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ESCAP, WMO AND THE ESCAP/WMO TYPHOON COMMITTEE

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

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

The Commission also:

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

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

provides advisory services to Governments at their request;

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

WORLD METEOROLOGICAL ORGANIZATION (WMO)

The World Meteorological Organization (WMO), a specialized agency of the
United Nations, serves:

to facilitate intemational cooperation 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 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 cooperation
between Meteorological and Hydrological Services;

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

)CJl
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THE ESCAPIWMO TYPHOON COMMITTEE

Under the auspices of ESCAP and WMO, the Typhoon Committee was constituted
with a view to promoting and coordinating efforts for minimizing tropical cyclone 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 cooperation with WMO, should
study the practical means of initiating a joint programme of investigations of tropical
cyclones in the ECAFE region. Accordingly, a meeting of the Working Group of Experts
on Typhoon was organized by ECAFE and WMO with financial assistance from the
United Nations Development Programme (UNDP) in Manila in December 1965. Noting
the extensive damage caused by tropical cyclones in the region, the meeting recommended
that a Preparatory Mission on Typhoons be organized to visit the countries in the ECAFE
region and neighbouring countries affected by tropical cyclones, in order to formulate an
action programme to mitigate tropical cyclone damage. It also recommended that a
second meeting of experts be convened to examine the report of the Mission.

Consequently, the ECAFE/WMO 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, tropical cyclone
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.

TIle 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 tropical cyclone damage as ameans 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 tropical
cyclones. Accordingly, tbe meeting recommended that a Typboon Committee with a
Regional Typhoon Centre as its executive body be established under the auspices of
ECAFE in cooperation with WMO; and the ECAFE and WMO secretariats were
requested to draft jointly tbe statute and rules of procedure of the proposed Typhoon
Committee and to convene an ad hoc meeting of government representatives to consider
and finalize tbe drafts.

TIle ad hoc meeting on tbe statute of the Typboon Committee was held in Bangkok
from 29 February to 2 March L968. The meeting, besides finalizing and adopting tbe
statute and rules of procedure of the Typhoon Committee, recommended that the statute
of the Typhoon Committee be submitted to tbe twenty-fourth session ofECAFE and the
appropriate body of WMO for consideration. It also recommended that ECAFE and
WMO should provide a small staff to undertake the preparato:ry work required for the
implementation of the programme recommended by the Mission.

*ECAFE was named as ESCAP (Economic and Social Commission for Asia and the Pacific) in 1974.
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At its twenty-fourth session in April 1968, ECAFE endorsed the establishment of
the Typhoon Committee in accordance with the statute as adopted by the ad hoc meeting.
In a parallel action, the WMO Executive Committee, at its twentieth session in 1968,
endorsed the establishment of the Typhoon Committee.

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

Thefunctions of the Committee are to:

review regularly the progress made in the various fields of tropical cyclone damage
prevention;

recommend to the participating Government plans and measures for the
improvement of meteorological and hydrological facilities needed for tropical
cyclone damage prevention;

recommend to the participating Government 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 tropical cyclone forecasting and waming, 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 coordination of research programmes and activities
concerning tropical cyclones;

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 UIlder the five components of meteorology, hydrology, disaster
prevention and preparedness, training, and research with contributions and cooperation
from its Members and assistance by the UNDP, ESCAP, WMO and other agencies.

The Typhoon Committee is currently composed of 12 Members: Cambodia,
China, Democratic People's Republic of Korea, Hong Kong, Japan, Lao People's
Democratic Republic, Macau, Malaysia, the Philippines, Republic of Korea, Thailand and
VietNam



TYPHOON COMMITfEE (1995 - 96)

Disaster Prevention and Preparedness Expert
(Part-time)

Mr. Fortunato M. Dejoras (Philippines)

Chairman Mr. Cheang Boon Khean (Malaysia)

Vice-Chairman Mr. Patipat Patvivatsiri (Thailand)

TYPHOON COMMITTEE SECRET ARIAT

Coordinator Dr. Roman L. Kintanar (Philippines)

Meteorologist Ms. Nanette C. Lomarda (Philippines)
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FOREWORD

Looking back for the last 28 years, the Typhoon Committee, since its establishment
in 1968, has taken great strides, while carrying out its mission in achieving many
commendable tasks. One of these, is the publication of the annua] review, with its maiden
issue published in 1986. The main aims of having the review are (i) to document the
activities and achievements of the Committee and the individual tropical cyclones which
affected Members of the Committee and (ii) to make it a reference material based on the
documented past experience in improving future activities. Since its appearance, it has
received enthusiastic response from many readers in concerned international organizations,
government departments and private agencies. Without the concerted efforts of the
members of the Editorial Board and the active co-operation of members of the Committee,
this excellent work would not have been possible.

Based on this tradition, the annual review of 1995 is now completed. hl this issue,
it is reported that all the Members continued to improve their tropical cyclone forecasting
systems by modernizing (i) the infrastructure (the observation and telecommunication
systems) and (ii) the weather forecasting system through the utilization of numerical
weather prediction (NWP) products. In this last respect, it is noteworthy that in 1995
more members were linked to the Regional Specialized Meteorological Centre (RSMC)
Tokyo - Typhoon Centre through the Internet or Integrated Services Digital Network
(ISDN) to obtain NWP products. With the grid-point data (NWP product), some
Members were able to eliminate subjectivity in the analysis in data-sparse region.
Although NWP is a more objective and scientific tool in weather forecasting, synoptic
experience cannot be neglected. It is the combination of both that will bring about better
forecast. At this juncture I would like to appeal to Members that are using the RSMC
NWP products in predicting the behavior of typhoons, to give feedback to the RSMC on
their experience in using the products so that the model used in the Centre can be
improved further for the benefit of all the Members of the Committee. A special note of
thanks is expressed to the RSMC Tokyo - Typhoon Centre for making available their
products. It is the hope of all Members that Japan continues this useful effort. It is also
recognized by all Members that technology transfer and training should continue to be one
of the important activities in the coming years.

As reported, the Typhoon Committee region experienced a total of 21 tropical
cyclones by the end of October in 1995. The number was smaller than normal by three.
The interannual variability of the occurrence of tropical cyclone is an interesting and
complex subject of research. A better understanding of its possible relationship with
ENSO and other events will undoubtedly lead to better seasonal forecast of typhoon
occurrence. In the field of research, it is gratifying to note that all the Members agreed
during the 28th Session of the Committee held in Kuala Lumpur, Malaysia, 5-11
December 1995 to establish the Typhoon Research Coordinating Group as a spin-off
working group from the SPECTRUM Research Coordinating Group. One of the five
important terms of reference is to identify scientific and technical problems in the



operational analysis and forecasting of tropical cyclones, and to suggest key research
projects at certain periods for Typhoon Committee's consideration. It is fervently hoped
that this group will promote research addressing common scientific and technical problems
and maintain communication with other related international research communities which
are very active due to common interest in global change research.

In the field of Hydrology, each Member continued to improve their flood
forecasting system It is worth mentioning that Mr. Toshio Okazumi, the hydrologist and
flood forecasting expert from Japan seconded to work in the Typhoon Committee
Secretariat for the last 2 years had terminated his service in mid-June 1996. On behalf of
the Typhoon Committee, I wish to express my sincere appreciation to him for his good
works.

Lastly and not the least, on behalf of the Typhoon Committee, I wish to place on
record my sincerest appreciation of the active co-operation of all members of the
Committee and the excellent work of the members of the Editorial Board. I want to
express my special thanks to the Typhoon Committee Secretariat which volunteered to
provide the services of the Chief Editor and undertake the printing of the Annual Review.
On behalf of the Committee, I want to also place on record, our appreciation to the Royal
Observatory, Hong Kong, which provided excellent services of the Chief Editor and
undertook the printing of the annual review for the last 10 years.

CHEANG BOON KHEAN
Chairman
Typhoon Committee 1995-1996

xvii



ESCAPIWMO TYPHOON COMMITTEE ANNUAL REVIEW 1995
EDITORIAL BOARD

Chief Editor

Dr. Pham Vu Anh (Vietnam)

Ms. Nanette C. Lomarda
(Typhoon Committee Secretariat)

Editors

Mr. Qiu Guoging (China)

Mr. C. H. Au (HongKong)

Mr. Yasuo Nozaka (Japan)

Mr. Antonio Viseu (Macau)

Dr. Lim Joo Tick (Malaysia)

Dr. Rosa T. Perez (Philippines)

Dr. Kyung-Sup Shin (Republic of Korea)

Dr. Patipat Patvivatsiri (Thailand)

xviii



INTRODUCTION

xix

TIlls annual review is a publication of the Typhoon Committee which commenced
in 1985. For the past ten years the Royal Observatory of Hong Kong had provided a Chief
Editor in the preparation of the annual review. During the 28th session of the Typhoon
Committee in December 1995 the Committee after deliberations agreed that in the interim
period, publication of the Typhoon Committee Annual Review (TCAR) shall be done by
the Typhoon Committee Secretariat (TCS). Thus, this is the first year that the TCS took
over the task that was in the past exemplary accomplished by the staff of the Royal
Observatory of Hong Kong.

To preserve continuity, no major change was done on this years' annual review.
Chapter 1 still provides an overview of the activities of the Typhoon Committee in 1995.
Detailed information from Members of the Committee on individual national programmes
and activities related to meteorology, hydrology, disaster prevention and preparedness,
training and research had been compiled. With the termination of the SPECTRUM
Research Coordinating Group (SRCG) in 1995 this will be the last annual review which
will feature activities related to SPECTRUM. Also included in this publication are the
technical and administrative support provided and activities undertaken by the TCS in
1995.

Inc1uded in Chapter 2 is a summary of the thirty four tropical cyclones in 1995.
Each tropical cyclone is identified by a four-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 Sciences (WMO-No. 471) and
WMO Manual on Marine Meteorological Services (WMO-No. 558).

CLASSIFICATION MAXIMUM SUSTAINED WINDS

mps knots kph
(a) Tropical Depression up to 17.2 up to 34 up to 62
(b) Tropical Storm 17.2 - 24.4 34 - 47 62 - 88
(c) Severe Tropical Storm 24.5 - 32.6 48 - 63 89 - 117
(d) Typhoon 32.7 or more 64 or more 118 or more

Also provided in this chapter are the narrative accounts of 1995 tropical cyclones
based on post analysis submitted by Members. Each report includes a detailed account of
the physical and dynamical processes behind the movement and intensity change of the
tropical cyclone. The extend to damage caused by the tropical cyclone is documented as
accurately as possible utilizing data supplied by the National Editors. The name, if any,
given by the Philippine Atmospheric Geophysical and Astronomical Services
Administration (PAGASA) is also mentioned at the end of the narrative accounts.

In Chapter 2, sustained winds refer to wind speeds averaged over a period of 10
minutes. The velocity unit of kilometers per hour (kph) is used for wind speed as well as
speed of movement of tropical cyclones and other weather systems. The SI unit of
hectoPascal (bPa) is used for atmospheric pressure. Reference times used in this Chapter
are primarily in Coordinated Universal Time (UTC). However, at times local lime (with
respect to the geographical area then affected by the tropical cyclone) is used in the



narratives. Whenever possible, station names and numbers contained in WMO Weather
Reporting-Observing Stations (WMO-No. 9, Volume A) are used for geographical
references. Included also in this chapter is the composite track of the tropical cyclone a
satellite image and analyzed 00 UTC Sea Level Synoptic Charts on the day, a day before
and a day after peak intensity was attained.

Chapter 3 consists of two contributed papers received from Members. The first
article is on the effect of Typhoon Ryan on Malaysia and the other article is a report on the
passage of Typhoon Zack over Mindoro Island in the Philippines.

The final chapter provides the 1995 activities of the WMO Tropical Cyclone
Programme.

The TCAR is a joint publication made possible through the support of ESCAP and
WMO. It wou1d not have been completed without the cooperation and hard work of the
National Editors of Members of the Typhoon Committee and the valuable help of a
number of PAGASA personnel. We wou1d also like to thank the Laos Meteorological
Department for providing us with some data on the effect of Typhoon Lois to their
country. Grateful acknowledgment is also due to the support staff of the TCS: Mesdames
Rosemarie Anilio, Marissa Evangelista and Bella Mendoza and to Mr. Hannibal Marayag
for providing assistance in the preparation of the manuscript.

Chief Editor
November 1996, Manila
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CHAPTER I

TYPHOON COMMITTEE ACTIVITIES IN 1995

1.1 METEOROLOGY

In China, the National Meteorological Center of the China Meteorological
Administration (NMC/CMA) in February 1995 added a second CPU to its CRAY C90
supercomputer, which upgraded the CRAY's peak performance to 2000 M flops.

An mM SP2 parallel computer was also installed at NMC/CMA in early June.
This is the first Massively Parallel Processing (MPP) computer purchased by CMA. The
SP2 system consists of 32 high performance processing nodes, interconnected by a high
speed switching network. Peak performance of each node is 266 M flops, and the total
peak performance exceeds 8500 M flops. The SP2 system will be used as a development
platform for various NWP parallel versions.

The meeting of the Expert Panel on Typhoon and Oceanography was held in
Nanjing of Jiangshu Province during January 3-5, 1996. Altogether 36 participants,
including all the members of the working group and experts concerned, attended the

meeting. The following subjects were reviewed:

* The preparations for construction of marine meteorological observatory and
the progress in building the marine meteorology operation system

* examining forecasting operations and service activities during the occurrence of

tropical cyclones in 1995

* analyzing the characteristics of 1995 tropical cyclones

* verifying the newly developed or improved typhoon objective forecast methods

In the same year a new version of NWP model for typhoon track prediction was
developed by the staff of NWP division of NMC. Compared to the old version, the new
version has a higher resolution of 50 km. and a new package of physical parameterization
which includes the following physical processes:



• deep convection

• shallow convection

• vertical turbulence di1fusion

• surface physical processes

• under-ground thermal conductivity
• radiation

• modification of the ''negative'' moisture fields
• large scale condensation

This new version ofNWP model has been in operation since summer 1995. The
mean errors of typhoon center positions for 24h and 48h forecasts are 187km (31 cases)
and 368km (21 cases) respectively. It could be concluded that the results of the prediction
in this summer are very encouraging.

InHong Kong, routine meteorological messages for the Global Maritime Distress
and Safety System (GMDSS) were transmitted via JMA on a regular basis. During 1995,
a total of 1,460 such messages were issued. An additional 225 warning messages were
sent during the passage of tropical cyclones.

The Doppler weather radar commissioned m late 1994 provided weather
forecasters with valuable information on the approach of tropical cyclones and other
severe weather systems during the 1995 rainy season. Equipment for receiving and
displaying images from the new Geostationary Meteorological Satellite (GMS-5) was
installed in late 1995. Images from the additional water vapour channel were also
received.

A climatological database containing data from local manned and automatic
weather stations was installed in early 1995 to facilitate retrieval of climatological
information dating back to 1884. Work is also in progress to install another database
containing surface synoptic data received from the Asia-Pacific region. This new database
is expected to become operational in the latter part of 1996.

An automatic weather station was set up at Chek Lap Kok in late 1995 to collect
climatological information in preparation for the opening of the new Chek Lap Kok
Airport.

In Japan, the Geostationary Meteorological Satellite-S (GMS-5) was launched on
18 March 1995 as a successor to GMS-4 and it started the operation at 1400E over the
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equator on 13 June 1995. GMS-5 is equipped with new sensors in a split-window channel
and in a water vapor channel in addition to visible and infrared sensors that are the same
type of sensor as those on GMS-4. GMS data obtained with these sensors are essential in
the analysis and forecast of typhoons in the western North Pacific.

GMS-5 is capable of not only obtaining imagery of the earth but relaying
meteorological data from data collection platforms (DCPs). Thirty six DCPs were
registered by the end of 1995 in the territories of Members of the Typhoon Committee

(except Japan). GMS-4 is now at 1200E over the equator as a stand-by satellite.

All of the 19 meteorological radars operated by the Japan Meteorological Agency
(JMA) are equipped with the Radar Echo Digitizing and Disseminating System (REDIS),
which digitizes the observed echo and transmits the data to the Headquarters of JMA.

Among them, the Sapporo radar was transferred from the Sapporo District
Meteorological Observatory (Sapporo: 47412, altitude: 70 m above the mean sea level) to
the top of Mt. Kenashiyama (SapporolKenashiyama: 47415, altitude: 750 m above the
mean sea level, about 30 km west of Sapporo) and began the operation on 1 September
1995. The radar at its new location covers the northern part of Hokkaido and beyond its
western coast, and its coverage is much larger than that at the former location.

Eighteen upper-air observation stations of JMA are in operation and all systems
collect and process observational data and send reports to the Headquarters of JMA
automatically.

In March 1996, the operation of a new model of rawinsonde (RS2-91) will
commence at Minamidaitojima (47945) in place of the former model (RS2-80). The
deployment of RS2-91 at upper air stations of JMA will be completed except at
Ishigakijima (47918) where the former model will be replaced in 1997.

The Ryofu Marn Il, which served as the flagship of the six observation vessels
operated by JMA to make a numerous oceanographic surveys for almost three decades in
the western Pacific after her completion in 1966, was replaced by the Ryofu Marn ID in
July 1995. The new ship (1,398 tons) has been designated to meet new and
comprehensive demands of ocean observations and marine environment monitoring
including global climate changes. She is equipped with state-of -the-art observation
systems such as a precious CID profiler with rosette samples, a greenhouse gases
measuring device and maritime meteorological observation including an automatic
radiosonde and a sea surface flux observation system Since the completion, the Ryofu
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Maru III has been on service in the western North Pacific, ID particular, along the
traditional137 OE line and a new line at 165 "E IDlongitude.

JMA operates eleven ultrasonic ocean wave gauge stations along the Japanese
coast that automatically observe and transmit hourly reports of the significant wave height
and wave spectrum to the Headquarters of JMA. Among them, the equipment at Atsumi
was renewed in October 1995.

In addition to 66 tide stations, JMA has plans to install new tide gauges at eleven
sites including Minamitorishima (47991), which is an isolated island located about 2,000
km southeast of Tokyo in the western North Pacific, by March 1996. All of those sites
will be telemetry linked with the Headquarters of JMA in aiming at more comprehensive
monitoring of storm surge, tsunami and abnormal tide.

A data server (the RSMC Data Serving System) was introduced to tbe RSMC
Tokyo - Typhoon Center in April 1995, and the Center initiated the dissemination of
meteorological data to Members of the Typhoon Committee with the System. These data
inclnde global observational data and grid point values (GPVs) of the analysis and forecast
that are produced with the JMA Global Spectral Model.

Products disseminated by the RSMC Tokyo - Typhoon Center to Members of the
Typhoon Committee from 1 January through 31 December 1995 are shown in Table l.

The skill of tropical cyclone forecasts was evaluated for the period from 1 January
through 31 December 1995. The results are presented in Figures 1.1 and 1.2, and
summarized in Tables l.2 and l.3. Annual mean forecast errors of the tropical cyclone
position in 24- and 48-hour forecasts from 1982 through 1995 are shown in Figure 1.3.

The Center published the "Annual Report on Activities of the RSMC Tokyo -
Typhoon Center 1994" in October 1995, and ''Technical Review No. I" in March
1995.

Regular monitoring of the exchange of observation data associated with tropical
cyclones was carried out by the Center during the following two periods:

Period 1: from 00 UTC, 20 July 1995 to 00 UTC, 24 July 1995
Period 2: from 00 UTC, 28 October 1995 to 18 UTC, 31 October 1995



Table 1.1 Monthly and annual total numbers of issuance of the Center's product 1U

1995.

PRODUCT JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

TCNA20 0 0 0 7 0 20 30 72 109 95 30 20 383

TCNA21 0 0 0 10 6 41 44 82 124 122 35 19 483

wrPQ20-25 0 0 0 13 6 47 53 97 134 132 39 22 543

WfPQ30-3S 0 0 0 4 2 16 22 43 61 62 18 11 239

FXPQ20.21 0 0 0 5 2 20 19 43 57 60 17 10 233

FXPQ30.35 0 0 0 10 4 40 45 84 125 122 33 21 484

AXPQ20 0 0 0 0 1 0 1 3 5 5 7 0 22

AUXT8S
62 56 62 60 62 60 62 62 60 62 60 62 730

AUXT20
FUXT852

62 56 62 60 62 60 62 62 60 62 60 62 730
FUXT854
FUXT202

62 56 62 60 62 60 62 62 60 62 60 62 733
FUXT204

via the GTS-

• SAREP Reports

• Tropical cyclone advisory

• Prognostic reasoning

• Guidance for forecast by typhoon model

• Tropical cyclone advisory information

• Best track information

TCNA20,21RJTD

WTPQ20-25 RJTD

WTPQ30-35 RJTD

FXPQ20, 2] RJTD

FXPQ30-35 RJTD

AXPQ20RJTD

Notes:

via the JMH (meteorological radio facsimile) -

• Analysis of 850 and 200 hPa streamline

• Prognosis of 850 hPa streamline

• Prognosis of 200 hPa streamline

AUXT85, AUXT20

FUXT852,FUXT854

FUXT202.FUXT204
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Table 1.2 Mean position errors of 24-hour forecasts for each tropical cyclone in 1995.
EO/EP is the ratio of the error of operational forecast (EO) to those of
persistence method (EP).

Error

(km)

S.D.
(km)

Number
of EOIEP

Forecasts (%)

Tropical Cyclone Mean

TS 9501 CHUCK 315 91 4 123
TS 9502 DEANNA 280 101 17 128
TY 9503 FAYE 104 56 24 56
STS 9504 GARY 252 135 5 72
STS 9505 HELEN 166 63 10 62
TS 9506 IRVING 101 42 5 71
TS 9507 JANIS 231 92 12 80
TY 9508 KENT 185 75 16 108
STS 9509 LOIS 92 33 10 98
TY 9510 MARK 267 141 6 58

TS 9511 NINA 272 102 9 114
TY 9512 OSCAR 129 53 16 40
TY 9513 POLLY 261 143 23 79
TY 9514 RYAN 221 99 29 87
STS 9515 srsvr, 129 63 17 80
STS 9516 TED 106 63 7 71
TS 9517 VAL 430 184 6 88
TY 9518 WARD 112 57 18 43
STS 9519 YVETTE 223 4 2 80
TY 9520 ANGELA 1St 96 39 90

TY 9521 ZACK 149 81 19 106
TS 9522 BRIAN 232 33 3 30
STS 9523 DAN 295 202 16 99

Annual Meall Total 189 122 313 79
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Table 1.3 Mean position errors of 48-hour forecasts for each tropical cyclone in 1995.
EOIEP is the ratio of the error of operational forecast (EO) to those of
persistence method (EP).

Annual Mean Total 317 214 222 57

(km)
S.D.
(km)

Number
of

Forecasts
EOIEP

(%)

Error
Tropical Cyclone Mean

TS 9501 CHUCK 0
TS 9502 DEANNA 464 120 13 95
TY 9503 FAYE 237 130 20 49
STS 9504 GARY 0
STS 9505 HELEN 185 137 6 22
TS 9506 IRVING 214 0 1 289
TS 9507 JANIS 372 241 8 59
TY 9508 KENT 341 179 12 69
STS 9509 LOIS 190 94 6 87
TY 9510 MARK 762 119 2 71

TS 9511 NINA 528 223 5 72
TY 9512 OSCAR 180 110 12 25
TY 9513 POLLY 477 285 19 55
TY 9514 RYAN 316 170 25 51
STS 9515 SIBYL 214 47 13 73
STS 9516 TED 221 57 3 73
TS 9517 VAL 755 0 1
TY 9518 WARD 221 134 14 28
STS 9519 YVETTE 0
TY 9520 ANGELA 276 185 35 73

TY 9521 ZACK 215 132 15 66
TS 9522 BRIAN 0
STS 9523 DAN 552 293 12 82
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Table1.4

30

11(er - p hybrid)
10 hPa

Specifications of the Global Spectral Model (GSM)

current Global Model new Global Model
(GSM8911-TlO6L21) (GSM9603- T213L30)

72 hours (00 UTC), 84 hours (00 UTC),
Integration ahead 192 hours (12 UTC) 192 hours (12 UTC)

Resolution

Horizontal

Grid interval approx. 100 km approx. 55 km
Number of grid points 320 x 160 640 x 320

Maximum wave number 106 213
with triangular truncation with triangular truncation

vertical

Number of levels 21

Coordinate 11(o - p hybrid)

Top 10 hPa

Initial field

Analysis mandatory pressure levels

1.875° lat/long grid

2 dimensional optimum

interpolation

+ asymmetric typhoon bogus

Initialization non-linear normal mode

full vertical modes

modeill levels

model Gaussian grid

3 dimensional optimum

interpolation

+ asymmetric typhoon bogus

non-linear normal mode

up to the fifth vertical mode

with the inclement method
Dynamical process

hydrostatic. approximation
Time integration Eulerian time integration

Discretization

horizontal spectral

vertical finite-difference

hydrostatic approximation

Eulerian time integration

spectral

finite-difference
Physical process

Cumulus convection Kuo scheme

Boundary layer level-2 closure scheme

Land surface Simplified Biospheric (Sib)

model

Radiation short-and long-wave

radiations

8

Arakawa-Schubert scheme

level-2 closure scheme

Simplified Biospheric (Sib)

model with improvement of

initialization of hydrological

process

short-and long-wave

radiations with improved

cloud radiations scheme



Table1.5 Specifications of the Typhoon Model (TYM)

current TYM newTYM

Resolution

Horizontal

Discretization

horizontal
vertical

Water loading

spectral

finite-difference
not included

speetral
finite-difference

included

grid intelval 50 km (at the typhoon)

number of grid points 109 x 109

max. wave number 70 x 70
Vertical 8 levels

40 km (at the typhoon center)
163x 163
106x ros
151evels

Coordinate

Map projection Mercator Mercator
(when the typhoon center is south of 200N at the initial time)

Lambert Lambert
(whcn the typhoon emier is north of 200N at the initial time)

Vertical 0" 1] (0" - P hybrid)

Prognostic variables U. V.Tv.'1,!nP. U. V. Tv. q, !IIP..
cloud amount. water content

Domain approx. 5400 km x 5400 km approx. 6480 km x 6480 km

Integration ahead 60 hours from 00.12 IJIC 78 hours from 06.18 UIe
Initial field

Analysis 1.8750 - resolution
Glohal Objective Analysis
(mandatory pressure levels)

+ asymmetric typhoon bogus

Initialization non-linear normal mode

initialization ( NNMIA)

Global Objective Analysis

(model n levels)

+ asymmetric typhoon bogus

NNMJ + physical initialization
using prccipitatioo field analyzed

with radars. surface rain gauges
and satellite data

transplantation of mode led

typhoon(s)

Initialization transplantation of modeled

oftyphoon (s) typhoon(s) + adjustment of

initial movemenrt velocity

Boundary conditions
lateral predictions with GSM

starting at T-12h

upper no vertical velocity (0" =0)

at the top

predictions with GSM
starting at T -6h

no vertical velocity (1] =0)

at the top with some sponge
layers to avoid reflectioo of
gravity waves

DYI.131nicalprocess
hydrostatic approximation

Eulerian time integretion
hydrostatic approximatioo
Eulerian time integration

Physical process
Cumulus convection moist convective adjustJnwt

Radiation not included

Boundary layer simple K-theory with bulk method

surface analyzed SST!
no heat flux over land

Arakswa-Schubert scheme

same as GSM89 I I
Level-2 elosure for surface fluxes

analyzed SST!
heat budget for multi-layer

soil temperature prediction
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Table 1.6 Implementation Plan of the RSMC Tokyo - Typhoon Center

Product 95 96 97 98 Remarks

GMS observation

GMS S-VISSR B B B B 28 times/day (full disk)
WEFAX B B B B 8 times/day (4-sector)

(water vapor channel: 2 times/day

B B B B 24 times/day (Image H),

B B B B 20 times/day (Image I/J)
Cloud motion wind B B B B 4 times/day
Analysis

SAREP (for tropical cyclone) B B B B 8 times/day

(Dvorak estimation: 4 times/day)
Ocean waves B B B B Fax, once/day
Sea surface temperature B B B B Fax, lO-day mean and its anomaly
Objective analysis

conventional B B B B Fax
streamline B B B B Fax

Forecast

NWP products

conventional B B B B Fax, GPV (Global Model)
streamline B B B B Fax (Global Model)

Ocean waves B B B B Fax, once/day
Sea surface temperature B B B B Fax, lO-day mean and its anomaly
Advisory

Tropical Cyclone Advisories B B B B 4 times/day (up to 48 hrs)
Prognostic Reasoning B B B B 2 times/day
Output of numerical prediction B 4 times/day (up to 60 hrs)

model B B B 4 times/day (up to 84 or 78 hrs)

Others

Best Track B B B B

Annual Report B B B B

Technical note B B B B

Supporting activity 95 96 97 98 Remarks

Data archive B B B B

Monitoring of data exchange B B B B

Product dissemination B B B B via JMB, GTS, ISDN and Internet

10



km
800

700

600

500
c.:::
0c.::: 400c.:::~

300

200

100

0

0 20 ~O 60 80

Figure 1.1 Distribution of 24-hour forecast position errors

NUMBER OF FORECASTS

',m
1000
900
800
700
600c.:::

0c.::: 500c.:::~ 400
300
200
100

0

0 la 20 30 40

Figure 1.2 Distribution of 48-hour forecast position errors

NUMBER OF FORECASTS

Il



km NM
500 ,.-------------------------,

250

4()(J - .................................................................• ~ H H ·H···· .. ·····.· ·

~~\ 200

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• H ••••••••••••••• /~.

150
300

CG
o
CG

g§ 200 ~L
lOO

1 (JO - H . . HH' H H H H H................................. 50

1982 1984 1986 1988
YEAR

1990 1992 1994

Figure 1.3 Annual mean errors of forecast position

12



13

The results were forwarded to Members of the Typhoon Committee.

The Chief Forecaster of the Center visited Meteorological Services 111 Seoul,
Shanghai and Hanoi in March and ApIiI 1995 to discuss analysis and forecast tecbniques of
tropical cyclones witb officials in charge.

The telecommunications circuit betweeu Tokyo and Bangkok, which is a mam
regional circuit in Region II,was upgraded on 10 March 1995, and the speed of the circuit
was increased from 200 bps to 1200 bps.

JMA installed a new advanced computer system in September 1995, which is to be
put into operation as COSMETS (Computer System for Meteorological Services) in
March 1996. In this occasion, all the numerical analysis and prediction models will be
renewed. Tables 1.4 and 1.5 compare specifications of the planned two numerical
prediction models to be used for 6-hourly numerical typhoon prediction, the Global
Spectral Model (GSM) and the Typhoon Prediction Model (TYM), with those of their
current versions. It is planned that the global model and the typhoon model win be
operated at the initial time ofOO and 12 UTC, and at 06 and 18 UTC, respectively.

At present, the guidance for tropical cyclone forecasts with the typhoon model is
disseminated on GTS. When the new COSMETS comes into operation, the guidance for
forecasts over the whole globe with the global model is to be additionally distributed via
GTS.

At present, 48-hour typhoon track forecasts are made just for the area west of

150°E. The area where the track forecasts are available, will be expanded into the entire
area of responsibility of the RSMC Tokyo as of March 1996. (The area of responsibility

of RSMC Tokyo covers the westem North Pacific, north of the equator from 1000E to
180 degrees in longitude).

In the summer of 1996, 72-hour typhoon track forecasts will be experimentally
made and simultaneously evaluated. If the forecast accuracy fully satisfies operational
requirements, the operational selvice on a routine basis would be initiated in the summer
of 1997.

An asymmetrical bogus method was introduced into the operational numerical
prediction on 23 August 1994. Tlris method has reduced the mean error of 48-hour
prediction of the typhoon center position with the Global Spectral Model by about 10 %.

Some reduction in the same error has been gained with the Asian Spectral Model.



A man-machine interaction system to determine the center position of a typhoon
from radar imagery is under development at JMA. It is expected that this new system can
reduce the time for the determination of the typhoon center compared with the present
method to determine the position by drawing a sketch of the Plan Position Indication (PPI)
imagery. The new system will be completed by the summer of 1996.

Since 1 June 1994, JMA has operationally used the "estimated precipitation" data
based on observations of 19 meteorological radars and about 1,300 rain gauges of the
Automated Meteorological Data Acquisition System (AMeDAS) to assist the issuance of
forecasts and warnings. They compensate for the sparse distribution of rain gauges. An
improved method of analysis for the estimated precipitation data was developed in May
1995 to obtain more accurate distribution of the small-scale and short-lifetime
precipitation.

JMA and the Ministry of Construction issue flood forecasts for selected rivers.
When the flood forecast began in 1955, 15 river systems were subject to the forecast. The
number of the selected rivers has increased since then. 47 river systems are specified at
present, including two systems that were newly designated on 24 March 1995.

The implementation plan of the RSMC Tokyo - Typhoon Center from 1995 to
1998 is shown in Table 1.6.

In Macau, the Meteorological Information Software (METIS 2000) was installed
at the Weather Forecasting Centre and put into operational use. A high resolution
satellite receiving system was delivered by the end of 1995 and installed and operated in
the beginning of 1996.

An objective analysis application which was jointly developed with
Nanjing Meteorological Institute of China using Optional Interpolation Method is in
operational use as well as one using Cressman s Succession Corrections Method
with the Institute of Meteorology of Portugal.

From the end of 1994, the centre had started to study the possibility to access
the JMA RSMC DSS System. In 1995, the study to access the RSMC DSS revealed that
this linkage can be made either by Internet or ISDN as indicated by JMA. Unfortunately,
the Telecommunication Company provides only the Internet Service. The SMG is ready
to make access test by the beginning of 1996.

14
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As already mentioned in the previous reports, a Doppler Weather Radar will be
delivered and installed in the third quarter of 1996.

In Malaysia, a contract ofRM2 million was awarded to a local company in 1994
to set up a network of 38 automatic meteorological stations in the state of Selangor and
Federal Territory of Kuala Lumpur. The Control Centre for the observation network is
located at the Malaysian Meteorological Service (MMS) Headquarters in Petaling Jaya.
Installation works are scheduled to be completed by February 1996 and the system is
expected to be operational by June 1996.

The Control Centre will interrogate each automatic meteorological station through
dial-up at prefixed interval or as and when the situation warrants. The real-time
meteorological information will be useful for monitoring heavy rain and flash floods. This
information will be sent to the Drainage and Irrigation Department which is responsible

for flood monitoring and forecasting.

The MMS has also awarded another contract to procure an Information Provider
System with the objective of setting up a server for provision of meteorological data to
users, either through dial-up or public network such as Internet.

MMS has acquired a radar integration system which is an enhanced version of the
RAPIC System currently in operation in Australia. The system would permit the
automation of radar data collection, integration and distribution by linking up the weather
radars at Butterworth, Subang and Kluang to the Data Collection and Processing Centre at
the MMS Headquarters in Petaling Jaya. The installation of the system was completed by
October 1995. New EEC weather radars for Kota Bahru and Kuantan would replace the
obsolete ones by mid-October 1996 and the radars will be integrated into the current

network at the same time.

MMS embarked on a program to modernize its national telecommunication for
meteorological information exchange through a "Telecomputerization Networking
Project" in 1993. This project was designed to be implemented in two phases. The first
phase of the project which started in 1993 was aimed at creating a skeleton wide-area
network computer-to-computer link that connects its 6 Regional Forecast Centers (RFCs)
and 32 principal meteorological observation stations (Mss) to a computerized National
Meteorological Communication Center (NMCC) located at the headquarters of the
MMS. In this setup, the RFCs were connected through dedicated lines at 9600bps and
using X.25 protocol while the 32 Mss were linked through dial-up lines at 2400bps. This
phase of the project was commissioned in March 1995. However, a few minor teething



problems pertaining to the Rapid Information Management (RIM) software developed by
Lockheed still remain to be solved.

MMS has also embarked on implementing the second phase of the project in 1995.
This phase is designed to provide some fault-tolerance to the system particularly at the
NMCC and RFCs. Further to this, it is also designed to fully automate the plotting
processes at the RFCs which till today has remained manual. The third aspect of this
phase of the project involves automating some of the climate data-entry and quality-
checking processes by enhancing the CLICOM facilities. This part of the project is
expected to initiate further automation of the climate-data processing process at the MMS.
It is envisaged that the project will be completed by the end of 1996.

Under the development projects, MMS is in the process of equipping 15 airport
stations with automatic weather station (AWS) systems for replacing the conventional
meteorological equipment. Tender for the project was awarded in June 1994 and
installation is scheduled to be completed by early 1996.

The AWS system permits the automation of observations related to the following
parameters: temperature, wind, rainfall and pressure. It also facilitates the sending of
meteorological information to Air Traffic Control towers as well as channeling data into
the National Computerization Network which re-distributes the data to the various
Meteorological Offices throughout the country.

Under the Memorandum of Understanding on Science and Technology between
Malaysia and China, a delegation of 4 Malaysian senior meteorologists beaded by Mr.
Cheang Boon Khean, Director-General of MMS, made a study tour to China from 23
April to 5 May 1995. This was to return the similar visit by the Chinese Delegation to
Malaysia in early 1994. Malaysian delegation visited meteorological centres, stations,
bureau, institute and academy in Guangzhou, Conghua, Fujian, Jiangsu, Nanjing,
Yangzhou, Yizheng and Beijing to have deeper understanding of development and services
provided to users as well as to identify areas of cooperation. At the end of the tour, both
parties agreed to have on-the-job training for Malaysian meteorologists in the field of
agrometeorology, meteorological satellite data processing techniques and applications,
radar meteorology and weather modification whereas China would dispatch experts to
Malaysia to provide guidance on skills in weather modification and would participate
jointly with Malaysia in the South China Sea Monsoon Experiment (SCSMEX).

In the Philippines, the year 1995 was marked as progressive in terms of facilities
enhancement. The French supported PAGASA project, the ''Enhancement of
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Meteorological Delivery System to the Countryside", .has completed 96% in terms of
installation and 100% in terms of delivery, all the equipments and services expected. The
Integrated Meteorological Observation System (IRMOS) were installed in Davao and
Puerto Princesa and are now operational. The Automatic Weather Station (AWS) of the
Agro-meteorological stations at the ISU, TRRC and Los Bartos were installed and are

operational. Future plans include a Management Information System (MIS) to connect
various work offices of PAGASA by a local area network (LAN).

The Japan-assisted Meteorological Telecommunication System Development
Project (MTSDP) was fully turned-over to the PAGASA on 22 December 1995. A
follow-up project to further improve the meteorological telecommunication and
observation system is being looked into.

PAGASA's spontaneous response to the call for increased productivity was shown
by directing efforts to meet the urgent needs of various sectors of the Philippine society in
the costs and benefits of weather to human activities.

Six (6) drought advisories pertaining to the possible development of El Nifio

Southern Oscillation (ENSO) in the tropical Pacific were issued by the Climate Change
and Drought Early Warning and Monitoring Center of PAGASA for the first half of the
year. When the treat of drought had subsided, a weather situation for the month coupled
with a weather outlook for the coming month has replaced the advisories. Six of these
were issued for the second half of the year.

PAGASA coordinated with twelve (12) selected municipal agricultural officers of
Nueva Ecija for the conduct of surveys aimed at a more effective farm weather forecast.
In conjunction with this, a firm linkage was established with the Science Watch Action
Team (SWAT) of the Philippine Council for Agricultural Research and Development for
eventual dissemination of farm weather forecasts using the Barangay Community
Broadcasting Network of the Department of Science and Technology.

The Information and Education Campaign (IEC) of the agency for increasing the
level of the public awareness to meteorological hazards had never been remissed in its
targets. For 1995, a total of30,641 students/teachers visited the PAGASA complex.

In the Republic of Korea, the Korea Meteorological Administration (KMA) has
installed an automatic meteorological observation system (AMOS) at Sokcho and Mokpo
airport, respectively, in 1995. Before then, the KMA has operated AMOS at three
international airports, Kimpo, Cheju and Kimhae, the KMA will install two more AMOS in



18

1996 at Yosu and U1san airports to continue automatization of airport observation system
and aviation meteorological information system.

The KMA has launched a four-year project of 'Installation of Ocean Buoys' in
1995. The project will be completed by 1998 with installation of 5 medium-size buoys and
a large-size buoy around Korean Peninsula. In 1995, the KMA has already contracted for
two medium-size buoys with Coastal Climate Company, USA. These two buoys will be
set in the Western Sea (Yellow Sea) and the Eastern Sea (Japan Sea) by 1998.

The KMA is in progress for establishing coastal watching system for real-time
monitoring of sea state through high-resolution CCTV. 8 system at the major ocean routes
being in installation in 1995. Each system consists of a color TV camera, a processor,
modems, monitors and system software. The image will be transferred through high-speed
dedicated circuit to local forecast office to enhance ability for coping with the sea state.
The installation will be completed by the end of 1995.

The KMA inaugurated an operation of a new supercomputer on March 23, 1995,
the World Meteorological Day. The new system, named the KMA Meteorological
Analysis and Prediction System (KMAPS), consists of a mainframe supercomputer
(Fujitsu VPX-220), server (SUN CENTER 2000), page printer, juke box, magnetic tape
driver, cartridge tape driver, and workstations. The mainframe has peak performance of
1.25 Gflops with 1 Gbyte memory and 45 Gbyte hard disk. This system is used to
implement operational numerical weather prediction, researches and development in KMA.

The KMA has developed NWP system by using the Cray-C90 supercomputer at
other institution. However, the KMA now has its own capability of NWP operation
system The KMA is operating three limited area models: regional model (F-LAM), local
model (K-LAM), and typhoon model (KTM). The KMA continued developing NWP
system toward global spectral model for medium-range forecast and expanding model
output applications.

Current computer for database, the Miracle 20000, has been upgraded by adding
two more CPUs and memory enhancement in 1995. This UNIX-based system is operating
for archival of domestic and global database and for supporting on-line monitoring of
worldwide weather system and statistics.

The speed of the KMA's domestic meteorological telecommunication lines
between headquarters and regionalllocal forecast offices is upgrading to Tl level in 1995.
Among 35 regiona1llocal forecast offices, 19 offices have already completed their speed
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upgrade from 9600bps to 512Kbps and the remaining 16 are in upgrade. The capability to
cope with local weather at the local forecast office will be enhanced by receiving more
analysis and forecast aids and more quickly.

The domain of operating regional model, the Fareast Limited Area Model (F-
LAM), has been extended from 61x46 grid system to 77x63 system in March of 1995.
The horizontal grid space and vertical layers remain the same as previous, that is 80km and
15 layers. The impact of larger domain indicates that the scores of precipitation have
improved, especially at 36 and 48 hour prediction by about 5%.

A barotropic typhoon model with continuous dynamic grid adaption (CDGA)
technique has been developed and tested for 1995 typhoons. The model has characteristic
of an automatic grid adjustment function so that the grid system has better resolution
around the typhoon center (see Fig. I). It has been tested for four typhoons in 1995 and
turns out that it is quite competitive to the current operational model, the Korea Typhoon
Model (KTM). A few minor tunings are needed before putting into operation, however, it
is expected that this model will be applied to typhoons next year in operationaJ basis.

The KMA adopts the Global Spectral Model (GSM) from Japan Meteorological
Agency (JMA) to support limited area model operation and medium-range forecast system
in KMA. The source codes of GSM and 4-dimensional data assimilation released from
JMA have already been tested. The operation is being scheduled now, and the TI06L21
version will start operation in early 1996.

The satellite data receiving and analysis system in KMA has been modified to cope
with the new GMS-5 through the efforts of the staff The KMA started routine operation
with the new receiving system in June 1995 by receiving and storing newly added moisture
channel and split IR channels from GMS-5. The revised program also has the ability to
store look-up table to calculate count values to brightness temperatures, and parameters to
calculate brightness temperatures to out-going radiation. Beside imagery, new analysis
programs to calculate difference of split IR channels, etc. have developed and became part
of routine operation. The moisture channel imagery is used directly for operational
forecast. Researches for the application of few new data such as differences between
channels are actively in progress.

In Thailand, an X-Band Doppler weather radar was newly installed at the Head
Office and has been operational since July 1995. The S-Band Doppler weather radar at
Hua Hin will start operating by October 1996 while four X-Band Doppler weather radars



Figure 1.4 An example of computational grid for continuous dynamic grid adaption

(CDGA)

H

8

20



21

for Narathiwat, Trang, Ranong, Mae Hong Son and also a mobile X-Band Doppler
weather radar at the Head Office are planned to be installed by the year 1996.

By the year 1997, data from 14 weather radar stations were planned to be linked
via the telecommunication satellite "THAICOM" to the center of radar network located at
the Head Office, and vice versa.

The existing satellite receiving system (GSC-METPAK) at the Head Office is being
upgraded. Data retrieval and products exchange between the existing satellite receiving
systems and the NOC (National Data Center) will commence by March 1996.

Three sets of Automatic Weather Observing Stations (AWOS) for Ubon
Ratchathani, Udon Thani and Lampang have been operational since June 1995. Two sets
of AWOS for Sakon Nakhon and Nan will be in operational mode by May 1996. Six sets
of AWOS for Chumphon, Ranong, Phetchabun, Burirum, Trang and Nakhon Ratchasima
are planned to be installed by the year 1998.

The Wind Shear Alert System (WSAS) at the Chaing Mai International Airport is
now in operation while the one at the Hat Yai International Airport has been operational

since December 1994.

Two sets of Ozone Spectrophotometer will be set up at the Head Office and
Songkhla-Regional Meteorological Center by the year 1996.

Two sets of Automatic Radiotheodolite System will be set up at the Chiang Mai
and Songkhla - Regional Meteorological Center by the year 1997.

One set of OPMET Data Bank will be set up at Aeronautical Meteorological

Division by the year 1996.

An automatic message switching system will commence operations in July 1996.
This project will mean the speed upgrade of various circuits such as Bangkok - Tokyo,
Bangkok - Hanoi, Bangkok - Jeddah, Bangkok - Yangon, Bangkok - New Delhi etc. as
well as establishing two new GTS circuits, Bangkok - Singapore and Bangkok - Beijing.

The establishment of two GTS point to point circuit of low speed telegraph link

between Bangkok-Vientiane and Bangkok-Phnom Penh is currently being planned. The
implementation is still under the consideration of both Lao PDR and Cambodia.



A project which will set up an automatic broadcasting system for aviation is
expected to be finished by April 1997. The accomplishment of this project will enable to
gain more efficiency in broadcasting for the airplanes.

The project on the establishment of the National Meteorological
Telecommunication Network's domestic telecommunication satellite "THAICOM" has
been accomplished in January 1995. This project will enable to gain more efficiency in
collecting data from meteorological stations.

Eleven (Il) domestic communication satellite stations will be connected to the
existing National Meteorological Telecommunication Network by September 1997.

A set of 10 KW-HF transmitter of radio broadcasts will be installed at the Regional
Telecommunication Hub-RTH Bangkok and in operation by June 1996.

The National Data Center (NOC) was established in August 1993 at the main
office to retrieve all data from NOAA and GMS satellites which have been routinely
received at the four RMCs (Regional Meteorological Centers : Chiang Mai, Ubon
Ratchathani, Songkhla and Phuket). A linkage workstation is also available at
Aeronautical Meteorology Division, Bangkok International Airport. This Center has been
completely connected with the four RMCs since June ]994 to exchange the satellite
products and GTS data.

In Vietnam, three sets of Automatic Weather Observation System for
Hanoi, Danaug, Hochiminh Cities were installed in ]995. Three sets of Ozone
Spectrophotometer were set up at Hanoi, Sapa, and Hochiminh Cities in 1995, and
some others are scheduled to be purchased by 1996.
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In 1995, the network of 120 old wind observational instruments installed at island
and coastal stations frequently affected by tropical cyclones were replaced by the new
digital anemometers ELl manufactured in China. Twenty digital Pluviographs and 60
digital thennometers were also installed. Meteorological data are currently transmitted
via telephone lines or special telecommunication system at a regular time interval.

1.2 HYDROLOGY

In China, the Computer connection of the State Flood Control Office with 8 key
provinces and regions for flood control and 3 river basin administrative offices was
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established by using ClllNA PAC, which facilitates the exchange of hydrological data in
large quantity and increases the speed of data transmission. A computer network for
hydrological data transmission has been established in Jiangsu Province.

The Automatic observation, processing and transmission systems of hydrological
information have been put into operation in the provinces of Heilongjiang, Hebei, Jiangxi
and Guangdong, which timely provided the accurate hydrological information so as to
decrease the losses from flood damage in the flood period of 1995.

The System of Flood Forecasting and Dispatching for the Huaihe River Basin has
been put into operation in the mainstream of the Huaihe River this year.

The Flood Control Office for the Yangtze River Basin has established the System
of Flood Control Information for the Yangtze River and a data base of hydrological
information, so that the automation is realized for the hydrological information receiving,
processing, retrieving and displaying all over the basin.

A regular meeting on the implementation of hydrological cooperation for the
Yalujiang River and Tumenjiang River was held between the Ministry of Water Resources,
PRC and the Meteorological and Hydrological Bureau, DPRK in Shenyang City of China
13-18 July 1995. An agreement was reached on the fast transmission of real-time
hydrological information.

An investigation group hydrologists, headed by Mr. IR. HJ. GHAZALI
BINOMAR (Director, Irrigation and Drainage Bureau of Malaysia) had a study tour in
China on the hydrological forecasting, hydrological telemetering and river flood control.
They visited Beijing, Bengbu, Hangzhou and Shanghai 3-15 September 1995.

In Hong Kong, the development of an improved Rainfall Display System (ROS)
was completed. This PC-based system gives forecasters real-time graphic and geographical
displays of rainfall from about 70 automatic rain-gauges installed around the territory.
Also audio and visual alarms help forecasters in the issuance of rainstorm, flood and
landslip warnings.

Data interrogation software was completed in early 1995 for the Automatic Water-
level Reporting System (AWRS) developed to monitor heavy rain and water levels in the
New Tenitories.



Drainage Master Plan Studies would be carried out by the Drainage Services
Department starting in 1996. These Studies include an assessment of the engineering
conditions and inadequacies of the stormwater drainage systems and the formulation of a
comprehensive master plan for implementation.

About four kilometres of the River Indus were embanked by the Drainage Services
Department in the Indus Basin of the New Territories of Hong Kong. There is also a
programme to embank the rest of the river and the whole project is scheduled for
completion by the year 2001.

In Malaysia, the Department of lrrigation and Drainage (DID) has established
telemetric systems in 26 liver basins and 7 dam areas for the purpose of flood warning
and/or forecasting. As a back up to the existing VHF telemetry, 19 important VHF
telemetric stations have been equipped with telephonic telemetry. 10 state DID offices
have been linked to the Flood Forecasting Centre Via Telemail System. 161 VHF radio
stations have also been installed to provide additional hydrological and flood information.

The Tank Model and the Linear Transfer Function Model continued to be used by
the DID for real-time forecasting of the Kelantan and Pahang rivers respectively during the
1994/1995 mousoon season with satisfactory resn1ts. Development of a flood forecasting
model for the Segamat River using Neural Computing technique has been accomplished.
Malaysia continues to use MOFFS to evaluate the performance of flood forecasting
service of Kelantan river and the results have been submitted to WMO.

During the 1994/95 North East Monsoon season, no serious flood were reported
as the monsoon rain distributed itself rather uniformly. The flood magnitude, evacuation
and death tolls were less severe than the previous year. During the intermonsoonal
periods, howevet, flash floodings have occurred more frequently in the rapidly developing
areas, especially the urban centres.
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Under the TCDC arrangement and the mutual exchange visit programme between
China and Malaysia, a Malaysian team of 4 officers visited China for a period of 12 days
(3-12/9/95). The Team had the opportunity to visit flood forecasting systems of several
important river basins in China. Valuable knowledge and experience in the field of flood
forecasting were also exchanged during the visit.

In the Philippines, through the Flood Forecasting Branch (FFB), PAGASA
issued 33 flood bulletins in the Pampanga, Agno, Bicol and Cagayan river basins and 4
flood situationers for Metro Manila. Three (3) post flood investigations were conducted,
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two of which occurred in Southern Philippines. Flash floods in untelemetered areas
became prevalent during the past year and such floods were generally caused by intense
rainfall aggravated by the denudation of forests. Certainly, the use of raingauges in the
untelemetered areas are highly desirable for the investigation of the causes of floods.
Unfortunately, the latest survey of hydrometeorological stations revealed that only ]6 out
of 60 stations remain operational. Some of the raingauges were either destroyed or stolen,
while the defectives ones were pulled out from the stations.

During the first quarter of 1995, PAGASA presented the initial results of the EAS
funded Philippine Project entitled ''Flood Assessment of the Bicol River' Basiu". The
project utilizes remotely sensed data to identify the flood limits of the basin.

As a part of the Memorandum of Agreement (MOA) between the PAGASA and
the International Center for Disaster-Mitigation Engineering of the University of Tokyo,
regular recounaissance field work were conducted in the Mt. Pinatubo area.

The Storage Function Model for flood forecasting were recalibrated during the first
and second quarters of 1995 with the inclusion of post-eruption parameters (as a results of
Mt. Pinatubo lahar deposits) for the Pampanga, Agno and Bicol River Basins. This was
necessitated by the increased sedimentation of the river cross-sections, particularly in the
downstream portions of the river basins. Among the activities carried out in connection
with the recalibration are: survey of the river cross section, adjustment of assessments
levels, regular discharge measurements and update of rating curves.

The FFB participated in the WMO sponsored survey on Management Overview of
the Flood Forecasting Systems (MOFFS) - a point - scoring method for assessing facilities
and performance of individual flood forecasting system. The data used was for the period
1991 to 1994.

In the Republic of Korea, among the twelve state-controlled rivers, five major
rivers are equipped with modem flood forecasting system with help of telemeterized
rainfall gauge and water stage stations. There are 218 rainfall gauges and 148 river stages
telemeterized stations under the Ministry of Construction and Transportation (MOCT)
which is charged with flood forecasting and dam operation for mitigation of flood damage
(Table 1.7). The average density of rainfall gauge station in the five river basins is one in
313 k.tJi , which is below the recommendation by WMO. Thus, the MOCT had set up a 5
year plan to install additional III rainfall gauge stations and 37 river stage stations from
1994 to 1998 (Table 1.8). In 1995, the MOCT has installed 15 rainfall gauges and 9 river
stage stations in accordance with installed 15 rainfall gauges and 9 river stage stations in
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Gauge Total 1994 1995 1996 '97- '98

Sum 148 Il 24 31 82

Rainfall III 5 15 25 66

River stage 37 6 9 6 16

accordance with the plan. TIle rest cf the plan are expected to be set as scheduled and
then the average density of rainfall gauge station will be one in about 200 km', which
meets the WMO recommendation.

Table 1.7 Hydrologic data observation (TIM) in Korea

River Han-gang Nakdong- Kumgang Somjin- Yongsan- Total
System gang gang gang
Gauge

Rainfall 82 60 41 21 14 218

River Stage 34 51 26 18 19 148

Table 1.8 Schedule for the installation of additional gauges

The Han River Flood Control Office, where covering the metropolitan area of
Korea, renewed the main computer VAX-II to TICOM, a domestically produced
computer system, and also set up two workstations for improvement of graphic user
interface circumstances. Such upgrade of computer system will continue for the other
Flood Control Offices within the near future.
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Out of the storage function method, an adopted hydrological flood routing model
in Korea, the MOCT developed a hydraulic routing model for the downstream of Han
river which ran the capital Seoul in 1994 to improve the accuracy of forecasting and to get
more detailed water stage information.· As a result of the first application of the new
model for the flood of August this year, MOCT could get assurance and decide to expand
to other basins.
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Han River Flood Forecasting Office has also developed the interactive model
operation system under the graphic user interface (GUl) circumstance for more convenient
model operations and a search system of informations concerning control of the historical
large floods.

Korea is located in the mensoon area and most of precipitation occurs from
typhoons and depression/storms during summer season. It has an annual mean
precipitation of 1,274 mm, of which about 65% are concentrated from June to September.
Compared to non-occurrence of floods in 1994, Korea had several serious floods this year.
The 1995 rainfall exhibited a rather large regional variation in terms of amount. Specially
a large amount of rainfall was concentrated in the central region of Korea which caused
extensive damage, inundation and break of railroads, land slides, and flooding by
embankment breaks.

The floods which occurred from August 19 to 30 1995 in the central part of Korea
brought a total of 65 dead and missing and US$ 600 million of property damages.

Although Typhoon "JANIS," did not directly affect the Korean peninsula it supplied a lot
of moisture to a frontal storm which hovered over the area.

Table 1.9 Comparison of the total rainfall and the reservoir storage for the past large
flood events (Han-gang)

j

'84 '90 '95
Flood Et'ent (8.27 - 9.8; (9.9 - 9.13; (8.19 - 8.28:

RainfalllStorage 12days) 5 days) 10 days)

Northern

Han-gang 557 376 585

Southern
Rainfall (mm) Han-gang 350 345 454

Total basin 442 369 519

Hwaehon-dam 655 (64%) 878 (86%) 788 (77%)

Storage (million

ton)/Storage ratio Soyanggang-dam 1,785 (61%) 2,457 (69%) 1,921 (6%)

Chungju-dam - 1,900 (69%) 1,645 (60%)

Indokyo Gauging

Maximum stage (m) Station 11.03 11.27 10.00

Maximum Indokyo Gauging

Discharge (ems) Station 29,000 30,500 27,000
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Table 1.9 shows the records of the highest river stages for the big floods that
occurred since 1980 in Han river basin. Note that the total rainfall amount of the August
1995 flood is bigger than those of the 1984 and 1990 floods while the peak discharge is
smaller than those of the 1984 and 1990 floods. The main reasons are efficient reservoir
operation and enough reservoir vacancy at that time. Due to the successive droughts from
1994, the water stage of the multi-purpose dams was very low, and it contributed very
much to flood control. Figure 1.5 shows the regulations of the peak discharges by
Chungju and Soyanggang multi-purpose dam in Han river basin, where the flood release of
reservoirs is delayed to diminish the downstream peakflow.

Table 1.10 List offlood forecasting.

Warning forecasting Observed Standard River Stage
River Maximum

(Gauging time peak Occurrence Stage (nr) Warning Dangerous
Station) stage River Stage River Stage
Han-gang 10.0 m
(Indokyo) 8.25 14:00 10.5 8.25 22:00 (8.25 21 :00) 8.5 10.5
Han-gang 10.6 m
(Yoju) 8.24 12:00 10.0 8.25 16:00 (8.25 18:00) 7.5 9.5

Ansong-chon 7.6m
(Dongyenkyo) 8.2400:00 8.0 8.2403:00 (8.24 03:00) 6.5 7.5

Kumgang 10.1 m
(Gyuam) 8.25 10:00 9.0 8.25 19:00 (8.25 21:00) 7.5 9.0

Sapkyo-chon 6.1 m
(Wenpyeng) 8.2506:00 5.0 8.2508:00 (8.25 14:00) 4.5 5.0

In the same period, there were also big floods in Ansong-chon, Kumgang and
Sapkyo-chon, which is close to Han-gang basin. The MOCT has properly issued flood
forecasting and waming for each of the rivers with rather good accuracy as shown in Table
1.10., Figure 1.6 shows the comparison offorecasting and actual water stage in Han river.

Recent flood record of Korea shows that damages in the small basins (basin area:
1,000-1,500km2

) by local heavy storms are more severe than in the large basins covered
by a flood forecasting system. The MOCT has set up a plan to expand the flood
forecasting system to small basins in 1993. This year, the installation of a system for
Ansong-chon basin, located near Seoul with a basin area of 1,670km2

, was completed and
it will be operational by next year. As a new project, details on the design for a flood
waming system on Hyungsan-gang is being laid out and is expected to be established next
year.
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In Thailand, within 3 - year Development Plan (1994-1996), the following 5
hydrometeorological stations will be established:

1) Chawang station, Nakhon Si Thammarat Province
2) Phrasaeng station, Surat TIlani Province
3) Kamalasai station, Kalasin Province
4) Sadao station, Songkhla Province
5) Sa Kaeo station, Sa Kaeo Province

The Management Overview of Flood Forecasting System (MOFFS) has already
been applied to the flood forecasting system for Prachin Buri river basin and the rating
results for the flood events of 1993 and 1994 were forwarded to the WMO Secretariat.

The flood forecasting and warning system in the designated Pasak, Prachin Burl
and Nan river basin are monitored on a routine basis.

TIle establishment of flood forecasting models for Thailand was carried out under
the agreement between the Government of Denmark and the Royal Thai Government
(RTG) Since August 1993. The Inception Phase was completed in 1993. Two groups of
RTG staff from six participating institutions received in-depth training held at AlT (Asian
Institute of Teclmology) in 1994 and 1995 respectively. Computer hardwares and
softwares of flood modeling and flood forecasting techniques using the MIKE 11 modeling
system were installed in the six institutions in November 1995.

In Vietnam, information systems maintained for its complex river network are not
adequately equipped with modem equipment and up-to-date facilities. The Vietnam HMS
surface observing network totals 1762 sites and currently consists of:

228 Hydrological, mainly manually-read river level gauges;

788 rainfall stations:
21 Seasonal Typhoon warning stations;
3 Weather Radars, etc.

In ]995, 140 VHF radios have been installed to provide additional hydro-

meteorological and flood information for flood monitoring and forecasting purposes.

The plan for forming an observational network for observing weather conditions

and water regime in the main rivers of Vietnam was implemented.



The project on improvement of rainfall and flood inundation forecasts fOTthe main
rivers in central Vietnam was completed end of 1995.

The Vietnam HMS with the assistance of some overseas companies is developing
new flood warning and forecasting systems based on PC and telemetery stations.

The Vietnamese Government with the assistance from international and UN
agencies has drawn up Comprehensive Programmes for flood control with a view to
reduce the damages and human miseries. It also currently puts emphasis on non-structural
measures of disaster prevention/preparedness like advanced warning and forecasting.

The activities for improvement of hydrological measurement network and data
collection are being carried out in central Vietnam to ensure better quality and timely
collation of data for running hydrological and flood forecasting models.

The present system of monitoring Hydrometric Stations has been improved in the
Red and Thaibinh River Systems, the Ca and Ma rivers and other river systems.

The development and application of guidance on hydrological technology models
for tropical cyclone regions in flood forecasting for some rivers in central Vietnam have
been carried out. The development of hardware and software systems applicable to LAN
based on microcomputers for hydrological data collation, processing, and timely
transmitting hydrological information and forecasts to end-users has continued.

Presently, GMS-4 pictures are being used experimentally fOTflood warning and
forecasting purposes (in the major rivers in central Vietnam).Flash-flood forecasting and
warning system in Hatinh Province (in central Vietnam) was also established and put into
operation.

1.3 DISASTER PREVENTION AND PREPAREDNESS

In China, the Weather office of Zhejiang Province and Ocean Fishery Weather
Office provided marine meteorological service in winter fishing season from November 1,
1994 to January 31, 1995. During that period, about 25 strong wind weather processes
with the highest wind speed more than 18 mps which occurred at the seashore ofZhejiang
Province were predicted more than 24 hours in advance. Furthermore, the strong wind
forecast of 3-5 days was also issued according to certain conditions. The time
effectiveness of forecast and service is prolonged and the extent of service expanded,
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which greatly increases the hairtail fish production during winter fishing season. A1though
more than 200 thousand of fishmen were having operation on the sea, none of fishing
boats capsized because of meteorological cause. which was just due to the accurate
weather forecast and timely service.

Since July 10, 1995, China has undertaken the production and issuance of
meteorological forecast and warning for the responsible area XI under the WMO GMDSS
Marine Broadcast System. Weather and sea bulletins are issued two times a day at 03:30
and 15:30 (UTC) when there are no tropical cyclone activities in the responsible sea area.
Otherwise another two will be added at 21 :30 and 09:30 (UTC) respectively. The content
of bulletin includes the following three main aspects: surface weather systems (such as
tropical cyclone, extratropical cyclone, cold front, warm front, subtropical high, ITCZ,
equatorial buffer zone, etc.); area where the wind speed may be more than 14m1s and area
with visibility smaller than 10km. Rough sea with wave height higher than 2 meters and
sea ice have not been issued till now for some reasons.

"China Disaster Reduction Programme" and ''Priority Projects in China Disaster
Reduction Programme" were drafted and compiled from October 1994 to February 1995
by the Chinese Committee of IDNDR with financial support from the UNDP.
International workshop on the above two documents was held by the Chinese Committee
ofIDNDR during February 16-17, 1995. The two documents were discussed again and
some amendments were suggested at the workshop. ''China Disaster Reduction
Programme" has the following main contents: overall strategy and disaster reduction in
China; macrostructure of "China Disaster Reduction Programme"; relevant fields of
disaster reduction in China. In the implementation of ''Priority Projects in China Disaster
Reduction Programme", the non-engineering component was enhanced, the rapid response
ability to disasters was emphasized, a suggestion establishing auxiliary policy-making
system of disaster reduction in China, education and training system and disaster reduction
law was put forward as well.

The sixth plenary session of the Chinese Committee of IDNDR was held in Beijing
on Nov. 22, 1995. Role played by relevant departments and benefit achieved this year
were exchanged and summarized at the meeting. Work plan and implementation
measures were discussed and finally drafted as well.

The 95 - China Symposium of Hydrological Forecasting and Disaster Reduction
was held by the Hydrology Committee, Chinese Hydraulic Society in Haikou City of
Hainan Province 20-23 November 1995. There were about 100 participants from 30
provinces (municipalities, autonomous regions), 7 river basin authorities, universities and
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research institutes. More than 100 papers were received and 50 papers were presented in
the symposium. 7 topics were addressed: (1) theory, technology and method of
hydrological forecasting; (2) automatic systems of hydrological forecasting; (3)
technology of automatic system of hydrological information collecting, transmitting and
processing; (4) effect of flood foreca sting on disaster reduction and benefits analyzing
(5) forecasting of runoff, ice slush and storm surge; (6) research on application of the
new technology such as satellite, radar and GIS (Geographical Information System) and
quantitative precipitation forecasting; and (7) the medium - and long - term hydrological
forecasting. Or. K. M. 0' Connor. Director of the International Hydrology Post-graduate
Courses, UCG, Ireland, was invited to participate in the symposium.

In Bong Kong, the Rainstorm Red Warning was issued three times during 1995 to
warn the public of potential hazards due to severe rainstorms. No Rainstorm Black
Warning was issued. These warnings are used to alert people to potential hazards due to
high rainfall rates, 50 millimetres in an hour and 100 millimetres in two hours, respectively.

Professional meteorologists from the Royal Observatory continued to present
weather programmes for all three local television stations. A studio at the Observatory
headquarters was put into operation during the year for the production of television
weather programmes, as well as for conducting weather briefings to the media during
rainstorm and tropical cyclone situations.

During 1995, the Royal Observatory further enhanced its Fax Manager, an
automatic facsimile dissemination system. Additional fax lines were added to speed up the
dissemination of warning bulletins. New hardware was also installed to ensure smooth
operation during hectic hours.

An exhibition on "Public Weather Services", WMO's theme for 1995, was held at
the Royal Observatory Headquarters for the public in celebrating World Meteorological
Day 1995. It attracted near 7,300 visitors over a two-and-a- half day period. The
emphasis of the exhibition was on the Observatory's forecasting and hazard warning
services provided to the public, aviation and marine communities. It also highlighted the
modem means to obtain latest weather information through the fax machine, pager and the
Dial-a-Weather automatic telephone answering system which is operated free to all callers.

In Macau, different activities were carried out during the year to improve public
awareness regarding natural disasters and the capabilities of government bodies involved in
this field.



The Contingency Plan for Tropical Storms named "Tai Fong" was revised and
updated in the beginning of the year and the emergency response exercise was held on the
3rd of May. On the same day, a public awareness campaign to achieve better preparedness
from the residents' of the territory was launched at the local press and on radio and TV.

No major human or material damaged were registered during the 1995 typhoon
season.

An agreement concerning the use of ambulances belonging to several government
and private organizations was signed on lltlr August, and a specific emergency exercise
was held to test the procedures established in that document.
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Several training sessions aimed at the schools were implemented to provide
specifically the guidelines for the evacuation plans.

A contingency plan for nuclear accidents was prepared and a booklet was
published giving instructions and advice to the residents in case of a nuclear accident
which could affect the territory.

A civil defense representative attended the 28th session of the Typhoon Committee
in Kuala Lumpur, Malaysia, from 5 to 11 December.

The Vice-Chairman of the National Civil Defense Service of Portugal, Major-
General Alipio Tome Falcao, gave a lecture in Macau on natural disasters particularly
earthquakes on 12 December.

In Malaysia, as a result of Highland Towers tragedy on 22 December 1993 which
claimed 48 lives, the Government has decided to form the Special Malaysia Disaster
Assistance and Rescue Team (SMART) to carry out search and rescue operation in major
disasters, and the establishment of the Major Disaster Management Committee to handle
major disasters on land in a coordinated and effective manner. The Committee chaired by
the Minister in charge of disaster management in the Prime Minister's Department is
responsible in the overall coordination in respect to management of major disasters and the
mobilization of SMART in search and rescue operation.

SMART is comprised of 85 officers and personnel from the Fire Brigade
Department, Royal Malaysia Police and the Armed Forces respectively. The team is
responsible in search and rescue operation in major disasters on land beyond the
capabilities of other existing search and rescue teams. Generally, the team will be
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deployed to handle major disasters such as collapse of tunnel, collapse of building ,
industrial accidents, accidents involving hazardous materials, accidents in building and
high-rise areas, rescue in major fire disasters, landslides/landslips, accidents involving large
number of victims and to assist the Civil Aviation Department in air disasters. The team
would be deployed to carry out search and rescue operation in major disasters where
specialized skills and equipment are required in saving lives of victims.

During the 1990s, the United Nations has set aside the second Wednesday of
October each year to increase public awareness about measures that countries can take
before disaster strikes. The J 995 international Day for Natural Disaster Reduction
(IDNDR Day) took place on Wednesday 11, October 1995. This year's theme was
"Women and Children-Key To Prevention".

IDNDR day is coordinated by the Secretariat ofIDNDR (1990-2000), a part of the
United Nations located in Geneva, Switzerland. Most IDNDR day activities, however,
take place ill countries around the world. National government agencies often play a

..
major role. The Government of Malaysia, in conjunction with the IDNDR, has established
the National Committee at the office of National Security Council (NSC), Prime Minister's
Department. This year's IDNDR day, Wednesday 11 October 1995 was commemorated
by undertaking various activities including broadcasts by the Government TV and radio
stations and by other means of telecommunication, aiming at enhancing public awareness
of the effects of natural disaster, and also through civic education and practical training in
life saving technique for communities in the natural disaster prone areas. Presentations on
life saving during floods were made and pamphlets were distributed in flood prone areas all
over the country.

Malaysia focused on proactive roles that women and/or children play before
disaster strikes, during emergencies or flood. This is because during the monsoon season,
children is the main cause of the high rate of casualties. Other government agencies such
as the Red Crescent Society and Civil Defense Department could play their part in
educating the public, especially women and children on how to protect themselves against
flood. Besides, the office distributed to national newspaper information about the
country's efforts to reduce the impact of disasters. Also NSC has coordinated to
publicize educational material for children in Malaysia on how to prepare themselves in
confronting flood. Last but not lest, the office will also provide information about the
country's participation in last year's United Nations Conference on Disasters (World
Conference on Natural Disaster Reduction, Yokohoma, Japan, 23-27 May 1994) and
what progress Malaysia had made since then in reducing the impact of disasters (flood).
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During the 28th Session of the Typhoon Committee (5 - 11 December 1995,
Kuala Lumpur, Malaysia), the ESCAPIWMO Typhoon Committee Natural Disaster
Prevention Award for 1995 was presented to the Department of Social Welfare of
Malaysia in recognition of its outstanding services in the promotion of natural disaster
prevention and preparedness through its efficient administration in the preparation of
evacuation centres, delivery and distribution of relief goods, and rehabilitation of flood
victims in Malaysia.

With the publication of the last of a series of eight issues of the ADMIN newsletter
August 1995, Malaysia had completed its assignment which emanated from a decision
made at the 8th Meeting of the ASEAN Experts Group 011 Disaster Management
(AEGDM) held in Langkawi, Malaysia, on 9-) 1 August )993. The forthcoming meeting
of AEGDM in early 1996 would pass the responsibility of producing the newsletter to the
Philippines.

It bas been an extremely rewarding experience for members of the Editorial Board,
drawn wholly from staff of MMS to be involved in such a meaningful activity, particularly
as it fits well ill the regional initiative to enhance its contribution to IDNDR.

In the Philippines, through the Office of the Civil Defense (OCD), tbe programs
and activities in 1995 were geared towards disaster preparedness, response, prevention
and mitigation. It provided guidance to local government units (LGUs) in the organization
and raining of their disaster coordinating councils and preparation of their disaster plans
and such other similar activities that could enhance their capacity to operate accordingly
during the occurrence of disasters or untoward incidence.

By the end of 1995, a total of 67 implementing/contingency plans were updated
and distributed to LGUs: 217 public information drives were conducted with 30,516
participants. A total of 38,908 iufonnation materials were distributed; 118 disaster drills
and exercise were conducted with 47,717 participants. Four significant events on disaster
consciousness were observed during the year.

The OCD being the Executive Secretariat of the National Disaster Coordinating
Council (NDCC) organized a total of 3,539 Disaster Coordinating Councils (DCCs) and
669 Disaster Control Groups (DCGs). With the DCCGs in place in a11political levels,
disaster management activities were synchronized resulting to systematic operations. The
NDCC is the focal point from which policies, directives, and coordination of disaster
related-activities emanate. By tbe year ended, 11 NDCC memoranda were issued which



* Repair and maintenance of disaster prevention facilities in flood-prone areas;
Checking and maintenance of the drainage pumping system;
Repair and maintenance of flood-prone facilities and assigning of persons in
charge;
Removal of materials which could hinder the flow of water;
Assignment and operation of patrol guards for flood prone facilities;
Preparation and evacuation plan in flood-prone areas;
Diverse public awareness about risks of disaster; and
Assignment of river guards.

included policies and procedures in the request, allocation release and monitoring of the
Calamity Fund.

In the Republic of Korea, in order to prevent natural disasters and protect the
people's safety and welfare during flood season, the government has carried out several

programs before the rainy season. The "The Periods of Disaster Preparedness Program"
was set up annually from 20 February to 30 May 1995.

Checking and Maintenance of Dangerous Areas

Securing of Equipment for Emergency Treatment in Occurrence of Disaster

Disaster Preparedness Education, Training and Public Awareness

*
*

*
*
*
*
*

* Equipment and facilities for emergency treatment have been secured on the

basis of the last 10 year' average;
For the victims, the government has arranged and secured 6 kinds of facilities
!TI 438 sites and 4 kinds of relief supplies in 40 public health centers;
Rescue equipment such as helicopters, ships, ambulances, life jackets, wireless
apparatus, etc. have also been secured.

*

*

* Disaster Prevention Education:
Civil servants across the country responsible for disaster prevention and

preparedness participated in various educational programs. The programs were
prepared for the 1995 rainy season.

* Disaster Prevention Training:
Command post exercises and field training for natural disasters were carried

out intensively just before the beginning of the rainy season. Civil servants,
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civilians, soldiers, official rescue workers, dozens of helicopters and different
kinds of heavy equipment were mobilized in the field training held from 25

April to 25 May.

* Public Awareness to People about the Importance of Disaster Preparedness:
A comprehensive public awareness plan was prepared and carried out for

the rainy season including various mass media coverage listed below:
2,185 broadcasts of 421 different advertisements through the mass

media;
65,247 broadcasts through special media and government agencies.

The public was guided with nationwide practical disaster education through

TV, radio, newspapers, booklets, etc.

The country annually designates May 25 as 'National Day for Disaster Prevention'

to increase people's awareness of disaster prevention. Major events of this year are as

follows:

*
Inspection of disaster prevention facilities in disaster-vulnerable areas;

Disaster prevention campaign;
Photo exhibition of storm damages and relief efforts; and
Offer disaster prevention poster and pamphlets for public distribution.

*

*
*

During the period when Typhoon "ROBYN (9307)" hit the country, the New
Disaster Preparedness Plan contributed greatly in minimizing losses in human lives and the
amounts of property damage. The Pre-arranged Sheltering Plan is carried out especial1y to
reduce the loss of human lives. The basic idea of the plan is to implement prevention and
preparedness activities well before the onset of natural disaster. In order to reduce loss of
human lives, the govenunent carries out various disaster countermeasures such as 24-hour
nationwide TV networks coverage. evacuation of residents and properties in disaster-
vulnerable areas, etc. This year, the Pre-arranged Sheltering Plan has been steadily canied
out for disaster prevention and has successfully contributed to minimize loss of life and

property.

TIle National Disaster Prevention and Countermeasures Headquarters (NDPCH),
established by the Ministry of Home Affairs (MOHA), is responsible for the national
natural disaster prevention and preparedness. It canies out government-level plans and
activities against natural disasters and promotes international cooperations (Figure 1.7). In
addition, every local government has organized the Local Disaster Prevention and
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Countermeasures Headquarters in which the provincial governor acts as the commander-
in-chief with duties similar to that ofNDPCH.

Commander-in-Chief.
Minister of MOHA

Assistant

Commander-in-Chief.

Vice Minister of MOHA and

MOCT

General-Coordinator

Di rector-General

Administrator

overall and

counter measure officer

r 1
urgent

analysis and report management and emergency countermeasuring
team restoration team team

I I
aid preparedness PR and general administrative assistant

team affairs team team

* MOHA Ministry of Home Affairs

MOCT Ministry of Construction and Transportation

Figure 1.7 The Organization of National Disaster Prevention and Countermeasure
Headquarter in Korea.



To meet the full local government system and strengthen the national function of
disaster prevention, the organization of an authority has been extended and reorganized
into the Disaster Prevention and Preparedness Bureau on 2~ December 1994 for more
efficient system of disaster prevention. In addition, to meet requests for staffs in local
districts, 149 disaster prevention organizations are currently set up in 226 cities in the
country.

In this day, disasters will be various and great including the increase of disaster
vulnerable factors and unusual changes in global meteorology caused by recent
urbanization and industrialization. To progressively meet such a trend and set up a
systematic prevention countermeasures, the Storm and Flood Disaster Countermeasures
Act, established in 1967, was fully revised. Its main points are as follows:

Since 1992, MOHA has drawn up and carried out "earthquake disaster

countermeasures principle". Stimulated by the Hanshin-Awaji earthquake in Japan on 17
January 1995, earthquake disaster countermeasures were fully reviewed for establishing
fundamental countermeasure system. The essential points are as follows:

Since there is a tendency for disasters to be both varied and large in scale these
days, the government has established mid-term plans (1992-1996) for disaster prevention

* the name of Act is changed into "Natural Disaster Countermeasures Act";
earthquake and drought were included in the definition of natural disaster along
with flood, heavy rain, storm and tidal wave;

to reinforce the disaster prevention function by executing the "Evaluation

system of disaster effect" in an attempt to protect tbe residents living in the
downstream regions of river:
to supply the expenses of local government for disaster prevention, and to
reserve and maintain the fund for disaster prevention measure every year. and;
to establish the foundation of Disaster Prevention Association of Korea in an
attempt to revitalize uon-governmental activities for disaster prevention and
preparedness.

*

*

*

*

* to carry forward legislative system for prevention measures against earthquake;
reinforce research work for disaster prevention against earthquake;
enforce education, training, and awareness activities against earthquake; and
to hold meeting comprised of specialists and related departments for prevention
measures against earthquake.

*
*
*
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to be executed on a yearly basis. During this period, the government would invest US$9.5
billion for 17 key fields such as flood control, forest conservation, research work, etc.

hl 6 years (1993-1998), the government will invest US$236 million in phases in
213 regions. As of end of 1995, US$ 37 million have been invested in 130 regions.

Since rural rivers in Korea are vulnerable to disasters because of delayed systematic
maintenance, systematic tools will be prepared for promotion of investment and overall
maintenance. From 1995 to 2016 (for 22 years), plans are in the works to complete
maintenance for 27,700 km of25,455 rivers with US$ 7,375 million. As part of this plan,
132 km is WIder maintenance with US$ 67 million in 1995, and investment will be
increased for completing works within tbe planned period.

In Thailand, in fiscal year 1995, eDD provided the following courses for fire
brigade personnel :

The eDS determines the revised training plan while the provincial enDe
exercises this plans in disaster situations to an the of average 20 provinces per year, the
number of which is limited due to budgetary constraints.

*

*

Basic training for firemen in 144 municipalities and sanitary districted
performed locally in some. regions. Every year about 800 persons are trained.
Revised training courses for fire instructors. 250 instructors are yearly trained
for 7 days.

While the civil defense personnel of the CnD had the following courses:

* Training and seminar for chief of disaster prevention and relief section in
municipalities. 144 persons are trained annualy for 7 days.
Training for civil defense volunteers performed locally. 20,000 persons are
trained annually in 200 classes for 5 days in civil defense, fire fighting and

*

*
rescue.
Seminar for civil defense instructors (from all district officers) 800 persons are
trained annually for 3 days.
Seminar for sanitary of civil defense volunteers 300 persons are trained
annually in disaster prevention for 3 days.
Serninar for leaders to civil defense volunteers 300 persons are trained yearly
for 3 days.

*

*
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In this set-up, COS surveys and analyses the potential risk of all the provinces of
Thailand. It sets up measures to be implemented in civil defense on all levels of the
CDDC. The COS also issues articles for dissemination by DOLA journal and the Radio of
Thailand.

The COS routinely sends officers to train on civil defense matters both in and out
of Thailand such as the Typhoon Committee Conference, the Tropical Cyclone
Committee Conference, Flood Modelling Training at AlT, etc.

During disasters, the CDDC authorities are the first to assist an area and sometimes
in cooperation with Non-Government Organizations (NGOs). Currently, the Ministry of
Finance is the sole authority which determines the recipient of the disaster aid based on
"the Rule of the Ministry of Finance on the Use of an Advance Emergency Aid for
people, 1995".

The Thailand subcommittee for the IDNDR was set up on 20 June 1990 by the
National Civil Defense Committee of Thailand in response to the UN Resolution 42/169.
The subcommittee for IDNDR is made up of 21 members from government agencies and
NGO's. The subcommittee is chaired by the Deputy Permanent Secretary for Interior
while the Director-General of the Department of Local Administration is the vice-
chairman.

The subcommittee has the foUowing responsibilities:
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To determine the policy and develop measures to achieve disaster prevention
and mitigation.
To implement and cooperate among nations through the IDNDR programme.
To give public education to shift society's perspective from passive acceptance
of disaster consequences to awareness of the opportunity for disaster
mitigation and the role of individuals in protecting themselves.
To support finance for the IDNDR programme.
To establish the working groups to assist the subcommittee on activities
concerning the fDNDR programme.



ill Vietnam, the National Committee for IDNDR set up by the Government of
Vietnam launeed an action programme with the following objectives:

The National Committee for IDNDR carried out a series of activities in 1995 as
follows:

* to minimize loss of human lives;
* mitigate damage to properties; and

* mitigate intenuption of production.

Strengthened the directing and commanding apparatus for flood and storm
control at all levels (central, provincial, district and village);
Step-by-step improvement on the quality of storm, flood and other disaster
warnings and forecasts;
Improved the quality of dike systems in the Red River Delta and in North of
central Vietnam, dikes along the coastal line from Mongcai to Hatien, the Day
river diverting system, water reservoirs in Hoabinh, Thacba and others:;
Strengthened flood combating force in all localities along river banks from
provincial level down to village level;

* . Completed several projects for disaster preparedness. The Project 06-B and
others on flood and storm control in Vietnam, particularly, in centra]
Vietnam were completed in 1994 and 1995;

*

*

*

*

* Completed a legal document containing a decree on flood and storm control
activities which was made public by the Government from the period of
1993-1995;
Basically completed the establishment of funds for flood and storm control in
the cities and provinces. By October 1995, 53 provinces and cities have set up
flood and storm control funds. By end of 1994, the sum of money coming
from all sources exceeded 13 billion dongs (about US$ 1.2). The total amount
of the funds obtained in the period from 1993 to 1994 was about US$ 2.5
million. TIle money received has been spent on strengthening
structures for flood and storm control, and in assisting people in affected areas
for rehabilitation and reconstruction work (especially in central and southern
Vietnam);
UNDP Project VIE/92/023 was completed end of 1995, and Project PAM
4617 is on-going upgrading sea dike systems in 7 provinces in central
Vietnam;
Three workshops on the topic "Overview on the dike situation along coastal
line from Mongcai to Hatien and strategy of the sea dikes up to the years

*

*

*
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*

2000-2010 in Vietnam" were sponsored by the National Committee for
IDNDR of Vietnam in Quinhon City on 18-19 October, in Hanoi on 14-15
November, and in Hochiminh City on 20 December 1994;

International workshop on the "Strategy and programme activities for water

related disaster reduction in Vietnam" was held from 29-30 November 1994 in

Hanoi;
* two projects: PAM 5325 and Disaster Management Unit (VIE/93/031) were

completed in November 1995;
* dyke maps are being established in 14 provinces in north Vietnam and in the

northern part of central Vietnam;
* the workshop on "Sea Level Raise and Coastal Area Management" (Project

Vietnam VP) was held on 27 February 1995 in Hanoi; and
* the meeting on "International Day for Natural Disaster Reduction" with the

theme "Women and Children- Key to Prevention" - was held in Hanoi on 11

October 1995.

1.4 TRAINING

In Hong Kong, a series of training courses on meteorology was organized by the
Royal Observatory in 1995 for Class I, Class IJ and Class III meteorologists. The courses
inc1uded lectures, practical sessions and current weather sessions on weather forecasting in
Southeast Asia. Two trainees from the Servicos Meteorologicos e Geofisicos de Macau
(SMGM) participated in the Meteorology Course for Aviation Forecaster from 18 April to
6 May 1995 and four trainees from the SMGM attended a training attachment to the Hong
Kong Airport Meteorological Office from 12 to 25 September 1995. A training course on
the maintenance of Automatic Weather Station (AWS) was organized for three officers
from the Guangdong Meteorological Bureau (GMB) of China during the period from 18
September to 6 October 1995. 26 meteorologists and professional staff of the
Observatory were also sent to various overseas institutions for advanced and specialized

training.

Training courseslseminarslworkshop/symposia/visits organized by Typhoon

Committee Members in 1995:

Host Member Subject Period

Course on Meteorology of Southeast Asia 20 Jan. - 17 Feb. 1995

HongKong Meteorology Course for Aviation Forecaster 18 Apr. - 6 May 1995

Initial Training Course for Scientific Assistants Il Sept. - 18 Dec. 1995



In .Iapan, JMA continues to endeavour to expand the technical co-operation in the
field of training and dispatch of experts. After tbe twenty-seventh session of the Typhoon
Committee held in December 1994, JMA conducted' training courses of the numerical
prediction and telecommunications for Members of the Typhoon committee, as shown in
Table 1.Il, and dispatched experts as shown in Table 1.12.

Training courses/seminars/workshops organized by other institutions and attended
by Typhen Committee Members in 1995:

Attending
Member Subject Venue Period

HongKong Phase I training on the Operational Windshear
Warning System (OWWS) I USA I Jan. - 31 Mar. 1995

Low Level Windshear Alert System (LLWAS)

Algorithm and the Wind ProfilerIRadio Acoustic USA 6 - 24 Feb. 1995
Sounding System (WPIRASS)

Phase I training on the Meteorological Data
Processing System (METPS) USA 10 - 17 Feb. 1995

Training Workshop on Public Weather Services

with particular emphasis on TV presentation and Singapore 24 Apr. - 5 Ma 1995
communication skills

Module 5 of the advanced training course on

Numerical Weather Prediction: Use and inter- UK 12 - 23 June 1995
pretation of ECMWF products

Application and Interpretation of NWP products

in Aviation UK 10 - 14 July] 995

17 - 2] July and
COMET Manager's Course USA 24 - 28 July 1995

Phase 1 Training of the Aerodome Meteorological

Observing System (AMOS) Germany 3] July - II Aug. 1995

COMET Mesoscale Meteorology Course plus 3-

day Training Workshop on Computer Aided USA 7 - 30 Aug. 1995
Learning

Test Team Course for Terminal Dopper Weather

Radar System USA 6 - 10 Nov. 1995

Maintenance Training Course for Kai Tak Wind

Profiler USA 27 - 29 Nov. 1995

Meteorology for Graduates Course UK (6 Nov. '95 - 25 Mar. '96)

From 8 through 11 November 1995, JMA invited experts from the national
Meteorological Services of China, Malaysia, the Philippines, Republic of Korea and
Thailand to a study tour to learn marine meteorological and oceanographic observations
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Theme Country
No. of

Participants Duration

procedures on board the Ryofu Marn ID. The study tour was followed by a meeting on
13 November to exchange experiences in recruiting vessels for marine meteorological
services including that of Voluntary Observing Ships (VOSs). Both the study tour and the
meeting were sponsored by the Ship & Ocean Foundation of Japan.

Table 1.11 Training which was held in JMA related to the activities of the Typhoon
Committee after the twenty-seventh session of the Typhoon Committee

Methods of analysis for global

weather forecasts

China from 13 January to 23

March 1995

Table 1.12 Number of JMA experts who visited Members of the Typhoon Committee
after the twenty-seventh session of the Typhoon Committee

No. of
Theme Country Experts Duration

Introduction of operational numerical

weather forecast Thailand 1 20 - 23 March 1995

Physical process of precipitation in the Republic of

limited area model Korea 1 on 27 March 1995

Technology transfer regarding

meteorological telecommunica-tions and Philippines 2 31 July - 29 Sept. 1995

the operation of computer system

Technology transfer regarding the Republic of

weather facsimile network Korea I 18 - 23 Sept. 1995

In Macau, the MMGS staff personnel underwent training in the following

meteorological course:

No. of

Course Duration Participants

Class II Met. Officer 6 months 4

Class III Met. Officer 3 months 6

Met. Observation and Processing 2 months 6
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No. of
Course Duration Participants

Specialization Course on Aeronau-tical

Observation and Information for Class II 2 months 6
Observers

Objective Analysis 1 week 5

Aeronautical Information 20 hours 20

Overseas training/seminar/workshop attended by SMG personnel in 1995:

No. of
Subject Venue Duration Participants

Meteorological Course for

Aviation Forecaster HongKong 18 Apr - 6 May 2

On-Job- Training in AMO HongKong 13 days 4

Interpretation of NWP Products Nanjing 7 Oct - 9 Nov 1

Training Visit to Singapore

AMO Singapore 1 week 2

The Tenth Seminar of Hazardous Weather was held in Macau on 18-19 December
1995 with 27 meteorologists from the Royal Obserbvatory Hong kong, Guangdong
Meteorological Bureau and Macau Meteorological and Geophysical Services. The
seminar included technical presentations on heavy rains and tropical cyclones, and
exchange of experience on hazardous weather warnings. Improvement of the observation
network which links the AWS of the Pearl River Delta to monitor hazardous weather
conditions in the region was also discussed.

InMalaysia, the following training activities on flood forecasting and warning
was organized during the year 1995:

No. of
Date Activity Venue Participants

Joint Seminar on Flood Forecasting and

15 March 1995 Waming Systems by DID Malaysia & Kuala Lumpur 44

IDI-Japan

Introductory Course on Telemail System

10-11 April 1995 for users KuaJa Lumpur 35

24-28 July 1995 Hydrology Course for technicians Malacca 40

3-12 September Study tour on the flood forecasting
1995 services of China China 4
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Training provided by the Malaysiau Meteorological Service to its personnel ID

1995:

No. of

Course Participants

(i) Course on Radiosonde Observation 9

(ii) Course on Meteorological Aspect of Air 8

(iii) Basic Course on Radar and Radar Meteo-

rology 7

(iv) Basic Course on Electronics 15

Overseas training/seminar/workshop attended by Malaysian Meteorological Service

Personnel ill 1995:

,..I

No. of

Subject Venue Duration Participants

Joint Research Project on Analysis of Rainfall

Data and GMS Satellite Data Tsukuba, Japan 23.1.95 - 2.2.95 1

Fifth WMO/IMD Regional Workshop on

Asia! African Monsoon Emphasizing Training New Delhi, India 30.1.95 - 3.2.95 2

Aspects

Training Course on Tracking Forest Fire Using

NOAA Satellite Data Singapore 6.3.95 - 10.3.95 3

Training Course on Weather Forecasting and

Radar Operation Taiwan 5.6.95 - 16.6.95 2

International Training Course in the

Interpretation and Application of Numerical Nanjing, China 9.10.95 - 9.11.95 1

Weather Prediction Products

Training Workshop on Public Weather Services

With Particular Emphasis on Television Weather Singapore 24.4.95 - 5.5.95 1

Presentation and Communication Skills

Workshop on Scientific Plan for South China Sea

Monsoon Experiment .Beijing, China 5.6.95 - 8.6.95 1

Workshop on Methods to Assess Greenhouse Gas

Mitigation Options for Developing Countries in Pattaya, Thailand 3.8.95 - 5.8.95 1

Asia

Regional Workshop on Greenhouse Gas Emission

and Mitigation Assessment for Asian and Pacific Seoul. Korea 25.9.95 - 29.9.95 1

Countries

Training Course in Marine Meteorology Melbourne, Australia 2.10.95 - 20.10.95 1

Factory Training on Operation of Radars Melbourne, Australia 27.11.95-22.12.95 4



In the Philippines, PAGASA conducted locally training and courses on
meteorology and hydrology for Class I, Class II and Class III meteorologists and
hydrologists, Disaster Management Course, and Computer Literacy Program among
others. Personnel also attended several training courses seminars, workshops abroad. In
1995, PAGASA supported 6 foreign and 17 local scholars through the VCP to the
University of the Philippines post graduate program in meteorology. Detailed listings are
presented below.

Training courses/seminars/workshops/symposia/visits organized by Typhoon
Committee Members in 1995:

Host Member Subject Duration

The Philippines Seminars on Severe Weather Warning System of

PAGASA Nov 1994 - Feb 1995

Disaster Management Course 20 Feb - 17 Mar 1995

Satellite Imagery Enhancement. Interpretation
and AnaJysis 24 Apr - May 1995

Computer Literacy Training Program 1 Mar - 6 July 1995

Operational Hydrology Training Course 22 May 1995 - 17 Jan 1996

Study Tour on Disaster reduction 12 -20 October 1995

Port Meteorological Officers (PMO) Training
Course 20 - 24 November 1995

Seminar/Workshop on Weather 20 - 25 November 1995

Regional Seminar/Workshop on Climate Change

Issues 24 November 1995

Operational Hydrology Training Course 22 May 1995 - 17 Jan 1996

Training courses/seminars/workshops/symposia/visits organized by other
institutions and attended by Typhoon Committee Members in 1995 are the following:

Attending
Member Subject Venue Period

The Philippines Asia-Pacific leaders conference on climate change Philippines May 17 - 20,1995

Training Workshop on public weather services (TV

presentation and communication skills) Singapore May 05 - 24, 1995

International Conference on Meteorological and

Hydrological Technology and Management Switzerland May 21 - 25, 1995

Conference on remote sensing and GIS for
environmental resource management Japan June 06 - 08, 1995
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Attending
Member Subject Venue Period

Conference/workshop on climate change issues

Philippines Aug 03 - 04, 1995

International 12-Week course on aseismic design Aug 28 - Nov 18.

and construction Macedonia 1995

Forest and climate change council Stakeholders'

Conference Philippines Aug 29 - 31, 1995

Eight International pyrheliometer comparison Sep 25 - Oct 14,

Leningrad 1995

Marine meteorological training course Australia Oct 02 - 20. 1995

International panel on climate change (grp. II and

III) meeting Canada Oct 11 - 20, 1995

International Workshop on Limited Area and

Variable Resolution Models China Oct 25 - 29, 1995

International Meeting on marine meteorology and

oceanographic infor-mation on marine vessels Japan Nov 08 - 13, 1995

International workshop on numerical wave

analysis and forecasting USA Dec 04 - 08, 1995

In the Republic of Korea, a total105 KMA staffs have participated in
international workshops, conferences, technical discussions, training, etc., in 1995.
Among them are training related to the activities 0)) the Typhoon Committee listed below:

Period Country Financial
(month/day) (Organization) Contents Source

Global monitoring of satellite

3/5 - 3/21 Japan data KMA

Data assimilation symposium/

3/12 - 3/25 Japan (JMA) NWP KMA

3/28-4/26 Japan OMA) Diagnosis of climate system KMA

GFDL, hurricane model tech-

9/16 - 9/24 USA (GFDL) nical discussion KMA

China (Nanjing Training on application of NWP

10/7-11/10 RMTC) outputs CMA

10/8....,.11/3 Japan (lMA) GMS-5 technical training KMA

Limited area model workshop/ CMN

10/22 - 11/4 China (CMA) Technical discussion KMA

4th SPECTRUM workshop WMO/

11/26 - 12/2 Japan KMA
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From 7 to 20 May 1995, 36 local government officials responsible for disaster
prevention and preparedness visited disaster prevention centers across the country and the
scenes of disasters in countries like Japan, Great Britain, France and Germany.

In Thailand, training details are as follows:

No. of
Participants Title Host Duration

Global Training Seminar on Data

I Quality France 20 - 25 Mar. 95

2 Training Course in General India 9 Jan. - 19 Jul. 95

Training Course on Computer Assisted

2 Planning, Design and Management of Belgium 3 Jul. - 15 Sept. 95

Water Resources System

Training Course on Software

1 Development for Meteorology Singapore 1 Sept - 31 Oct. 96

Training Course on Interpretation and

2 Application of Numerical Weather China 9 Oet - 9 Nov 96

Prediction

International Workshop on Numerical

1 wane analysis and Forecasting Boulder U. S. A. 4 - 8 Dec. 95

1.5 RESEARCH

In China, the China Meteorological Administration (CMA) research staff
undertook the following research studies:

•Interaction between Large Scale Environmental Circulation and Typhoon Motion

Among the factors affecting typhoon motion, the large scale environmental steering
is the most important and basic one. Changes of environmental flow can affect typhoon
motion significantly.

Statistic study shows that the adjustment of large scale circulation usually causes
typhoon unusual motion and the response of typhoon motion to the adjustment has time -
lag characteristics. In the Northern Hemisphere, westerly trough, subtropical high, ITCZ
and cross - equatorial flow are the main large - scale circulations affecting typhoon motion.

An intensified westerly trough around 120°£ trough, the 120°£ trough will weaken, as a
result, the subtropical high will intensify and steer typhoon to the west. In tropical area, if



another typhoon occurs in ITCZ to the east of the said typhoon, it will keep the main axis
of subtropical high at east - west direction and make typhoon moving toward west. Cross
- equatorial flow can affect typhoon motion significantly sometimes. If the cross -
equatorial flow is rather strong, especially connects with subtropical high, the said typhoon
will suddenly change its direction from westwards to north eastwards and leave a
recurvature track.

Analyses on the deviation between typhoon motion and the environmental flows at
different levels show that geostrophic basic flow at 500bPa, observational wind at 700hPa
and the pressure - weighted mean basic flow from IOOOhPato lOOhPa are the optimum
steering flows. Furthermore, the steering by geostrophic flow is apparently better than
observational wind. The mechanism of the deviation of typhoon motion from large-scale

steeling flow is studies as well.

Furthermore, the response of typhoon moving direction to the speed change of
basic flow is studied and the nonlinearship between them has been obtained. This effect is
more significant for symmetric typhoon than asymmetric one. It is also pointed out that
the horizontal mean environmental flow with different vertical structure can influence
typhoon motion significantly.

Impact of Typhoon Inner Asymmetric Structure on Typ/won Motion

Both observation and research show that the inner structure of typhoon has
asymmetric characteristics which include dynamic and thermodynamic aspects. Diagnostic
studies with SPECTRUM intensive observational data show that asymmetric structure is
an important factor to cause typhoon unusual motion in weak enviromnental field.
Numerical experiment study shows when the contour - dense - area appears at northeast
quadrant, typhoon will tend to move to the west. When the contour - dense - area appears
at southwest quadrant, typhoon will recurve. With the introduction of beta effect into
contour dynamics, the inner asymmetric structure can be captured and the unusual motion
such as meandering and looping can be simulated, which shows that beta effect and
nonlinear adveetion are two key factors in the formation of typhoon inner asymmetric
structure. On the other hand, typhoon has a tendency of moving towards strong
stratification unstable area. This thermodynamic asymmetric structure may turn to be main
"steering" factor and cause typhoon to deviate from the basic flow. Numerical experiment
study shows that proper description of typhoon asymmetric structure in initial field is a
necessary condition to predict successfully the unusual motion of typhoon under weak

environmental field.
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Tropical Cyclone Intensity Studies

It is also found that apart from beta gyres of typhoon circulation, there also exist
smaller - scale vortexes inside beta gyres. The interaction between beta gyres and smaller
vortexes may cause changes of the direction and speed of typhoon motion.

Impact of Other Weather Systems on Typhoon Motion

Study also shows that the existence and development of other weather systems
around typhoon usuaUy change its surrounding flow and then lead to typhoon unusual
motion. Numerical experiment study shows that the mid-latitude upper air cut-off-low can
interact with typhoon and make the typhoon turn to the north or north westwards suddenly.
The variation of the size and depth of cut-off-low can cause the changes of typhoon
vertical structure, which lead to the deviation between upper and lower typhoon center
and form vertical wind shear and consequently affect typhoon motion.

Effect of Underlying Surface Condition on Typhoon Motion

It is pointed out that the existence of large island topography can induce small
scale vortices inside typhoon circulation. Numerical experiments with ideal field show that
Taiwan island can induce a pair of different vortexes in easterly with the low on the west
side of the island and the high on the east side. The dipole systems can cause sudden
turning of typhoon while it is approaching Taiwan island. Other numerical experiments
simulated vividly the jumping phenomenon while a typhoon is crossing a large island. The
formation and development mechanism of induced low which plays important role in
jumping process are studied as well. Results show tbat lee side low is an important factor
in the formation of induced low. Besides, the formation is also related to terrain height,
typhoon intensity and size, landing point and the width of strait.

Statistic analysis shows that the northem part of South China Sea is the area where
the sudden intensification of typhoon usually occur. Some numerical experiments pointed
out that the intensification of mid - low level wind of troposphere caused by heavy rainfall
inside typhoon circulation is a stimulating mechanism for typhoon sudden intensification.
TIle convective heating at typboon eyewall area is also an important factor to cause
typhoon intensifying, which is mainly decided by the strength of diabetic heating and its
distribution with height. Research results also demonstrate that low-level jet plays an
important role in maintaining typhoon strength.
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Besides, new analysis method of typhoon intensity is developed such as the
composition of TOVS data and intensified conventional observational data, the retrieval of
typhoon central intensity changes from digital satellite images, spatial and temporal cross -
section diagnoses of Hovrnoller satellite, etc. Furthermore, through scale analyses, core
and outer - regime dynamic equations, WKB method and qualitative theory of nonlinear
dynamic systems have been set up. The mechanism of intensity changes at core and

center-regime is investigated as well.

Rainfall due to Tropical Cyclones

Spatial filtering analyses on typhoon-caused torrential rain shows that the active
mesoscale systems and the keeping oflarge-scale blocking high have important function on
the keeping of torrential rain. Mesoscale momentum production and large-scale
momentum transformation can be a sign for the formation of torrential rain. Impact of
sub-tropical high and distribution of environmental temperature field on the intensification
of torrential rain is investigated as well. The importance of symmetric instability on the
intensification of torrential rain is also emphasized. Extended diagnostic method of Q
vector is pointed out and proved to be more accurate than quasi-geostrophic Q vector

scheme proposed by Hoskins.

Impact of topography on typhoon-caused torrential rain is also very significant.
Topography can increase the rainfall of a landing-typhoon by 50%. Surface drag
coefficient Cd also has important influence on the intensification of typhoon caused
rainfall. A typhoon prediction model with three nested domains is developed with a proper
consideration of the impact of different-scale topographies. Results of quasi-operational

running of this model are rather encouraging.

In Hong Kong, two officers from the Royal Observatory and one scientist from

the Polytechn.ic University Hong Kong participated in the Fourth Technical Conference
on SPECTRUM held in Tsukuba, Japan between 27 November and 1 December] 995.
Each presented a paper. In addition, they also served separately as session chairman,

rapporteur and keynote speaker at the Conference.

55

Five officers from the Royal Observatory participated in the Tenth Guangdong-
Hong Kong-Macau Seminar 011 Hazardous Weather held in Macau on 18 and 19

December 1995. Four papers were presented.

A prototype Operational Tropical Cyclone Information System (OPTIS) was
developed to provide at forecaster's fingertips various information on tropical cyclones. It



displays .eye fixes, warning positions and allows forecasters to test different forecast tracks
from which parameters such as time of landfall and closest approach would be
automatically calculated by the system.
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Computer programs were developed to facilitate the running of the PC-based
SLOSH storm surge model. SLOSH products are used to assess the possibility of storm
surge induced sea flooding during the passages of Severe Tropical Storm Helen and
Typhoon Kent in 1995.

An objective forecasting technique based on the Climatology-Persistence method
(CLU1ER) for tracking the uiotion of tropical cyclones was implemented operationally in

the summer of 1995. Also, a mesoscale model, MM5, developed by NCAR/PSU was
successfully implemented in tI}eRoyal Observatory to provide daily forecasts for up to 60

hours ..

The following papers were published dwing the year:

l. Hong Kong's new Doppler weather radar.
2. Implementation of a Terminal Doppler Weather Radar for the new Hong

Kong International Airport at Chek Lap Kok.
3. Observational studies of tropical cyclones with cold-core or shear

characteristics.
4. Preliminary study of the performance of ECMWF, EGRR and Royal

Observatory's limited area model in forecasting the movement of Severe

Tropical Storm Gary.
5. Application of ECMWF 850-W)a vorticity fields to tropical cyclone

forecasting in Hong Kong.
6. An integrated tropical cyclone infonnation system for operational

applications.
7. nie heavy rain associated with Severe Tropical Storm Helen (9505).
8. An analysis of the northward movement of Severe Tropical Storm Gary

(9504) over the South China Sea.
9. A study of the mid-tropospheric vortex left by Severe Tropical Storm Gary

(9504) over southem China.

In Japan, JMA in April 1995 initiated the experimental use of data of the sea
surface wind and the spectrum and significant height of ocean waves obtained with the
ERS-l satellite that is operated by the European Space Agency (ESA) to analyze ocean

waves ill the western North Pacific with reports from ships.
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JMA proposed that a typhoon which was observed during SPECTRUM be used as
the third case of the "Comparison of Mesoscale Prediction And Research Experiment
(COMPARE)" project under WMO-CAS/JSC-WGNE and the Project Steering
Committee adopted the proposal. The numerical experiment will be carried out in 1996
and 1997.

When T9512 (Oscar) passed near Japan, Observations of its structure were made
with two Doppler radars and omega sondes. It brought much Precipitation and the
structure of the precipitation band is being analyzed.

When T9514 (Ryan) passed near the Ryukyu islands, the operational
meteorological radar at Ishigakijima made detailed observations of its rain bands, including
volume scan observations of 14 elevations. It is planned to examine the structure of the
rain band around the center of the typhoon in its mature stage and its temporal change, and
compare the results with the case of T9416 (Fred), which was analyzed in the previous

year.

Case studies on the genesis of a tropical disturbance were made using special
observation data and observations with GMS during the TOGA-COARE experiment
(1992 - 1993). These studies suggest the relationship between the typhoon genesis over
the western Pacific and the intensification of low-level westerlies associated with the
eastward propagation of the equatorial intraseasonal variation.

A method to retrieve parameters of the typhoon model to predict storm surges
from the typhoon intensity determined by the forecaster, its predicted track and the data
from GMS was developed. This method successfully simulated past storm surges in the
Tokyo Bay whereas it underestimated storm surges on the coast that faces the open sea.

InMacau, studies on hazardous weather were conducted in 1995. Two completed

research projects are:

1. Analysis of the Trajectory of Typhoon Kent (9508)
2. Comparison ofECMWF's Prediction and the Actual Measurement

In Malaysia, the Malaysian Meteorological Service will attempt to study the
impact of ocean variabilities on the weather and climate over Malaysia, especially in
connection with the winter monsoon fluctuations so as to provide a better understanding
of the monsoon and its associated rainfall. Meanwhile, research work on the large-scale
effects of typhoons over Malaysia will continue with the inclusion of more recent case



studies, particularly with respect to Typhoon Ryan (9514) which developed in the South
China Sea in September 1995. Continuous rain with heavy downpour (350 mm) from
noon of 17 September 1995 to the early hours of 18 September 1995 lashed the states of
Penang, Kedah and Perak in Peninsular Malaysia, causing rivers to swell above danger
levels and forcing the evacuation of thousands of people at the height of the deluge. Some
60 landslips occurred on the Penang Island. Trees were uprooted and perimeter walls of
some homes, schools, State mosque and Poor Home of the Aged also collapsed. The
resulting flood was the worst recorded in the history of the three northern states.

Some on-going studies are:

In the Philippines, in line with the national thrust on disaster impact reduction and
hazard mitigation, PAGASA continued to undertake researches on various meteorological
and hydrologic concerns. Below are among the completed researches and on-going
studies.

Completed researches as of December 1995:

1. Tropical cyclone nomogram for the Mt. Pinatubo area.
2. Typhoon wind profile related to warning and damages.
3. Experiments in the determination ofZ-R relations in the Philippines.
4. Tropical cyclone forecast development scheme.
5. Application of ERS-l (SAR) data in flood hazard assessment III fluvial

environment.

6. Development of a quick response disaster information referral system for
PAGASA.

7. Thunderstorm hazard mapping over Luzon.
8. Development of weather based forest fires forecasting.

I. Southwest mousoon surge associated with tropical cyclone.
2. Flood hazard mapping of Ormoc City and vicinity.
3. Flood forecasting modeling (Integration of remote sensing, GIS and

hydrology) for Aguo river basin.
4. Exploration of underground water resources using geophysical prospecting

method.
5. A study of possible temperature inversion in the Philippines.
6. Flood hazard and vulnerability analysis of'Laguna de Bay.
7. Correlation of sea surface temperature with red tide occurrence.
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8. A study of rainfall intensity duration frequency (RIDF) for flood estimation in
Metro Manila.

9. Development of regional mesoscale weather forecasting technique.
10. Water channel mapping in Quezon City.
11. Analysis of storm surge potential of various landfalling typhoons originating

from the Pacific Ocean .
12. Impact oflong duration atmospheric variability on surface water supply.
13. An investigation of the physical characteristics and natural systems responses

to sea level changes in selected coastal areas.
14. A study of ozone trends using satellite data.
15. A study of the seasonal characteristics of tropical cyclone and rainfall dwing

the El Nifio years.

16. Climate of metropolitan Davao.
17. Simulation of crop responses to climate change / variability.
18. Rainfall probability forecasting at Cagayan de Oro airport station.
19. Agroclimatic zoning of Cagayall Valley (Region II)
20. A study on regional weather forecasting.
21. A study of rainfall estimation based on remote sensing applied to hydrological

forecasting.
22. Analysis of heavy rainfall events associated with flash floods (Visayas

region).
23. Wave forecasting for Philippine seas.
24. Thunderstorm hazard mapping over the Visayas.
25. Development of a tropical cyclone forecasting scheme Ill: An interactive

expert system.
26. Flood hazard mapping and vulnerability analysis of Manila Bay area.
27. Tropical cyclone rainfall research (Metro Manila).
28. Mesoscale modeling for thunderstorm and rainfa11forecasting.
29 .. Typhoon damage forecast model.
30. A study on the effect ofMt. Pinatubo eruption on total Ozone.
3l. Impact of climate variability on cattle production.
32 Estimation of greenhouse gas emissions from landuse/ land cover change

using remote sensing technique.
33. Episodic events of the Philippines affecting agriculture.
34.· A project Oil UV-B monitoring .and research in the Philippines.
35. A study on the incidence of weather-related human health disorders in Metro

Manila.
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In the Republic of Korea, most of the research activities related to typhoon of
KMA have been concentrated on the improvement of numerical typhoon forecast model.
Major topics are listed as follows:

Steering Current

Two alternative methods had been tested to improve background initial steering
current around vortex at initial time. The current KTM applies persistent vector from the
previous 6 hour movement. However, one of the new approaches is the estimation of
vortex motion from local energy budget. The idea stems from the hypothesis that the
movement of vortex is closely related to the local tendency of kinetic energy or vorticity.
Another approach is to apply CLIPER forecast vector as the steering current. It has been
shown that CLIPER estimated steering current looks superior to that from local tendency
so far.
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Initial Vortex Bogussing

The KTM uses initial vortex bogussing based on the Fujitas formula. A
new approach is in progress based on the initial vortex specification by Kurihara,
et al. (1993, 1995). At first, the forecasted (or analyzed) vortex is removed from
the first guess field by applying a spatial filter. Then Kuriharas method is applied
to generate more realistic initial vortex.

Sensitivity Test on Parameters

A sensitivity of the KTM forecast on various model parameters is in testing. The
sea surface temperature (SST), steering current, vortex structure, and environmental
conditions are the subjects to test. Those parameters are perturbed and checked the
sentivity of forecasts. This approach is the first step for developing ensemble forecast of
typhoon track.

Hydrological Research

Under the midterm plan on the research to improve the flood forecasting and
wanring system, research for improvement of the runoffmodel ofNakdong river basin is in
line this year. In the research, we are analyzing the temporal characteristics of rainfall,
calibrating of the parameters in runoff model and modification of the stage-discharge
rating for low flow, etc.
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Also, the MOTe has started to survey the hydrological conditions for Imjin liver
basin this year, of which two thirds of tbe total basin area belong to North Korea. The
preliminary survey including the establishment of some rainfall gauge and water stage
stations will be performed for about three years. In 1995, tbe MOTe installed 4 water
stage stations and observation will be started next year. We hope to forecast for the basin
after the observation for a certain of time.

Research for Disaster Prevention

According to recent trends of diversification and enlargement of disaster damages,
disaster control for advance prevention is much more considered than before. So a plan of
establishing the National Natural Disaster Prevention Research Institute is proceeding.

Research for Policy Development

A research laboratory for disaster prevention was set up on March 2, 1993 at the
Local Administrative Research Institute attached to the Ministry of Home Affairs. Main
concern of the laboratory is focused on system development through research and review
of related system consideration to increase international cooperation. Results of research
up to now are 8 items (4 items in 1993, and 4 in 1994). The lists of research projects in

1995 are as follows:

* A study 011 Rainfall-Runoff Model
A Study on Integrated Disaster Management System
The FEMA (Federal Emergency Management Agency) Response Plan for
Disaster Pattem

*
*

Disaster Yearbook

The annual Disaster Yearbook has been published which contains information, such
as damage statistics (classified by cause, duration, watershed, and local govemment), and
activities of the National Disaster Prevention and Countermeasures Headquarters. This
book will play an important role as a data bank in planning disaster prevention and
mitigation programmes in the future.



* Computerization of damage report system.

Municipal districts can rapidly input the damage figures and emergency
measures by computer terminal.

Cities and provinces can set up supporting system faster by using the
information put into municipal districts.

NDPCH can set up speedy countermeasure system promptly analyzing the
situation in real time.

On-Line Computer System for Disaster Prevention

* Nationwide information network system for disaster prevention.
For analyzing flood data in real time including water level, rainfall and
weather forecast around the country, an on line system from main computer
in MOHA will be established.

For upgrading observation facilities in local districts, 1,006 sites with
conventional type sensors will be replaced with automatic facilities. In
total, 1,560 sites are equipped with automatic observation systems.
By May 1995, automatic water gauge facilities will be set up in 111 spots
of rivers for secming water level observation net. Network system between
institutions for advauced management of disasters will be completed by end
of 1995.

The Book's contents are:

Publication of the 30 Year History Book of Natural Disaster Prevention and
Preparedness in Korea

The book was organized Dl 1994 and distributed in 1995. An orgaruzmg
committee for this book consisted of authorized government officials, related scholars and
specialists.

Photographs of natural disasters in Korea;
Record of natural disasters in Korea since dawn of history to present time;
History of disaster prevention and preparedness from 1946 to present; and
Precept aud direction for disaster prevention and preparedness.
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In Thailand, a number of objective techniques for tropical cyclone prediction for
Thailand and neighboring area are being formulated and investigated. Studies are also
being done on the climatology of tropical cyclones in the Thailand area.

Other research activities currently being conducted at the Thailand Meteorological

Department includes the following:

* initialization schemes and boundary conditions for the primitive equation model
applied for a limited region in the South China Sea and surrounding areas
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* formulation of cumulus parameterization and large-scale release oflatent heat

* analysis of all NWP products received by GTS from ECMWF,KWBC
(Washington) RJTD(Tokyo) and EGRR(Bracknell)

* modification of the existing 5-levellimited area model

* objective techniques to be used to study the Thai people's attitudes towards
meteorological work/activities

* comparative study of water inflow and dam storage: Rainfall due to Tropical
Cyclone Passage over Thailand.

A working group composed of scientists from various research institution in the
country was organized to work on the development of Numerical Weather Prediction

Models.

Activities related to SPECTR UM

In Japan, the Meteorological Research Institute (MRl) of JMA has re-analyzed
the atmospheric :fields dwing the Special Experiment Concerning Typhoon Recurvature
and Unusual Movement (SPECTRUM) (August/September 1990) with JMA"s operational

global analysis/forecast model.

The re-analyses revealed that the poor forecast ofT9019 (Flo), which was reported
in the twenty-seventh session of the Typhoon Committee, was caused by observations
from some drifting buoys that reported the air pressure several hecto Pascals higher than
the actual value. About half of the released buoys sent erroneous reports. This result



suggests the importance of observations by drifting buoys in the tropical ocean where the
number of ship observations is few. In this case variations of the error in the reported
pressure are not large, and there is a possibility that the performance of the
analysis/forecast of the typhoon may be improved by offsetting the systematic error (bias).
The preparation for numerical experiments with the revised data is under way.

In order to further investigate the impact of the above buoy data on the numerical
forecast, numerical experiments were conducted with a high resolution limited area model

for three cases ofT9019 (F10) in the western North Pacific between the equator and 35°N

and between 1200E and L57°E. These experiments showed that the buoy data with
systematic en-or (bias) have a negative impact on the forecast of the development of the
typhoon.

The impact of satellite winds in the western North Pacific re-aualyzed at the
university of Wisconsin on the typhoon forecast was examined. The satellite wind had
positive impact on forecasts of the height field in the western North Pacific, but their
impact on the forecast of typhoon track was not clear. This result also underlines the
importance of observations over the tropical ocean.

An investigation on the impact of a more sophisticated convection scheme on the
climatology of the typhoon is under way. The Arakawa-Schubert scheme was
incorporated into a low-resolution version of the Global Spectral Model, and a 7-month
integration was made with the initial time at 12 UTC, 31 May 1990 to examine the new
scheme's impact on the statistical characteristics of typhoons in the model. The purpose of
the investigation is to evaluate the performance in typhoon-climatology simulation of the
low-resolution GSM, which will be used as a tool for one-month dynamical ensemble
forecasting. Preliminary analyses has revealed that when the evaporation from convective
precipitation is suppressed, precipitation over land (ocean) increases (decreases), and the
Asian Monsoon is intensified as much. The activity of typhoons is considerably reduced,
presumably because the reduced humidity in the lower troposphere due to the suppression
of evaporation hampers the conditional instability of the second kind (CISK), a mechanism
that develops typhoons.

In Thailand, an investigation on the impact caused by severe tropical storms in
disaster prone areas are still underway. All relevant data would be further studied to
develop effective measures to reduce or mitigate the effect of natural disasters.

Other tropical cyclones still under study are GAY (8929, 1-9 Nov. 1989) and
ANGELA (9224, 15-31 Oct. 1992) focusing on their peculiar movement in the area of the
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Gu1f of Thailand. All available data are currently being collected. Significant aspects of
the evolution and development of these disturbances and tbe related large-scale
environment during the period of the occurrence are under analysis and investigation. The
essentials of and requirements for a limited area numerical model for forecasting purposes
are under study while a numerical model for forecasting purposes is being formulated with
the use of data from the Global Models of various Meteorological Centres. Aside from
these, research is being undertaken on severe tropical cyclones which originated in low
latitudes over the tropical ocean using available SPECTRUM and TCM-90 data.

DOT (9017) is one of the typhoons which is being studied using the
aforementioned data sets. The movement of this cyclone will be studies in comparison with

climatological characteristics.

Unfortunately, they have recently found out that existing the plotting system
currently used and assigned for telecommunication purpose, is not compatible to plot out
such data. Any recommendations on this matter will be highly anticipated by the research
staff of the Thailand Meteorological Department.

1.6 TYPHOON COMM.lTTEE SECRETARIAT

The Typhoon Committee Secretariat (TCS) conferred the 1995 ESCAP/WMO
Typhoon Committee Natural Disaster Prevention Award to the Departmeur of Social
We1fare of Malaysia. The annual Award, a pet project of the Typhoon Committee
Foundation, Inc. (TCFI) managed by TCS, consists of a plaque and cash prize of
US$4,000. Dr. Roman L. Kintanar, Chairman of TCFI, formally presented the Award in
simple ceremony during the opening of the Twenty-Eight Session of the Typhoon
Committee inKuala Lumpur, Malaysia. The Award citation read:

"In recognition of its outstanding services in the promotion of natural disaster
prevention and preparedness through its efficient administration in the preparation of
evacuation centres, delivery and distribution of relief goods, and rehabilitation of flood
victims in Malaysia."

Mr. Toshio Okazumi, Hydrologist of TCS, gave support and assistance to several
visiting Japanese mission teams from Febmary to March 1995 to conduct survey on flood
control measures, water resources, water related disasters and lahar situation in various

liver basins in the Philippines.



Mr. Okazumi also lent expertise to the Training Workshop on Flood Risk Analysis
and Mapping in Nepal (II - 23 September 1995), the On-the-Job Training of Cambodian
officers under TCDC (10 February 1995), and Operational Hydrology Training Course
(May 1995 - January 1996) in PAGASA.

TIle TCS, in cooperation with PAGASA, assisted a mission team from the Office
of State Flood Control Headquarters of China for a study tour on Typhoon Disaster
Reduction from 12 to 20 October 1995.

TIle TCS published and distributed the seventh issue of the Typhoon Committee
Newsletter in August 1995.

Figure 1.8 Dato' Mohamad Bin Hussain (right), Director-General of the Department of
Social Welfare of Malaysia, accepts the 1995 Typhoon Conunittee Natural
Disaster Prevention Award from Dr. Roman L. Kintanar, Chairman, Typhoon
Committee Foundation, Inc. during simple ceremonies at the Federal Hotel in
Kuala Lumpur, Malaysia

66



CHAPTER 2

TROPICAL CYCLONES IN 1995

2.1 OVERVIEW

In 1995, there were altogether 34 tropical cyclones over the western North Pacific and the
adjacent seas bound by the equator 45°N, 1000E and 180°. Of the thirty four 1995 cyclones, seven fewer
than the record set in 1994, eighteen affected Members of the Typhoon Committee. Of the eighteen
cyclones, three stayed at sea throughout their existence. .

The significance of this year's season may not be on the number of storms but on the severity of
the landfalling storms. Out of the 15 which managed to make landfall. ten moved across China while
eight traversed the Philippine Islands. Three lashed their fury across Vietnam and the same number cut
across the Japanese archipelago. Two cyclones wended their way across the Korean peninsula. This year
Hong Kong and Macau were spared from the direct onslaught of a cyclone but was affected by four and
three tropical cyclones respectively. Laos and Malaysia had no cyclone Passage but weather in the latter
was severe during the occurrence of RYANwhile Laos had severe flooding due to LOIS.

Eight of the eighteen reached typhoon intensity while three did not attain severe tropical storm
strength.

The season began on 4 January when an unnamed Tropical Depression formed over the Pacific
and lasted till the last day of December with the dissipation ofT.S. DAN.

The 1995 season was fairly normalin that most of the cyclones formed over the western North
Pacific, moved west northwest, eventually dissipating over colder northern waters. Notable exceptions
were RYAN which in the absence of upper level steering traced an anticyclonic loop while over the South
China Sea. DEANNA also executed a very small loop on 5 June, also while over the South China Sea.

Multiple storm activity was quite pronounced in August and September. Record for multiple
storm this year was in August when four tropical cyclones occurred on the same day.

The monthly distributions of the frequencies of first occurrence of tropical cyclones and that of
typhoons of 1995 are shown in Figure 2.L The monthly mean frequencies of these two parameters during
the years 1946-1995 are shown in Figure 2.2.

Tracks of all tropical cyclones in 1995 are shown in Figures 2.4 and 2.5.

The 1995 season got off to an easy and relatively early start with a small disturbance near the
equator and 1700E on the ..th of January. The Tropical Depression was of interest only to shipping
concerns as it stayed over water during its 4-day life span. It developed near SON1710W and tracked west
northwestwards until its dissipation on 9 January.

Three months later CHUCK formed near SON168°E.Also developing at a rather low latitude, the
cyclone initially drifted westwards,until it assumed a west northwest track on 1May. By morning of 5 May
CHUCK was spotted in the vicinity of 14°N 151°E now a very weak tropical system. It continued to track
west northwestward until its dissipation a day later over the Marianas Islands..

Late in May, the seedlings of DEANNA was spotted less than a thousand kilometers east of
Mindanao with 55 kph depression winds near the center and this signaled that the 1995.western North
Pacific tropical cyclone season was definitely weUunderway. The depression headed west northwest and
was the first landfalling storm of the year as it crossed central Philippines on 2 June causing considerable
destruction to the islands. DEANNA maintained a west northwest track during passage but later recurved
to the northeast in response to a frontal system moving eastward. It finally dissipated over the hilly
interior of Taiwan.
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The satellite pictures of 00 UTC 24 August revealed the first strong evidence of the beginnings of
KENT. Development during its initial stages was inhibited by the very strength of LOIS over the South
China Sea. The warm outflowing air aloft from LOIS descended onto KENT and stifled development.
When LOIS moved away, an abrupt strengthening of KENT was noted until intensification to typhoon
intensity took place on the morning of 29 August. This occurred a day before it traversed the Luzon Strait.
KENT however was considerably weaker when it moved onshore between Haifeng and Huailai,
Gua.ngdong Province on the afternoon of 31 August. It weakened steadily and lost all circulation twenty
four hours later. KENT's sweep across China caused extensive loss of lives and property damage. It left a
death toll of 50 persons and damage amounting to US$438.59 million.

ELI was a weak tropical storm, one of many which developed on the monsoon trough. It traced a
broad curving path west of the Marianas on the first week of June. ELl attained tropical storm status on 4
June but weakened into. a depression two days later due to strong vertical wind shear. From thenon. ELl
steadily weakened and finally dissipated over water.

FAYE, the first typhoon of the 1995 season formed east of the Caroli.ne Islands and became a
tropical storm on 17 July. The system followed a northwest track and began to develop typhoon force
winds as it moved across the Pacific. FAYE turned north through a weakness in the subtropical ridge and
crossed the Korean peninsula on 23 July. It had transformed into an extratropical system by the time it
moved across Hokkaido on the 25th of July.

Just as FA YE was about to make landfall over Hokkaido on 25 July a disturbance had formed east
of the Philippine archipelago. Moving west it approached the islands and made landfall over Aurora
Province. It briefly attained tropical storm strength shortly after it emerged into the Philippine Sea but
weakened before it skirted the northeastern tip of Cagayan on the early morning hours of 29 July. It's
remains was detected hours later over the Luzon Strait.

GARY began as a low pressure center just off the east coast of northern Luzon on the 27th of
July. The core of the storm moved over sparsely populated regions in Luzon minimizing damage. While
over the warm waters of the South China Sea enroute to China, GARY developed into a severe tropical
storm on the 30th. The storm made landfall over Guangdong Province noon of the next day and quickly
dissipated as it moved inland.

On 3 August, the first signs of HELEN appeared over the Caroline Islands. The suspect area
generated a tropical depression four days later which would be the second storm to hit China during this
season. HELEN reached its lowest pressure of 980 hPa on the early morning hours of Il August and like
GARY it activated the ITCZ which dumped torrential rains over Thailand and 1110stof Indochina.

IRVING was a short-lived tropical storm which first made its appearance over the central
Philippine Islands on the 13th of August just as HELEN was dissipating over China. The loosely
organized system drifted for four days before it developed into a depression over the South China Sea early
on 17 August.

JANIS, the costliest of the 1995 cyclones, began in a trough of low pressure south of Guam on
the 17th of August. By morning of 21 August the eight-day life span of JANIS had begun. JANIS traced
a broad recurving path while cutting across China, the Korean peninsula and the Japanese archipelago.
Historically, there have been few storms whose effects were so widespread. Total damage figures for
JANIS was estimated at US$579.98 million. When it emerged into the Sea of Japan it had already lost its
tropical characteristics. By midday of the 27th, the extratropical storm was well entrenched in the frontal
trough and continued to accelerate toward the east northeast across Japan.

An active low pressure are east. of Taiwan which was affecting JANIS movement developed
briefly into a tropical depression on 21 August. It finally dissipated, still over water, two days later.

LOIS began to develop on 24 August over the South China Sea concurrent with the beginnings of
KENT east of the Philippines. The strengthening of LOIS to tropical storm intensity was revealed before
midnight of the 25th by satellite pictures and ship reports. Tropical Storm LOIS began moving in a
general westerly direction as it aimed towards Hai-Nan Island and landfall was made in that vicinity on
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the morning of the 28th with maximum winds estimated at 100 kph. LOIS was the first of three
landfalling storms that hit Vietnam during the year. Fortunately, all three were already on a weakening
mode when they moved onshore. Therefore damage directly attributable to its winds probably was minor.

MARK formed east of the southern islands of Japan on 29 August. It attained tropical storm
intensity a day later and was a minimal typhoon on 1 September. It reached peak intensity shortly
thereafter while on a northeast track towards the dateline. On the 2nd of September it had weakened into a
tropical storm and rapidly lost strength thereafter.

NINA, the ninth significant tropical cyclone of 1995 was another cyclone which failed to
intensify to any significant degree after initial development. Satellite imagery of 00 UTC I September
depicted a cyclonic circulation which was upgraded to a tropical depression a day later. Deepening
continued as NINA moved on a northwest track towards northern Luzon. The system managed to remain
identifiable as a depression as it tracked inland. Fortunately the center was not strongly organized at this
time and thus was not attended by damaging winds, but it did produced excessive rains along its path.
Barely hours after NINA reached the warm waters of the South China Sea it was upgraded to a tropical
storm. The storm made landfall over Hai-Nan on 7 September. While inland, NINA was downgraded into
a tropical depression. All evidence of a cyclonic circulation was gone after 18 UTC 7 September with the
center dissipating over the interior.

While NINA was approaching Luzon on the 3rd of September, a Tropical Depression (TD16W)
had developed near 4°N 144"E. The cyclone which maintained depression intensity all throughout its
existence traced a smooth westward track across southern Philippines and finally dissipated when it made
landfall over Vietnam on 11 September.

OSCAR can be identified as a typical, well-behaved recurver that transitioned into an
extratropical cyclone. The third typhoon of the season began as a disturbance embedded within an area of
convective activity 400 km in diameter and centered near 8°N 161°E. The cloud blob traced a west
northwest path line at 15 kph across the Pacific. Gradual intensification ensued and on the morning of 14
September, a day before it recurved to the northeast, OSCAR had developed into a minimal typhoon. The
typhoon remained at sea for the duration of its existence on a course paralleling the Japan coast. While
only peripheral effects were felt in Japan, 2 casualties were reported and 876 dwellings were damaged.

On the morning of 14 September, an organized depression later to be dubbed POLLY had
developed about 200 km east of Aurora. It remained almost stationary during the next 24 hours. On the
15th, a short wave trough passed north of the storm which caused POLLY to veer enough to miss northern
Luzon which had been threatened before the course change became apparent.

RYAN the third of the September storms was also the last tropical cyclone of 1995 to affect
Japan. Although Ryan may have been the most interesting cyclone of the year in terms of movement it
also proved to be the most unusual in terms of intensity oscillations. RYAN started spinning in the South
China Sea on the 16th of September just as POLLY was moving away from the Philippines. For two days
it moved on a very erratic course then turned north before finally assuming a northeast track towards
Taiwan on the 20th. It began losing force on the 22nd of September and had transitioned into an
extratropica1 cyclone by the time it crossed Japan.

A Tropical Depression (TD2lW) formed in the vicinity of 4°N 161°E on 19 September while
RYAN was slowly oscillating over the South China Sea. It followed a track very similar to TO 16W and
also dissipated upon landfall over Vietnam on 29 September.

Cloudiness near the Caroline Islands began consolidating into a vortex pattern on the last
remaining days of September. On 27 September, SYBIL one of the most well-behaved cyclones of 1995,
was born. Among the more interesting features of this typhoon was the regularity of movement which it
exhibited. It was thus moving on a west northwest direction when it went across the Philippines and the
South China Sea on its way into China. Adverse atmospheric conditions and cooler sea surface
temperatures caused SYBIL to gradually weaken to 975 hPa before making landfall over Guangdong on
the 3rd of October. The weakening began just in time to save Macau and Hong Kong from the destructive
storm.
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WARD developed in the northwest Pacific about 600 km north northeast of Truk on 16 October.
Il reached tropical storm status on 17 October about 400 km west of Guam while on a classic west
northwest trajectory. WARD steadily intensified and was reclassified as a typhoon on 18 October. A
gradual shift to the northwest was noted at this time and by morning of 21 October it had turned to the
northeast. Peak intensity was reached while WARD was on a recurvature track with pressures going down
to 940 hPa. WARD degenerated to a severe tropical storm late on the same day and transformed into an
extratropical cyclone on 22 October.

As TD21 W emerged into the South China Sea after crossing the Philippines, another Tropical
Depression (TD22W) developed near 24°N 151oE. The weather disturbance initially tracked northeastward
and later exhibited a snakelike path across the waters of the Pacific only to dissipate near the dateline on 4
October.

The second tropical depression of October (TD23W) had its origins just off the east coast of
Luzon on 4 October. It moved on a general westerly course across the Visayas and the South China Sea
during the next two days and moved ashore on 7 October over Vietnam. The rugged terrain features of
Vietnam further weakened the already weak system and by nightfall of the same day had lost all its
identity. .

A cloud mass first detected by satellite at 12 UTC 8 October was undoubtedly TED in his
embryonic tropical depression stage. On a general westerly heading, the storm passed over southern Luzon
on the 9th of October and made its way across the South China Sea a day later. Having cleared the Gulf of
Tonkin. TED charged across Hepu on 13 October. Shortly after, the remnants of TED was spotted near
Canton.

VAL formed over the waters near the Marianas Islands on 8 October. After it moved to the north
northeast, it gradually turned its track to the northwest on 9 October and continued to track northwestward
for about three days. It gained tropical storm strength on Il October. A day later, VAL made an abrupt dip
to the south over the waters east of Chichijima. It then wandered off course for two days then began a
more southwestward track on 14 October. By morning of the next day it had transformed into an
extratropical cyclone and finally dissipated east ofLuzon.

Satellite pictures of 18 October sighted a poorly organized vortex in the vicinity of 8°N 147°E
which after four days developed into a depression soon to be named YVETTE. Moving west northwest it
was upgraded into a tropical storm a day later after crossing the Philippine's mid-section. As it churned
across the South China Sea, YVETTE became better organized and was upgraded to a severe tropical
storm prior to making landfall on the Vietnam coast. This was followed by steady weakening due to the
effect of the topographic undulations of Vietnams rugged terrain. Three deaths were attributable to the
storm and thousands of houses were damaged during YVETTE's transit across Vietnam. It inflicted
relatively minor damage in the Philippines.

ZACK \v::IS discovered on 21 October as an organizing system over the Caroline Islands. Over the
next eight days il moved towards the Philippines. It charged past the central islands on 29 October.
Topographic undulations slightly weakened Zack but it managed to regain its lost strength while over the
South China Sea. By noon of I November ZACK had already made landfall in Vietnam. This cyclone
inflicted considerable damage both to the Philippines and Vietnam.

One of the most destructive of the 1995 cyclones and the most intense, ANGEL A inflicted great
suffering and economic loss to the Philippines when it sliced across the islands on 3 November. It was the
strongest typhoon to hit the country since Typhoon PATSY struck Manila with 200 kph winds in mid-
November 1970. The existence of ANGELA was confirmed by the 12 UTC satellite pictures of 25 October
which showed extensive cirrus outflow in the vicinity of lOoN I49°E. In its early stages it moved at about
15 kph and accelerated slowly to about 22 kph and continued at that speed on a general westward
movement throughout the rest of its existence.

Close on the heels of ANGELA, BRIAN developed on 29 October near 16°N 174°E. After two
days Oll a westward track south of the subtropical ridge. BRIAN shifted to a northwest track before
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recurving to the northeast on 2 October. Itmanaged to gain strength while recurving and later transformed
into an extratropical cyclone on 4 October while aiming towards the dateline.

COLLEEN was ashort-lived storm which formed near the dateline on 10 November. It took a
westward track into more southern latitudes and dissipated near l6°N I 76°E on 13 November.

November's last depression (TD32W) was detected on the 30th east of Mindanao. The
disturbance moved northwest and made landfall over the Bicol Peninsula on 4 December. A day later its
remnants was found over the Sulu Sea.

The last tropical depression of the season (TD34 W) developed into a significant cyclone over the
South China Sea on the first week of December. It moved erratically during the early stages, executing a
counter clockwise loop before finally taking a westward track across Vietnam. As the northeast wind flow
increased, the depression was forced to dip south and weaken in the process. By morning of 14 December
it had dissipated over the waters of the South China Sea.

DAN dubbed as the Christmas storm of 1995 developed in the Caroline Islands on December 24.
It started out on a west northwest track towards the Visayas but on December 28 it curved sharply to the
northeast and came closest to Sarnar some 200 km east of the island. An unexpected event in December,
DAN was a threat only to marine interests as it remained well at sea during its 6 day life span. It did
however manage to dump heavy rains over the eastern sections of the Visayas causing an estimated total
damage cost ofUS$ll million.



Figure 2.1 Monthly distribution of the frequency offirst occurrence of tropical cyclones
in the westem North Pacific and the South China Sea in 1995
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SO
I

I ITropical cyclones which affected
I IDaily Positions at 0000 UTC e-o.:-f--.;

Initial Positions .@ r:

/Y v: I I
Committee Members in 1995

'.'''--;1-,-

30

ia .~

~v

150 160110

NUMBER NAME DATE
1 9502 TS DEANNA [AURING] 31 May - 08 June 1995
2 9503 TY FAYE fBEBENG1 16 - 25 July 1995
3 9504 TS GARY [KARING] 27 July - 02 Auqust 1995
4 9505 TS HELEN [DIDING] 07 - 13 August 1995
5 9506 TS IRVING 17 - 20 August 1995
6 9507 TS JANIS [ ETANG] 20 - 28 August 1995
7 9508 TS KENT fGENINGl 24 Auoust - 01 September 1995
8 9509 TS LOIS 24 - 30 August 1995
9 9511 TS NINA [HELMING] 02 - 07 September 1995
10 9512 TY OSCAR 11 - 17 September 1995
11 9513 TY POLL Y flSINGl 14 - 24 September 1995
12 9514 TY RYAN rLUDING] 15 - 24 September 1995
13 9515 TY SIBYL rMAMENGl 27 September - 04 October 1995
14 9516 TSTED 07 - 14 October 1995
15 9519 TS YVETTE [9519] 22 - 27 October 1995
16 9521 TY ZACK [PEPANG] 25 October - 02 November 1995
17 9520 TY ANGELA [ROSING] 25 October - 07 November 1995
18 9523 TS DAN [TRINING] 25 - 31 Dp.r.p.mber 1995

Figure 2.3 Tropical cyclones which affected Typhoon Committee in 1995
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Tropical Cyclones in 1995 with no report
Twelue hourly positions

SO Initial Positions--~W--------ff-r~----r---~---r--------r-------~

30-------r------_,~------+-------_+--------r__w~~,_------_+------~
I

140 150 160 170 180

NUMBER NAME DATE
1 Tropical Depression 08 January 1995
2 9501 TS CHUCK 27 A_f)_ril- 02 Ma_y_1995
3 TD ELI 04 - 08 June 1995
4 Tropical Storm (unnamed) 26 - 29 July 1995
5 Tropical Depression 22 - 23 August 1995
6 9510 . TY MARK 30 Au_g_ust- 02 Se_f)_tember1995
7 Tropical Depression 09 - 10 Se_f)_tember1995
8 Tropical De_Ql"ession 28 - 29 Se_Qtember 1995
9 Tropical Depression 01 - 02 October 1995
10 Tropical Depression 05 - 06 October 1995
11 9517 TSVAL 10 - 13 October 1995
12 9518 TYWARD _. 16 - 22 October 1995
13 9522 TS BRIAN 01 - 03 November 1995
14 TD COLLEEN 11 .; 12 November 1995
15 Tropical Depression 03 - 04 December 1995
16 Tropical Depression 09 - 11 December 1995

Figure 2.4 Tropical cyclones in 1995 with no report of damage
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2.2 REPORTS OF INDWIDUAL TROPICAL CYCLONES WIDCB AFFECTED
MEMBERS OF THE TYPHOON COMMITTEE

2.2.1 DEANNA (9502)
31MAY-08 JUNE

The year's first remarkable tropical cyclone developed from a disturbance embedded in the
mansaan trough hovering over the Caroline Islands on the last days of May. Deanna was also the
season's first tropical cyclone to enter the mid-latitude westerlies and recurve.

Synoptic data at this time indicated a circulation supported by convergence in the low-level
easterly flow plus a strong upper-level divergent pattern while satellite imagery depicted the
development of an intense 300 km diameter convective mass. A well-established mid-tropospheric
subtropical ridge was steering Deanna on a west northwest intercept course with the central
Philippines. While crossing the Central islands, Deanna continued her 19 kph speed but weakened
to 55 kph intensity despite the low gradually moving under an upper anticyclone. Maximum
sustained winds of 40 kph with gusts of up to 60 kph were reported at Romblon (98536) when it
passed about 40 km southwest of the station on the eve of 2 June. For two days Deanna caused
widespread precipitation over the central islands where reports of minor structural damage and
many downed trees and power lines were received.

Deanna passed almost south of Manila before daybreak of 3 June. Upper level outflow
remained good during transit and Deanna exited intact into the South China Sea. It reached storm
intensity that same morning aided by the wann waters of the South China Sea. Peak intensity was
attained a few hours later after moving further seaward. Highest wind gusts of 80 kph were
reported at Subic (98426) when the storm began to deepen west·ofLuzon.

As westward steering pressure from the subtropical ridge relaxed, Deanna on the morning
of 4 June took a northwest jog in the South China Sea at a much reduced forward speed.
Organization however continued to improve despite evidence of southwestward vertical shearing of
the central deep convection. It then moved northeast under the influence of very weak southwesterly
steering flow. The storms' northeastward path took it west of the Batanes Islands on the morning of
5 June. . .

Vertical shear then began to increase as Deanna moved north through a break in the mid-
level ridge. Synoptic data at this time revealed the approach of a significant trough in the westerlies
indicating possible recurvature of the storm. For two days .it stagnated northwest off the coast of
northern Luzon as it advanced into a weakness inthe ridge located between two subtropical high
pressure cells.

Early on 7 June Deanna was drawn northeastward as the mid-latitude trough previously
located over Japan propagated eastward: Gradual weakening occurred as it entered an area of
increased vertical wind shear and by 00 UTC of 8 June Deanná had already lost her storm strength
winds as it approached Taiwan. A mere six hours later it was 'finally' absorbed into a frontal
system.

The total damage due to Deanna's sweep across the Philippine's mid-section amounted to
US$ 1.2 million.

(DEANNA was named AURING by PAGASA.)
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Figure 2.5 Composite track of DEANNA (9502)
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Figure 2.6 GMS-5 visible imagery ofDEANNA (9502) at 03 UTC on 4 June 1995
(By courtesy of Japan Meteorological Agency)

Fl£1U"e2.7 Analyzed ()()ure Sea Leve) Syncptic Olart of06 June 1995
(By courtesy of Japan Meteorological Agency)
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Flgure 2.8 Analyzed 00 urc Sea Level Synqltic Chart of 05 June 1995
(By courtesy of Jepoa Meteorological Agency)

Figure 2.9 Analyzed 00 ure Sea Level Synoptic Chart of07 June 1995
(By courtesy of Japan Meteorological Agency)
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2.2.2 FAYE (9503)
16-25JULY

The first typhoon of the 1995 season, Faye, had its beginnings over the waters east of the Caroline
Islands on 16 July. The main convection area was initially detected to the northeast of the system's center.
The cloud blob took a classic west northwest path line for the next five days as it came under the influence
of weak southeasterly deep layer steering flow. Rapid intensification was not expected at this time as it was
affected by weak to moderate upper-level shear.

On the eve of the 11th, winds of tropical storm strength were being generated in the system as it
drifted at ] 2 kph. The slow to moderate translational speed of Faye was due to weak south southeasterly
flow which provided little steering current to the storm. However, the slow speed in a low vertical shear
environment managed to support gradual intensification of the system.

On July 18, a weakness in the subtropical ridge was noted and opened up the possibility of'Fayes
recurvature in four to five days time. A day later, Faye acquired severe tropical storm intensity as it
continued to swirl in a large area of wanner sea surface temperature. It managed to keep its intensity for
about three days inspite of moderate upper-level shear from the north-northeast.

After it passed through the Ryukyu Islands on 21 July, it intensified into a typhoon with a small
distinct eye 30 km in diameter. Maximum wind gust of 100 kph was recorded in the Ryukyu Islands
during Fayes passage. It also brought heavy rains to southern Japan causing widespread flooding
particularly on the southeast coast. The highest amount of 213 mm was measured at Shikoko. The
torrential rains totally or partially submerged 285 houses and damaged 2. Total damage loss was
fortunately minimal even though 6 persons were reported dead or missing and 8 were injured.

On the morning of the 22nd, Faye began recurving when the break in the subtropical ridge
became more pronounced. The passage of a short wave trough then forced Faye to wend her way north
heading towards Korea. Early on the 22nd it reached maximum intensity of 160 kph, hours before it
landed on the Korean peninsula. Fayes continued development before landfall was an unusual
phenomenon for a typhoon at such a relatively high latitude. Cheju-do, recorded 940 hPa minimum sea
level pressure at 9am on 23 July as the center passed 150 km to its southeast. It slightly weakened as she
struck Kyongsangnam-do province then moved north of Ullung-do emerging through the sea of
Kangnung.

A peak gust of 120 kph was measured at Yosu (41198) during the time of landfall. Precipitation
in Korea, especially in the southern coast, showed large local variability (30-220 mm) but gusts (15-130
kph) was very strong. Reports from the Republic of Korea indicated 41 persons killed and 4,524 persons
were affected with about US$1l5 million property damages. A large oil-tanker sank causing a massive oil
spill on Korea's eastern coast. Faye was a small but intense typhoon and damages in the Republic of Korea
were mostly due to winds rather than precipitation.

The cooler environment and increased frictional effects caused Faye to rapidly weaken into a
tropical storm late on 23 July. Mainly due to a combination of upper level shear, drier mid-tropospheric air,
and cooler waters, Faye was a mere tropical depression when it was spotted swirling over the northern part
of the Sea of Japan on 24 July. Hours later, at a much diminished intensity, Faye responded to increasing
upper level southwesterly flow and began to accelerate toward Hokkaido. Satellite imagery on the morning
of 25 July revealed that Faye had already lost its tropical characteristics over the western coast of
Hokkaido.

(FA YE was named BEBENG by PAGASA.)
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Figure 2.10 Composite track of FAYE (9503)
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Figure 2.11 GMS-5 visible imagery ofFAYE (9503) at 03 UTC on 23 July 1995
(By courtesy of Japan Meteorological Agency)

I

Flgure 2.12 Analyzed 00 ure Sea Level Synoptic Chart of21 July 1995
(By courtesy of Japan Meteorological Agency)

F\gure 2.13 Analyzed 00 ure Sea Level Synoptic Otart of20 July 1995
(By courtesy of Japan Meteorological Agency)

Flpre 2.14 Analyzed 00 ure Sea Level Synoptic Otart of22 July 1995
(By courtesy of Japan Meteorological Agency)
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2.2.3 GARY (9504)
27 JULY-02 AUGUST

On the eve of 27 July as a persistent low pressure area was spotted over northern Luzon another
vortex east of the island had intensified into a tropical depression and was named Gary. In its initial
stages, Gary moved erratically due to the fact that it developed on the eastward extension of a broad
reverse oriented monsoon trough that extended from the Gulf of Tonkin out to the Philippine Sea, as such
steering flow has been very weak.

While still in its depression stage, Gary crossed northern Luzon on 28 July. Minimum sea level
pressure recorded at the Baler Radar Station (98334) was 98l.6 hPa at 10 UTC of 27 July. The center was
not strongly organized at this time and thus was not attended by damaging winds. However, it managed to
dump torrential rains along its path causing considerable destruction to northern and central Luzon. After
being over land for six hours, it once again moved over open waters.

Late on 29 July, it intensified into a tropical storm on its westward track and six hours later
another upgrade was necessary, this time to tropical storm intensity. It had by then become more
organized as it absorbed the remnants of the previously mentioned disturbance over northern Luzon.

After a day's wandering in the South China Sea, Gary made an accelerated northwards turn and
was upgraded into a severe tropical storm. A day later Gary reached its peak strength of 100 kph and
minimum sea level pressure of 980 hPa. Shortly after Garys intensity peaked, it approached the coast of
southeastern China and steadily weakened.

By noon of 31 July, Gary had landed between Chenghai and Raoping, Guangdong Province with
maximum wind speed of 110 kph near the center. It continued to track northward and made its way across
the central part of China. After staying there for about two days, Gary finally dissipated over the middle
reaches of the Yangtze River on 3 August.

Accounts of the aftermath of the storm in the Philippines indicated damage amounting to US$6.3
million. Flash floods and 5 meter lahar flows caused 2 deaths and 2 missing.

In China, 14 people perished while 23 others were injured. The direct economic loss to the
country was around US$ 174.28 million.

Although Gary did not touch any part of Thailand, its presence activated the ITCZ located north
and northeast of the country which brought widespread rains over the northeastern, eastern and southern
parts of Thailand.

(GARYwas named KAR/NG by PAGASA.)
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Figure 2.16 Composite track of GARY (9504)
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Figure 2.17 GMS-5 visible imagery ofGARY (9504) at 03 UTC on 31 July 1995
(By courtesy of Japan Meteorological Agency)

Fipre 2.18 Analyzed 00 ure Sea Level Synoptic Chart of 3D July 1995
(By courtesy of Japan Meteorolegical Agency)

._----------"------------------------------------------~
Deure 2.19 Analyzed 00 ure Sea Level Synoptic Chart of.29 July 1995

(By courtesy of. Japan Mete<rological Agency)
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F1eure "2.20 Analyzed 00 ure Sea Level Synoptic Chart of31 July 1995

(By courtesy of Japan Meteorological Agency)
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2.2.4 HELEN (9505)
07-13 AUGUST

Helen originated in the low-level monsoon trough and tracked south of the subtropical ridge
throughout most of its existence. The disturbance was first spotted on the 3rd of August as a broad, poorly
organized area of convection over the Caroline Islands. Four days later it was upgraded to a tropical
depression based on the appearance of a low level circulation center on the edge of the deep convection. It
initially moved at a slow west northwest track under the influence of weak easterly flow south of the sub-
tropical ridge.

While approaching the Batanes Islands, the storm took a more westward track at 22 kph. Helen
crossed the Balintang Channel as it reached tropical storm intensity on the morning of 9 August.
Intensification proceeded at a slow rate as Helen was at this time being subjected to upper level shear with
its low level center disjointed from the center of deep convection.

Helen then dipped southwestward when it emerged into the South China Sea on the night of the
9th with high pressure building over China. Upper level shear then diminished and the system became
better organized in the vertical. reaching severe tropical storm intensity on the eve of the 10th. It then
moved around the southwest flank of the deep layer sub-tropical ridge which had a northeast/southwest
orientation and was steered to the north on the Il tho

Helen made landfall between Shenzhen and Huaiyang, Guangdong Province on the early
morning of the 12th at peak intensity. Hours later, Helen was downgraded to a tropical storm as it
interacted with the topography of Guangdong. It further degenerated into a tropical depression late on 12
August over the continent finally dissipating the next day in the interior.

In China, 8 people perished and 40 were reported injured. The economic loss was estimated at
US$ 190.66 million.

Like Gary, Helen managed to activate the ITCZ located over the north and northeast of Thailand
which caused a considerable surge in the southwest 1l1OnSOOnand dumped torrential rains over most parts
of the country. As a result there was widespread flooding and crop damage in northern Thailand alone was
estimated at more than US$lO million.

(HELEN was named DIDING hy PA GASA.)
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Figure 2.20 Composite track of HELEN (9505)
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Figure 2.21 Composite track of HELEN (9505)
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Figure 2.22 GMS-5 visible imagery ofHELEN (9505) at 03 UTC on 12 August 1995
(By courtesy of Japan Meteorological Agency)

Ft.,.re 2.23 Analyzed 00 ure Sea Level Synoptic Ouut ei 11 August 1995
(By courtesy ei Japan Meteorological Agency)

Ft.,.re 2.24 Analyzed 00 ure Sea Level Synoptic Chart ei 10 August 1995
(By courtesy ei Japan Meteorological Agmcy)

Fteure 2.25 Analyzed 00 ure Sea Level SynqJtic Ouut eI 12August 1995
(By courtesy eI Japan Mctcocological Agmcy)
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Irving remained a small system at near ntinimal tropical storm il!tensity throughout its existence.
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2.2.5 IRV1NG (9506)
17-20 AUGUST

The disturbance which became IRVING was first detected in satellite pictures of 13 August over
the central Philippine Islands. The presence at the time of an eastward moving trough extending
equatorwards from central Japan inhibited the upper-level outflow of this vortex and contributed to
Irvings delayed intensification.

On the morning of 17 August the suspect vortex was upgraded to tropical depression status as
soon as a noticeable organized convective feature was detected. It was then over the South China Sea south
of the Paracels Islands (the Xisha Islands). trying was then being steered north northwestwards at 13 kph
by a moderate southerly deep layer steering flow. Based on continued convective organization, it was
upgraded to Tropical Storm Jrving at 18 UTC 18 August.

It reached peak intensity with maximum sustained winds of 83 kph and minimum sea level
pressure of 990 hPa on 19 August when it passed along the east coast of Hai-Nan Island. It made landfall
soon after on Leizhou, Guangdong Province. Maximum winds was down to 67 kph near the center by the
time it moved onshore. It had degenerated to a depression before crossing the coast just north of Hai- Nan
and thereby rapidly dissipated near Qinzhou (59632) on 20 August. Despite having lost some of its early
intensity when it hit land, the combined effects of heavy rain and flooding cost an economic loss to China
amounting to US$ 120.24 million.

In Thailand, monsoon rains from the surge feeding into Irving caused extensive flooding over
most of the northern part of the country and further aggravated conditions caused by Tropical Storm
Helen.
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Figure 2.26 Composite track of IRVING (9506)
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Figure 2.27 GMS-5 visible imagery ofIRVING (9502) at 03 UTC on 19 August1995
(By courtesy of Japan Meteorological Agency)

Figure 2.28 Analyzed 00 ure Sea Level Syneptic Chart of 19 August 1995
(By courtesy of Japan Meteorological Agency)
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Figure 2.29 Analyzed 00 ure Sea Level Synoptic Chart of 18 August 1995
(By courtesy of Japan Meteorological Agency)

Figure 2.30 Analyzed 00 ure Sea Level Synoptic Chart of 20 August 1995
(By courtesy of Japan Meteorological Agency)
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2.2.6 JANIS (9507)
21-29 AUGUST

In her aftermath, Janis left 65 people dead or missing in the Republic of Korea and affected
24,146 persons. Total property damages amounted to US$570 million. Most of the damages were due to
heavy rainfall and subsequent flooding. No significant property damage was reported in Japan as the much
weakened extratropical stages of Janis passed south of Hokkaido on its way back to sea.

The third of the August storms' origin dates back to a suspect area noted on the satellite imagery
on the 17th south of Guam associated with an active monsoon trough over the northwest Pacific. Three
days later, winds of tropical depression force were being generated in the system. Janis' track was initially
slow and erratic as a short wave trough in the westerlies over the Korean peninsula had broken down the
subtropical ridge in the general longitude of the disturbance, thus providing little steering current. It was
also apparently interacting with a low east of Taiwan.

Supported by good upper level outflow and strong low-level energy input, gradual intensification·
occurred and on the night of 21 August, Janis had attained tropical storm force. With the build-up of the
ridge, the storm began a northwest track on a heading towards China.

On the morning of the 24th, Janis had intensified further to severe tropical storm strength.
Weakened by terrain features, winds dropped to storm status as Janis accomplished landfall' on Wenlin,
Zhejiang Province on the morning of 25 August. It then turned northwards and passed through Shanghai
and Jiangsu Province and crossed the Yellow Sea as an extratropical system before it traversed the Korean
peninsula.

Janis recurved and accelerated to the east northeast after the transformation. It passed through the
northern part of Japan on 27 August and finally dissipated off east of Japan two days later.

The storm and a stationary front over the central Korean peninsula ahead of Janis brought
torrential rains to the area with as much as 625 mm recorded in Poryong during the episode. A rainfall
rate of 70 mm/hr was reported in the same station on 25 August while Janis was wending her way across
the eastern coast of China.

In China, property damage amounted to a total ofUS$ 9.98 million.
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(JANIS was named ETANG by PAGASA.)
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Figure 2.32 GMS-5 visible imagery ofJANIS (9507) at 03 UTe on 24 August 1995
(By courtesy of Japan Meteorological Agency)

Fi~ 2.33 Analyzed 00 ure Sea Level SynopticChart of 26 August 1995
(By cowtesy of Japan Meteorological Agency)

Figure 2.34 Analyzed 00 ure Sea Level Synoptic Chart of 25 August 1995
(By courtesy of Japan Meteorological Agency)

Figure 2.35 Analyzed 00 ure Sea Level Synoptic Chart of 27 August 1995
(By cowtesy of Japan Meteorological Agency)
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2.2.7 KENT (9508)
24 AUGUST-Ol SEPTEMBER

As Tropical Storm Janis was about to hit China's east coast and Tropical Depression Lois was
swirling over the South China Sea another vortex later to be named Kent had intensified into depression
intensity east of the Philippines. The disturbance was first noted on the 23rd of August as a surface
circulation within a disorganized area of convection in the active monsoon trough near 8°N 136°E.

During most of its life, Kent moved generally northwest towards a weakness in the ridge over
Taiwan, occasionally decelerating in response to the passage of a series of mid-latitude short-wave
troughs.

Initially, Kent's intensification was rather slow as its upper level outflow was being restricted by
the presence of Lois over the South China Sea. However, when Lois started to move further west, Kent's
slow but steady intensification commenced. Kent's low level circulation remained partially exposed until
the 26th when a central dense overcast formed and it was subsequently reclassified as a tropical storm.

It achieved typhoon status over water on 28 August and began to move northwestward about 11
kph in the direction of the Balintang Channel. Kent's peak intensity was observed on 30 August while it
was passing through the Luzon Strait with minimum pressure of approximately 950 hPa and maximum
sustained winds of 160 kph near the center.

By morning of 31 August it was spotted over the South China sea about 350 km east of Macau
coast now moving west northwest at an accelerated pace of 24 kph. Upon entering the South China Sea it
became evident that Kent was not going to recurve because of the buildup of the subtropical ridge north of
her. Kent responded to these changes and tracked west northwest and of the same day went ashore
between Haifeng and Huailai, Guangdong Province with maximum winds of 150 kph near the center.
Soon after Iandfall Kent weakened rapidly as she accelerated inland into hilly terrain. It dissipated near
Liuzhou (59046) in the southern part of China on 1 September.

Even though Kent did not cross Philippine land mass it however effectively activated the
southwest monsoon which dumped heavy rains over most of Luzon Island. Torrential rains caused floods,
landslides and lahar flows which left thousands homeless and caused considerable damage to property and
crops. Damage in the Philippines amounted to US$ 6.5 million.

In China, the impact from Kent was quite extensive as it was one of the strongest typhoons to
cross the country this year. In her few short hours over China, Kent left destruction amounting to US$
438.89 million.

(KENT was named GEN/NG by PAGASA.)
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Figure 2.36 Composite track of KENT (9508)
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Fïgure 2.37 GMS-5 visible imagery of KENT (9508) at 06 UTC on 31 August 1995
(By courtesy of JapanMeteorological Agency)

Fleure 1.38 Analyzed 00 ure Sea Level Synoptic Chart cf 30 August 1995
(By courtesy cf Japan Meteorological Agency)

Fleure U9 Analyzed 00 ure Sea Level Synoptic Chart cf 29 AuguS. 1995
(By oourtesy eI Japan Máea'ological Agency)

Fl:ure 1.40 Analyzed 00 ure Sea Level Synoptic Olart cf 31 AuguS. 1995

(By cowtesy cf Japan Meteorological Agency)
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2.2.8 LOIS (9509)
24-30 AUGUST

Lois developed from a low pressure area embedded in the monsoon trough about 300 km west of
Luzon Island on the 24th of August while Janis was aiming towards China. It developed also at the time
Kent was still a suspect cloud blob east of central Philippines. . .

For two days, the depression remained quasi-stationary then dipped temporarily to the southwest on
the 26th, but later took a west northwest track due to the interaction with .Kent and the weakening of the
Pacific ridge on the morning of27 August.

While the disturbance east of the Philippines eventually intensified to Tropical Storm Kent, the vortex
in the South China Sea continued to show marked variations in its convective activity due in part to the degree
of vertical wind shear that existed over the disturbance. Late on the 25th shearing eased with the movement of
the upper trough to the west and Lois was upgraded to tropical storm status. It further intensified into a severe
tropical storm on August 27th while heading towards Hai-Nan island. The storm's proximity to land and
brevity of time over water restricted Lois from developing further to even minimal typhoon intensity.

Lois reached its peak intensity on 28 August with minimum sea level pressure of 970 hPa and
maximum sustained winds of 115 kph a few hours before it landed on Warming, Hai-Nan Province but quickly
weakened when it moved to Baibu Gulf.

The northward and eastward movement of the upper trough made the western point of the Pacific
ridge extend to the west so that Lois was subjected to the easterly steering current and maintained a west
northwest track until its center passed close to Tinhgia (48172) at midnight of 29 August. Maximum sustained
surface winds at landfall were 75 kph with a central pressure of 985.1 hPa. Lois.brought rainfall of 150-300
mm from Thanhhoa to Quangtri provinces.

Lois rapidly weakened and was downgraded into a tropical depression between Laos and Thailand. Its
remnants passed over Thailand's Nan Province on the early morning hours of 31 August. Lois, the first
cyclone to cross Thailand in 1995 brought heavy rains which claimed several lives and flooded over a
thousand homes particularly in the northern part of the country.

In China, Lois also caused significant damage amounting to US$60.12 million.

In Lao P.D.R., Lois caused extensive crop danlage during its transit north of the country.
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Figure 2.41 Composite track of LOIS (9509)

STAGE

TD
TS
STS
TS
TD
END OF
TRACK

TIMAES AVATLABLE FROM POST ANALYSIS
CHINA VIETNAM HONG KONG
00 UTC 24/08 06 UTe 26/08 00 UTe 26/08
12 UTe 25/08 12 UTe 26/08 12 UTe 26/08
06 UTe 27/08 06 UTe 27/08 06 UTe 27/08
00 UTC 30/08 18 UTe 29/08 00 UTe 30/08

00 UTe 30/08 06 UTe 30/08
00 UTe 30/08 12UTe 30/08 06 UTC 30/08

JAPAN
06 UTe 24/08
06 UTe 26/08
06 UTe 27/08
12 UTe 29/08
12UTC 30/08
12 UTe 30/08

(DISSIPATION) (DISSIPATION) (DISSIPATION) (DISSIPATION)

100



F1cure 2.44 Analyzed 00 ure Sea Level Synoptic Chart ~ 27 August 1995
(By cowtesy ~ Japan Meteorological Agency)

Figure 2.42 GMS-5 visible imagery ofLOIS (9509) at 03 UTC on 28 August 1995
(By courtesy of Japan Meteorological Agency)

F1eure 2.43 Analyzed 00 ure Sea Level Synoptic Chart ~ 28 August 1995
(By courtesy ~ Japan Meteorological Agency)

F1cure 2.45 Analyzed 00 ure Sea Level Synoptic Olart ~ 29 Aup 1995
(By courtesy of Japan Meteorological Agency)
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PROVINCES AFFECTED BY THE FLOOD IN 1995.

DAMAGED LOWLAND RICE AREA (ha)
Number is shown the percentage

rJ 15001 to 2OCOO
[] 1CWl to 15CXXJ
LI 8001 to HXXXlo 5001 to 8OCO
Dali others

RESOURCE MANAGEMENT INFORMA nON SYSTEM CENTER, MAF 1995.

Figure 2.46 Provinces in Lac's P.I>.R. affected by floods in 1995 (Courtesy of Lao's
P.D.R. Meteorological Department) 102 .
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2.2.9 NINA (9511)
02-08 SEPTEMBER

The seedlings of Nina was first noted on the 1st day of September as a disorganized cloud blob
embedded in a broad circulation on the eastern side of the monsoon trough. Twenty four hours later the
said vortex deepened into tropical depression in the vicinity of 11.3°N 132.0"E

Strong easterly winds from the mid-level subtropical ridge produced west northwestward steering
for most of Nina' s existence. Moderate southwesterly low level flow produced a sheared environment, and
the low level circulation was often displaced north of the deep convection, hence Nina never became well
organized.

On 4 September, the depression traversed northern Luzon to and spawned heavy rains for about
four hours with a high rainfall rate of 42 mm/hr recorded at Laoag (98222) which triggered flashfloods
and major lallar flows in the Mt. Pinatubo affected areas of central Luzon. Twenty four hour rainfall was
maximum at 160 mm recorded in Sangley synoptic station (98245) in Cavite. Total storm related
damage in the Philippines amounted to US$O.3 million.

Emerging into the South China Sea late on the 4th, Nina slightly accelerated after it merged with
a low pressure area located west of Pangasinan and thereafter was steered on a westerly track by an
extension of the subtropical ridge into Hai-Nan Island. Nina entered the South China Sea as a very weak
depression, but upon reaching open waters, its convection increased and Nina developed to tropical storm
strength about 640 km south southeast of Macau.

Turning to the northwest from its westward track, Nina proceeded toward Hai-Nan Island.
Striking Wenchang. Hai-Nan Province on the morning of 7 September. Nina moved north and passed the
Qiongzhou Strait and reached land for the second time at Leizhou Peninsula, Guangdong Province. Its
center passed over Haikou (59758) and as it ploughed further inland. Nina became a tropical depression
near Bose (59211) late on 7 September. It dissipated shortly thereafter over the hilly interior.

Nina enhanced the southwest monsoon flow and caused widespread rains over most parts of
Thailand.

(N/NA was named HELM/NG by PAGASA)
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I<ïgure 2.48 GMS-5 visible imagery ofNINA (9511) at 03 UTC on 7 September1995
(By courtesy of Japan Meteorological Agency)

Figure 2.49 Analyzed 00 urc Sea Level Synoptic Chart of 6 September 1995
(By COlIJW;y of Japan Meteorological Agency)

Figure 2.50 Analvz .....ed 00 \nc Sea Level Synoptic Chart of 5 September 1995
(By courtesy of Japan Meteorological Agency)

Figure 2.51 Analyzed 00 urc Sea Level Synoptic Chart of 7 September 1995
(By courtesy of Japan Meteorological Agency)
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Figure 2.52 Flooding by Tropical Storm 'Nina' at Ayudthaya province. (Photos
courtesy of Thailand Meteorological Department).
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2.2.10 OSCAR (9512)
12-19 SEPTEMBER

A weak circulation on 7 September was detected by satellite near gON 161°E marking the
beginning stages of Typhoon Oscar. The system had developed on the eastern end of the monsoon trough
and drifted slowly west northwestwards for the next four days while gradually intensifying in the process.

By morning of the 12th, Oscar developed depression force winds while moving over the Marianas
Islands. A deceleration in its forward speed was noted at about this time as she approached a weakness in
the subtropical ridge.

Even though the abrupt change in course spared Japan from a direct passage its massive cloud
structure tracked quite close to the central part of Honsyu were 2 deaths were reported, 927 dwellings were
damaged and 604 homes were flooded. A 3- meter storm surge occurred at Hachijojima and at Izu Islands
where maximum surface wind of 130 kph was recorded with a total daily precipitation of 390 mm. The
next day Oscar became an extratropical system north of 400N as she merged with a frontal system over
Japan on the 17th.

Continued development resulted in an upgrade to tropical storm on the eve of the same day. As it
developed, Oscar came under the influence of the mid-level steering flow and consequently on the 14th of
September it had assumed a smoothed northwest trajectory. In a low shear environment and supported by
an upper low to the west which provided an efficient outflow mechanism, OSCAR intensified rapidly and
it achieved typhoon status that same day.

By this time it had reached the western edge of a high embedded in the mid-level subtropical
ridge. Oscar then became trapped in the mid-latitude southwesterlies the result of which was an
accelerated shift to the northeast. The typhoon began to recurve south of Japan and gained peak intensity
on 16 September with a.miniruum sea level pressure of 920 hPa and maximum sustained winds near the
center of 220 kph.
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Figure 2.53 Composite track of OSCAR (9512)
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Figure 2.54 GMS-5 visible imagery ofOSCAR(9512) at 03 UTC on 17 September1995
(By courtesy of Japan Meteorological Agency) .

Ficure 2.55 Analyzed ()()ure Sea Level Synoptic (bart eX 15 Sqltanba' 1995
(By courtesy eX Japan Máeorological Agency)

Figure 2.56 Analyzed ()()ure Sea Level Synoptic Chart eX 14 September 1995
(By courtesy eX Japan Md.eocological Agency)

Figure 2.57 Analyzed 00 ure Sea Level Synoptic Chart eX 16 September 1995
(By courtesy eX Japan Meteorological Agency)
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2.2.11 paLLY.(9513)-
14-24 SEPTEMBER

First detected on the morning of 9 September as an area of convective activity embedded in the
monsoon trough, the system was monitored for five days before it started to exhibit any significant
development. By morning of 14 September a tropical depression had formed in this closely monitored
area east .of Aurora. It initially moved west northwest at a slow pace of 7 kph towards Isabela and
remained stationary for several hours.

After stagnating there for two days while it intensified into a tropical storm, Polly started to move
to the east northeast and gradually increased its speed. Eventually Polly veered north to northeastward. It
was quite evident that the erratic movement of Polly was being influenced by Typhoons Ryan and Oscar
which were moving towards Japan. The recurvature of Polly was completed on the early morning hours of
15 September. Continuing northeastwards it acquired severe tropical storm intensity on the 17th and
gradually shifted to a more northerly path on the 18th as an intense short wave trough was passing north
of Polly. This also indicated an apparent weakening in the sub-tropical ridge. Oscar had at this time
moved well to the north and Polly, now a typhoon, responded by moving east of the deep trough that
remained. It thereby came·under the influence of weak northward steering. The eastward movement also
brought the system into a low shear environment and to the southwest flank on an upper low pressure
system, which produced good upper outflow. As expected, Polly then developed quite quickly to typhoon
strength.

As P9')ly passed through the western flank ofa high within the deep layer ridge it accelerated to
the northeast over the waters southwest of Chichijima (47971) on 19 September. Hours later IR satellite
imagery revealed a warming of the cloud tops which indicated that Polly had peaked in intensity.

Polly reached its peak strength with the maximum sustained winds of 145 kph and the sea-level
pressure of 960 hPa. The storm soon became completely embedded in mid-latitude westerly flow and
accelerated northeastward. It was downgraded to a severe tropical storm two days after recurvature and
eventually became an extratropical low near 40oN.

Although Polly did not cross the Philippine .land mass, it enhanced the southwest monsoon flow
resulting to torrential rains. Damages caused by flooding and destruction due to lahar amounted to US$7
million.

(POLLY was named ISING by PA GASA.)
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Figure 2.58 Composite track of POLLY (9513)
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Figure 2.59 GMS-5 visible imagery ofPOLLY (9513) at 03 UTC on 20 September1995
(By courtesy of Japan Meteorological Agency)

F'lpre 2.60 Analyzed 00 ure Sea Level Synoptic Chart of 19 September 1995
(By courtesy of Japan Meteorological Agency)

F'lgure 2.61 Analyzed 00 ure Sea Level Synoptic Chart of 18 September 1995
(By oowtesy of Japan Meteorological Agency)

F'lgure 2.62 Analyzed 00 ure Sea Level Synqltic Chart of 20 September 1995
(By oowtesy of Japan Meteorological Agency)
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2.2.12 RYAN (9514)
15-26 SEPTEMBER

Ryan was the one of two tropical cyclones that developed to typhoon intensity in the South China
Sea in 1995. It was initially detected as an identifiable area of convection embedded in an extensive
monsoon trough to the west of Luzon Island.

Vertical shear remained strong during Ryan's early stages of development as it tracked westward
steered by strong mid-to-upper level easterlies along the southern periphery of the mid-levelsubtropical
ridge. On the 18th. the ridge started to recede eastward and allowed Ryan to track slowly to the west
northwest. With the decrease in vertical wind shear Ryan developed into a severe tropical storm that same
day.

By the 19th a high had begun to form in the deep layer subtropical ridge to the east of Ryan,
imparting, at first, southerly, and later southwesterly steering. This had the effect of reducing further the
vertical windshear and Ryan began to intensify more quickly as it changed course to the northeast. Ryan
attained typhoon intensity on 19 September over the South China Sea as it started to shift north. Because
strong westerly winds unusually prevailed south of 20oN, Ryan made an abrupt turn to the east northeast
and accelerated on 20 September while it's central surface pressure dipped.

Ryan reached its peak intensity on 21 September with minimum pressure of about 945 hPa and
160 kph winds near the center. It developed into an intense typhoon as it remained almost stationary
south of Vietnam then recurve to the northeast. It came quite close to southern Taiwan on the 22nd of
September then took aim towards the Ryukyus Islands in southern Japan.

It was declassified from a typhoon to a severe tropical cyclone west of Naha (47937) late on 23
September. As Ryan moved to the northeast, it met with strong southwesterlies of mid-latitude origin, and
accelerated to the north-northeast passing over Kyushu and making the transition to an extra-tropical
system over the Sea of Japan. Ryan made landfall on Kyushu on 24 September and weakened rapidly
while it churned across the Japan Islands. It was downgraded to a tropical storm while over the Sea of
Japan and transitioned into an extratropical cyclone over the northern part of Japan on the same day.
Ryan continued accelerating east northeastward and dissipated off southeast of Kamchatka Peninsula on
26 September.

Although Ryan did not cross the Philippines it caused considerable damage to La Union and
LlocosNorte due to heavy rains when it brushed midway between northern Luzon and Taiwan on 22
September.

(RYAN was named LUDING hy PA GASA.)
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Figure 2.63 Composite track of RYAN (9514)
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Figure 2.64 GMS-5 visible imagery ofRYAN (9514) at 03 UTC on 23
(By courtesy of Japan Meteorological Agency)

Fleun 2.65 Analyzed 00 ure Sea Level S}D~c Chart cf 22 Sqltanba- 1995
(By courtesy cf Japan Meteorological Agency)

FlP"' 2.66 Analyzed 00 ure Sea Level S}Doptic Olart cf 21 September 1995
(By courtesy cf Japan Meteorological Agency)

Figure 2.67 Analyzed 00 ure Sea Level S}Doptic Chart oc 23 Scptanb« 1995
(By courtesy cf Japan Meteorological Agmcy)
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Figure 2.68 (Top to bottom) A deluged road near Komtar. Part of the jeep track from
the Botonic Gardens to Penang Hill collapsed following the downpour. A
submerged car. (Photos courtesy of Star Malaysia)

116



2.2.13 SmVL(9515)
27 SEPTEMBER-4 OCTOBER

Sibyl originated from a cloud cluster centered near the Caroline Islands on the last days of
September, still one of a series that had formed on the eastern end of the monsoon trough. It was also the
last of the September storms. Sybil during its entire existence moved rapidly on a nearly straight west-
northwest course.

On 27 September, it intensified into a tropical depression some 980 km east of Mindanao. Sibyl
then had sustained winds of 55 kph and was steered by a moderate subtropical ridge. It initially moved
west northwestwards in the general direction of eastern Visayas and Bicol Region.

Twelve hours later it was reclassified as a storm with winds of 70 kph while continuing to head
towards eastern Visayas. Taking a northwestward track, it developed into a severe tropical storm off east
of Mindanao Island on 28 September. It slowed down before it made landfall north of Borongan, eastern
Samar in the evening of 29 September.

As Sibyl reached a weak portion of the ridge, its track temporarily shifted to a more northwest
component as it moved towards Sorsogon. Still on a general west northwest trajectory, it crashed across
Masbate, southern Quezon and nearby provinces of Batangas and Cavite and passed very close to Metro
Manila in the early morning hours of I October. SangIey Point synoptic station (98427) reported
sustained winds of 95 kph and minimum sea level pressure of 986.3 hPa. Tayabas synoptic station
(98435) in southern Quezon reported maximum 24-hour rainfall of 209 mm. Sibyl then crossed the
provinces of Bataan, Pampanga and Zambales on its way out of the South China Sea. It emerged into the
South China Sea as a minimal severe tropical storm on the morning of 1 October. After it went into the
South China Sea, it slightly deepened its surface central pressure to 985 hPa.

Sibyl intensified into a typhoon on 2 October. It swirled across the South China Sea for two days
and struck mainland China between Yangxi and Dianbai, Guangdong Province at noon of 3 October. By
nightfall, Sibyl degenerated rapidly into a tropical storm and was spotted over the northern part of Hai-
Nan Island. Further dissipation as a significant tropical cyclone occurred as it moved inland on 4 October.

Central Luzon in the Philippines was particularly hard hit by Sibyl as torrential rains and high
winds caused severe flooding and lahar flows. Total property damage amounted to US$122 million.

It also caused substantial danlage and loss of life when it crossed China. Total economic loss due
to the storm was estimated to be around US$158.96 million.
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(SIBYL was named MAMENG by PAGASA.)
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Figure 2.69 Composite track of SIBYL (9515)
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Figure 2.70 GMS-5 visible imagery ofSIDYL (9515) at 03 UTC on 3 October 1995
(By courtesy of Japan Meteorological Agency)

Fieure 2.71 Analyzed 00 ure Sea Level Synoptic Chart of 30 September 199.5
(By cowtesy of Japan Meteorological Agency)

F1eure 2.72 Analyzed 00 ure Sea Level Synoptic Chart of 29 September 1995

(By cowtesy of Japan Meteorological Agency)
F1eure 2.73 Analyzed 00 ure Sea Level Synoptic aunt of Ol October 1995

(By courtesy of Japan Máeorological Agency)
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2.2.14 TED (9516)
7-14 OCTOBER

The first of the October storms began as an innocuous area of convective activity in the monsoon
trough on the 4th of October. Three days later, significant development justified the upgrade to depression
intensity.

The initial stages of development of Ted was rather slow as it developed quite near the
Philippines and interaction with the country's terrain features delayed intensification. It started out on a
west northwest track with the subtropical ridge as the dominant synoptic-scale feature during its passage
across the Philippines. Ted managed to maintain depression intensity during passage as transit was
accomplished at a rather fast pace of 26 kph. Upon entering the South China Sea early on 8 October Ted
gradually shifted to a more westerly track as it moved south of the sub-tropical ridge. Weak vertical shear
and warm waters of the South China Sea allowed Ted to reached tropical storm intensity on the 10th of
October.

It persisted at or near tropical storm intensity for a two days as it continued on a more westward
heading. Post analysis revealed that it reached severe tropical storm intensity while it was over the Gulf of
Tonkin (the Beibu Gulf) and approaching the west coast of Hai-Nan Island on the 12th. Peaking at an
intensity of 90 kph on the 12th, Ted started to weaken as it began to interact with the mountains of
Vietnam and the island of Hai-Nan which prevented further intensification by hampering its low-level
inflow. Ted then slammed across Hepu, Guangxi Zhuang Autonomous Region on 13 October as a
minimal tropical storm. Rapid degeneration ensued and it dissipated on 14 October near Canton.

In China, economic loss due to Ted was estimated at US$121.69 million.
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Figure 2.74 Composite track of TED (9516)
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Figure 2.75 GMS-5 visible imagery ofTED (9516) at 06 UTC on 12 October 1995
(By courtesy of Japan Meteorological Agency)

Fteare 2.76 Analyzed 00 ure Sea r.evel Synoptic Chart of 12 Odober 1995
(By courtesy of Japan Meteorological Agency)

Fipre 2.77 AnaJyzed 00 ure Sea Level S)lloptic Chart of Il October 1995
(By courtesy of Japan MC\L .. ".ological Agency)
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F1gure 2.78 Analyzed 00 ure Sea Level Synoptic Chart of 13 Odober 1995
(By courtesy of Japan Meteorological Agency)



2.2.15 YVETTE (9519)
23-27 OCTOBER

Yvette was a small compact storm first noted on satellite pictures of 18 October over the
Marianas. The ill-defined system crossed the Philippine Sea and developed into a tropical depression on
the 22nd of October some 500 km east of the Philippines.

It remained south of the mid-level subtropical rielge throughout its existence and assumed a
veritable westward track as it crossed the central islands of the Philippines on 23 October. Yvette, like
Ted, retained her identity as it moved across the Philippines and regenerated to storm force in the South
China Sea.

Moving westwards in response to the strengthening of the Pacific rielgeat an average speed of 22
kph Yvette continued to intensity and reached its peak intensity on the 26th of October. Winds of about
90 kph and minimum pressure of 985 hPa were estimated near the center about 60 km east of Quinhon
(48870). Due to the approach of the northeast monsoon from the Asian continent, a marked movement
change to the west southwest was observed prior to landfall. It came very close to the south of Quinhon at.
noon of 26 October where maximum sustained winds of 85 kph gusting up to 150 kph and minimum
pressure of 997.4 hPa were recorded.

After landfall, Yvette continued to move west southwest and weakened rapidly as a result of land
interaction. It was downgraded into a tropical depression in the same afternoon about 200 km southwest
of Quinhon and finally weakened into an area of low pressure on the morning of 27 October over
Cambodia. During the passage of Yvette over Vietnam, the coastal provinces from Quangtri to Phuyen
was drenched with 200-300 mm rainfall.

(¥VETTE was named ONlANG by PAGASA.)
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Figure 2.79 Composite track of YVETTE (9519)

TS YVETTE

STAGE TIMES FROM AVAILABLE POST ANALYSIS
VIETNAM PHJLlPPlNES HONGKONG JAPAN

TD 06 UTC 24110 06 UTC 23110 18 UTC 22/10 18 UTC 22110
TS 00 UTC 25/10 18 UTC 24/10 18 UTC 24/10 00 UTC 25/10
STS 00 UTC 26/10 00 UTC 26/10 00 UTC 26/10
TS 06 UTC 26/10 06 UTC 26/10 06 UTC 26/10
TD 12 UTC 26/10 12 UTC 26/10
END OF 18 UTC 26/10 00 UTC 25/10 18 UTC 26/10 00 UTC 27/10
TRACK (DISSIPATION) (OUT OF AREA) (DISSIPATION) (DISSIPATION)
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Figure 2.80 GMS-5 visible imagery ofYVETTE (9519) at 03 UTC on 26 October 1995
(By courtesy of Japan Meteorological Agency)

~,""

Figure 2.81 Analyzed ()()ure Sea Level Synq>tic Chart ei 26 October 1995
(By courtesy ei Jap:lll Meteor-ological Agency)

Flpre 2.82 AnaIyzed ()()ure Sea Level Synq>tic Olart ei 25 October 1995
(By courtesy cJ: Japan Meteocological Agency)
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Figure 2.83 Analyzed ()()ure Sea Level Synoptic Chart ei 27 October 1995
(By courtesy ei Japw I14deorological Agency)
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2.2.16 ZACK(9521)
25 OCTOBER-2 NOVEMBER

As Yvette was wending its way across the Philippine Sea, an isolated area of active but in the
unorganized convection was spotted on 21 October over the Caroline Islands. The system slowly
developed during the next three days and on the 25th, satellite imagery revealed that a significant increase
in convection and organization was taking place thus the upgrade to depression status.

A day later it had organized itself together into a compact circulation. The mid to low-level
subtropical ridge north of Zack had kept the storm on a classic west northwest track throughout most of its
lifetime.

It steadily strengthened and reached tropical storm intensity at 00 UTC on 27 October. Zack
further intensified and became a severe tropical storm at 12 UTC on 27 October prior to landfall. A
decrease in speed was noted at this time as Zack started to interact with Angela east of the Philippines.

At near typhoon intensity, Zack cut across Leyte, northern Cebu, northern Negros, central Panay
then over northern Palawan on 29 October. Sustained winds of 100 kph was reported by Guiuan Radar
Station (98558). Cuyo synoptic station (98526) reported minimum sea level pressure of 993.5 hPa. Total
rainfall for 24 hours reached a maximum of 225 mm in Iloilo (98637). Zack caused severe damage in the
central islands of the Philippine archipelago, killing 115 people and partially or completely damaging
more than 20,000 homes. Total damage amounted to US$16.3 million.

Intensification of the storm at this stage remained stifled by interaction with the island's terrain
features. When it traversed the South China Sea, Sack started to intensify and was upgraded to a typhoon
on 29 October.

On the morning of the next day, a mid-level trough from the west caused a break in the
subtropical ridge northwest of Sack which forced a course change to north northwest. It then began to be
steered around a high in the deep layer subtropical ridge, gaining a more northward track, before the lower
level northeasterly flow restricted this northward movement. Sack consequently returned to its westward
track as it approached Vietnam.

It traversed the South China Sea and reached peak intensity on 30 October with peak winds of
150 kph and minimum pressure of 950 hPa. Early the next day Zack began to slow down and recurved to
the west owing to the strengthening of the ridge off the Asian continent.

Zack made landfall over Ducpho about 50 km south of Quangngai (48863) at noon of 1
November. Winds of about 125 kph and gusts of 150 kph and minimum pressure of 995.7 hPa were
recorded in the station. Disrupted by terrain, Zack soon weakened into a severe tropical storm, then to a
tropical storm as it passed over Kontum (48865) later that afternoon. It was downgraded into a depression
before moving into the border area between Laos P.D.R. and Cambodia and finally weakened into an area
of low pressure on the morning of 2 November. During Zack's transit across Vietnam, 27 persons were
killed, 173 were injured. Daily rainfall of 100 - 300 mm were recorded from Hatinh to Phuyen. Total
property damage was estimated at US$20 million.

(ZACK was named PEPANG by PAGASA.)
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Figure 2.84 Composite track of ZACK (9521)

TYZACK

STAGE TIMES AVAILABLE FROM POST ANALYSIS
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TS 00 UTC 27110 00 UTC 27110 00 UTC 27/10
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Figure 2.85 GMS-5 visible imagery ofZACK (9521) at 03 UTC on 1November 1995
(By courtesy of Japan Meteorological Agency)

Ficure 2.86 Analyzed 00 ure Sea Leve! Synoptic Chart tt 30 October 1995
(By courtesy tt Japan Meteorological Agmcy)

Ficure 2.87 Analyzed 00 ure Sea Leve! SynqJtic Chart tt 29 October 1995
(By courtesy cr Japan Meteorological Agency)
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ll'lcare 2.88 Analyzed 00 ure Sea Level Synoptic Chart tt 31 October 1995

(By courtesy tt Japan Metcocological Agmcy)
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2.2.17 ANGELA (9520)
- 25 OCTOBER-7 NOVEMBER

The most dangerous and intense storm of the season formed late in October in the northwest
Pacific in the wake of Typhoon Zack.

The incipient stages of Angela can be traced to an area of enhanced convection in the equatorial
trough south of Guam on 23 October. Extensive cirrus outflow seen on the satellite picture of 12 UTC on
25 October in the vicinity of9.0oN l36.5°E was the basis for upgrade to depression status. The formation
of this cyclone along the 9th parallel at this time of the year already precludes a serious threat to Metro
Manila. Drifting westward. subsequent satellite pictures showed increasing character to the cloudiness. an
indication that tropical storm force winds were being generated in the system. After a 6-day journey the
cyclone had gained considerable organization and was upgraded into a typhoon.

On the eve of 1 November the storm had turned temporarily to the northwest in response to an
approaching mid-level trough north of the system. Failing to make contact with this trough Angela
resumed a west northwest trajectory on the morning of 2 November. It now became apparent that there
would be little or no chance for recurvature as the surface charts revealed a persistent west to east high
pressure ridge from China to Japan effectively blocking any further northward displacemerit of Angela.
The low-level wind pattern also forced Angela to remain on track with a westward component. Thirty six
hours before landfall Angela was spotted moving generally westward maintaining its central position
along the 14th parallel. The typhoon deepened continuously and had maximum surface winds of 205 kph
at 4 am of 2 November when it was about 560 km almost east of Manila now with one of the largest and
most panoramic eyes of the year - a circular, closed wall cloud encompassing an eye estimated to be about
40 km in diameter. The eye of the typhoon came under surveillance of the Virac and Guiuan radars at
about this time.

The circulation associated with the typhoon had already grown to a diameter of 800 km by this
time and Virac, located 200 km south, came under strong northwesterly winds of 55 to 75 kph with gusts
to 140 kph. Still on a westerly heading the intense typhoon slammed across Daet, Camarines Norte
midnight of 2 November. Having cleared the rugged mountains of Camarines Norte, the dangerous storm
then crashed across southern Quezon headed towards Metro Manila. The typhoon had slightly weakened
due to the rugged terrain of the Bicol Region and southern Quezon. It was estimated jhat the center
passed over at Metro Manila at 11 am of 3 November and more than half of its destruction was done
before this time.

Angela inflicted great suffering and economic loss especially to the people of southern Quezon.
Windswept torrential rains caused massive floods mostly in Southern Luzon and in some parts of Metro
Manila. Ambulong Station (98432) was doused by nearly 273 mm of rain in a period of 24 hours. Before
Angela emerged into the South China Sea, it had earned the distinction of being the most disastrous
typhoon of 1995 season in the Philippines. Along its path, Angela left hundreds of human casualties as
well as extensive danlage to crops and infrastructures in the Bicol Region, Southern Tagalog and Metro
Manila. Total damage amounted to US$416 million. Angela caused flooding, mudslides, and severe crop
damage across southern Luzon but caused minimallosses in major rice areas to the north. The storm took
more than 700 lives and left a quarter of a million residents without electric power for several days.

Land interaction weakened the system before it entered the South China Sea. It continued to be
steered by the mid-level ridge, but also came under the influence of low-level northeasterly flow and
increasing vertical wind shear. It managed to regain some of its lost strength when it reached the warm
waters of the South China Sea on 4 November but subsequently weakened into a severe tropical storm as
it was subjected to strong vertical wind shear while heading towards Hai-Nan Island.

It made landfall at Sanya, Hai-Nan Province on the morning of 6 November. At around this
time, in response to the land interaction and vertical windshear, the low circulation had become displaced
from the deep convection and Angela rapidly dissipated.

(ANGELA was named ROSING by PAGASA)
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Figure 2.89 Composite track of ANGELA (9520)
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Figure 2.90 GMS-5 visible imagery of ANGELA (9520) at 03 UTC on 2 November 1995
(By courtesy of Japan Meteorological Agency)

Figure 2."Analyzed 00 ure Sea Level S\1l0ptic Chart of Ol November 1995
(By oowtesy of Japan Meteorological Agency)
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ANGELA:IS2D}UOhP.

Figure 2.92 Analyzed 00 ure Sea Level Synoptic Chart of Ol November 1995
(By COW1esyof Japw M~",,,.rological Agency)
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Figure 2.93 Analyzed 00 ure Sea Level Synoptic Chart of 03 November 1995
(By courtesy of Japan Meteorological Agency)
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2.2.18 DAN (9523)
25-31 DECEMBER

The last cyclone of the season originated from a tropical disturbance in the Caroline Islands
which was first detected by satellite on 24 December.

Dan's initial movement westward at about 19 kph. On Christmas day it had formed into a
tropical depression and tracked slowly west northwest on the south side of the mid-level subtropical ridge.

It was upgraded to a tropical storm twenty four hours later after convective curvature increased
and upper-level outflow improved.

On 27 December 27 was spotted headed towards southern Leyte-Surigao del Norte area still on a
west northwest trajectory. It slowed slightly as it approached Samar Island and by morning of the next day
it executed a sharp track changed to the northeast and moved towards the northern part of the Philippine
Sea. Even though the storm was moving away from Samar it buffeted the island with moderately strong
winds, downing coconut trees and power lines. Guiuan radar station (98558) registered a maximum 24-
hour rainfall of 160 mm on 27 December anda minimum sea level pressure of 1004.6 h.Pa was recorded
on the 28th. Damages were mostly due to the heavy downpour, amounting to US$I1.1 million.

Six hours after recurvature Dan attained its peak intensity of 85 kph as it crossed the axis of the
mid-level subtropical ridge. As it reached maximum intensity, Dan also came under the influence of
strong westerlies but it managed to maintain storm intensity after recurvature as it doubled its speed of
movement during the next 24 hours. A day later its forward speed was again doubled and a drastic
decrease in intensity was noted as a result of increasing vertical wind shear.

Transition to an extratropical low was completed on 31 December and this low gradually
dissipated during.the subsequent 24 hours.

(DAN was named TRINING by PA GASA.)
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Figure 2.94 Composite track of DAN (9523)
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Figure 2.95 GMS-5 visible imagery ofDAN (9522) at 03 UTC on 29 December 1995
(By courtesy of Japan Meteorological Agency)

F1gure 2.96 Analyzed 00 ure Sea Level S)1lq>tic Chart tt 29 December 1995
(By courtesy d' .I:J)l:UJ Meteorological Agency)

Figure 2.97 Analyzed 00 ure Sea Level Synq>tic Olart d' 28 Decanber 1995
(By oowtesy d' Japan Meteorological Agency)

Figure 2.98 Analyzed 00 ure Sea Level Synoptic Chart of 30 December 19')5
(By courtesy "I' .I""cul Meteorological Agency)
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CHAPTER 3

CONTRmUTED PAPERS

Large-scale Effects of Typhoon Ryan (9514)
over Equatorial Southeast Asia

Ooi See Hai
Ma/aysian Meteorological Service
46667 Petaling Jaya, Malaysia

Abstract

A number of studies on the large-scale effects of typhoons
over Malaysia have been conducted in the past. In spite of this, many
intriguing scientific questions remain to be addressed. Typhoon Ryan
(9514) that formed in mid-September 1995 had created significant
large-scale impact over Malaysia and in particular Southern Thailand.
The northwestern states of Peninsular Malaysia received
unprecedented rainfall amount on 17 September 1995 and experienced
the worst flood in its history. This paper aims at gaining an insight into

the mechanisms leading to the event.

1.0 INTRODUCTION

Mid September to October marks the gradual transition from southwest to northeast monsoon

over the equatorial Southeast Asia region. Tropical cyclones (including those reaching tropical storm and

typhoon strengths) are more frequent from July to October in the South China Sea and western North

Pacific as illustrated below by the average monthly frequency of tropical cyclones (JMA., 1992): -

Month Jan Feb Mar Apr May June July Aug Sep Oet Nov Dee

Average

Frequency 0.6 0.2 0.4 0.7 1.1 1.9 4.3 5.5 5.1 4.1 2.7 l.2

(1961 - 1990)

In September, tropical cyclones of depression and storm strengths are not uncommon between

15"N and 200N over the South China Sea, as depicted by previous cases in 1962, 1964, 1965, 1972,1976,

1977, 1978, 1980, 1982, 1983, 1984, 1985, 1989, 1990, 1991 and 1993. Studies conducted by Ma1aysian

meteorologists have revealed that passages of tropical cyclones in the neighbouring region bring about

significant changes in wind flow pattern and resultant weather changes in its two extremes, i.e. dry or wet,

depending on the complex interplay of the ever changing positions, intensities and movement of the

tropical cyclones.
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Typhoon Ryan is the fourteenth in the annual series of tropical cyclones that occurred in the
western North Pacific and South China Sea till September 1995.

From available records, Ryan is unique in the sense that it developed as a tropical depression near

15°N 116
u
E at 1400 Local Time (LT, 8 hours ahead of UTC) on 15 September 1995 (Figure 1). It moved

southwestwards and developed into a storm at 13.7°N lI3.7°E on 16 September 1995 1400LT. It

underwent dramatic intensification into severe tropical storm at 14.7"N l14.1oE and retrogressed

unexpectedly in the east-northeast direction from then till 0800 LT on 18 September 1995. During this

period, the central surface pressure of Ryan dropped a total of 7 hPa (Figure 2). Ryan continued to

intensity further into a typhoon on 20 September 1995 at 0200 LT and moved northeast-wards towards
western Japan before dissipating on 24 September 1995.

Continuous rain with heavy downpour from noon of 17 September 1995 to the early hours of 18

September 1995 lashed the states of Penang, Kedah and Perak, causing rivers to swell above danger levels

and forcing the evacuation of thousands of people at the height of the deluge. Some 60 landslips occurred

of the Penang Island. Trees were uprooted and perimeter walls of some homes, schools, State Mosque and
Poor Home of the Aged also collapsed (Figure 3).

The resulting flood was the worst recorded in the history of the three northern states and could be

attributed to the large-scale influence of Typhoon Ryan (9514) over Malaysia. In this brief study, an

insight into the meteorological aspects leading to the flood events is being examined.

2.0 Data

Data used for the study include rainfall reports from selected meteorological and auxiliary

observing stations (Figure 4), synoptic charts at 850 hPa levels, 3000 ft., 850 hPa and 200 hPa winds at

selected stations in northern and southern hemispheres, Japanese geostationary meteorological imageries
and RJTD storm data.

3.0 Observational Aspects

3.1 Surface Pressure and Rainfall Variations over Malaysia

Pressure fell 2 hPa within 24 hours over Malaysia between 14 and 15 September 1995 (Figure 2)

when Ryan evolved as a depression on 15 September 1995. However, as Ryan remained almost stationary,

the pressure rose slightly on 17 September. On 18 September, there was a slight dip before it began to rise

gradually on 19 September as Ryan intensified further into a typhoon but moved northwards.

Corresponding to the pressure drop on 14 and 15 September 1995, mean daily rainfall over
Malaysia rose but it peaked on 18 September event though surface pressure drop was only slight.
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3.2 Low Level Wind Flow Patterns

Figure 5 shows a north-south cross-section of 3000 ft. and 850 hPa winds between 20"N 105°E

and 35°S 1200E, revealing that these was no surge from the southern hemisphere between 16 and 18
September 1995.

Meanwhile, in consonance with the sudden intensification and large drop in central pressure of
Typhoon Ryan during 16 - 18 September 1995, the northwesterly wind belt over southern Thailand and

northern Peninsular Malaysia widened and strengthened from 20 knots to 35 knots (Figure 6).

3.3 Rainstorm 011 17 -18 September 1995

These westerly bursts in association with the sudden intensification of Ryan gave rise to large
convective cloud clusters as shown by the white solid patch in the IR imageries (Figure 7) of the Japanese

Geostationary Meteorological Satellite in the northwestern part of Peninsular Malaysia. The intense rain-

storm had its heavy downpour area stretching for about 200 km. (Figure 8). Within it, the core of

torrential rain was about 100 kru. in length and 40 km, in width and centered around Butterworth.

A close security of time variation of reconstituted rainfall intensity over Butterworth (Figure 9)

shows that continuous rain commenced around 12 noon on 17 September 1995 and ended around 0800 LT

on 18 September 1995. This period is interspersed with at least 16 pulses of heavy falls with highest peaks

from 0500 to 0600 LT on J 8 September 1995. Meanwhile, northwesterly surface gusts as high as 33 knots

during the heavy downpour were also noted (Figure 10) not only in Butterworth but also in Pulau

Langkawi. This indicates that the strengthening of northwesterly is at least ofmeso-J3 scale.

The 350 mm. of rainfall recorded at the Butterworth Meteorological Station on 17 September

1995 was the highest recorded since 1969 and it exceeded the 50-year return period (Figure 11). We could

even deduce that this rainstorm has a return period of about 200 years by extrapolation. In other words,

this is a rare event!. However, with such limited data set, this deduction has to be viewed with caution.

4. Some Plausible Physical Explanations

The large-scale diabetic heating as reflected by increased in mean daily rainfall resulted in the

respective pressure drop over Malaysia when Typhoon Ryan began to evolve. Only slight drop in pressure

was noticeable with big increase in mean rainfall even when Ryan intensified into a typhoon. This could
probably due to the surface cooling because of insolation cutoff from overcast sky.

By just taking u-component of the geostrophic wind, i.e.

1 oP
u =---

gf oy
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and assuming that f and g are constant and since distance between Ryan's centre and Butterworth is

almost non varying when Ryan was quasi-stationary, we could deduce that

u a ap

From 16 till 18 September 1995, ap increased from 10 to about 30 hPa at a daily interval of 10

hPa. In other words, the u-component of geostropic wind on 18 September 1995 is three time that on 16

September 1995, explaining the increase of wind strength over Northwestern Peninsular Malaysia due to

this wind-pressure adjustment relationship in the presence of tropical cyclone. This strengthened wind,

due to frictional retardation upon impinging the northwestern Peninsular Malaysia, gave rise to

convergence and thereby convective development. It is also noted that the anticyclonic wind shear did not

permit formation of low-level circulation there.

Figure 5 also reveals that the 200 hPa wind strength over the northwestern part of Peninsular

Malaysia decreased from about 35 knots to 25 knots from 16 September to 11 September, suggesting mass

convergence which might have suppressed convective activity during this period. On 18 September, the

strength increased to about 30 knots, indicating mass divergence which could have enhanced the

convective activity. This explains partly the relatively less rain on 16 September and the heavy downpour

on 11 September.

One aspect of the effects of Typhoon Ryan during the period 16 - 18 September 1995 when it was

quasi-stationary is the relationship between the rate of fall of its central pressure and the increases in

gustiness as well as mean wind speed in the Malaysian region. Since the increase in gustiness and mean

wind speed has a large impact on the rainfall of the exposed windward coast of Peninsular Malaysia, an.
investigation will be directed to the theoretical explanation and treatment of the phenomenon.

5.0 Conclusion

Further theoretical understanding in equatorial dynamics in particular the interaction between the

large-scale influence of typhoon and the mesoscale effects to give rise to the above extreme weather events

is needed. Only then could the operational meteorologists be able to anticipate changes with certainty for

the timely issuance of proper warning.
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Typhoon RYAN (9514)
Track Details

September 1995

ressure ~ovemen
Date UTe TO TS STS TY (hPa) LA. LUNli U'K ')pU IM ax !na

(ON) (OE) (kts) (k ts)

15 0000 N/A
0600 ,/ 1000 15.0 116.0 A Imost ~tationary 301200 ,/ 1000 15.0 115.5 A Imost Stationary 301800 ,/ 1000 14.5 115.0

W l,.w" 3016 0000 ,/ 1000 13.9 114.2 WSW 12 300600 ,/ 998 13.7 113.7 WSW 7 351200 ,/ 994 14.0 113.0 W 7 401800 ,/ 992 14.2 114.0 Almost tationary 4517 0000 ,/ 992 14.1 114.7
E l 7 450600 ,/ 992 14.5 114.5 NNW Slow ly 451200 ,/ 990 14.7 114.5 Almost tationary 451800 ,/ 990 14.8 114.5 Almost Stationary 4518 0000 ,/ 985 14.7 114.1 A Imost Stationary 500600 ,/ 980 14.4 113.2 A Imost Stationary 501200 ,/ 980 14.9 113.3 Almost Stationary 551800 ,/ 980 15.2 113.0 Almost Stationary 5519 0000 ,/ 980 15.0 112.7 Almost Stationary 550600 ,/ 980 15.4 112.6 A Imost Stationary 551200 ,/ 980 16.4 112.7 N Slow ly 551800 ,/ 980 16.9 112.5 N Slow ly 5520 0000 ,/ 965 17.5 112.5 N 6 650600 ,/ 955 17.9 112.9 NNE Slow ly 751200 ,/ 950 18.3 113.8 ENE 9 801800 ,/ 950 18.6 115.0 ENE 10 8021 0000 ,/ 945 19.1 116.2 ENE 12 850600 ,/ 940 19.8 117.5 ENE 12 851200 ,/ 940 20.4 118.6 ENE 12 851800 ,/ 945 20.8 119.7 ENE 11 8522 0000 ,/ 940 21.4 120.9 ENE 13 900600 ,/ 940 22.4 122.3 NE 16 901200 ,/ 950 23.6 123.5 NE 17 901800 ,/ 950 24.9 124.8 NE 17 8523 0000 ,/ 960 26.6 125.7 NNE 18 750600 ,/ 965 28.4 127.5 NE 23 701200 ,/ 965 30.6 129.0 NNE 26 701800 ,/ 975 33.3 131.4 NNE 33 6024 0000 ,/ 985 37.1 134.2 NNE 45 500600 ,/ 990 39.8 138.0 NE 41 45

ENDED

Typhoon RYAN (9514) Track

Figure 1
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Typhoon RYAN (9514)
Central Surface Pressure Variation
(Time Period : Every 0600 UTC)
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Figure 3 (Top) Part of the jeep track from the Botonic
Gardens to Penang Hill collapsed following the
downpour;

(Middle) A submerged car;

(Bottom) A deluged road near Komtar_
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~ 13 14 15 16 17 18n

lPulau L:ngkawi 38.0 37.0 37.6 43.7 4.(

huping A 8.7 66.3 1 23 43 15.!

huping B 19.1 52.9 2.5 18.8 35.1 2!

fA.or Setar 30.2 84.6 19.1 22.8 71.9 13.8

elda Bukit Tembaga 15.4 58.1 7.9 16 65 17.6

~ardi Gajah Matl 13.4 59.7 11.1 33.5 66.4 24.5

P.P. Teluk Chengai 13.9 106 29.7 57.6 60.4 28.8

Mardi 8 ukit Raya 9.8 69.8 31.1 62.1 79.7 39
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16-9-95 at 8.00 p.m.

Wind Flow Pattern at 5000 feet

16-9-95 at 8.00 a.m.

17-9-95 at 8.00 a.m.

18-9-95 at 8;00 a.m.

Figure 6
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Japanese Geostationary Meteorological Satellite Illlageries

17-9-95 at 2.30 p.m.

18-9-95 at 8.00 a.m.
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Ninio A. Relox
Calil H. Hadjilatip

Philippine Atmospheric Geophysical Astronomical Swervices

Administration (pAGASA)
Quezon City, Philippines

Stride Report on Tropical Storm Pepang (Typhoon Zack 9521)
Occurrence Over Mindoro

1.0 Introduction

On the morning of October 26, 1995, a tropical depression named PEPANG entered the
Philippine Area of Responsibility. It was estimated that the tropical depression was at the time some
1,000 kms east-northeast of Northeastern Mindanao or 10.0oN latitude 134.6°E longitude.

From thenon, PAGASA started to monitor the cyclone and at 10:00pm of 26 October 1995, it
intensified into a minimal tropical storm with maximum sustained winds of 65 kph near the center. By
morning of the next day, Pepang had 75 kph sustained winds near the center and gustiness of up to 90
kph. It continued to move at 19 kph towards the Samar-Leyte area endangering the central provinces of

the Philippines.

2.0 Objective

Based on the movement of the PEPANG, concerned government officials dispatched two
STRIDE.teams to Mindoro and the Bicol area in order to:

1. Monitor and report the impact of wind and rain on the residential, infrastructural,
agricultural and other socio-economic aspects in Mindoro;

2. Help in the dissemination of information that pertains to the tropical cyclone: and

3'. Survey and document the extent of damage in the area and if possible delineate the
destructive from non-destructive wind of the cyclone.

3.0 The Surface Weather Observation

The impact of the storm's wind system over Calapan was quite brief. It was first felt on the
morning of 29 October 1995 with maximum gustiness of 16 mps coming from the east observed at
4:25am. Another gustiness (l8 mps) was recorded at 4:30am also from the same direction after which the
wind subsided and maintained its velocity of 4 - 6 mps. On the afternoon of 29 October 1995, the wind

veered to the southeast but without significant velocity change.

Rain was moderate and intermittent and the lowest mean sea level pressure (MSLP) recorded was

1003.1 hPa at about 4:00am.
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In San Jose, the lowest MS LP was 1001.0 hPa observed at 4:00am and 5:00am of 29 October

1995. The maximum gust was 27 mps coming from the southeast at 1l:30am of the same day. The

duration of strong wind affecting the area was very brief lasting for Iittelless than two hours.

4.0 The Damage

A damage survey was conducted immediately after the passage of the cyclone. Results of the

survey in Mindoro Oriental revealed no significant damage. This may attributed to the very short duration

of the strong wind.

In Mindoro Occidental, on the other hand, the danlage were mostly on the rice which was about

to be harvested. Rice was flattened to the ground due mainly to strong wind and partly to flooding. The

devastation was apparent starting from Abra De Hog (very slight damage) but as one went south passing

through Sta. Cruz, Mambarao, Sablayan, Rizal, San Jose and Magsaysay, the damage increased.

According to residents in the area, their palay harvest decreased by as much as 50% which they

attributed not only to TS Pepang but also to TS Mameng that previously affected the area. Some claimed

that the decrease in harvest could be attributed to TS Manleng which affected the area when the rice plant

was on the flowering stage. However, TS Pepang flattened the rice stalks and soaked the grains which

severely affected the quality of the produce.

One particular affected area in Bgy. Central and Bgy. San Agustin was due to the overflow of the

Busuanga River which deviated the water to these two barangays and soaked the grain. Except in some

low lying areas, the situation was remedied by tying the rice in bundles to make the plant stand again until

it could be harvested.

5.0 Conclusion and Recommendation

Based on .surface weather observation, damage data and interview results, TS Pepang did not

have much impact in Oriental Mindoro although it brought light danlage to the rice plantations in

Occidental Mindoro. This was attributed to the very brief duration of strong winds in the area.

Based on the best track data, it was estimated that this was a very small tropical cyclone whic had

a radius of approximately 160 km.

During the survey, the STRIDE team had some difficulty in obtaining information about the

cyclone especially in very remote areas and in cases when all communication systems were down.

Recommendation is made that fax machines be installed in the home base (NDRB) and a portable one

should be provided for the survey team. In case this is not possible, a hand held radio of high frequency or

cellular phone will be very effective to solve the communication problem.
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Busuanga River overflow and deviated to Bgy. Central and
Bgy. San Agustin in San Jose.
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Rice was flattened in Bgy. San Agustin due to strong wind 'and
flooding.
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CHAPTER4

WMO TROPICAL CYCLONE PROGRAMME NEWS

4.1 INTRODUCTION

The Twelfth WMO Congress (Cg-Jeu) (May - June 1995) noted with satisfaction the
achievements and progress made in both the general component and the regional component of the
Tropical Cyclone Programme (TCP) since Eleventh Congress (Cg-XII), especially in association with the
International Decade for Natural Disaster Reduction (IDNDR). There has been a genuinely important
involvement of WMO in the many activities consequent to the United Nations initiative to launch an
International Decade for Natural Disaster Reduction (IDNDR). Activities related to tropical cyclones and
similar phenomena undeniably form an important part of IDNDR and its follow-up. From the beginning
of the Decade, the Tropical Cyclone Programme (TCP) Division (formerly Office) of WMO's World
Weather Watch Department has enhanced its activities to meet the goals of the IDNDR.

The implementation of TCP sub-project No. 2 - Text book on Tropical Cyclones, resulted in the
publication in 1995 of the "Global Perspectives on Tropical Cyclones" (WMOrrD - No. 693, Report No.
TCP-38). An outstanding editorial effort on the publication was provided by Professor R.L. Elsberry
(USA), Rapporteur on Tropical Cyclones of the CAS Working Group on Tropical Meteorology Research.
The publication is a revised version of the text book "Global View on Tropical Cyclones", which was
published based on materials prepared for the first WMO International Workshop on Tropical Cyclones
(lWTC-I) (Bangkok, Thailand, November 1985). The new text book covers, in a comprehensive way, the
science and theory of tropical cyclones and provides a complement to the operational handbook "A Global
Guide to Tropical Cyclone Forecasting", which is also a WMO technical document in the TCP series
(WMOrrD - No. 560, Report No. TCP-31).
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Recognizing an increased need for the further transfer of technology and methodology through
publication of manuals and reports, Congress endorsed the following TCP Sub-projects to be implemented
during the twelfth financial period (1996 - 19:;>9):

- No. 18: Tropical Cyclone-Related NWP Products and their Guidance;

- No. 19: Estimation of Amount of Precipitation Associated with Tropical Cyclones by
Using Satellite Data.

In order to further intensify the human resource development of tropical cyclone forecasters,
Congress requested the Secretary-General to make every effort to continue significant number of training
events for the twelfth financial period. In particular, training events dealing with tropical meteorology,
tropical cyclone (hurricane and typhoon) forecasting and warning formulation, storm surges and disaster
preparedness were expected to provide large benefits and should be given high priority. Examples are the
ten-weekMiaznj global training course on Tropical Meteorologyand Tropical Cyclone Forecasting and the
two-week Southern Hemisphere training course on Tropical Cyclones in Melbourne.



Congress affirmed the decision of EC-XLVI concerning continued regional co-ordination in the
implementation of the Regional Co-operation Programmes formulated by all TCP regional bodies, aimed
at strengthening the operation at the regional level, of timely high quality warning services tailored to the

Congress supported the establishment of a storm surge project, particularly for the Bay of Bengal
and the Northern part of the Indian Ocean, with the joint co-operation of WMO, IOC, UNESCO and
UNEP. However due to financial constraints facing international organizations concerned, there was little
progress in the implementation of the decision of the Twelfth Congress relevant to the establishment of the
joint storm-surge project. Continued efforts are to be made by WMO, IOC, UNESCO and UNEP in
exploring ways of obtaining extra-budgetary funding for the establishment of the project.

Congress noted with pleasure that, with a view to promoting co-ordination among the regional
tropical cyclone bodies, considerable progress had been made at the Technical Co-ordination Meeting on
Operational Tropical Cyclone.Forecasting and Dissemination of ResuIts by RSMCs (Tokyo, Japan, 16 - 21
December 1992). In view of measures to further strengthen the co-ordination among the regional tropical
cyclones, Congress noted that the next co-ordination meeting would be held at the RSMC Miami in early
1996.

At the kind invitation of the Government of Thailand, the first joint session of two inter-
governmental adjacent regional bodies, the Typhoon Committee and the Panel on Tropical Cyclones, was
organized jointly by WMO and ESCAP (Pattaya, Thailand, 18 - 27 February 1992). Noting the
considerable outcome of the first joint session and at the request of the two inter-governmental regional
bodies, Congress endorsed that the second joint session of the Typhoon Committee and the Panel on
Tropical Cyclones should be organized jointly by WMO and ESCAP to take place in Thailand, tentatively
in early 1997. Congress also encouraged close co-operation and co-ordination between the Tropical
Cyclone Comnuttees of RA I and RA V.

Congress recalled that, by Resolution 5 (XI-RA IV), high priority had been given to an annual
session of the RA IV Hurricane Committee. Recognizing the demonstrated importance of this body,
Congress requested the Secretary-General to do everything possible to retain annual sessions of the RA IV
Hurricane Committee during the twelfth financial period (1996 - 1999), within available resources.

Recognizing the involvement in the work of the RA V Tropical Cyclone Committee and the
consequential benefits gained by eight non-Members of WMO (Cook Islands, Kiribati, Micronesia, Niue,
Tokelau, Tonga, Tuvalu and Western Samoa) which are all small island States or territories with small
populations and economies, Congress affirmed the view of EC-XLIV that participation of experts
designated by these Non-Members in biennial sessions of the comnuttee would, for humanitarian reasons,
encourage the mutually beneficial regional co-operation. Appreciation was expressed by congress to the
Australian International Development Assistance Bureau (AIDAB), the South-Pacific Regional
Environment Programme (SPREP) and the UK Overseas Development Administration (ODA) for their
valuable financial assistance to enable those non-Members of WMO in the South-West Pacific to
participate in the fourth session (1992) and the fifth session (1994) of the committee. Congress was

pleased that the Cook Islands, Nlue and Tonga had been admitted as new Members of WMO at Twelfth
Congress. Congress hoped that similar arrangements for financial support to the remaining non-Members
of WMO would be considered for participation of experts in the future biennial sessions of the RA V
Tropical Cyclone Committee.
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RA V Workshop on Hurricane Forecasting and Warning (Miami, USA, 20 February - 3
March 1995);

needs of the users. It appealed to VCP donor Members and funding agencies concerned to give priority

and fullest possible support to the implementation of these TCP regional bodies' co-ordinated technical

plans, in particular the updating of regional telecommunication networks, the establishment of personal

computer-based Tropical Cyclone Workstations and human resources develop-ment through attachments

to be arranged for tropical cyclone forecasters to the TCP RSMCs and advar{ced centres, and training of
personnel on courses, workshops and seminars on tropical cyclones.

In the light of the requirements within the framework of the five regional tropical cyclone bodies

for further strengthening of warning systems and measures to minimize disasters caused by tropical

cyclones and associated storm surges, floods and landslips, Congress felt that there was a great deal more

yet to be done. In recognizing the humanitarian, social and economic impact of the TCP and its great

potential for substantial contributions to the goals of the IDNDR, Congress decided to accord very high

priority to Programme l.8 - Tropical Cyclone Programme for the Fourth WMO Long-term Plan (4LTP)

which is adopted under Resolution 29 (Cg-XII) and adopted Resolution 5 (Cg-XII) on that subject.

The fourth Technical Conference on SPECTRUM (S_pecial ~xperiment honcerning Typhoon

Recurvature and Unusual Movement) was held at the Meteorological Research Institute of the Japan

Meteorological Agency (JMA), Tsukuba, Japan from 27 November to 1 December 1995. It was organized,

at the request of the ESCAP/WMO Typhoon Committee, by JMA in close cooperation with WMO and the
Typhoon Committee Secretariat (TCS).

During the year, the following events were organized under the programme:

157

WMOIESCAP Panel on Tropical Cyclones, twenty-second session (Colombo, Sri Lanka,
21 - 27 March 1995);

RA IV Hurricane Committee, seventeenth session (Guadeloupe, French Antilles, 4 - 10
April 1995);

RA I Tropical Cyclone Committee for tbe South-West Indian Ocean, twelfth session
(Arusha, United Republic of Tanzania, 19 - 27 September 1995);

RA T Worksbop on Tropical Cyclone Forecasting and Warning (Arusha, United
Republic of Tanzania, 25 - 27 September 1995);

ESCAP/WMO Typhoon Committee, twenty-eighth session (Kuala Lumpur, Malaysia, 5
- 11 December 1995).

In addition, staff of the TCP Division participated in the following activities:

Meeting of the Core Group of the Contact Group on the IDNDR (Geneva, Switzerland,
24 February 1995); >
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Technical consultative mission to Antigua and Barbuda (31 March 1995), in conjunction
with the RA IV Hurricane Committee session (see above);

Consultative missions to San Juan, Puerto Rico (23 - 25 October 1995) and RSMC
Miami Hurricane Center (26 - 27 October 1995);

Fourth Technical conference on SPECTRUM (Tsukuba, Japan, 27 November to 1
December 1995).

The TCP comprises two components: a general component concerned with methodology and
transfer of technology and a regional component devoted to the activities of five regional tropical cyclone
bodies.

4.2 PROGRAMME ACTMTIES IN 1995

The main activities under the general component continued to be directed towards the publication
of manuals and reports, which provide information and guidance to Members to assist them in the
increased application of scientific knowledge and technology 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.

At the request of the RA V Tropical Cyclone Committee, a booklet entitled "An Historical
Overview Regarding the Intensity, Tracks and Frequency of Tropical Cyclones in the South Pacific During
the Last 100 Years, and An Analysis of Any Changes in These Factors" prepared by Dr. John Maunder
(New Zealand) was published as a WMO Technical Document (WMOfTD - No. 692) in the TCP series
(Report No. TCP-37).

Considerable progress was made through the publication of the text book "Global Perspectives on
Tropical Cyclones". At the request of the Third WMOIICSU Inter-national Workshop on Tropical
Cyclones (IWTC-III) (Mexico, 1993), the text book was published by WMO in September 1995 as a WMO
Technical Document (WMOfTD - No. 693) in the TCP series (Report No. TCP-38). It covers in a
comprehensive way, the science and theory of tropical cyclones and provides a complement to the
operational publication "A Global Guide to Tropical Cyclone Forecasting" which is also a WMO
Technical Document (WMOfTD - No. 560) in the TCP series (Report No. TCP-31).

Management Overview of Flood Forecasting Systems (MOFFS) Version 3 was issued in English,
French and Spanish in late 1995. The Secretary-General ofWMO sent copies of MOFFS Version 3 to all
Meteorological and Hydrological Services in the world.

To celebrate the 15th anniversary of the Programme, a booklet entitled "Fifteen Years of
Progress and Achievement of the WMO Tropical Cyclone Programme (1980 - 1994)" was published in
May 1995 as a WMO Technical Document (WMOfTD - No. 664) in the TCP series (Report No. TCP-36).
lts publication was timed to coincide with the WMO Congress (Cg-XII) in June 1995, in particular with
the Eighth !MO Lecture on Tropical Cyclones presented by Professor William M. Gray (USA).
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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 improvement in the accuracy of the forecasts, provision of timely early warnings and on the

establishment of necessary disaster preparedness measures. Each of the tropical cyclones bodies had in

place a formally adopted tropical cyclone operational plan or manual, aimed at ensuring the most effective

tropical cyclone forecasting and warning system with existing facilities, through co-operative agreement

on sharing of responsibilities and on co-ordinated activities within the respective regions. Each of these

bodies was giving attention to the implementation of their technical plan for future development of

services to meet regional needs for upgrading forecasting and warning facilities and services for tropical

cyclones and associated floods and storm surges, as well as for related disaster prevention and

preparedness measures and supporting activities in training and research.

The WMO Executive Council, at its forty-seventh session (EC-XL VII, June 1995), approved the

designation of the Tropical Cyclone Warning Centre, Nadi, Fiji, as the Regional/Specialized

Meteorological Centre (RSMC) with activity specialization in tropical cyclone analysis, tracking and

forecasting, for the South Pacific. This was recommended by the extraordinary session of CBS (Helsinki,
8 - 18 August 1994) to EC following a demonstration at CBS-Ext. (94) by Nadi of its capabilities for

providing tropical cyclone advisory services as an RSMC with activity specialization in tropical cyclones;

and following the establishment of the GTS link between Nadi and Melbourne. With this, there were now

similarly designated RSMC in all the tropical cyclone basins, as follows:

RSMC Miami-Hurricane Center, for the North Atlantic, Caribbean and eastern North

Pacific;

RSMC La Reunion - Tropical Cyclone Centre, for the South-West Indian Ocean;

RSMC tropical cyclones - New Delhi, for the Bay of Bengal and the Arabian Sea;

RSMC Tokyo- Typhoon Center, for the western North Pacific, and

RSMC Nadi, for the South Pacific.

A tropical cyclone expert of the USA visited the RSMC Nadi to provide tropical cyclone forecast

enhancement and training from 17 September to 4 October 1995.

ESCAPIWMO Typhoon Committee

A new edition of the Typh<?<>nCommittee Operational Manual - Meteorological Component, was
published by WMO in February 1995, as a WMO Technical Document (WMOfl'D - No. 196) in the TCP

series (Report No. TCP-23).

The Typhoon Committee Newsletter No. 7, prepared by the Typhoon Committee Secretariat

(TCS), was issued in August 1995 for distribution to Members of TCP regional bodies and to agencies

concerned. The tenth issue of the publication of the Typhoon Committee Annual Review (TCAR), for the

year 1994, was compiled and finalized by the new Chief Editor Mr. e.M. Tam (Hong Kong), in eo-



operation with the national editors. It was published by TCP in November 1995. Financial assistance for
both publications came from the Typhoon Committee Trust Fund.

In October 1995, the Japan Meteorological Agency (JMA) published its annual report on the
1994 activities of the RSMC Tokyo-Typhoon Center for distribution to the Typhoon Committee Members
and other TCP RSMCs.

As a follow-up to SPECTRUM (a special field experiment on typhoons held in 1990), and at the
kind invitation of the Japan Meteorological Agency (JMA), the Fourth Technical Conference on
SPECTRUM was held at the Meteorological Research Institute of JMA in Tsukuba, Japan from 27
November to 1 December 1995. It was attended by 55 typhoon experts comprising operational forecasts
and researchers from the region and observers from USA and CAS. The Conference made several
recommendations, in particular on future arrangements for organization of a new group for wider research
activities related to operational tropical cyclone analyses and forecasting.

The twenty-eighth session of the Committee was held in Kuala Lumpur, from 5 to 11 December
1995, under the chairmanship of Mr. Cheang Book Khean (Malaysia). The session was attended by 60
participants and observers and carried out an evaluation of the details of the components of the
Committee's Regional Cooperation Programme of activities and the progress of its implementation. The
Committee, in principle, approved the recommendations of the Fourth Technical Conference on
SPECTRUM on (see above) with some amendments and established the terms of reference of the new
Typhoon Research Coordinating Group (TRCG). The Committee should be the body to assign names to
tropical cyclones in the Western North Pacific and the South China Sea. The Committee, however,
recognized that this is a long term process which required collaboration with other bodies and requested
its Members to consider this issue for further discussion during the forthcoming sessions.

Mr. Toshio Okazumi, who had been seconded by the Government of Japan to serve as a
hydrological expert at the TCS, Manila served in this capacity throughout the year.

WMO/ESCAP Panel on Tropical Cyclones

The annual twenty-second session of the Panel was held in Colombo, Sri Lanka, from 21 to 27
March 1995under the chairmanship of Dr. A.W. Mohottala (Sri Lanka) with representatives from five out
of seven Member countries of the Panel and observers from two international organizations. The Panel
paid special attention of ways to improve its Regional Computer Network through a transfer of technology
from Members to other TCP regional bodies. The Panel agreed that the location of its Technical Support
Unit (TSU), currently in Dhaka, Bangladesh, should rotate among the Member countries so that each
Member could gain from the experience in managing and operating the TSO. Consideration was given to
the possibility of relocating the TSU to Bangkok in 1996.

At the request of EC-XLV (June 1993), the Panel's Technical Support Unit (TSU) was provided
with financial support from WMO for 1995. Following the resignation of Mr. M.H. Khan Chowdhury
from the Bangladesh Meteorological Department (BMD)~Mr. M. Fakhrul Qayyum, new Director ofBMD,
has been serving as Coordinator of the Technical Support Unit (TSU) in Dhaka since November 1995.
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Aiming at self-reliance, the Panel decided to set up a Trust Fund similar to that of the Typhoon
Committee, based on voluntary annual cash contributions from Members, to assist in the provision of
institutional support of the TSO. The WMO Executive Council (EC-XLVII, June 1995), appreciating the
efforts of the Panel in this regard, endorsed the establishment of the Trust Fund to be administered by
WMO.

At the request of the twenty-second session of the Panel, a new edition of the Tropical Cyclone
Operational Plan for the Bay of Bengal and the Arabian Sea was published in May 1995, as WMOrrD -
No. 84, in the TCP series (TCP-2I).

The RSMC-tropical cyclones New Delhi introduced a new NWP system with the availability of a
new computer (Cyber-2000 U) that enables the optimum objective analysis and operation of a Limited
Area Model (LAM).

RA I Tropical Cyclone Committee/or the South-West Indian Ocean

The fourth meeting of the Management Committee of the IOC/EDF project was held at the
RSMC La Reunion in September 1995. It prepared a complementary project proposal to follow-up the
terminating IOC/EDF project.

The RA I Tropical Cyclone Committee for the South-West Indian Ocean met for its twelfth
session in Arusha, United Republic of Tanzania, from 19 to 27 September 1995 under the chairmanship of
Mr. R.R. Vaghjee (Mauritius). The session was attended by 27 participants from 13 WMO Members and
observers from five international and regional organizations. They represented all ten WMO Members of
the Committee. Emphasis was made on the need for further training events to be organized for the benefit
of Member countries in field such as tropical cyclone forecasting and disaster preparedness. Tt formulated
a regional project for tropical cyclone disaster prevention, preparedness and mitigation.

In response to a recommendation by the Committee, an RA I Workshop on Tropical Cyclone
Forecasting and Warning was organized by WMO from 25 to 27 September 1995 at the International
Conference Centre in Arusha with 29 trainees from Botswana, Comoros, Malawi, Mozambique,
Swaziland, Tanzania and Zimbabwe. It was conducted in English and French. Since it was undertaken
with its activities interspersed with those of the twelfth session of the Committee (see above), the
participants attending the Committee session were welcome to participate in the workshop. It was

conducted by a team of tropical cyclone experts from Australia, France, Madagascar, Mauritius and WMO
under the direction of Dr. Mohamed S. Mhita (Tanzania).

RA I Hurricane Committee

Another in the series of RA IV Workshops on Hurricane Forecasting and Warning" was held at
the RSMC Miami - Hurricane Center in Florida, USA from 20 February to 3 March 1995. Nineteen
participants took part in the workshop which was conducted in English and Spanish for Class I and Class
II hurricane forecasters.

Following a decision by the Committee at its sixteenth session (Curacao, Netherlands Antilles, 22
- 29 March 1994), a new edition of the RA IV Hurricane Operational Plan (WMOrrD - No. 494, Report
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No. TCP-30) was issued in English and Spanish in August 1995. In addition, as requested by the session,

the Operational Plan was published for the first time in the French language in February 1995, under the
same publication number in the TCP series.

The Island of Guadeloupe was the host to the seventeenth session of the RA IV Hurricane

Committee, held in Pointe-á-Pitre from 4 to April 1995. It was attended by 59 participants from 24

Members of WMO, other WMO Working Groups, along with invited experts and observers from

international and regional organizations. Haiti participated in the session after a long absence, reflecting

the Committee's desire to assist in the rehabilitation of its National Meteorological and Hydrological

Service. This session concentrated on the 1995 implementation of a number of regional projects,

particularly the new satellite-based Regional Meteorological Telecommunications Network (RMTN), to

carry ICAO's World Area Forecast System (WAFS) and WMO's GTS data and products, the installation

of low-cost PC-based satellite imagery receiving equipment in 18 Members of the southern part of Region

IV, and the replacement in the Caribbean and Central America of 10 upper air stations using a new

tracking system. The Committee also held discussions on "Meteorological Services and Civil

Protection" with a panel of invited experts, as part of its Disaster Prevention and Preparedness (DPP)
activities, in the context of the IDNDR.

The Hurricane Committee was chaired for the last time by Dr. Robert Sheets, who retired as

Director of the RSMC Miami - Hurricane Center (US National Hurricane Center) in early May 1995. The

overwhelming outpour of sentiments to Dr. Sheets reflected his outstanding contribution to meteorology in

the area of tropical cyclones, and specifically for his contribution to the Hurricane Committee since
assuming the chairmanship in 1990.

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

Following a decision by the Committee, new editions in the TCP series in English and French, of

the Tropical Cyclone Operational Plan for the South Pacific .and South-East Indian Ocean (WMOrrD -

No. 292, Report No. TCP-24), were issued in February and March 1995 respectively.

Steps have been taken to equip the Fiji Meteorological Service with a new building, modern

equipment and the automation of various procedures under the bilateral assistance agreement between the

Governments of Fiji and Japan.

The Meteorological Centre in Nadi carried out its role and functions as set out in the Tropical

Cyclone Operational Plan (for Nadi TCWC), under the new designation, recommended by CBS and

approved by the Executive Council (forty-seventh session, June 1995), of RSMC with activity

specialization in tropical Cyclone analysis, tracking and forecasting.

RSMC Nadi has put its detection techniques on a more objective footing with the development of

checklists. The decision tree involves the evaluation of a hurricane index. The index is derived from the

sea surface temperature, relative vorticity and the vertical wind shear in the vicinity of the disturbance.

Details of this index can be found in a paper by Graham Ward (currently on contract to the Fiji

Meteorological Service) entitled "Prediction of tropical cyclone formation in terms of seas-surface
temperature, vorticity and vertical wind shear" and published in the Australian Meteorological Magazine
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44 (1995). These checklists were put to the test during the hurricane season beginning in the Summer of
1995.

The first in the series, for the 1994/95 tropical cyclone seasonal summary for Fiji (RSMC Nadi)

area of responsibility has been published by RSMC Nadi. Prior to this season, the Fiji Meteorological

Service just published individual tropical cyclone reports while Tropical Cyclone Summaries for the

South-East Indian Ocean and South Pacific region have been published from the 1988/1989 to 1993/94
seasons under the editorship of the Bureau of Meteorology.

"." ,.: "".- .. " _. Installation 'of a" simple satellite receiving system, has. 'been carried- out- in ..the-Cook Islands,

Western Samoa, Tonga, Kiribati, Tuvalu and Fiji. The system has the ability to receive WEFAX and APT

geostationary and polar orbiting satellite imagery. Installation and training has been with the assistance of
a senior meteorologist from Fiji.

A three-year old project on Pacifi-c Cyclone Warning Upgrade Programme was funded from the

EU, with a view to assisting Pacific Island countries who are signatories to the Lome Convention, in their

efforts towards the mitigation of tropical' cyclone disasters.

The RA V Tropical Cyclone Committee is made up of experts from both Members' and non-

Members of WMO. The Cook Islands, Tonga and Niue were admitted as new Members of WMO at the

Cg-XII (June 1995). Since then, Cook Islands, Micronesia, Tonga and Western Samoa, each of which has

been invited under Resolution 5 (XI-RA V) to designate experts to participate in the work of the

Committee, have become Members of WMO.

Co-operation with other organizations

In accordance with the wishes of the WMO Congress, close co-operation with other international
and regional organizations has continued: Thus, there has been close collaboration with ESCAP, the

IDNDR Secretariat, UNDHA, International Federation of Red Cross and Red Crescent Societies (IFRC)

and other organizations, on a variety of matters of common concern. The main items include ESCAP's

eo-sponsorship of the Typhoon Committee and the Panel on Tropical Cyclones, as well as the IDNDR

Secretariat involvement in the disaster prevention and preparedness component of the TCP, in particular
in the context of the' IDNDR.

As part of the long-established close working relationship between WMO and the International

Civil Aviation Organization (lCAO), a number of the TCP RSMCs and Tropical Cyclone Warning

Centres have also been designated as ICAO Tropical Cyclone Advisory Centres (TCAC) by ICAO

Regional Air Navigation Agreements. The centres, listed below, provide specialized tropical cyclone
warning services for the-aviation community:

RSMC/TCAC Area of Responsibility

Miami (USA) North Atlantic.Caribbean, eastern of North Pacific

St. Denis, La Reunion (France) South-western Indian Ocean
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Nadi (Fiji) Southern Pacific

New Delhi (India) Bay of Bengal and the Arabian Sea

Tokyo (Japan) Western North Pacific, including the South China Sea

Darwin (Australia) South-eastern Indian Ocean, South-western Pacific Ocean

On a regional basis, WMO, through its Tropical Cyclone Programme, has fostered and

maintained close collaboration with regional bodies concerned with disaster preparedness, prevention and

mitigation issues. Of particular note are the Asian Disaster Preparedness Center(ADPC) of the Asian

Institute of Technology, the Caribbean Disaster Emergency Response Agency (CD ERA) and the South

Pacific Regional Environment Programme (SPREP). ADPC, located in Bangkok, Thailand, conducts

training programmes on disaster management on a regular basis. TCP contributed to this training

programme through the provision of WMO Technical publications in the TCP series, particularly

WMOtrD - No. 598 - "The Roles of Meteorologists and Hydrologists in Disaster Preparedness".

4.3 PROGRAMME FOR 1996

A provisional schedule for 1996 of meetings and training events within or related to the TCP, is

given below:

WMO/NOAA Training Course on Tropical Meteorology and Tropical Cyclone

Forecasting, (Miami and Tallahassee, USA, 18 March - 24 May 1996);

WMO/ESCAP Panel on Tropical Cyclones, twenty-third session (New Delhi, India, 12 -

19 March 1996);

Joint Seminar on Meteorological and Hydrological Risk Assessment (WMO, DRA and

ADPC) (New Delhi, India, 16 - 19 March 1996);

RA IV Hurricane Committee, eighteenth session (San Juan, Puerto Rico, 26 April - 1

May 1996);

US Hurricane Conference, Caribbean segment, eo-sponsored by WMO, (San Juan,

Puerto Rico, 2 - 3 May 1996);

RA I Workshop on Tropical Cyclone Disaster Prevention Preparedness and Mitigation

(Malle, Seychelles, 2 - 5 September 1996);

Second Southern Hemisphere Training Course on Tropical Cyclones (Melbourne,

Australia, 23 September - 4 October 1996);

Training Workshop on PWS with Particular Emphasis on Exchange of Hazardous
. .

Weather Information (Melbourne, Australia, 7 - Il October 1996);
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RA V Tropical Cyclone Committee for the South Pacific and South-East Indian Ocean,

sixth session (Honolulu, USA, 9 - 16 October 1996);

RA V Workshop on Public Weather Services focusing on storm surges (Honolulu, USA,
14 - 16 October 1996);

Second TCP RSMCs Technical Coordination Meeting (Miami, USA, 13 - 19 October
1996);

Meeting of Experts on TCP Sub-project No. 19 (Miami, USA, 20 - 22 October 1996);

Typhoon Committee Study Tour in China (Guangzhou, Fuzhou, Shanghai, Beijing, 9 -
18 December 1996).




