh G.M.T.--@-----@--

NORTH

ODESSA(8512)

WEST~-------+---------+--------~--------+--------4---------+---------~------~EAST
PAT(8513) 500 1000 1500 2000km

Figure 31. Movement of Typhoon Odessa (8512) relative to Typhoon Pat (8513).
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Figure 32. Movement of Severe Tropical Storm Ruby (8514) relative to Typhoon Odessa (8512).

- 56-



Figure 33. A capsized ship showing its hull at Taniyama Port in Kagoshima the morning after Typhoon Pat (8513) swept
through Kyushu. (By Courtesy of Associated Press)
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Figure 34. Radar picture of Severe Tropical Storm Ruby taken at Mt. Fuji at 1138 GMT on 30 August 1985.
(by Courtesy of Japan Meteorological Agency)
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TESS (8516)
SEPTEMBER

Tess was the third tropical cyclone to form over the western Pacific south of 15°N in the second half of 1985. It was
also the second typhoon which affected the South China Sea in 1985.

In the morning of 1 September, a cloud vortex emerged from the area of convection associated with an easterly wave
which formed near Guam in late August. The vortex developed into a tropical depression, Tess (8516), in the afternoon about
1 200 km east of Manila.

As Typhoon Odessa (8512) and Typhoon Pat (8513) accelerated northeastwards into the Sea of Japan, the subtropical
ridge over the western Pacific south of Japan started to extend westwards slowly. Steered by the easterly airstream along the
southern flank of the subtropical ridge, Tess moved westwards into an area of strong low-level convergence where the west to
southwesterlies from the Sulu Sea and the Celebes Sea met the southeasterlies from the western Pacific. Tess intensified steadily
into a tropical storm in the morning of 2 September and further intensified into a severe tropical storm in the afternoon.

Tess turned northwestwards late on 2 September and approached Luzon with maximum sustained winds of 28 m/so It
moved onshore over the city of Casiguran in the early afternoon of 3 September. The weather over Luzon on that day was un-
settled with frequent showers and gusty winds. Tess turned west-northwestwards and entered the South China Sea around mid-
night with a reduced maximum sustained wind speed of 20 m/so

Tess continued to move west-northwestwards and slowly re-intensified over the South China Sea. On 4 September, it
moved into an area under an upper diffluent flow situated in the southeastern flank of an upper-tropospheric anticyclone centred
over southern Tibet. With strong southwest monsoon over the central and southern part of the South China Sea supplying mois-
ture into the system, Tess reached typhoon strength in the morning of 5 September about 330 km south of Hong Kong. An
eye also became discernable on satellite pictures. At about the same time, Tess turned north-northwestwards towards western
Guangdong as the subtropical ridge started retreating eastwards (Figure 36). It attained its peak intensity in the evening with a
minimum central pressure of 965 hPa and a maximum sustained wind speed of 38 m/so

The subtropical ridge extended slightly westwards again early on 6 September. Tess then turned northwest and crossed
the south China coast in the morning of 6 September about 220 km west-southwest of Hong Kong.

Tess weakened rapidly over south China after landfall and weakened to a tropical storm in six hours. It further weakened
to a tropical depression by the evening of 6 September. The tropical depression tracked generally westwards across Guangxi and
finally dissipated over Yunnan Province about 470 km west-northwest of Nanning in the evening of 8 September.

During the passage of Tess over Luzon, 5 people were killed, 7 others were injured and 470 people were affected.
75 houses were totally or partially destroyed. 319 people lost their homes. Property loss was estirriated at US$406 000.

In Hong Kong, Tess left 3 people dead or missing. 16 others were injured. 31 houses were destroyed, 2 were damaged and
47 were affected. 98 people and 29 families were rendered homeless. 780 people and 113 families were affected under the threat
of landslips. Damage to private properties was about US$13 000. Damage of public works amounted to US$62 000.2 ocean-
going vessels were damaged in a collision and 3 pleasure craft were sunk or stranded. A jetfoil ran aground near an outlying
island causing 13 people to be hospitalized. 80 hectares of farmland and 12 hectares of fish-ponds were ruined in floods. Loss
of agricultural production due to both Typhoon Hal (8505) and Typhoon Tess in 1985 totalled at US$42 000.

When Tess hit western Guangdong Province with its maximum strength, 1 person was killed. 1 500 houses were demolished.
Seven boats sank, 62 000 hectares of paddy and 45 000 hectares of sugar-cane were inundated. A large number of fruit planta-
tions were damaged. Many power lines and telephone wires were torn.

In the province of Guangxi, 5 500 houses were damaged by floods. A power plant was flooded. Large area of farmland
was inundated.
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Figure 36. GMS-3 visible imagery of Typhoon Tess (8516) turning to move towards western Guangdong around 00 GMT
on 5 September 1985.
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Figure 37. Digital radar picture of Typhoon Tess (8516) approaching the south China coast to the west of Hong Kong at
1802 GMT on 5 September 1985. The Pearl estuary was under intense rain bands to the northeast of its centre.
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VAL (8517)
SEPTEMBER

Val developed over the western Pacific in the morning of 15 September about 1050 km south-southeast of Okinawa and
reached its peak intensity on 16 September with maximum sustained winds of 23 m/so It entered the South China Sea on 17
September but dissipated west of the Bashi Channel the following day.

The early stage of Val could be identified as a cloud vortex in the inter-tropical convergence zone over the western Pacific
near the Mariana Islands on 12 September. It moved generally westwards initially. By the morning of 15 September, two cloud
system centres could be located along 132°E, one near 18°N and the other further south, near l2°N. Reconnaissance aircraft
reports and surface observations indicated the maximum sustained winds for the vortex in the north had increased to 15 m/so
Thus, it was upgraded to a tropical depression, Val (8517).

Val moved northwestwards at about 40 km/h on 15 September. At the same time, the upper-tropospheric anticyclone
over the Mariana Islands also moved northwestwards allowing intensification of Val to take place. It became a tropical storm
in the afternoon of 15 September. Val slowed down and turned southwestwards in the morning of 16 September. It took up a
westerly course in the afternoon as it came under the influence of the subtropical ridge to its north.

Val attained its peak intensity on 16 September with maximum sustained winds of 23 m/so Satellite pictures that morn-
ing showed a well defined low-level circulation centre to the southeast of the island of Taiwan (Figure 38). Intense convection
was confined to the north over the Ryukyu Islands where the upper flow was divergent. This area of upper-level divergence moved
westwards and was over Taiwan Strait overnight on 16 September. At the same time, Val moved into the Bashi Channel and its
circulation was disrupted by the mountains of Taiwan, resulting in a complex flow pattern at the surface. Intense convective
activity with squally thunderstorms and heavy showers occurred over Taiwan Strait during that night. Radiosonde data revealed
that the mid-tropospheric circulation centre of Val had probably entered the South China Sea in the evening of 16 September,
considerably displaced to the west of the surface centre. As a result of poor vertical alignment and the disruptive effect of the
mountainous terrain of Taiwan and that of Luzon, Val started weakening from midnight on 16 September onwards.

Val slowed down to about 15 km/h as it moved westwards through the Bashi Channel. It passed about 65 km south of
the southern tip of Taiwan. On entering the South China Sea in the morning of 17 September, Val became disorganized. Itwea-
kened into a tropical depression later on that day and dissipated completely the following day.

Val brought heavy rain, floods and landslides in Taiwan during its passage through the Bashi Channel. 2 people were re-
ported missing in floods and a freight train was derailed.

Figure 38. GMS-3 visible
imagery of Tropical Storm Val
(8517) with a well defined low-
level circulation centre around
03 GMT on 16 September
1985. The associated high
cloud was displaced to the
north over the Ryukyu Islands.
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WINONA (8518)
SEPTEMBER

Winona was the first tropical cyclone in 1985 which formed over the South China Sea and developed beyond the tropical
depression stage. lts north-northwest movement over the northern part of the South China Sea was rare in September.

On 16 September, the southwest monsoon over the southern part of the South China Sea freshened from about 5 mis to
about 10 mis and activated the convection in the monsoon trough over the central part of the South China. Sea. Overnight on
18 September, a weak surge of northeast monsoon reached the south China coast near Hainan Dao, giving rise to an increase
in the low-level horizontal wind shear over the central part of the South China Sea. In the morning of 19 September, a tropcial
depression, Winona (8518), developed in this region of enhanced shear about 580 km west of Manila.

Winona was steered by the southeasterly airstream in the southwestern periphery of the subtropical ridge and moved north-
west to west-northwest towards Hainan Dao on 19 September.

The cause of the unusual north-northwestward movement of Winona between 20 and 21 September could be traced back
to events a few days ago. From 15 to 17 September, a cold vortex in the upper troposphere moved from east to west across
the northern part of the South China Sea. This upper cold vortex remained stationary over southwestern China and evolved into
an upper-tropospheric westerly trough on 18 September. This trough started moving eastwards on 19 September and induced
the formation of a col in the subtropical ridge in mid-troposphere. As this col moved eastwards passing the longitude of Winon a
in the morning of 20 September, Winona turned north-northwest towards the western part of Guangdong Province of China. The
eastward movement of the upper-tropospheric trough also led to a southward shift of the upper-tropospheric ridge over south
China to the northern part of the South China Sea, resulting in upper-level divergent flow over Winona. Winona intensified into
a tropical storm in the morning of 20 September and reached its peak intensity with a minimum central pressure of 990 hPa
and a maximum sustained wind speed of 23 mis in the morning of 21 September. At this time, Winona was about 110 km off
the eastern coast of Hainan Dao and the satellite picture showed a well defined spiral cloud system associated with Winona (Figure
41).

Winona landed in Leizhou peninsula in the morning of 22 September near Zhangjiang, where sustained winds of 22 mis
and gusts up to 32 mis were reported.

While weakening overland, Winona started to recurve in the afternoon of 22 September under the influence of another
westerly trough developed to the southeast of Tibetan Plateau and moved eastwards on 23 September. Winona remained active
and brought heavy precipitation in the province of Guangxi and western Guangdong on 23 September before dissipating about
190 km north of Hong Kong in the evening.

In Leizhou peninsula, more than 15000 houses were destroyed. 100 boats sank and 5 embankments were ruined. In Yulin
of Guangxi, 7 500 houses were damaged and 45 000 people were affected. Power lines were torn and roads were washed away.
An estimated 850 tonnes of food stock were lost in floods. In Zhaoqing of western Guangdong, flooding caused the death of
Il people and injured 18 people and affected 310000 others. 8 200 houses collapsed and 44000 others were damaged. 3 200
irrigation works and 258 bridges were destroyed. Large areas of paddy and vegetable fields and sugar-cane plantations were
inundated in the western part of the south China coastal areas.
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Figure 41. GMS-3 visible imagery of Winona (8518) with a well-defined spiral cloud system around 00 GMT
on 21 September 1985.
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ANDY (8519)
SEPTEMBER - OCTOBER

Andy was the third typhoon, after Hal (8505) and Tess (8516), which affected the northern part of the South China Sea
in the year.

Andy developed from a vortex embedded along the inter-tropical convergence zone near Yap. The vortex tracked west-
northwestwards initially and assumed a more vortical pattern by the afternoon of 24 September. It was then upgraded to a
tropical depression with sustained maximum winds of about IS mis near the centre, approximately 560 km east of Mindanao.

Andy maintained a west-northwestward track under the steering of a mid-level subtropical ridge whose axis was located
near 27°N. At about this time, an upper-level trough was also observed near 115~E.

Andy turned to a more northerly track in the morning of 25 August under the influence of a surface trough to its north-
northwest and that of the weakening mid-level ridge which was caused by the eastward migration of the upper-level trough.

As the mid-level subtropical ridge re-established over south China subsequently, Andy moved across the northeastern tip
of Luzon in a westerly direction, passing a few kilometres north of Aparri in the afternoon of 26 September. It then entered the
northern part of the South China Sea where fresh to strong northeast monsoon prevailed. It passed about 220 km south of Dong-
sha Dao in the evening of 27 September.

Andy followed a westward oscillating track over the northern part of the South China Sea. The oscillating motion on 27
and 28 September was due to the passage of a westerly trough across the longitude of Andy in the morning of 28 September.

On 28 September, an upper-tropospheric ridge over south China began to shift southwards and remained over the northern
part of the South China Sea for the rest of the lifetime of Andy, providing good divergent flow over the system. Andy strength-
ened into a tropical storm during the day on 28 September and further intensified to a typhoon on 29 September. An eye became
visible on satellite pictures in the afternoon of 29 September (Figure 43). Andy reached its peak intensity with a minimum
central pressure of 975 hPa and a maximum sustained wind speed of 34 mis in the evening about 45 km off the eastern coast of
Hainan Dao.

Andy moved towards the west-northwest in the morning of 29 September but then turned west-southwest in the evening.
It crossed the eastern coast of Hainan Dao around midnight of 29 September. Andy continued to move west-southwestwards
around the southern flank of the Wuchi Shan (Wuchi mountain) while weakening into a severe tropical storm. The change in
direction of movement of Andy on 29 September could be attributed to the interaction between the circulation of Andy and the
land mass of Hainan Dao.

Andy re-entered the South China Sea in the morning of 30 September and continued to move west-southwestwards towards
Viet Nam under the influence of the northeast monsoon. It landed on Viet Nam about 350 km south of Hanoi in the evening
of 1 October. About three hours before landing, sustained winds of 30 mis were reported at Dong Hoi, a station about 35 km
south of Andy. Due to surface friction, Andy weakened into a tropical storm early on 2 October and further weakened into
an area of low pressure a few hours later.

In Viet Nam, 46 people were killed. 25 000 hectares of paddy fields were ruined. The Hanoi - Ho Chi Minh railway was
damaged and train service was disrupted for several days. There were numerous floods as a result of heavy rain and broken em-
bankments.
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Figure 43. GMS·3 visible imagery of Andy (8519) intensifying to a typhoon off the eastern coast of Hainan Dao around
06 GMT on 29 September 1985.
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BRENDA (8520)
SEPTEMBER - OCTOBER

Typhoon Brenda originated from a broad area of convection in the inter-tropical convergence zone east of Luzon in late
September. It attained typhoon intensity on 2 October about 760 km to the east-southeast of Batan. Brenda took a gently re-
curving track passing about 240 km off the southeastern coast of China on 4 October and became an extratropical cyclone over
Korea Strait the following day. Brenda was an unusually late tropical cyclone for southern Korea and east China. In fact, it was
the first tropical cyclone for which a tropical cyclone warning had to be issued for Shanghai in October.

On 29 September, a surface cyclonic circulation centre was located in a broad area of weakly organized convection over
the Pacific west of the Mariana Islands. As spiral structures developed in the cloud mass, the system was upgraded to a tropical
depression, Brenda (8520), in the afternoon. Brenda moved west-southwestwards initially and turned westwards on 30 September.

On 30 September, a fresh to strong low-level southwesterly airstream from the Molucca Sea supplied moisture to the tropi-
cal depression and Brenda intensified into a tropical storm in the morning. Overnight on 30 September a broad mid-tropospheric
trough over northeastern China deepened over the East China Sea and linked up with Brenda. The tropical storm then accelerated
northwards in the morning of 1 October while intensifying to a severe tropical storm.

In the morning of 2 October, an anticyclone began to develop in the upper troposphere over the low-level centre and Brenda
intensified further to a typhoon. At about the same time, Brenda moved round a counter-clockwise loop, as the mid-tropospheric
trough over the East China Sea weakened and moved away.

In the latter part of 2 October, the typhoon came under the influence of the subtropical ridge which developed to its
northeast. Brenda moved northwestwards while continuing to intensify. By the evening of 3 October, another deep mid-tropo-
spheric trough had developed over China. Being steered by the southerly flow ahead of the trough, Brenda accelerated northwards
towards the East China Sea about 180 km off the eastern coast of the island of Taiwan in the following 12 hours.

Brenda reached its peak intensity in the morning of 4 October about 160 km east-southeast of Taibei with a minimum
central pressure of 955 hPa and maximum sustained winds of about 45 m/so Satellite pictures at that time showed that Brenda
had a large eye of about 170 km in diameter (Figure 45). Swells of 8 metres high were reported by a ship, the M.V. "Willine
Toyo", about 150 km north of Brenda.

In the afternoon of 4 October, Brenda recurved to the north-northeast about 320 km east of Fuzhou. While accelerating
towards the Korea Strait, Brenda weakened gradually due to the eritrainment of cold air at low levels. Shortly before noon on
5 October, it passed to the southeast of Cheju Do. In the evening, Brenda became an extratropical cyclone over the Korea Strait
and subsequently moved away in a northeasterly direction over the Sea of Japan.

During the approach of Brenda, some temporary structures were brought down in Taiwan injuring 2 people and destroying
4 vehicles. Heavy rain caused floods and landslips. Railway and air transport were disrupted. One crew member was killed on a
partially submerged cargo ship south of Okinawa. In Shanghai, five houses were ruined. One person was killed and three others
were injured.

Strong winds and rain associated with Brenda brought considerable damage to southern Korea. Between 5 October and
6 October, 69 people were killed or missing and 13 others were injured. 122 houses were destroyed and 117 houses were damaged
or affected. 452 people were made homeless and 4410 people were affected. Damage of houses and loss of private property
were estimated at US$17 000. Damage ol public works facilities was about US$10 million which included 46 incidents of damage
of roads, 33 of bridges, 41 of river embankments and 12 of irrigation facilities. There were 22 reports of telecommunication
disruption and damage of port facilities at 42 sites. 1459 ships were lost or damaged and over 12000 tons of crops were ruined.

Brenda caused strong winds, heavy rain and storm surge in Okinawa, Kyushu and Shikoku. Between 2 October and 6
October, 35 people were injured. Nine houses were destroyed, 82 were damaged and 82 others were inundated. 144 houses
were affected. There were 21 reports of road damage, one report of bridge damage and one report of damage of river embank-
ment. Telecommunication was disrupted at 70 sites. Four ships were lost. The total loss of' agricultural, marine and forest prod-
ucts amounted to about US$5 million.
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Figure 45. GMS-3 infra-red false-colour imagery of Typhoon Brenda (8520) with a large eye of about 170 km in diameter
around 00 GMT on 4 October 1985.
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CECIL (8521)
OCTOBER

Typhoon Cecil was one of the late-season tropical cyclones which occurred over the South China Sea. It evolved in the
inter-tropical convergence zone (ITCZ) which was situated between the equator and ISoN over the South China Sea and the
Pacific to the east of the Philippines. Cecil attained maximum intensity, with estimated sustained surface winds of 41 mis, about
220 km from the coast of Viet Nam. It affected Viet Nam with its full strength and caused severe damage there.

Around 10 October, the convergence of the easterly trade winds and the equatorial westerlies in the lower troposphere,
coupled with the divergent ridge flow aloft, resulted in the active ITCZ. A cloud cluster on the GMS imageries and an associated
surface low pressure circulation to the east of Mindanao in the ITCZ, marked the early stage of development of Cecil. It moved
westwards and organized into a tropical depression about 460 km south of Manila over the Sulu Sea on 12 October.

A mid- to low-level anticyclone covered southern China and the adjacent seas on 12 October and Cecil moved in a west-
northwest direction under the influence of the anticyclone. The tropical depression travelled at about 22 km/h initially and
entered the South China Sea in the evening of 12 October. It slowed down to 13 krn/h and turned to a northwesterly direction
in the morning the following day.

On 13 October, an upper-tropospheric trough composing of cold low vortices extended southwestwards fr-om Japan into
the northern part of the South China Sea. Cecil was located ahead of the upper-level trough and rapid intensification began.
Cecil became a typhoon in the afternoon of 14 October about 700 km east-southeast of Da Nang. A reconnaissance aircraft
which flew into Cecil around that time reported a minimum sea-level pressure of 968 hPa and surface winds of 41 mis. It also
reported that Cecil had a circular eye with a radius of about 37 km.

Cecil turned to a west-northwesterly course on 14 October and continued to intensify. From the enhanced infra-red pictures
(EIR), it could be observed that Cecil's cloud system continued to evolve from a pattern of curved cold bands to that of an eye.
By early 15 October, a warm centre could be clearly depicted on the EIR pictures. Cecil attained its maximum intensity on 15
October. lts maximum sustained surface winds and minimum sea-level pressure were estimated at 41 mis and 960 hPa respectively.

Cecil continued to move west-northwestwards and accelerated to about 24 km/h in the afternoon of 15 October. During
the early hours of 16 October, Cecil turned to a westerly track as it approached Viet Nam (Figure 47). This change in direction
could be attributed partly to the strengthening of the mid- to lower-tropospheric anticyclone over southwest China. Cecil crossed
the coast of Viet Nam in the morning of 16 October about 140 km northwest of Da Nang and weakened to a severe tropical storm
soon after landfall. It turned west-northwestwards in the afternoon while weakening further over Laos. Cecil eventually dis-
sipated over north Thailand in the afternoon of 17 October.

Severe damage was inflicted in Viet Nam. In Binh Tri Thien Province in central Viet Nam, 769 people were killed, 128
people were missing and about 200 others were injured. 50000 houses collapsed and 80000 houses were damaged. 850 fishing
vessels and boats were damaged. About 70000 hectares of crops were devastated. 6 hospitals, 250 clinics and 2 000 classrooms
suffered damage. In Hue, 80 percent of the trees were uprooted.

In Thailand, Cecil brought heavy rain to northern and northeastern parts of the country and caused some unexpected
flooding in these areas. 18 129 people and 4 311 families were affected. 426 houses were damaged. Damage to public works
facilities was estimated at US$198 000 which included damage to 558 roads, 131 bridges, 200 weirs and some schools and temples.
10 634 heads of livestock were lost and 53 641 hectares of farmland were inundated. Total Joss of agricultural products amounted
to US$4S3 000. The total damage was estimated at about US$0.6S million. .
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Figure 47. GMS-3 infra-red imagery of Typhoon Cecil (8521) about to make landfall over Viet Nam around 18 GMT on
15 October 1985. (By Courtesy of Meteorological Department, Thailand)

Figure 48. Ruins of the Ben Hai Engineering Enterprise in the central Viet Nam Province
-of Binh Tri Thien left by Typhoon Cecil (8521 ).(By Courtesy of .Associated Press)
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DOT (8522)
OCTOBER

Typhoon Dot was the most intense typhoon which occurred over the northwest Pacific in 1985. It originated in the inter-
tropical convergence zone to the southeast of Guam in mid October. The Pacific anticyclone and the continental anticyclone
over China and the adjacent seas kept Dot in a generally west to west-northwest track south of 200N throughout its life. Dot
reached its peak intensity during the evening of 16 October .with estimated maximum sustained winds of 67 m/so Dot weakened
considerably on crossing the Philippines but re-intensified over the South China Sea. It passed close to the south of Hainan Dao
and eventually landed in northern Viet Nam.

Dot developed in the convergence zone between the easterlies south of the subtropical ridge and the equatorial westerlies
over the warm ocean near Micronesia. lts early stage could be identified as a cloud cluster to the southeast of Truk on GMS
imageries on Il October. As the cloud system moved northwestwards during the next two days, banding structure in the cloud
pattern began to appear. On 13 October, Tropical Depression Dot (8522) formed with a vortical signature on satellite pictures
and an associated closed surface circulation about 540 km southeast of Guam.

In mid October, the subtropical ridge had migrated southwards with the axis lying around 23°N and westerlies prevailed
over the mid-latitudes. Under the influence of the subtropical ridge, Dot moved westwards initially and turned west-northwest-
wards on 14 October. Under the divergent flow of an upper-tropospheric anticyclone, Dot intensified steadily after formation.
It attained typhoon intensity during the morning of 15 October about 760 km west of Guam. The eye of Dot and a fair amount
of cirrus outflow could be observed on satellite pictures.

Explosive development occurred on 15 October when an efficient outflow channel aloft was provided by the deepening of
the upper-tropospheric trough which extended southwards as far as 7°N to the west of the tropical cyclone. The central sea-
level pressure of Dot fell by about 70 hPa in 24 hours. By the evening of 16 October, Dot had attained its maximum intensity
about 1 100 km east of Manila (Figure 50). At 1214 GMT on 16 October, a reconnaissance aircraft which flew into the typhoon
registered a minimum sea-level pressure of 897 hPa. Swells up to 4 metres high were reported by a ship, the M.V. "Takatorisa
Maru", about 560 km east of its centre.

Dot resumed moving in a generally westward direction late on 16 October and headed towards Luzon. It passed about
60 km to the north of the island of Catanduanes in the morning of 18 October. Maximum sustained winds of 61 mis were re-
ported in Daet at 06 GMT. At about the same time, Dot turned west-northwestwards and began to weaken.

Around midnight of 18 October, Dot crossed the coast of central Luzon between Baler and Infanta. As Dot moved west-
wards across Luzon, two centres of circulation were revealed from surface observations. The major centre was located over central
Luzon and a secondary centre could be observed over southern Luzon. Satellite pictures also suggested two high cloud system
centres (Figure 51). Some areas, including Manila, which were affected by the winds of reduced speed between the two vortices,
were spared the full strength of the typhoon which was then estimated at about 45 m/so However, the provinces of Aurora,
Nueva Ecija, Tarlac, Pangasinan and Zambales were seriously hit. Between 15 October and 20 October, 81 people were killed,
24 people were injured and 13 others were missing. Over 1 million people were affected. 52933 houses were destroyed and
200450 others were damaged. Damage to public works/infrastructures was about US$4.2 million. Loss of private properties
was about US$208 000. There was serious damage to agricultural products. Damage of crops was estimated at US$42.2 million,
that of livestock was about US$12.6 million and that of fish-ponds was about US$0.9 million. The total damage in monetary
value reached US$60 million.

Dot entered the South China Sea in the morning of 19 October as a marginal typhoon. It reorganized itself and moved
west-northwestwards at about 19 km/h. As the supply of moisture increased over the sea, Dot re-intensified steadily. At 0831
GMT on 20 October, a reconnaissance aircraft reported surface winds of 38.6 mis and a sea-level pressure of 962 hPa near the
centre of Dot when it was about 470 km east-southeast of Yulin.

As a result of the intensification of the continental anticyclone over China on 20 and 21 October, the steering flow over
Dot strengthened. Dot accelerated across the South China Sea and moved at a speed of 33 km/h towards Hainan Dao. It passed
close to Yulin on the southern tip of the island at about 00 GMT on 21 October when maximum surface winds near the centre
were estimated at 44 m/so On Hainan Dao, 2 people were killed and 34 others were injured during the passage of Dot. 2300
houses collapsed and 48000 were damaged. About 56 000 hectares of farmland were devastated.

During the evening of 21 October, Dot weakened to a severe tropical storm due to the intrusion of cool and dry air and
crossed the coast of Viet Nam about 280 km south of Hanoi. It finally dissipated near Vientiane on 22 October.
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Figure 50. GMS-3 infra-red false-colour imagery of Typhoon Dot (8522) attaining its maximum intensity around 12 GMT on
16 October 1985.
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Figure 51. GMS-3 infra-red imagery of Typhoon Dot (8522) with two high cloud systems around 16 GMT on
18 October 1985.

Figure 52. Damage to a school building in Nueva Ecija, Philippines, caused
by Typhoon Dot (8522).
(By Courtesy of Associated Press)
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FAYE (8524)
OCTOBER - NOVEMBER

Faye developed as a tropical depression about 560 km east-southeast of Manila on 23 October. Between 23 and 24 October,
the convergence between the cross-equatorial southerlies and the easterly trade winds, together with the upper-tropospheric
ridge flow aloft, provided favourable conditions for intensification of tropical cyclones. However, intensification of Faye was
slow due to its proximity to the islands of Philippines.

Faye moved generally northwestwards at about 19 km/h at first and crossed the island of Catanduanes in eastern Philippines
in the afternoon of 23 October. A reconnaissance aircraft report at 0044 GMT on 24 October indicated that Faye had deepened
to 995 hPa when it was about 140 km northeast of Manila. It traversed Luzon in a northwestward direction and entered the
South China Sea later on the same day. It strengthened to a tropical storm in the morning of 25 October about 390 km south-
west of Batan.

Between 24 October to 29 October the mid-level subtropical ridge migrated southwards. lts axis moved from about 200N
to 13°N in the northwest Pacific region. The mid-leve! airflow associated with this transition was rather complicated and resulted
in some unusual movement in Faye. On 25 October, reconnaissance aircraft reports suggested that Faye moved slowly in a counter-
clockwise loop over the South China Sea about 460 km north-northwest of Manila. Faye took up a east-northeast track on 26
October and passed about 50 km to the north of Laoag around noon. As Faye moved away from land, it gradually intensified.
On 27 October, Faye was located among three mid-level anticyclonic cells: one to its west, one to its northeast and one to its
southwest. Consequently, Faye's movement was somewhat erratic and slow. Faye continued to intensify and moved very slowly
northeastwards on 28 October.

Under diffluent flow in the upper troposphere which provided good outflow aloft, Faye intensified to a typhoon early on
29 October about 190 km east of Batan, In the evening, a ship reported sustained surface winds of 22 mis about 170 km north-
northeast of its centre. Faye reached its peak intensity the next day with maximum sustained surface winds estimated at 40 mis
(Figure 54). A reconnaissance aircraft at 0016 GMT reported a sea-level pressure of 963 hPa near its centre about 410 km south-
southwest of Okinawa in the morning of 30 October.

As Faye passed through the subtropical ridge and became embedded in the westerlies, Faye accelerated northeastwards
to about 13 km/h on 29 October and continued to accelerate east-northeastwards from 30 October onwards. It began to weaken
rapidly early on 31 October as it entered a region of strong vertical wind shear. The main convection was sheared to the north-
east of the low-level centre. Faye weakened to a tropical storm in the afternoon of 31 October and eventually dissipated over
the Pacific about 780 km south of Tokyo in the evening of 1 November.

In Okinawa, there were reports of road damage during the passage of Faye.
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Figure 53. Composite track of Faye (8524).
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Figure 54. GMS-3 visible imagery of Typhoon Faye (8524) near its peak intensity around 00 GMT on 30 October 1985.
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CHAPTER 3
WMO TROPICAL CYCLONE PROGRAMME NEWS

- 84-

3.1 INTRODUCTION

Resolution 2733 (XXV) of the United Nations General Assembly (1970) expressed concern at the loss of human life and
material damage caused by tropical cyclones and other natural disasters and requested international action for the mitigation
of the harmful effects of such disasters. In response to this resolution, the Sixth World Meteorological Congress, in 1971, ini-
tiated the WMO Tropical Cyclone Project.

The United Nations General Assembly has maintained a close interest in the project and in 1977 adopted a further re-
solution (A/RES/32/196) calling on WMO to intensify its efforts in this field. The Eighth Congress reviewed the achievements
up to 1979 and decided that the project should be upgraded to the WMO Tropical Cyclone Programme (TCP) from 1980 onwards.
It unanimously agreed that it was essential to strengthen and intensify the programme in the years ahead and that WMO should
co-ordinate these activities. In May 1983, the Ninth Congress expressed great satisfaction with the progress being made in the
implementation of the programme which is of concern not only to countries directly affected by tropical cyclones but to many
others. It attached high priority to the TCP.

The ultimate objective of the TCP is to establish national and regionally co-ordinated systems to ensure that the loss of
life and damage caused by tropical cyclones are reduced to a minimum. To attain this objective, the programme aims at streng-
thening the capabilities ofWMO Members affected by tropical cyclones to:

(a) detect, track and forecast the approach and landfall of tropical cyclones;
(b) provide forecasts or timely assessments of heavy rainfall and forecasts of strong winds resulting from tropical cyclones;
(c) apply the most appropriate techniques of quantitative storm surge prediction;
(d) forecast the flooding arising from a tropical cyclone strike;
(e) provide the basic data on risk of loss by winds, storm-surges and floods to meet the needs for development planning

and other purposes; and
(f) organize and execute the essential disaster prevention and preparedness measures.

In practical terms, it has been found convenient to regard the TCP as being composed of two components, a general com-
ponent and a regional component. The activities pursued under each of these components may be divided into three principal
elements - meteorological, hydrological, and disaster prevention and preparedness. The structure of the TCP is depicted in
Figure 55.

Figure 55. The structure 0
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The general component is concerned with methodologies and its chief aim is to provide information, scientific knowledge
and transfer of technology to Members, mainly through the medium of guidance publications. The work under this component
facilitates development of improved systems within the overall programme.

The regional component is mainly concerned with the development of co-ordinated operational systems among groups
of Members in distinct geographical areas affected by tropical cyclones. The object of this component is to improve the com-
bined capability of these Members to mitigate the cyclone damage sustained by each individual Member. The work has been
carried out through the following regional tropical cyclone bodies:

(a) ESCAPjWMO Typhoon Committee (1968)
(b) WMOjESCAP Panel on Tropical Cyclones (1973)
(c) RA I Tropical Cyclone Committee for the South-West Indian Ocean (1973)
(d) RA IV Hurricane Committee (1977)
(e) RA V Tropical Cyclone Committee for the South Pacific (1985)

The regional tropical cyclone bodies also pay close attention to training and research in relation to each of the principal
elements.

The three main elements around which TCP is organized are:
(a) Meteorological, based on the World Weather Watch (WWW)which is concerned with the provision of basic meteorologi-

cal data and analysis and forecast products required for tropical cyclone forecasting and the application of the appro-
priate techniques to ensure timely and accurate forecasts. The operational plans drawn up by regional cyclone bodies
are important developments under this element.

(b) Hydrological, based on the Operational Hydrology Programme (OHP), which is concerned with the.basic hydrological
data required for flood forecasting and the application of the appropriate techniques to ensure timely and accurate
forecasts.

(c) Prevention and preparedness, which is concerned with all structural and non-structural measures required to ensure
the maximum safety of human life and the reduction of damage to a minimum. In this, connection, WMO's role of
assisting Members to ensure co-ordination of measures to protect life and property is performed in close co-operation
with UNDRO, LRCS and other appropriate bodies with special expertise in these fields.

The TCP is being implemented under the supervision of Congress and the Executive Council. The Regional Associations
for Africa, for North and Central America and for the South-West Pacific, play major roles, whilst that for Asia is regularly con-
sulted. The 50-60 Members of WMO participating in the work being carried out under the TCP are also consulted frequently on
the future planning of the programme activities, either through the regional cyclone bodies or by direct approaches such as
that used in the appraisal of the TCP. The progress achieved by the TCP is monitored at regular intervals by the United Nations
General Assembly.

TCP maintains close co-operation with other international organizations active in disaster mitigation, notably with ESCAP,
UNDP, UNDRO and LRCS. The main items include ESCAP's eo-sponsorship of the Typhoon Committee and the Panel on Tropi-
cal Cyclones, UNDP's invaluable support for the programmes of those two bodies through the implementation of regional pro-
jects as well as the involvement of UNDRO and LRCS in the disaster prevention and preparedness element of the TCP.

3_2 PROGRAMME ACTIVITIES IN 1985

A summary of the status of implementation of each of the IS projects within the general component is given in Appendix
II. The main parts of the TCP within the general component in 1985 were:

(a) continued activities for the implementation of the plan of action for the Tropical Cyclone Programme, including
the formulation of new projects;

(b) as appropriate, preparation, editing, publication and distribution of reports under TCP project Nos. 9, 14 and IS
(see Appendix II, section B);

(c) review of storm surge projects in Region IV and revision of TCP project No. 13 on storm surge prediction;
(d) further application of the results of TOPEX and follow-up activities, mainly through the research component of the

Typhoon Committee's programme; and
(e) initiating action on further proposals made by the regional tropical cyclone bodies including developments aimed

at tropical cyclone rainfall estimation on an operational basis.

A report on the Seminar on the Application of Radar Data to Tropical Cyclone Forecasting, including lectures, training
material and case studies presented at the seminar held in Bangkok from November to December 1983 was issued in early 1985
in the TCP series as report No. TCP-19 and distributed to Members participating in the TCP. This is the third report on training
events published in the TCP series, the other two being the reports on the Workshops on the Use of Satellite Data for Cyclone
Detection and Forecasting held in Mexico City (1980) and Bangkok (1982).
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The work within the regional component continued to be carried out by regional tropical cyclone bodies in 1985. The
activities of the ESCAP/WMO Typhoon Committee are described in Chapter 1. The activities of the other regional bodies are
as follows:

The WMO/ESCAP Panel on Tropical Cyclones, at its twelfth session held in Karachiin March 1985, adopted a Tropical
Cyclone Operational Plan for the Bay of Bengal and Arabian Sea. The main purpose of the operational plan is to provide for
the most effective co-ordinated tropical cyclone warning system for the region. The Panel gave particular attention to a number
of arrangements and procedures in the plan which were new or concisely defined for the first time. Among others, it agreed
upon arrangements for exchange of data, analyses, forecasts and advisory messages, on standard terminology, cyclone classifica-
tion and the meanings of terms used in such exchanges. Decisions were taken on wind speed averaging and a system of identifica-
tion of tropical cyclones. The Panel requested the Secretary-General of WMO to publish the operational plan within the TCP
series.

The Panel reviewed its Technical Plan and added an outline plan for the development and implementation of a storm
surge project for the region.

The Technical Support Unit of the Panel was relocated from Colombo to Dhaka in the second half of 1985, in continua-
tion of the established principle of the rotation of the Unit among member countries.

In 1985, the biennial session of the RA I Tropical Cyclone Committee for the South-West Indian Ocean was convened
in September. During the session, the recommendations of two previous seminars held in the regions were discussed. The first
of these, on disaster prevention and preparedness, was organized by UNDRO and LRCS in co-operation with WMO and with the
support of the US Office of Foreign Disaster Assistance. It took place in Mauritius in May 1984 and was attended by forty parti-
cipants from the eight members of the Committee.

The other seminar, on the utilization of satellite data and radar meteorology was organized by WMO and took place in
Maputo, Mozambique in November 1984. The latter seminar recommended that INSAT imageries, both visible and enhanced
IR, be available to all cyclone-prone Members of RA I.

A WMO Workshop on Tropical Cyclone Forecasting and Tracking for the region was also held in conjunction with the
biennial session in 1985.

Continued good progress was reported in the activities of the RA IV Hurricane Committee. On the basis of the recommen-
dations of the seventh session of the Committee (Caracas, Venezuela, May 1985) a number of changes were made to the RA IV
Hurricane Operational Plan (WMO Publication No. 524) and to the Committee's Technical Plan and its Implementation Pro-
gramme. These changes would provide for strengthening of the co-operative. and co-ordinated arrangements for hurricane warn-
ings and for further planning of the development of cyclone tracking and forecasting and for risk assessment, flood forecasting
and disaster preparedness and prevention, respectively, in the region.

The regional tropical cyclone body for the South Pacific was established in 1985. Following a recommendation of the
eighth session of Regional Association V (Melbourne 1982), a meeting of thirteen countries in the South Pacific was organized
jointly by ESCAP and WMO in Vanuatu in February 1985 to consider the formation of the RA V Tropical Cyclone Committee
for the South Pacific, within the framework of the TCP and as a working group of Regional Association V. In June 1985, the
President of Regional Association V, with the authorization of the Executive Council, decided to establish the Committee, thus
bringing to five the number of regional tropical cyclone bodies to carry out the work under the TCP regional component.

Meetings within the TCP and related WMO activies during 1985 are given below:
(a) WMO Expert Meeting on Planning Regional Operational Co-operation for the Typhoon Area (Tokyo, Japan, 20-23

August 1985)
(b) Consultations on TCP Project No. 9 - Tropical Cyclone Warnings (TCS, Manila, Philippines, 26-28 August 1985);
(c) WMO Group Training Course in Radar Operation and Main tenance (Manila, Philippines, 2-14 September 1985);
(d) RA I Tropical Cyclone Committee for the South-West Indian Ocean, seventh session (Vacoas, Mauritius, 3-9 Septem-

ber 1985);
(e) RA I Workshop on Tropical Cyclone Forecasting and Tracking (Vacoas, Mauritius, 10-20 September 1985);
(f) ESCAP/WMO Typhoon Committee, eighteenth session (Beijing, China.8-14 October 1985);
(g) WMO International Tropical Cyclone Workshop (Bangkok, Thailand, 25 November to 5 December 1985) with the

objective to examine the current knowledge of, and forecasting and research trends on tropical cyclones from an in-
tegrated international perspective; and

(h) WMO Regional Cyclone Surge Workshop (Chittagong, Bangladesh, 11-19 December 1985).
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APPENDIX I FUNCTIONS AND DUTIES OF THE TYPHOON COMMITTEE SECRETARIAT

The Secretariat will be the executive arm of the Typhoon Committee and through the Committee, as may be appropriate,
will advise the participating countries on the technical and administrative co-ordination of plans for the implementation of im-
proving meteorological, hydrological and other facilities needed for the prevention of typhoon damage. It will assist the Com-
mittee by carrying out the day-to-day co-ordination of all related activities undertaken at the request of the Committee by the
United Nations and specialized agencies, as well as under bilateral or multilateral programmes. The Secretariat will report to the
Committee at regular intervals on the progress of the work. In the performance of these duties the Secretariat will maintain
close liaison with the ECAFE (renamed ESCAP in 1974) and WMO Secretariats. Specifically, its functions will be as follows:

(a) To advise and assist countries in the international exchange of meteorological, and hydrological data, distribution of
typhoon forecasts and warnings;

(b) to advise and assist countries in the operation and improvement of meteorological observing networks, telecommunica-
tions systems and facilities as required by typhoon forecasting and warning, including storm surge forecasting;

(c) to advise and assist countries in the operation and improvement of existing and new hydrological stations required
for flood forecasts and warnings;

(d) to advise countries on arrangements for the most effective means of disseminating typhoon and flood warnings within
the country and to assist in organizing measures for the improvement of community preparedness and disaster pre-
vention;

(e) to advise and assist countries in organizing their programmes of training and research in typhoon forecasting and
warning, flood hydrology and flood control measures;

(f) to keep under constant review and circulate information on the progress achieved in the latest research studies relating
to typhoons, storm surge and flood forecasting;

(g) to encourage and to promote co-operation in research activity aimed at gaining a better understanding of typhoon
and, hence, at improving forecasting methods;

(h) to conduct, under specific instructions from the Typhoon Committee, studies on such specific problems concerning
typhoons as would facilitate carrying out more effectively the advisory functions stipulated under (a) to (e) with a
view to supporting the action programme; and

(i) to assist the countries, on request, in the preparation of applications for technical, financial and other assistance for
typhoon damage control.

In carrying out its responsibilities under (a), (b) and (c) above, the Secretariat will ensure that the plans adopted by the
appropriate bodies of WMO, including the implementation programme established by the WMO Congress as part of the World
Weather Watch Plan are fully respected at all times.
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APPENDIX II

WMO TROPICAL CYCLONE PROGRAMME - GENERAL COMPONENT

Status of Implementation on 30 June 1985

A. Projects completed or under which reports have been issued

Project number and title

No. 1 - Special tropical cyclone ob-
serving 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

No. 10 - Community preparedness and
disaster prevention

No. Il - Flood forecasting and warning

No. 12 - Human response to tropical
cyclone warnings and their
content

Title of report and date of issue

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

"Observations from mobile ships" dis-
tributed 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 Forecast-
ing 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 WMOjUNDP project on the
meteorological and hydrological aspects"
issued at the end of 1976.

"Guidelines for Disaster Prevention and
Preparedness in Tropical Cyclone Areas"
prepared jointly by WMO, ESCAP and
LRCS and issued in English in June
1977 and in French and Spanish during
the first half of 1978.

"Human response to tropical cyclone
warnings and their content" issued in
February 1983.
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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 Publication (WMO-No. 528)

WMO Publication (WMO-No. 500)

WMO Publication (WMO-No. 455)

Published by WMO. Requests for copies
may be addressed to WMO, ESCAP or
LRCS Secretariats.

A joint ESCAPjWMO 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 floods in
Asia and S.W. Pacific.

Published in the TCP series.



No. 15 - Typhoon Operational Experi-
ment (TOPEX)

(See list below*)

*TOPEX Report No. 1 - "First Plan-
ning Meeting" issued in 1980.

TOPEX Report NO.2 - "TOPEX
Operational Manual", 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 Plan-
ning 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 Opera.
tional Experiment - Report of the
International Experiment Centre"
issued in March 1983.

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

TOPEX Report NO.9 - ':A prelimi-
nary evaluation of the TOPEX First
Operational Experiment - Meteore-
logical Component" published in Octo-
ber 1983.

TOPEX Report No. 10 - "Second
Operational Experiment. Reports of
the International Experiment Centre
and of the Typhoon Tracking Experi-
ments" published in December 1984.

"TOPEX Evaluation Meeting" pub-
lished in March 1985.

"Activities under the Hydrological
Component of TOPEX" published in
May 1985.
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(See section B of this Appendix).

WMO Publication in the TCP series
(WMO-No.565)

Published in the TCP series.

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 series.

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

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



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)

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 capabili ty
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 educa-
tion

Objectives:
To prepare guidance and sam-
ple material to assist Members
in the improvement of their
public information and educa-
tion programmes.

No. 15 - Typhoon Operational Experi-
ment (TOPEX)

Objectives:
To reduce the risk of loss of
life and damage from typhoon
wind, flood and storm surge
by improving the forecasting
and warning capabilities of
members of the Typhoon
Committee through the con-
duct of an operational test of
the various systems used for
typhoon analysis, forecasting
and warning, as well as for
flood forecasting during all
stages of typhoons in the area.

Mode of implementation

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

Mr. R. Falls (Australia) Leader,
Mr. R. Lau (Hang Kong)
Mr. J. Flares (philippines)

Members represented on the RA IV
Hurricane Committee with assistance
from the WMO Secretariat and con-
sultant services.

Joint WMO/UNDRO/LRCS project.

Mr. E. Ressler (UNDRO/LRCS/WMO)
Mr. H. Friedman (USA)

Project of the ESCAP/WMO Typhoon
Committee.
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Status

Final text for publication expected in
early 1986.

To be reviewed in the light of recent
experiences with storm surge projects
in Region IV.

A report is under preparation. It is
expected to become available in 1986.

Operational phase completed. Further
activities on application of results and
studies to be conducted under the
research component of the Typhoon
Committee's programme. (Reports
which have been issued are listed in
section A of this Appendix.)




