


"



as R
RESOURCE CENTER

ESCAP/WMO
Typhoon Committee Annual Review

1991

UNITED NATIONS
Economic and Social Commission

for Asia and the Pacific

WORLD METEOROLOGICAL
ORGANIZATION

Typhoon Committee Secretariat
UNDP Manila
PO Box 7285 ADC
Pasay City
Philippines



Front cover: GMS-4 false-colour imagery of volcanic clouds associated with the eruption of Mount
Pinatubo (reddish circular cloud mass over the west coast of Luzon) and Typhoon Yunya (9105) over the
east coast of Luzon at 01 UTC on 15 June 1991 (by courtesy of Japan Meteorological Agency).

Front plate: GMS-4 infra-red imagery of Walt (9104) at 18 UTC on 12 May 1991.

Back plate: Names oftropical cyclones over the western North Pacific valid for 1991.

Published : October 1992

Any part of the publication may be reproduced or reprinted provided the customary acknowledgement is
made.

The publication has been produced without editorial revision by the World Meteorological Organization or
the United Nations Secretariats. Views and opinions expressed do not imply endorsement by the World
Meteorological Organization or the United Nations.

The designations employed and the presentation of the material in this publication do not imply the ex-
pression of any opinion whatsoever on the part of the World Meteorological Organization or the United
Nations concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delineation of its frontiers or boundaries.

ii



GMS-4 infra-red imagery of Walt (9104) at 18 UTC on 12 May 1991.



CONTENTS

Page

Figures vi

Tables x

ESCAP, WMO and the ESCAPIWMO Typhoon Committee xi

Typhoon Committee (1992) xiv

Foreword xv

ESCAPIWMO Typhoon Committee Annual Review 1991 Editorial Board xvi

Introduction XVll

Chapter 1 Typhoon Committee Activities in 1991 1

1.1 Meteorology 1

1.2 Hydrology 7

1.3 Disaster Prevention and Preparedness 13

1.4 Training 17

1.5 Research 22

1.6 Typhoon Committee Secretariat 26

Chapter 2 Tropical Cyclones in 1991 29

2.1 Overview 29

2.2 Reports on individual tropical cyclones which affected Members of the
Typhoon Committee

40

2.2.1 Sharon (9101) 40
2.2.2 Yunya (9105) 42
2.2.3 Zeke (9106) 44
2.2.4 Amy (9107) 46
2.2.5 Brendan (9108) 48
2.2.6 Caitlin (9109) 50
2.2.7 Fred (9111) 52

iv



2.2.8
2.2.9
2.2.10
2.2.11
2.2.12
2.2.13
2.2.14
2.2.15
2.2.16
2.2.17
2.2.18
2.2.19
2.2.20

Gladys (9112)
Tropical Storm (9113)
Harry (9114)
Ivy (9115)
Joel (9116)
Kinna (9117)
Luke (9118)
Mireille (9119)
Nat (9120)
Orchid (9121)
Ruth (9123)
Thelma (9125)
Wilda (9127)

54
58
60
62
64
66
70
72
76
78
80
84
86

Chapter 3 Contributed Papers 89

3.1 Towards medium-range forecast of typhoon
(Toshiki Iwasaki, Japan Meteorological Agency)

89

3.2 Performance of the ECMWF model in tropical cyclone track forecasting over the 95
western North Pacific during 1990-1991 (C.M. Shun, Royal Observatory Hong Kong)

3.3 Typhoon Diding and the Mount Pinatubo eruption 103
(J.E Bucoy, E.R. Gonzales, L.U. Dalida, 1.1. Valeroso & R.T. Perez, PAGASA)

3.4 Ormoc City flood on 5 November 1991 108
(extracted from a report by PAGASA & NEDA)

113

Chapter 4 WMO Tropical Cyclone Programme News 113

4.1 Introduction

4.2 Programme activities in 1991

4.3 Programme for 1992 119

Appendix I : Status of implementation of WMOrrcP projects as on 31 December 1991 120

Appendix II: Tropical Cyclone Programme reports 124

114

v



FIGURES

Page

1.1 Ozonesonde and rawindsonde equipments operated by Malaysian Meteorological 4
Service.

1.4 Representatives of Thai Government, WMO, ESCAP and Members of Panel on 28
Tropical Cyclones and Typhoon Committee at the First Joint Session.

1.2 Aerial satellite views of eastern China before and after flooding in early summer 9
of 1991.

1.3 The First Joint Session of the Panel on Tropical Cyclones and the Typhoon . 28
Committee held in Pattaya, Thailand from 18 to 27 February 1992.

2.1 Monthly distribution of the frequency of first occurrence of tropical cyclones in the 30
western North Pacific and the South China Sea in 1991.

VI

2.2 Monthly distribution of the mean frequency of first occurrence of tropical cyclones 30
in the western North Pacific and the South China Sea, 1946-1991.

2.3 GMS-4 visible false-colour imagery of volcanic cloud associated with the eruption 31
of Mount Pinatubo and Typhoon Yunya (9105) just off the east coast of Luzon at
23 UTC on 14 June 1991.

2.4 GMS-4 visible false-colour imagery of volcanic cloud associated with the eruption 31
of Mount Pinatubo at 07 UTC on 15 June 1991.

2.5 Tropical cyclones which affected Members of the Typhoon Committee in 1991. 34

2.6 Tropical cyclones in 1991 with no report of damage. 35

2.7 Composite track of Sharon (9101). 41

2.8 GMS-4 infra-red imagery of Sharon (9101) at 00 UTC on 10 March 1991. 41

2.9 Composite track of Yunya (9105). 43

2.10 GMS-4 visible imagery of Yunya (9105) near the Philippines at 03 UTC on 43
14 June 1991.

2.11 Composite track of Zeke (9106). 45



2.12 GMS-4 infra-red imagery of Zeke (9106) at 06 UTC on 13 July 1991. 45

2.13 Composite track of Amy (9107). 47

2.14 GMS-4 visible imagery of Amy (9107) at 06 UTC on 18 July 1991. 47

2.15 Composite track of Brendan (9108). 49

2.16 GMS-4 visible imagery of Brendan (9108) over the South China Sea at 03 UTC 49
on 23 July 1991.

2.17 Composite track of Caitlin (9109). 51

2.18 GMS-4 infra-red imagery of Caitlin (9109) at 06 UTC on 28 July 1991. 51

2.19 Composite track of Fred (9111). 53

2.20 GMS-4 infra-red imagery of Fred (9111) at 12 UTC on 15 August 1991. 53

2.21 Composite track of Gladys (9112). 55

2.22 GMS-4 visible imagery of Gladys (9112) at 06 UTC on 20 August 1991. 55

2.23 Playgrounds near Tama River in Tokyo were under flood water after the heavy 56
rain brought by Gladys (9112).

2.24 Landslip triggered by Gladys (9112) damaged houses and killed four people in 57
the town of Okutama, Tokyo.

2.25 Composite track of Tropical Storm (9113). 59

2.26 GMS-4 visible imagery of Tropical Storm (9113) at 00 UTC on 28 August 1991. 59

2.27 Composite track of Harry (9114). 61

2.28 GMS-4 visible imagery of Harry (9114) at 00 UTC on 30 August 1991. 61

2.29 Composite track of Ivy (9115). 63

2.30 GMS-4 infra-red imagery of Ivy (9115) at 03 UTC on 7 September 1991. 63

2.31 Composite track of Joel (9116). 65

vii



viii

2.32 GMS-4 visible imagery of Joel (9116) over the South China Sea at 03 UTC on 65
6 September 1991.

2.33 Composite track of Kinna (9117). 67

2.34 GMS-4 visible imagery of Kinna (9117) at 06 UTC on 13 September 1991. 68

2.35 Damage caused by Kinna (9117) in Nagasaki Prefecture, Japan. 69

2.36 Composite track of Luke (9118). 71

2.37 GMS-4 visible imagery of Luke (9118) at 02 UTC on 19 September 1991. 71

2.38 Composite track of Mireille (9119). 73

2.39 GMS-4 visible imagery of Mireille (9119) at 03 UTC on 26 September 1991. 74

2.40 Damage to houses caused by Mireille (9119) in Akita Prefecture, Japan. 75

2.41 Composite track of Nat (9120). 77

2.42 GMS-4 infra-red imagery of Nat (9120) near Taiwan at 09 UTC on 22 September 1991. 77

2.43 Composite track of Orchid (9121). 79

2.44 GMS-4 visible imagery of Orchid (9121) southwest of the Ryukyus at 02 UTC 79
on 7 October 1991.

2.45 Composite track of Ruth (9123). 81

2.46 GMS-4 infra-red imagery of Ruth (9123) at 18 UTC on 23 October 1991. 82

2.47 Flooding in northern Luzon after the passage of Ruth (9123). 83

2.48 Composite track of Thelma (9125). 85

2.49 GMS-4 visible imagery of Thelma (9125) at 03 UTC on 4 November 1991. 85

2.50 Composite track of Wilda (9127). 87

2.51 GMS-4 visible imagery of Wilda (9127) at 02 UTC on 15 November 1991. 88

3.1 Forecast surface pressure charts by operational and experimental models as compared 90
with corresponding un initialized objective analyses.



ix

3.2 Observed track and predicted 8-day tracks showing the effects of initial conditions. 91

3.3 Forecasts by high-resolution global models. 93

3.4 Skill as given by the average relative er errors of ECMWF forecasts compared to 99
persistence forecasts 1990-1991.

3.5 Average bias of ECMWF analyses and forecasts relative to the best-track positions 100
1990-1991.

3.6 Schematic representation of volcanic ash flow at various levels. 105

3.7 GMS-4 visible imagery of Mount Pinatubo eruption at 08 UTC on 15 June 1991. 106

3.8 Flood hydrograph of 5 November 1991. 111



Page

TABLES

1.1 Training courses/seminars/workshops/symposia/visits organized by Typhoon
Committee in 1991.

18-19

1.2 Training courses/seminars/workshops organized by other institutions and attended 20-21
by Typhoon Committee Members in 1991.

1.3 Expert services to Members of Typhoon Committee by JMA. 22

2.1 List of tropical cyclones which affected Members of the Typhoon Committee in 1991. 32

2.2 Casualties and damage sustained by Members of the Typhoon Committee due to tropical 33
cyclones in 1991.

3.1 List of tropical cyclones selected for the study (1990). 96

3.2 List of tropical cyclones selected for the study (1991). 96

x



ESCAP, WMO AND THE ESCAPIWMO TYPHOON COMMITTEE

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

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

The Commission also :

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

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

provides advisory services to Governments at their request;

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

WORLD METEOROLOGICAL ORGANIZATION (WMO)

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

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

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

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

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

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

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

THE ESCAPIWMO TYPHOON COMMITTEE

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

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

The second meeting of the Working Group of Experts on Typhoon was held in Bangkok in October
1967 and the meeting endorsed the report of the Preparatory Mission and reiterated the need for early
action to mitigate typhoon damage as a means of speeding economic development in the region. It also re-
affirmed that national as well as joint efforts were necessary to combat effectively the detrimental effect of
typhoons. Accordingly, the meeting recommended that a Typhoon Committee with a Regional Typhoon
Centre as its executive body be established under the auspices of ECAFE in co-operation with WMO; and
the ECAFE and WMO secretariats were requested to draft jointly the statute and rules of procedure of the
proposed Typhoon Committee and to convene an ad hoc meeting of government representatives to consider
and finalize the drafts.

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

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

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

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

* ECAFE was named as ESCAP (Economic and Social Commission for Asia and the Pacific) in 1974.
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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 plans and measures for the improvement of
meteorological and hydrological facilities needed for typhoon damage prevention;

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

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

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

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

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

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

This is the seventh issue of the ESCAP/WMO Typhoon Committee Annual Review
(TCAR) to present the activities of the Typhoon Committee in respect of meteorology, hydrology,
disaster prevention and preparedness, training and research in the year 1991.

Since its establishment in 1968, the Typhoon Committee, sponsored jointly by the
United Nations Economic and Social Commission for Asia and the Pacific (ESCAP) and the
World Meteorological Organization (WMO) with financial support from the United Nations
Development Programme (UNDP), has made significant progress in various aspects through
close co-operation among Members. Progress in both operational and research activities was
particularly noteworthy over the last several years. The Regional Specialized Meteorological
Centre (RSMC) Tokyo - Typhoon Centre was established during that time and the field phase
of SPecial Experiment Concerning Typhoon Recurvature and Unusual Movement (SPECTRUM)
was successfully implemented in 1990.

In spite of such comprehensive and dedicated efforts by Members, the region still
suffers from heavy damage caused by floods and strong winds associated with tropical cyclones
every year. In 1991, a total of 30 tropical cyclones formed in the western North Pacific or the
South China Sea, and 20 affected Members resulting in the deaths of more than 5 000 people.
In particular, Yunya(9105) in June, Gladys(9112) in August, Mireille(9119) in September and
Thelma(9125) in November were most destructive, bringing serious damage to the Philippines,
Korea and Japan.

As such, efforts towards the mitigation of the disastrous effects associated with tropical
cyclones should be continued in all the components of the Committee. I am confident that the
present issue will serve as a useful reference for this purpose. The 1990s has been designated
by the United Nations General Assembly as the International Decade for Natural Disaster
Reduction (lDNDR). Typhoon Committee Members are encouraged to work together to
reduce the hazardous impacts caused by natural disasters. Taking this opportunity, I wish to
look forward to more harmonious and fruitful co-operation for greater success in the decade in
full utilization of existing facilities as well as effective use of resources available.

On behalf of the Typhoon Committee, I wish to express my sincere appreciation to the
Royal Observatory, Hong Kong for the service of the Chief Editor and for undertaking the
printing of the present issue. Expressions of gratitude are also due to the National Editors for
their co-operation in bringing forth an excellent Review.

Takashi NITTA
Chairman, Typhoon Committee (1992)
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INTRODUCTION

ESCAPIWMO Typhoon Committee Annual Review 1991, with primary contributions from Members,
was compiled and published following the decision of the Typhoon Committee at its 24th Session in
February 1992 to continue the publication of an annual review.

Chapter 1 provides an overview of the activities of the Typhoon Committee in 1991. It contains detailed
information supplied by Members of the Committee on individual national programmes and activities relat-
ed to meteorology, hydrology, disaster prevention and preparedness, training and research. Technical and
administrative support provided and activities undertaken by the Typhoon Committee Secretariat during
1991 are also covered.

Based on Members' post analyses of tropical cyclones and climatological data available at the Royal
Observatory in Hong Kong, special features of the 1991 tropical cyclone season are highlighted. A
summary of the 30 tropical cyclones in 1991 is given in the first part of Chapter 2. Each tropical cyclone is
identified by a 4-digit code assigned by the Japan Meteorological Agency (JMA) and/or a name given by
the Joint Typhoon Warning Center (JTWC) in Guam. The intensity of the tropical cyclone is classified as
follows in accordance with WMO Guide to Marine Meteorological Services (WMO - No. 471) and WMO
Manual on Marine Meteorological Services (WMO - No. 558) :

Classification Maximum Sustained Winds

(a) Tropical depression
(b) Tropical storm
(c) Severe tropical storm
(d) Typhoon

m/s
up to 17.2
17.2-24.4
24.5 - 32.6
32.7 or more

kmlh
up to 62
63 - 87
88 - 117
118 or more

knots
up to 34
34 - 47
48 - 63
64 or more

The second part of Chapter 2 contains in-depth reports on tropical cyclones affecting Members in the
region. Each report includes a detailed account of the physical and dynamical processes behind the
movement and intensity changes of the tropical cyclone. The extent of damage caused by the tropical
cyclone is documented as accurately as possible utilizing statistics supplied by the National Editors and
damage reports from the press.

In the context of Chapter 2, sustained winds refer to wind speeds averaged over a period of 10 minutes.
The velocity unit of kilometres per hour (kmlh) is used for wind speed as well as speed of movement of
tropical cyclones and other weather systems. The SI unit of hectopascal (hPa) is used for atmospheric
pressure. Reference times used in this Chapter are primarily in Co-ordinated Universal Time (UTC). But
when described in a more general context in the narratives, local time (with respect to the geographical
area then affected by the tropical cyclone) is also used. Whenever possible, station names contained in
WMO Weather Reporting - Observing Stations (WMO - No.9, Volume A) are used for geographical
references.

Chapter 3 contains four contributed papers which discuss in depth topics of regional interest. The first
two papers are the latest studies in Japan and Hong Kong on the use of numerical models in tropical
cyclone forecasting. The other two papers are reports from the Philippines on the two major natural
disasters in 1991: The passage of Typhoon Yunya (9105) during the Mt. Pinatubo volcanic eruptions and
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the catastrophic flooding in Leyte associated with the passage of Tropical Storm Thelma (9125).

Chapter 4 outlines the activities of the WMO Tropical Cyclone Programme in 1991. The activities of
regional tropical cyclone bodies are highlighted.

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

Chief Editor
September 1992, Hong Kong
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CHAPTER 1

TYPHOON COMMITTEE ACTIVITIES IN 1991

1.1 METEOROLOGY

In 1991, the upgrading, replacement, re-location and rehabilitation of meteorological radars were
prominently reported in the activities of most Members. A shift to automated system for gathering data
(automatic weather stations and upper-air observations) was noted along with the continuing trend in
achieving greater speed (and/or expanded capabilities) in telecommunications, computers, satellite system,
and limited-area numerical weather prediction models.

According to the requirement of WWW-GTS and RA II Co-operation Programme, the 50-baud
telecommunication link between RTH Bangkok and NMC Ha Noi was upgraded to a 75-baud satellite
circuit since 15 November 1991.

Since its successful launch on 6 September 1989, the GMS-4, apart from obtaining cloud imagery over
the Eastern Hemisphere, is also relaying meteorological data from 20 DCPs installed in the Typhoon
Committee Members other than Japan. GMS-5, as the successor to GMS-4, is scheduled to be launched in
early 1994. GMS-5 will have new additional functions currently not available in GMS-4, including one
water vapour channel and two split infra-red channels. It will generate more comprehensive products
applicable to a wide range of meteorological services, particularly for tropical cyclone forecasting.

In China, an operational forecasting system for marine meteorological services has been developed.
Fifteen marine meteorological offices along the major coastal areas have been designated as priority units.
"The Real Time Marine Meteorological Operational System Scheme" was prepared and distributed.
Organization of the real-time operational marine meteorological forecast system was also completed.

"The Methodology of Marine Weather Bulletin and Fax Products Distribution" and "The Methodology
of Sea Gale Prediction Assessment" were revised and updated. These documents would be distributed in
the second half of 1992.

A preliminary plan of the marine meteorology operational system was prepared. This plan would
become the important guidance for the development of the marine meteorology operational system.

An expert meeting on the analysis of the cost-effectiveness of tropical cyclone warnings and a survey on
the quality control of basic marine meteorology operation were organized at the end of 1991.

"Regulations on Typhoon Operation and Service", first published in 1985, played an important role in
improving tropical cyclone forecasting service. An updated version of the regulations came into force on
1 July 1991 in line with new development in operational and scientific research.

China received Dr. J. Hickman, WMO's advisor, who carried out a survey on UNDP's support to
Typhoon Committee's activities in China.

In Hong Kong, specifications for a replacement storm detecting radar system were drawn up and
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installation was scheduled for early 1993. It would replace the digital radar system used since 1983 as the
main surveillance radar of the Royal Observatory.

Implementation of facsimile data exchange via the Hong Kong-Beijing meteorological
telecommunication circuit was in progress. The exchange would become operational in early 1992.

With the acquisition of two RS/6000 Model 540 workstations and the porting of the Royal Observatory
numerical analysis/forecast system to the workstations in late 1991, more timely model forecast charts
were made available to forecasters. The NCAR graphic package was also incorporated to take advantage
of the enhanced graphic capability of the workstation. This enabled forecasters to interpret the model
products more effectively.

A self adaptive winter temperature forecast system was developed based on the Kalman filter method.
Forecasts of minimum/maximum temperatures up to three days ahead were provided to the forecasters in
the 91192 winter on an experimental basis.

A series of control experiments were conducted using the SPECTRUM data. The impact of boundary
data and enhanced observations on the forecast quality was studied. Results of these experiments were
useful in designing future modifications to the Royal Observatory numerical analysis/forecast system.

A new SSB radio broadcast was introduced in August 1991 to disseminate weather forecasts and
warnings to fishermen and yachtsmen.

The automatic weather station network and the tide gauge network were modified for data transmission
via the public packet switching network instead of the more costly leased telephone lines.

An additional personal computer (PC), with enhanced word-processing and graphic software packages,
was acquired for routine tropical cyclone post-analyses, archival of digital radar data on floppy disks, and
preparation of the Typhoon Committee Annual Review.

In Japan, the meteorological radar at Niigata (47572) was completely renovated and equipped with the
REDIS (Radar Echo Digitizing and Dissemination System) in March 1991. The REDIS was also added to
the meteorological radar at Naha/Itokazu (47937). Consequently, among the 20 meteorological radars
operated by the Japan Meteorological Agency (JMA), 18 were equipped with the REDIS under the radar-
echo digitizing project. In 1992, the radar at Hakodate (47432) would be re-Iocated to Yokotsudake so as
to expand its coverage area.

The automation of upper-air observation system was successively introduced at Naha (47936), Sapporo
(47412), Fukuoka (47807), Minamidaitojima (47945) and Ishigakijima (47918) in March 1991, five years
after the first installation of such a system at the Aerological Observatory in Tateno (47646). By March
1992, newly designed upper-air observation facility would also be introduced at Sendai (47590), Yonago
(47744) and Tateno (47646). Consequently, eight of the 18 upper-air observation stations would have been
equipped with automated upper-air observation system. The data measured by the automated system were
transmitted to the JMA Headquarters using personal computers. The JMA would extend the new facility
to other stations in the coming years.

Modifications were introduced in September 1991 in the preparation of bogus data for tropical cyclone
analysis. The modifications were made with the aim of improving the accuracy of tropical cyclone track
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forecasting in the global and regional numerical models of the JMA.

In April 1991, radar echo obtained at NahalItokazu (47937) in Okinawa was integrated into the JMA's
radar echo composite chart. As a result, the composite chart now covered almost the whole of the
Japanese archipelago.

Also in April 1991, the JMA initiated the issue of precipitation nowcast (forecast every 15 minutes up
to two hours ahead) with almost the same procedure as for the very short-range forecast of precipitation up
to three hours ahead but estimated for each 2.5 km x 2.5 km area: The nowcasting products would
provide valuable information for the forecast of flooding of small rivers which occurred frequently in
urban areas.

Since 1988, the JMA has been expanding the service area of very short-range forecast of precipitation.
In May 1991, the service was extended to cover the Nansei Islands and the surrounding territory.
Precipitation was estimated in every 5 km x 5 km area by extrapolation of radar echo taking into
consideration the effect of orography.

Since May 1991, satellite-derived precipitation intensity charts were disseminated once a day to major
meteorological observatories in Japan. The charts showed estimation of precipitation distribution based on
the GMS imagery and covered a wider area compared with the radar echo composite charts.

Procedures in the issue of thunderstorm warning were improved in 1991 by combining the composite
radar echo and very short-range forecast of precipitation. All of the processes including dissemination of
warnings were carried out automatically by the computer. The new procedures not only provided
warnings on the intensity of the thunderstorm but also on movement of storm clouds up to two hours
ahead.

The meteorological observation vessels, Ryofu Maru and Keifu Maru, made four trips to the western
equatorial Pacific in 1991. Furthermore, Keifu Maru made tropical cyclone monitoring observations over
the waters south of Japan in August and September.

In Malaysia, in an effort to modernize the observation programme, the Malaysian Meteorological
Service (MMS) replaced the manual upper-air systems at Petaling Jaya (48648) and Kuantan (48657) with
fully automatic systems (Fig. 1.1). The new systems, which consisted of the Vaisala Digi Cora
rawinsonde set MWII as its main component, were commissioned in July 1991. The upper-air system at
Petaling Jaya was also equipped with ozone monitoring instruments. Vertical ozone monitoring
commenced on 18 November 1991.

By courtesy of PCM Electronics, Australia, a RAPIC display system designed by the Bureau of
Meteorology, Australia, was installed for demonstration purpose at the Subang Weather Radar Station
(48647) in May 1991. Radar data were transmitted via a dial-up line to a workstation in the Research
Division of the MMS Headquarters at Petaling Jaya. This PC-based radar processing and display system
had several important features, including mouse driven facility, effective ground cluster reduction and
sequencing displays. The opportunity to operate the demonstration unit allowed MMS to plan for the
acquisition of a cost-effective radar and display system in the near future.

Although the procurement of the software, RNET-X25/32, was made by WMO in 1990 for MMS to
upgrade the Kuala Lumpur - Singapore GfS circuit from 1200 to 4800/9600 bps, several problems were
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Launching of ozonesonde.

Ozonesonde test unit/calibrator.

Digi Cora Equipment (receiving and
processing system).

Figure 1.1 Ozonesonde and rawindsonde equipments operated by Malaysian Meteorological
Service (by courtesy of MMS).
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encountered in implementing the project. One of the main problems was related to the software license
issue. With the resolution of the problem, MMS has initiated action with the local telecommunication
authority and would also liaise with the Singapore Meteorological Service on the possible course of action
relating to the upgrading exercise.

In the Philippines, the eruption of Mount Pinatubo in the province of Zambales wrought incomparable
economic and emotional suffering, not only to the residents of central Luzon but also to the whole country
in general. Notwithstanding the economic hardship the Philippines was facing, some remarkable
advancement was achieved through the assistance of benevolent neighbouring countries.

Under the Philippine-Australian Remote Sensing Project, the Philippine Atmospheric, Geophysical and
Astronomical Services Administration (PAGASA) acquired and installed a NOAA HRPT (National
Oceanic and Atmospheric Administration High Resolution Picture Transmission) satellite ground receiving
system. The Philippine HRPT system consisted of an integrated NOAA AVHRR (Advanced Very High
Resolution Radiometer) and TOVS (TIROS Operational Vertical Sounder) processing and archiving
facilities. The TOVS was designed to receive high resolution primary data transmitted by NOAA polar
orbiting satellites. The antenna for the reception of AVHRR and TOVS data from the NOAA series of
satellites was installed at the NAMRIA (NAtional Mapping and Resource Information Authority), while
the workstation for the interpretation of AVHRRand TOVS data was installed at PAGASA.

The AVHRR provided imagery at visible and infra-red wavelengths and the data collected could be
used in various fields such as meteorology, agriculture, oceanography, etc. The TOVS provided data
which could be processed to provide vertical profiles of atmospheric temperature and moisture, ozone
content, cloud amount, surface temperature and others. With the availability of such data, PAGASA could
enhance its capability in weather forecasting and tropical cyclone research. The whole project would be
completed in December 1992.

Regular operation of the GMS-VISSR system continued. The system functioned satisfactorily and was
particularly useful in forecasting the areal extent and movement of tropical cyclones.

The pre-construction activities pertaining to the Meteorological Telecommunication System
Development Project (MTSDP) proceeded as planned. The installation of the system would be completed
by 1995 when all the weather stations in the country would be linked up under the system.

Six of the ten weather radars were operational in 1991. These included radars at Puerto Princesa
(98618), Davao (98754), Daet (98440), Mactan (98646), Virac (98447) and Tanay (98433). The
remaining radars were either undergoing repair or temporarily out of commission due to defective
radar/generator set and lack of spare parts.

Of the ten upper-air stations, only five were generally functional. They were Davao (98753), Laoag
(98223), Mactan (98646), Legaspi (98444), and Puerto Princesa (98618).

In connection with the SPECTRUM, most member countries were furnished copies of the magnetic
tapes containing data from the experiment. Hard copies of the data were produced for local distribution.

The Techniques Development Section (TDS) of the Weather Branch acquired a GRAPTEC Pen Plotter
which enhanced the efficiency of chart plotting, e.g. 850-hPa wind, 500-hPa wind, geopotential, etc. In



addition, IDS began using a software to interpret radar messages with graphical representations.

In the Republic of Korea, the Korea Meteorological Service (KMS) was upgraded to an administration
as of 27 December 1990 due to an amendment of the Government Organization Act. In line with this
amendment, the former KMS is now the Korea Meteorological Administration (KMA).

The KMA continued to expand its automatic weather station network, installed new equipments,
maintained technical development, and increased the computing power.

The KMA installed 85 sets of Automatic Weather Station (AWS) in 1990, and 168 sets were
operational in 1991. The final goal of the AWS project was to operate a total of 400 sets of AWS with an
average spacing of about 20 km nationwide. The AWS observation data were collected by automatic dial-
up system with telephone line and disseminated through the KMA telecommunication system. The AWS
network was very effective in detecting severe mesoscale weather phenomena.

The project to implement a nationwide radar network was almost completed. The network consisted of
five stations, namely Mt. Kwanak (47166) in the vicinity of Seoul, Cheju (47185) on Cheju Island, Pusan
(47160) on the south coast, Donghae (47106) on the east coast, and Kunsan (47144) on the west coast. The
radar in Kunsan was still in the testing stage. All the radars were C'band (5340 MHz) Doppler radars.

A sub-system for compositing the echo imageries of the five radars was also installed at the
Headquarters of the KMA. It was still under testing at the end of 1991.

Not only were the radars very useful in providing valuable information on rainfall, their effective
spatial coverage also made them very useful in tropical cyclone tracking during the tropical cyclone
season.

The existing operational computer TANDEM-TXP for telecommunication would be replaced by a new
one in 1992. The new computer would emphasize on functions such as non-stop system and image
communication, along with A/N transmission. The computer for database would also be replaced in
1992. The main functions of the new computer would be for the efficient exchange of meteorological
information and climatological database.

'All-call-facsimile system' was established at the Headquarters of the KMA in 1991. The new system
enabled simultaneous transmission of meteorological information to the registered organizations. It made
possible a rapid dissemination of weather forecasts and warnings to the mass media and relevant
government agencies.

In Thailand, re-Iocations of the C-band radar from Songkhla (48568) to Sathing Phra, 30 km north of
the original site, and the C-band radar from Hat Yai International Airport (48569) to Phitsanulok (48378)
in the northern part were completed. Both radars were in operation. The replacement of the C-band radar
by an S-band Doppler radar at the Bangkok International Airport (48456) was underway. The old C-band
radar would be re-Iocated to Rayong (48478) in the eastern part of Thailand. It would become operational
by March 1992. The S-band radar of Bangna was re-Iocated to Surin (48432), North-eastern Thailand, in
mid-December 1991 and would become operational by March 1992.

Another new S-band Doppler radar would be installed in Khon Kaen Province in the North-eastern and
would become operational by the end of 1992. By 1993, Doppler C-band radars would be installed at
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Ubon Ratchathani (North-eastern), Sakon Nakhon (North-eastern) and Chiang Rai (Northern), and a
Doppler S-band radar at Surat Thani (Southern).

The acquisition of four new high resolution satellite receiving systems for both OMS and NOAA
imageries was in progress. The systems would be installed at each of the Regional Meteorological Centres.
In 1992, the satellite and radar imageries from the four regional centres would be sent to the data centre of
the Meteorological Department as well as to a workstation at the Aeronautical Meteorological Division,
Bangkok International Airport.

The Automatic Weather Observation System (AWOS) at Phuket was re-located to Trang Airport in
Southern Thailand. Three new AWOSs were installed at the domestic airports of Phitsanulok (Northern),
Khon Kaen (North-eastern) and Surat Thani (Southern). A set of AWOS was moved from Bangkok
International Airport to Udon Thani Airport (48354) in North-eastern. In 1992, the airports at Chiang Rai
(48303) and Mae Hong Son (48300) would install AWOSs and a set of mobile-AWOS would be made
available at the Meteorological Department.

Two sets of Wind Shear Alert System (WSAS) were installed at the international airports of Bangkok
and Phuket (48564). Chiang Mai International Airport (48327) would also install WSAS by 1992.

In Viet Nam, the computerized message switching system and weather chart plotting system provided
under the VIE/SO/051 project worked continuously in daily operation. As a standby to the aforementioned
systems, a new system based on IBM compatible personal computers was designed and established by
Vietnamese experts.

Twenty new HFISSB transceivers (100 watts) were acquired to strengthen the telecommunication
network in the coastal region.

A to-cm weather radar at Hai Phong Hydrometeorological Observatory became operational during the
tropical cyclone season of 1991. Another one would be installed at Vinh (48845) in Nghe An Province
during the first half of 1992.

Apart from the traditional tropical cyclone forecast methods, other methods like PCI, PCII and
barotropic model were also applied in operational forecasting.

In 1991, 13 tropical cyclones and 24 heavy rain events were effectively predicted.

1.2 HYDROWGY

Despite some very tragic events, such as the eruption of Mount Pinatubo and flash floods in the
Philippines, Members continued to sustain efforts towards establishing and improving the flood forecasting
and warning systems in their respective major river basins.

The roving seminars on "Comprehensive Flood Loss Prevention and Management" took places in
Thailand, Malaysia, Philippines, Republic of Korea, Hong Kong, China, Lao People's Democratic
Republic and Viet Nam. With the support of the Government of Japan, reference materials were
distributed to Members.



In Malaysia, the Philippines, the Republic of Korea and Thailand, MOFFS (Management Overview of
Flood Forecasting Systems) was recommended for use.

In China, there were climatic anomalies in some areas. In the Yangtze and Huaihe River Basins,
heavy rainfall occurred from May to July (Fig. 1.2). As a result, flood water level was the second highest
ever at the hydrology stations on the main stream of the Huaihe River. In the Taihu Lake, the water level
was 0.14 metre higher than the record since the beginning of recording history. Records were also broken
on the Chuhe and Lishui Rivers (tributaries of the Yangtze River). In the Songhuajiang River Basin in
Northeast China, the water level was the second highest ever recorded. Areas in the vicinity of the above-
mentioned rivers were waterlogged and suffered extensively from flooding.

During the flooding period of 1991, real-time hydrological data in large quantity were collected and
processed by the hydrological services at various levels and flood forecasts were timely made. Based on
the forecasts, policy was made on flood diversion, food storage, reservoir operation and population
evacuation. For example, hydrological forecasting played an important role in the flood event in the
Huaihe River Basin. Based on the forecasts one and two days ahead that the water load level would
exceed the level of diversion and storage, a decision was made to release the flood water from the
retention basins. About one million people were timely evacuated and no deaths and injuries were
reported. Losses were thereby reduced to a minimum.

Following a meeting on tropical cyclone disaster prevention in 1990, a similar meeting was organized
by the State Flood Control Headquarters to discuss how to reduce the damage caused by tropical cyclones.
Some useful measures were suggested.

In 1991, a flood warning system through radio broadcast was established. It consisted of 24 central
transmitting stations and 3 998 receivers in 18 flood control basins covering 32 counties. Telemetry
systems were set up on the upper reaches of more than 30 reservoirs and the main flood-prone regions.
The biggest system was set up on the upper reach of the Huaihe River with 87 telemetering stations,
including 21 repeater stations, one central station and six sub-central stations. Twenty-six GMS satellite
image receiving and processing systems were installed in the hydrology services and played an important
role in the forecasting of flood events in 1991.

According to some preliminary statistics, flood disasters caused the inundation of 20 million hectares of
farmland, the collapse of 2.91 million houses, and a death toll of 2295 people. The overall economic loss
amounted to more than US$10 billion.

In Hong Kong, the hardware and software of a replacement Rainfall Data Acquisition System were
designed. The new system was expected to be operational by early 1992. Rainfall data from 20 field units
would be telemetered via the public packet switching network instead of dedicated point-to-point leased
lines to the central station at the Royal Observatory Headquarters. The change would lead to improved
reliability and reduced cost. In 1991, seven rain-gauges were upgraded and the other thirteen were in the
testing stage.

The Drainage Services Department started Phase II of the Territorial Land Drainage & Flood Control
Strategy Study in February. Under this 24-month Phase II Study, the Drainage Basin Management Plans
in the North-western and Northern New Territories would be formulated with the assistance of numerical
river models of hydrological and hydraulic processes. A total of eight stream gauges and seven rain-
gauges would be added to the existing hydrometric network for obtaining sufficient real-time data to
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Figure 1.2

(a) NOAA imagery on 16 May 1991.

(b) FY-IB imagery on 19 July 1991.

Aerial satellite views of eastern China (a) before and (b) after flooding in early summer
of 1991 (by courtesy of State Meteorological Administration, China).
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support the river models. A decision was made in September 1991 to proceed with a pilot testing scheme
for Real-time Flood Forecasting in the River Indus Basin. The basin covered a small catchment of 70 km1

which drained into the Shenzhen River, a tidal river forming the border between the New Territories and
the Shenzhen Municipality.

The hardware and software of the Automatic Water Level Reporting System were being modified to
cope with the additional data from fifteen hydrological stations reporting at 5-minute interval. The new
system would be operational by 1992.

Statistics of extreme rainfall and design rain-storm profiles for 1947-1990 rainfall data of the Royal
Observatory and for two other rainfall stations in the northern part of the New Territories were compiled.
Similar statistics would be compiled for a third station in the northern part of the New Territories. A
report on the studies would be completed by April 1992.

Experts from ESCAP and TCS presented the "Manual and Guidelines for Comprehensive Flood Loss
Prevention and Management" in Hong Kong on 11-12 March 1991 as part of a series of roving seminars
for Typhoon Committee Members. The Hong Kong seminar was well-attended by operational
hydrologists, engineers and consultants who were involved in a major drainage and flood prevention
project over the northwestern part of the territory.

In Japan, the River Bureau under the Ministry of Construction received the River Council's Report, in
December 1991, on the future directions of the development of flood control projects.

The Ministry of Construction and the Japan Meteorological Agency, in cooperation with each other,
were further increasing the number of designated flood forecast rivers, with due consideration given to the
increase in importance of flood forecast as a result of increases in population and properties in the basins.
Observation and communication facilities for flood control were enhanced, thereby increasing the forecast
accuracy and reinforcing the forecasting systems.

In 1991, 14 rivers in six river systems, including the Tokachi River and the Ishikari River, were newly
designated. As a result, among the 109 river systems, 50 designated rivers in 28 river systems were
placed under the jurisdiction of the Ministry of Construction.

Implementation of radar rain-gauges proceeded smoothly. Nineteen out of the 25 planned stations were
in operation and two others were under construction.

The Government of Japan sent Dr. K. Ishizaki to attend the Second Session of the Commission of
Hydrology Working Group on Data Acquisition and Processing Systems, held in Geneva from 26 to 30
June 1991.

In Malaysia, the Tank Model and the Linear Transfer Function Model continued to be used for real-
time flood forecasting for the Kelantan and Pahang River Basins respectively during 1990/91 northeast
monsoon season with satisfactory results. Preparations were made for testing the Linear Transfer Function
Model on the Muar River Basin and the Tank Model on the Segamat River. No serious floods occurred
during the northeast monsoon of 1990/91, although there were some minor incidents and flash floods in
several places.

Telemetric flood forecasting systems for Batu Pahat and Sarawak River were completed. New systems

10



were proposed for the States of Kedah and Penang.

'Lotus 123' continued to be used as FLOOD CATALOGUE for storing flood information in
chronological order. It provided an effective means of monitoring, updating, and retrieving flood
information for analysis. 'Dbase IV' was also being tried.

The ESCAP Roving Seminar on Comprehensive Flood Loss Prevention and Management was
successfully held on 1-2 March 1991. More than 70 participants from all Departments/Agencies involved
in activities related to flood prevention attended the seminar.

In the Philippines, several occurrences of severe weather caused rampant flooding. Flood operation
procedures prompted the issuance of 56 flood bulletins, including 32 flood outlooks, 22 flood advisories,
and two flood warnings covering the river basins of Pampanga, Agno, Bicol and Cagayan de Oro. Two
special flood information bulletins were likewise issued for Metropolitan Manila.

After the passage of Typhoon Mike (9025), post flood investigations and surveys were undertaken,
particularly in flood-hit areas like Iloilo, Roxas and Ilog Hilabanga in Negros Occidental.

Ocular surveys of the Pampanga river basin were also conducted to determine the effects of Mt.
Pinatubo eruption on the basin.

To update the rating curve of gauging stations aimed at improving flood forecasting capabilities, stream
gauging and cross-sectioning activities as supplements to the application of the Slope-Area Method were
conducted at water level stations in the Pampanga and Agno river basins.

The OECF-funded Flood Forecasting and Warning System for Dam Operations (FFWSDO) Project II
implemented the following tasks: (1) civil, telemetry, warning and telecommunication works for the
Binga/Amnbuklao and Magat dam systems; (2) installation and systems check of the computer systems at
the Data Information Center; (3) rehabilitation of existing flood forecasting systems; and (4) organization
of training programmes (which included Systems Management Course for supervisory and non-supervisory
level, on-the-job Hydrology Training Course and Telecommunications Training Course).

Construction work of the building that would house the Data Information Center (DIC) was near
completion. The DIC would accommodate the operational units of PAGASA, such as the Flood
Forecasting Branch and the Weather Forecasting Branch. The hydrological component of DIC would
mainly serve as the central monitoring and data processing centre for effective flood forecasting activities.

Information was provided to the World Meteorological Organization (WMO) in relation to the
hydrological services in water resources management, identification of large river systems in the country,
inquiry on Management Overview of Flood Forecasting Systems (MOFFS), and the HOMS component's
computer usage and languages for WMO Hydrology and Water Resources Department.

PAGASA hosted two ESCAP-sponsored seminars on Comprehensive Flood Loss Prevention and
Management.

In the Republic or Korea, the Ministry of Construction (MOC), the Korea Meteorological
Administration, the Korea Water Resources Corporation and the Rural Development Corporation together
operated 455 rain-gauge stations and 261 stage-gauge stations.
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All the hydrological recording sheets were microfilmed and data were published in "The Hydrologic
Annual Report in Korea" .

Two kinds of hydrological database were developed under the Hydrological Information Support
System (HISS): one was a workstation-based system for hydrological services; and the other was a PC-
based system for managing hydrological data for specific projects.

Another major plan was to develop guidelines for flood estimates. In 1991, historical flood records
were studied and organized for calibration of the methods that would be developed in 1992.

For phase IV 1990-1995 of the International Hydrological Program (IHP), research plans were
designed to take up the objectives of previous phases as sought by UNESCO. Important research items
selected included:

1. Interface processes between atmosphere, land and water systems (H-l);
2. Relationship between climate variability (and its expected change) and hydrologic system (H-2);
3. Methodologies for water resources assessment and hydrologic design (M-l);
4. Evaluation of the environmental status of fresh water systems and prediction of impacts on men's

activities (M-3);
5. Integrated water resources development and the incorporation of risk-based decision-making

(M-4);
6. Collection of hydrologic data of representative basin and basic analysis.

A model installed in 1974 and applied to the Han River basin was under continuous review.

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

In the fiscal year of 1991-1992, the Bangkok Metropolitan Administration (BMA) planned to develop
the flood control systems in the Bangkok areas by constructing additional control gates, 10 pumping
stations, drainage pipes, 10 pumping wells, flood warning boards outside the King's dyke and 20 flood
marks along the Chao Phraya River. Dykes and canals would also be improved. Investigation showed a
total flood retention area (including swamps, ponds) of 5.12 million km2 with a storage capacity of 10.9
million m",

The roving seminar on Comprehensive Flood Loss Prevention and Management was held in Bangkok
on 25-26 February 1991.

A workshop on forecasting, preparedness and other operational measures for water-related natural
disaster reduction was held in Bangkok from 29 April to 3 May 1991.

In Viet Nam, forecast models (namely Red River 1, SSARR, DLCM ARIMA) were applied in
operational flood forecasting.

In 1991, 21 flooding events occurred in the principal river systems of Viet Nam. Flood forecasts
were effectively performed, especially for Thai Binh River, Red River and Mekong River.

12



1.3 DISASTER PREVENTION AND PREPAREDNESS

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

In connection with the IDNDR, improvement in communication between national committees and the
Scientific and Technical Committee of IDNDR was required. Members were urged to create their national
committee on IDNDR if they had not done so. It was pointed out that IDNDR, at national or international
level, should involve many disciplines, and policy makers as well, in order to ensure success. It was
envisioned that by the end of the decade, Members would have developed their capabilities to cope with
natural disasters.

In China, six tropical cyclones (Zeke (9106), Amy (9107), Brendan (9108), Fred (9111), Joel (9116)
and Nat (9120» landed in southern China, causing 219 deaths, 5 700 injuries and 105 149 collapsed
houses. Direct economic loss was estimated to be at least US$912 million. However, due to accurate
forecasts made, losses were substantially reduced.

In Hong Kong, the dial-a-weather system which supplied forecasts and warnings as recorded messages
was upgraded in 1991. The new digital system allowed expansion in scope of service as well as in
capacity. The number of calls handled in 1991 totalled 4.7 million, as compared with a figure of 1.7
million for 1990.

A public information booklet entitled "Typhoon!" was revised with updated material and re-drawn
diagrams. It would be published in early 1992 for free distribution. The booklet, available in English and
Chinese, explained in basic terms the characteristics and impact of tropical cyclones. Preventive measures
to be taken in relation to the warning messages were also emphasized.

Pamphlets and booklets on tropical cyclone, strong monsoon, landslip, flood and thunderstorm
warnings were published and distributed free to the public. Special pamphlets for the marine community
were also prepared and distributed to ship owners by the Port Meteorological Officer of the Royal
Observatory.

Two visits to the Royal Observatory were arranged for secondary school students every week. Each
visit consisted of a tour of the exhibition room on meteorology and a video show on the tropical cyclone
warning system in Hong Kong.

Weekly TV weather programmes presented by professional meteorologists were extended to five times
each week, from Monday to Friday. Through these programmes, the weather of the day was reviewed.
Weather forecast for the following day and extended outlook were presented. The nature of various
weather hazards was explained to the public whenever possible.

Roving exhibitions with the themes "Tropical Cyclones" and "Weather in Spring" were organized for
secondary school students. The aim was to promote among the young people a better understanding of the
weather affecting Hong Kong and the potential hazards it may bring. More than 70 schools hosted the
exhibitions and about 30 000 students saw the exhibits.
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In Japan, plans were under way to prepare for an International Conference on IDNDR which would be
held on 27-30 November 1992 in Chiba City. The aims of the Conference were: (a) to encourage the
exchange of new ideas and experiences concerning natural disaster reduction, focussing on counter-
measures against tropical cyclones and flood; and (b) to discuss international cooperation for the
development of effective knowledge transfer among disaster-prone countries. Participants would be senior-
level personnel directly involved in disaster prevention and management, including planners,
administrators, researchers, journalists, private enterprise executives, leaders of Non-Government
Organizations (NGOs) from the developed and developing countries and representatives of international
organizations .

In Malaysia, the perennial natural disaster was flooding during the northeast monsoon season. From
time to time, certain areas in the country experienced flash floods which occurred after heavy rainfall. The
most critical task was therefore the preparation of relief and relief centres for flood victims.

The Department of Social Welfare was assigned three main functions, viz:-
1. to locate, prepare and administer evacuation centres;
2. to prepare and forward food, clothing and other necessities to the victims;
3. to oversee the rehabilitation of victims.

For the year 199111992, the Department of Social Welfare set up 3 062 evacuation centres throughout
the country and provided accommodation for 791 645 evacuees. The centres were sited at strategic
positions in flood-prone areas. Registration of victims was carried out at these centres.

Food supplies were important relief items. Therefore, the Welfare Department maintained a close
liaison with the Padi and Rice Board to ensure an adequate supply of rice. Rice was stockpiled by the
Board and could be obtained at any time as required. The Welfare Department also maintained a close
contact with the Ministry of Domestic Trade and Consumer Affairs in order to ensure an immediate supply
of dry rations, canned food, mats, pillows, blankets and other essential items.

The Welfare Department also established 276 "forward bases" in remote areas where food and other
essential items could be stored. In the event of flood victims being stranded in isolated or "cut off" areas,
the Royal Malaysian Air Force would air-drop the supplies on behalf of the Department.

The Department had a standing arrangement with the Malaysian Red Crescent Society which operated a
mobile kitchen service for food preparation.

In addition, the Department also enlisted the assistance of other organizations such as the Civil Defense
Corps and the St. John Ambulance Brigade. Voluntary organizations helped to man the evacuation centres
and to provide essential facilities required by the victims. A register of these voluntary agencies and
individuals was constantly reviewed and up-dated so that they could be called upon at any time in the event
of an emergency.

The Welfare Department also provided adequate food rations for families returning home from the
evacuation centres. A rehabilitation grant was given to those victims whose houses or businesses were
destroyed by the disaster.

The aforementioned preparations were made long before the start of the flood season (between
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November to mid January). The annual project plans were submitted by the respective State Director of
Social Welfare in August to enable the Department to collate and prepare a national preparedness plan for
submission to the National Security Council. The Council would meet to deliberate and coordinate all
activities in anticipation of the flood season.

In the Philippines, the unrelenting onslaught of natural disasters showed the importance of persevering
in the improvement of disaster preparedness and prevention system. With the possibility that disaster-
affected communities might be cut-off from the rest of the country, the emphasis was on developing
community-based, self-reliant disaster response units and intensifying information and education campaign.

The Office 'of Civil Defense (OCD) pursued the organization and re-organization of the Disaster
Coordinating Councils (DCC) in line with the community-based, self-reliant approach. Organization of
DCCs was also carried out at the village level supported with training programmes and recruitment of
volunteers. Public education programmes continued to be broadcast through radio and television.
Information materials were prepared in close liaison with other government warning agencies.

Local DCCs were activated in the drought-stricken areas, thus facilitating the relief services
spearheaded by the Department of Social Welfare. Assistance was extended to farmers in cooperation with
the Department of Agriculture. Extensive information and education campaigns on disaster preparedness
and prevention were also undertaken.

Apart from the dissemination of tropical cyclone warnings, OCD also continuously monitored the
occurrence and effects of lahar (mudflow) from Mt. Pinatubo as well as response activities and other
related incidents. It assisted the Department of Public Works and Highways (DPWH) and the Japan
International Cooperation Agency (JICA) in the installation of a debris flow warning system which
consisted of two monitoring stations, two relay stations and eight sensors.

Prompted by the sad experiences from various disastrous typhoons which devastated the country, e.g.
Typhoon Mike (9025) in November 1990, PAGASA made further improvement on the presentation of its
tropical cyclone warning bulletin. A fourth warning level (Public Storm Signal Number 4) pertaining to a
very dangerous and highly destructive situation associated with a very intense typhoon was added. To
make the warning more response-oriented, the meaning of each signal in terms of potential danger was
given by statements describing the degree of associated damage to indigenous vegetation and structures.
The wind strength range and the warning lead time for every storm signal number were also redefined.
Lectures and seminars were conducted for the media and disaster managers in Metropolitan Manila and in
the provinces.

The Second Training Workshop on Improving Cyclone Warning Response and Mitigation (lCWRM-2),
sponsored by the European Economic Community (EEC) and organized by the Asian Disaster
Preparedness Centre (ADPC) in cooperation with PAGASA, DSWD (Department of Social Welfare and
Development) and OCD, was conducted at Subic, Zambales in January 1991. The workshop was well
attended by local and overseas participants of various disciplines including meteorologists, disaster
managers, government officials, engineers and planners. As a result of the successful ICWRM-2
workshop, an abridged course personally financed by the Australian workshop consultant, Mr. Bob
Southern, was conducted in the Bicol region at the request of local participants.

The USAID-assisted project on Disseminating Public Information on Natural Hazards in the Philippines
was under preliminary evaluation. The principal concerns of the evaluation were: how far the information
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dissemination approaches formulated earlier had been carried out, the effectiveness of the audio-visual
materials in educating the public, and the public response to the programme.

The PAGASA field stations also played an active role in the enhancement of public awareness of
tropical cyclones and the associated hazards. Field personnel served as resource lecturers in DPP seminars
and maintained close linkages with local officials and disaster managers in their areas of concern.

DSWD meanwhile implemented several disaster mitigation strategies. It established a credit line with
the National Food Authority (NFA) authorizing provincial DSWD units to withdraw rice from the nearest
depository. It likewise strengthened linkage with local government agencies, Non-Government
Organizations (NGOs), and other civic groups to maximize the utilization of local materials and manpower
resources in disaster response operations. It continued to maintain round-the-clock operations and
communication centres at all levels to facilitate the flow of information and the coordination of disaster
response activities. Several regional Disaster Management Workshops were conducted with participants
coming from both government and non-government institutions. These training modules were sponsored
by the UNDP and the British government.

In the Republic of Korea, the Government inaugurated the "IDNDR Korean Committee" on 10
December 1991 under the chairmanship of the Minister of Home Affairs with membership from 17
relevant ministries. In addition to the national disaster mitigation plan, new programmes were prepared for
IDNDR, including strengthening the research capabilities for minimizing natural disasters and observing
the International Day for Natural Disaster Reduction with seminars, meeting, awards, etc.

The National Disaster Prevention and Counter-measures Headquarters, the central organization tasked
for national natural disaster prevention and preparedness, was put under the Ministry of Home Affairs
(MOHA) on 23 April 1991. The Headquarters was responsible for the planning of international co-
operation programmes and government-level activities against natural disasters. In addition, it also
formulated and carried out medium and long-term national disaster mitigation programmes.

Long-term prevention and preparedness measures included river improvement, construction of multi-
purpose dams, preventive work for steep slope failures and perpetual restoration work.

In Korea, responsibilities for disaster prevention and management were shared among various levels
within the Government. At the national level, the principal concern was concentrated on broader issues
such as allocation of funds to provincial and local governments for the construction work. The national
government was directly involved with the formulation and implementation of national-level policies and
programmes. At the lower levels, regional or local governments implemented their respective policies and
programmes. When the expenses involved became too high for the local governments, the national
government would provide support for such effects through additional funding.

Government assistance for relief was provided according to the natural disaster relief arrangement
standard called "Codes on the Government's Supports on Disaster Restoration and Relief Activities".

In Thailand, the Relief Division of the Thai Red Cross Society organized training programmes on
Emergency Health Management After Natural Disasters for personnel from the Thai Red Cross and other
Government organizations. It provided first-aid and disaster preparedness training to over 5,600 people,
many coming from disaster-prone areas. The "Sirindhorn" Red Cross Health Station was established in
Thung Song district in Nakorn Sri Thammarat Province. This station became the largest health station and
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relief supply centre for southern Thailand, an area most susceptible to natural disasters.

Two Emergency Operation Centres and four Rehabilitation Centres, under the Civil Defense Secretariat
and Department of Public Welfare respectively, were established in some disaster-prone areas. New sites
would be developed to extend the coverage to other parts of the country.

Rules and regulations relating to disaster relief were updated by the Department of Public Welfare.

Co-ordination and co-operation on disaster prevention and preparedness activities among the relevant
agencies, such as formulating or improving the national plans and measures, were strengthened.

For rehabilitation, first aid and public facilities/residential houses amelioration, including soft loan,
were timely supported by the relevant government agencies and voluntary contributors.

In Viet Nam, the National Committee of Vietnam for International Decade for Natural Disaster
Reduction (IDNDR) began operation on 9 April 1991.

In 1991 Viet Nam was affected by four tropical cyclones (Sharon (9101), Zeke (9106), Fred (9111) and
Thelma (9125». Twenty-three flood events occurred in the principal' river systems of Viet Nam. Among
them, a major flooding of the Mekong River and severe sweeping flood (mountain flood) in the small
rivers of Son La Province caused severe damage.

In 1991, 245 people died or vanished as a result of various natural disasters and 39 people were
injured. Houses destroyed totalled 15936 and some 314 776 others were damaged. Over 100 ships were
ruined. In agriculture, 76741 hectares of crop were lost and 165944 hectares were flooded.

1.4 TRAINING

Members continued to take advantage of a number of training grants, both from within and outside the
region, in the fields of meteorology, hydrology, and disaster prevention and preparedness. Some
Members conducted symposia, workshops and training courses for their own staff as well as for the
general public with the aim of creating an atmosphere of mutual trust and cooperation conducive to
mitigating damage caused by natural disasters.

Training facilities were offered by Australia, Canada, China, Hong Kong, India, Ireland, Japan, the
Netherlands, the Philippines, the Russian Federation, Singapore, Thailand, the United Kingdom, and the
United States. Some training courses were sponsored by European Community and UNDP.

Highlights of some of the activities are given in the following paragraphs. A complete review and
summary can be found in Tables 1.1 and 1.2.

In China, several training courses on the hydrological aspects and a seminar on application of satellite
data were conducted. Meteorologists were also sent abroad to attend workshops and training course.

In Hong Kong, eight overseas trainees completed training courses run by the Royal Observatory in
1991, while eight Class I Meteorologists were sent overseas for training courses, workshops and symposia.
Two Class I Meteorologists served as lecturers in the WMO RA mRA V Workshop on Tropical Cyclone
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Table 1.1 Training courses/seminars/workshops/symposialvisits organized by Typhoon Committee
Members in 1991.

Host Member Subject Participants Period
(Number if known)

China Training Course on Hydrological Forecasting Jan
Management

Meso-scale Numerical Modelling Hong Kong (1) 2S Feb - 23 Mar
Symposium on the Manual and Guideline for Mar

Comprehensive Flood Loss Prevention and
Management

Severe Weather Forecasting and Doppler Radar Philippines (1) May
WMO Regional Training Seminar on Use of Malaysia (1) 14 - 2S Sep

Environmental Satellite Data in Meteorological
Application for RA II1RA V

UN Workshop on Application of Space Techniques to Thailand (2) 23 - 27 Sep
Combat Natural Disaster

Training Course on Hydrological Forecasts and Oct
Calculation

Training Course on Analysing Hydrological Forecasting Oct
Benefits

Installation, Maintenance and Calibration of Philippines (2) 8 - 20 Oct
Meteorological Instruments Thailand (2)

Zimbabwe (1)
Technical Conference on SPECTRUM China (29) 2S - 29 Nov

Hong Kong (5)
Japan (4)
Korea (2)
Malaysia (4)
Philippines (4)
Thailand (3)
Others (4)

Hong Kong Initial Training Course for Scientific Assistants local (7) 2 Sep - 13 Dec
Meteorological Observations Courses local (10) 7 Feb, 15 Jul
Applied Meteorology Course for Forecasters local (8) 2S Feb - 9 Jul
Meteorology for Drainage and Flood Control Engineers local (4) 14 - 15 Oct
Operation and Calibration of Surface and Upper-air Korea (1) 4 - 9 Nov

Instruments in Hong Kong (Training attachment)
Basic Meteorology local (24) 8 Nov, 29 Nov
Marine Meteorological Services and Processing of China (2) 18 - 29 Nov

Marine Meteorological Data (Training attachment)

Japan Information Processing Personnel System Engineer (A) Thailand (1) 9 May -23 Aug
for Senior System Anslyst/Designer

Training Course in Meteorology Thailand (1) 15 Aug - 19 Dec
Severe Weather Prediction Model Korea (1) 2-11Sep
Climate Database Korea (1) 1 - 12 Sep
Coastal Wave Modelling Malaysia (1) 10 days from 5 Oct
Meteorological Communications Korea (1) 9 days from 21 Nov
Meteorological Information System Korea (1) 26 - 29 Nov
Air Pollution Diffusion Model Korea (1) 9 days from 9 Dec
Development of Communication to Exchange Korea (1) ·21 - 29 Oct

Meteorological Images and Graphics

(continue on next page)
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Table 1.1 (Cont'd)

Host Member Subject Participants Period
(Number if known)

Malaysia Study Tour in Connection with Project INS/82/004 Indonesia (2) 23 Apr-6 May
Meteorological Program for Increased Food
Production

Basic Meteorological Instrument Course Brunei (4) 7-26Oct
Upper-air Refresher Course Brunei (4) 6 -13 Nov

Philippines Training Course in Meteorology local (1) Jan - Sep
Training Course in Agro-meteorology local (1) Jan
Met. Observers Courses local (57) Feb - Nov
Instrument Maintenance Course for Meteorological local (1) Apr - Aug

Technicians
Regional Practical Workshop on Weather-causing local (14) 27 - 31 May

Phenomena and Tropical Cyclone Forecasting
Practical Training on Remote Sensing Data Applications

(a) Forecasters - Operators Training local (12) 26 - 27 Aug
(b) Training for Software Programs local (11) Aug - Sep

Hands-on Training on NOAA Meteorological Satellite local (7) 10 - 26 Sep
Data Applications

UNDPIWMO Training Workshop on Agrometeorology Bangladesh (1) 30 Sep - 11 Oct
for Asia and Southeast Pacific China (1)

India (2)
Indonesia (1)
Malaysia (1)
Papua New
Guinea (1)

Sri Lanka (1)
Thailand (1)
Viet Nam (1)
Myanmar (1)
local (4)

DSWD Regional Disaster Management Workshop local (376) Nov 1990 - Aug 1991

Thailand ESCAP/UNDRO Regional Symposium on the Korea (1) 11 - 15 Feb
International Decade for Natural Disaster Reduction

Training Course on Aeronautical Meteorology provided Viet Nam (42) 10 Mar - 12 Aug
to Vietnamese Forecasters and Observers

UNDPIWMO/NOAA/IOIC Training Seminar on Malaysia (1) 25 - 29 Mar
Drought Preparedness and Management

Training Course on Improving Cyclone Warning China 13 - 24 Aug
Response and Mitigation Philippines (6)

local (2)

Viet Nam WMO Regional Seminar on Weather Hazardous Malaysia (1) 28 Oct - 1 Nov
to Air Navigation in Southeast Asia

Workshop on Flood Forecast Instruction local (60)
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Table 1.2 Training Courses/Seminars/Workshops organized by other institutions
and attended by Typhoon Committee Members in 1991.

Attending Number of Subject Venue Period
Member Participants

Hong Kong 4 Scientific Officers' Course UK 20 weeks from Sep 1990
1 Interpretation of NWP Products in Terms of Netherlands 29 Jul - 9 Aug

Local Weather Phenomena
2 Scientific Officers' Course UK 6 Sep 1991 - 3 Feb 1992
1 M.Sc. Course in Weather, Climate and UK 1 Oct 1991 - 30 Sep 1992

Modelling
1 Third Workshop on Meteorological Operational UK 18 - 22 Nov

Systems in ECMWF

Malaysia 1 3rd WMO Regional Workshop on Asia/African India 1 Jan - 9 Feb
Monsoon

2 Regional Training Seminar on the Presentation Nepal 11 - 23 Mar
of Meteorological Data for Solar Energy and
Wind Energy

1 Calibration and Maintenance Training of USA 14 - 25 Apr
Seismic Instrument

1 Training Programme on Agrometeorology USA 3 Jun - 2 Aug
(Advisory Operation)

1 ASCA Workshop on Greenhouse Gases and Australia 17 - 211un
Climate Change: An Asian Perspective

1 Trainint Programme on Agrometeorology Niger & 15 Jul - 14 Oct
(Data ase management) Kenya

2 Software Development for Meteorologists Singapore 1 Sep - 31 Oct
1 ASEAN-EC Workshop on Geology and Indonesia 7-110ct

Geophysics
1 WMO RA lllRA V Workshop on Tropical Fiji 8 - 19 Oct

Cyclone Forecasting
1 WMO RA lllRA V Regional Training Seminar Singapore 21 - 25 Oct

on Aeronautical Forecasting, Briefing and
Documentation

3 Regional Training Course (Workshop) on Brunei 11 - 14 Nov
Meteorological Satellite Data

1 WMO Workshop on Interaction between UK 16 - 20 Dec
Tropical and Mid-latitude Weather Systems

(continue on next page)



Table 1.2 (Cont'd)

Attending Number of Subject Venue Period
Member Participants

Philippines 1 Diploma Course in Electronics for UK Oct 1990 - May 1991
Meteorological Engineers

1 Remote Sensing Australia Feb - Dec
1 DDT3-Advance Course in Meteorological India May

Communication
1 International Post Graduate in Hydrology Ireland Oct
1 WMO RA II1RA V Regional Training Seminar Singapore 21 - 25 Oct

on Aeronautical Forecasting, Briefing and
Documentation

Republic of Sixth International TOVS Study Conference ·USA 1 - 6 May
Korea Numerical Weather Prediction Modelling USA 15 Aug 1991 - 13 Jan 1992

Thailand 1 Third WMO Regional Workshop on Asian/ India 2 Jan - 8 Feb
African Monsoon with Emphasis on
Training Aspects

1 RA II1RA V Training Seminar on the Nepal 11 - 23 Mar
Presentation and Use of Meteorological
Data for Solar and Wind Energy

1 Instrument (Non-Electronic) Maintenance UK 15 Apr - 2 Aug
Course for Meteorological Technicians

1 Training Course on Hydrological Forecasts of USSR 22 Apr - 16 May
Floods

1 Software Development for Meteorology Singapore 1 Sep - 31 Oct
1 International Post Graduate Course in USA 3 Sep - 10 Dec

Environmental Management
1 RA II1RA V Workshop on Tropical Cyclone Fiji 8 - 19 Oct

Forecasting
3 Regional Training Course on Meteorological Brunei 11 - 14 Nov

Satellite Data

Viet Nam 1 RA II1RA V Workshop on Tropical Cyclone Fiji 8 - 19 Oct
Forecasting
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Forecasting in Fiji and the Data Management and Monitoring Aspects Course in Germany.

In Japan, the JMA made continuous efforts to expand technical co-operation. Trainings were offered to
Members of the Typhoon Committee in the fields of Numerical Weather Prediction and tele-
communication. Expert services provided in the year are given in Table 1.3.

Table 1.3 Expert Services to Members of Typhoon Committee by JMA.

Subject Member Number of Period
experts

ASEAN/UNDRO IDNDR Symposium Thailand 1 5 days from 11 Feb
Volcanic Activity Monltcring of Taal Philippines 2 22 days from 1 May

and Pinatubo
Meteorological Telecommunications Philippines 1 1 year from 14 Jun
Volcanic Activity Analysis Philippines 1 3 weeks from 17 Jul
Typhoon Model Korea 1 10 days from 3 Nov
Meteorological Telecommunications Korea 1 1 week from 10 Nov
Technical Conference on SPECTRUM China 4 5 days from 25 Nov

Under the TCDC arrangement, an officer from the MMS, Malaysia, was attached to the Maritime
Meteorological Division, Marine Department, Japan Meteorological Agency on 4-14 October 1991 for the
purpose of adapting a coastal wave model for application in the Malaysian region.

In the Philippines, two meteorologists were given foreign study grants, while 14 attended seminars,
workshops and training courses abroad. Being the Regional Meteorological Training Center(RMTC) in
Southeast Asia, training was conducted through PAGASA and the Department of Meteorology and
Oceanography of the University of the Philippines. During the year, 19 scholars were pursuing M.Sc. and
Ph.D. degrees in Meteorology in the University of the Philippines.

For the Republic of Korea, several staff members of KMA attended training courses in Japan and the
United States.

For Thailand, staff of the Meteorological Department attended courses and workshops organized by
Members as well as courses in various countries.

Meteorologists from Viet Nam were sent abroad to participate in various training courses and
workshops.

I.S RESEARCH

Studies related to SPECTRUM were emphasized in Members' research programmes. Research efforts
were conducted, utilizing the data gathered. The SPECTRUM Research Coordinating Group (SRCG) was
formed in May 1991 to oversee the co-ordination of follow-up activities with regard to data and research.
The SPECTRUM Technical Conference was organized by WMO and held on 25-29 November 1991 in
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Guangzbou, China.

In China, most of the research projects supported by the Typhoon Scientific Research Fund were
completed. Eight research subjects on SPECTRUM defined by the National Expert Panel Meeting (1990)
were the dominant research works in 1991. The subjects included recurvature of tropical cyclones, sudden
intensification over coastal waters, torrential rain brought about by landing tropical cyclones, offshore
storm surges, statistic and dynamic forecasting models on storm tracks, impacts of the meso- and micro-
scale systems within storm circulation on torrential rain, impacts of environmental steering, and
interactions in multiple tropical cyclone motions.

Main results gained from the research activities over the past five years were compiled in a collection
of papers in June 1991 and would be published by the Chinese Meteorological Press.

Hydrological forecasting method was improved. A model was developed by integrating the conceptual
model and black-box model, the model combining hydrological method with hydraulic method and the
model of real-time processing and updating.

Analysis and calculation of the flood risk in some flood plains, including the calculation of the depth of
flood water and the time of flood flow and researches on the benefits from hydrological forecasts were
made.

Researches on the large screen display system and the TV display system and their applications for
hydrological information were made.

In 1991, research on the operational monitoring and forecasting system on tropical cyclones and
torrential rain was defined as a national key project. The project aimed at mitigating the weather-induced
disasters and developing the related research activities for the next five years of 1991-1995.

In particular, research concerning tropical cyclones would concentrate on the following three main
areas:

1. numerical forecasting models for tropical cyclone motion,
2. scientific experiments and research on the physical mechanisms of unusual motion, sudden

intensification, and explosive rainband development, and
3. objective forecasting methods for tropical cyclone motion, intensity change, and induced

development of torrential rain.

Further research would be conducted on the following specific topics:

1. The effects of asymmetric structures and interaction of different motion scales on tropical cyclone
motion (the recurvature tropical cyclones were Winona, Abe, Flo and Gene; the westward-moving
tropical cyclones were Yancy, Dot and Ed)

2. The effects on storm motions due to the co-existence of multiple tropical cyclones (Yancy-Zola,
Abe-Becky, Ed-Flo).

3. The influences of the Taiwan topography on tropical cyclone motions and structures (yancy, Dot).
4. The study of unusual tropical cyclone motion (meandering, sudden northward turn, sudden

westward turn, and looping, all of which could be found in the lifetime of Yancy).
5. The effects of large-scale and synoptic scale circulation systems on the variations of environmental
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steering and tropical cyclone motion.
6. The disintegration of the cloud masses of tropical cyclones and their regenerations (Winona,

Cecil).
7. The relationship between the structural changes of landing tropical cyclones and the induced

torrential rain (yancy, Abe and Dot).

In Hong Kong, to meet the needs of the engineering community, computer programs were coded and
tested to produce wave spectra for sea waves generated in tropical cyclones.

Updating of a climatological tropical cyclone data set and associated weather was initiated in 1991.

A joint project with a local tertiary institution was started to study the pattern and variation of tropical
cyclone activity over the South China Sea.

The following papers were published during the year:

1. Real-time exchange of digital radar images between Hong Kong and Guangzhou.
2. The analysis and prediction of tides at Chi Ma Wan, Ko Lau Wan, Lok On Pai, Tai 0, Tsim Bei

Tsui and Waglan Island.
3. Reduction of weather-related disasters in southeast Asia and the western Pacific - a response to

IDNDR.
4. Marine meteorological information service: the Hong Kong perspective.
5. SPECTRUM: SPecial Experiment Concerning Typhoon Recurvature and Unusual Movement 1990.
6. A brief synoptic discussion of SPECTRUM tropical cyclones.
7. Forecast problems in Hong Kong for selected tropical cyclones during SPECTRUM.
8. Simulation of boundary layer flow in Hong Kong.
9. Tropical cyclone activity over the western North Pacific - from El Nino to La Nina.

In the Meteorological Research Institute (MRI) of JMA, Japan, a triple nesting numerical model for
tropical cyclones was integrated for twenty different initial conditions for the eight tropical cyclones
observed during SPECTRUM in August and September 1990. The integrations in general succeeded in
simulating the observed tropical cyclones motions. Further improvement for cases with special behaviour
of the sub-tropical high and conditional instability in the general wind field was required.

The MRI made observations of the finer three-dimensional structures of Ellie (9110) and Mireille
(9119) with omega-sondes and X-band Doppler radar at Miyakojima Island (47927) in Nansei Islands.
Inner and outer rainbands were detected in detail. Intensive study on the precipitation mechanisms of these
tropical cyclones was being carried out.

In the Philippines, PAGASA's Atmospheric, Geophysical and Space Sciences Branch (AGSSB) had the
following on-going research activities:

1. A Study of 40-50 Day Oscillations in the Philippines.
2. Rainfall Probability Forecasting of Selected Stations in the Philippines.
3. The Effect of El Nino on Tropical Cyclone Formation.
4. Rain-Induced Landslides in the Philippines.
5. Feasibility Study on the Conversion of Wave Energy to Electricity.
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At the Typhoon Moderation Research and Development Branch (TMRDB), the following research
activities on tropical cyclones, weather modification and weather-related disasters continued:

1. Updating of Database for Bagyo 'SO (Typhoon Analog) and Amadore 2 (Weighted P+C) Methods
of Forecasting Tropical Cyclone Movement.

2. Rainfall Forecasting in Metro Manila during Winter Season.
3. Improvement of the Operational Barotropic Model (Alasbar) Boundary Conditions and Initial Wind

Fields.
4. Development of Asymmetric Model for Typhoon Surface Wind.
5. Numerical Study on the Topography Effect on Tropical Cyclone Characteristics.
6. A Statistical Method of Forecasting Tropical Cyclone Intensity for the Philippines.
7. Subjective Diagnostic Analysis of the Troposphere Temperature during Tropical Cyclone

Occurrence.
S. Numerical Study of the Effect of Terrain of Northern Luzon on Tropical Cyclones.
9. Numerical Simulation of the Orographic Airflow and its Associated Rainfall.
10. Derivation of Eigenvalue of Sea Level Pressure, Surface Pressure, Surface Temperature and

Precipitation over Luzon Region.
11. Operationalization of Computer-based Calculation of Stability Indices for Thunderstorm

Forecasting.
12. Rehabilitation and Maintenance and Operation of Radiosonde RD 65A and 3.2 em Weather Radar.
13. Operation and Maintenance of WEMEX Rainfall Network.
14. Study on the Effect of Various Synoptic Conditions on Pollutant Concentration.
15. A Case Study on the Effect of El Nino on Convective Cloud Development.
16. Improvement of the ID Cloud Model for possible use in Rainfall Forecasting.
17. Forecasting Rainfall over WEMEX area using Model Output Statistics.
18. A Case Study on the Structure of the 1990 Southwest Monsoon.
19. Numerical Simulation of Diurnal Variation of Dust Concentration observed over Metro Manila.
20. Development of Typhoon Damage Assessment Model.
21. Survey on Human Response to Typhoon Warning and Typhoon Risk Mapping.
22. Development of Weather-Related Disaster Data Base System.
23. Literature Survey on Weather-Related Disaster Advisories.
24. Maintenance/Enhancement of Operational Effectiveness of the Computer System and Related

Equipment.

In the Republic of Korea, studies completed in 1991 were as follows:

1. Qualitative and quantitative evaluation on rainfall nowcasting by radar (11).
2. Case studies on the characteristics of severe weather phenomena (11): heavy rainfall cases.
3. The surface wind system and its effect on the concentration of air pollutants in the Seoul-Kyonggi

District (11).
4. Simulation of the greenhouse and plant canopy.
5. A study on the comparison and calibration of the rovs data and analysis of upper air state over

Korea by rovs outputs.
6. A study on the improvement of inspection and calibration in meteorological instrument (I).
7. A study on rain caused by merged cloud systems.

Studies still undertaken in 1991 were as follows:
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1. Numerical prediction of typhoon movement and improving cumulus parameterization.
2. A study on the development of the optimum numerical weather prediction methods for Korea (Ill).
3. Studies on the monitoring of the climatic change and abnormal weather over the Korean peninsula.
4. A study on the COmbined Meteorological Information System (COMIS) (111).
5. Estimation of I km x 1 km mesh climatic values over the whole country and its application to

agriculture (III).
6. A study of meteorological database for climatological data (III).
7. A study on the development of very short range precipitation forecasting system using satellite and

radar observations (II).
8. A study on climate system over Korean-Pacific region (I).

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

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

All NWP products received via GTS from ECMWF, Washington, Tokyo and Bracknell could be
displayed graphically on IBM-PC/AT for operation and research purposes.

A working group was established to develop numerical models under close coordination with scientists
from various research institutes.

A 5-level limited area model was being modified and adopted for use for Thailand and the neighbouring
areas.

Thailand collaborated with TCS and other Member countries in SPECTRUM. Follow-up activities on
the utilization of SPECTRUM data for tropical cyclone research were undertaken.

In Viet Nam, six research studies concerning tropical cyclone flood forecasting under the disaster
reduction programme were carried out in 1991.

Results from five research studies concerning tropical cyclone flood forecasting were published and
used in routine daily operation.

The joint Viet Nam - USSR experiment research centre on Tropical Meteorology and Tropical Cyclone
carried out field experiments on the sea during the tropical cyclone season of 1991.

1.6 TYPHOON COMMITTEE SECRETARIAT (TCS)

TCS, in co-operation with WMO, fulfilled its responsibilities in the action plan of the SPECTRUM
Technical Conference and Steering Group Evaluation Meeting (Tokyo, 10-13 December 1990).

Having secured the approval of the Chairman of the Typhoon Committee in February 1991, it
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completed the formation of the SPECTRUM Research Coordinating Group (SRCG) by May 1991.

It assisted WMO in organizing the Technical Conference on SPECTRUM (Guangzhou, China, 25-29
November 1991). During the conference, an informal meeting of the SRCG was organized as suggested
byWMO.

With support from RSMC Tokyo - Typhoon Center, it coordinated activities between SPECTRUM and
other concurrent experiments, viz, TCM-90 and TYPHOON-90, especially with regard to replication and
distribution of data sets.

In co-operation with ESCAP and WMO, TCS also completed the action plans of the Twenty-third
Session of the Typhoon Committee and the documentation plan which led to the First Joint Session of the
Panel on Tropical Cyclones and the Typhoon Committee (Fig. 1.3 and 1.4).

The technical staff of TCS continued to manage the Typhoon Committee Foundation, Inc.

TCS participated in a series of roving seminar which visited some Members in February and March
1991 under the ESCAP project. Assistance was rendered to the Japanese teams of volcanologists in setting
up a warning system as a result of the eruption of Mount Pinatubo in Zambales. As part of the JICA
mission, a visit was made to Ormoc City to determine the cause of the swift and rampageous flood that
ravaged the city in November 1991 due to Typhoon Mike (9025). In conjunction with the Department of
Public Works and Highways (DPWH), PAGASA and nCA, a one-month seminar course on Sabo River,
Dam, Coastal Works and Flood Forecasting (SARDAC-FF) was organized on 5 November 1991 in
Quezon City. TCS staff also visited Thailand and Malaysia on 5-10 September 1991 for consultative talks
concerning the proposed project "Improvement of Dam Safety Monitoring and Water Release Operation
System" .

TCS hosted/received/met the following missions:

1. ESCAP roving seminar to selected Members to introduce and promote the concepts and principles
of comprehensive flood loss prevention and management;

2. WMO consultancy mission to prepare the draft final report on UNDP/WMO Regional Project
RAS/86/175 "Programme Support to Typhoon Committee";

3. WMO mission to review and incorporate changes in the proposed document "Reduction of Natural
Disasters Related to Typhoons";

4. ESCAP lecturer in the Special Course in Hydrology in Quezon City under Flood Forecasting and
Warning System for Dam Operation Project II;

5. WMO consultancy mission, kindly provided by UNDP under RAS/86/175, to assist Members in
preparing a sustained programme after the phasing out of UNDP assistance before the end of 1991;

6. WMO representative in the Training Workshop on Agrometeorology under UNDPIWMO Project
"Training in Meteorology for Manpower Development in Southeast Asia and the Pacific";

7. a roving mission undertaken by a team of Chinese experts from the State Meteorological
Administration of China who visited Philippines for discussion on TCDC and typhoon forecasting
matters.

TCS published and distributed the third issue of TC Newsletter in November 1991.
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Figure 1.3 The First Joint Session of the Panel on Tropical Cyclones and the Typhoon Committee held
in Pattaya, Thailand from 18 to 27 February 1992. From left to right: Mr. Smith Tumsaroch,
Director General of Thai Meteorological Department, Mr. Roungroj Sriprasertsuk, Deputy
Permanent Secretary of Transport and Communications Ministry, Prof. G.O.P. Obasi,
Secretary-General of WMO and Ms. Seiko Takahashi, Deputy Executive Secretary of
ESCAP (by courtesy of Thai Meteorological Department).

Figure 1.4 Representatives of Thai Government, WMO, ESCAP and Members of Panel on Tropical
Cyclones and Typhoon Committee at the First Joint Session (by courtesy of Thai
Meteorological Department).
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CHAPrER2

TROPICAL CYCWNES IN 1991

2.1 OVERVIEW

In 1991, there were 30 tropical cyclones over the western North Pacific and the adjacent seas bounded
by the equator, 45°N, 1000E and 180°. As compared to the annual average (1946 - 1991) of 31 tropical
cyclones, 1991 is a year with near-normal tropical cyclone activity. However, the number of tropical
cyclones attaining typhoon intensity is above-normal - a total of 19 typhoons in 1991 against an annual
average of 16. The monthly distributions of the frequencies of first occurrence of tropical cyclones and
that of typhoons for 1991 are shown in Fig. 2.1. The monthly mean frequencies of these two parameters
during the years 1946 - 1991 are shown in Fig. 2.2.

The most intense typhoons in 1991 were Ruth (9123), Walt (9104), Yuri (9128) and Mireille (9119),
each packing mean winds of over 200 km/h near their centres. Both Walt and Yuri recurved over the
western North Pacific and did little damage. But Ruth and Mireille left a trail of destruction in the
Philippines and Japan respectively. Ellie (9110) and Nat (9120) had the most unusual tracks. Ellie
managed to maintain a generally westward course while moving along the so-called "recurvature latitudes"
for a period of over a week. Nat wove a convoluted storm track over the northeastern part of the South
China Sea and Luzon Strait in a style reminiscent of Typhoon Wayne (8614) in 1986. But if the behaviour
of Nat was most unpredictable, who could have foreseen the "violent" ending of Yunya (9105)1 Lying in
its path was not just another mountain but an erupting volcano called Mt. Pinatubo in Luzon. The demise
of Yunya as it interacted with the extensive volcanic ash clouds was one of the most dramatic scenarios
seen in the age of satellite meteorology (Fig. 2.3 and 2.4).

On top of the havoc wreaked by the volcanic eruptions of Mt. Pinatubo, the Philippines had to
withstand the onslaught of nine tropical cyclones throughout a long season which started as early as March
with Sharon (9101) and ended in mid November with Wilda (9127). For tropical cyclones venturing into
the South China Sea, the coastal region of Guangdong in southern China was a preferred landfall location
during the months of July - September. Four storms ended their journeys there and one, namely Fred
(9111), went on to hit Hainan Island and northern Viet Nam. The only other tropical cyclone to land in
Hainan Island and northern Viet Nam in 1991 was Zeke (9106) in July. By comparison, southern Viet
Nam and eastern China had a very quiet year. As for Taiwan, Nat hit the offshore isle of Lanyu at peak
intensity during the major Chinese festival of Mid-Autumn in September. Earlier, a weakening Ellie
landed in northern Taiwan in August but produced no significant effects. Five tropical cyclones
approached the Kyushu Island/Korean Peninsula region but only three actually hit land. Another four
moved towards eastern Honshu but only one made landfall.

In summary, 20 tropical cyclones inflicted damage upon Members of the Typhoon Committee in 1991
(see Table 2.1 and Fig. 2.5). The death toll, including those missing, totalled 6 753. In the case of
Thelma (9125) alone, over 6 300 people vanished as a result of catastrophic flooding in central Philippines
on 5 November. Only nine days earlier, Ruth dealt a severe blow to northern Luzon and took the lives of
over 100 people. For China, the most destructive storms were Zeke and Amy (9107) in July and Fred in
August. The effects of Fred extended all the way to Viet Nam and Thailand. Korea and Japan suffered
most from Gladys (9112) in August and Mireille in September respectively. The estimated damage of
nearly US$520 million in the case of Gladys was the highest reported in 1991. The overall damage in
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Figure 2.1 Monthly distribution of the frequency of first occurrence of tropical cyclones in
the western North Pacific and the South China Sea in 1991.
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Figure 2.3 GMS-4 visible false-colour imagery of volcanic cloud associated with the
eruption of Mount Pinatubo (red circular cloud mass over the west coast of
Luzon) and Typhoon Yunya (9105) just off the east coast of Luzon at 23
UTe on 14 June 1991 (by courtesy of JMA).
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Figure 2.4 GMS-4 visible false-colour imagery of volcanic cloud associated with the
eruption of Mount Pinatubo at 07 UTe on 15 June 1991. The low-level
centre of Yunya, whose cloud structure could no longer be seen, "was
located on the northern periphery of the mushroom-shaped volcanic cloud
mass (by courtesy of JMA).



Table 2.1 List or tropical cyclones+ which affected Members or the Typhoon Committee in 1991.

Beginning of Composite Track End of Composite Track Maximum Intensity*

Maximum Minimum
Name of Date Time Position Date Time Position sustained central

Tropical Cyclone UTC UTC surface wind pressure
oN °E oN °E (kill/h) (hPa)

Sharon [Auring] (9101) 5 Mar 00 4.0 152.0 13 Mar 06 10.5 124.4 110 980

Yunya [Oiding] (9105) 11 Jun 18 11.0 128.3 15 Jun 06 16.0 120.8 150 950

Zeke [Etang] (9106) 8 Jul 18 10.9 127.9 15 Jul 00 22.4 103.0 160 960

Amy (9107) 14 Jul 12 12.0 140.0 20 Jul 06 26.0 111.0 200 930

Brendan (9108) 19 Jul 06 12.5 133.5 24 Jul 12 23.0 111.0 125 975

Caitl in (9109) 21 Jul 18 11.9 138.5 30 Jul 12 45.0 137.0 150 940

Fred (9111 ) 13 Aug 00 18.4 120.3 19 Aug 00 17.0 102.1 160 955

Gladys (9112) 15 Aug 00 22.0 153.0 24 Aug 18 35.0 120.5 110 965

TS (9113) 26 Aug 00 27.0 138.0 30 Aug 00 38.8 134.0 65 988

Harry (9114) 28 Aug 18 23.5 133.0 31 Aug 06 38.3 142.1 75 985

Ivy (9115) 2 Sep 00 7.4 156.6 10 Sep 12 39.6 159.2 175 935

Joel (9116) 2 Sep 12 17.4 119.2 8 Sep 00 25.2 113.2 110 975

Kinna (9117) 10 Sep 00 14.2 141.0 14 Sep 06 36.3 134.6 150 950

Luke (9118) 14 Sep 00 15.0 144.5 19 Sep 18 38.4 144.7 100 975

Mi reille (9119) 13 Sep 00 13.0 171.0 28 Sep 00 43.5 141.8 205 915

Nat (9120) 14 Sep 00 16.3 130.2 2 Oct 18 27.0 116.5 180 940

Orchid (9121) 3 Oct 00 8.5 142.5 14 Oct 00 42.7 151.7 175 930

Ruth [Trining] (9123) 19 Oct 12 8.5 146.5 30 Oct 18 23.0 125.3 250 895

Thelma lUring] (9125) 1 Nov 00 11.0 136.0 8 Nov 12 9.1 109.5 75 990

Wi lda [Yayang] (9127) 13 Nov 18 9.5 136.0 20 Nov 00 16.3 113.4 85 985

+ Only tropical cyclones with 4-digit codes assigned by RSMC Tokyo - Typhoon Center are included
* Maximum peak intensity from available post analyses
Names in [ ] are tropical cyclone names assigned by PAGASA
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Table 2.2 Casualties and damage sustained by Members of the Typhoon Committee due to tropical cyclones in 1991.

Kember of Casualties O,mage Dm9' in ,o"'tary teras lin ,illion IISS I
Typhoon

Naae of Date Coamittee Persons Persons Persons Honses Houses Houses Homeless Affect,rl source of
tropical cyclone sustaining dead nissing injured destroyed d,ma9,d affect,d Public 'orksl Privat.e A9rirulturrli Tot.,1 infnrnatinn

damage persons fagi lies persons f"i lies infrastructure properties production c1allage

Sharon 19101} 5-13 Kar Phi lippines H 0 6 10 143 1.1\ Ed
IAuring!

Yunya 19105} 11-15 Jun Philippines 0 0 0 2000 - 2000 4.11 Ed
IDiding!

Zeke 19106} 8-15 Jul China 33 0 111 7198 89)15 1406 12.14 10.49 22.2\ 117.\6 Ed
IEtang! Phil ippines 0 3 2 0.11 Ed

loy 19107} H-20 Jul China 100 0 5239 68 312 )37448 262000 12.09 465.3) Ed
Hong Kong 0 0 I 0 0 0 0 0 0 0 F~

Brendan 19108} 19-24 Jul China 38 0 207 4 266 8854 52787 8. ]J 87.1) f~

Hong Kong 0 0 17 0 0 0 0 0 1) 16 P.d

Caitlin 19109} 21-30 Jul Japan 4 2 39 5 59 irl
Korea 0 2 ) 44 154 44 11.00 11.10 Rrl

Pred 19111} 13-19 Aug China H 0 24 16618 18) 870 6680 8.17 11.43 10.10 m.05 P.d
Thailand 24 0 13 10564 -1217482 241 779 40.11 id
Viet Nag 5 16 3000 News

Gladys 19112} 15-24 Aug China 2 0 0 - 2\.50 Ed
Japan 13 ) 11 9 44 - F~
Korea 89 14 14 2680 15109 20157 5 534 314.00 \19.46 Ed

TS 19113} 26-30 Aug Jap" 1 0 0 1 2 - P.d

Harry 19114} 28-31 Aug Japan 2 0 1 0 I Ed

Ivy 19115} 2-10 Sep Japan 6 0 4 4 73 Ed

Joel 19I16} 2-8 Sep China 30 0 81 7000 24000 184000 2.23 11.16 14.12 Ed

Kinna 19111} 10-14 Sep Japan 11 0 82 15 367 - Ed

Luke 19118} 14-19 Sep Japan 10 2 23 38 181 - Ed

Kireille 19119} 13-28 Sep Japan 62 0 1499 506 169941 -7000000 Ed
Korea 2 0 I 26 - 44 12 1.00 1.35 Ed

Rat ImO} 14 Sep - China 4 0 38 1695 8618 mOOD 4.95 - 53.08 Ed
2 Oct

Orchid 191211 3-14 Oct Japan I 0 20 II 118 - - - Ed

Ruth 19123} 19-30 Oct Philippines 83 II 55 - - - - 150.51 Ed
Ifrining!

Thein 19125} 1-8 Nov Philippines 5080 1264 m - - - 40.63 Ed
IUringl

Wilda 19127} 13-20 Nov Philippines 2 0 0 - - - - 1.67 Ed
IYayang!

ANN U A L TO TA L 5630 1 123 7859 121501 833 521 15709 - -1238510 7992401 48.11 341.92 64.11 112.13

Raoes in I I are tropical cyclone nases assigned by PAGASA
I!d ,frol national editor
News' frol newspaper reports

, not known
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monetary term sustained in Members' territories was estimated to be over USS1. 7 billion. A detailed
breakdown is shown in Table 2.2.

The following is a review of all the tropical cyclones in 1991. Further details on those tropical
cyclones incurring damage in Members' territories and numbered by RSMC Tokyo - Typhoon Center can
be found in the individual reports in Section 2.2. As for those tropical cyclones producing no significant
effects on Members, their tracks are separately displayed in Fig. 2.6.

March -July

There were two rather unseasonal tropical cyclones in March and both formed over the Pacific near the
Caroline Islands. Sharon (9101) was a non-recurving low-latitude storm which formed on 5 March and
dissipated among the isles of Philippines eight days later (see Section 2.2.1).

About a week later, another tropical cyclone Tim (9102) formed about 1 550 km east-southeast of
Guam (91217) on the night of20 March. Moving generally to the north-northwest at 19 kmlh along a
snake-like track, Tim intensified to a tropical storm about 1 120 km east-southeast of Guam on the
morning of 22 March and then to a severe tropical storm about 870 km east of Guam that night. Tim
started to track northward the next day and attained typhoon intensity about 850 km east-northeast of Guam
in the evening. At peak intensity, maximum winds near its centre were estimated to be about 120 kmIh.
Recurving to the northeast, Tim started to weaken on 24 March and by that night, was downgraded to a
tropical storm when it was 1 330 km east-northeast of Guam. Turning further to the east-northeast and
slowing down to a speed of 12 kmlh, Tim weakened to a tropical depression about 1 460 km east-northeast
of Guam during the day on 25 March and degenerated into an area of low pressure that night.

About a month later, Vanessa (9103) formed as a tropical depression over the waters east of Mindanao
about 1 190 km east-southeast of Manila (98429) on the evening of 23 April. It moved west-
northwestwards across Mindanao, Negros, the Sulu Sea and Palawan at 23 km/h and entered the South
China Sea on the night of 25 April. Vanessa acquired tropical storm intensity the next day when it was
550 km west-southwest of Manila. It reached peak intensity that night with maximum winds of 75 kmlh
near its centre. Thrning northwestwards at 22 kmlh, Vanessa started to weaken on 27 April and became a
tropical depression about 370 km east-southeast of Da Nang (48855) that evening. Even though it
degenerated further into an area of low pressure during the night, its remnant circulation could be tracked
to the east of Hainan Island on 28 April and to the coast of western Guangdong the next day.

A week later and into early May, another disturbance over the Caroline Islands developed into a
tropical depression named Walt (9104) about 1 100 km southeast of Guam on the morning of 6 May. At
the time of formation, it was moving northwestwards at 7 kmlh. By that night, it had developed further
into a tropical storm about 980 km southeast of Guam. Rapid intensification continued as Walt turned
more to the west-northwest on the night of 8 May. By the following morning, it had attained typhoon
intensity about 380 km south-southeast of Guam and increased its forward speed to 20 km/h. Over the
next three days, Walt tracked steadily in the general direction of northern Luzon. Peak intensity was
reached on the night of 11 May when maximum winds of over 210 kmlh were estimated near the centre.
On 13 and 14 May, Walt undertook a northward turn at a reduced speed of 13 kmlh away from Luzon. It
gradually weakened as it recurved on 15 May. Accelerating east-northeastwards, it became a severe
tropical storm about 230 km south-southeast of Naha (47936) onthe morning of 16 May and a tropical
storm about 620 km east of Naha that evening. Walt degenerated rapidly into an area of low pressure the
next day while moving at a high speed of 85 kmlh.
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Only one tropical cyclone, Yunya (9105), occurred in June and its fate was sealed by the volcanic
eruptions of Mt. Pinatubo in Luzon (see Section 2.2.2). Then three typhoons, namely Zeke (9106), Amy
(9107) and Brendan (9108), traversed the northern part of the South China Sea in quick succession in July
(see Sections 2.2.3 - 2.2.5). Zeke went on to hit Hainan Island and northern Viet Nam while the other two
landed in southern China. Meanwhile, Caitlin (9109), a contemporary of Brendan, formed to the north of
Yap (91413) early on 22 July. It swept past the Ryukyu Islands on 27 July, negotiated the channel
between Korea and Kyushu two days later, and dissipated over the waters west of Hokkaido on 30 July
(see Section 2.2.6).

August - September

Six tropical cyclones formed in August. Except for Fred (9111) which was the first tropical cyclone to
form in the South China Sea in 1991, the rest all developed over the western North Pacific at latitudes
north of 20oN.

An unnumbered tropical depression named Doug was located about 640 kID north-northwest of Wake
Island (91245) at the time of formation on 7 August. It moved northwestwards at first but turned to the
west-northwest at 19 km/h the next day. It reverted to a northwestward track on 9 August and accelerated,
intensifying to a tropical storm about 1 950 km east-southeast of Tokyo (47662) during the day. Peak
intensity was reached that evening with winds of 75 km/h near the storm centre. Doug soon started to
weaken and became a tropical depression the following morning about 1 620 km east of Tokyo. It
recurved later that day and evolved into an extratropical cyclone during the night.

As Doug weakened, an area of cloud clusters to its south developed into Tropical Depression Ellie
(9110) on the morning of 10 August about 1 840 km east of Iwo Jima (47981). Ellie moved west-
northwestwards at 13 km/h at first and increased its speed to 23 km/h the next day. By then, it had
intensified to a tropical storm about 1 520 kID east of Iwo Jima. Intensification continued as Ellie moved
towards the Ogasawara Islands. Severe tropical storm intensity was attained on the evening of 12 August
when Ellie was 710 kID east-northeast of Iwo Jima. Turning more to the west on 13 August, Ellie took on
a south-of-west course for the next three days with speeds ranging from 15 to 30 km/h. Passing 220 kID
north of Iwo Jima on the morning of 14 August, Ellie intensified to a typhoon and was at peak intensity
with maximum winds of 140 km/h near its centre. But Ellie failed to maintain its strength and by the
following day had weakened rapidly to a tropical storm about 600 kID east of Naha. Although there were
brief periods when Ellie gathered strength and re-gained severe tropical storm status, no significant re-
intensification took place. On 17 August, it tracked north of west at 13 km/h and hit northern Taiwan
during the night. It turned southwestwards into Taiwan Strait the next day and weakened further to a
tropical depression about 210 kID west-southwest of Taibei (58968) before dissipating over water during
the night.

As Fred roamed the coastal waters of southern China (see Section 2.2.7) and Ellie headed towards the
Ryukyu Islands, Gladys (9112) developed further to the east over the western North Pacific on 15 August.
After a week's journey, it reached the waters west of Kyushu on 22 August and swept across the
southwestern part of the Korean Peninsula the next day (see Section 2.2.8). Towards the end of August,
two relatively weak tropical cyclones formed over the waters south of Japan. A tropical storm (9113)
followed the footsteps of Gladys towards western Japan but recurved instead while over the waters west of
Kyushu (see Section 2.2.9). Harry (9114) headed towards eastern Honshu and made landfall on the night
of 30 August (see Section 2.2. to).
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In early September, IVy (9115) formed near the Caroline Islands and Joel (9116) over the South China
Sea to the west of Luzon. Joel landed in eastern Guangdong in southern China on 6 September (see
Section 2.2.12) and Ivy recurved over the waters south of Honshu on 8 September (see Section 2.2.11). A
couple of days later, Kinna (9117) formed to the west of the Mariana Islands. It headed towards the
Ryukyu Islands, recurved on 13 September and struck western Kyushu that night (see Section 2.2.13).

A triplet of tropical cyclones, namely Luke (9118), Mireille (9119) and Nat (9120), dominated the
scene in the latter half of September. Luke was a poorly formed recurving storm which skirted past the
southeast coast of Honshu on 19 September (see Section 2.2.14). Mireille was an intense and tenacious
typhoon originating from the central Pacific near the Marshall Islands (see Section 2.2.15). It recurved
over the Ryukyu Islands on 26 September and hit western Kyushu the next day near where Kinna had
landed. In the meantime, Nat twisted and turned as Luke and Mireille passed by successively to its east.
The complicated storm track took Nat to the southern tip of Taiwan on 23 September. Nat then made a
detour to the west of Luzon before finally landing in southern China on 1 October (see Section 2.2.16).

October - December

Two typhoons developed in early October. Orchid (9121) formed to the west of the Mariana Islands on
3 October and tracked westwards before recurving on 8 October. It passed by to the southeast of Honshu
on 13 October and accelerated away to the northeast (see Section 2.2.17). Meanwhile, Pat (9122) formed
further to the east about 1 560 km east of Guam on the morning of 5 October. It tracked westwards at 20
kmlh and intensified rapidly. By the night of 6 October, Pat had become a typhoon. At the time, it was
840 km east-northeast of Guam. From 7 to 9 October, Pat moved generally to the north-northwest on a
snake-like track at a reduced speed of 10 kmlh. Peak intensity was reached during the period. Maximum
winds near the centre of Pat were estimated to be about 165 kmlh. Pat turned to the north-northeast on 10
October and accelerated to a speed of 35 km/h over the next couple of days. It weakened to a severe
tropical storm on the evening of 12 October about 1 180 km east of Tokyo and to a tropical storm the next
morning about 1 480 km east-northeast of Tokyo before completing its extratropical transition.

After a week's lull, Ruth (9123) formed over the Caroline Islands on 20 October. It hit northern Luzon
on the night of 27 October before recurving towards the Ryukyu Islands and becoming extratropical on the
night of 30 October (see Section 2.2.18).

Meanwhile, another disturbance was brewing to the west of Marshall Islands. By the following day, it
had developed into a tropical depression named Seth (9124) about 1 280 km east of Truk Island (91334).
Over the next four days, Seth moved generally to the west-northwest, slowing down from an initial speed
of 30 km/h to 20 km/h by 4 November. During that time, it continued to gather strength, intensifying
rapidly on the night of 2 November to a severe tropical storm and becoming a typhoon 24 hours later when
it was 490 km east of Guam. Peak intensity was reached early on 4 November when maximum winds near
the centre of Seth were estimated to be about 195 kmlh. After moving slowly northwestwards at 10 kmIh
on 5 November, Seth made a sharp left-hand turn to the west the following day. From 8 to 11 November,
Seth adopted a west-southwestward course in the general direction of Luzon with speeds ranging from 7 to
16 kmlh. At the same time, it started to weaken, degenerating rapidly to a tropical storm on the night of
11 November when it was 620 km east-northeast of Manila. By the following day, it had become a
tropical depression about 470 km northeast of Manila and was turning to the west-northwest at 20 kmIh. It
moved along the Babuyan Channel round the north coast of Luzon on 13 November and weakened to an
area of low pressure the next day over the coastal waters of northwestern Luzon. Under the influence of
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the prevailing northeast monsoon, the remnant circulation of Seth continued to drift southwestwards to the
central part of the South China Sea on 14 and 15 November.

While Seth was still an intense typhoon over the waters west of the Mariana Islands and Thelma (9125)
was triggering off disastrous floods in the Philippines (see Section 2.2.19), Verne (9126) formed as a
tropical depression about 1 250 km east of Truk Island on 5 November. It stayed on a west-northwestward
track over the next four days, moving initially at 38 km/h and decelerating to 13 km/h by the night of
8 November. During that time, Verne intensified to a tropical storm on the evening of 6 November about
1 310 km east of Guam and reached peak intensity in the early hours of 8 November with maximum winds
of 85 km/h near its centre. It picked up speed the next day and weakened momentarily to a tropical
depression on 10 November. It soon re-gained tropical storm intensity that night as it started to recurve at
a speed of 20 km/h. Over the next couple of days, Verne accelerated northeastwards. It weakened to a
tropical depression about 1 060 km east-northeast of Iwo lima on the evening of 12 November and
degenerated further into an area of low pressure during the night.

Wilda (9127) formed early on 14 November and swept past the central Philippines on 16 and 17
November (see Section 2.2.20). However, as in the early part of the month, the main area of convective
activity remained further to the east towards the central tropical Pacific. Two other typhoons were
spawned over the warm waters near the Marshall Islands in late November.

Yuri (9128) formed as a tropical depression on 22 November about 1 590 km east of Truk Island.
Moving rather slowly at first, Yuri continued to intensify. By the morning of 24 November, it had
become a severe tropical storm about 1 480 km east of Truk Island and took on a west-northwestward
track at 22 kmlh. Typhoon intensity was attained that night when Yuri was 1 050 km east of Truk Island.
Yuri turned more to the west on 26 November and reached peak intensity the following morning packing
winds of over 210 kmlh near its centre. Moving northwestwards at 30 km/h, Yuri passed 140 km to the
south-southwest of Guam that evening. After recurving on 29 November, Yuri accelerated northeastwards
on 30 November and weakened. By the morning of 1 December, it had degenerated into a tropical storm
about 820 km east-northeast of Iwo Jima. Extratropical transition was completed soon afterwards.

As Yuri moved past Guam, another disturbance east of the Marshall Islands developed into Tropical
Depression Zelda (9129) on the night of 27 November. At the time of formation, it was located about
2450 km east of Truk Island. Over the next three days, it tracked west-northwestwards, accelerating from
an initial speed of 20 km/h to 30 km/h by 30 November. In the meantime, it continued to intensify and
became a tropical storm about 1 850 km east of Truk Island on 29 November. Despite a rather small
circulation, Zelda had a very compact structure and by that evening, had developed into a midget typhoon
about 1 520 km east of Truk Island. Peak intensity was reached during the night with winds of 140 km/h
near the centre of Zelda. Zelda started to turn northwestwards late on 30 November and recurved on the
night of 1 December. By then, it had weakened to a severe tropical storm about 1 130 km west-southwest
of Wake Island. It moved northeastwards at 27 kmlh on 2 December and weakened further to a tropical
storm about 720 km west of Wake Island that evening. Zelda evolved into an extratropical cyclone soon
after it became a tropical depression about 370 km west-northwest of Wake Island the next day.
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2.2 REPORTS ON INDIVIDUAL TROPICAL CYCWNES WlDCH AFFECTED MEMBERS OF
THE TYPHOON COMMITTEE

2.2.1 SHARO~ (9101)
5-13 MARCH

Sharon formed as a tropical depression over the western North Pacific about 1 320 km southeast of
Guam (91217) on 5 March. It moved west-northwestwards at a speed of 19 km/h. Although convection
associated with Sharon grew steadily in intensity, the cloud features remained loosely organized at the
time. Sharon turned more to the northwest on the morning of 6 March and intensified to a tropical storm in
the afternoon about 920 km south-southeast of Guam. With re-organization of the system apparently
taking place, it slowed down early on 7 March and turned increasingly towards the west.

A mid tropospheric anticyclone was well established over the Pacific to the east of the Philippines at
that moment. Steered by the northeasterlies on the southeastern quadrant of the anticyclone, Sharon
adopted a westward course on 7 March, moving at a speed of about 10 kmIh. Being close to the upper-
level ridge axis, Sharon encountered very small vertical wind shear and its organization continued to
improve. With good outflow aloft, a central cold cover appeared in the infra-red satellite imageries on the
evening of 8 March when Sharon attained severe tropical storm intensity about 590 km southeast of Yap
(91413).

At the time, the mid tropospheric anticyclone to the east of the Philippines weakened and became
elongated in the east-west direction. Sharon continued its westward movement, accelerating to about 20
kmlb by the evening of 9 March. Since cross-equatorial inflow at the low levels was not strong, Sharon
was unable to intensify much further. Winds of about 110 kmlb and a minimum pressure of around 985
hPa were estimated as Sharon reached peak intensity that day.

Sharon turned west-northwestwards at a speed of 20 kmlb on the night of 10 March. Its central area of
deep convection became elongated as it continued its journey in the general direction of the Philippines.
Organization deteriorated further as it degenerated into a tropical storm on the afternoon of 11 March
about 600 km west-southwest of Yap. Clouds associated with its circulation remained loosely organized
although a band of convection attempted to curve towards the centre during the evening. Packing winds of
about 65 kmlb near the centre, Sharon hit the central part of the Philippines on the morning of 13 March.
Convection became subdued and disorganized. The storm weakened further to a tropical depression in the
afternoon about 590 km southeast of Manila (98429). While sweeping across the islands over the central
Philippines, Sharon weakened further to a low pressure area that evening before entering the South China
Sea.

The remnant of Sharon could still be identified ir visible satellite imageries all the way to the coast of
southern Viet Nam on 16 March.

In the Philippines, 14 people were killed and another six were injured as a result of Sharon. Total loss
incurred was estimated at US$I.25 million. Sharon also brought heavy rain to southern Viet Nam.

• named Auring by PAGASA
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Figure 2.7 Composite track of Sharon (9101).

Figure 2.8 GMS-4 infra-red imagery of Sharon (9101) at 00 UTe on 10 March 1991.
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2.2.2 YUNYA· (9105)
11-15 JUNE

A disturbance moved westwards across the western North Pacific and grew in prominence on 11 June
to the east of the Philippines. With increased cross-equatorial southerly inflow at the low levels, together
with an enhancement of outflow at the upper levels due to the passage of a westerly trough, the disturbance
developed into Tropical Depression Yunya on the night of 11 June about 890 km east-southeast of Manila
(98429). In the meantime, convection was extensive and active over the southwestern quadrant of Yunya.
Driven by a southeasterly current on the southern flank of the subtropical ridge, it moved at an initial
speed of about 20 kmlh towards Luzon. A spiral cloud band developed gradually over the northern semi-
circle of Yunya as cloud organization became consolidated. Continuing on its northwestward course in the
general direction of central Luzon, Yunya slowed down to a speed of about 10 kmlh the following day. It
intensified to a tropical storm on the evening of 13 June about 440 km east-southeast of Manila.

Divergent easterlies aloft and increasing lateral shear at the low levels both contributed to Yunya's
rapid strengthening over the warm waters during the night. It acquired typhoon status on the morning of
14 June about 350 km east of Manila. A well-defined eye could be observed from the satellite imageries.
In association with the active low-level southwesterlies, convection was particularly pronounced over the
southwestern quadrant and extended all the way to the Sulu Sea. At the same time, intensity reached peak
level. Winds of about 150 kmlh and minimum pressure of around 950 hPa were estimated near the centre.
As the typhoon moved closer to the Pacific ridge and encountered increasing easterly steering, Yunya
adjusted its direction of movement more to the west-northwest and moved at an average speed of about 12
kmlh.

The eye of Yunya became ragged and disappeared completely by the evening as it headed towards the
coast of Luzon. Due to the disruptive effect of terrain on the periphery of the circulation, Yunya
weakened gradually overnight and weakened to a severe tropical storm on the morning of 15 June about 90
km north-northeast of Manila. After making landfall, it degenerated rapidly into a tropical depression in
the afternoon about 150 km north of Manila. At this point in time, Mount Pinatubo was very active and
volcanic eruptions were taking place. As a result, volcanic ash interacted with the cloud system of Yunya.
Bearing temperatures of the different components of clouds and ash, part of the circulation of Yunya had a
different grey shade as shown by the infra-red satellite pictures received on the afternoon of 15 June.
Suffering from the violent events at Mount Pinatubo, Yunya continued to lose organization even though a
low-level vortex could still be detected.

Moving into the South China Sea that evening, Yunya turned more to the north-northwest at an
increased speed of 20 kmlh as it encountered a southerly steering at the low levels. Against a background
of strong vertical wind shear, Yunya could no longer re-gain its strength and weakened over water to an
area of low pressure west of northern Luzon.

Torrential rain brought by Yunya, mixed with the volcanic ash from Mount Pinatubo, created a heavy
muck that destroyed buildings in central Luzon. The heavy rain also caused flooding which washed away
bridges and numerous houses in central and northern Luzon. At Daet (98440), 322.7 mm of rain were
recorded in a 24-hour period. Electricity supply and traffic were disrupted. Total loss in the Philippines
incurred by Yunya was estimated to be about US$4.17 million.

• named Diding by PAGASA
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Figure 2.9 Composite track of Yunya (9105).

Figure 2.10 GMS-4 visible imagery of Yunya (9105) near the Philippines at 03 UTC on 14 June
1991 (by courtesy ofJMA).
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2.2.3 ZEKE* (9106)
8-15 JULY

Extensive convection associated with an area of disturbance affected the western North Pacific to the
east of the Philippines on 8 July. As the low-level lateral shear increased, convection became more
prominent overnight, particularly near the centre of the disturbance. The system developed into a tropical
depression named Zeke about 850 km east-southeast of Manila (98429). At that time, outflow channels
were well established over the southern semi-circle of the depression.

Hovering over the waters south of the subtropical ridge, Zeke drifted west-northwestwards at a speed of
about 14 km/h towards the central part of the Philippines. After making landfall over Samar on the night
of 9 July, Zeke accelerated to 35 kmIh. As ample moisture influx was supplied by the southwesterlies at
the low levels, Zeke was able to maintain its large circulation as it cut across southern Luzon on 10 July,
bringing widespread heavy rain to the Philippines. Zeke passed about 90 km southwest of Manila before it
entered the South China Sea, moving at a reduced speed of around 25 kmIh that evening. Over the warm
waters, convection associated with Zeke became much more active. With improved organization of the
cloud features as seen from the satellite imageries, Zeke intensified to a tropical storm. Extensive
development took place over the southern semi-circle of the tropical cyclone on the morning of 11 July.
As the central cloud bands became more consolidated, Zeke intensified further to a severe tropical storm
over the South China Sea about 870 km south-southeast of Hong Kong (45005) in the afternoon. Slowing
down to about 15 km/h, Zeke took on a northwestward track on 12 July and headed towards Hainan
Island. Owing to a diffluent northeasterly flow in the upper troposphere, good ventilation was maintained.
As a result, Zeke developed further into a typhoon on the afternoon of 12 July about 400 km southeast of
Haikou (59758).

Turning more to the west-northwest, the typhoon reached peak intensity during the small hours of 13
July just before making landfall. Winds of about 160 kmlh and a minimum pressure of around 960 hPa
were expected near the centre. Zeke dealt a direct blow to Hainan Island. It lost its structure over the
terrain and weakened to a severe tropical storm that afternoon about 130 km west-southwest of Haikou.
Reverting to a northwestward course and moving at a speed of about 19 km/h, Zeke entered Beibu Wan
that evening. It continued to lose strength as the low-level southwesterlies became restricted over the
region. By that time, convective bands associated with Zeke had contracted in size and became subdued.
After traversing Beibu Wan, Zeke landed over northern Viet Nam about 120 km east of Ha Noi (48820)
on the morning of 14 July. Pushing further inland, Zeke adopted a west-northwestward track and
weakened rapidly. It became a tropical depression that evening about 120 km northwest of Ha Noi before
degenerating into a low pressure area the next day.

Heavy rain associated with Zeke affected the Philippines. Three people were reported missing and two
were injured. Total loss amounted to US$O.ll million.

In China, apart from severe damage in Hainan Island, Zeke also brought heavy downpours to Guangxi
and western Guangdong. Death toll amounted to 33 and there were 111 people injured. Around 7 200
houses were destroyed while another 89 400 were damaged. Loss in public works was about USS12.1
million and nearly US$22.3 million worth of crops were ruined. Total economic loss incurred by Zeke
was estimated at US$117.56 million.

• named Etang by PAGASA
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Figure 2.11 Composite track of Zeke (9106).

Figure 2.12 GMS-4 infra-red imagery of Zeke (9106) at 06 UTC on 13 July 1991.
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2.2.4 AMY* (9107)
14-20 JULY

Amy originated from an easterly disturbance over the western North Pacific. It formed as a tropical
depression about 350 km northeast of Yap (91413) on the evening of 14 July. Following the steering
current south of the Pacific ridge, it moved west-northwestwards initially at a speed of about 22 km/h.
Low-level southwesterlies were rather active at the time, resulting in steady improvement of the cloud
organization during the night of 15 July. Tracking northwestwards, it intensified to a tropical storm early
next day about 690 km north-northwest of Yap. Enhanced by effective ventilation at the upper levels,
convection associated with Amy grew in prominence on 16 July, especially over the southern semi-circle.
Progressive development led to the formation of thick cloud bands around the centre of Amy during the
small hours of 17 July. Severe tropical storm intensity was attained about 1 250 km east-southeast of
Gaoxiong (59554).

Amy turned west-northwestwards on the morning of 17 July at a speed of about 22 km/h. Spiral
bandings continued to develop on the periphery of Amy. Amy acquired typhoon intensity about 990 km
east-southeast of Gaoxiong later that day. With good vertical alignment, Amy became even more intense
and a ragged eye started to form early on 18 July. As observed from the satellite pictures, the eye became
distinct during the day as peak intensity was reached. At the time, winds of 200 km/h and minimum
pressure of 930 hPa were expected near the centre.

Under the dominance of a strong mid-tropospheric anticyclone over eastern China, Amy continued its
west-northwestward journey across the Bashi Channel that night and made its closest approach to Basco
(98135) at a distance of about 40 km to the northeast. A mean sea level pressure of 966 hPa was recorded
at the station. Meanwhile, rainbands associated with Amy were sweeping across Taiwan and northern
Luzon. After passing about 60 km to the southwest of Hengchun (59559), Amy entered the northeastern
part of the South China Sea, moving at a speed of around 38 kmlh.

With reduced lateral shear at the low levels, the cloud structure of Amy became less organized. The
eye was shielded by high clouds on the morning of 19 July as Amy approached the southeast coast of
China. With winds of about 120 km/h near the centre, Amy traversed the coastal waters of eastern
Guangdong before making landfall in the vicinity of Shantou (59316) that afternoon. A mean sea level
pressure as low as 960 hPa and winds of around 100 km/h were recorded in Shantou. Over land, Amy
weakened to a severe tropical storm that evening about 90 km west-northwest of Shantou. Ploughing
further inland, it degenerated into a tropical depression about 400 km west-northwest of Shantou by the
morning of 20 July. At the time, cloud bands associated with Amy became loosely organized and overall
convection had decreased noticeably. Amy finally dissipated over southern Hunan during the day.

Amy inflicted heavy damage upon Guangdong, especially in Shantou and its neighbouring region.
About 100 people were killed and nearly 5 240 others were injured. About 68 400 houses were destroyed
and over 337 400 were damaged. The number of families affected by Amy amounted to 262 000.
Damage in public works was estimated at about US$12.1 million and total loss in China was estimated to
be about US$465.33 million.

Fresh to strong winds associated with Amy also affected Hong Kong where one person was injured.

• named Gening by PAGASA
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Figure 2.13 Composite track of Amy (9107).

Figure 2.14 GMS-4 visible imagery of Amy (9107) at 06 UlC on 18 July 1991.
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2.2.5 BRENDAN* (9108)
19-24 JULY

Convective activity increased again over the Pacific to the east of the Philippines after Typhoon Amy
(9107) had entered the South China Sea. With effective outflow in the upper troposphere, the cloud
clusters improved in organization around a centre and developed into a tropical depression on 19 July
about 1 370 km east of Manila (98429). Being on the southern flank of the subtropical ridge, it moved
initially west-southwestwards and then turned northwestwards at about 20 kmIh towards the Philippines the
next morning. The low-level lateral shear was enhanced by the southwesterly inflow and as a result, the
tropical depression grew in size and intensity overnight. It strengthened to a tropical storm named
Brendan about 570 km east of Manila by the morning of 21 July. At the time, convection increased
steadily over the northwestern quadrant of Brendan where a spiral band was developing and curving
inwards to the storm centre. Following further development, spiral features became even more prominent.
Brendan attained severe tropical storm intensity that evening about 390 km east-northeast of Manila as it
moved in the general direction of northern Luzon.

Adequate inflow at the low levels combining with good divergence aloft provided a favourable
environment for Brendan to intensify further as it approached the Philippines. Brendan struck northeastern
Luzon around midday on 22 July while moving at a speed of about 26 km/h. Brendan skirted past at a
distance of 20 km to the northeast of Tuguegarao (98233) that afternoon. The station registered a
minimum mean sea level pressure of 986 hPa and storm force winds of 100 kmlh. Although convection
associated with Brendan decreased over land, general organization of cloud bands remained good.

After crossing the northeastern part of Luzon, Brendan entered the Balintang Channel on the evening of
22 July. Fueled by the active southwest monsoon over the South China Sea, convection of Brendan was
enhanced over the southern semi-circle and extended to the south as far as the latitude of lOON.
Meanwhile, easterly steering increased as Brendan approached the south China coast. The storm
accelerated further to a speed of about 35 kmlh and turned more to the west-northwest. It gained typhoon
intensity about 280 km southeast of Hong Kong (45005) on the afternoon of 23 July. At peak intensity,
winds and minimum pressure near the centre were estimated to be 125 kmIh and 975 hPa respectively. As
the ridge weakened over southern China, Brendan slowed down during the night, advancing at a speed of
19 kmlh towards the coast of Guangdong in southern China.

With convection confined to the southern semi-circle of Brendan, the typhoon passed about 60 km
south-southwest of Hong Kong on the early morning of 24 July. Just before it landed over western
Guangdong, Brendan weakened to a severe tropical storm. As convection decreased, it degenerated into a
tropical storm that afternoon about 150 km southeast of Wuzhou (59265). After moving over the terrain of
Guangdong for about twelve hours, Brendan weakened to a tropical depression about 60 km south-
southwest of Wuzhou that evening and soon dissipated.

In Guangdong, 38 people were killed and another 207 were injured. Houses destroyed or damaged
totalled about 13 000. More than 52 000 families were affected. Total economic loss was around
US$87.13 million.

In Hong Kong, 17 people were injured. Most were hurt by falling objects or broken glass. Heavy rain
brought by Brendan led to four cases of landslide. Strong to gale force winds uprooted trees and blew
down scaffoldings. Sixteen families were affected.

• named Helming by PAGASA
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Figure 2.15 Composite track of Brendan (9108).

GMS-4 visible imagery of Brendan (9108) over the South China Sea at 03 UTe on 23 July
1991. The other tropical cyclone over the Pacific was Caitlin (9109) (by courtesy of JMA).
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2.2.6 CAITLIN* (9109)
21-30 JULY

On the early morning of 22 July, a low pressure area deepened over the western North Pacific and
became a tropical depression named Caitlin about 280 km north of Yap (91413). At the time, convection
was more pronounced over the northwestern quadrant of the depression. Following the southeasterly
steering current, Caitlin moved west-north westwards at a speed of around 14 kmlh during the day.

Upper-air dynamic supports resulted in Caitlin's continuous development. It intensified into a tropical
storm about 1 460 km south-southeast of Naha (47936) during the early hours of 24 July. In response to
the weakening of the Pacific ridge south of Japan, Caitlin turned north-northwestwards on 24 July as
organization continued to improve. As a central cold cover appeared in the infra-red satellite imageries,
Caitlin acquired severe tropical storm status in the evening. Caitlin accelerated to 22 kmIh during the day
of 25 July. Inhibited by an upper low, convection over the northwestern quadrant of the tropical cyclone
decreased. However, active southwesterly inflow at the low levels maintained the development of
rainbands south of Caitlin, hence sustaining its process of intensification. A warm centre, surrounded by
deep convection, appeared momentarily during the evening. A coma-shaped cloud pattern was observed
from the satellite pictures as Caitlin became a typhoon early on 26 July about 650 km south of Naha.

On approaching the Ryukyu Islands, Caitlin slowed down Slightly. A ragged eye formed on the
morning of 27 July when Caitlin peaked in intensity. The estimated winds and minimum pressure near the
centre were about 150 kmlh and 940 hPa respectively. Taking advantage of the progressive erosion of the
Pacific ridge, Caitlin turned northwards during the day. It passed about 140 km west of Naha where a
mean sea level pressure of about 980 hPa and winds of around 95 kmlh were reported. Drifting towards
higher latitudes on 28 July, Caitlin showed signs of weakening with an enlarged eye and decreasing
convection, especially over its southern semi-circle. After passing through the weakness of the ridge, the
typhoon encountered westerlies in the mid troposphere. It therefore accelerated steadily while adjusting its
course of movement increasingly to the north-northeast during the night.

The eye of Caitlin became filled early on 29 July and the typhoon weakened to a severe tropical storm
about 250 km west-southwest of Nagasaki (47817). Moving northeastwards at about 35 kmlh across the
Korea Strait, Caitlin made its closest approach to Izuhara (47800) at a distance of 20 km to the northwest.
A mean sea level pressure of 957 hPa was recorded there.

At the same time, under the influence of decreased inflow at the low levels and strong vertical wind
shear, cloud structure of Caitlin deteriorated further and the associated convection became subdued.
Tracking northeastwards at a fast speed of nearly 50 kmlh, Caitlin dissipated on the evening of 30 July.
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Although Caitlin did not strike Korea and Japan directly, its circulation affected both countries. In
Korea, two people were reported missing and three were injured. Forty-four houses were destroyed.
Damage of private properties amounted to US$11 million. Total loss was estimated to cost US$15.7
million.

In Japan, six people were killed or reported missing and 39 others were injured. Five houses were
destroyed and 59 others were damaged.

• named Ising by PAGASA
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Figure 2.17 Composite track of Caitlin (9109).

Figure 2.18 GMS-4 infra-red imagery of Caitlin (9109) at 06 UlC on 28 July 1991.
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2.2.7 FRED- (9111)
13-19 AUGUST

An area of low pressure developed over the western North Pacific and affected the northern part of the
Philippines on 12 August. After triggering off widespread rain over Luzon, the low entered the South
China Sea on the morning of 13 August. It soon developed into a tropical depression named Fred about
430 km north of Manila (98429). At the time, cloud features were especially well-developed over the
southern semi-circle of Fred. Following a weak: easterly flow south of an anticyclone, Fred moved west-
northwestwards slowly at a speed of about 10 km/h in the general direction of the coast of western
Guangdong in southern China.

Over open waters, convection associated with Fred continued to grow and became more consolidated.
Spiral bands formed around Fred that afternoon as it acquired tropical storm strength about 700 km
southeast of Hong Kong (45005). Fred increased its speed of movement to about 16 k.m/h on 14 August
and soon became a severe tropical storm about 530 kID southeast of Hong Kong. By that time, the outer
rainbands of Fred had started to affect the inland areas of Guangdong. On approaching the coastal waters
of southern China, Fred turned increasingly to the west. Taking advantage of good outflow in the upper
troposphere, Fred continued to intensify. Spiral features became evident from the satellite imageries taken
early on 15 August when Fred intensified further to a typhoon about 290 km south of Hong Kong. That
morning, a derrick barge with 195 people on board capsized about 100 km east of Hong Kong. Sixteen of
the barge crew were killed and six others were reported missing.

A ragged eye appeared as Fred moved over the coastal waters of western Guangdong at a speed of
about 20 km/h. The eye became distinct on the night of 15 August as Fred attained peak intensity. A
minimum pressure as low as 955 hPa was expected near the centre and maximum winds were estimated to
about 160 kmlh. Turning west-southwestwards early on 16 August, it passed about 30 km north-northwest
of Haikou (59758) where a mean sea level pressure of 963 hPa was recorded.

Packing winds of 130 kmlh near the centre, the typhoon skirted along the north coast of Hainan Island
during the day. Although convection near the centre of Fred increased momentarily on 17 August,
rainbands on the periphery became less active. Fred made landfall over northern Viet Nam about 320 kID
northwest of Da Nang (48855) in the late afternoon and soon weakened to a severe tropical storm. As
Fred pushed further inland into Lao P.D.R., its cloud organization deteriorated rapidly. By the morning
of 18 August, it had become a tropical storm over northeastern Thailand about 510 km northeast of
Bangkok (48455). Clouds associated with Fred became loosely organized although moisture influx from
the Andaman Sea attempted to sustain the convection over the southwestern quadrant of Fred. The tropical
storm weakened to a tropical depression about 430 km north-northeast of Bangkok that evening and
dissipated over Thailand the next morning.
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In China, Fred claimed 14 lives and another 24 people were injured. Houses destroyed or damaged
totalled about 200 000. Around 6 680 families were affected. Loss in agricultural production added up to
US$30.3 million. Cost of damage in public facilities and private properties were US$8.57 million and
US$12.43 million respectively. Total loss was estimated to be US$175.05 million.

In Thailand, 24 people died and another 13 were injured. More than 10 500 houses were damaged and
about 241 780 families were affected. Economic loss amounted to US$40.11 million. In Viet Nam, five
people were killed and 16 others were injured.Houses destroyed totalled about 3 000.

• named Luding by PAGASA
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Figure 2.19 Composite track of Fred (9111).

Figure 2.20 GMS-4 infra-red imagery of Fred (9111) at 12 UTC on 15 August 1991.
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2.2.8 GLADYS (9112)
15-24 AUGUST

Tropical Depression Gladys evolved from an easterly disturbance over the Pacific about 1 230 km east-
southeast of Iwo lima (47981) early on 15 August. A weak subtropical ridge stayed east of the longitude
of 140oE. Owing to the weak background flow and coupled with the on-going variations of internal
forces, Gladys exhibited oscillatory motion on its way to Korea. Multiple centres were observed at certain
stages of the journey.

Moving initially westwards at 20 km/h, Gladys grew in strength steadily on 15 August as a result of
adequate southerly inflow at the low levels. It then turned west-northwestwards early next day and
intensified to a tropical storm about 730 kID east-southeast of Iwo Jima. Accelerating to 22 kmIh on the
morning of 17 August, organization of Gladys continued to improve. Severe tropical storm intensity was
attained when Gladys was about 250 kID east of Iwo Jima. After a short detour to the northwest, Gladys
adopted a westward track later that day. At the same time, convection near the centre of Gladys decreased
and the overall cloud features as seen from infra-red satellite imageries deteriorated slightly. Decelerating
to a speed of about 16 km/h by the morning of 18 August, internal structural adjustments took place as
Gladys performed some oscillatory motions over the next couple of days while heading generally west-
northwestwards.

Convective cloud bands grew prominent, especially over the eastern semi-circle, as Gladys re-
intensified on 19 August. Its intensity peaked at this point in time as a minimum pressure of about 965
hPa and maximum winds of around 110 km/h were expected near its centre. By 20 August, the main area
of convection had shifted to the western half of the storm circulation. Extensive rainbands in association
with the active low-level southwesterlies became detached from the circulation of Gladys.

After days of erratic motion, Gladys began to drift north-northwestwards after crossing the Ryukyu
Islands on 21 August. This was in response to an erosion of the mid-tropospheric ridge near Japan and the
approach of a westerly trough. While traversing the waters west of Kyushu at 16 km/h, Gladys skirted
past Fukue (47843) on the night of 22 August. A mean sea level pressure of about 977 hPa was recorded
at the station. With deteriorated cloud features, Gladys weakened to a tropical storm as it approached the
south coast of Korea during the day. As the westerly trough moved quickly eastwards, Gladys failed to
complete the process of recurvature. Instead, the northeasterly steering flow increased over the Korean
Peninsula with the build-Up of another anticyclone further north. As a result, Gladys turned more to the
west as it swept across southwestern Korea in the late afternoon. The terrain disrupted the storm structure
further before Gladys moved westwards into the Yellow Sea that evening. After weakening to a tropical
depression about 340 km southwest of Seoul (47108) on the morning of 24 August, Gladys dissipated over
water that night. However, the remnant of Gladys continued to drift westwards and affected Shandong
Province of China.

In Japan, 13 people were killed, three were reported missing and 11 others were injured. Houses
destroyed or damaged totalled 53.

Gladys also inflicted severe damage upon Korea where 89 people were killed, 14 were reported missing
and another 74 were injured. About 2680 houses were destroyed. Total damage amounted to US$519.46
million.

In China, two people were killed. Damage amounted to US$25.50 million.
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Figure 2.21 Composite track of Gladys (9112).

Figure 2.22 GMS-4 visible imagery of Gladys (9112) at 06 UTC on 20 August 1991.
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Figure 2.23 Playgrounds near Tama River in Tokyo were under flood water after the heavy rain
brought by Gladys (9112) (by courtesy of The Mainichi Newspapers).
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Figure 2.24 Landslip triggered by Gladys (9112) damaged houses and killed four people in the town
of Okutama, Tokyo (by courtesy of Asahi Shimbun Publishing Company).
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2.2.9 Tropical Storm (9113)
26-30 AUGUST

After the dissipation of Gladys, pressure remained low over the Pacific south of Japan. Widespread
convection associated with the active southwesterlies still hovered over the region. Following the
strengthening of an anticyclone near the Korean Peninsula and a freshening of the northeasterlies to its
south, low-level lateral wind shear increased over the waters east of the Ryukyu Islands on 26 August.
The cloud clusters grew in intensity and soon developed into a tropical depression about 880 kilometres
east-southeast of Kagoshima (47827) that morning. It moved initially westwards at about 16 kmIh.

On 27 August, another low pressure area hovered over the Pacific further to the south. A substantial
amount of the low-level southwesterlies was intercepted by this low. Further development of the tropical
depression was therefore inhibited and its associated convection was mainly confined to its northeastern
quadrant.

Turning increasingly to the northwest at 22 kmlh, the tropical depression deepened slightly with better
cloud organization and became a tropical storm about 320 kilometres south-southeast of Kagoshima on the
early morning of 28 August. However, being close to the terrain of Kyushu, it was unable to strengthen
further and its intensity peaked in the morning. A minimum pressure of around 990 hPa and winds of 65
km/h were estimated near its centre. Drifting towards a weakness in the mid-tropospheric ridge, the
tropical storm turned increasingly to the north over the waters west of Kagoshima during the night.

Meanwhile, after the passage of a low-level anticyclone to the western North Pacific, the background
northeasterlies near Japan subsided. Responding to a decrease in the low-level cyclonic shear, convective
activity associated with the tropical storm became subdued. The storm skirted past Fukue (47843) early on
29 August when the sea level pressure dropped to about 986 hPa at the station. An approaching westerly
trough from eastern China changed the steering current in the mid troposphere and the storm turned north-
northeastwards at 12 km/h. By that time, although a low-level centre could still be identified from the
visible satellite imageries, the clouds were poorly organized and the storm weakened to a tropical
depression about 190 kilometres south of Pusan (47153). After recurving offthe coast of Kyushu, the
tropical depression speeded up to 34 km/h and moved northeastwards. It finally degenerated into an
area of low pressure on the morning of 30 August.

Apart from heavy rain over parts of Japan and Korea, the tropical storm also claimed one life in the
former.
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Figure 2.25 Composite track of Tropical Storm (9113).
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Figure 2.26 GMS-4 visible imagery of Tropical Storm (9113) at 00 UTC on 28 August 1991.
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2.2.10 HARRY (9114)
28-31 AUGUST

From a disturbance in the southwest monsoon over the waters east of the Ryukyu Islands, a tropical
depression named Harry formed on the night of 28 August about 690 km east-southeast of Naha (47936).
Apart from the southwesterly inflow, a broad band of easterlies from the central North Pacific also
contributed to the initial spin-up.

After formation, Harry moved northwards at a speed of 19 km/h. By 30 August, it had adopted a
north-northeastward track and accelerated to 32 km/h. A ridge of high pressure present at the time of
cyclogenesis to the north of Harry soon retreated eastwards, allowing a westerly trough coming out from
eastern China to pick up Harry and carried it towards Japan. The approach of the westerly trough in turn
provided a better outflow channel to the north and northeast. As a result, Harry became better organized
and acquired tropical storm intensity on the morning of 30 August when it was 850 km southwest of
Tokyo. At peak intensity, a minimum pressure of 985 hPa and winds of 75 km/h were estimated near its
centre.

60

As it became firmly embedded within the westerly regime, Harry turned to the northeast and continued
to accelerate after making landfall over the south coast of Honshu about 230 km west-southwest of Tokyo
on the night of 30 August. Even though drier westerly winds coming off the continent from central China
were drawn into the storm circulation, the satellite imageries showed the comma-shaped clouds of Harry
retaining a long tail which extended all the way to the subtropics, thereby maintaining a limited supply of
moisture influx. But after passing 40 km to the north-northwest of Tokyo on the morning of 31 August,
convection associated with Harry decreased and the storm organization deteriorated. Emerging from the
east coast of Honshu and into open waters again, Harry became an extratropical cyclone later that day
when it was 360 km northeast of Tokyo.

During the passage of Harry over southeastern Honshu, two people were killed and one was injured.
Only one house was reportedly damaged by the tropical storm.
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2.2.11 IVY (9115)
2-10 September

Widespread convection lingered along the ITCZ over the equatorial Pacific in early September. Further
improvement in organization of a group of cloud clusters led to the formation of Tropical Depression Ivy
about 510 km east of Truk Island (91334) on the morning of 2 September. Being quite far away from the
Pacific ridge axis which was located near 28°N, Ivy edged slowly northwestwards at a speed of about 15
km/h across the Caroline Islands. Meanwhile, in response to an ample moisture influx from the cross-
equatorial southerly flow, convection was particularly pronounced over the southwestern quadrant of Ivy at
its initial stage of development. As a result, Ivy intensified to a tropical storm about 310 km east-northeast
of Truk early on 3 September. After turning gently to the west-northwest and accelerating that day, Ivy
took on a northwestward track on 4 September and moved at a speed of about 20 kmlh.

As convection increased further over the eastern semi-circle of Ivy, severe tropical storm intensity was
attained about 390 km east-northeast of Guam (91217) on the morning of 5 September. Although
convection became less active over the southwestern quadrant of Ivy, good outflow aloft sustained
progressive intensification of the severe tropical storm during the day. Thinning out of the high clouds
near the centre of Ivy revealed the formation of an eye later that day. Ivy reached typhoon intensity near
the Mariana Islands early on 6 September about 630 km north-northeast of Guam as it crossed the Pacific
at an increased speed of 32 kmlh. As Ivy moved closer to the subtropical ridge axis, it turned increasingly
to the northwest and decelerated near Iwo Jima (47981) that night.

Although the circulation of Ivy appeared to have diminished in size, the eye of the typhoon became
more distinct on 7 September as Ivy reached peak intensity. Minimum pressure of about 935 hPa and
hurricane force winds up to 175 km/h were expected near the centre. The approach of a broad mid-
tropospheric westerly trough from the Korean Peninsula came in time when Ivy was still far from Japan.
With a change in the steering current in the mid troposphere, Ivy decelerated gradually to 20 km/h that
evening and then recurved over the waters south of Honshu on 8 September. While Ivy was accelerating
east-northeastwards, its eye became blurred as seen from the satellite imageries that evening. Since
vertical wind shear was not particularly strong over the Pacific off the coast of Japan, cloud organization
remained good as Ivy accelerated to a speed of about 40 kmlh on 9 September. After Ivy's passage about
300 km south-southeast of Tokyo (47662) that morning, the outer rainbands affecting Honshu started to
drift away.
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Embedded in an upper jet stream, Ivy's speed of movement reached 56 kmlh before it weakened to a
severe tropical storm about 1 750 km east-northeast of Tokyo on the evening of 10 September. Ivy finally
evolved into an extratropical system that night.

Japan suffered from the heavy downpours brought by Ivy. Six people were killed and four others were
injured. The number of houses damaged was over 70 and four houses were destroyed.
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2.2.12 JOEL (9116)
2-8 SEPTEMBER

Cloud clusters originating from the western North Pacific drifted westwards and crossed northern
Luzon on 2 September. Meanwhile, following a freshening of the southwest monsoon, convection grew
active over the central part of the South China Sea. These two groups of convective cells soon merged
over the waters west of the Balintang Channel during the day and became the embryo of Joel.

With improved cloud features, Tropical Depression Joel formed about 760 km southeast of Hong Kong
(45005) on the evening of 2 September. It moved west-northwestwards at a speed of about 9 kmlh on 3
September and accelerated early on 4 September. Joel intensified to a tropical storm about 470 km
southeast of Hong Kong that morning. With speed of movement reaching about 19 km/h, Joel turned
westwards over the northern part of the South China Sea during the night. Since the depression had a
large circulation, its outer rainbands had started to affected the coastal areas of southern China by that
time.

Trapped between the subtropical ridge over China and an equatorial ridge near Borneo, Joel slowed
down and its motion became hesitant on 5 September. Fueled by the moist southwesterlies near the
surface, rainbands associated with the tropical cyclone continued to develop. A low-level centre became
well-defined in the visible satellite imageries that afternoon as Joel strengthened to a severe tropical storm
about 240 km south-southeast of Hong Kong. At that time, the storm was performing a looping motion
over water. After a deepening of a mid-tropospheric westerly trough, Joel found its way towards a
weakness of the subtropical ridge and advanced north-northeastwards at 12 kmlh later that day towards the
coast of eastern Guangdong.

As it approached the coastal region, Joel turned to the north-northwest on 6 September. Meanwhile,
although the overall circulation of the storm had shrunk in size, cloud bandings near the centre became
more distinct as seen from the infra-red satellite imageries that evening. Minimum pressure dropped to
975 hPa near the storm centre as Joel's intensity reached peak level. Maximum winds were estimated to.be
about 110 km/h. It hit the coast of Guangdong in the vicinity of Shanwei (59501) around midnight while
moving at a speed of about 12 kmlh. Mean sea level pressure of 987 hPa was recorded in Shanwei.

Storm organization deteriorated as Joel ploughed further inland. By the morning of 7 September, it had
weakened rapidly to a tropical depression about 130 km north-northeast of Hong Kong. After
degenerating into an area of low pressure on the morning of 8 September, the remnant of Joel continued to
affect parts of southern and central China that day.

Joel gave rise to heavy rain in eastern and northern Guangdong where 30 people were killed and 81
others were injured. About 7 000 houses were destroyed and 24 000 others were damaged. The total loss
was estimated at US$14.12 million. According to press reports, telecommunication, transportation,
electricity and water supply were disrupted in Shanwei.
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Figure 2.31 Composite track of Joel (9116).

Figure 2.32 GMS-4 visible imagery of Joel (9116) over the South China Sea at 03 UTC on 6 September
1991. The other tropical cyclone over the Pacific was Ivy (9115) (by courtesy of JMA).
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2.2.13 KINNA· (9117)
10-14 SEPTEMBER

Convective cells in association with active low-level southwesterlies grew prominent over the western
North Pacific late on 9 August. As organization improved, the area of disturbance developed into Tropical
Depression Kinna about 420 km west-northwest of Guam (91217) on 10 September. After formation,
Kinna moved northwestwards rapidly at a speed of about 35 kmIh.

Convection became more consolidated by the early morning of 11 September as Kinna intensified to a
tropical storm about 880 km west-northwest of Guam. Since the vertical wind shear remained weak over
the waters south of the Pacific ridge, the storm managed to strengthen steadily in spite of its rapid
movement during the day. Spiral bands near the centre of Kinna became distinct in the satellite imageries
that evening as Kinna attained severe tropical storm intensity about 780 km southeast of Naha (47936). On
12 September, Kinna decelerated to a speed of around 24 km/h. Erosion of the mid-tropospheric ridge
over the Pacific allowed Kinna to turn increasingly to the north near the Ryukyu Islands that night.

On approaching the upper-tropospheric ridge where good. ventilation above the storm could be
maintained, banding features became much more pronounced as an eye formed. Typhoon intensity was
attained about 140 km south-southeast of Naha around midnight. The eye of Kinna passed right over Naha
on the early morning of 13 September. Winds at the station turned calm as mean sea level pressure
dropped abruptly to 961 hPa.

After traversing the Ryukyu Islands, Kinna reached peak intensity that afternoon with minimum
pressure of 950 hPa and maximum winds of 150 kmlh near the centre. Moving into the westerly regime
in the mid troposphere, Kinna turned north-northeastwards at an accelerated speed of about 35 kmlh. It
also started to weaken as a result of increased vertical wind shear.

Packing winds of about 110 km/h near the centre and moving at a speed of around 50 km/h, Kinna
struck the northwestern part of Kyushu early on 14 September. It skirted past Nagasaki (47817) where the
mean sea level pressure dropped below 980 hPa. By that time, the overall structure of Kinna had been
disrupted by the terrain of Japan and the cloud bands became poorly organized: After passing Kyushu,
Kinna weakened to a severe tropical storm about 170 km northeast of Nagasaki and tracked east-
northeastwards along the north coast of Honshu. Following the jet stream at the upperlevels, Kinna
picked up speed to more than 65 kmlh. With further deterioration in cloud organization, it weakened to a
tropical storm about 270 km north-northwest of Osaka (47772) in the afternoon and soon completed its
extratropical transition.

In Japan, Kinna left 11 people dead and 82 others injured. Fifteen houses were destroyed and another
367 were damaged.

,. named Nenang by PAGASA
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Figure 2.34 GMS-4 visible imagery of Kinna (9117) at 06 UTC on 13 September 1990.



Figure 2.35 Damage caused by Kinna (9117) in Nagasaki Prefecture, Japan (by courtesy of The Kyodo
News Service).
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2.2.14 LUKE* (9118)
14-19 SEPTEMBER

Luke formed as a tropical depression along the ncz in western North Pacific about 160 km north of
Guam (91217) on 14 September. Being on the southern flank of the subtropical ridge, Luke took on a
west-northwestward track initially, moving at an initial speed of about 30 kmlh before slowing down to 20
kmlh. With good divergence in the upper troposphere, convection associated with Luke grew prominent
overnight, especially over its southeastern quadrant. Luke intensified to a tropical storm about 1 320 km
southeast of Naha (47936) on the evening of 15 September as it turned more to the northwest. Severe
tropical storm intensity was attained about 870 km southeast of Naha the next day.

Under the influence of another tropical cyclone Nat (9120) over the Luzon Strait, the low-level inflow
towards Luke became restricted, which in turn limited the intensification rate of Luke. Extensive
convection developed over the southern semi-circle of Luke while a low-level centre continued to track
west-northwestwards at about 25 kmlh. Since the low-level centre of Luke became sheared off from the
area of deep convection, the severe tropical storm failed to strengthen further. At peak intensity,
maximum winds of about 100 kmlh and minimum pressure of 975 hPa were expected near the centre.

Owing to the retreat of the Pacific ridge and the strengthening of an equatorial anticyclone in the mid
troposphere, background steering current gradually turned southerly on 17 September. Luke recurved that
night and passed about 70 km west of Minamidaitojima (47945) the next day. A mean sea level pressure
as low as 984 hPa was recorded at the station. Luke was carried along an east-northeastward course by the
mid-tropospheric westerlies that night. Convection fluctuated in intensity as Luke traversed the waters
south of Japan. After accelerating to about 60 kmlh, Luke turned more to the northeast on the morning of
19 September. By that time, convection had decreased over the southern semi-circle of Luke. Moving
rapidly at a speed of over 70 km/h, Luke evolved into an extratropical cyclone over the waters east of
Honshu on the night of 19 September.

Heavy rain associated with Luke affected Japan and triggered off landslides. The toll of casualties
included ten people killed, two reported missing, and 23 injured. Nearly 40 houses were destroyed and
187 others were damaged.

• named Pepang by PAGASA
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Figure 2.36 Composite track of Luke (9118).

Figure 2.37 GMS-4 visible imagery of Luke (9118) at 02 UTe on 19 September 1991.
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2.2.15 MIREILLr (9119)
13-28 SEPTEMBER

Following the formation of Luke, Tropical Depression Mireille developed over the western North
Pacific about 840 km southeast of Wake Island (91245) on 13 September. It moved southwestwards at
about 14 km/h in the morning and then turned westwards that afternoon. At the time, convection was
mainly confined to the central part of the depression.

On 14 September, Mireille tracked westwards across the Marshall Islands at a speed of around 19
kmlh. Convection grew compact and became more well organized as Mireille accelerated to a speed of 27
km/h on 15 September. It turned west-northwestwards later that day and intensified to a tropical storm
early on 16 September. Mireille slowed down to about 20 km/h and strengthened further to a severe
tropical storm about 1 480 km east of Guam (91217) later that morning. By then, spiral bands had become
well developed. With favourable outflow aloft, Mireille intensified to a typhoon that evening about 1 280
km east of Guam and moved west-north westwards at a reduced speed of 14 kmIh.

A small eye lasted for a short period on the morning of 17 September before Mireille decelerated and
turned increasingly to the west-southwest that night. Accelerating westwards on 19 September, Mireille
swept across the Mariana Islands at about 25 kmlh in the evening. It passed about 210 km north of Guam
during the night and turned more to the west-southwest again. During that time, Mireille developed more
extensive rainbands but strengthened only slightly. It was not until 21 September that further
intensification took place as spiral bands and an eye grew prominent in the satellite pictures. Slowing
down to 14 kmlh, Mireille turned to the northwest and became even more intense on 22 September. By
then, the diameter of its circulation had doubled that at the time of its genesis. With a clear eye, Mireille
attained peak intensity. Maximum winds of about 205 km/h and minimum pressure of around 915 hPa
were expected near the centre.

From 22 to 25 September, Mireille moved steadily northwestwards at 15 km/h. In response to the
eastward retreat of the Pacific ridge, Mireille recurved near the Ryukyu Islands on 26 September. It
passed about 50 km east of Miyakojima (47927) that morning and a mean sea level pressure as low as 952
hPa was recorded at the station. With a dilated eye, Mireille accelerated north-northeastwards. Cloud
organization deteriorated on the morning of 27 September as the speed of movement increased to over 55
kmlh. Packing winds of about 160 kmlh near the centre, Mireille clipped the northwestern part of Kyushu
that afternoon, passing about 30 km northwest of Nagasaki (47817).

After entering the Sea of Japan, Mireille accelerated further to a speed of about 90 kmlh. By that time,
its eye had disappeared and the associated convection had abated. Mireille swept across Hokkaido at a
high speed of 115 km/h on the morning of 28 September. It weakened to a severe tropical storm about
430 km northeast of Sapporo (47412) around midday and soon completed extratropical transition over the
waters northeast of Hokkaido.

In Japan, 62 people were killed and nearly 1 500 others were injured. Houses destroyed totalled 506
and those damaged amounted to nearly 170 000. Seven million families were affected.

In Korea, two people were killed and one was injured. The cost of damage was estimated at USS1.35
million.

• named Rosing by PAGASA
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Figure 2.38 Composite track of Mireille (9119).
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Figure 2.39 GMS-4 visible imagery of Mireille (9119) at 03 UTC on 26 September 1991. The
other tropical cyclone over the South China Sea was Nat (9120) (by courtesy of JMA).
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Figure 2.40 Damage to houses caused by Mireille (9119) in Akita Prefecture, Japan (by courtesy of
The Yomiuri Shimbun).
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2.2.16 NAT"' (9120)
14 SEPTEMBER - 2 OCTOBER

The movement of Nat was most unusual. Wandering over the South China Sea and the Luzon Strait,
Nat underwent three loops in its track. Its erratic motion was a repetition of the feat performed by
Typhoon Wayne (8614) in 1986. Nat also fluctuated in intensity, going through three cycles of
intensification and weakening during its life span of 19 days.

Tropical Depression Nat developed from an area of disturbance about 1 000 km east-northeast of
Manila (98429) on the morning of 14 September and moved northwestwards at about 16 kmIh. It turned
west-northwestwards and sped up to about 31 km/h the next day. Slowing down to about 14 km/h, Nat
intensified to a tropical storm on the morning of 16 September about 280 km southeast of Gaoxiong
(59554). Under the influence of Luke (9118) southeast of the Ryukyu Islands, Nat underwent an anti-
clockwise turning motion over the next couple of days. Steered by a southwesterly current, Nat started to
track east-northeastwards on 18 September. It accelerated to 13 km/h on 19 September and turned further
to the east the next day. Taking advantage of increased lateral shear, cloud organization improved
progressively. After the dissipation of Luke, the Pacific ridge extended westwards. In response to the
change in background flow, Nat decelerated and performed a small clockwise loop on 21 September. By
then, a distinct eye had appeared in the satellite imageries that afternoon as Nat acquired typhoon status
about 560 km east-southeast of Gaoxiong. At peak intensity, hurricane force winds of 180 km/h and
minimum pressure of 940 hPa were estimated near the centre of Nat. Nat took on a west-northwestward
track and hit Lanyu (59567) on the night of 22 September when the mean sea level pressure dropped to
951 hPa at the station. Weakening slightly, Nat went on to strike the southern tip of Taiwan on 23
September. As the eye disappeared, Nat weakened to a severe tropical storm that evening about 75 km
west-southwest of Gaoxiong. Convection continued to decrease and Nat soon weakened to a tropical storm
about 190 km west of Gaoxiong on the morning of 24 September.

By that time, Typhoon Mireille (9119) was approaching the Ryukyu Islands. Owing to the mutual
interaction between Nat and Mireille as well as the prevailing northeast monsoon over the South China
Sea, Nat decelerated and weakened further to a tropical depression on the evening of 24 September.
Restricted by weak low-level lateral wind shear and with limited convection, Nat could only maintain
marginal tropical depression strength over the next two days as it drifted south-southwestwards and then
southwards. Meanwhile, the steering flow over the South China Sea became ill-defined. Nat became
slow-moving to the west of Luzon and underwent another anti-clockwise loop on 27 and 28 September.

Enhanced by active southwesterlies near the surface, convection associated with Nat rejuvenated on 28
September. With increasing deep convection near the centre, Nat re-intensified to a tropical storm about
510 krn west-northwest of Manila early on 29 September. The deepening of a mid-tropospheric trough
caused Nat to make a sharp right-hand turn to the north-northeast. With anti-cyclonic outflow aloft, Nat
intensified further to a severe tropical storm about 540 krn south-southeast of Hong Kong (45005) early
next day while moving at a speed of about 18 km/h. Due to a slackening of the mid-tropospheric trough
and a westward migration of the Pacific ridge near Taiwan, Nat adjusted its course again and turned to the
north-northwest on 1 October. It re-gained typhoon intensity about 110 km southeast of Shantou (59316)
in the afternoon. Nat made landfall that evening about 60 km east-northeast of Shantou and weakened
rapidly to a tropical depression by 2 October. It finally dissipated in Jiangxi Province that night. In
China, four people were killed and 38 others were injured. Houses destroyed totalled 1 695 while 8 618
others were damaged. Total loss was estimated at US$53.08 million.

• named Oniang by PAGASA
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Figure 2.41 Composite track of Nat (9120).

Figure 2.42 GMS-4 visible imagery of Nat (9120) near Taiwan at 06 UTe on 22 September 1991.
The other tropical cyclone over the Pacific was Mireille (9119).
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2.2.17 oacanr (9121)
3-14 OCTOBER

Following the dissipation of Nat over southeastern China, Orchid developed as a tropical depression
west of the Mariana Island about 610 Ian north-northwest of Guam (91217) on the morning of 3 October.

Riding on an easterly airstream south of the subtropical ridge, Orchid moved westwards initially at an
averaged speed of about 18 kmIh. With efficient outflow aloft, the depression strengthened steadily and
became a tropical storm about 1 340 km southeast of Naha (47936) the next day. By that time, banding
features were already prominent on the satellite imageries. It intensified to a severe tropical storm about
1 150 Ian southeast of Naha and attained typhoon status about 950 Ian southeast of Naha by the afternoon
of 6 October.

Orchid came to a weakness in the subtropical ridge on 7 October and started to tum northwards. Its
intensity reached peak level that night when minimum sea level pressure of 930 hPa and maximum
sustained winds of 175 km/h were estimated near the centre. After recurvature on 8 October, Orchid
continued its movement at a speed of about 16 km/h across the western North Pacific over the next few
days. In the meantime, it weakened progressively as a result of decreasing outflow in the upper
troposphere and restriction of low-level southwesterlies.

Apparently under the influence of Typhoon Pat (9122) further to the east, Orchid slowed down on .
11 October before it weakened to a severe tropical storm about 540 Ian south-southwest of Tokyo (47662)
the following day. By that time, the eye of Orchid had disappeared and convection had weakened
appreciably near the storm centre. After moving more to the north-northeast for a while, Orchid
accelerated east-northeastwards on 12 October. Driven by a southwesterly jet aloft, the severe tropical
storm adopted a northeastward course on 13 October. As a result of further deterioration in cloud
organization, Orchid weakened to a tropical storm about 1 310 km northeast of Tokyo the following
morning before it evolved into an extratropical cyclone over the cooler waters east of Hokkaido.

Although Orchid did not make landfall at all, its extensive circulation brought,heavy rain to Japan. One
person was killed and 20 others were injured. Houses destroyed or damaged totalled 140.

• named Sendang by PAGASA
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Figure 2.43 Composite track of Orchid (9121).

Figure 2.44 GMS-4 visible imagery of Orchid (9121) southeast of the Ryukyus at 02 UTC on 7 October
1991. The other tropical cyclone further to the east over the western North Pacific was
Pat (9122) (by courtesy of JMA).
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2.2.18 RUTH* (9123)
19-30 OCTOBER

Amidst widespread convection over the western North Pacific, an area of disturbance developed into
Tropical Depression Ruth about 590 Ian south-southeast of Guam (91217) on the evening of 19 October.
Cloud organization continued to improve overnight as Ruth moved northwestwards at a speed of about 13
km/h. A central cold cover became evident as Ruth strengthened to a tropical storm about 330 km south of
Guam on the night of 20 October.

Enhanced outflow at the upper levels coupled with good low-level lateral shear boosted further
development of Ruth on 21 October. Taking on a more west-northwestward track, Ruth intensified to a
severe tropical storm that afternoon before it reached typhoon intensity about 330 Ian west-southwest of
Guam early next day. By that time, spiral rainbands had proliferated along the periphery of the typhoon.
After turning more to the northwest on 22 October, Ruth reverted to a more westward track the following
day at an increased speed of about 16 lanlh. A small eye appeared on the satellite imageries that morning
as Ruth intensified further. Peak intensity was attained during the night of 24 October. Minimum pressure
of 895 hPa and maximum sustained winds of 250 km/h were expected near the typhoon centre.

Ruth accelerated slightly on 25 October, heading in the general direction of the Luzon Strait.
However, as a result of the southward migration of a ridge of high pressure over East China Sea, ambient
flow at the low levels turned northeasterly in the vicinity of Ruth. In response to such a change in the
steering current, Ruth adopted a westward course on the night of 26 October and was tracking west-
southwestwards as it hit northern Luzon on the evening of 27 October.

Ruth skirted past Tuguegarao (98233) that night. Minimum sea level pressure as low as 967 hPa and
maximum winds of 150 km/h were recorded at the station. Although the cloud organization of Ruth
remained good overland, convection associated with its circulation decreased progressively. Taking
advantage of a passing mid-tropospheric westerly trough, Ruth moved across a weak point of the
subtropical ridge on 28 October and turned northwestwards into the South China Sea. The terrain effect of
Luzon and the intrusion of continental air brought by a surge of the winter monsoon caused Ruth to
weaken to a severe tropical storm about 480 km north-northwest of Manila (98429) early on 29 October.
Ruth accelerated and recurved northeastwards across the Luzon Strait during the day as rapid weakening
took place. It degenerated into a tropical depression about 940 km southwest of Naha (47936) on the early
morning of 30 October. Tracking northeastwards at a speed of about 25 km/h, Ruth lost its convection
and structure. It was downgraded to an area of low pressure during the night.

Hurricane force winds and heavy rain associated with Ruth brought widespread damage to northern
Philippines. The typhoon left 83 people dead and 55 injured. Another 22 people were reported missing.
Direct economic loss in the country amounted to US$150.51 million.

• named Trining by PAGASA
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Figure 2.46 GMS-4 infra-red imagery of Ruth (9123) at 18 UTe on 23 October 1991.
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Figure 2.47 Flooding in northern Luzon after the passage of Ruth (9123) (by courtesy of PAGASA).
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2.2.19 THELMA· (9125)
1-8 NOVEMBER

An area of convective cloud clusters consolidated in organization in early November and developed into
Tropical Depression Thelma on the morning of 1 November about 280 km northwest ofYap(91413). It
moved at a speed of 20 km/h to the northwest at first, but soon slowed down to 13 kmIh as it turned to the
west-northwest that night.

At the time of formation, an upper trough was favourably positioned to the northwest of Thelma. The
advantage was soon lost as the upper trough shifted eastwards to the northeast of Thelma. Outflow was
limited and was confined to the southwest. Low-level inflow was dominated by the northerlies when
Thelma was initially part of a deep and extended westerly trough. On 2 November, a secondary
convective centre developed over the southwestern quadrant of the storm circulation and some internal re-
organization took place. The intensity of convection continued to fluctuate as Thelma struggled to
maintain strength.

Thelma started to track west-southwestwards on 3 November at 12 km/h. Even though there was a
time when the upper westerlies dipped down to the lower latitudes, a mid-level ridge soon re-formed to the
north of Thelma and kept Thelma under easterly steering. Conditions for intensification generally
improved as upper-level outflow to the northeast increased. Lateral shear also became more pronounced
as the low-level pattern evolved into a east-west oriented trough. The appearance of Seth (9124) at the
eastern end of the trough might be one of the reasons for the southward component/in Thelma's
movement.

After intensifying to a tropical storm 780 km east-southeast of Manila (98429) on the morning of
4 November, Thelma hit the island of Leyte that night and swept across the isles of central Philippines the
next day. At peak intensity, winds of 75 km/h and minimum pressure of 990 hPa were estimated near the
centre. Thelma weakened to a tropical depression on the morning of 5 November about 550 km southeast
of Manila and became an area of low pressure just before it crossed Palawan on the morning of 6
November. Even though Thelma was never very intense in terms of wind strength and was weakening
during its passage over the Philippines, it brought torrential rain and flash floods. which swept away many
villages in the isles. In Leyte, a dam collapsed and thousands of people were killed in the coastal town of
Ormoc alone. In Cebu, Thelma caused extensive damage to bridges and roads. Altogether, 5 080 people
were killed, 1 264 people were reported missing, and 292 others were injured. The high casualty toll
made Thelma one of the most disastrous tropical cyclones in recent years. Total damage was estimated at
US$40.63 million.

Increased moisture inflow at the low levels allowed Thelma to re-intensify over the South China Sea on
the night of 6 November and tropical storm intensity was momentarily re-gained when Thelma was 640 km
southwest of Manila. Moving westwards at 22 km/h across the South China Sea, Thelma weakened again
to a tropical depression the next day about 790 km east of He Chi Minh City (48900). While the upper
winds tend to shear the convection to the north and northwest, a burst of northeast monsoon over the South
China Sea turned the low-level centre of Thelma increasingly to the southwest. Under increasing vertical
shear, Thelma finally dissipated about 370 km east-southeast of Ho Chi Minh City on the evening of 8
November.
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Figure 2.48 Composite track of Thelma (9125).
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Figure 2.49 GMS-4 visible imagery of Thelma (9125) near the Philippines at 03 UTC on 4 November
1991. The other tropical cyclone over the western North Pacific was Seth (9124)
(by courtesy of IMA).



WILDA- (9127)
13-20 NOVEMBER

An extensive area of low pressure hovering in the vicinity of Caroline Islands developed into a tropical
depression named Wilda on the night of 13 November about 230 km west of Yap (91413). Low-level
inflow was basically maintained by a broad band of easterlies throughout the life span of Wilda.
Convection grew active near the centre of the storm circulation at the time of formation, but the convective
cloud mass became more spread out during the day on 14 November. Further intensification did not
materialize until early on 15 November when central convective activity was better maintained by a
divergent outflow to the northwest aloft. Tropical storm intensity was attained that morning when Wilda
was about 970 km east-southeast of Manila (98429). By then, Wilda had turned from an initial south-of-
west movement to a west-northwestward track with a speed of 22 kmlh.

Wilda turned northwestwards on the night of 15 November and reached peak intensity. A maximum
winds of 85 km/h and minimum pressure of 985 hPa were estimated near the centre. Wilda struck the
northeastern tip of Leyte in central Philippines early next morning. It then took on a more westward track
as it traversed southern Luzon at a speed of 16 kmlh. During its passage, trees were uprooted and power
lines were damaged. Serious flooding necessitated the evacuation of 168 people. Two people were killed
and the overall damage was estimated at US$1.67 million .

. After passing 30 km to the south-southwest of Manila on 17 November, Wilda turned north-
northwestwards and moved over the waters west of Luzon at a reduced speed of 12 km/h. Convection
became subdued as the drier northeast monsoon from the continent was drawn into the circulation.
However, the storm structure remained intact with good spiral features. Over the next couple of days,
Wilda turned progressively to a west-southwestward track as its low-level centre came under the increasing
influence of the northeast monsoon prevailing over the South China Sea. With Wilda now positioned. to
the north of the upper ridge axis, strong vertical shear ensured that further weakening was inevitable.
Wilda degenerated into a tropical depression on the night of 19 November about 680 km east of DaNang
(48855) and dissipated over water the following morning.

• named Yayang by PAGASA
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Figure 2.51 GMS-4 visible imagery of Wilda (9127) at 02 UTC on 15 November 1991.
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CONTRIBUTED PAPERS

3.1 TOWARD MEDIUM-RANGE FORECAST OF TYPHOON

Toshiki Iwasaki
Forecast Department,
Numerical Prediction Division,
Japan MeteorologiCill Agency

1. Introduction

The RSMC Tokyo-Typhoon Center provides Members of the Typhoon Committee with 48-hour
typhoon forecasts. Expanding the forecast period of typhoons to medium-range (3-7 days) will no doubt
be of great benefit to Members and others.

The numerical prediction model operated in the RSMC Tokyo is a limited-area model (TYM, e.g.,
Iwasaki et al., 1987; Ueno, 1989). Limited-area models, however, do not seem to work well for medium-
range forecast because of lateral boundary problems which significantly affect the behaviour of model-
generated typhoons. In addition, the forecast period is now comparable with the life span of typhoons and
the model would need to simulate the full life cycle. In particular, tropical cyclogenesis may be
considerably controlled by ultra-long waves, such as the Madden-Julian oscillations and monsoon
circulations which tend to be better simulated in global models.

Obviously, the global model currently used at the JMA (truncated at a wave number of TI06) is too
coarse to predict the behaviour of small scale systems like tropical cyclones. In the future, we certainly
will have more powerful computers capable of running much higher resolution model in operation.
Typhoon forecast will therefore become one of the important objectives of global models, thereby
prompting JMA to investigate the possibility of improving typhoon forecasts by the global model
(GSM8911, NPD/JMA,1990). Here, we will show some medium-range forecast experiments of typhoon
by global model including results of high-resolution model. Cases to be studied were chosen from the
Intensive Observation Periods (lOPs) of SPECTRUM (SPecial Experiment Concerning Typhoon
Recurvature and Unusual Movement). During the lOPs, Members of the Typhoon Committee conducted
enhanced observation together with other special field experiments of USA's TCM-90 and former USSR's
TYPHOON-90.

2. Case study of Hattie (9021): Importance of data assimilation system

JMA's global model represents the effects of moist convection by means of Kuo's scheme (1974). As
is well-known, typhoon simulations are very sensitive to the characteristics of deep convection scheme.
Sensitivity of medium-range typhoon forecast to arbitrary parameters of the convection scheme is assessed
by modifying the Kuo's scheme. Such modifications result in changes in the initial conditions through the
data assimilation system. JMA's data assimilation system is an intermittent forecast-analysis cycle with a
time interval of 6 hours (Kashiwagi and Baba, 1991). Thus, the forecast-analysis cycle was started using
the experimental prediction model with a modified Kuo's scheme a week before the initial time of forecast
experiment.
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Figure 3.1 Forecast surface pressure charts by operational (middle) and experimental
(right) models as compared with corresponding uninitialized objective
analyses (left). Forecast charts shown are valid for, from top to bottom,
Day 0 (i.e. after non-linear normal mode initialization), Day 3 and Day 7
from an initial time of 12 UTC on September 30, 1990.



Figure 3.2 Observed track (heavy line with closed marks) and predicted 8-day tracks
(chained lines A, B, C and D with open marks) showing the effects of
initial conditions. The marks indicate tropical cyclone positions with a
time interval of 24 hours. The start time is 12 UTC on September 30,
1990.

A - prediction by the experimental model from experimental assimilation;
B - prediction by the operational model from experimental assimilation;
C - prediction by the experimental model from operational assimilation;
D - prediction by the operational model from operational assimilation.
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Figure 3.1 compares the experimental forecasts using the modified Kuo's scheme (right column) with
the operational forecasts (middle column) at forecast times of 0, 72, 168 hours from the initial condition of
12 UTC on September 30, 1990 (the O-hour forecast is effectively the initialized condition). Objective
analyses obtained operationally are shown on the left to validate the forecasts. The difference between the
objective analysis and the initial condition of operational model arose from the non-linear normal mode
initialization. It should be noted that the initial conditions obtained in the experimental assimilation system
differed slightly from that in the operational system, although the differences did not seem to be
systematic. The objective analyses showed low pressure area at the initial time which subsequently
developed into a tropical cyclone named Hattie (9021) on October 1. Initially, Hattie moved towards the
northwest, recurved around October 6 and affected the central part of Japan on October 8. The operational
model generated a much weaker system than the actual. The model-generated storm did not recurve and
was located near 23DN, 120DE on Day 7 forecast. On the other hand, the experimental model generated a
stronger tropical cyclone than the operational model did and succeeded in forecasting the recurvature of
Hattie. The experimental model therefore gave a much better prediction as far as the behaviour of Hattie
was concerned.

Next, the effects of initial conditions were studied. Figure 3.2 shows the 8-day observed track (heavy
line with closed marks) and predicted tracks (chained lines A, B, C and D with open marks). Tracks A
and B are results of experimental and operational forecasts respectively. Track B is the prediction by the
operational model from the initial condition obtained through the data assimilation system with the
experimental prediction model (hereafter, referred to as the initial condition of experimental assimilation).
Track C is the prediction by the experimental model from the initial condition of the operational
assimilation. The remarkable thing is that it is the initial condition rather than the prediction model that
determines the recurvature phenomenon five days after the initial time. In other words, both the
operational and experimental models running from the initial condition of the experimental assimilation
(tracks A and B) predicted the recurvature, while both models running from the initial condition of the
operational assimilation (tracks C and D) did not. Thus, it can be seen that modifications of the prediction
model have considerable influences on tropical cyclone track predictions through the data assimilation
process.

3. Case study of Flo (9019): Forecast experiments by high-resolution global model

Typhoon Flo (9019) developed on September 13, intensified rapidly, produced a lowest sea-level
pressure of 890 hPa on September 17, inflicted extensive damage over a wide area in the western part of
Japan. It was interesting from the scientific point of view that Flo might have interacted with Ed (9018)
during the intensification period of Flo. Special forecast experiments were conducted to study the
performance of using high-resolution global models.

The horizontal resolution of the experimental model was doubled, with the spacing of its transformed
grid reduced to about 60 km (truncation wave number of T213). Two versions of Kuo's scheme were
incorporated as mentioned in the previous section. The models were run from the objective analysis at 12
UTC on September 12, one day before the genesis of Flo.

Figure 3.3 shows the geographical distribution of sea-level pressure of Day 5 (valid for 12 UTC
September 17) forecasts by global models as compared with the objective analysis of the same time. The
operational model (GSM8911) could neither predict the genesis of Flo nor maintain the intensity of Ed
(Figure 3.3B). The high-resolution model with the standard Kuo scheme was able to maintain Ed but could
not predict the development of Flo (Figure 3.3C). The high-resolution model with the modified Kuo's
scheme could predict the genesis, development and recurvature of Flo, although the model-generated Ed
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Figure 3.3 Forecasts by high-resolution global models.

A. Objective analysis on September 17, 1990.
B. Day 5 forecast from September 12, 1990 by the operational global

model (GSM8911).
c. Day 5 forecast from September 12, 1990 by the experimental global

model with standard Kuo's scheme.
D. Day 5 forecast from September 12, 1990 by the experimental global

model with modified Kuo's scheme.
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decayed a little earlier than actual (Figure 3.30). The experiments illustrated the important impacts of
horizontal resolution and- deep convection scheme on typhoon forecasts.

4. Summary

The above experiments suggest that it is possible to extend the typhoon forecast period to 3 days or
more (hopefully to medium-range) by using high resolution global models. For this purpose, apart from
increasing the horizontal resolution, it is also necessary to develop an intensive parameterization package
for the physical processes involved. The latter describes the energetics of typhoons which become more
important in medium-range forecasts.

The initial condition should also be better represented. The observation network is not dense enough
over the western Pacific area and the objective analyses depend considerably on the first guess fields
(forecast from the preceding initial condition). Improvement of the prediction model itself will lead to
better initial condition. Bogussing technigue of making 3-D typhoon structure is noted, though it has not
been discussed in this paper. To introduce a realistic typhoon into the initial condition, bogus circulation
based on manual analysis has to be inserted into the objective analysis due to the lack of observation over
the ocean.

Continuous efforts and special projects like SPECTRUM will upgrade in time the observation network
in the tropics and subtropics. More observational data will improve the initial conditions in numerical
prediction as well as provide the necessary information in the study of weather mechanisms in tropical
meteorology.
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3.2 PERFORMANCE OF THE ECMWF MODEL IN TROPICAL CYCWNE TRACK
FORECASTING OVER THE WESTERN NORTH PACIFIC DURING 1990-1991

C.M. Shun
Royal Observatory, Hong Kong

1. Introduction

Since the ECMWF model was put into operational use more than twelve years ago, there were a
number of discussions on its capability in simulating tropical cyclones (TCs). Bengtsson et al. (1982)
found that the ECMWF operational model was capable of simulating TCs which had a frequency and
distribution resembling those observed climatologically. However, limited by the horizontal resolution
(1.875° x 1.875°), individual TCs were not well forecast by the model. After the T106 model was
implemented, case studies were conducted by Heckley et al. (1987) and by Chan and Lam (1989). The
results indicated improvement in the skills of the model in TC track forecasting. However, no
comprehensive study has been conducted on the model's performance in TC forecasting for relatively large
samples since the work of Bengtsson et al. (1982).

In this article, an evaluation of the performance of the ECMWF model in TC track forecasting for
storms occurring over the western North Pacific in 1990 and 1991 is presented.

In August and September 1990, several concurrent field experiments were conducted over the western
North Pacific to study TC movement. These experiments included the SPecial £'xperiment Concerning
Iyphoon ,Recurvature and Unusual Motion (SPECTRUM) conducted by the Typhoon Committee of the
Economic and Social Commission for Asia and the Pacific (ESCAP)lWorld Meteorological Organization
(WMO) (Lam, 1991), the Tropical Cyclone Motion Experiment (TCM-90) carried out by the US Navy
and the TYPHOON-90 Experiment of the USSR (Elsberry, 1990). During the Intensive Observation
Periods (lOPs), surface and upper-air observations were made at increased frequencies and data were also
received from additional sites, including deployed weather ships, buoys, offshore platforms, wind
profilers, as well as a DC-8 aircraft. Most of these data were transmitted via the Global Tele-
communication System (GTS) and received by the ECMWF to initialize the model. It would therefore be
interesting to assess the impact of the enhanced data on the model forecasts and compare the results with
those obtained outside the experiments.

In September 1991, the high resolution ECMWF operational analysis and forecasting system at T213
with 31 levels replaced the old T106 19-1evel system. The effective horizontal resolution of the T213
model in the free atmosphere is around 100 km at half wavelength. As pointed out by Dell'Osso and
Bengtsson (1985), a horizontal resolution equivalent to a grid size of 50 km or less would be required for
operational forecasting of TCs. In this connection, it seems that the resolution of the new operational
system is still not quite adequate for the purpose. Nevertheless, a comparison of the performance of the
T213 and TI06 models should be able to reveal the changes, if any, due to the increase in resolution.

2. Data and Methodology

Tables 3.1 and 3.2 show the TCs that are considered in this study.

Best-track data compiled by the Royal Observatory, Hong Kong and/or RSMC Tokyo - Typhoon
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Center were used as the "ground -truth" in the verification of ECMWF forecasts. In order to avoid the
difficulties of identifying the centres of ill-defmed model vortices which corresponded to weak TCs, only
TCs with tropical storm intensity or above (i.e. sustained winds of 63 kmlh or higher near centre) were
considered. Consequently, LEWIS (9002), TO of 14-15 June, AKA (9013), CECIL, IRA (9022), JEANA
and LOLA (9024) of 1990, and DOUG, TO (9113) and HARRY (9114) of 1991 were not included.
Nevertheless, there remained cases in which the centres of the TCs were ill-defined in the model prognosis
and hence could not be identified. Furthermore, even the T213 model analysis had difficulty in
representing TC vortices realistically for a number of cases (e.g. MlREILLE). No attempts were made to
study the phenomenon of TC genesis in the model.

Forecasts at T+24, T+48 and T+72 hours wereverified. The forecast error EM for each case was
expressed in terms of the great circle distance between the forecast position and the verifying best-track
location. Forecasts based on the persistence (PER) method were also computed by linear extrapolation of
the 12-hour movement implied by the best-track positions at the initial time T and at T-12 hour, and the
corresponding errors Ep were obtained for comparison. Using a similar approach as DeMaria (1987), the
relative error R, compared to the PER method, was calculated for each case using:

R(%) = 100·----

If the model performed better than the PER method (i.e. EM < Ep), then R would have a positive
value. Otherwise, R would be less than or equal to zero. In other words, R was a measure of the skill
of the model relative to the PER method.

Apart from R, the cross-track (C'F) and along-track (An components of the forecast errors were also
computed so as to identify any systematic bias. Using a rotated co-ordinate system with the Y-axis parallel
to the observed storm motion over the corresponding forecast interval, the two error components were
obtained.

Following Ueno (1989), the sample was also categorized according to the three different stages of TC
movement: BEFORE, DURING and AFTER recurvature. These stages were determined by the 48-hour
actual TC movement according to the following criteria :

Direction or Movement (Dflrees)

There were respectively around 65, 15 and 20% of the cases belonging to the BEFORE, DURING and
AFTER recurvature stages.

To examine the impact of enhanced observational data during the field experiments, the sample of 1990
was divided into two: one consisting of the seven SPECTRUM TCs, namely WINONA, YANCY, ABE,
DOT, ED, FLO and GENE ("SPECTRUM 1990") and the other one containing the rest ("Non-
SPECTRUM 1990"). Similarly, comparison of the performance of the TI13 and TI06 models was carried
out by splitting the sample of 1991 into two: one consisting of the cases which occurred before 17

97



September 1991 ("TI06 1991") and the other one containing the rest ("T213 1991H). For LUKE and
MIREILLE which straddled across the transition time, forecasts made before and after the changeover
were similarly separated. In order to obtain a larger TI06 sample for the study, the "Non-SPECTRUM
1990" sample was also combined with the "TI06 1991" sample to give a larger "TI06 (Non-SPECTRUM)
90-91" sample.

3. Verification Results

Figure 3.4 shows the skill of the ECMWF forecasts as given by the average relative errors < R > for
different stages of TC movement and for various samples. In general, both the enhanced observational
data during the field experiments and the increase in model resolution brought about similar improvement
(around 5 to 10%) in the skill of the ECMWF model in TC track forecasting (Figure 3.4(a». The model
also performed better than the PER method starting at T + 24 hours for these two samples. Although
<R> was rather small at T+24 hours, it increased to around 20% and 25% at T+48 and T+72 hours
respectively. The mean forecast error for the "SPECTRUM 1990" sample was the smallest for T+24
hour forecasts (151 km), whereas the mean errors for the "TI13 1991" sample were the smallest for T+48
and T + 72 hour forecasts (248 km and 355 km respectively). Apart from the small forecast errors, the
corresponding standard deviations for these two samples were also less than the others (not shown).

For the BEFORE recurvature cases (Figure 3.4(b», the model also performed best (in terms of mean
forecast errors) at T+24 hour for the "SPECTRUM 1990" sample and at T+72 hours for the "T213
1991" sample, with mean errors of 151 km and 301 km respectively. However, the model could not
"beat" the PER method at T + 24 hour even with enhanced observational data or higher resolution.
Nevertheless, at T+24 hour, the model did perform significantly better during the experiment period
relative to other periods. The TI13 model did not show superiority over the TI06 model at T+24 hour.
The opposite was true at T + 72 hour - more than 10% improvement in the TI13 forecasts compared with
the other samples. This improvement was also found at T+48 hour although the margin was somewhat
less. The results seemed to suggest that the increase in observational data density (both temporal and
spatial) contributed to improvement of the ECMWF forecasts only at T + 24 hour in BEFORE recurvature
cases. It might be postulated that the positive impact of the enhanced data was gradually eroded by the
inadequacy of the TI06 model to simulate the structure and development of TCs. On the other hand, the
increase in resolution of the TI13 model brought about improvement after 24 hours despite relatively low
skill at T + 24 hour.

Since the numbers of cases for the DURING and AFTER recurvature samples were small, these two
st~ges were combined (Figure 3.4(c». There was a general trend of increase in skill (relative to the PER
method) from T+24 to T+48 hour and a subsequent decrease at T+72 hour. The T+24 and T+48 hour
skills were also larger than those for the BEFORE stage. This was thought to be due to the model's
capability in forecasting recurvature whereas the PER method would not be able to do so. However, the
decline in skill at T+72 hour, which was also observed by Chan et al. (1987) in assessing the performance
of the US Navy Nested Tropical Cyclone Model (NTCM) for high-latitude storms, was not easy to
understand. It should also be noted that the decrease pertaining to the "T213 1991" sample was the most
significant and the TI13 model appeared to have no additional skill over the TI06 model at T+72 hour.

4. Systematic Bias

Figure 3.5 shows the plots of the mean CT and AT error components for different stages of movement
and for various samples. The lines join the analyses (marked by solid squares) to the T+24, T+48 and
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Figure 3.4 Skill as given by the average relative errors of ECMWF forecasts compared to persistence
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'0

><

%
<
'""::<:

2~

AVERAGE RELATIVE ERRORS OF ECMWF FORECASTS
COMPARED TO PERSISTENCE FORECASTS

DURING/ AFTER RECURVATURE 1990 - 1991eo~---------------------------- ~
~T213(1991) --_, T106 (NON-sPECTRUM 1990)

-+-- Tl06 (SPECTRUM 1990) _ .. -.___ T106 (1991)

~TI06·(NON-SP[CTRUM 90-91)

60

20
"Jto- -«
,,

,,',,','

'/I'

-20~O---------2-.--------~.a~------~7~2------~
fORECAST TIME (HOUR)

(c) DURING/AFTER Recurvature

99

AVERAGE RELATIVE ERRORS OF ECMWF FORECASTS
COMPARED TO PERSISTENCE FORECASTS

BEfORE RECURVATURE 1990 - 1991
Be .,------------------ --,

6C

~ 1213(1991) ---6--- 1106 <HOH_SPEC1'lIUM 1990)

----+- 1106 (SPECTRUM 1990) ---Jl:--- Tl06 (1991)

----e--- TlO6 (NOH_'SPEClRUPI 90_91)

-20:0-----~2~.------~.B~---~7~2-----~
rORECAST TIME (HOUR)

(b) BEFORE recurvature



AVERAGE BIAS OF ECMWF ANALYSES AND rORECASTS
R ELA TIVE TO THE BEST-TRACK POSITIONS

ALL CASES 1990 - 1991
500~---------------------------- -,-- T213 (1991) ---It--- Tl06 (NON-SPECTRUM 1990)
400

%
300

'"
a: 200
0
a:
a:.... 100

""U< 0ee.....
I

<.::~ -lac

<
-200

<....,
.:: -300

----+-- TI06 (SPECTRUM1990) .. _
Tl06 (1991)

~ Tl06 {NON-SPECTRUM 90-91}

-50~ 500 -400 - 300 - 200 -! 00 a !00 200 300 400 500

MEAN CROSS-TRACK ERROR (KMl

(a) ALL cases

AVERAGE BIAS or ECMWF ANALYSES AND rORECASTS
RELATIVE TO ,HE BEST-TRACK POSITIONS

D.URING RECURVATURE 1990 - 1991
500~------------------------------ --,

-400

T213 (1991) ---6--- Tl06 (NON-SPECTRUM 1990)
400

-+--- TI06 (SPECTRUM 1990) ---IE--- Tl06 (1991)

% 300

""
~ Tl06 (NON-SPECTRUM 90_91)

a: 200
o
a:
a:.... lOa

""u<
'".....
I

~ -100
o
...J
<

-200
z
<w
% -300

- 50~500 _ 400 _ 300 - 200 - I00 0 100 200 300 400 500

MEAN CROSS-TRACK ERROR (KM)

(c) DURING Recurvature

Figure 3.5 Average bias of ECMWF analyses and forecasts relative to the best-track positions
1990-1991 (analysed TC positions marked by solid squares).
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T+72 hour forecasts (all relative to the verifying best-track positions). Considering ALL cases (Figure
3.5(a», it was obvious that the T106 model forecasts had a significant right-hand systematic bias (since the
majority of the TCs were westward moving, it was a reflection of northward bias in an earth-oriented
coordinate system). In contrary, the T213 model forecasts had the least systematic bias (relative to the
best-track storm motion) although the tendency to forecast early recurvature (i.e. a northeastward bias) was
not removed completely. In fact, the T213 model could still produce very large right-hand bias in
individual cases of BEFORE recurvature TCs (e.g. the error of the T+72 hour forecast of ORCHID
based on 12 UTC 5 October 1991 is 847 km). But the most significant right-hand bias was, surprisingly,
produced by the "SPECTRUM forecasts", perhaps an indication that the bias was more related to the
intrinsic properties of the model rather than the initial positioning of the TC.

The systematic bias was in fact dominated by the BEFORE recurvature cases (Figure 3.5(b». The
T213 forecasts were the least biased whereas the "SPECTRUM forecasts" were the most biased in this
regard. In addition, a definite trend in the decrease in bias was observed: from "SPECTRUM 1990" to
"Non-SPECTRUM 1990", "TI06 1991" and finally "T213 1991".

The systematic bias was relatively small and differences among the various samples were less obvious
for the DURING recurvature cases (Figure 3.5(c».

Although there were not many AFTER recurvature cases, they revealed systematic biases of a different
kinds (Figure 3.5(d». On one hand, the TI06 forecasts all had left-hand bias and the most significant one
pertained to the "TI06 1991" sample. On the other hand, the T213 forecasts seemed to behave differently
with a fast right-hand bias at T+72 hour. This may account for the decrease in skill at T+72 hour
observed in Figure 3.4(c). A noteworthy point is that the "SPECTRUM 1990" sample is shown to give
the least systematic bias, thereby contributing to the model's superior performance at T+48 and T+72
hours (Figure 3.4(c».

5. Summary and Discussion

The enhanced observational data collected during the field experiments in 1990 led to improvement of
the ECMWF model in TC track forecasting, especially at T + 24 hours for the BEFORE recurvature TCs
and also possibly at T+48 and T+72 hours for the DURING/AFTER recurvature TCs. However, the
TI06 model, apparently limited by its resolution to resolve the detailed structure of TCs, failed to perform
better at T + 48 and T + 72 hours for the BEFORE recurvature TCs in spite of the enhanced observational
data. This was in contrast to its better performances at T+48 and T+72 hours for the DURING/AFTER
recurvature cases although the improvement was not conclusive due to the small sample sizes. Does this
mean that the increase in spatial and temporal resolution of observations has a larger positive impact on the
model's performance at T + 48 and T + 72 hours in the baroclinic region but the increase is still inadequate
for the barotropic region? Or perhaps, given the enhanced data, the resolution of the TI06 model is
sufficientl y high for making better forecasts at T + 48 and T + 72 hours in the higher latitudes but still
inadequate for the tropics. The latter point seems to be supported by the behaviour of the T213 model.

The higher resolution T213 model is found to perform better than the T106 model in TC track
forecasting. This improvement is three-fold:

(a) reduction in forecast errors and increase in skill relative to the PER forecasts, especially at
T+48 and T+72 hours for the BEFORE recurvature TCs,



(b) reduction in the right-hand systematic bias relative to the best-track (or the northward bias
in an earth-oriented coordinate system), and

(c) reduction in the standard deviation of the forecast errors.

However, while the enhanced observational data collected during the field experiments led to an
improvement in the T+24 hour forecasts for BEFORE recurvature cases, the T213 model T+24 hour
forecasts did not show any advantage over the TI06 model forecasts. This seems to support the
concluding remarks of Dell'Osso and Bengtsson (1985), at least for BEFORE recurvature cases, that an
accurate initial state is a pre-requisite for an accurate prediction and, in some respects, this may become
even more important the shorter the range of forecast is. The drop in skill of the T213 model at T + 72
hour for the DURINGI AFTER recurvature cases is also a surprising and disturbing result, although the
sample size is probably too small for a firm conclusion to be made.
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3.3 TYPHOON DIDING AND THE MOUNT PINATUBO ERUPI10N

J.F. Bucoy, E.R. Gonzales, L. U. Dalida, 1.1. Valeroso, and R. T. Perez
PAGASA

Abstraa

On 12 June 1991, Mount Pinatubo erupted after 600 years of dormancy. The occurrence of Typhoon
Diding (yunya(9105)) coincided with the major eruption of Mount Pinatubo on 15 June 1991, resulting in
an extensive dispersion of volcanic ejecta in various directions. This case study shows the effects of the
circulation of Typhoon Diding on the extent of the volcanic plume distribution. Additional information on
the possible global effects within two years of the large accumulation of volcanic particles in the
atmosphere is also given.

1. Introduction

At a height of 1 745 metres above sea level, Mount Pinatubo is located at 15.1ON and 120.4°E near the
boundaries of three provinces, namely Pampanga, Tarlac and Zambales. It is one of the 21 volcanoes in
the Philippines. After lying dormant for the past 600 years, it erupted in June 1991.

2. The Case Study

The first major eruption of Mt. Pinatubo at about 8.51 a.m. on 12 June 1991, accompanied by
harmonic tremors, emitted a huge, gray mushroom-shaped ash-laden steam cloud which reached up to a
height of 20 Ian. Pyroclastic flow in the immediate vicinity of the volcano was observed, and heavy ash
fall was reported. This was followed by another major eruption between 10.51 p.m. and 11.05 p.m. of the
same day. At this point, the ash clouds reached 24 km high, covering the whole volcano region with
pyroclastic material downfall mixed with heavy rain. On the next day, 13 June 1991, another major
eruption was recorded from 8.41 a.m. to 9.10 a.m. with ash clouds reaching a height of 25 km.
Pyroclastic debris fall was observed in several provinces from Zambales to the Metro Manila area.

While the Mt. Pinatubo eruption episode was at its early stages, an active low pressure system east of
Catarman, Samar was spotted. It intensified to a tropical depression named Diding and the first Severe
Weather Bulletin was issued at 4 a.m. on 13 June 1991. Tropical Depression Diding had maximum wind
of 55 km/h near the centre as it moved towards the Bicol region. The prevailing winds over the Mt.
Pinatubo area from the surface up to 5 Ian was easterly, shifting to northeasterly at upper levels (from 9.7
km up). This was evident from the satellite pictures which showed the ash cloud mass displaced
southwestwards after the first major eruption on 12 June 1991.

Tropical Depression Diding continued to move northwestwards slowly at a translational speed of 10
km/h. It picked up strength and became a tropical storm on the night of 13 June 1991 with maximum wind
of 75 km/h near the centre. Six hours later, winds of 95 km/h battered the Bicol region, especially the
Catanduanes Island. After crossing the Catanduanes Island, it further intensified to a typhoon with
maximum wind of 120 km/h near the centre. On the morning of 14 June, Diding accelerated to the
northwest towards the Polilio Island, moving along the southern boundary of the sub-tropical ridge of high
pressure. Meanwhile, Mt. Pinatubo had another major eruption at around 1.09 p.m. on 14 June, sending
steam clouds to a height of 25 Ian above the vent. This was followed by another major eruption at around
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3.20 p.m. when a cauliflower-shaped cloud column towering to 30 Ian was clearly observed. At the same
time, Typhoon Diding was 130 Ian southeast of Polilio Island or 340 Ian east-southeast of Mt. Pinatubo.
Its outer-wind circulation started to affect the volcano area.

On 15 June 1991, a series of volcanic eruptions were observed at various times in the morning starting
from 1.15 a.m. to 8.31 a.m. sending steam and ash clouds to 20-25 Ian high in the atmosphere. A much
bigger eruption occurred at 10.27 a.m. when ash clouds reached up to 40 km high, followed by weaker
eruptions on the same day. The rapid rate of unloading of voluminous volcanic ejecta obscured the sun
and caused night-like darkness in the area and other nearby provinces. The pyroclastic debris downfall
deposited huge quantities of ash and pumice materials, causing the collapse of the roof of numerous houses
and affected even building structures at places as far as Pampanga.

Meanwhile, Typhoon Diding made landfall at 8.00 a.m. on 15 June over the province of Baler, some
90 km east-northeast of Mt. Pinatubo. It weakened to a tropical storm and continued to move northwest
towards Lingayen Gulf at a much faster translational speed of 18 kmlh. The presence of Typhoon Diding,
with its counter-clockwise (cyclonic) circulation of about 500 km across, greatly affected the dispersion of
the volcanic ejecta in directions and distances.

The volcanic plume resembled an emission from a gigantic point source (smoke stack) which was
carried along by the wind. In this case, the plume was cyclonically sucked into the typhoon's circulation
up to about 5 km into the troposphere. It then got caught up by the environmental flow which was
northeasterly at higher levels. Figure 3.6 shows a schematic representation of the volcanic ash cloud and
the wind flow at various levels.

The ash clouds from the 13-15 June eruptions covered a vast area and were carried by the winds of
Typhoon Diding to places as far as Metro Manila and Palawan to the south, Quezon Province to the east,
Ilocos Sur to the north, and the South China Sea to the west. The areal extent of the volcanic plume could
be seen from the satellite imageries (Figure 3.7). The ash clouds, advected by a strong northeasterly flow
emanating from an area of high pressure over southern China, moved towards Viet Nam. By 18 June, the
volcanic plume had moved to the Bay of Bengal and was extending towards southern India.

3. Atmospheric Effects of the Mt. Pinatubo Eruptions

Several atmospheric effects have been projected by a number of scientists. A study carried out by the
AMES Research Center (NASA) showed that the ash-and-gas clouds from the Mount Pinatubo eruption
would reduce the amount of sunlight reaching the tropics, thereby lowering the temperature for at least two
years. The team of scientists who measured the solar radiation over the region expected the amount of
sunlight reaching the lower atmosphere and the earth's surface in the tropics to be 3-5% lower than
normal.

Francisco P.J. Valeo, one of the atmospheric scientists, noted that sulphurous gases injected into the
stratosphere would form sulphuric acid droplets. They would absorb thermal radiation, raising
temperatures near the volcanic cloud but cooling the lower altitudes slightly. The debris from the Mount
Pinatubo eruption were found north and south of the equator above the 26-km level. It was reckoned that
Mount Pinatubo had cast substantially more debris into the stratosphere than the 1982 eruptions of
Mexico's EI Chichon volcano.

Another study undertaken pertained to the effect of the volcanic ejecta on the ozone layer. Guy
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Figure 3.6 Schematic representation of volcanic ash flow at various levels.
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Figure 3.7 GMS-4 visible imagery of Mount Pinatubo eruption at 08 UTC on 15 June 1991.



107

Brassur, the Director of the Atmospheric Chemistry Division at the National Center for Atmospheric
Research (NCAR) at Boulder, Colorado, gave some preliminary estimates of the upper limits for ozone
destruction. The study suggested that the levels of protective ozone might decline by 12% over the
northern United States and Europe for the 1991 winter, as a result of Mount Pinatubo's eruption. He also
stated the ozone decline would continue for the 1992 summer at about half the winter rate. The decline
would last for 2 to 3 years and would diminish in time.

The projections also found that ozone depletion would be more severe the further north one went. A
15% winter time depletion was projected for 500N latitude (Winnipeg, Manitoba, and north of Vancouver,
British Columbia in Canada), 12% winter time depletion for 400N latitude (philadelphia, Columbus, Ohio,
and the area north of Denver); 5% to 6% winter time depletion for 300N latitude (northern Florida and
north of New Orleans and Houston). The NCAR's projections were based on studies of sulphur dioxide
gas contained in the Mount Pinatubo eruption plume which, in combination with water vapour in the air,
formed aerosols that could enhance further chemical reactions conducive to ozone destruction. Ozone
researcher Richard Stolarski of the National Aeronautics and Space Administration's Goddard Space Flight
Center said the projections were plausible.

Note: Data of Mount Pinatubo eruptions came from personal communication with J.P. delos Reyes,
Science Research Specialist, PHIVOLCS.



3.4 ORMOC CITY FLOOD ON 5 NOVE.MBER 1991

(extracted from a report by PAGASA & NEDA)

1. Introduction

On 5 November 1991, flash floods triggered by the heavy downpour associated with tropical cyclone
Uring (Thelma (9125» ripped through Ormoc City, killing thousands of people.

A rainfall amount of 580.5 mm was recorded in six hours. The terrain of the watershed (Anilao and
Malbasag river basins) was rough and rugged with very steep slope. Soil upstream was loose, unstable
and highly susceptible to erosion. Numerous landslides, aggravated by massive deforestation, occurred in
the steep slopes.

The debris, along with driftwood, was carried downstream by flood water, causing the collapse of
roads and bridges as the river banks were eroded away.

Based on the findings of the JICA survey team, intense rainfall concentration, insufficient drainage
capacity at the Anilao Bridge, unsuitable channel alignment (the river bend was almost 90°) upstream of
Anilao Bridge and clogging of driftwood and other debris were the factors contributing to the flooding.
The accumulated debris at the river bend produced an artificial dam. When the bridge collapsed, the
temporary dam also collapsed and the full force of the water surged over the downstream areas.

The flash floods, which lasted for 45 minutes, affected a great number of residences (traditional houses
and shanties) located along the river banks.

2. Cause of Flash Floods

After the tropical storm, speculations were rife as to what really caused the flood water to rise to 10
feet high and then subside in a matter of minutes, particularly in Ormoc City. People wondered how a
relatively weak storm with maximum winds of 55 km/h could devastate Ormoc.

Informal interviews conducted by a team from the National Economic and Development Authority
(NEDA) revealed that there was heavy rain for a period of 3 to 5 hours before the flood. Some survivors
told the team of what they called "buhawi", described as circulating or spinning winds with water. They
pointed to the eroded mountainsides as evidence of the phenomenon. They claimed that there were at least
25 of the "buhawi". Others told of hearing some explosions.

At least three government agencies tried to evaluate the possible causes of the flash floods. They were
the National Economic and Development Authority (NEDA) which conducted a cursory investigation, the
Department of Environment and Natural Resources (DENR), and the Department of Science and
Technology (DOST). Summarized below are the findings by these agencies.

3. NEDA's Observations

The NEDA team conducted a visual inspection of the affected areas and reported the following
observations:
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1. Ormoc City was situated between two rivers: the Anilao River on the western side and the Malbasag
River on the eastern side.

2. Both rivers were flanked by mountains and hills. There was a hill between the two rivers. As the
rivers flowed toward the city, they formed a funnel-like shape.

3. Upstream, there was no evidence of any dam constructed to divert water for sugarlands or to serve
as log pans.

4. The remains of the debris carried downstream by the flood water included:
a) a few sawed logs,
b) uprooted forest trees,
c) sawed off tree branches,
d) uprooted coconut trees,
e) debris from forest plants, and
f) mountain soil covering the rice paddies.

5. Malbasag River seemed to be at a higher elevation than Anilao River. A map of the area showed
that Malbasag River was at a certain point 100 metres above sea level, dropped and spread out at 70
metres, then to 10 metres as it reached the flat open area near the city, and finally to 5 metres at the
city proper. Anilao River, on the other hand, started spreading out at 28 metres and then down to
10 metres as it reached the settlement area in Isla Verde.

On the basis of these observations, the NEDA team came up with the following conclusions:

1. Ormoc City was prone to flooding from the Malbasag River.

2. Waters of the Malbasag River and Anilao River could have risen to a level of 2-3 metres above the
lower banks.

3. Flood water from Malbasag River flowed out to join Anilao River at Barangay Dongholan. Because
of the slope, the bulk of the flood water cascaded towards the city with increasing velocity and force.

4. The flood water that hit Ormoc City came from Malbasag River. The force of this water was abated
by two big warehouses which stood in the way of the flood water as it approached Ormoc.

5. Water from Anilao River hit Isla Verde which was on the lower banks of the river. With the water
dammed up by debris at the Anilao Bridge, Isla Verde was swamped out. When the bridge broke,
the full force of the water bore down on Barangays Alegria, Punta and Barda, causing a great loss of
lives and properties.

The NEDA team, however, could not explain how such a great volume of flood water could have
accumulated in so short a time.



4. DENR's Hypothesis

The Department of Environment and Natural Resources (DENR) attributed the flash floods to the heavy
rain brought by Tropical Storm "Uring" on 5 November 1991. According to the rainfall recorded in
Tacloban City, 148.2 millimeters fell in three hours. The rain fell on the 4 5OO-hectare watershed area in
Ormoc City which was already saturated with the rain that started on the midnight of 4 November 1991.
The enormous volume of water (2,250,000 m3/h) from the steep slopes (highest elevation was 880 m) of
the watershed area eroded the headwaters and banks of the Anilao and Malbasag Rivers. The resulting
landslides deposited a great volume of soil and uprooted trees downstream.

Ormoc City, directly in the path of the converging Anilao-Malbasag rivers, was not spared. The
torrent of flood water cascaded through Ormoc City into the Ormoc Bay.

5. DOST's Scientific Study

DENR's hypothesis was corroborated by a study conducted by the Department of Science and
Technology's (DOST's) Ormoc Task Force Scientific Study Group. The group reported that the storm's
intense rainfall was confined to a relatively small area as deducted from satellite pictures, radar and surface
rainfall observations. Rainfall recorded in Tacloban City on 5 November 1991 corresponded to an event
with return period of 50 years.

The heavy rain affected the watershed areas of Naliwatan, Marabong, Barogo, Malitbog and Daguitan
rivers in the east and the Anilao and Malbasag rivers in the west.

The flood water from the numerous tributaries of Anilao and Malbasag rivers converged at a common
point (Ormoc City) at almost the same time. The peak of the floods occurred almost simultaneously with
the high tide at Ormoc Bay into which both rivers were drained.

The group's report further revealed that the soils upstream of the watershed area, particularly those on
the steep slopes, were of volcanic origin. This type of soil was characterized as loose, unstable and highly
susceptible to erosion. The numerous fresh scars on the steep embankment of Bao, Mal itbog , and other
headwater's river channels of the Ormoc watershed were the results of landslides. Landslides occurred in
slopes devoid of forest trees and where the dominant vegetation were mainly grass and shrubs.

The Scientific Study Group concluded that several interrelated factors contributed to the occurrence of
flash floods:

1. The occurrence of tropical storm "Uring ".

2. The unusually high and intense rainfall concentration.
Rainfall amounts collected for the 24-hour period from 8:00 a.m. on 5 November 1991 to 8:00 a.m.
on 6 November 1991 in four separate places (Tacloban, Tongonan, Isabel and Merida) gave an
average rainfall of 284 mm, or an average estimated water volume of 13 million cubic meters. The
unusually high and intense rainfall concentration within a span of three hours triggered off landslides
in several parts, particularly in the upper slopes of the watershed. The existing vegetation cover in
the watershed area was not as effective as forest cover in minimizing soil erosion and modulating
water runoff (see Fig. 3.8). The landslide debris contributed to the volume and energy of the flood
flow.
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Figure 3.8 Flood hydrograph of 5 November 1991.

3. The type of river system.
The basin characteristic and steep slopes in the watershed area caused the flood water from the
numerous tributaries of Anilao and Malbasag rivers to converge simultaneously at a common point.
The artificial constriction of flow due to encroachment along river banks of Anilao and the clogging
of debris at Cogon Bridge led to a momentary damming effect upstream. The relatively steep slopes
of the watershed enhanced the sudden rush of flood water.

To prevent the recurrence of similar tragedies, the Scientific Study Group made the following
recommendations:

1. Urgent and dedicated implementation of the reforestation programme.
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2. Strict implementation of urban and rural zoning and land use plans (e.g. settlements near river banks
should not be allowed).

3. Implementation of an effective and efficient watershed management programme.

4. Identification of potential flood hazard zones in the country and extension of flood warning system.
Possibility of proper management by local government units should be explored.

5. Implementation of a massive water resource management scheme such as Small Farm Reservoir
(SFR) and Small Water Impounding Programme (SWIP).

6. A nationwide intensification of disaster preparedness and environmental awareness campaigns against
floods, earthquakes and typhoons.

7. Critical assessment of other areas with similar ecological setting as Leyte.

8. Improvement of drainage system.

9. Stepping up the national research and development efforts in the following areas of concern:
hydrometeorological studies and monitoring, watershed management, socio-economic studies, and
watershed characterization and resources inventory.

6. Rehabilitation Plan

To speed up the rehabilitation programme and to prevent the recurrence of similar calamities, the
Regional Development Council (ROC) had set up an interagency task force.

The task force was in the process of formulating a rehabilitation plan to rehabilitate the flood victims
and to restore flood-damaged agricultural facilities and other infrastructure. It was estimated that over
536 960 million pesos would be required to implement the plan. Possible funding sources included the
Philippine Government as well as other local and foreign donors.

The plan being prepared by the task force would be implemented in two phases: Phase I for projects
that could be completed within one year and Phase II for long-term projects.

Phase I or the Short-Term Plan would focus on the repair of damaged houses and infrastructure such as
utilities, communication facilities, roads, bridges, ports and airports. Also to be included in this phase
were the Care Shelter Assistance Programme and other livelihood activities. These projects would be
given priority in the 1992 budget.

Phase II or the Long-Term Plan would concentrate on projects designed to control floods. These
projects would include the construction of dikes, re-channelling of rivers, and reforestation. Also to be
pursued in the long run were programmes in social housing and rehabilitation of agricultural, livestock and
fishery production areas.
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CHAPTER 4

WMO TROPICAL CYCWNE PROGRAMME NEWS

4.1 INTRODUCTION

The WMO Congress was saddened by the news of the tropical cyclone disaster in Bangladesh in April
1991. It noted the reports that preventive measures taken by the Bangladesh Government, particularly
cyclone shelters and the early warning system, significantly reduced the number of casualties. The
Bangladesh Government expressed its appreciation of the favourable support given by WMO under the
Tropical Cyclone Programme (fCP) to the development of the warning system and, in this connection, the
great value of frequent advisories provided by RSMC-Tropical Cyclones New Delhi to support the national
Meteorological Service of Bangladesh in issuing very good forecasts and early warnings on this cyclone.
Congress congratulated the Bangladesh Meteorological Department for the excellent work it had done in
meeting its responsibility for the provision of warnings. However, Congress also recognized that there was
a pressing need for much more to be done and called for continuing and strengthened efforts under the
TCP towards mitigation of disasters caused by tropical cyclones.

On reviewing the activities and developments under the TCP, Congress expressed great satisfaction at
the considerable progress made, since Tenth Congress, in both the implementation and further planning of
the general and regional components of the programme. It commended,in particular, the Members
participating in the work of the five regional tropical cyclone bodies and expressed its appreciation to
them. Congress also acknowledged the valuable contribution of other WMO Members and the many
national and international organizations, especially UNDP, ESCAP, UNDRO and LRCS, towards the
implementation of the regional as well as the general components of the TCP. It learnt that Members
concerned were particularly pleased with advances made in the improvement of operational tropical
cyclone and flood forecasting and warning systems, in the provision of products to meet user requirements,
in enhancing the response to warnings and in training of personnel under the programme.

Congress was particularly gratified by the valuable assistance provided through the WMO Voluntary
Co-operation Programme and bilateral arrangements, which helped to accelerate the implementation of
WWW facilities and the training of personnel. Additionally, Congress recorded its appreciation for the
considerable support with equipment, expert services, fellowships and group training provided by UNDP
and other funding agencies, particularly FINNIDA and the European Development Fund.

Congress expressed its satisfaction with the active support that had been given by WMO to the planning
and implementation of the International Decade for Natural Disaster Reduction (lDNDR). At international
and inter-agency levels, Congress adopted the WMO Plan of Action for IDNDR with the understanding
that the major part of the funding for the special projects would come from extra-budgetary sources.
Congress was pleased to learn that the European Development Fund would be providing support for the
development of the tropical cyclone warning system for the South-West Indian Ocean region and that this
would contribute substantially to the implementation of the project on that subject in the WMO Plan of
Action for the IDNDR.

Taking into account the support for IDNDR that could be provided through TCP, Congress requested
acceleration of activities under the programme, particularly those in disaster preparedness and prevention
in co-operation with organizations such as UNDRO and LRCS. Stress was placed on the need to upgrade



and improve the telecommunications systems as the top priority in most regions, especially in the southern
part of Region IV. Congress also requested the intensification of work under the general component,
including preparation and updating of guidance material and training of personnel. Congress appealed to
UNDP, VCP donor Members and other potential donors to provide or increase support as needed to
cyclone-prone Members in connection with TCP activities. It was agreed that the series of International
Workshops on Tropical Cyclones would continue to be organized as a joint activity of Tropical
Meteorology Research and Tropical Cyclone Programme.

A draft of the sections on the TCP of the Third WMO Long-term plan (TLTP) (1992-2001) was
developed by the Secretariat and submitted to Cg-XI. Emphasis was placed on the promotion of
technology transfer and public information and education. The draft was adopted by Congress in May
1991.

4.2 PROGRAMME ACTIVITIES IN 1991

The main activities under the general component continued to be directed towards the publication of
manuals and reports, which provided information and guidance to Members and thereby assisted them in
the increasing application of scientific knowledge and technologicaldevelopments for the improvement of
warning and disaster prevention and preparedness systems. Under this component, attention was also given
to the broader aspects of training under the TCP.

Papers presented at the first SPECTRUM Technical Conference (Tokyo, Japan, 10-13 December 1990)
were published in August 1991 as a WMO Technical Document (WMO/TD-No.426) in the TCP series
(TCP-27).

The report prepared under TCP Project No.17 - "Tropical Cyclones and their Forecasting and Warning
Systems in the North Indian Ocean" compiled by Mr. G.S. Mandai (India) was published in September
1991 as a WMO Technical Document (WMOITD-No.430) in the TCP series (TCP-28).

Preparation and organization were started for the Third WMO International Workshop on Tropical
Cyclones (IWTC-III) to be held in Mexico in late 1993. An international committee for IWTC-III was
established in November 1991.

Many activities were carried out under the regional component with a view to minimizing tropical
cyclone disasters through close regional co-operation and co-ordination. Major emphasis was placed on
the improvement in the accuracy of forecasts, provision of timely early warnings and on the establishment
of appropriate disaster preparedness measures. Invaluable assistance was provided through the UNDP
regional projects for support to the programmes of four regional tropical cyclone bodies, i.e., the
ESCAP/WMO Typhoon Committee, the WMO/ESCAP Panel on Tropical Cyclones, the RA V Tropical
Cyclone Committee for the South Pacific and South-East Indian Ocean and the RA IV Hurricane
Committee. Substantial progress was made in the development and improvement of tropical cyclone
forecasting and warning facilities and services through the provision of equipment, expert services,
fellowships and group training.

Project proposals for three regional technical co-operation projects on mitigation of tropical cyclone
disasters in the context ofIDNDR were submitted in December 1991 for inclusion in the UNDP inter-
country programme, Asia and Pacific region, for 1992-1996.
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An RA V Tropical Cyclone Committee Implementation Co-ordination Meeting on the GTS was
organized by WMO at the Headquarters of the Australian Bureau of Meteorology in Melbourne from 5 to
8 March 1991. It reviewed the present operational status of the point-to-point circuits called for in the
regional meteorological telecommunication plan. It was recommended that GTS links with a minimum
speed. of 2400 bitls should be established between Melbourne-Nadi, Melbourne-Port Vila and Melbourne-
Honiara. The Melbourne-Port Moresby link would also be upgraded.

Terminal reports on the regional projects for the UNDP fourth programming cycle (1987-1991),
finalized by WMO for three regional technical co-operation projects, were submitted to UNDP and the
participating Members.

FSCAPIWMO Typhoon Committee

At the request of the Typhoon Committee and as a follow-up to SPECTRUM, a Technical Conference
on SPECTRUM was organized by WMO in co-operation with the Typhoon Committee Secretariat (TCS)
and China in Guangzhou, China from 25 to 29 November 1991. It was attended by 57 tropical cyclone
experts, including operational forecasters and researchers from the region and observers representing
USA's Tropical Cyclone Motion (TCM-90) field experiment and the WMO Commission for Atmospheric
Sciences (CAS).

The RSMC Tokyo - Typhoon Center started to provide Typhoon Committee Members twice each year
with the results on the monitoring of information exchange when enhanced tropical cyclone observations
were carried out. This monitoring was done with a view to improving data availability among the
Typhoon Committee Members and other relevant national Meteorological Services in the region.

With the assistance of UNDPIWMO regional project funds, training activities were strengthened under
the TCDC scheme, which included a forecaster exchange programme, attachment to advanced centres and
also group training at the Japan Meteorological Agency for improving tropical cyclone warning services.

Typhoon Committee Annual Review 1990 was a special issue highlighting the activities of
SPECTRUM. It was compiled by the Chief Editor, Mr. Edwin S.T. Lai (Hong Kong), with co-operation
from the National Editors. With financial assistance from the Typhoon Committee Trust Fund, the
Typhoon Committee Newsletter No.3 of 1991 prepared by TCS was issued in late 1991 for distribution to
Members of TCP regional bodies and to agencies concerned.

A consultancy mission was carried out by Dr. Lim Joo Tick (Malaysia) to Member countries from 3 to
23 June 1991 to prepare a UNDP/WMO regional project terminal report for the fourth UNDP
programming cycle (1987-1991).

Other news can be found in Chapter 1.

WMO/FSCAP Panel on Tropical Cyclones

Under the Panel's regional computer network project and with assistance from the UNDPIWMO
regional project funds, an Analyzing, Forecasting and Data-processing Operational System (AFDOS), a
micro-computer based workstation to support the operational services, was installed in Myanmar in
December 1991. The software was provided by China under WMONCP assistance.



Sponsored by the UNDPIWMO regional project funds, a regional workshop on Tropical Cyclone and
Storm Surge Forecasting was held in Colombo, Sri Lanka from 11 to 15 November 1991 with participants
from the Meteorological Services of Bangladesh, Pakistan and Sri Lanka. Emphasis was placed on the
application of micro-computer facilities installed under the regional computer network project in the Bay of
Bengal and the Arabian Sea region with a view to upgrading the forecasting and warning services for
tropical cyclones and associated storm surges. This workshop was a follow-up to the one held in Colombo
in September 1990.

The Telecommunications and Electronics Equipment (fEE) expert of the UNDPIWMO regional project
carried out many missions to the Panel countries before the completion of his duties in February 1991. He
provided advice, assisted in solving problems encountered in meteorological telecommunications and
instruments, and carried out on-the-job training at the national Meteorological Services visited. Based on
his findings and recommendations, Members' specific requirements for upgrading facilities and services
related to tropical cyclones were supported under the UNDPIWMO regional project funds.

A UNDPIWMO regional project provided two sets of high gust anemometers which were installed at
Kheppupara and Cox's Bazar in Bangladesh.

The publication "Panel News for 1991" was issued in December 1991 through the efforts of the Co-
ordinator of the Panel's Technical Support Unit (fSU) and the Panel Members.

In response to the request of the Panel at its eighteenth session (Male, Maldives, January to February
1991), a new edition of the Tropical Cyclone Operational Plan for the Bay of Bengal and the Arabian Sea
was published in mid-1991 (in English only) as a WMO Technical Document (WMO/TD-NO.84) in the
TCP series (TCP-21).

RA I Tropical Cyclone Committee for the South-West Indian Ocean

A regional project for the South-West Indian Ocean region was approved for financial backing by the
European Development Fund (EDF) through the "Commission de l'Ocean Indien". The financing
arrangement was in the form of a four million ECU loan and a one million ECU donation the governments
that signed the agreement. This could be the first time in the world of meteorology that governments at a
regional level accepted a loan to finance the development of their meteorological services.

Through bilateral assistance from FINNIDA and developed countries, Members of the Committee on
mainland Africa upgraded and strengthened their services.

In compliance with the meteorological component of the Committee's Technical Plan, upper-air stations
in Mtwara and Kigoma of Tanzania and a DCP at Mutare of Zimbabwe were established.

An exchange programme for forecasters was implemented during the tropical cyclones peak season in
early 1991 based on the detailed plan developed at the Ninth Session of the Committee (Zimbabwe,
October 1989).

The tenth biennial session of the RA I Tropical Cyclone Committee for the South-West Indian Ocean
was held in Mahe, Seychelles from 21 to 26 October 1991 in the presence of the President of RA I. While
reviewing and updating its technical and operational plans, the Committee noted the need for a
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complementary Regional Project on Human Resources Development. It requested the finalization of a
project proposal by its Chairman, Mr. Y. Valadon (Mauritius), with the assistance of the WMO
Secretariat, for submission to UNDP. It requested WMO to organize an Expert Group Meeting before
August 1992 in St. Denis, Reunion prior to the demonstration of the capabilities of the Regional Tropical
Cyclone Advisory Centre (RTCAC), Reunion as an RSMC with activity specialization in tropical cyclones
at CBS-X (Geneva, November 1992).

At the request of the Committee and within the framework of the WMO Plan of Action for the IDNDR,
an RA I Roving Training Seminar on Tropical Cyclone Forecasting was organized by WMO in Maputo,
Mozambique from 28 October to 1 November 1991 for English-speaking countries and in St. Denis,
Reunion from 4 to 8 November 1991 for French-speaking participants. Emphasis was placed on practical
rather than theoretical training. The seminars comprised lectures, exercises (particularly exercises on
satellite and radar data interpretation), demonstrations and group discussions. In Maputo, it included
"hands-on" training on the use of a computer program on the Australian Tropical Cyclone Workstation
(ATCW) for operational tropical cyclone forecasting. Based on the experience gained during the seminars
in both Maputo and Reunion, the participants unanimously agreed that the seminars were highly successful
and achieved their objectives of providing support to technology transfer and promotion of human
resources development. The seminars made specific recommendations on future training of tropical
cyclone forecasters in the South-West Indian Ocean region.

The report prepared by RTCAC in Reunion on the 1990-1991 cyclone season in the South-West Indian
Ocean was distributed to all the RA I Tropical Cyclone Committee Member countries as well as to a
number of international experts and specialized agencies concerned with cyclone disaster mitigation.

RA IV Hurricane Committee

The latest meeting in the series of RA IV Workshop on Hurricane Forecasting and Warning was held at
the RSMC Miami - Hurricane Center from 18 to 27 March 1991 to train English-speaking and Spanish-
speaking Class I and Class II hurricane forecasters. The workshop, conducted with interpretation in
English and Spanish, was attended by participants from 19 Members of the region.

The Implementation Co-ordination Meeting on the GrS in RA IV was held in Port of Spain, Trinidad
and Tobago from 2 to 8 April 1991. The meeting considered a draft outline plan for the future regional
meteorological telecommunication network which would be based on two-way point-to-multipoint
communication services via satellite.

The Committee at its thirteenth session (Port of Spain, Trinidad and Tobago, 9-15 April 1991)
supported the view of the Implementation Co-ordination Meeting that the proposed satellite-based network
would meet the requirements for exchange of meteorological data and products in an efficient and cost-
effective manner. It concluded that a meeting would be required to develop the plan further and to
consider its implementation and financial aspects, particularly the cost sharing arrangements. Accordingly,
the Committee, as a high priority item, asked the President of RA IV to request the Secretary-General of
WMO to plan for such a meeting which should be held as soon as definite cost assessments were available
and prior to the award of the contract for the telecommunication service by the United States National
Weather Service.

Supplement No.3 to the Hurricane Operational Plan (1988 edition), which included changes to the text
approved by the President of RA IV at the thirteenth session of the Committee and amendments to the



annexes provided by Members, was issued in late 1991 in both English and Spanish.

Major activities for the English-speaking Caribbean countries were undertaken in the upgrading of
hydrological data processing facilities, improvement of hydrological networks and training of personnel.

A new project was to be implemented during the period 1991 to 1993 for the rehabilitation and
improvement of Meteorological and Hydrological Services in Belize, Costa Rica, EI Salvador, Guatemala,
Honduras, Nicaragua and Panama.

RA V Tropical Cyclone Committee for the South Pacific and South-East Indian Ocean

A Workshop on Tropical Cyclone Forecasting took place at the Tropical Cyclone Warning Centre in
Nadi, Fiji from 8 to 19 October 1991 with support from the UNDP Manpower Development Project funds.
Attention was given to the interpretation and use of tropical cyclone forecast products from
WMCs/RSMCs and other meteorological centres with activity specialization in tropical cyclones. The
workshop comprised lecture presentations, case studies, practical exercises, group discussions and the use
of audio-visual aids.

A new edition of the English version of the Tropical Cyclone Op.erational Plan for the South Pacific and
South-East Indian Ocean was published in December 1991 as a WMO Technical Document (WMOITD-
No.292) in the TCP series (fCP-24). The French version would be issued in March 1992.

Co-operation with other organizations

Close co-operation with other international and regional organizations continued. Consultation was
maintained with ESCAP, UNDP, UNDRO, LRCS and other organizations on a variety of matters of
common concern. The main items included ESCAP's sponsorship of the Typhoon Committee and the
Panel on Tropical Cyclones, UNDP's invaluable support of regional projects, as well as the involvement
of UNDRO and LRCS in the disaster prevention and preparedness component of the TCP, particularly in
the context of IDNDR.

The four regional tropical cyclone bodies sponsored by UNDP agreed that there had been substantial
progress made towards attaining the objectives of the TCP, particularly in the provision of equipment,
expert services, fellowships and group training which were essential for the further improvement of
forecasting and warning services in their respective regions.

A Workshop on Improving Cyclone Warning Response and Mitigation was organized in Nadi, Fiji
from 8 to 12 April 1991. The Chief Technical Adviser of the UNDPIWMO regional project for the South
Pacific was also present.

A Regional Seminar on Strengthening Disaster Management in the South Pacific was organized by
UNDRO in Suva, Fiji from 26 to 28 March 1991. Mr. R. Prasad (Fiji), Co-ordinator of the UNDPIWMO
regional project for the South Pacific, attended the seminar as representative of WMo.
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Expert Group Meeting on the Development of the Regional Tropical Cyclone Advisory Centre (St.
Denis, Reunion, 7-10 July 1992);

4.3 PROGRAMME FOR 1992

A provisional schedule for 1992 of meetings and training events within or related to the TCP is given
below:

Joint session of the WMO/ESCAP Panel on Tropical Cyclones and the ESCAPIWMO Typhoon
Committee (pattaya, Thailand, 18-27 February 1992);

RA IV Workshop on Hurricane Forecasting and Warning (Miami, USA, 6-17 April 1992);

RA IV Hurricane Committee, fourteenth session (Belize City, Belize, 28 April to 4 May 1992);

RA V Tropical Cyclone Committee for the South Pacific and South-East Indian Ocean, fourth
session (Noumea, New Caledonia, 6-12 October 1992);

ICSUIWMO Symposium on Tropical Cyclone Disasters (Beijing, China, 12-16 October 1992);

Seminar on Tropical Cyclone Forecasting and Research (Nanjing, China, 27 October to 7
November 1992);

ESCAPIWMO Typhoon Committee, twenty-fifth session (Zhuhai, China, 8-14 December 1992);

Technical Co-ordination Meeting on Operational Tropical Cyclone Forecasting and Dissemination
of Results by RSMCs (Tokyo, Japan, 16-21 December 1992).
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APPENDIX I

WMO TROPICAL CYCWNE PROGRAMME - GENERAL COMPONENT

Status of Implementation on 31 December 1991

A. Projects completed or under which reports have been issued

Project number and title

No.1 - Special tropical cyclone
observing network

No.2 - Observations from mobile
ships

No.3 - Automatic weather stations

No.4 - Radar

No.5 - Geostationary satellites

No.6 - Forecasting tropical cyclone
intensity and movement

No.7 - Storm surge prediction

No.8 - Risk evaluation techniques

No. 10- Community preparedness
and disaster prevention

No. 11- 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 tropi-
cal cyclone areas" issued in July 1981.

"Weather radars for monitoring tropi-
cal cyclones" issued in December
1984.

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

"Operational Techniques for Fore-
casting Tropical Cyclone Intensity and
Movement" issued in August 1979.

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

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

"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-No.473)*.

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

WMO Publication
(WMO-No.500)*.

WMO Publication
(WMO-No. 455). Spanish*

Published by WMO.

Ajoint ESCAP/WMO 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 Ex-
periment (fOPEX)

TOPEX Report No.l-
"First Planning 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 Planning Meeting", issued in
June 1982.

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

TOPEX Report No.7 -
"First Operational Experiment -
Report of the International Ex-
periment Centre", issued in March
1983.

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

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

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

"TOPEX Evaluation Meeting",
published in March 1985.

"Activities under the Hydrological
Component of TOPE X" , published in
May 1985.

"Counter-Attack: The Story of the
Typhoon Operational Experiment",
published in 1987.
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WMO Publication in the TCP Beries
(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.

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



B. Other ·projects

Project number, title and
objectives

Tropical cyclone warnings

Objectives:
The production of
guidelines describing the
main principles and practi-
cal 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)

No. 9-

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 ca-
pability of updating the
models used to
generate the atlases
with a view to faci-
litating simulation ex-
ercises as well as
revision of the atlases.

d) To provide for train-
ing 0 f personnel in-
volved in the appli-
cation of the atlases.

No. 14 - Public information and
education

Objectives :

To prepare guidance and
sample material to assist
Members in the im-
provement of their public
information and education
programmes

No. 16 - Guide on Tropical Cyclone
Forecasting

Objectives :

To prepare guidance and
assistance to tropical
cyclone forecasters in all
tropical cyclone regions
and basins.

Mode of implementation

Revision and updating carried out by
small group of experts:

Mr. R. FallB (Australia) - Leader
Mr. R. Lau (Hong Kong).
Mr. J. Flores (Philippines).

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

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

Editorial Group established.

Collection of current forecast manuals.
development of overall manual
structure.
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Status

Published in December 1990 in the
TCP series as Report No. TPC-26.

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

Meteorological aspects of the
report have been completed. Some
work has been done on the Disaster
Prevention and Preparedness aspects
of the report.

August 1989

August to October 1989



Editors complete detailed draft of
manual content.

Expert meeting on planning
preparation of the manual, including
finalizing contents.

Expert meeting report, including
recommended pro forma for draft
chapters, distributed.

Authors to provide chapter outlines
to Chief Editor, with all topics and
sub-topics headings and point form
descriptions as necessary.

First draft to Chief Editor.

Second draft to Chief Editor.

Review requested from ocean basin
representatives, technical experts and
others as desired.

Final copy to Chief Editor.

Submission of complete and final
version to WMO.

Final technical editing and provision of
camera-ready copy.

Publication by WMO and distribution
prior to the Southern Hemisphere
cyclone season.

* Out of print

** Reprinted in 1989
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November 1989

December 1989
(immediately following
IWI'C-m
January 1990

April 1990

March 1991

October 1991

January to April 1992

May 1992

July 1992

September 1992

October 1992



I. Technical Documents (Programme Reports) - Tropical Cyclone Programme (TCP) series
(including TOPEX report sub-series)

WMO-No. 565*

(TCP-1)

(TCP-2)*

(TCP-3)*

(TCP-4)

WMO-No. 570*
(TCP-5)

WMO-No.573
(TCP-6)

(TCP-7)

(TCP-8)

(TCP-9)

(TCP-10)

(TCP-l1)

WMO-No.618
(TCP-12)

(TCP-13)

(TCP-14)

(TCP-15)

(TCP-16)

WMOITD-No. 8
(TCP-17)

WMO/TD-No. 21
(TCP-18)

WMO/TD-No. 26
(TCP-19)

WMOITD-No. 37
(TCP-20)

WMOITD-No. 84
(TCP-21)

WMOITD-No. 185
(TCP-22)

WMO/TD-No. 196
(TCP-23)

APPENDIX II

TROPICAL CYCLONE PROGRAMME REPORTS

First Planning Meeting for TOPEX. TOPEX Report No.1. 1980.

TOPEX Operational Manual (Core Experiment). 1980. Revised 1983.

Report on the WMO Workshop on the Use of Satellite Data for Hurricane
Detection and Prediction. 1981.

Tropical Cyclone Programme Plan of Action. 1981. E, F, R*, S.

Automatic Weather Stations for Tropical Cyclone Areas. 1981.

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

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

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

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

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

Human Response to Tropical Cyclone Warnings and their Content. 1983*.
Reprinted 1989.

Tropical Cyclone Operational Plan for the South-West Indian Ocean. 1983*.
New edition 1990. E, F.

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

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

A Preliminary Evaluation of the TOPEX First Operational Experiment -
Meteorological Component. TOPEX Report No.9. 1983.

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

Weather Radars for Monitoring Tropical Cyclones. 1984.

TOPEX Evaluation Meeting. 1985.

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

Activities under the Hydrological Component of TOP EX. 1985.

Tropical Cyclone Operational Plan for the Bay of Bengal and the Arabian Sea.
1986. New edition 1991.

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

Typhoon Committee Operational Manual- Meteorological Component. 1987.

124



Tropical Cyclones and their Forecasting and Warning
Systems in the North Indian Ocean. 1991.

II. Other relevant published reports

* Out of print
(E = English, F = French, S = Spanish, R = Russian)

WMOrrD-No. 292
(TCP-24)

WMOffD-No.327
(TCP-25)

WMOrrD-No. 394
(TCP-26)

WMOffD-No. 426
(TCP-27)

WMorrD-No. 430
(TCP-28)

A. TCP Projects

WMO-No.455
Special
Environmental
Report

WMO-No. 473*
Technical Note
No. 153

ESCAP, WMO,
LRCS

WMO-No. 500*
Marine Science
Affairs

WMO-No.528
World Weather
Watch

B. TCP Regional Bodies

WMO-No.524
World Weather
Watch

WMO, ESCAP
ESCAPIWMO
Typhoon
Committee

ESCAPIWMO
Typhoon
Committee

WMO/ESCAP
Panel on
Tropical
Cyclones

C. Operational Hydrology

WMO-No.655
Operational
Hydrology

WMO-No.704
Operational
Hydrology

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

Some Aspects of Flood Forecasting System8 in Asia, 1984 to 1988. 1989.

Tropical Cyclone Warning Systems. 1990.

Papers presented at the First SPECTRUM
Technical Conference (Tokyo, Japan, 10-13 December 1990). 1991.

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

The Use of Satellite Imagery in Tropical Cyclone Analysis. 1977.

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

Present Techniques of Tropical Storm Surge Prediction. 1978.

Operational Techniques for Forecasting Tropical Cyclone
Intensity and Movement. 1979*. Reprinted 1989.

Regional Association IV (North and Central America) Hurricane
Operational Plan. 1979*. New editions 1985*,1988. E, S.

Symposium on Typhoons. 1980*

ESCAPIWMO Typhoon Committee Annual Review for 1985,1986,
1987, 1988, 1989, 1990. Six reports, issued in each case in the
following year.

Panel News. 1981*. 1982*. 1983*. 1988. 1989. 1990. 1991.

Tropical Hydrology. 1987.

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