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ESCAP, WMO AND THE ESCAPIWMO TYPHOON COMMITTEE

ECONOMIC AND SOCIAL COMMISSION FOR ASIAAND THE PACInc (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 ana 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 international 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.

THE ESCAP/WMO TYPHOON COMMI'ITEE

Under the auspices of ESCAPand 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 ECAFEregion. 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 ECAFEregion 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.

'ECAfE wm changed to ESCAP (Economic and Social Commission for Asia and the Pacific) ill 1974.

xii



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.

The second meeting of the Working Group of Experts on Typhoon was held in Bangkok in October.
1967 and the meeting endorsed the report of the Preparatory Mission and reiterated the need for early

. action to mitigate tropical cyclone damage as a means of speeding economic development in the region. It
also re-affirmed that national as well as joint efforts were necessary to combat effectively the detrimental
effect of tropical cyclones. Accordingly, the meeting recommended that a Typhoon Committee with a
Regional Typhoon Centre as its executive body be established under the auspices of ECAFEin cooperation
with WMO; and the ECAFEand WMO secretariats were requested to draft jointly the statute and rules of
procedure of the proposed Typhoon Committee and to convene an ad hoc meeting of government
representatives to consider and finalize the drafts.

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

At its twenty-fourth session in April 19G8, 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 19G8, endorsed the establishment of the Typhoon
Committee.

The inaugural session of the Typhoon Committee was convened in Bangkok in December 19G8.

The functions otthe 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 warning, flood hydrology and control within the region
and arrange for training outside the region, as necessary;

promote, prepare and submit to participating Governments and other interested organizations plans
for 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 under 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 13 Members: Cambodia, China, Democratic People's
Republic of Korea, Hong Kong, China, Japan, Lao People's Democratic Republic, Macau, Malaysia, the
Philippines, Republic of Korea, Singapore, Thailand and Socialist Republic of Viet Nam.
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FOREWORD

The ESCAP/WMO Typhoon Committee can be justifiably proud of all that it has achieved in the years
since its establishment in 1968. Not only has it successfully nurtured friendship amongst Members, fostered
cooperation in data and technology exchange, promoted research activities, encouraged joint efforts in
disaster mitigation, but it has also continued to break new ground.

Nineteen ninety-seven and 1998 were years which saw El Nino affecting many Members of the
ESCAP/WMO Typhoon Committee. In 1997, the typhoon season in China started late whereas Japan was
hit by two unusually early typhoons Opal and Peter in June, and southern Thailand and Viet Nam by the
rare Severe Tropical Storm Linda in November. Drought brought about El Nino not only exacerbated the
haze in Southeast Asia but also impacted on food production in parts of the Philippines and Indonesia.

Considering the huge social and economic impact of El Nino, I am therefore very pleased at the
initiative the 30th Session of the ESCAP/WMO Typhoon Committee took in deliberating the impacts of EI
Nino especially in regard to the activity of tropical cyclones and in suggesting appropriate actions.

I am also delighted to note that there is steady progress in the Typhoon Research Coordinating
Group's (TRCG) work towards using Asian names for tropical cyclones in the western North Pacific.
Members may recall that TRCGwas charged with this task at the 30th Session of the ESCAP/WMO Typhoon
Committee. This list of tropical cyclone names, tentatively scheduled for implementation in the year 2000,
will represent a hallmark of regional cooperation. On behalf of the ESCAP/WMO Typhoon Committee, I
would like to thank all members of the TRCG for their hard work in this respect.

The tremendous advances in information technology in recent years have changed the face of
communication. In the field of meteorology, these advances have allowed the automation of observations,
access to numerical guidance products via the Internet, real time reception and processing of imageries
received from meteorological satellites, the timely exchange of information and the rapid dissemination of
alerts and warnings. In addition, information technology has enabled the ready preparation of high quality
charts and diagrams which heighten public attention and thereby stimulate awareness and preparedness.

Information technology has greatly strengthened our hand in safeguarding lives on land, at sea and
in the air. I would therefore like to encourage Members to continue to take the fullest advantage of new
developments and opportunities offered by information technology in their operations as well as in
promoting disaster preparedness and prevention.

I would also like to urge Members to forge stronger and closer links with the media. It is mostly
through the media that the public at large receives our forecasts and warnings. Timeliness is the crucial
factor in our work, and the media together with information technology can assist immeasurably and
immensely in the protection of lives and property. Here, I wish to take the opportunity to place on record
on behalf of the ESCAP/WMO Typhoon Committee my appreciation of the efforts of all members of the
media who have helped us in this way through the years.

It has been my great privilege to serve as the Chairman of the ESCAP/WMO Typhoon Committee for
1997 -1998. I thank all Members for their support and confidence.

Finally, on behalf of the ESCAP/WMO Typhoon Committee, I would like to thank Ms. Nanette C.
Lomarda of the Typhoon Committee Secretariat for serving as the Chief Editor of the 1997 ESCAP/WMO
Typhoon Committee Annual Review. I am sure you will find the 1997 edition as well produced as the 1996
one, of which Ms. Lomarda was also the Chief Editor. I would also like to express my appreciation to the
National Editors and authors for their contributions to the 1997 ESCAP/WMO Typhoon Committee Annual
Review. .

~.
Dr. H.K. Lam
Chairman
Typhoon Committee 1997 -1998
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INTRODUCTION
This review is an annual publication of the Typhoon Committee which commenced in 1985. For ten

years, the Royal Observatory of Hong Kong had provided a Chief Editor in the preparation of the annual
review. The Typhoon Committee Secretariat (TCS) has for the time being, taken over the task exemplary
accomplished by the staff of the Royal Observatory of Hong Kong from 1985 to 1994.

As in previous issues, Chapter 1 provides an overview of the activities of the Typhoon Committee in
1997. 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. Also included in this publication are the technical and administrative support provided
and activities undertaken by the TCS in 1997.

Included in Chapter 2 is a summary of the thirty two tropical cyclones in 1997. 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 SUSTAINEDWINDS
mps knots kph

up to 17.2 up to 34 up to 62
17.2 - 24.4 34 - 47 62 - 88
24.5 - 32.6 48 - 63 89 - 117

(a) Tropical Depression
(b) Tropical Storm
(c) Severe Tropical Storm
(d) Typhoon 32.7 or more '64 or more 118 or more

Also provided in this chapter are the narrative accounts of 1996 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 extent of 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 (hPa) is used for atmospheric pressure.
Reference times used in this Chapter are primarily in Coordinated Universal Time (UTC). 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 and a satellite image. Provided also are analyzed 00 UTC Sea Level Synoptic Charts on
the day, a day before and a day after peak intensity was attained and upper air charts on the day maximum
strength was reached.

Chapter 3 consists of four contributed papers received from Members. The articles from Hong Kong,
China are on the "Observational Study of Typhoon Victor During Its Passage Over Hong Kong" and the
"Statistical Analysis of Landfalling Tropical Cyclones in the Western North Pacific in El Nifio and non-El
Nino years". The Republic of Korea submitted a paper on "The Application of Neural network to Tropical
Cyclone Intensity Prediction". The Democratic People's Republic of Korea's contributed paper is on "The
Relationship Between the Pacific SSTand the Air temperature of Korea in Summer".

The final chapter provides the 1997 activities of the WMO Tropical Cyclone Programme.

The TCAR is a joint publication made possible through the support of ESCAPand WMO. It would 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 PAGASApersonnel particularly those working
with the Natural Disaster Reduction Branch. Grateful acknowledgment is also due to the TCS support staff:
Mesdames Rosemarie Z. Anillo, Marissa L. Evangelista and Bella U. Mendoza for providing assistance in the
preparation of the manuscript and to Mr. Hannibal B. Marayag for helping with the editing work.

Chief Editor
September 1998,Manila
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CHAPTER I

1YPHOON COMMITTEEACTNmES IN 1997

1.1 Meteorology

In 1997, Typhoon Committee Members continued to work for a satisfactory observational network
with the establishment of additional stations, radars, satellite receiving stations and improved observation
facilities. A number of telecommunication links of Members were upgraded during the year in line with the
aim for better and faster communication systems.

Efforts continued on the development and improvement of numerical models especially those used in
typhoon tracking.

During the year, WMO published the 1998 edition of the Typhoon Committee 'Operational Manual-
Meteorological Component submitted by the rapporteur, Mr. Yukio Takemura of the Japan Meteorological
Agency (JMA).

A number of Members were able to establish their own home page in the Internet as a means to better
inform the general public of the ever-changing weather situation and the services provided by the
meteorological agencies.

In Cambodia, efforts were undertaken to improve its relation with the general public through timely
dissemination of forecasts and warning and intensive public information on television and newspapers.

The ground station for reception of meteorological satellite data received from WMO, was installed
by Tecnavia S.A during the year. The system was found fully assembled, and in real time operation for
reception and display of SOUS and APT data from meteorological satellites. A number of personnel were
trained in II week on the use and maintenance of the said equipment. -

In China, its first geostationary meteorological satellite FY-2 was launched on June 10, 1997. From
17 June onwards the satellite was positioned over the equator at 1050E longitude. The first visible image
was received on 2 I June, while the first infrared and water vapor images were received on 13 July. The
main payload of the FY-2 is the Visible and Infrared Spin Scan Radiometer (VISSR) and Multi-functional
Communicational Subsystem. It is a spin-stabilized satellite rotating at 100 rpm.

The FY-2 meteorological satellite obtains visible, infrared and water vapor cloud images by a
radiometer on board. Sea surface temperature, cloud analysis chart, cloud parameters and wind vectors
can be derived from these data. It also collects 'and transmits observed data from widely dispersed data
collection platforms. Further, the FY-2 broadcasts S-VISSR data, WEFAX and S-FAX and monitors the space
environment from satellite.

Since the characteristics of FY-2 S-VISSR data signal are very close to those of GMS S-VISSR data
except for the frequency, the user stations receiving GMS S-VISSRdata can be used to receive FY-2 S-VISSR
data by changing the antenna positioning and frequency of the local oscillator. After being put into
operation, FY-2 will take hourly observation from 00 min to 30 min while GMS from 30 min to 00 min.
The functions of FY-2 include S-VISSR and LR-FAX. The products provided by FY-2, such as cloud motion
wind, SST, OLR and UTH will be transmitted through GTS.

Two S-band Doppler weather radars (714SD) developed by China have been in operation since 1996
111 Shantou and Xiamen respectively, which mainly detect position and intensity of rainstorms within a
range of 600 km and the velocity of meteorological targets within a distance of 300 km. The two radars
have played a vital role in monitoring the formation, development and movement of tropical cyclones and
provided scientific information for designing hydrotechnical projects and organizing flood control activities.

In 1997, more than 400 evaporating dishes were replaced by E-601 evaporation pan with diameters
of 618 mm in the national basic stations in China. The observed data from these two kinds of evaporation
equipment have been compared, in order to obtain the evaporation conversion coefficient. In March 1997,
the third round of operational trial-of automatic weather station was completed. The equipment developed
by the Chinese scientists was tested during this experiment. The result showed that the quality and function
of these equipment are significantly improved. It will facilitate the automation of surface observing systems.
Meanwhile, the PC computer software for surface observation developed by the Meteorological Bureau of
Anhui Province was successfully tested. On 01 July 1997, the Atmospheric Observing Experimental Base of



2

the China Meteorological Administration (CMA) was established in Beijing Meteorological Bureau, which
would serve as the laboratory for operation, research and equipment tests. New equipment for surface
observation, upper-air observation and special observation will likewise be tested there.

Table 1.1 Major Characteristics of VISSR

Visible Infrared Waler Vapor

Wavelength 0.55 - 1.05 urn 10.5 - 12.5 urn 6.2 - 7.6 urn

Resolution 1.25km 5km 5km

Field of View 35 fl rad 140 fl rad 140 fl rad

Scan Line 2500 x 4 2500 2500

Detector si - photo - diode HgCdTe HgCdTe

Noise Performance siN = 6.5 (albedo = 2.5%) NEAt = 0.5 - 0.65 K MEAt = 1 K

SIN = 43 (albedo = 95%) (300 K) (300 K)

Quantification Scale 6 bits 8 bits 8 bits

Frame Time 25 minutes 25 minutes 25 minutes

In 1997, a new C-band radar for upper-air sounding and wind-finding was installed and tested in
Hohhot station. It is now ready for operational use. The project for developing L-band radar and
radiosonde system is in the process of inviting tenders.

Since 1996, about 97 percent of observatories at prefectural level throughout China have established
a computer information network system. About 72 percent of county stations are equipped with PC-
computer terminals linked with the meteorological information service.

In order to support high speed data transmission among each level of meteorological services, CMA is
developing a dedicated nation-wide satellite communication network. The whole system is composed of
three subnetworks namely, satellite data network, satellite voice network and satellite broadcast network.

The satellite data network works as a multi-port bridge, which connects the computer LANof CMA
NICC (National Information Control Center) with over three hundred LANs of regional, provincial and
prefectural level meteorological services into a WAN. The topology of this network is star. If a remote
wants to exchange data with another remote, it will first send data to the HUB and then the HUB will
retransmit the data to the destination. The Outroute of HUB is a 521 kbps, TDM carrier. The Inroute uses
FDMA/TDMA, with a speed of 128 kbps.

The topology of voice network is mesh. Any VSATstation can talk with other stations directly in one-
hop mode. The network uses DAMAISCPC. It supports two groups of handset-to-handset audio conference
simultaneously and also supports the in-band data transmission, which can be used by G3 facsimile
machine and the speed can reach 9.6 kbps. If the Data Channel of voice network is used, the transmission·
speed for Sync. data can be 64 kbps and 19.2 kbps for the Async.

The broadcast network is mainly used for grass root weather services and various other special
weather stations to broadcast weather information. It is a one-way system. The speed can be 9.6 kbps, 64
kbps up to 2048 kbps according to the requirement of weather services.

Once the whole network is established, the timeliness of weather information and the transmission
capacity will be significantly improved and it will provide meteorological services of different levels with
much faster and more efficient information services. It will be a significant step for the modernization of
meteorological development in China and can provide better forecast for disastrous weather events to
mitigate losses.
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In 1997, CMA has connected the Internet to the China GoldBridge network and had built its own
website. The home page is http://www.CMA.GO.CN.

Several operational typhoon models were developed in China in recent years. The National
Meteorological Center developed a high resolution (50 km interval) nested typhoon model, in which the
complex physical processes (similar to Australia's TASPmodel) were employed. The model forecasting error
was reduced by about 15% comparing with the old one. The physical parameterization scheme plays the
key role for the improvement. In Cuangzhou Regional Meteorological Center (GRMC), a new typhoon
forecast system was also installed. A bogus typhoon vortex is merged in the model initial field to improve
typhoon analysis over data sparse ocean areas. Presently, the system is able to forecast the tracks of tropical
cyclones over the South China Sea and has been successful in forecasting some complicated cyclone tracks.
Besides the typhoon model, the Shanghai Typhoon Institute had developed a storm surge model to forecast
the water level in the East China Sea.

Typhoon objective prediction techniques used by CMA can be divided into statistical-synoptic,
statistical-climatic and statistical-dynamic method etc. Those techniques were improved recently and
installed into a work station integrated with a warning system. The typhoon operational automated
forecasting and warning system has been much more systematic, platform-utilized and standardized than
before. The operational platforms, in three levels of the national, regional and provincial were established.
The comprehensive platform techniques include data sharing and collection, platform utilization, temporal
and spatial check of typhoon's motion, satellite image and remote radar echo display, and multifunction
demonstration. The new typhoon positioning systems was also established in China.

Starting on August 06, the National Meteorological Center issued forecasts, warnings and urgent
warnings of Typhoon Winnie (9713) at least three times a day through the Central Broadcasting Station
and the CCTV,asking the institutions concerned and the public to be prepared against the typhoon. Leaders
and forecasters of CMA, the provincial, and municipal meteorological bureau were standing by in the
forecast offices. The forecasts were made available to the central government and local governments at
various levels either through telephones, or in writing so that the government leaders were kept informed of
the typhoon movement in time, therefore they were able to coordinate typhoon preparedness and disaster
reduction in light of the situation.

Before the landfall of Typhoon Zita (9715), the Guangdong Meteorological Bureau provided the
Guangdong Broadcasting Station with typhoon forecast and warnings every half an hour from August 21 to
22 according to the requirements of the provincial government.

In order to provide better public services and enhance the public awareness and capabilities of
typhoon preparedness and disaster prevention, the National Meteorological Center opened a new daily
weather forecast programme on TV at 07:20 on May 5. If a typhoon or other severe weather occurs, more
timely, accurate and vivid forecasts and warnings could be provided to the public.

In order to improve its meteorological services, the China Meteorological Administration has further
enhanced capability of the meteorological information system of the State Council to assist its leadership in
its decision making functions against the disastrous effects or typhoons and other severe weather
phenomena.

In the Democratic People's Republic of Korea, the State Hydro-Meteorological Administration
reorganized the structure of the Central Forecast Institute in 1996 and strengthened its Numerical Weather
Prediction (NWP) research team in order to improve NWP.

A research project has already started aimed at improving the short-range NWP model which is now
available in the Central Forecast Institute. It also developed a very short- and medium-range NWP model
which will be in operational use by 1999.

At present, the area of the short-range model is 4,600 - 3,000 km, with a grid interval of 100 km and
lOla yers in the vertical.

In 1997, the institute has succeeded in displaying forecast fields of some 20 physical quantities in
animation every three hours so that forecasters may use them effectively.

The Maritime Forecast Laboratory of the Central Forecast Institute had improved jhe two-dimensional '
wave NWP model and introduced it in wave forecast in 1996. The area includes the West and East Seas of
the Korean peninsula and the resolution power is 100 km.

In Lao P.D.R., aside from efficiently performing various routine activities, 1997 saw the
establishment of 2 automatic stations and 2 agrometeorological stations. It also established point to point
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communication link between Vientiane and Hanoi, a public telephone line between Vientiane and Luang
Prabang and between Vientiane and Pakse. A facsimile set and automatic plotting system was also installed
at the Vientiane weather forecasting center. A low resolution satellite receiver was installed at Vientiane
through the VCPof WMO.

In Japan, the Geostationary Meteorological Satellite-5 (GMS-5) stationed at 140"E above the equator
continued to perform three major missions, i.e. VISSRobservations producing 28 full-disk images per day,
dissemination of cloud images and collection of meteorological data. On the data collection, aside from
Japan, 53 DCPs were registered by other Typhoon Committee (TC) Members. The Geostationary
Meteorological Satellite-4 (GMS-4) stationed at nOoE since 21 July 1995 serves as the back-up satellite of
the GMS-5, which in turn has been operational since 13 June 1995.

All of the 19 meteorological radars operated by the Japan Meteorological Agency (JMA) are now
equipped with the Radar Echo Digitizing and Disseminating System (REDIS). This system digitizes observed
echoes and transmits them to the JMA Headquarters and to its local offices on a real time basis. JMA has
been installing a new system, REDIS-NEXT,at each District Meteorological Observatory. REDIS-NEXTis an
integrated system that enables a District Meteorological Observatory to remotely control the radars in its
responsible area and to monitor radar-composite echo distributions at five vertical levels and of the
vertically integrated liquid. The Tokyo District Meteorological Observatory is the first observatory to use
REDIS-NEXT. The Observatory has remotely operated five radars located at Niigata/Yahikoyama (WMO
Index No.4 7572), Fukui/Tojimbo (47705), Nagoya (47G3G), Tokyo/Kashiwa (47695) and Fujisan (47G39)
since March 1997. The Sendai District Meteorological Observatory is to operate two radars, which are
located at Sendai (47590) and Akita (47582), with REDIS-NEXTin March 1998.

JMA is currently operating 18 upper-air observation stations. Upper winds are determined by the
radiotheodlite method. Since November 199G, two types of improvement have been made on the upper
winds calculation as follows:

1) Data contamination caused by the interference of reflected electromagnetic waves is eliminated
automatically by the time-period adjustment of the elevation-angle smoothing.

2) Unrealistic wind profiles that sometimes appear are automatically identified 'md corrected.

Figure 1.1 on page 5 shows an example of the corrected upper wind profiles by these measures.

Six JMA observing vessels, the Ryoufu Maru (CaU sign: )GQH), the Keifu Maru (]BOA), the Kofu
Maru QDWX), the Shumpu Maru (JFDG), the Chofu Maru (JCCX)and the Seifu Maru (JIVB), make marine
meteorological observations in the seas adjacent to Japan and the western North Pacific. Five vessels among
the six implement upper-air observations. The Keifu Maru among the five makes both upper-air and radar
observations. Each vessel makes six to eight cruises a year. They report hourly surface meteorological
observational data. In 1997, seven cruises were implemented in the typhoon -genesis area of the western
North Pacific. The Ryofu Maru, the Keifu Maru and the Chofu Maru monitors seasonal-to-interannual
variations of the oceanographic structure in the western tropical Pacific waters.

In addition to the 73 tide stations, JMA installed in March 1997 new tide gauges at eleven sites
including Minamitorishima (47991) 2000 km southeast of Tokyo. It is note-worthy that Minamitorishima
has a capability of detecting tsunami phenomena propagating from the central Pacific one to two hours
ahead compared. with that in Honshu and Hokkaido Islands and also detecting sea level fluctuation that
may be caused by climate change in the western North Pacific ocean basin.

JMA has been operating the Ocean Data Assimilation System (ODAS) to monitor the subsurface ocean
since February 1995. The system makes estimates of the three dimensional structure of the ocean from the
available oceanic observations, using a numerical model of the ocean. ODAS showed an El Nino event
which started in the spring 1997 and reached the mature stage in November 1997 (Figure 1.2 on page G).

JMA operates the Computer System for Meteorological Services (COSMETS) which consists of front
network processors, communication processing units, a supercomputer (HITAC S-3800/480) with a peak
speed of 3ZGt1ops/4CPU and servers/workstations.

Two models has been used for the typhoon forecasts since March 199G:

1) A Global Spectral Model (GSM), which has a horizontal resolution of T213 (equivalent to 55 km-
grid) and 30 vertical levels, has been put into operation for 84-hour prediction and 192-hour
prediction from 00 and 12 UTC respectively.



Z) A Typhoon Model (TYM) with 40 km horizontal grids and 15 vertical levels was introduced for
78-hour prediction from OGOOand 1800 UTe. This model is able to manage two target
typhoons.
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Figure 1.1 Example of improvement on upper-wind vertical profile
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Figure 1.2 Cross sections of sea water temperatur.es and their anomalies along the equator
obtained by the Ocean Data Assimilation System (ODAS) in February (a), May (b),
August (c), and November (d) 1997.
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o 1994

Figure 1.3 below shows annual mean position errors of GSM and TYM from 1994 to 1997. Both
GSM and TYM were changed to the advanced models in March 1996. The errors, especially in GSM,
decreased in 1996 'and 1997.

Figure 1.3 Annual mean position errors of GSM and TYM from 1~94 to 1997
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Concerning TYM, the asymmetric bogus scheme was introduced in January 1997. Besides, this
scheme was improved in November 1997. The dynamic quality control method was introduced to the
Global Analysis which produces the initial data of GSM and TYM.

JMA has been providing TC Members with grid point values (GPVs) and observational data through
the RSMC Data Serving system since March 1996. In February 1997, the available area of the GPVs
obtained from the global model with a horizontal resolution of 1.250 x 1.250 was extended westward from
80"E to 60"E. Table 1 shows available GPVs and observational data in the System.

Strengthening of GTS circuits in 1997 are as follows:

1) The Tokyo-Seoul circuit was upgraded from 9600 bps to 64 kbps with the X.25 Level 3 protocol
in March 1997;

Z) The Tokyo-Khabarovsk circuit was changed from the HDLC protocol to X.25 Level 3 protocol in
October 1997;

3) The Tokyo-Beijing circuit was upgraded from 9600 bps to 64 kbps with the X.25 level 3 protocol
in November 1997.

JMA has made the following improvements on its typhoon forecast services since July 1997:

1) The typhoon forecast range has been extended from 48 hours to 72 hours.

2) The probability that a typhoon center will enter into a forecast-circle has been increased from GO
percent to 70 percent.

3) A unit used for showing center positions in 24-hour forecasts has been changed from 0.5 degree
in latitude and longitude to 0.1 degree,

Table 1.3 on paze 10 shows forecast position errors for tropical cyclones in 1997.

JMA issues ocean wave forecasts based on results of numerical simulations. The present ocean wave
models, which were improved in March 1997, are: 1) the global wave model with a 2.5" x 2.50 resolution;
Z) the Japan-area wave model with 0.5" x 0.5" resolution; 3) the coastal wave model with 0.1" x 0.1"
resolution. The evolution of waves is expressed by the following four processes:

1) Energy input from follow winds;

2) Nonlinear energy transfer from wave-wave interaction (nonlinear energy transfer is implicitly
parameterized by the peak angular frequency cop).

3) Energy dissipation by wave breaking and viscosity;

4) Decay effect of against winds. Figure 1.4 on page 11 is an example of ocean waves predicted by
the global wave model.

Calculating method of nonlinear energy transfer from wave-wave interaction will be changed in
April 1998 so that it will be calculated explicitly. It is expected that waves and swells are simulated more
realistically than those simulated with the present models, especially in a wind genesis area such as a
typhoon area.

JMA will start to operate a dynamical storm surge model developed by the Meteorological Research
Institute (MRl) in mid-1998. The model outputs will be used for issuing storm surge advisory and warning,
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Table 1.3 Position errors of 24-. 48-. 72-hour forecasts issued by the RSMC Tokyo-Typhoon Center
for tropical cyclones wth TS intensity or more in 1997

24-hour Forecast 48-hour Forecast 72-hour Forecast
Tropical Cyclone Error Number EOIEP Error Number EOIEP Error Number EOIEP

Mean S.D. of Mean S.D. of Mean S.D. of
(km) (km) Fc&. (%) (km) (km) Fc&. (%) (km) (km) Fc&. (%)

TY 9701 ISA 124 86 37 67 254 118 35 54
TS 9702 JIMMY 338 209 5 92 212 0 1
TS 9703 KELLY 233 86 5 67 365 0 1
TS 9704 LEVI 265 98 2 0
TY 9705 MARIE 221 58 11 99 615 169 7 128
TY 9706 NESTOR 124 75 22 59 216 97 18 44
TY 9707 OPAL 120 57 16 45 332 127 12 58
TY 9708 PETER 193 79 15 54 505 201 11 69
TY 9709 ROSIE 123 42 28 63 154 56 24 38 183 73 20 27
TS 9710 SCOTT 307 141 18 125 682 299 13 136 1237 579 10 143
TY 9711 TINA 123 61 33 79 213 96 29 63 323 138 25 54
STS 9712 VICTOR 105 52 6 69 318 50 2 0
TY 9713 WINNIE 104 51 38 82 182 89 34 69 243 110 29 63
STS 9714 YULE 237 70 11 70 537 183 7 80 706 33 3 57
STS 9715 ZITA 269 79 5 225 306 0 1 0
TY 9716 AMBER 103 53 28 109 182 94 24 80 290 140 20 75
TS 9717 CASS 512 0 1 0 0
TY 9718 BING 102 52 21 29 185 90 17 25 400 135 I3 37
TY 9719 OLIWA 129 93 48 58 259 457 44 57 595 178 40 42
TY 9720 DAVID 167 84 24 60 244 124 20 42 411 122 16 53
STS 9721 FRITZ 126 39 6 134 442 59 2 0
TY 9722 GINGER 194 80 20 50 462 215 16 60 855 388 12 77
TY 9723 IVAN 178 80 38 104 354 136 31 79 474 186 27 57
TY 9724 JOAN 104 57 26 50 262 125 30 45 452 203 25 47
TY 9725 KEITH 80 57 35 44 96 64 31 19 172 112 27 18·
STS 9726 LINDA 236 25 5 80 517 0 1 91 0
TS 9727 MORT 107 74 15 51 148 78 11 36 204 94 7 48
TY 9728 PAKA 146 65 55 105 266 131 51 80 403 210 47 72

Annual Mean (Total) 144 92 583 70 267 l81 473 58 380 288 321 53



Figure 1.4 Wave distributioncalculated by the Global Wave Model.

The ch:art shows a 24-hour wave forecast from 00 urc~11 17 October 1997. Wave heights in meter
are represented by the color shown below the chart. The arrows indicate the prevailing wave direction in
the adjacent sea, At that time, Typhoon IVAN (9723) was close to the Philippines, and Typhoon JOAN was
east of IVAN. Waves over nine meters high around IVAN and over six meters around JOAN are predicted.
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Table 1.4 shows the total number of products disseminated by the RSMCTokyo-Typhoon Center to
the TC Members from 1 January through 31 December 1997. The Implementation Plan of the RSMC
Tokyo-Typhoon Center from 1997 to 2001 is shown in Table 1.5,

Table 1.4 Monthly and annual total number of products issued by the RSMC Tokyo-Typhoon
Center in 1997

Product Jan Feb Mar Apr May Jlln Jill Allg Sep Oct Nov Dec Total

TCNA20 0 0 0 53 27 70 51 161 130 93 60 55 700

TCNA21 0 0 0 57 28 80 62 179 143 101 64 62 776

WTPQ20-25 0 0 0 58 31 83 63 185 147 103 72 64 806

WTPQ30-35 0 0 0 28 16 39 31 91 73 50 34 31 393

FXPQ20-25 0 0 0 56 29 79 60 170 142 104 69 63 772

FKPQ30-35 0 0 0 56 30 80 57 167 141 101 66 63 761
AXPQ20 1 0 0 0 2 3 2 4 10 0 4 27

AUXT85
AUXT20 62 56 62 60 62 60 62 62 60 62 60 62 730

FUXT852
FUXT854 62 56 62 60 62 60 62 62 60 62 60 62 730'

FUXT202
FUXT204 62 56 62 60 62 60 62 62 60 62 60 62 730

Notes:

- via the GTS -
SAREP TCNA20/21 RJTD
RSMC Tropical Cyclone Advisory WTPQ20-25 RJTD
RSMC Prognostic Reasoning WTPQ30-35 RJTD
RSMC Guidance for Forecast FXPQ20-35 RJTD
Tropical Cyclone Advisory for SIGMET FKPQ30-35 RJTD
RSMC Tropical Cyclone Best Track AXPQ20RJTD

- via the JMH Meteorological Radio Facsimile -
Analysis of 850 and 200 hPa Streamline AUXT85/ AUXT20
Prognosis of 850 hPa Streamline FUXT852IFUXT854
Prognosis of 200 hPa Streamline FUXT202IFUXT204



Table 1.5 Implementation Plan of-the RSMC Tokyo-Typhoon Center (1997-2001)

PRODUCT REMARKS

Satellite Observation
GMS S-VISSR
GMSIMTSAT WEF AX

MTSATLRIT
MTSATHiRID
Cloud motion wind

Analysis
SAREP (for tropical cyclones)

Report oftyphoon analysis
Sea Surface Temperature
Objective analysis

pressure pattern, etc
stream lines·

Cloud distribution
Long-wave radiation

Forecast
RSMC Prognostic Reasoning
RSMC Guidance for Forecast

NWP products
pressure pattern, etc.
stream line

RSMC Tropical Cyclone Advisory

Others
RSMC Tropical C·yclone Best Track
"Annual Report"
"Teclmical Review"

24 times/day (full-disk)
8 times/day (4-sector),

24 times/day (Image H),
20 times/day (Image Ior J)

/997 /998 /999 moo zoot

4 times/day

4-8 times/day Dvorak intensity
(estimation included)
4 times/day
10-day mean and its anomaly

FAX
FAX*
GPY*
GPY*

2 times/day
4 times/day

GSM up to 84 hours
TYM up to 78 hours

FAX,GPY(GSM)
FAX (GSM: 00, 24, 48 and 72 hrs)
4 times/day up to 48 Ius

up to 72 Ius

GTS

SUPPORTING ACTIVITY

Data archive
Monitoring of data exchange
Dissemination of products

REMARKS

*

RSMC Data Server

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

19~'7 199H 19!J~J 2tIlJIJ 2(1(11
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InMacau, in operation at Meteorological Monitoring Centre is the VIS5D display system which uses
the products from the JMA DSS server and ECMWF. It had significantly improved the assimilation by
forecasters of the weather trends in 3D.

JMA, in cooperation with the Ministry of Construction, issues flood forecasts and warnings (water
levels and precipitation in a basin) for designated major rivers. When the flood forecast service began in
1995, the 14 river basins were subject to the forecast services. Today, flood forecast are issued for the 130
river basins.

In order to develop a computer base weather briefing system, a task group of meteorologists and
computer technicians are working on developing an intranet (internal internet) system using the web -
browser method.

Currently in operation is the upgraded telephone weather dissemination system with fax capability
which provides the latest weather information in Cantonese, Portuguese, English, and Mandarin.

SMG has developed and updated its home page in order to inform local and overseas users about
climatological data, weather forecasts, warnings, actual weather, and some information about
meteorological services in Macau. Its Home page is http.vvwww.smg.gov.mo.
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The leased line to access the JMA DSS server was upgraded from 64K to 128K.

In Malaysia, the installations of the meteorological data processing facilities at the new Kuala
Lumpur International Airport, Sepang was completed in November 1997. in mid-199S, which has been
However, the installation of the terminal Doppler radar has been delayed due to some problems in land
acquisition. The meteorological systems, when fully operational in March 1998, shall complement the
existing forecasting capabilities in the Malaysian Meteorological Service.

Meanwhile, all the 8 upper air stations have been upgraded to handle GPSsondes in October 1997.

In the light of the experience gained from Tropical Storm "Greg" (9627), a newly devised warning
system for strong wind, moderate to heavy rainfall with or without the presence of tropical cyclones over
land/ sea areas of Malaysia is being implemented in the 1997/98 Northeast Monsoon.

In the Philippines, after the official turnover last year, some supplemental works have been carried
out in the Japan-assisted Meteorological Telecommunications System Project. These included improvement
works on the quality of the HF radio transmission and reinforcement work on the VHF antennae tower in
Baguio Radar site and Tacloban weather station. International data exchanged capability was also
enhanced through the installation of II 0 terminals.

Meanwhile, the Project under the French Protocol Agreement (Enhancement of Meteorological
Delivery System to the Countryside) continued to maintain and operate all installed equipment. Installed in
1997 were the IRMOS at the Ninoy Aquino International Airport and Mactan, SYNERGIEand voice server
machines at the main Office (DIC). Three groups of engineers and technicians were previously sent to
various locations in France on training in the operations and installations of these equipment.

As an active member of the Presidential Task Force on El Nino, the PAGASAregularly provided the
latest information on the .status of the El Nino phenomenon. It also furnished members with detailed
impacts of the ENSO event on the country's climatic system particularly on rainfall and tropical cyclone
activities. The PAGASA also provided reports on the rainfall situation in various parts of the country
(monthly, quarterly, semi-annually) as well as seasonal outlooks which, in turn were used as bases in the
development and implementation of plans, particularly in the agriculture and water sectors.

The PAGASA issued its first.¥ Nino-related information in May 1997. That included possible
implications of the El Nino events on the country's climate system such as: the onset and duration of the
rainy season, tropical cyclone activities in the Philippine Area of Responsibility (PAR) and on the country's
rainfall, both for the southwest and northeast monsoon season.

In July of 1997, the first seasonal climate advisory was issued which confirmed the existence of the
new warm episode of El Nino event in the eastern Pacific. The first drought advisory also came out in July
when the western sections of the country experienced below normal rainfall. Drought advisories were then
regularly issued on a monthly basis providing the members of the task force, as well as the general public,
with the latest information on the El Nino event. Updates on actual cumulative rainfall, expected monthly
normal rainfall pattern and departure from normal were included in the advisories. Areas that experienced
severe dry condition were also identified. Outlooks on the rainfall situation for the succeeding months were

http://http.vvwww.smg.gov.mo.


emphasized in every advisory. This information served as one of the bases for the identification of
mitigation measures by concerned government agencies.

In the Republic of Korea, KMA has deployed three discus-typed buoys with diameters of three m.
Two of them are located in the Yellow Sea and one in the South Sea around the Korean Peninsula. The
observing elements include wind speedldirection, air temperature and humidity, air pressure, sea surface
temperature, and wave height. Every hour, this information is being transmitted via lnmarsat or VHF
communications. By 1999, KMAwill deploy three more buoys in the South Sea and East Sea.

The KMA started operating a video conferencing system in December 1997 which operates under an
ultrahigh-speed telecommunication network. The multipurpose image conference system will enable those
in the KMA headquarters in Seoul to discuss on real time the weather situation with the regional
meteorological offices. KMApurchased the equipment on August 9, 1997 at a cost of US$877,778. After a
pre-survey and initial preparations, the installation of the equipment begun mid-September. By October
1997 the system underwent an operation test. Also in October, a number of KMA personnel were trained on
the use and maintenance of the system.

The system was installed at six locations, e.q. the four Regional Meteorological Offices, the Cheju
Meteorological Station and the KMA headquarters. Images consist of 30 fps (frames per second) and a
bandwidth of 384 Kbps. The system had successfully replaced discussions between forecasters using the
telephone four times a day. Currently, discussions on weather conditions and forecasts between the
meteorological offices is made five times daily. This system permits visual exchange of various weather
briefing materials, enabling forecasters to quickly reach a consensus on the weather forecasts. This system is
also intended for use in various kinds of conferences, seminars, and training which will reduce the costs
and time spent on official trips.

The number of visitors to the KMA's Internet 'Home Page which opened on 1 July 1996 registered
more than 130,000 up till June 1997. A total of 60,000 persons visited KMA's Home Page between the
months of May and June (Figure 1).

Table 1.6 Present status of the greatest number of connection

Rank
Number of

Name of InformationConnections

1 22,957 Short-term weather forecast (3 days)
2 12,425 Weekly weather forecast:
3 12,214 Nationwide current weather
4 8,053 Meteorological satellite image
5 4,322 Monthly weather forecast
6 4,246 Meteorological satellite image animation
7 3,280 Radar image
8 2,234 Radar image animation
9 1,350 Seasonal weather forecast
10 1,236 Seismic information

The greatest number of connections during June were on the short-term forecast (Table 1.6). If we
look at the daily visits in June, we can see a steep increasing in the number of visits in the last ten days of the
month compared with the first ten days. From this, we can tell that the KMA's Home Page becomes very
busy when the weather is bad because of Changma. In the hourly connection, most are made in the daytime
with more visits in the morning than in the afternoon.

The KMAhas been operating a system to collect, analyze, distribute and display the observational data
from the 400 Automatic Weather Systems (AWS) deployed all over the country since January 1997. The
configuration of the system. The data collected by the 400 AWSs are transmitted five seconds after every
minute via the dedicated communication line with modems (2400 bps) and are received by the Local
Acquisition Unit (LAU). These data are then sent to the mainframe (TANDEM NR4636) via high-speed
telecommunication network using router and TCPlIP by 15 seconds after every minute. After checking the
state of the equipment, quality control of the observed data, and storing in the data-base, the data are
distributed to the display equipment at the Regional offices and the Meteorological Stations as well as the
KMAheadquarters 40 seconds after every minute.
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The display equipment completes the objective analysis of the received data and displays the
nationwide current weather with graphic format on a real-time basis. At present, the average acquisition
rate of the 400 AWSs is about 92% and is continually improving. The analysis data are provided to the
Internet as well as to the Workstation and Pc. KMA is also developing a plan to install a touch-screen
terminal to display the analysis data at the public location where many people get together.

In addition to the existing dynamic typhoon model (KTM) , two additional dynamic models have been
implemented since 1997; Geophysical Fluid Dynamics Korea (GFDK) model and Barotropic adaptive grid
typhoon system (BATS). Global Spectral Model produces its own typhoon track forecasts since 1997.

Geophysical Fluid Dynamics Korea (GFDK) typhoon model

GFDK is the KMA version of the triple nested, movable mesh hurricane prediction system developed
by Nl1AA's Geophysical Fluid Dynamics Laboratory (GFDL). The initial condition and lateral time-
dependent boundary condition are provided by Global Data Assimilation Prediction System (GDAPS,
Tl OGL21) at KMA. Boundaryconditions such as SST are reevaluated for the far east Asia region.

Horizontal Resolution

triple-nested movable meshGrid system

Mesh Grid resolution Longitude Latitude Time step
(deg.) (deg.) (points) (deg.) (points) (sec.)

1 1 75 (75) 75 (75) 120

2 113 11 (33) 11 (33) 40

3 I/G 5 (30) 5 (30) 20

18 levelsVertical Resolution
Coordinate
Horizontal coordinate
Vertical coordinate

Initial field
Analysis

latitude - longitude

global model gaussian grid (1")
global objective analysis (model er levels)
vortex specification by filtering procedure to remove
the original vortex from analysis of global model,
axisymmetric component of the specified vortex
generated by time integration of the axisymmetric
typhoon model,
asymmetric components generated by time
integration of a barotropic vorticity equation with
beta effect,
specified vortex (symmetry + asymmetry)
+ environmental field,
consistency of moisture field with the wind field by
diagnosis of the mass field

Dynamics
Basic equation
Prognostic variables

Physics
Surface flux
Boundary layer

primitive equations
£1, V, T, '1'" F,

Monin -Obukhov scheme
Mellor & Yamada level-two turbulence closure
scheme
moist convective adjustment
short-wave and long wave
bulk

Cumulus convection
Radiation
Subsurface layer

Boundary Conditions
Lateral prediction by GDAPS at T-6h initial

cr = 0 at the top
twice a day (06, 18UfC)
location (lat.Zlon.) central pressure, maximum
tangential winds, and precipitation every 6 hours up
to 72 hours in advance.

Frequency of Forecast
Products
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Barotropic Advance Typhoon System (BATS)

The barotropic typhoon track prediction with the continuous dynamic grid adaptation technique was
developed by KMA in cooperation with the Department of Atmospheric Science at the Gongju University in
Korea. This model has the advantage of representing the typhoon vortex in more detail. The adaptive grid
system requires two to three times less CPU time than the fixed grid system.

Horizontal Resolution
Grid system
Grid interval

Number of grid
Coordinate
Horizontal coordinate
Domain

Initial Field
Analysis

adaptive grid
the regular grid size O.G"and the smallest grid size
0.3" on the continuous dynamic grid adaptation
101 x 101

latitude - longitude
GO"x GO"

1.875" resolution
global objective analysis (mandatory pressure levels)
specified vortex generated by empirical formulas
height field obtained by solving the balance eq.

Dynamics
Basic equation

Boundary Conditions
Lateral

Frequency of forecast
Products

shallow water equations

prediction by GDAPSat T-Gh initial
twice a day (00, 12 UTC )
location (lat.z'lon.), every G hours up to GOhours in
advance

KMA developed the Typhoon Forecasting Graphic System (TFGS)in 1997. This system uses a SUN
workstation which provides the forecaster with displays of numerical results produced by the dynamic
model. TFGSenables the forecaster to:

view historical and real-time typhoon position,
plot forecast tracks for KTM, GIDK, BATS,and GDAPS,
graphically construct maximum wind during 72 forecast hours and deep layer wind at initial
time for GIDK,
view accumulated precipitation during 72 forecast hours in Far east Asia or near at typhoon
center for GIDK, every 12 hours,
view mean sea level pressure for GIDK, every 12 hours up to 72 hours.

In. Singapore, the Singapore Meteorological Service, as part of the continuous effort to upgrade its
services is in the process of acquiring a Boundary Layer Wind Profiler, which will be commissioned early
1998. This is in effect a pulsed Doppler RADAR, which uses the variation of the air's refractive index
created by turbulence and water vapor content as tracers to determine the winds.

The Profiler operates at a frequency 1290 Mhz and is able to make measurements in the range
between 75 m and 5000 m. The system can be configured to compute profiles at 6, 15, 30 or GOminutes
intervals. The system will help to better monitor, track and study these phenomena.

An S-Band Meteorological Doppler Radar will replace and take over the weather watch functions of
the current Radar System at Singapore Changi Airport. The new Radar System is equipped with klystron
transmitter tube capable of coherent pulses necessary for accurate velocity measurement. It would be able
to provide low level winds hear and microburst information.

In addition, with the long-range capability and powerful features, this radar will enable the
meteorological service to monitor and forecast thunderstorms and mesoscale weather system in the
.southern part of the South China Sea more effectively.

Delivery of real time weather information and up-to-date weather forecast to the users directly is an
important activity in MSS. They are currently implementing a Weather Information Dissemination System,
which will integrate the existing Dial-A-Weather Forecast System (DAWF), MEITAX Services and the
aviation VOLMET Broadcast. There will be an overall improvement in efficiency and better voice quality for
the VOLMET and DAWF.

The Public Weather Sub-System will include a voice and fax server which members of the public or
other users can access to get the latest forecast products using telephone sets and facsimile machines.
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ill Thailand, four sets of X-Band Doppler weather radar for Narathiwat, Ranong, Trang and Mae
Hong Son radar stations have been in operation since January 1997. Fourteen weather radars have been
linked via the telecommunication satellite to the Head Office in Bangkok. The radar network has been
operational since August 1997.

Four sets of AWOS for Ranong, Burirum, Trang and Nakhon Ratchasima airfields have been in
operation since December 1997. Two more sets (for Chumphon and Petchabun airfields) are being
installed. Five sets of AWOS for Nakhon Si Thammarat, Phrae, Roi Et, Hua Hin and Narathiwat airfields will
he completely installed by the year 1998.

The new automatic broadcasting system for aviation (VOLMET) at the Headquarters in Bangkok
became operational on 15 May 1997 while the new automatic broadcasting system for shipping at the
Headquarters in Bangkok became operational in February 1997.

Thirty-three (33) Domestic Communication Satellite Stations an addition to the existing National
Meteorological Telecommunications Network became operational during the year. An automatic weather
public services system at the Headquarters in Bangkok became operational in March 1997.

The existing satellite receiving system (GSC-METPAK)at the head office has been upgraded as well as
its capability on data retrieval and product exchange between the existing one and the NDC (National Data
Center) since the year 1996. The upgrading was to meet higher demands on the system and also take full
advantage of the existing GSC-METPAK at the 4 Regional Forecast Centers (RFCS) and Aeronautical
Division at the international airport.

. In Viet Nam, eight coastal stations were equipped with new anemometers in 1997. A network of
120 old wind observational instruments installed at the island and coastal stations was replaced by the new
digital Anemometers ELI manufactured by China. Twenty digital Pluviographs and 60 digital thermometers
were installed during the year.

Three upper-air sounding systems "DIGICORA" manufactured by Finland were installed at
HoChiMinh City (48900), Hanoi (48820) and Danang (48855). One Doppler radar set was installed in
Tamky Town in the Central Viet Nam toward the end of 1997:.

During the year, the hydrometeorological service of Viet Nam was able to acquire data and
products from the Internet which was used in the formulation of forecasts. It also implemented the
hydrometeorological specialized telecommunication system for the whole country and successfully installed
the MDUS &; HRPT receiving and processing system at the National Center for Hydrometeorological
Forecasting. A facsimile receiving system was established in nine regional centers.

1.2 Hydrology

Members of the Typhoon Committee in 1997 made sustained efforts towards the establishment and
improvement of the flood forecasting and warning systems in major river basins and in the implementation
of comprehensive flood loss prevention measures.

In Cambodia, the Hydrology Section in 1997 was upgraded into the Department of Hydrology
(DOH) of the General Directorate of Irrigation Meteorology and Hydrology (GDIMH) under the Ministry of
Agriculture Forestry and Fishery (MAIT). Aside from this, there were no major changes within the
Department.

The main work during the period is continuing the implementation of on-going projects such as the
''Improvement of the Hydrological Network" (basinwide) that has started since March 1996. The above
mentioned project is funded by the Government of Japan. The Mekong River Commission is the executing
agency and the DOH/GDIMH is the implementing agency.

The following were accomplished during the year:

• rehabilitation of 12 hydrological stations on thetributaries of the Tonle Sap Lake
• countrywide inspection of existing hydrological stations
• delivery of equipment and materials such as rubber boat, current meter sets, recorder sets, etc.
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In China, the National Hydrological Information System was completed in 1997 which effected the
transfer from the Integrated Data Processing to the Distributed Data Processing There are plans to replace
the structure of Client/server with the structure of Internet. Two Alpha server 4000 superseded two VAX-
11/785 computers, which have been used for 11 years, as water information receiving and processing
computers. Another 15 nodes were built on the wide-area computer network of national hydrological
information transmission.

The flood information monitoring computers were upgraded from PC486 to PC586 computers. The
observation and reporting facilities were also modified for hydrological stations all over the country.

There are altogether 42 nodes all over the country on wide-area computer network of real-time
hydrological information transmission. During the flood season in 1997, the State Flood Control and
Drought Relief Headquarters received 207 thousand telegrams of rainfall and water information through
wide-area computer network, which amounts to 84% of the total 248 thousand telegrams.

In 1997, hydrologists in China developed the flood information monitoring system, flood control
consulting system and water information retrieving system on notebook computers for ministry leaders.

The rapid development of computer technology and the increasing needs of society and economy
necessitated the revision of the rainfall and water information reporting, increase in the number of
reporting stations during the drought season, and establishment of management files for reporting stations
all over the country.

During the flood season in 1997, hydrologists in China developed a real-time hydrological fore-
casting system in more than 40 major sections of large rivers such as Yangtze and Yellow River, which
played a very important role in flood forecasting and prediction. This year, the Water Information Centre
under the Ministry of Water Resources issued forecasts for about 30 larger flood events with high accuracy
and lead-time of more than 24 hours, and did 5 prediction analyses in large areas of the Yangtze River,
Yellow River, Huai River and Hai River for the State Flood Control and Drought Relief Headquarters. These
forecasts and prediction provided a very important information for flood control measures and the efficient
and economical operation of water structures.

In 1997, the Ministry of Water Resources finished the construction of the flood warning system in
San-Hua region downstream of the Yellow River, Xiaoqinghe diversion area in Yongding River near Beijing,
Honghu lake detention basin in Yangtze River and Yishusi water system in Huai River basins, which
provided powerful assurance for flood control and water disaster reduction.

In 1997, the precipitation recorded in Southern China was more than that in normal years. Xijiang
and Beijiang Rivers in Southern China had rainstorms and floods with a recurrence period of once in 20
years. Some medium and small rivers had catastrophic flooding. The tidal level in tidal stations along the
southeast coast exceeded the all time high due to the combined influence of Typhoon 9711 and high tidal
water. The losses incurred were very serious in the provinces of Guangdong, Sichuan, Guangxi, Hubei,
Hunan, jiangxi and Zhejiang, etc. On the other hand, the precipitation in Northern China was way below
normal. This resulted in a severe drought in Northern China. Seriously affected by the drought were areas
downstream of the Yellow River.

During this flood season, the hydrological departments all over the country provided about 500
thousand pieces of timely and accurate water information for flood control and drought relief They issued
about 1200 flood forecasts and water resources prediction analyses, which was a very important basis for
loss prevention, disaster reduction and reasonable use of water resources.

About 6 million persons were moved away from flood areas and 12 billion RMB Yuan of direct
economic losses by water-related natural disaster were prevented because of the timely and correct
hydrological information, forecasting and warning during the flood season in 1997.

During the Ninth Five Year Plan period, China is going to construct the ~'State Flood Control
Commanding System Project", which includes four subsystems: flood control information collection
subsystem, flood control telecommunication subsystem, computer network subsystem and policy-making
supporting subsystem.

The Chinese Hydraulic Engineering Society, Department of Hydrology and the Water Information
Center organized the national hydrological forecasting modeling competition, which includes three
components: modeling study, real-time forecasting and computer interface demonstration, from December
9 to 16 in Wuhan. The Hydrological Department, Universities and Colleges and Science Study agencies all
over the country have developed their own forecasting models and methods which are suited for local
regions. A total of 42 delegations took part in the competition activity.
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Currently being implemented is the National Command Automation System for State Flood Control
and Drought Relief Headquarters sponsored by the Japan International Cooperation Agency (JICA).

In the Democratic People's Republic of Korea, the Hydro-Meteorological Institute of the State
Hydro-Meteorological Administration monitors the situations of 13 major reservoirs, 12 rivers and their
branches across the country and issues flood forecasts. Data is accepted by radio, processed in real time by
computer and subsequently displayed.

The National Wind and Water Disaster Preparedness Committee, on the basis of the data supplied by
the State Hydro-Meteorological Administration, asks the Ministry of Electrical Power Industry, the General
Bureau of Barrages and the State Agricultural Commission to coordinate the lock gates under their control.

The NASHmodel and tank model which were modified to incorporate regional features are used for
the river Taedong, the mountain and river model for the rivers Chongchon and Ryesong and the regional
division model for the Amnok and Tuman Rivers.

In Lao P.D.R., the Hydrological service continues to undertake a survey of tributaries of the Mekon
River, an inventory of rivers across the country, collection of hydrological data and flood forecasting.

In Hong Kong, the Automatic Water-level Reporting System (AWRS) continued to provide useful
real-time rainfall and river depth information for monitoring heavy rain and floods in the northern part of
Hong Kong. .

A consultancy study on land drainage and flood control strategy for five major flood prone basins in
Hong Kong was completed in 1993. The study identified and recommended major improvement to the
primary drainage systems in these basins. The proposed works are around six billion Hong Kong Dollars
and most of the works are either under construction or under detailed design stage. In addition, a series of
seven Drainage Master Plan Studies is being proceeded in stages to resolve secondary and local drainage
problems in all flood prone areas in Hong Kong. The first study started in early 1996 and all the seven
studies are targeted to be completed before the end of 1999.

In Malaysia, the Department of Irrigation and Drainage Malaysia (DID) is responsible for the
provision of flood forecasting and warning services. During the year, DID has installed 13 new telemetric
stations (rainfall and river level) bringing the total number to 163 in 28 river basins in the country. Of
these, 21 important VHF telemetric stations have also been equipped with telephonic telemetry (PSTN)as
back up. A total of 191 VHF voice communication sets and 137 manual river gauges have been installed to
provide additional hydrological and flood information especially during the flood season. As part of local
flood warning systems, 60 flood warning boards and 56 flood warning sirens have been established in flood
prone areas throughout the country.

Data transmission via satellite is currently being tested at six problematic remote radio based
telemetric stations where telephonic infrastructure is not available. A system is being developed to transmit
these telemetric data from the Master Station to the various users using the Internet. Of the 28 river basins
which have been installed with telemetric stations, eight river basins are equipped with real time flood
forecasting models. These models are either operational at the respective states or at the National Flood
Forecasting Centre (FFC) of DID in Kuala Lumpur. At the FFC,Tank Model and Linear Transfer Function
Model continued to be used by DID for real-time forecasting of the Kelantan and Pahang rivers respectively
during the 1997 monsoon season. While the performance of Tank Model in terms of its forecast accuracy
was satisfactory, the Linear Transfer Function Model did not perform as well and is currently being
recalibrated with recent flood data. A new forecasting model incorporating hydrologic and hydraulic
modules will be developed for the Batu Pahat river system (1944 km-) in the Johore State.

The Kelantan River basin has a catchment area of 11,900 sq km measured at the key forecasting
point Guillemard Bridge. Widespread flooding in this basin is usually caused by overflowing of Kelantan
river due to heavy and prolonged rainfall during the Northeast Monsoon between mid-October and
December.

To. provide real time flood forecasting service, a telemetric network has been established which
consists of six rainfall stations and four water level stations. These stations transmit real time data at 6-
hourly interval during the North East Monsoon period or at shorter interval when situation warranted.
TANKmodel is used to provide forecast (up to 24 hours lead time) of river stage at the two strategic
locations namely Kuala Krai and Guillemard Bridge. In addition, 10 flood information boards and four
electronic automatic sirens have been installed at strategic points to provide information and early warning
to the residents residing in flood-prone areas.

For the past Northeast monsoon season, the Flood Forecasting Center (FFC)carried out real-time flood
forecasting operation from 15 October 1996 through 15 January f997. Six hourly forecasts of Kelantan
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river levels at Kuala Krai and Guillemard Bridge were prepared by FFC and transmitted to Kelantan DID
office daily. Due to the relatively mild rainfall distribution, Kelantan river level did not rise above the
designated "danger level" during this monsoon and no serious floodings were reported.

The performance of the flood forecasting system for the Kelantan River basin continued to be
evaluated using MOFFS. The results of MOFFS were used to identify and rectify the shortcomings or
deficiencies of the flood forecasting system. The performance of the system for 199G is found to be
satisfactory.

Forecast operation for the 1997/1998 Northeast Monsoon is being carried out from 15 October
1997 to 15 January 1998.

Since 1970's, several studies had been conducted with regard to the flooding problems of Kelantan
river basin. However, to date is still practically no structural measures being implemented due to technical
and economic reasons. Currently, a comprehensive feasibility study on the possibility of implementing an
integrated flood mitigation project is nearing completion.

In the Philippines, through the Flood Forecasting Branch (FFB) of PAGASA,has issued 72 flood
bulletins for the telemetered river basins (Pampanga, Agno, Bicol and Cagayan), 2Ggeneral flood advisories
for non-telemetered basins and nine Metro Manila flood situationers.

Five (5) post flood investigations were conducted for the floods that occurred in the country.

The FFBtelecommunication/telemetry equipment at the control room has been restored completely.
Real-time data are again monitored through the telecom/telemetry facilities.

During the last quarter of 1997, PAGASAentered into a Memorandum of Agreement (MOA) with the
Corporate Network for Disaster Response (CNDR) Inc., in connection with flood disaster preparedness/
management in which the PAGASA(FFB)will be the flood information provider. CNDR, a non-government,
organization, is the alliance of private corporations, business associations and corporation foundations
operating in the Philippines, which engages in disaster prevention, mitigation, and preparedness programs.
Other activities contained in the MOA includes the conduct of seminar/workshop on post weather and
flood investigation/assessment in the pilot areas, installation of flood markets, etc.

The FFBspearheaded a 5-day workshop on Participatory Rural Appraisal (PRA) for the enhancement
of the public information/education drive of PAGASA. The workshop which was conducted by "Sibol ng
Agham at Teknolohiya (SIBAT), a non-government organization provided the participants with the
orientation, familiarization, and some functional skills of participatory tools, techniques and methodologies.

As a result of the major flooding in 199G in the Agno River Basin, the Agno River Flood Control
Commission was created by no less than the President of the Philippines during the second quarter of 1997.
The Commission of which PAGASAis a recognized member was endorsed by the Pangasinan Provincial
Board and the government agencies involved in watershed conservation, water resources utilization and
flood disaster mitigation.

The FFBhas provided computers to Agno, Bicol and Cagayan River Sub-centers for data processing.
Late last year, the FFBhas started the linking of hydrological data electronically and information exchange
transfer through the installation of ethernet cards to existing computers. This has provided easy access of
FFBinformation through homepage.Iocal and wide-area network, and the Internet.

In the Republic of Korea, to improve the hydrologic data collection network for flood forecasting
and warning system, the Ministry of Construction and Transportation (MOCT) had established the short-
term plan (Table 1) for improving rainfall and river-stage observing stations from 1994 to 1998. This plan'
includes the construction and the remodeling of rainfall and river-stage observing stations. It is being
implemented successively from year to year. Table 2 shows data regarding the rainfall and river stage
gauging stations being used for flood control.

Table 1.7 Short-term plan for the improvement of hydrologic data collection (1994 - 1998)

Gauge To/al 1994 - 1996 1997 1998

Total 148 91 20 37
Rainfall Gau,9;eStation 111 59 18 34
River Stage Gauge Station 37 32 2 3
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Table 1.8 Number of the rainfall and river-stage observing stations (1997)

FCO* Han Nskdong Geum Sumjin YoungsanObserving Station TotaJ
River River River /liver River

Rainfall Observing 101 98 42 24 14 279
Station

River-Stage 45 GG 27 24 19 181
Observing Station

* FCO : Flood Control Office

The present rainfall gauge network density in Korea is around 1/200 km2 - 1/400 km-. When the
full plan (Table 1) is completed in 1998, the rainfall gauge network density will be improved to about
11224 km2 for the Han river basin and 1/194 km2 for the Nakdong river basin, approaching the WMO
recommended density of 1/150 km2 - 11250 km-,

The MOCT constructed an on-line flood forecasting system in 5 major river Flood Control Offices
(FCO). Recent advances are as follows:

1) At the Han river FCO, the Anseong-cheon flood control system has been installed in 1996 and
has been under operation from 1997. The radar rainfall observation plan for the Imjin river
basin will be completed by the end of 1997.

2) At the Nakdong river FCO, the flood control system for Hyoungsan river basin is currently under
installation and operation will start in 1998.

3) At the Sumjin river FCO, the project of replacing and upgrading the hardware and software of
the system has started.

Korea is located in the monsoon region, and much of the precipitation comes from tropical cyclones
during the summer season. Annual mean precipitation is 1,274 mm. About 65% of the yearly precipitation
occurs during the rainy season, from June to September. .

The accumulated precipitation in Korea on the 30th of September in 1997 is 1,054 mm. TIlls
accounts for 94% of the average rainfall calculated by averaging the precipitation for the same period from
1973 to 1994. The characteristics of the precipitation in 1997 shows serious regional imbalance in the
amount of the rainfall. TIlls occurs almost every year because 70% of the territory is mountainous, and this
geographical effect is the main reason for the rainfall pattern in Korea.

The floods and damages in 1997 were not as serious compared to the recent past years.

The major flood events and the damages are as follows:

1) In July (7/5 - 7/7), significant heavy rainfall was concentrated in the Geum river basin, located
in the middle region of South Korea. TIlls caused significant damages to roads, small bridges and
agricultural areas. However, damages were minimized due to the effective and timely control of
the Dacheong Dam and Estuary by the flood forecasting and warning system of Geum river FCO.

2) In August (8/3 - 8/6), heavy storms occurred almost all over the country. TIlls flood caused a
total of 13 fatalities and property losses of more than 60 million US dollars.

Looking at the statistics of recent floods in Korea, those in the small basins (basin area: 1,000-
1,500 kms) suffered more severe damage than those in the large basins as the latter are protected by the
river structures, like large dams and embankments. The large basins are also supported by the non-
structural measures like flood forecasting and warning system.

In this regard, MOCT planned the establishment of the flood forecasting and warning systems in the
seven smaller basins: Ansung, Heungsan, Sapgwo, Dongjin, Mangeung, Tamjin and Taewha river basins.
In the Ansung river basin, the system was established in September 1996 and has been in operation since
then. In the Heungsan and the Sapgwo river basins, the systems will be established by the end of 1997 and
1998 respectively. In the other four basins, the system will be established by the end of 1999.



Also,MOCT plans to establish a flood forecasting and warning system in the Imjin river basin by the
end of 1999. In this system, precipitation data will be collected with the use ofa radar early part of 1998
while stream level data will be collected using a satellite communication system, scheduled to be established
before 1998.

Besides this, MOCT is constructing seven new multipurpose dams and has built river embankments
and new pump stations to remove inland water.

In Thailand, to improve the hydrological data collection network for flood forecasting and warning
system, the Hydrometeorology Division established five hydrometeorological stations namely:

1. Chawang Station, Nakhon Si Thammarat Province
2. Phrasaeng Station, Surat Thani Province
3. Sadao Station, Songkhla Province
4. Kamalasai Station, Kalasin Province
5. Sa Kaeo Station, Sa Kaeo Province

The Management Overview of Flood Forecasting System (MOFFS) Version 2 C was replaced by
MOFFSVersion 3.

The flood forecasting and warning system in the three designated Basins, namely Nan, Pasak and
Prachin River Basins are monitored on a routine basis. Flood forecasting and warning system uses the
following models:

Discrete Linear Cascade Model (DLCM) (WMO's software). It is one of HOMS Component.
Antecedent Precipitation Index (API)
MIKE 11 Modelling system was installed. in November 1995 and is currently tested.

In Viet Nam, plans are underway to establish telemetric systems in some river basins and dam areas.
This is expected to minimize the loss of data specially during the monsoon and typhoon seasons.

An observation network that observes the water levels in the main rivers of Viet Nam was
implemented in 1997. The network links selected automated weather stations and water level stations and
transmits hydrometeorological information to the Regional Hydrometeorological Centres as well as to the
National Centre.

The Viet Nam HMS with the assistance of some overseas companies are developing a PC-based flood
warning and forecasting system in the country. The first phase of the Flood and Flash Flood Warning and
Forecasting system based on the ALERT-technology was implemented in Sonla province in 1997. The
development of this integrated Hydrological information system started in 1996. The major objective is to
develop and implement a highly flexible flood warning and forecasting system and hydrometeorological
database system which can be used to mitigate all types of water related disasters. During the initial stage,
an assessment of Viet Nam's water information system was made.

The Viet Nam Government with the assistance of international and UN agencies has drawn up a
comprehensive programmes for flood control with a view to reducing damages and human miseries such as
non-structural measures like early warning and forecasting. River information systems with accurate
hydrological data collection are pre-requisite for the proper planning and implementation of development
projects on water resources and flood forecasting. It is, therefore, necessary to adopt modern methods and
techniques for collection, transmission, storage and retrieval of the data information of the River Systems. In
line with this endeavor, Central and Southern Viet Nam carried out in 1997, the improvement of the
hydrological measurement network and data collection system using information technology to ensure
better quality data and their timely collection for running hydrological and flood forecasting models.

1.3 Disaster Prevention and Preparedness

Typhoon Committee Members continued their sustained efforts in undertaking the work under the
disaster prevention and preparedness component and upgrade the capabilities of their Disaster Prevention
and Preparedness agencies through seminars and training courses.

In Cambodia, the Meteorological Office provided the National Committee for the National Disaster
and Preparedness with timely forecasts and warnings during the flood events which affected the following
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provinces: Banteay Meanchey, Pursat, Battambang, Siem Reap, Kompong Speu, Prey Veng, Svay Reng,
Kompot, Kandal, Takeo and Municipality of Phnom Penh Dangkok Khan.

Aside from this, drought advisories were also issued for the provinces of Kandal, Kompong Chnang,
Pursat, Battambang, Siem Reap, Kompong Cham, Krotie, Stung Trng, Prey Veng, Svey Reng, Kompot, Takoe,
Kompong Spe~nd Kompong Sam were a number of ricefields were destroyed.

In China, the government at different levels and the public made the best use of weather forecasts
and warnings in order to do a better job in mitigating the damage caused by typhoon. There were four
typhoon or severe tropical cyclones that affected the coastal provinces and municipalities of China. Among
them, typhoon Winnie was the strongest and the area it affected was the largest in the last two years. It
made landfall over Wenling City, Zhejiang Province, at 13:30 lITC on August 18. The government at
various levels attached great importance to the typhoon preparedness and disaster prevention. State leaders
like State Councilor Song jian and Secretary-General of the State Council Luo Gan personally asked for first-
hand information of the typhoon and gave their instructions to the disaster preparedness groups.

On August 9, the Ministry of Civil Affairs sent a working group to Zhejiang Province to investigate
and assess the losses caused by Typhoon Winnie and directed the disaster combat work. The governor of
the Shanghai Municipal Government personally went to the forecast office of Shanghai Meteorological
Bureau to get first hand information about the typhoon. His announcement mobilizing the people in
Shanghai to prepare for the typhoon in the forecast office was broadcasted live by several TV stations. The
government and the people of Zhejiang, jiangxi, jiangsu, Anhui, Shandong, Hebei, Tianjin, Liaoning, Jilin
and Heilongjiang Provinces and Municipalities made advance preparations against the typhoon based on the
typhoon forecast and warnings issued by the meteorological services. As an example, the Zhejiang
Provincial Government took effective measures to evacuate more than 1,300,000 people to safe places
before the typhoon made landfall, thus greatly reducing the number of casualties. Also based on the
typhoon forecasts, ships and fishboats docked in typhoon shelters thus greatly reducing economic loss and
casualties as well. The people were also organized by the government to reinforce the dikes and dams, and
dredge the rivers. These measures further contributed to the reduction of losses.

Six tropical cyclones made landfall over China from September 1996 to August 1997. They took 690
lives and destroyed US$8938.93 million worth of property.

The Democratic People's Republic of Korea, due to experiences during the flood disasters of 1995
and 1996 the state established a system which prepares flood prone areas during the spring and autumn
seasons. The state has also undertaken extensive tree planting to prevent the occurrence of floods.

In 1997, vulnerable spots at main reservoirs were reinforced on a large scale before the rainy season
under the guidance of the National Wind and Water Disaster Preparedness Committee, the State Hydro-
Meteorological Administration and the Ministry of Land and Environmental Protection.

Dikes were built or reinforced at vulnerable spots along the rivers Amnok, Chongchon, Taedong and
Ryesong and their branches.

In the summer of 1997, abnormal weather event severely affected the agricultural fields ill the
Democratic People's Republic of Korea.

During the rainy season, no rain fell for more than two months on the eastern coast of Korea which
caused a crop failure on a vast area of arable lands.

Also in 1997., the temperature was abnormally high. In June and July, it was two degrees higherthan
in a normal year and in August it was 1.1 degrees higher.

Typhoon WINNIE which hit the Democratic People's Republic of Korea on August 20 and 21, resulted
in the highest storm waves to be observed in 74 years. It destroyed breakwaters along the western coastline
of the country with a total length of about 300 krn and inundated 107,600 hectares. of cultivated lands.
More than 10,000 houses and many public buildings were destroyed or submerged and there were losses of
human life. Five thousand seven hundred hectares of slatterns were inundated and 120,000 tons of salts
was washed away.

In Hong Kong, a series of severe rainstorms in 1997 has prompted action to enhance the Rainstorm
Warning System, designed to alert the public about the occurrence of heavy rain. New arrangements made
in early 1998 include the introduction of a forecast element into the Rainstorm Warning System,
dissemination of the 'AMBER rainstorm signal to the public as an early alert to imminent rainstorms and
introduction of a Special Announcement on Flooding in the northern New Territories.
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Professional meteorologists from the Hong Kong Observatory continued to present weather
programmes for all three local stations. Utilizing a computer weather graphic system with chroma-key
technique to produce quality graphics and animation of weather sequences, the presenters explained to the
public the development of the weather and the phiJosophy behind the forecast. Apart from routine weather
programmes, a number of weather briefings during severe weather situations and special events were also
conducted in 1997. The TV weather programmes were also planned to put onto the Observatory's Internet
home page in 1998.

Since the establishment of the "Friends of the Observatory" in 1996, its members have grown to more
than 850 in 1997. Activities organized for the members like visits to the observatory's outstations and
public lectures on meteorology and geophysics were well received. To promote the exchange of ideas
between the members and the Observatory, Ideas Groups were also set up. Constructive comments from
the Ideas Groups have proved to be very useful in enhancing the Observatory's services to the public.

The Hong Kong Observatory in 1997 implemented a computerized Meteorological Information
Dissemination System (MINDS) for preparation of weather forecasts and warnings in English and in
Chinese and for direct dissemination to various government departments and the press media.

The publicity video of the Hong Kong Observatory was updated in mid-1997. The video was shown
routinely to school students and guests visiting the Observatory. Other publicity material such as warning
pamphlets and technical information sheets were also revised. These free publications were distributed to
the public, government departments, voluntary and emergency services to increase their understanding and
awareness on hazardous weather and the warning systems operated by the Hong Kong Observatory.

An exhibition on the theme "Weather Warning Systems operated by the Hong Kong Observatory"
was held concurrently with the 30th Session ESCAP/WMO Typhoon Committee in November 1997.

A replacement seismic monitoring network with eight field stations was installed in 1997. The new
network was equipped with more sensitive seismometers and computer workstations to process the data
digitally. The speed and accuracy of epicenter and magnitude determination for local and nearby
earthquakes were enhanced. The seismic information coLlectedby the network was also extremely useful to
researchers for verification of geological faults and seismic risk assessment studies.

At the Hong Kong Observatory, the dial-a-weather service continued to be a popular means for the
public to acquire the latest weather information and a total of 23 million calls were entertained in 1997.
Putonghua service was introduced in 1997 in addition to the existing Cantonese and English services.

The Hong Kong Observatory's Internet home page (http://www.info.gov.hk/hko) continued to be
very popular. Over 3.3 million pages of information were retrieved by the visitors in 1997 and this
accounted for roughly one quarter of the entire Government Internet traffic.

In Japan, the Japan Weather Association OWA) and Nippon Telegraph and Telephone Corporation
(NTT), in cooperation with JMA started to operate a Japanese Web site on meteorological information for
public in July 1997. Typhoon position and forecasts issued by JMA are provided through the site. Its
address is http://tenki.or.jp/.

In Macau, although the Civil Defense Operations Centre has been activated every time the number
eight signal was hoisted, there were no victims or major damages in 1997.

During the year, several activities were carried out related to public awareness. An information
campaign was launched on Macau TV, Radio and some of the newspapers. A leaflet was sent by mail to
every resident advising on preventive measures to take to mitigate damage caused by natural or man-made
hazards.

The Typhoon Contingency Plan was updated and revised and an exercise was held in the early part of
May with the purpose of testing the communications system and safety procedures. Training of personnel
from both government and non-government departments, which are part of the civil defense general
organization were also conducted.

The Education and Youth Department sent to the Security Coordinating Office 32 Evacuation Plans of
the Schools, prepared by different schools in the Territory. The Security Coordinating Office, in
coordination with the Fire Department examined those plans and checked 20 schools. It later sent back to
the schools opinions and proposals to improve the said evacuation plans.

In Malaysia, taking cognizance of rapid economic development and increasing vulnerability to
natural or man-made hazard, Directive No. 20, dealing with the Policy and Mechanism for the National
Disaster and Relief Management was approved by the Right Honourable Prime Minister of Malaysia on 11

http://tenki.or.jp/.


May 1997. It replaces the Natural Disaster Management Guidelines which had been implemented since the
70's. This Directive encompasses natural, technological and environmental disasters such as;

Natural disaster - flood, storm, drought, landslide and coastal erosion
Industrial disaster
Collapse of tall buildings and structures
Air disaster
Train collision/derailment
Massive fire outbreak
Clive-in of dam and reservoir
Nuclear and radiological accidents
Release of toxic or poisonous gas in public places
Haze

This Directive gives specific tasking and spells out clearly the roles, functions and authority of various
agencies which deal with search and rescue operation, relief and rehabilitation. Each agency could
supplement and complement each other to avoid duplication of duties. The Disaster Management
Committee has been expanded to cover all agencies dealing with the various types of emergencies.

The Directive provides the policy, mechanism and guidelines at national, state and district level to
enable a cohesive interdepartmental collaboration and coordination in dealing with disasters. It contains
four main aspects of integrated disaster management, i.e. prevention, preparedness, response and
rehabilitation. It also provides the role of the On-Scene-Commander, answerable to the Chairman of the
Disaster Management and Relief Committee, to coordinate the search and rescue operation at the site of the
disaster. Nevertheless, the Directive stresses the need for various agencies to have their own standard
operating procedures in dealing with immanent disasters. The first enforcement of this new Directive
occurred during the severe transboundary haze episode in September 1997 over Malaysia due to the forest
fire in Sumatra and Kalimantan of Indonesia.

In the wake of disaster inflicted by the tropical storm "Greg", killing 238 people on the riverbank of
Sungai Pampang in Sabah, the government has embarked on a major resettlement plan for villages on the
river reserve to safer ground. Risk assessment has also been carried out to determine the degree of danger
posed by floodings to river settlements in the country. Being aware of the fact that flood water could
destroy hundreds of hectares of padi land and livestocks, the government has approved a monetary aid plan
to animal husbandry and farmers so as to lighten their burden during such calamity.

In line with the IDNDR, the Department of Broadcasting and the Department of Information are
intensifying their efforts in public awareness on disasters through press and electronic media. Brochures
describing the important severe phenomena which include tropical cyclones, squall-lines, thunderstorms,
monsoons and haze have been prepared by the Malaysian Meteorological Service and distributed to the
public and various agencies concerned for purpose of information and education.

All National, State and District. Disaster Management and Relief Committees had convened their
annual meetings to be well versed with procedures and any actions need to be taken during the coming
Northeast Monsoon. The Department of Social Welfare has earmarked 3,417 schools and public
community halls as centres to house any flood victims.

In the Philippines, the National Disaster Coordinating Council through its Executive Secretariat, the
Office of Civil Defense, updated the Contingency and Disaster Plan to include the regional action plans on El
Nifio phenomenon. Also, it stepped-up its public information and education campaign on earthquake pre-
cautionary measures in coordination with PHIVOLCS (Philippine Institute of Volcanology and Seismology)
and UNESCO. The NDCC likewise supervised the organization of Disaster Control Groups at the local and
national levels of government units.

For the year 1997, a total of 64 natural and 196 man-made disasters were documented, reports
prepared and disseminated.

In the Republic of Korea, in order to reduce the loss of life, property damage, and economic
disruption caused by natural disasters such as floods, windstorms etc. during the rainy season, the Korean
government has annually designated the period from March to Mayas "Disaster Preparedness Period" and
has performed several programs during this period.

1) Inspection and Maintenance of the Disaster-Prone Areas

2) Inspection and Maintenance of Large-Scale Construction Sites
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3) Inspecti<:n and Maintenance of Disaster Prevention Facilities

4) Securing Equipment and Facilities for Emergency Countermeasures in Occurrence of Disaster

5) Fund for Natural Disaster Countermeasures

A total of 64,714 staff members were educated from February 24 to April 25 in 1997 to enhance
their ability to deal with natural disasters. The program included planning, managing critical situations,
reporting damage, working on recovery plans, and studying relevant laws.

To ensure prompt response by the public and disaster preparedness organizations, an exercise for
disaster prevention and an emergency drill in each region were conducted during the period from May 13
to May 23 in 1997. Another exercise, this time under computer-simulated earthquake conditions, was
undertaken in all regions on September 18 and 19 also in 1997.

Activities on May 25 or National Disaster Prevention Day includes the following:

• Inspection of disaster prevention facilities and equipment
• Drill and campaign for disaster prevention
• Photo display of disaster-struck areas and their recovery process
• Contest for disaster prevention posters
• Select one of the five major river basins and carry out a comprehensive exercise for disaster

prevention with participation of responsible authorities

As a measure to counter the disasters which are getting varied and larger in scale, the government
established the Basic Five-Year Disaster Prevention Plan and the Yearly Disaster Prevention Action Plan. The
Fifth Basic Disaster Prevention Plan (1997-2001)at a cost of US$ 33,626 million will have 22 key items
which includes flood control, disaster prevention, and technology development. In 1997, total government
investment on this plan amounted to US$6.263 million.

Since the Risk Assessment Evaluation System of Disaster Impact (RAESDI) was introduced on October
21, 1996, a total of 34 projects had been assessed by the end of November 1997. The projects examined
are as follows: 2 urban development projects, 5 industrial complex development projects, 13 tourist
complex development projects, 13 sports complex development projects and 1 mountain development
project.
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The Republic of Korea chose 416 sites most vulnerable to inundation, collapse, and isolation by
typhoons and floods, and labeled them as Disaster Prone Areas. They are classified by type, level of risk,
responsible authority, and size. A total U.S.$ 1,089 million will be invested in three areas for full
improvement from 1995 to 2014. In 1997, a total of U5.$ 117 million was spent to improve 102 disaster
prone areas.

Small rivers in Korea are vulnerable to overflow and one of the main causes of flooding. Thus, the
"Improvement of Small Rivers Act" was passed in 1995 for the improvement and maintenance of small
rivers. Over the next 22 years, (i.e from 1995 to 2016) US$6,483 million will be spent for this project. The
first step is to refurbish 4,450 km from 1995 to 2004 at a cost of US$ 1,098 million. In 1997, US$109
million was spent to refurbish 250 km of small rivers.

As natural. disasters increase and gets more complex, the preventive efforts assume greater
importance, Thus, National Institute for Disaster Prevention (NIDP) which opened on 2 September 1997
was organized to provide a systematic and expert knowledge of disaster prevention and preparedness. The
NIDP seeks appropriate institutional structure for disaster prevention and ways to promote international
cooperation.

In Thailand, the activities on disaster. prevention and preparedness were implemented at all levels of
the government under the National Civil Defence System. In 1997 the activities are as follows:

Provincial authorities in risk prone areas were given the task of making structures safe against
natural and man-made hazards. The government allotted 30 milling baht for this purpose.

Survey of flood ways and construction of flood control channels to prevent flooding in the Chao
Phraya Basin.
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Reinforcement of the river bank along the Chao Praya River.

Review of drainage plans in southern, and central regions including Bangkok Metropolis to ensure
that new developments will not increase runoff or divert flows to other property.

Prepared comprehensive regional studies and analyses in central region to identify locations and
facilities that are presently at risk from natural disasters (flood, drought, earthquake) or could be in
the future.

The Civil Defence Secretariat (CDS), the Office of the Council of State, and the Office of the National
Economic and Social Development Board held a seminar in the topic of "Implementation Problem in Disaster
Action Plan" on 27 August 1997 at the Office of the Prime Minister. A total of 152 civil defence volunteers
participated in the said seminar.

The Civil Defence Secretariat and other related organizations also disseminated disaster management
information to the public through the broadcast media, pamphlets and other reading materials. It further
conducted training in disaster prevention and preparedness across the country.

In 1997, CDS conducted exercise in 20 provinces: Kalasin, Kamphaeng, Phet, Chachoengsao, Trat,
Nakhon Nayot, Buri Ram, Prachin Buri, Phangnga, Phatthalung, Phitsanulok, Phayao, Maha Sarakham, Roi
Et, Lamphun, Sakon Nakhon, Songkhla, Samut Songkhram, Samut Sakhon, Sukhotai and Uttaradit.

In Viet Nam, the National Committee for IDNDR carried out the following activities in 1996 - 1997:

• Strengthened flood and storm control at all levels (central, provincial, district and village).

• Improved the quality of warnings and forecasts of storms, floods and other kinds of disaster.

• Improved the quality of dikes systems in the Red River Delta, and in the North of the Central Viet
Nam, along the coast from Mongcai to Hatien, the Day river diverting system, and reservoirs
such as Hoa Binh, Thac Ba and others.

• Strengthened flood control in all localities along river banks from provincial level donor,
especially at the village level.

• Stepped up public education to increase awareness on tropical cyclones and floods, This
includes:

Organizing workshops and seminars on disaster management

Disseminating information on disaster mitization through mass media like newspapers, radio
and television

1.4 Training

Members continued to take advantage of various education and training activities, both from within
and outside the region, to train their staff in the three major components of the Committee's programme.
They also took every opportunity to further improve development of their human resources through the
training facilities that were offered by other Members under bilateral arrangements.

In China, a training workshop which will further improve the management work of CMA and other
government agencies in disaster prevention and mitization as well as strengthen international exchange and
cooperation was held at the Asian Disaster Prevention Center (ADPC) in Bangkok from 2-11 December
1997. The workshop was jointly sponsored by UNDP, CMA and ADPC and was similar to the one held also
in Bangkok from 25 November to 4 December 1996. About 30 participants from China's meteorological
services including CMA attended the workshop.

The Regional Meteorological Training Center of Nanjing organized an International Training Course
on Agrometeorology from 20 September to 19 October 1997. All the domestic cost in China was covered
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by the government of China. Four participants from Typhoon Committee Members attended the training
course.

In 1997, several training courses in hydrology were held:

• Technical Training Courses on Emergency Feedback Communication system were held before the
flood season. These courses were jointly sponsored by the Water Information Center and the
Water Resources Commission of Yangtze, Yellow, Huaihe and Haihe.

• Hydrological Information Processing Training Course was held in Hohai University by the
Department of Hydrology.

• Reservoir Management and Flood Forecasting and Dispatching Training Course was conducted
by the Water Information Center at Hohai University.

• Urban Rainstorm and Flood Modelling and Water Resources Management Training Course was
held in Hohai University and sponsored by the Office of State Flood Control and Drought Relief
Headquarters.

• Water Environment Management Training Course was held in Hohai University by the
Department of Water Administration and Water Resources.

In the Democratic People's Republic of Korea, the State Hydro-Meteorological Administration
(SHMA) set-up English training centre to enhance the English level of scientists and held two five-month
courses for English conversation practice in 1996 and 1997 where 30 SHMA personnel participated.

The State Hydro-Meteorological Administration is conducting a course leading to a doctorate degree
which consists of full-time, correspondence and special studies. The course is open to meteorologists,
hydrologists and oceanographers. Doctor's papers are prepared and published usually in 3-4 years' time,
but in case of special course in a year's time. In 1997, three persons finished the course and were awarded
doctor's degree.

InLao P.D.R., the following trainings were conducted in 1997:

Course Duration No. of
Participants

-_
CIJCOM Training 1month 4

Hydrology Training 15
\

Hydrology Seminar 17

Eighteen staff members were sent to Viet Nam in 1997; two for. computer data processing, 5 for
forecaster's training; 5 to train on the use and maintenance of meteorological equipment and 6 for
training on telecommunication equipment.

In Hong Kong, a series of training courses on meteorology was organized by the Hong Kong
Observatory on 1997. Overseas experts were invited to deliver talks on satellite meteorology, tropical
cyclones and forecasting models. Other training included courses on Aerodrome Meteorological Observing
System, Aviation Meteorological Data Processing System, Windshear and Turbulence Warning System,
Terminal Doppler Weather Radar and reception of WAFS products. In 1991, two Experimental Officers
and one Scientific Assistant from the Observatory attended a professional meteorology course in the Nanjing
Institute of Meteorology, Another 11 meteorologists and professional staff of the Observatory were also sent'
to various overseas institutions for.advanced and specialized training.

Subject Period

Training course on Aerodrome Meteorological 30 Jan - 14 Feb 1997
Observing System 17 - 28 Feb 1997

15 - 18 Apr 1997
28 Apr - 01 May 1997
06 - 08 Aug 1997
06-- 07 Nov 1997

Satellite meteorology and its llI'Plieation 03 - 07 Mar 1997
Training Course on tropical cyclones 21 - 26 Mar 1997



Subject

Inter-comparison of land surface para-
meterization in forecasting models

Period

10 Apr 1997

Training on Windshear and Turbulence Warning
System

24 - 25 Apr 1997
19 - 30 May 1997
11 - 15 Aug 1997
11 - 12 Sept 1997
15 - 16 Sept 1997
24 - 26 Nov 1997

Training course on Aviation Meteorological Data
Processing System

05 - 09, 12 - 16 May 1997
16 - 20 June 1997
07 - 11 July 1997
20 - 24 Oct 1997

Tra~ on reception of WAFSproducts
Training on Terminal Doppler Weather Radar

17 - 19June 1997
2r -22 July 1997
25 Sept 1997

27 - 28 Nov 1997
04 - 05 Dec 1997

Training on Meteorological Information
Dissemination System
Meteorological course for aviation forecasters

25 July 1997

01 -14Au,~ 1997
Hands-on training at the new airport in Chek
Lap Kok

In Japan, JMA will hold two International Training Seminars on Typhoon Monitoring and
Forecasting in the western North Pacific in January 1998 and 1999 in Tokyo. The purpose of the seminar is
to share recent knowledge of typhoon monitoring and forecasting with forecasters of TC Members through
On-the-Job Training, country reports and discussions. JMA will invite five forecasters of TC members to
each seminar.

In Macau, a number of SMG staff members have been trained in the following meteorological
courses:

04,07 - 08 Aug 1997
18,22 Aug 1997
20 - 21 Oct 1997

17 Nov 1997
09 - 18 Dec 1997

Course Duration
No. of

Participants

Class II Met. Officer 6 months 3

Doppler Radar 2 weeks 18

.Mesoscale Met. model 2 months 12

In Malaysia, a total of 223 MMS staff underwent various training courses such as basic
meteorological courses for meteorologists and meteorological assistants, basic and advanced courses on the
use of micro- computer, basic Windows 95, electronic, statistics and meteorological instrument courses for
meteorological assistants.

Throughout the year, on-the-job trainings on the maintenance and repair of hydrological
instruments were organized by the Hydrology Division of DID for the State hydrology personnel. Besides,
the Department had also organized or participated in the following activities:

In the Philippines, to promote continuous capacity building and human resource development, the
following local training courses were conducted by PAGASA: .
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Course

Seminar/Workshop on Teaching Facilitation Methods and
Techniques
Seminar/Workshop on the Extension of J\Sro-
meteorological Forecast Advisory and Information System
in Northern Luzon
Seminar/Workshop on Meteorology and basic Weather
Forecasting (PRC)Personnel
Seminar/Workshop on Climate Change and El Nifio/
Southern Oscillation

Duration

20 - 29 Jan 1997

04 - 06 Mar
1997

25 - 29 August
1997

13 - 14 Oct 1997

Host Member

China

China

China

China

Hong Kong,
China
Japan
Japan

Japan
Japan

Japan

Japan

Japan

Japan

In the Republic of Korea, the flood control centers for the five major rivers in Korea conducted
practical job training twice a year for field officers.

Korea Institute of Construction Technology (KICT for short) offered a job training workshop for
engineers in government offices on river managements (flood management, low flow management and
river environment management).

In Singapore, the MSS has been offering software training courses for meteorologists to other NMSs
under the Singapore VCP Programme. Recently it has revamped the training programme and began
conducting a 2-week course on the Interpretation of' NWP and Weather Satellite Itata for meteorologists
and weather forecasters in region. The purpose was to foster greater technical collaboration with ASEAN
member countries as well as other developing nations. .

The latest course content included Model Output Statistics and weather satellite image processing
techniques.

Seven Singapore-ASEAN and Singapore-Colombo Plan trairung fellowships were awarded to
participants in the surrounding region under the Singapore-Cooperation Program. A similar course is
planned for next year.

Table 1.9 Training Courses/SeminarslWorkshop/SymposiaNisits/Meetings Organized by Typhoon
Committee Members in 1997

Subject Participants
(Number) Period

1st Meeting of the Rl -China Working Group on
Marine Environmental Protection in the SCS

Philippines (1) 25-27 Mar

China Study Tour Philippines (1)
Hong Kong, China

8-17 Sep

Applied Met Course for Forecasters Macau (1)
Hong Kong, China

3 Nov 96-
16Jan 97

Study Tour to CMA Hon..~Kon..~.China 3-21 Mar

SCSMEXMeeting Philippines (1) 15-18 Sep

.IICATrainin_g_ Cambodia (1) 13 AU,9;-20Dec
Group Training Course in Seismology and
Earthquake Engineering II

Thailand (1) 25 Aug 97-
26July 98

Terminal Doppler Radar Training Course
Group Training Course on Measure to Reduce the
Use of Ozone Depleting Substances

Malaysia (8)
Philippines (1)

22 Jan-II Mar
21 Jan-l Mar

International Pyrheliometer Comparison and
Rezi_onalPyrheliometer Comparison

Philippines (l) 20-31 Jan

International Seminar· on Global Warming
Projection

Philippines (1) 27-31 Jan

Asia Pacific Regional Workshop on Integrated
Assessment Modelling
International Seminar on Volcanic Info for
Aviation Safety

Philippines (1)

Philippines (l)

10-12 Mar

11-16 Mar
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Host Member Subject Participants Period(Number)

Japan 7th Asia-Pacific Seminar on Climate Change and Philippines (1) 7-11 July
Training Worksho_Q_on Emission Inventories

Japan 3rd Session of GCOS Joint Data and Information Philippines (1) 15-1SJuly
Management Panel

Japan 23rd General Assembly of the International Philippines (1) 20-27 Aug
Astronomical Unit

Jap_an Training on Hydrographic Survey Cambodia (1) 10 Apr-12 Oct
Japan Introduction of the JMA Regional Model Hong Kong, China 6 Jan-5 Feb
J!!!'_an Automated Surface Weather Observation System ROK (2) 6-9 Oct
Japan. Composite of Radar Images ROK (1) 1-9 SeQ_
Macau 2nd GD-HK-MC Met Conference on Operational Macau 14-15 Apr

Cooperation China
Hong Kong, China

Macau Training Seminar on Doppler Radar Hong Kong, China 7-18 July
Macau RA II Met & Hydro Technical Seminar Cambodia (1) 4-8 Nov
Malaysia Applied Hydrology Course for Engineers 20-23 Oct
Malaysia LUCC 4th Coordination Mee!ing Philippines (1) 23-26 Feb

Philippines Regional Training Seminar for National Thailand (1) 10-21 Nov
Instructors of RA II and RA V Macau (1)

Cambodia (1)
ROK Workshop on the MOFFS Malaysia (1) 19-21 Mar

Philippines (1)

Singapore Training Course on Interpretation of NWP and Thailand (2) 1-13 Sep
Weather Satellite Data Philippines (1)

Thailand The 5th Disaster Prevention and Mitigation Thailand (1) 21 Apr-17 May
Training Course on Seismic and Cyclone Hazards
Mitigation

Thailand Seminar on Integrated River Basin Development Cambodia (1) 13-16 May
and Management

Thailand International Training on Environmental Impact Philippines (1) 17-21 Feb
Assessment

Thailand IOC/WESTPAC Training Workshop on Operation Thailand (1) 18-21 Nov
Data and Information Network for the Gulf of
Thailand

Thailand Workshop on Development of the Data and Malaysia (1) 27-31 Jan
Information system for SEASTART Philippines (1)

Thailand 2nd Meeting of ESCAP Regional Working Group Philippines (1) 8-11 Apr
on Meteorological Satellite Applications and
Natural Hazards Monitori,lls_

Thailand Synthesis Workshop and Publication on SE Asia Philippines (1) 7-11 July
Land Use and Land Cover Change

Thailand Experts Group Meeting on Regional Cooperation Philippines (1) 22-24 Sep
on Climate Change

Thailand International Expert Meeting on Participation of Philippines (1) 15-19 Dec
Women in Meteorology and Hydrology China (1)

Cambodia (1)
Hong Kong (1)
Lao FDR (1)
Malaysia (1)
Japan (1)

Thailand (1)
Macau (1)

Viet Nam (1)



Table 1.10 Training Courses/SeminarslWorkshop/SymposiaNisits Organized
Institutions and attended by Typhoon Committee Members in 1997

by Other

Attending Subject Participants Period VenueMember (Number)

Cambodia Training on Satellite Meteorology 1 27 Sep-ll Oct Iran
Cambodia Masters Prog in Hydrology 1 12 Oct 97- Netherlands

12 Oct 98
Hong Kong, Winds hear and Turbulence Warning 1 22-25 Apr USA

China System Phase III forecaster training
Hong Kong, WTSS Phase III operator training 1 20 May-6June USA

China
Hong Kong, 22nd AMS Conference on Hurricanes 1 19-23 May USA

China and Tropical Meteorology
Macau The Application of NWP Products in 1 30 June-4 July UK

HK,China Aviation and Dissemination through 1
Satellite and terrestrial ~stem

Macau Intergovernmental Panel on Climate 1 22-28 Sep Maldives
Change, 13th Session

Macau !PCC Working Group 1 23-24 S~ Maldives
Malaysia Factory Training for Meteorological 8 6-24 Jan USA

Data Processing System for KLIA
Malaysia Automatic Meteorological Stations 4 10-20 M1!Y_ UK
Malaysia Training Conference on the Operation 2 8-11 July USA

of GIS
Malaysia Training Seminar on Environmental 1 6-10 Oct Canada

Response
Malaysia 7th International Workshop on River 1 14 Apr-23 June Ireland
Philippines Flow Forecasting 1
Malaysia WMO/NOAA Course on Hydrological 1 7 July-29 Aug USA

Flood Forecasting
Philippines International Post Graduate Course in 1 12Jan-13 Feb Israel

Database Management in Agromet
Philippines Southeast Asia Regional Program 1 Jan-May Canada

START
Philippines Intl Workshop on Planning for Climate 1 24-28 Feb Taiwan

Change thru Integrated Coastal Zone
Management

Philippines Climate Application Planning Meeting 1 23-26 Feb Indonesia
Philippines Course on Shallow Water and Shelf 1 3 Apr-l July Italy

Dynamics
Philippines Training of Brewer Ozone 1 12 Apr Canada

Spectrophotometer
Philippines Training workshop on GHG from 1 7-11 Apr India

Agricultural Sources
Philippines Inti Post Graduate Course in Basic 1 18 May-27 June Israel

Agromet
Philippines CFML-ACTIM 1 26-30 Ma_y_ France
Philippines SYNERGIE-WEFAX System 1 9-27 June France
Philippines Hydrological Forecasting Course 1 71u!Y_-27 A~ USA
Philippines World Climate Research Program Conf 1 26-28 Aug Switzerland
Philippines IRMOS 1 1-19 S~ France
Philippines Auto Weather System for Synoptic and 1 15-26 Sep "France

Agromet Stations
Philippines Training Seminar on Curriculum Dev 1 1-5 Sep UK
Philippines Training Seminar on Environmental 1 6-10 Oct Canada

Emergency Response' Proc for RA III, IV
and V

Philippines Inti Post Graduate Course on Hydro 1 30 Sep 96- Ireland
30 June 97

Philippines Factory Training Course on Met 1 8-23 Nov Finland
Equipment at VAlSALAtr~ center
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Attending Subject
Participants

Period VenueMember (Number)

ROK Development of Regional NWP model 1 5 Apr 97- USA
in Far East Asia 8 Feb 98

ROK Data Assimilation Techniques used in 1 16 July 97- USA
Regional Weather Forecasting Systems 30 June 98

ROK Training on Short-range numerical 1 1 Nov 96- USA
model In center for analysis and 2 Feb 97
prediction of storms

ROK Typhoon Model Development 1 18-27 May USA
ROK Medium-range model for Severe 1 2-12 July USA

Weather Phenomena
Application of Physical

-
ROK process to 1 24 Aug-4 Sep USA

Regional Special Spectral Model
Thailand Training Programme for Operators of 2 19-30 May Czech Rep

Dobson Instruments
Thailand Training Course on the Satellite 2 2-8 Nov Taiwan

Receiving System

Table 1.11 JMA expert services in 1997 related to the Typhoon committee actlvities

Subject Member
No. of

PeriodExperts

A typhoon prediction model Republic of Korea 2 9 - 13 September

1.5 Research

Members continued to conduct research with respect to the three major components of the
Committee's programme with most of the research projects still concentrated on tropical cyclones.

In Cambodia, research activities focused on the monsoon rainfall and forecasting its onset.

In China, the following research activities were conducted in 1997:

Topography Impacts on Typhoon Motion

The underlying topography has a strong influence on typhoon motion especially if the environmental
steering is weak. A significant effect of island topography on typhoons is the formation and development of
an induced cyclone in the Taiwan strait. The interaction between the typhoon and the induced low could
affect the typhoon's. structure and motion change while the typhoon is approaching the Island of Taiwan. A'
series of numerical experiments suggests that an induced low would be formed over the Taiwan strait when
a typhoon approaches Taiwan Island from the southeast direction under certain conditions. The induced
low could further develop if it were coupling with the proper vorticity and divergence fields in the upper
layer. The interaction between a typhoon and its induced low will obviously affect the typhoon's structure,
intensity and motion. The experiments have also shown that some dynamic characteristics of typhoon's
motion varies when typhoon moves towards or across the island.

EfJ'ect ot' Tropical Cyclone Asymmetry on its Motion

Typhoon motion direction and speed is strongly influenced by its inner asymmetric s+ructure,
especially if the environmental steering current is weak. The study also indicated that the asymmetric
distribution of the countours in a typhoon circulation not only affects the typhoon translational speed but
influences recurvature as well. The research results show that the inner convection asymmetry will
noticeably affect the typhoon motion and that the microscale vortexes in the ambient area of a storm
interacts with typhoon motion as well. The studies concerning the large-scale steering indicate that the
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typhoon motion direction will also abruptly change under certain condition due to the flow speed variation
of the large-scale environmental steering.

Resesrch on the Sudden CJwnSe 0/ Typhoon Intensity

Recent studies show that the sudden change of typhoon intensity results mainly from typhoon's strong
convection heating in typhoon's eyewall over a warm sea surface. The divergent wind kinetic energy in
typhoons is transformed into rotational wind kinetic energy which results to rapid intensification. Most of
the divergent wind kinetic energy comes from the convective diabatic heating.

Resatrch on Typhoon Torrential R,lin/,ilJ

The latest studies on typhoons found that the following will enhance the typhoon rainfall:

• The coupling mechanism between upper level jet and low level jet
• Interaction between typhoon and westerly trough
o Underlying topography effect

GMS satellite observation moisture data would improve the analysis in numerical models. The study
showed that the simulated locations and amount of tropical cyclone rainfall were good approximations if
satellite data is used. Good results were obtained for TC 9413 and TC 9414 tracks and rainfall distribution.

The Exchange orResearch Achievements

The IOth National Workshop on Tropical Cyclones was held in Hangzhou in November 1997. The
latest five-year achievements on tropical cyclone research including numerical model study, unusual
motion, intensity and structure change, typhoon induced torrential rainfall and objective forecast method of
typhoon were reported on the workshop. Some of the new results are being tested in different forecasting
centers in order to improve the operational prediction techniques.

In the Democratic People's Republic of Korea, the following are the major research projects
undertaken in the institutes of the State Hydro-Meteorological Administration in 1997:

1) Research for development of very short-range, short-range and medium-range NWP models and
improvement of technical processes.

Development of a meso-scale NWP model with a changeable resolution taking into account
various physical quantities.

Conversion of the t o-layer regional NWP model into a spectrum model.

Development of a medium-range NWP model (T42 112) and establishment of a medium-
range NWP System.

2) Research for improvement of wave NWP model on eastern and west coasts of Korea.

Development of a wave field calculation formula taking into account the geographical and
oceanographical features of the East and West seas of Korea and establishment of a forecast
process.

Development of a method of round-the-clock wave NWP on coastal waters and ocean.

3) Development of a flood process NWP model taking into account the intermediate inflow at the
lower reaches of the river Tuman.

4) Research into factors of weather change in rainy season and application of statistical
transformation method.

Confirmation of the forecast factors at the beginning and the end of the rainy season.
Classification of the features of weather change in rainy season.
Clarification of the features of simultaneous or preceding circulation.

5) Establishment of the method of long-range forecast of oceanographic and meteorological factors
on the West Sea of Korea and development of a compound numerical model of tide, wave and
tidal wave.
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G) Statistical analysis and numerical experiment research of relations between ENSO and the
summer weather of Korea.

In Lao P.D.R., research was done on seasonal weather forecasting and improvement of flood
forecasts.

In Hong Kong, five papers mainly on severe rainstorms and tropical cyclones were presented by
officers from the Hong Kong Observatory at the 12th Guangdong-Hong Kong-Macau Seminar on
Hazardous Weather held on 15 - 17 January 1998.

The regional Spectral Model, developed by the Japan Meteorological Agency, was adapted to run in
Hong Kong. Several experiments were carried out successfully simulating weather events over southern
China.

The following papers were published during the year.

1. Statistics of storm surges in Hong Kong.

2. Comparison of environmental winds over the Ryukyu area for recurving and non-recurving
tropical cyclones.

3. Use of a wind profiler in tropical cyclone monitoring.

4. ATerminal Doppler Weather Radar for the new airport in Hong Kong.

5. Integrated observing network for the Pearl River Estuary.

G. Climatology of Waglan Island 1968 - 1988.

7. A case study of a rainstorm or. 30 April 1996.

8. Rainfall in Hong Kong in El Nifio years (in Chinese).

9. Tropical cyclone tracks in El Nifio years (in Chinese).

10. Heavy rain over Hong Kong under Northeast Monsoon in Autumn (in Chinese).

11. Observational Study of Typhoon Victor (9712) during its passage over Hong Kong (in Chinese).

12. Model simulation of the heavy rain events in early July 1997 (in Chinese).

13. Optimization and testing of a Terminal Doppler Weather Radar for the New Hong Kong
International Airport at Chek Lap Kok.

14. The use of numerical products for medium -range weather forecasting in Hong Kong (proceeding
in the 6th workshop on Meteorological Operational Systems, ECMWF).

In Japan, the Meteorological Research Institute (MRI) of JMA has carried out a study on influence of
global warming on tropical cyclone climatology. In the study, two types of ten-year integration were
performed by the JMA spectral model with the horizontal resolution of Tl 06: one was forced with the
observed sea surface temperature (SST) for the period 1979-1988 in order to obtain the present climate,
and another was done with the SST increased by doubled atmospheric C02 concentration, which was
estimated from the results of the transient C02 experiment with the MRl coupled atmosphere-ocean general
circulation model. Comparison of the results obtained from the integrations revealed a reduction of the
number of tropical cyclones due to global warming as shown in Table 7. A decreasing in the number of
tropical cyclones was significant in the North Pacific. In contrast, the number of tropical cyclones in the
North Atlantic increased.

Table 1.12 Number of the predicted tropical cyclones for ten years

Present SST SST under 2 x COz
concentration

North Indian Ocean 106 116
Western North Pacific 219 75



1. Analysis of Storm Surge Potential of various Landfalling
Typhoons Oriz!Jtatil'l&_from the Pacific Ocean

1997

Present SST SST under 2 x CO2
concentration

Eastern North Pacific 63 21
North Atlantic 74 119
South Indian Ocean 128 55

'.
South Pacific 260 179
Others 31 20
Northern Hemisphere 462 331
Southern Hemisphere 419 254
Globe 881 585

In Macau, studies on hazardous weather and three research papers were presented in the Hazardous
Seminar held in Hong Kong, China:

- The analysis of Typhoon Victor (9712);
- The analysis of the rainstorm at the beginning of July;
- The heavy rain from April to June 1997.

Still on-going is a research study on a mesoscale meteorological model undertaken by a combined
team of SMG Meteorologists and Experts from a university of the People's Republic of China. The team will
develop a suitable regional numerical prediction model for Southeast Asia.

In Malaysia, the large-scale effect of tropical cyclone has once again manifested its impact on the
weather over Malaysia. A tropical storm "Zita" was formed over the South China Sea in the vicinity of
Luzon Island on 21 August 1997 0000 lITC at 19.9°N, 116.1°E. It moved westwards slowly towards
southern China and landed on the China coast on 23 August 1997 0000 lITC. Even though the storm was
located about 2000 km away from Peninsular Malaysia, it induced strong winds (a peak of 15 m/s) over
the northern Straits of Malacca from 21 till 23 August 1997. Meanwhile, scattered thunderstorms occurred
over the northwestern states of Peninsular Malaysia. Six deaths were reported. MMS would continue to
pursue studies on this aspect with the hope of gaining more physical insight for the purpose of improving
weather forecasting.

Hydrological research projects in the country are mostly conducted by government agencies (DID,
MMS, Public Works Department, Department of Environment, Forest Research Institute, etc.) and the local
universities. The Malaysia National Committee for IHP coordinates a number of the inter-agency and multi-
disciplinary research projects. In the domain of flood hydrology, DID with a few other agencies are
embarking on a project (1997 - 1999) to evaluate the use of GIS and remote sensing technology to monitor
and evaluate floods. DID also leads an urban hydrology study (1995 - 1998) with an objective to
determine experimentally I the runoff coefficients and concentration times of different urban conditions.

In the Philippines, PAGASAcompleted the following researches in 1997:

• Southwest Monsoon Surge Associated with Tropical Cyclones
• Tropical Cyclones Winds, Warnings and Damages
• . Epidemiological Study for Metro Manila Using Climatic Variability
• Greenhouse gas Emission Inventory
• Model Output Statistics
• Thunderstorm Hazard Mapping for the Visayas Region

On-going Researches in 1997:

Title of Research
Target Year of
Completion

Ao ......••.••..•.< ..••.. , ... .-,
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Target Ye;lr of
Title of Research Completion

2. Development of Wave and Storm Surge Forecasting for 2000
Philippines Seas

3. Forecasting Rainfall Intensity of Tropical Cyclones Affecting 1997
Metro Manila (part II)

4. Tropical Cyclones Rainfall Analysis Using Satellite 1997
Observations

5. Evaluation of PAGASA Tropical Cyclone Warning and 1998
Forecasts

G. Theoretical Study of Radial Distribution of a Matured Tropical 1998
Cyclone Movement

7. A Study of Seasonal Characteristics of Tropical Cyclone and 1997
Rainfall During EI Nifio/La Nina year

B.
1. A Study of Rainfall Intensity Duration Frequency (RlDF) for 1997

Flood Estimation in Metro Manila
2. Rainfall Probability and Visibility Forecasting at Different 1997

Air_E_ortStation in the Philippines
3. Study of Rainfall Estimation Based on Remote Sensing Applied 1998

to Hydrologic Forecasting
4. Analysis and Prediction of Heavy Rainfall Events Associated 1998

with Flash Floods
5. Heavy Rainfall and Flash Flood Forecasting in Metro Manila 1998
G. Slo_IJ_eMovement Associated with HeavyRainfall 1999
7. Southwest Monsoon Rainfall Forecasting Over Metro Manila 1998
8. Mesoscale Modeling for Rainfall Forecastin3_ in the PhilipQ_ines 1998
C.
1. An Investigation of the Physical Characteristics and Natural 1997

Systems Responses to Sea Level Changes in Selected Coastal
Areas

? Flood Hazard Mapping and Vulnerability Analysis of Bataan 1997
Coastal Towns Along Manila Bay

3. Development of Human Comfort Indices for Weather Fore- 1998
casting in the Philippines

4. Flood Hazard Mapping and Vulnerability Analysis of Coastal 1997
Metro Manila Municipalities Along Manila Bay (Navotas and
Malabon)

5. Thunderstorm and Lightning Hazard Mapping in the 1998
Philippines

G. Regional A,9;ro-Climatic Zoning (Region VI, Western Visayas) 1999
7. Climatology of Mega Cities and Philippine Ports and Harbors 1998
8. Investigation of the Seasonal Variation of Incidence of Some 1999

Human Diseases
9. Catalog of Episodic Events in the Philippines Continuous
10, Impact of Long Duration Atmospheric Variability on Surface 1997

Water Supply
11. Correlation of Sea Surface Temperature and Red Tide 1997

Occurrence
12. Development of Regional Weather Forecasting Technique 1998

In the Republic of Korea, a study on detection of fog and low stratus clouds at night using Derived
Dual Channel Difference of NOAA/ AVHRRdata has been completed.

Fog and low stratus at night could be detected by using infrared images at different wavelengths. In
this study, the property of different emissivity between channel 3(3.7 um) and channel 4(11 um) of NOAA/
AVHRR has been used .

. Derived Dual Channel Difference (DCD) satellite imagery consists of a linear difference in brightness
temperatures of two infrared window channels of NOAA AVHRR data. At around 11 urn opaque water

. clouds have an emissivity of almost one, but at around 3.7 um they have an emissivity of about 0.8 - 0.9.



39

Therefore, fog and low stratus can be identified on the DCD satellite image based on the difference of
measure brightness temperatures.

To improve cloudy pixel height assignment over data-sparse regions, radiosonde data in Osan have
been used, and to eIiminate unwanted cloud features 7 x 7 pixel averaging has been applied. As a result of
this study, empirically determined cut-off thresholds from DCD imagery are presented.

The MOCT is funding several researches to reduce damage caused by floods.

The flood forecasting system of the Han river basin has been operating since 1974. A comprehensive
flood forecasting system is being developed by the Han river FCO.

The major purposes of the project are as follows:

1) From mainframe (host-terminal) system to client-server system

2) From the old fashioned top-down programming to component modularization to provide
compatibility of application to other basins and ease of modification, addition and deletion of
the software.

3) To include GIS features like adding GIS applications to flood maps.

4) To adopt the hydraulic river routing techniques by the model DWOPER. In addition, the estuary
barrage operation modules are added for the Nakdong and the Yeongsan river flood forecasting
system

In Singapore, apart from workstations, servers and network, the MSS uses two units of mainframe
computers and a supercomputer to support its operations and NWP runs. .

Three atmospheric models and an Ocean Wave model are run operationally. They are all adapted of
models from JMA. The average RMS MSL pressure errors for 1997 up to September for GSM were 2.8 Hpa
and 5.6 Hpa for T+24 and T+48. Equivalent figures for the FLM were 2.8 Hpa and 3.7 Hpa respectively.

The ASMC was officially established in January i993 and co-located with the Meteorological Service
office in Singapore. The establishment of the Centre and its location in Singapore were proposed by the
Asean Committee on Science and Technology and endorsed by the Asean Standing Committee. Its aim is to
raise the quality and effectiveness of the National Meteorological Services (NMSs) in Asean by reaping the
benefits of advances in meteorological science and technology through regional collaboration. This
collaboration involves the pooling of substantial computing resources and expertise, which are required to
run state-of-the art weather prediction models to improve the predictability of the weather.

Over the years, its role has been expanded to include the provision of relevant information ana
forecast products related to forest fires, widespread smoke haze and tropical storms. The individual NMSs
and the relevant national authorities shall however remain the sole authorities of issuing hazardous weather
and environmental conditions to their populace.

The research section is currently upgrading the current NWP models to meet new requirements. In
addition, it is customizing an atmospheric pollutant dispersion model for use in Singapore.

InThailand, studies on various meteorological and ocean concerns were conducted in 1997. Below
are among the on going researches: .

1. Some aspects of the on set and retreat of the southwest monsoon over Northern Thailand.

2. Monsoon and Inter-Tropical Convergence Zone in Thailand.

3. The improvement of a numerical weather forecast model.

4. Monitoring Cultivation and production of cassava for Forecasting the Yield: A Scientific and
Technological Approach.

5. Solar Radiation Network in Thailand.

6. Ocean Wave Modeling and Forecasting Project.

7. TOPEX/Posidon Oceanographic Data Project.
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8. SEAWATCH Thailand Project.

In Viet Nam, studies have been made on the prediction of flood discharge and the real-time reservoir
operation in Hoa Binh, Thac Ba, Tri An, Dau Tieng Hydropower Plants and for the management of several
water resource structures. However, it is necessary to carry out further studies to achieve more accurate
prediction and control techniques by using recently improved observation technologies.

Some inundation models and hydrological models were developed in 1997 for the flood forecasting
in Mekong River Delta, and in some principal river delta in Viet Nam.

In recent years, floods and flash floods studies have also been undertaken. These studies aimed at
determining the nature and extension of flood and flash flood hazard in a particular area in Northern and
Central Viet Nam. Comparative studies of flash flood and preparedness measures were completed in 1997.

1.6 Typhoon Committee Secretariat

The Typhoon Committee Secretariat (TCS) presented the 1997 ESCAP/WMO Typhoon Committee
Natural Disaster Prevention Award to Dr. Hung Kwan Lam, Director of the Hong Kong Observatory. The
Committee Award, given annually with cash and plaque, was presented in simple ceremonies on 25
November 1997 in Hong Kong, China, by Dr. Roman L. Kintanar, Chairman of the Typhoon Committee
Foundation, Inc. (TCTI). The award citation read:

"In recognition of his meritorious service as Director of the Hong Kong Observatory, and of his
invaluable contributions in the department's essential operational systems which have been associated
with significant advances in technology in remote sensing and computing, paving the way for the
development of much more refined and diversified warning and forecasting services in Hong Kong. "

The TCS also awarded an honorable mention citation for the 1997 Committee Award to Mr. Bernard
Lam Moon-Tim, Director of Hong Kong Civil Engineering Department. The citation read:

"In recognition of his outstanding services as Director of the Civil Engineering Department, and
of his distinctive contribution in the development of geotechnical control programme which has
greatly reduced the annual loss of life and disruption to community due to landslides in Hong Kong. "

The TCS, in cooperation with PAGASA, held talks with a group of Japanese experts from the
Foundation of River and Basin Integrated Communication (FRICS)on 10 February 1997. They discussed the
present status, policy and planning of river information systems in their respective countries, and future
programs as adopted during the FRICSExpert's Conference held in Japan in 1996.

The TCS Hydrologist, Mr. Han-Se Lee, participated in the Management Overview of Flood Forecasting
Systems (MOrrS) III Workshop in Seoul, Korea (19-21 March 1997), and the World River Conference in
Tokyo,Japan (19-20 November 1997).

The TCS Coordinator attended as lecturer the Second Technical Conference on Management of
MeteorologicallHydrometeorological Services in Regional Association II (Asia) in Macau, on 4-8 November
1997.

The TCS Meteorologist participated in the WMO Regional Training Seminar for National Instructors
of Regional Association (RA) II and V in Quezon City, Philippines (10-21 November 1997), and the
International Conference for Female Senior Forecasters in Bangkok, Thailand (9-12 December 1997).

The TCS published and distributed the 9th issue of the TC Newsletter in August 1997 and the 1996
edition of Typhoon Committee Annual Review (TCAR)in October 1997.
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Dr. H.K. Lam holds the Typhoon Committee Natural Disaster Prevention
Award for 1997 presented by TCS Coordinator Roman Kintanar

.._....__ PIWMO TYPHOON COMMITTEE
·1 DECEM ER

Awardees Lam and Moon-tim pose \'lAth (from left) Eisa H. AI-Majed, WMO
Representative; Guangchang Shi, ESCAP Representative; S.K. Ip, JP, Secretary for
Economic Services of the HK Special Administrative Region; Roman Kintanar, TCS
Coordinator and TCFI Chairman and Prof. Ng Ching-fai

Honorable Mention citation for the 1997 TC price was given to Bernard Lam Moon-tim
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CHAPTER 2

TROPICAL CYCLONES IN 1997

2.1 Overview

This is a brief resume of the tropical cyclones which developed over the western North Pacific waters
and the adjacent seas bounded by the equator 45oN, 1000E and 1800. It must be kept in mind that all
averages, totals, minimum and maximum values given here were obtained using data provided by the
National Editors.

Thirty-one (31) tropical cyclones, only one less than that of last year's total, formed in 1997. Of this
total, sixteen (16) affected Members of the Typhoon Committee. Eleven (11) of the sixteen (16) attained
typhoon intensity. Two of those which affected the Members this year reached the 200 kph threshold into
the strong typhoon category. The two namely WINNIE and OLIWA were the most intense typhoons of the
year. '

The 1997 season started with the formation of LEVIon 25 May and ended with the dissipation of
MORT on 09 November.

The typhoons of 1997 had an average life span of thirteen (13) days while tropical storms had an
average life of eight (8) days. PETERwas the longest lasting typhoon of the year with a twenty six day
lifespan, four days longer than the record previously set by KITA in 1972.

Twenty-four (24) 1997 tropical cyclones had their origin in the Pacific while seven (7) developed'
over the South China Sea.

The monsoon trough was very active particularly in the Pacific during the year and was partly
responsible for the active cyclone season in August and September.

Fourteen (14) 1997 cyclones crossed over land territories of seven Typhoon Committee Members.
Both China and Japan had five (5) tropical cyclone crossings while two (2) cyclones passed over the
Philippines and Thailand. Lao P.D.R., Viet Nam and the Republic of Korea both experienced one tropical
cyclone passage.
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The 1997 season was exceptional in that Japan had a very busy season and two typhoons caused
record rainfall and flooding.

It was another mild year for the Korean Peninsula and the Philippines. Both were affected by two
cyclones while the Philippines had a much more subdued season in terms of damage and number of
casualties.

August was again marked by heavy activity with three (3) storms and six (6) typhoons. Next is
September and October with five (5) tropical cyclones each.

There were two (2) tropical cyclones which caused tropical cyclone warning signals to be hoisted in
Macau. Warning signal # 9 was raised for four hours in the enclave due to VICTOR.

The record for multiple storms was 21-23 August when four (4) tropical cyclones appeared on
synoptic charts during the three-day period.

Periods of weak steering currents resulted in three storms executing one or more loops. The year saw
twenty (20) recurvers and two (2) well-behaved ones. Typhoons LEVI, and OLIWA were two 1997
tropical cyclones that crossed the .dateline from the western Pacific while Typhoon PAKAchurned its way
across the dateline to the western Pacific.

Several typhoons dealt destruction to the Members during the months of July and August. Based on
casualty reports provided by the National Editors, WINNIE was the deadliest typhoon of the season claiming
213 lives. ZITA topped the list of disastrous tropical cyclones for the year, destroying a total of US$
1227.34 million worth of private and public property in three (3) Typhoon Committee Members.



A comparison of the cumulative assessment of destruction to life and property between this year and
that of the previous year shows that the 1997 tropical cyclone damage is considerably less in all aspects
including the number of storm-related casualties recorded last year.

HANNAH, an early January tropical cyclone, 'was a weak and short-lived system that developed at
very low latitudes east of the Philippines. Although, this was a named cyclone, a review of available data
indicated that it failed to cross the depression strength threshold. It managed though to maintain its strength
for four days but dissipated in an environment of strong vertical windshear,

ISA, the first typhoon of the year, first appeared as a persistent low pressure center in the
Intertropical Convergence Zone (ITCZ) on April 8. Four days later, the system became detached from the
ITCZ and' was upgraded to a depression. Isa tracked steadily westward in the deep easterly flow and
ultimately reached peak strength on 19 April. At about this time it was already exhibiting signs of recurving
and on the 22nd it had accelerated northeastward as it merged with a frontal system to form an
extratropical low a day later. ..

JIMMY, another short-lived cyclone that like Hannah, remained at sea, first appeared on April 20
southeast of the slowly weakening Isa. The loosely organized vortex initially moved northwest but the
passage of a short wave trough north of it initiated a northeast motion on the 24th. By evening of the 25th,
the circulation had dissipated.

KELLYbegan as a tropical disturbance in the central Pacific on the first week of May. On the 7th it
was upgraded into a tropical depression when satellite pictures revealed a cyclonic circulation about the
center. Minimal storm strength WdS attained on the morning of May 8. However, it failed to intensify
further while slowly progressing northwards. By evening of the I Oth it had dissipated over water.

LEVI, the first of seven 1997 cyclone to form in the South China Sea, moved across the Luzon Island
on its way to the Pacific while still a depression. Shortly after reaching the Philippine Sea, it intensified into a
storm. It then came under the influence of a trough on the 27th of May. By evening of the 29th it had
transitioned into an extratropical system.

MARIE, the fourth cyclone destined to spend its entire life over water, can be traced to a suspect
cloud mass in the central Pacific near lGOEon the last week of May. Shortly after it became a depression, it
moved north then northeast. In the afternoon of the 30th, a northward motion was resumed. It reached
minimal typhoon strength on the morning of the next day. In response to an approaching trough; Marie
accelerated to the northeast and later became extratropical.

NESTOR began as a disturbance near ION 157E on June 5. Moving slowly west northwest, it was
upgraded to a tropical depression on the morning of the 6th. By nightfall of the next day, winds near the
center had increased to 21mps and the cyclone attained storm status. Aided by good upper level outflow,
minimal typhoon strength was reached on the morning of the 9th. Nestor then turned to the north, slowed
slightly, and continued to intensify reaching its maximum intensity of 43 mps twenty four hours later.
Increased vertical shear and diminishing outflow steadily weakened the typhoon thereafter. It continued to
degrade as it approached higher latitudes. On the eve of June 14, Nestor had undergone extratropical
transition over the waters of the Pacific.

OPAL was first spotted as a weak disturbance associated with the equatorial trough on the second
week of June. It initially moved north, south of an upper tropospheric ridge. Aided by good upper level
outflow and weak vertical shear it intensified rapidly and by afternoon of the 17th had attained typhoon
status. The new typhoon promptly provided for its own weakening. Its expanding and increasing
circulation and northward movement brought cool surface air into the spiral inflow. Vertical shear also
increased as Opal is now positioned north of the mid-tropospheric ridge. However, it was still relatively
strong when it spun across eastern Japan causing moderate damage along its path.

PETER like Opal, developed from the equatorial trough. It however failed to go beyond minimal
typhoon strength as development was curtailed by strong vertical windshear in the area. The typhoon
followed a path similar to that of Opal, crossing southern Japan before its transition into an extratropical
system.

ROSIE formed in the Philippine Sea on the 19th from a low embedded in the monsoon trough.
Vertical windshear was slight and upper outflow favourable as Rosie developed to typhoon strength within
30 hours of formation, and maximum intensity two days later. It had been drifting slowly to the north-
northwest to this point, but the mid-level ridge to the east increased the southerly steering flow.
Consequently, Rosie attained a northward track while the increased winds hear began to slowly weaken the
system. It continued to weaken as it approached Honshu Island of southern Japan but maintained tropical
storm strength as it crossed over Japan. Here it came under the influence of southeasterly steering flow of
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the mid-level ridge to the north and made the transition to an extra-tropical system over waters of the Sea
of Japan.

SCOTI formed from a downward extension of an upper low. Development was hindered by strong
vertical windshear in the area and lack of good upper level outflow. It initially moved at a slow pace but
later accelerated to the northeast before it made the transformation to an extratropicallow.

TINA developed from a low in monsoon trough. It moved erratically at first but later tracked to the
northeast as the ridge northeast of the storm intensified. It became an extra tropical system over the Sea of
Japan after passing over South Korea.

VICTOR is another 1997 cyclone which developed from a disturbance associated with the monsoon
trough. It moved north after meandering over the South China Sea and made landfall near Hong Kong on
the eve of November 2. It later degenerated over southern China.

WINNIE caused extensive damage to China, Japan and Taiwan. It developed near the Marianas
Islands and had intensified into a typhoon by the time it crashed across the Ryukyus made landfall south of
Shanghai, China.

YULEformed from a an area of intense convective activity associated with the monsoon trough. It's
development was slow due to the presence of a mid latitude trough to the northwest and a cyclone to the
east which was restricting outflow. It managed though to intensify slightly after it tracked north through a
break in the mid tropospheric sub-tropical ridge.

ZITA developed in the South China Sea and traced a classic west northwest trajectory towards
Hainan. Aided by good upper level outflow it attained typhoon force before it made its way across China
and North Viet Nam.

AMBERdeveloped near the Caroline Islands in mid-August. Development was rapid as vertical wind
shear was weak and outflow aloft was good. Although it had weakened slightly after crossing Taiwan it still
managed to cause considerable damage to southern China.

BING formed in the Pacific near the Mariana Islands. In its early stages it was steered to the
northwest by the subtropical ridge then shifted northward through a break in the ridge. All throughout this
time the system was intensifying over water. It later accelerated to the northeast and made the transition to
an extra tropical low near 40N.

CASS, last of the August cyclones formed in the South China Sea and was elevated into a depression
on the 27th. Cass during the early stages was seen drifting aimlessly west of Luzon but later shifted
northwards through a weakness in the mid-tropospheric ridge. It made landfall over southern China but
did not cause any significant damage to the area as it was already a dissipating system during passage.

OLIWA formed from a disturbance near the dateline in early September. It took a classic west
northwest track across the Pacific during its early stages but later shifted to the north as a short-wave
trough moving towards Japan caused a break in the ridge. It cut across the Ryukyus oJl its way to Kyushu
island on September 15 leaving in its wake extensive property damage. It also spun across southern Honshu
before it was transformed into an extra-tropical system over the Sea of Japan.

DAVID was another September recurver which formed in the Pacific east of 170E. Destined to spend
its entire life at sea, David initially tracked west northwest on the western periphery of the subtropical ridge
then recurved east of Japan through a weakness in the said ridge.

FRITZ formed in the South China Sea along a relatively active monsoon trough. It developed south of
the mid-tropospheric ridge which steered it to the west. The system dissipated rapidly after moving ashore
on the Viet Nam coast.

ELLAdeveloped from a cloud cluster in the Pacific, north of the monsoon trough. Once organized,
Ellamoved north northwest and then at the ridge axis, began its recurvature to the northeast. It weakened
thereafter and dissipated on the afternoon of September 23.

GINGER formed from a disturbance along the north Pacific monsoon trough in mid-September.
From inception, Ginger moved north as it was under the influence of the mid-tropospheric ridge to the
north, another ridge to the south and an anticyclone cell to the southeast. During the northward track,
Ginger intensified into typhoon strength which it maintained for four days. Following recurvature, Ginger
weakened rapidly and merged with an extra tropical low pressure system near the dateline.



HANK, a short-lived cyclone, formed in the South China Sea in early October. No significant
development took place after it was upgraded into a tropical depression due to strong vertical windshear in
the area. Merely twenty four hours later it dissipated into a low pressure area east of the Viet Nam coast.

JOAN developed from the second circulation that gave birth to Ivan. It was steered to the northeast
by the mid-tropospheric ridge north of her. Development of the storm was relatively fast as it was aided by
good outflow aloft and sufficient influx of moist air below. It reached peak strength on the early morning
of October 18.
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IVAN was first detected as a cloud cluster in the Pacific in mid-October. At first it moved due west
then shifted to a more west northwest track along the western edge of the mid-tropospheric ridge. On the
morning of October 20 it executed a sharp curve to the northeast as it skirted across the northeastern tip of
Cagayan Province in Luzon. Although its center did not traverse any Philippine land mass it still caused
considerable damage to the island. Ivan accelerated in its extratropical transition near 160E.

KEITH formed in late November over the Pacific near 170E. This was a strong cyclone which
fortunately remained at sea during its entire existence and was a danger only to shipping concerns. The
cyclone moved west northwest for seven days before recurving on the 5th to the northeast through a break
in the sub-tropical ridge. On the eve of November 8, it transitioned into an extratropical cyclone.

LINDA, one of six low latitude cyclones in 1997 was the only one which formed in the South China
Sea. It was also the most disastrous tropical cyclone to affect Viet Nam during the year causing extensive
property damage and flooding in its southern part. Although already a dissipating tropical system when it
traversed Thailand, the rains it produced caused massive flooding and considerable damage to the country.

MORT was first spotted as an active low embedded in the monsoon trough. It was upgraded into a
depression on November 9 and had leached peak strength three days later. It moved almost due west
towards the Philippines during its entire life as the strength of the mid-tropospheric ridge remain
unchanged. Mort weakened rapidly as it moved over an area of increasing vertical wind shear and on the
morning of November 17 had degenerated into a mere low pressure area while just off the eastern coast of
Luzon.

PAKA formed east of the dateline south of the mid-tropospheric ridge in early December. Steered by
the ridge to move westward, Paka crossed the dateline on December i. It reached peak strength on the 15th
but a slight weakening was noted thereafter. It was still packing destructive winds though when it crossed
Guam on the 16th. Paka continued its northwest movement and peaked again to 49 mps on the 18th near
140E. Increased windshear began to weaken Paka and by morning of December 22 it had dissipated over
water.



Figure 2.2 Monthly distribution of the frequency of first occurrence of tropical cyclones in the
western North Pacific and the South China Sea, 1946 - 1997
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,.J 1 1 /1 1 r I~. 1
Tropical cyclones which affected Typhoon Committee "embers in 1997
Daily Positions at 0000 UTC ~ ~

50 Init iaI Pos itions-----fill}-----++-+--+---+----"''---+-----+------l

140 158 168 170

KSMC TKOPJ(."'ALCYLLONE PEKlODOF
NUMBEK NAME OCClIKKENCE

1 9704 TS LEVI 25 MAY - 03.J1JNE
2 9707 T OPAL 14 - 22 JUNE
3 9708 T PETER 22 JUNE - 03 JULY
4 9709 T ROSIE 18 - 31 JULY
5 9711 T TINA 29 JULY - 10 AUGUST
6 9712 T VICTOR 30 JUlY - 04 AUGUST
7 9713 T WINNIE 06 - 25 AUGUST
8 9715 T ZITA 20 - 24 AUGUST
9 9716 T AMBER 21 - 31 AUGUST
10 9717 TS CASS 27 - 31 AUGUST
11 9719 T OUWA 03 - 19 SEPTEMBER
12 9720 T DAVID 12 - 19 SEPTEMBER
13 9721 STS FRITZ 21 - 27 SEPTEMBER
14 9723 T IVAN 13 - 26 OCTOBER
15 9726 STS LINDA 31 OCTOBER - 08

NOVEMBER
16 . 9727 TS MORT 09 - 16 NOVEMBER

Figure' 2.3 Tropical Cyclones v-Alich affected Members of the Typhoon Committee in 1997
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,J I --<' ITropical Cyclones in 1997 with no re ort of damage
Twelue hourly positions

50 Initial Positions-~~---tt-~t--+--~-I-----+-----l
;

110 158 1&8 170

RSMC TROPICAL CYCLONE PERIOD OF
NUMBER NAME OCClIKKENC-"'E

1 TO HANNAH 19 - 22 JANUARY
2 9701 T ISA 12 - 23 APRIL
3 9702 TS JIMMY 22 - 25 APRIL
4 9703 TS KELLY 07-10MAY
5 9705 T MARIE 28 MAY - 02 JUNE
6 9705 T NESTOR 06 - 14JUNE
7 9710 TS SCOTT 28 JULY - 01 AUGUST
8 9714 TS YULE 16- 23 AUGUST
9 9718 T BING 26 AUGUST - 04 SEPTEMBER
10 TO ELLA 21 - 23 SEPTEMBER
11 9722 T GINGER 23 - 30 SEPTEMBER
12 TO HANK 03 OCTOBER
13 9724 T JOAN 13 - 23 OCTOBER
14 9725 T KEITH 28 OCTOBER - 08 NOVEMBER
15 9728 T PAKA 07 - 21 DECEMBER

Figure 2.4 Tropical Cyclones in 1997 with no report of damage
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2.2.1

2.2 REPORTS OF INDNIDUAL TROPICAL CYCLONES WInCH AFFECTED
MEMBERS OF THE TYPHOON COMMITTEE

TSLEVI (9704)
25 MAY - 03 JUNE

LEVI, the first of seven cyclones to form in the South China Sea this year, was first detected as a low
pressure area near Viet Nam. Centered within an area of convective activity 400 km in diameter, the
disturbance moved westward at 15 kph toward the Philippines.

While the center was still 300 km northwest of Manila, LEVI was already dumping torrential rains
over most of Luzon. Although it was at the time a comparatively weak system by the time it crossed Luzon,
Levi effectively enhanced the southwest monsoon flow which resulted in torrential rains of record
proportions. This caused widespread damage and flooding in Manila and five provinces in Luzon which
were subsequently declared calamity areas.

On the morning of May 26, satellite imagery indicated cyclonic circulation about the center and the
disturbance was upgraded to a tropical depression. Still moving west it made its way across the Luzon Island
as a rain depression.

Shortly after emerging from the eastern coast of Luzon, Levi gained storm intensity and then turned
sharply to the north as it came under the influence of a mid-level trough on the 27th of May. Continuing to
intensify, Levi reached its maximum intensity of 21 mps on the afternoon of the 28th near 20.8N 126.9E.

It then moved very rapidly northeastward and by evening of the 29th was east of the Ryukyus,
reduced in strength and had transitioned into an extratropicallow.

(LEVI was named DINING by PAGASA)
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Figure 2.5 GMS-5 visible imagery of LEVI (9704) at 03 UTC on 29 May 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.6 Composite track of LEVI (9704)
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Fig. 2.7 Analyzed OOUTC Sea Level Synoptic Chart of 27 May 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.8 Analyzed OOUTC Sea Level Synoptic Chart of 28 May 1997
(courtesy of Japan Meteorological Agency)

Fig.2.9 Analyzed OOUTC Sea Level Synoptic Chart of 29 May 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.10 Analyzed 850 hPa Upper Air Chart of OOUTC 28 May 1997
(courtesy of Japan Metecrologic«] Agcnl:Y)

'I

Fig. 2.11 Analyzed 700 hPa Upper Air Chart of OOUTC 28 May 1997
(courtesy (If JapanMeteorological Agency)

Fig. 2.12 Analyzed 500 hPa Upper Air Chart of OOUTC 28 May 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.13 Analyzed 300 hPa Upper Air Chart of OOUTC 28 May 1997
(courtesy of Japan Meteorological Agency)
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2.2.2

OPAL (9707)
14 - 22 JUNE

OPAL first appeared as a persistent disturbance in the equatorial trough on the second week of June.
It initially drifted north until it reached depression intensity on the 14th while in the vicinity of 14.0N
133.7E.

Further intensification appeared likely as it moved to higher latitudes under the upper tropospheric
ridge into an area of weak vertical shear. As expected, Opal assumed typhoon status on the afternoon of the
17th, reaching peak intensity six hours later. It then continued on its northward movement across the
Philippine Sea towards Japan. Although it kept a safe distance from the Philippines Opal managed to
enhance the southwest monsoon which caused heavy rains in western Visayas and Mindanao.

Increasing vertical shear and cooler water temperatures at this time caused Opal to weaken into a
severe tropical storm on the early morning hours of the 20th. It remained a powerful storm though when it
hit the eastern coast of Honshu which experienced gusts of 47.4 mps. In the Tokai district 433 mm rainfall
was recorded during passage.

Much weakened but still on a basic northeast path line, Opal emerged on the sea east of northern
Japan on the eve of June 20. Dropping to tropical storm strength as it merged with a frontal system, Opal
ended her life as a tropical system on the 21st.

(OPAL was named KURING by PAGASA)
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Figure 2.14 GMS-5 visible imagery of OPAL (9707) at 03 UTC on 19 June 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.15 Composite track of OPAL (9707)
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Fig. 2.16 Analyzed OOUTC Sea Level Synoptic Chart of 16 June 1997
(courtesy of Japan Meteorological Agency)

Fig.2.17 Analyzed OOUTC Sea Level Synoptic Chart of 17 June 1997
(courtesy of' apan Meteorological Agency)

Fig. :UB Analyzed OOUTC Sea Level Synoptic Chart of 18 June 1997 .
(courtesy ofJapan Meteorological Agency)

Fig. 2.19 Analyzed 850 hPa Upper Air Chart of OOUTC 17 June 1997
(courtesy ofJapan Meteorological Agency)

Fig. 2.20 Analyzed 700 hPa Upper Air Chart of OOUTC 17 June 1997
(courtesy of Japan Meteorological Agency)

Fig.2.21 Analyzed 500 hPa Upper Air Chart of OOUTC 17 June 1997
. (courtesy of Japan Meteorological Agency)

Fig. 2.22 Analyzed 300 hPa Upper Air Chart of OOUTC 17 June 1997
(courtesy of Japan Meteorological Agency)
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2.2.3

PETER (9708)
2.2 JUNE - 18JULY

The beginning stages of PETER can be traced to a closed cyclonic circulation in the area west of
where Opal developed.

Development of this cyclone during the early stages was slow as it was in an environment of strong
vertical shear.

Peter initially moved northwest towards a weakness in the subtropical ridge. As it gained higher
latitude it shifted to a more northward track.

Subsequently, shearing in the vertical eased and by morning of June 24, the cyclone met the
specifications of a tropical storm in the vicinity of 14.5N 129.5E. Continuing further north it recurved to
the northeast upon reaching the sea west of Kyushu. On the 28th, Peter made landfall over the northern
part of the island which was doused by 313 mm rainfall.

As the storm moved inland, its intensity decreased rather rapidly.

According to satellite imagery, Peter completed extratropical transition on the morning of the 29th
when it was over the waters east of Hokkaido,
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Figure 2.23 GMS-5 visible imagery of PETER (9708) at 03 UTC on 27 June 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.24 Composite track of PETER (9708)
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Fig. 2.25 Analyzed OOUTC Sea Level Synoptic Chart of 25 June 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.26 Analyzed OOUTC Sea Level Synoptic Chart of 26 June 1997
(cuurtcsvef J,lp;1II Mctcurnlogicul J\g..,;n~~·)

Fig. 2.27 Analyzed OOUTC Sea Level Synoptic Chart of 27 June 1997
(l'lllII'h:S~' III' J apil" Mclcllfnlllgil,.·<tll\gcI1I.:Y)

Fig. 2.28 Analyzed 850 hPa Upper Air Chart of OOUTC 26 June 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.29 Analyzed 700 hPa Upper Air Chart of OOUTC 26 June 1997
(courtesy of' Japan Meteorological AgCllCY)

Fig. 2.30 Analyzed 500 hPa Upper Air Chart of OOUTC 26 June 1997
(cnuncsv III' Japan Mctcumlngicul /\gCl1l'Y)

Fig. 2.31 Analyzed 300 hPa Upper Air Chart of OOUTC 26 June 1997
(1,;lllu'tcsy of Jupun M...:h.:llrnh,g_il· a ll\g.....lll·Y)
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2.2.4

ROSIE(9709)
18 - 31 JULY

The disturbed weather which ultimately became ROSIE began in a large envelope of low pressure
within the monsoon trough.

Gradual intensification ensured as it slowly tracked northwestward. As the ridge to the north
receded eastward, Rosie's turned northward. At about this time, an upper level anticyclone became
established over the system. This and Rosie's slow forward movement resulted in it's steady intensification.

Consequently, maximum intensity was reached on July 23 after which vertical shear caused the
system to weaken over water.

Rosie was downgraded into a tropical storm shortly before it made landfall over the eastern coast of
Shikoku Island. The storm produced excessive rains during passage. Kinki, Chugoku and Shikoku districts
recorded 500 mm of rain while a total of 958 mm was recorded on the southern part of the Kii peninsula
making Rosie the wettest tropical cyclone to affect Japan in 1997.

Rosie underwent rapid weakening after landfall and by the time it was spotted over the Sea of Japan it
had degenerated into an area of low pressure.

(ROSIE was named ELANG by PAGASA)
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Figure 2.32 GMS-5 visible imagery of ROSIE (9709) at 03 UTC on 26 July 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.33 Composite track of ROSIE (9709)
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Fig. 2.34 Analyzed OOUTC Sea Level Synoptic Chart of 22 July 1997
(courtesy of Japan Meteorological Agency)

Fig. 2:35 Analyzed OOUTC Sea Level Synoptic Chart of 23 July 1997
(l·mll·h.·s~·nl' J.lp a11 M~h:(ll'Olugil,.·all\gl.:m:y)

Fig. 2.36 Analyzed OOUTC Sea Level Synoptic Chart of 24 July 1997
(l:nmh:sy of Japan M\.·knftllngi"';11 t\gl..·nl,.·~·)

Fig. 2.37 Analyzed 850 hPa Upper Air Chart of OOUTC 23 July 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.38 Analyzed 700 hPa Upper Air Chart of OOUTC 23 July 1997
{cuurtesv of Japan Meteorological Agency)

Fig. 2.39 Analyzed 500 hPa Upper Air Chart of OOUTC 23 July 1997
(l'ulU1\."SY of Japan Mctcorologic«! Agt:tl\.·~·)

Fig. 2.40 Analyzed 300 hPa Upper Air Chart of OOUTC 23 July 1997
(\:nurh:~Y of JapanMetcorologicul /\geney)
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2.2.5

TINA (9711)
29 JULY - 10 AUGUST

TINA, the fifth cyclone of the 1997 season developed in the monsoon trough east of the Philippines.

The presence of an upper trough east of the vortex initially hindered development of the cyclone.

At first, Tina exhibited a slow west northwest movement towards the Philippines. When the ridge
northeast of the storm intensified, Tina accelerated northwestward at 15 kph. When it reached a position
northeast of Luzon, Tina enhanced the monsoon flow producing heavy rains and flooding over many areas
in western Luzon.

At this time, the proximity of an upper ridge and weak steering allowed it to intensify into a typhoon
on the afternoon of August 4.

On the August 5, Tina slowed in forward movement and tracked north towards the Korean
peninsula. On the 7th, it came close to Okinawa which reported sustained winds of 29.4 mps and gusts of
48.2 mps.

Thereafter, strong upper level shearing and influx of cooler waters destroyed Tina's organization and
weakened it into a tropical storm on the afternoon of the 9th. Satellite imagery showed that Tina had
merged with an extra tropical system to the north just before landfall.

By the 11th, satellite and surface data indicated that the extratropicallow had weakened to the point
that it was no longer a significant system.

(TINA was named HULING by PAGASA)
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Figure 2.41 GMS-5 visible imagery of TINA (9711) at 03 UTC on 02 August 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.42 Composite track of TI NA (9711)
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Fig. 2.43 Analyzed OOUTC Sea Level Synoptic Chart of 05 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.44 Analyzed OOUTC Sea Level Synoptic Chart of 06 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.45 Analyzed OOUTC Sea Level Synoptic Chart of 07 August 1997
(courtesy of Japan Meteorological Agcncy). ..

Fig. 2.46 Analyzed 850 hPa Upper Air Chart of OOUTC 06 August 1997
(courtesy of JapanMeteorological Agency)

Fig. 2.47 Analyzed 700 hPa Upper Air Chart of OOUTC 06 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.48 Analyzed 500 hPa Upper Air Chart of OOUTC 06 August 1997
(1.:(I\U1csy of Japan M\'!h,:c,rul(1gicall\gcl1c~')

Fig. 2.49 Analyzed 300 hPa Upper Air Chart of OOUTC 06 August 1997
(cmu1csy of Japan MClclmll'lgicilll\gcm;~')
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2.2.6

VICTOR (9712)
30 JULY - 04 AUGUST

Satellite pictures of the last few days of July showed several loosely organized areas of convection in
the monsoon trough. By morning of July 30, satellite data soon identified a distinct vortex which separated
from the areas of southwest monsoon cloudiness. Surface reports likewise confirmed the existence of
Victor.

The build up of the upper ridge southeast of the system and the effect of the surface southwesterlies
resulted in VICTOR's northward track during its first few days of existence.

During the next two days, Victor continued to intensity as a broad monsoonal inflow to the south
created favorable surface environment for development. Aside from this, outflow at the upper levels
improved as Victor moved to higher latitudes. On the afternoon of August Z, Victor was upgraded to a
minimal typhoon in the vicinity of Zl.ZN 114.1 E.

With no apparent change in directional movement, Victor then moved towards Hong Kong on the
eve of the same day. Terrain effects caused Victor's downgrade to a tropical storm on the morning of the
next day. It weakened considerably thereafter.

Victor continued to degrade and on the afternoon of the 4th all evidence of a closed circulation
system was lost.

Although Victor was a typhoon for only four hours and weakened rapidly as it tracked across China,
it produced extensive damage both to China and the Special Administrative Region of Hong Kong. In China,
it left a death toll of 76 and destroyed 57,300 houses. In Hong Kong, China one person died while 58 were
injured.

(IVICTOK was named GOKING byPAGASA)
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Figure 2.50 GMS-5 visible imagery of VICTOR (9712) 03 UTC on 08 August 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.51 Composite track of VICTOR (9712)
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, F'ig. 2.52 Analyzed OOUTC Sea Level Synoptic Chart of 01 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.53 Analyzed OOUTC Sea Level Synoptic Chart of 02 August 1997
(courtesy of' apan Meteorological Agency)

Fig. 2.54 Analyzed OOUTC Sea Level Synoptic Chart of 03 August 1997
(courtesy of' apan Meteorological Agency)

Fig. 2.55 Analyzed 850 hPa Upper Air Chart of OOUTC 02 August 1997
(courtesy of' apan Meteorological Agency)

Fig. 2.56 Analyzed 700 hPa Upper Air Chart of OOUTC 02 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.57 Analyzed 500 hPa Upper Air Chart of OOUTC 02 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.58 Analyzed 300 hPa Upper Air Chart of OOUTC 02 August 1997
(courtesy ofJapan Meteorological Agency)
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A large signboard blown dOIM1by high wnds in Hong Kong during the
passage of Typhoon Victor (9712)

By courtesy of Sing Tao Daily
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2.2.7

WINNIE (9713)
06 - 25 AUGUST

Extensive cirrus outflow on satellite pictures of August 6 in the vicinity of 6.5N 167.0E confirmed the
existence of a tropical depression later named WINNIE.

Development was slow at first due to strong vertical shear. However, on the 9th of August, outflow
aloft improved and the influx of moist southwesterlies triggered rapid intensification.

From the time of incipience until its approach to China, Winnie moved on a virtually straight west
northwest track. Apparently, the major influence on its movement was the strong mid-tropospheric sub
tropical ridge over the western Pacific.

By morning of August 11, Winnie reached typhoon status in the vicinity of 16.2N 150.2E. It
intensified still further reaching peak-strength with 55 mps and minimum sea level pressure of 925 mb,

Rainfall was exceptionally heavy along and to the west of the storm track and Taiwan Island to the
west was deluged by torrential rains on August 18.

Winnie maintained typhoon strength when it came near the Ryukyus Island on this day. Nansei
reported maximum- sustained winds of 28.6 mps and gusts of 51.4 mps.

still a powerful typhoon it made landfall in Wenling, Zhejiang province at 1330 lITC of August 18
which reported minimum sea level pressure of 955 mb and 40 mps sustained winds. From there, Winnie
lashed across southeastern Anhui province, then to northwestern jiangsu and finally out into the Bohai Sea
on the afternoon of August 20.

Storm tides near the time of landfall rose to 7.9 m, a full meter higher than the historical record of
6.9 m in the area. Overall damages from the typhoon in Zhenjiang Province amounted to 18.6 million
yuan.

(WINNIE was named IBIANG by PAGASA)
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Figure 2.59 GMS-5 visible imagery of WINNIE (9713) at 03 UTe on 18 August 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.60 Composite track of WINNIE (9713)
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Fig. 2.61 Analyzed OOUTC Sea Level Synoptic Chart of 11 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.62 Analyzed OOUTC Sea Level Synoptic Chart of 12 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.63 Analyzed OOUTC Sea Level Synoptic Chart of 13 August 1997
(courtesy ofJapan Meteorological Agency)

Fig. 2.64 Analyzed 650 hPa Upper Air Chart of OOUTC 12 August 1997
(courtesy of Iapan Meteorological Agency)

Fig. 2.65 Analyzed 700 hPa Upper Air Chart of OOUTC 12 August 1997
(courtesy oflapan Meteorological Agency)

Fig. 2.66 Analyzed 500 hPa Upper Air Chart of OOUTC 12 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.,., Analyzed 300 hPa Upper Air Chart of OOUTC 12 August 1997
(courtesy of Japan Meteorological Agency)
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Flooded street at Zhejiang Province

Fence of a factory damaged by storm surge

Destroyed dykes at Jiaojiang River, Zhejiang Province



2.2.8

ZITA (9715)
20 - 24 AUGUST

ZITA was first analyzed as a tropical low hovering in the South China Sea south of the mid-
tropospheric sub-tropical ridge in mid-August. The Philippines east of the disturbance was already
experiencing moderate to heavy rainfall due to the southwesterlies enhanced by Zita's presence in the area.

After attaining tropical depression strength on August 20, Zita traced an uncomplicated west
northwest track towards Hainan Island. At this time, an upper ridge provided Tina with ample outflow
which allowed her to attain typhoon status on the morning of the 22nd.

It subsequently made landfall over Leizhou, Cuangdong Province which reported 33 mps sustained
winds. Zita's subsequent track took her across the Beibu Gulf on the afternoon of August 22.

Weakened by terrain features, Zita was downgraded to a severe tropical storm before daybreak of the
23rd as she continued heading west into northern Viet Nam. The center of the storm passed between
Baichay (48833) and Haiphong (4882G) on the morning of August 24.

Having cleared Viet Nam, the cyclone headed further west towards northern Thailand where it
subsequently dissipated before daybreak of the 25th.

Although Zita did not intensify beyond minimal typhoon strength, it became the costliest typhoon of
the year. Material damage.in three Typhoon Committee Members amounted to US$ 1227.34 million. Aside
from the fierce typhoon winds, Zita brought also torrential rains during transit.

(ZITA was named LUMING by PAGASA)
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Figure 2.68 GMS-5 visible imagery of ZITA (9715) at 03 UTC on 22 August 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.69 Composite track of ZITA (9715)
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Fig. 2.70 Analyzed OOUTC Sea Level Synoptic Chart of 21 August 1997
(eourtesv of Japan Meteorological Agency)

Fig. 2.71 Analyzed OOUTC Sea Level Synoptic Chart of 22 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.72 Analyzed OOUTC Sea Level Synoptic Chart of 23 August 1997
(courtesy ofJapan Meteorological Agency)

Fig. 2.73 Analyzed 850 hF'a Upper Air Chart of OOUTC 22 August 1997
(courtesy of Japan Mcteorolcgical Agency)

Fig. 2.74 Analyzed 700 hF'a Upper Air Chart of OOUTC 22 August 1997
(courtesy oflapan Meteorological Agency)

Fig. 2.75 Analyzed 500 hF'a Upper Air Chart of OOUTC 22 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.76 Analyzed 300 hF'a Upper Air Chart of OOUTC 22 August 1997
(courtesy of Japan Meteorological Agency)
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A flood scene in Hong Kong associated with the passage of Typhoon
Zita (9715)

By courtesy of Wen Wei Po
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2.2.9

AMBER (9716)
21 - 31 AUGUST

AMBERwas spawned in the Philippine Sea within a very active monsoon trough.

Increased organization was noted on the morning of August 21 which resulted to upgrading the
disturbance to a tropical depression in the vicinity of 13.3N 131.3E.

At first it drifted aimlessly in the Philippine Sea then assumed a more definite west northwest track
towards Taiwan Island. This movement was supported by easterlies along the southern periphery of the
mid-tropospheric sub-tropical ridge.

Amber quickly strengthened into a tropical storm on the early morning hours of August 22.
Favorable upper atmospheric conditions allowed it to further intensify and just before daybreak of the 24th
it was upgraded into a typhoon.

A slight weakening was noted however on the afternoon of the 25th when the steering flow
weakened forcing a reduction also in Amber's forward translation.

On the afternoon of August 2G, the steering current increased and as a consequence, Amber's wind
increased. Amber reached peak strength of 43 mps on the eve of the 27th.

Amber hit the coast of Hualian, Taiwan, early morning of August 29 causing considerable crop
damage before touching land again in Fuqing, Fujian Province on the afternoon of the same day.

It weakened to depression force over the northwestern Fujian Province and finally dissipated on the
eve of the 31st.

(AMBER was named MILING by PAGASA)
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Figure 2.77 GMS-5 visible imagery of AMBER (9716) at 03 UTe on 29 August 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.78 Composite track of AMBER (9716)
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Fig. 2.79 Analyzed OOUTC Sea Level Synoptic Chart of 26 August 1997
(l,.'IIIU'I\:S_\' ,,1' Japan Meteorological Agency)

Fig. 2.80 Analyzed OOUTC Sea Level Synoptic Chart of 27 August 1997
( ...·4IlIlh:S_\' III' J<lpan M...:h:llrulogic"II\g~I\L·~·)

Fig. 2.81 Analyzed OOUTC Sea Level Synoptic Chart of 28 August 1997
h:llll1h,:sy IIr Jnpan MI.'h.:tll'ulug,if.:ill ~""'IIl'~')

Fig. 2.82 Analyzed 850 hPa Upper Air Chart of OOUTC 27 August 1997
(courtesy of JapanMeteorological Ag'OI1CY)

Fig. 2.83 Analyzed 700 hPa Upper Air Chart of OOUTC 27 August 1997
(courtesy of Japan Mch:nrulngil'al AgCIlCY)

Fig. 2.84 Analyzed 500 hPa Upper Air Chart of OOUTC 27 August 1997
(l·UtIJ'h.·s~· III' ';1»<111 ML'h.,"orulllgil'ClII\gI.:I1I..'Q

Fig. 2.85 Analyzed 300 hPa Upper Air Chart of OOUTC 27 August 1997
(l'IIlIJ'IL'S~'III' 'ilP;11I MI.:'h:"f'I,I"gil'<l1 ~,I.'IU.·~·)
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2.2.10

CASS (9717)
27 - 31 AUGUST

Satellite data on the 27th of August identified a weak surface circulation in the South China Sea. On
the afternoon of the same day, surface and satellite imagery indicated that the vortex was beginning to
separate from the broad trough as convective activity was becoming more directly associated with the
convection center. It ~as subsequently upgraded into a depression in the vicinity of 18.6N 114.0E.

The lack of a definitive steering current caused the storm's erratic movement in the South China Sea
during the early part of its existence. Later, CASS shifted northwards towards a break in the sub-tropical
ridge and headed towards China.

Freed from an environment of strong vertical shear, Cass showed marked improvement in its satellite
signature on August 29. By nightfall, it had reached maximum intensity with 21 mps sustained winds and
minimum sea level pressure of 996 mb.

Terrain undulations weakened the system to a tropical depression on the eve of August 30. By
morning of the next day, satellite imagery showed that all convective activity associated with the cyclone
had ceased.
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Figure 2.86 GMS-5 visible imagery of CASS (9717) at 03 UTC on 30 August 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.87 Composite track of CASS (9717)
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Fig. 2.88 Analyzed OOUTC Sea Level Synoptic Chart of 28 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.89 Analyzed OOUTC Sea Level Synoptic Chart of 29 August 1997
I "'IIU!'h.'Sy til' Japan MI.·h:urulugic;:lll\gclh:y)

Fig. 2.90 Analyzed OOUTC Sea Level Synoptic Chart of 30 August 1997
(t.·(I'll't cS~· III' J .. p,11\ Mcl,:,'n'h~il· ..II\g"'·lh.'~·)

Fig. 2.91 Analyzed 850 hPa Upper Air Chart of OOUTC 29 August 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.92 Analyzed 700 hPa Upper Air Chart of OOUTC 29 August 1997
(cnll11csy of 1<IP<ll1Meteorological Agt:ncy)

Fig. 2.93 Analyzed 500 hPa Upper Air Chart of OOUTC 29 August 1997
(cCl1ll11.·sy (II.' Japan Mctcorologicel Agcucv)

Fig. 2.94 Analyzed 300 hPa Upper Air Chart of OOUTC 29 August 1997
(I,:ulU'h.;sy ut"Japan Meteorological Agency)
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2.2.11

OLIW A (9719)
03 - 19 SEPTEMBER

OLIWA started as a tropical disturbance east of the dateline on the 2nd of September.

Before daybreak on September 4 and just prior to crossing the dateline, the suspect area attained
tropical depression force. It intensified steadily thereafter while following a climatological west north west
track across the Pacific.

On the 12th, a short-wave trough in the mid-level westerlies moving towards Japan created a
fracture in the sub-tropical mid-tropospheric ridge and allowed Oliwa to track more to the north.

Its strength further increases as the upper level trough northwest of the storm provided efficient
outflow aloft. Thus, on the morning of the 11th, peak intensity was reached with minimum sea level
pressure dipping to 920 mb and maximum sustained winds going up to 54 mps.

Oliwa then slowed down its translational speed then recurved as it came near the Ryukyus. It made
landfall over the southern part of Kyushu on the 15th where 900 mm rain was recorded and which
reported maximum sustained winds of 30.6 mps and gusts of 49 mps.

It was a weakening typhoon by the time it passed over the Chogoku District. It transitioned into an
extratropical cyclone on the 16th upon reaching Wakasa Bay.
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Figure 2.95 GMS-5 visible imagery of OLiWA (9719) at 03 UTe on 15 September 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.96 Composite track of OLiWA (9719)
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Fig. 2.97 Analyzed OOUTC Sea Level Synoptic Chart of 09 September 1997

(courtesy of Japan Meteorological Agency)

Fig. 2.98 Analyzed OOUTC Sea Level Synoptic Chart of 10 September 1997

(courtesy of J apan Meteorological Agcn\:y)

Fig. 2.99 Analyzed OOUTC Sea Level Synoptic Chart of 11 September 1997

(L:lIll11csy ur Jap.1I1 Mch;{lrnl(lgi":,,ll\gcll\:~')

Fig. 2.100 Analyzed 850 hPa Upper Air Chart of OOUTC 10 September 1997

(CfI\U1dSY of Japan Meteorological AgclIl;Y)

Fig. 2.101 Analyzed 700 hPa Upper Air Chart of OOUTC 10 September 1997

(courtesy of Japan Meteorological AgCIlL'Y)

Fig. 2.102 Analyzed 500 hPa Upper Air Chart of OOUTC 10 September 1997

{courtcsv "I' Japan Mctcclnllf1gil'41ll\gclIl'~')

Fig. 2.103 Analyzed 300 hPa Upper Air Chart of OOUTe 10 September 1997

(l'IIlU'h:sy flf Japnn Mctl.:"n,lugif,.·"II\g,cnl:~·)
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Heavy precipitation in Japan caused by Typhoon Oliwa (9719). The
red areas show over 200 mm precipitation. Precipitation was
orographically enhanced in these areas. The red part of the line
shows the path Oliwa (9719) moved along during that period.
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2.2.12

DAVID (9720)
12 - 19 SEPTEMBER

DAVID developed from a large and menacing disturbance in the Pacific, east of 170E.

After gaining depression strength, David tracked northwest from the Marshall islands. It shifted to a
west northwest track when it came under the influence of the mid-tropospheric sub-tropical ridge.

Favorable outflow aloft allowed David to develop rapidly reaching typhoon strength two days after
tropical cyclone genesis. Maximum intensity was attained on the eve of September 15 in the vicinity of
23.5N 154.0E. Maximum sustained winds at the time was 41 mps while minimum sea level pressure was
950 mb,

Increasing vertical shear caused it to weaken however on the afternoon of the 16th. Two days later
David executed a broadly curving path over the waters east of Japan's Kanto district where gusts of 22.5
mps were experienced.

David was downgraded into a severe tropical storm on the eve of the 19th and eventually
transitioned into an extratropical system over the cooler waters east of Japan.
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Figure 2.104 GMS-5 visible imagery of DAVID (9720) at 03 UTe on 13 September 1997
(courtesy of Japan Meteorological Agency)

Figure 2.105 Composite track of DAVID (9720)
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Fig: 2.106 Analyzed OOUTCSea Level Synoptic Chart of 14 September 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.107 Analyzed OOUTCSea Level Synoptic Chart of 15 September 1997
(courtesy ofJapan Meteorological Agency)

Fig. 2.108 Analyzed OOUTCSea Level Synoptic Chart of 18 September 1997
[cuurtesy of Japan Meteorological ,.geney)

Fig. 2.109 Analyzed 850 hPa Upper Air Chart of OOUTC15 September 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.110 Analyzed 700 hPa Upper Air Chart of OOUTC15 September 1997
(courtesy ofJapan Meteorological Agency)

Fig. 2.111 Analyzed 500 hPa Upper Air Chart of OOUTC15 September 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.112 Analyzed 300 hPa Upper Air Chart of OOUTC15 September 1997
(courtesy of Japan Meteorological Agency)
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2.2.13

FRITZ (9721)
21 - 27 SEPTEMBER

FRITZ developed from a South China Sea disturbance embedded in the monsoon trough.

Weak environmental steering during the early stages of Fritz made it move erratically over the
waters east of Viet Nam.

However, shortly after reaching storm status on the eve of September 23, Fritz headed towards Viet
Nam on a westerly course steered from behind by the sub-tropical ridge.

It made landfall between Da Nang (48855) and Tam Ky (48893) midday of the 25th. During
passage, Da Nang recorded a minimum sea level pressure of 997.2 mb with maximum sustained winds of
15 mps and gusts of 24 mps.

The much weakened depression then drifted further west near the border between Lao P.D.R. and
Thailand. Fritz maintained depression force winds until the 27th when it began to fill rapidly.
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Figure 2.113 GMS-5 visible imagery of FRITZ (9721) at 03 UTe on 25 September 1997
(courtesy of Japan Meteorological Agency)

Figure 2.114 Composite track of FRITZ (9721)

101



Fig. 2.115 Analyzed OOUTC Sea Level Synoptic Chart of 23 September 1997

(courtesy of Japan Meteorological Agency)

Fig. 2.116 Analyzed OOUTC Sea Level Synoptic Chart of 24 September 1997

(courtesy of Japan Meteorological Agency)

Fig. 2.117 Analyzed OOUTC Sea Level Synoptic Chart of 25 September 1997

(courtesy of Japan Meteorological Agency)

Fig. 2.118 Analyzed 850 hPa Upper Air Chart of OOUTC 24 September 1997
(courtesy of! apan Meteorological Agency)

Fig. 2.119 Analyzed 700 hPa Upper Air Chart of OOUTC 24 September 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.120 Analyzed 500 hPa Upper Air Chart of OOUTC 24 September 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.121 Analyzed 300 hPa Upper Air Chart of OOUTC 24 September 1997
(courtesy of Japan Meteorological Agency)
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2.2.14

IVAN (9723)
13 - 26 OCTOBER

IV AN was first detected as a cloud cluster in the central North Pacific which was slowly migrating
west. By morning of 13 October, satellite data showed increased organization and developing feeder abnd
activity.

Ivan initially traced a general westward path across the Pacific.The storm then shifted to a west
northwest track when it came under the influence of the easterlies south of the mid-tropospheric ridge.

On the morning of the 18th, Ivan peaked while in the vicinity of 14.8N lZ7.ZE with maximum
sustained winds of 51 mps and minim un sea level pressure of 930 mb.

104

Remaining a very compact system, Ivan approached Luzon on the morning of October ZOoIt then
traced a sharp recurvature path along the western periphery of the mid-tropospheric sub-tropical ridge and
skimmed the northeastern tip of Luzon in the process. Ivan later accelerated to the northeast after passing
north of Z5N.

After recurvature, satellite data revealed that Ivan's upper level center was being sheared off from it's
surface circulation. Thus, by morning of the ZZnd, Ivan had weakened to tropical storm strngth.

A weak low level circulation remained for two days after Ivan's transformation into an extratropical
low on the afternoon of October 25.

(IVAN was named NARSING by PAGASA)



Figure 2.122 GMS-5 visible imagery of IVAN (9723) at 03 UTe on 19 October 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.123 Composite track of IVAN (9723)
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Fig. 2.124 Analyzed OilUTC Sea Level Synoptic Chart of 16 October 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.125 Analyzed OOUTC Sea Level Synoptic Chart of 17 October 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.126 Analyzed OOUTC Sea Level Synoptic Chart of 18 October 1997
(":Ulu1csy of Japan Meteorological Agency)

Fig. 2.127 Analyzed 850 hPa Upper Air Chart of OOUTC 17 October 1997

(courtesy of Japan Meteorological Agency)

Fig. 2.128 Analyzed 700 hPa Upper Air Chart of OOUTC 17 October 1997

(courtesy of Japan Meteorological Agency)

Fig. 2.129 Analyzed 500 hPa Upper Air Chart of OOUTC 17 October 1997

(courtesy ofJapan Meteorological Agency)

Fig. 2.130 Analyzed 300 hPa Upper Air Chart of OOUTC 17 October 1997

(courtesy ofJapan Meteorological Agency)
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2.2.15

LINDA (9726)
31 OCTOBER - 08 NOVEMBER

108

LINDA was a low latitude storm which developed in the South China Sea northeast of the Malay
Peninsula.

An unusual storm which formed south of the mid-tropospheric ridge, Linda tracked west towards
southern Viet Nam on October 31 after it was upgraded into a tropical depression in the vicinity of 8.0N
115.0E.

While still over the waters of the South China Sea, Linda attained peak strength of 25 mps with
minimum sea level pressure of 985 mb.

It made landfall very close to Con Dao (48918) midday of November 2. During Linda's transit, Con
Dao reported maximum sustained winds of 30 mps, gusts of 42 mps and recorded 989.1 mm rainfall in a
24-hour period.

Linda deviated from a westward track to a northwest path line after sli6ng across the southernmost
tip of Viet Nam. This track change was associated with a weakness in the mid-tropospheric ridge to the
northwest.

On November 2, Southern Viet Nam, which seldom experiences the effects of tropical cyclones was
doused by heavy rains which caused flooding in low lying spots. This made Linda the year's most disastrous
cyclone inViet Nam.

Linda resumed a west northwest track at an accelerated pace after crossing Thailand on its way to the
Bay of Bengal. It finally dissipated on the eve of November 8.



Figure 2.131 GMS-5 visible imagery of LINDA (9726) at 03 UTe on 02 November 1997
(courtesy of Japan Meteorological Agency)

I ICOnrOSITE TRACK OF LI"DA (9726)
31 Oct - 0B "ou 1997

12-Hourly positions .___.
·10 Initial Position: 31 Oct at 1208 UT("- .... -,.joL,~..::::-_'-+------l
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Figure 2.132 Composite track of LINDA (9726)
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Fig. 2.133 Analyzed OOUTC Sea Level Synoptic Chart of 01 November 1997

(courtesy oflapan Meteorological Agency)

Fig. 2.134 Analyzed OOUTC Sea Level Synoptic Chart of 02 November 1997

(courtesy ofJapan Meteorological Agency)

Fig. 2.135 Analyzed OOUTC Sea Level Synoptic Chart of 03 November 1997

(courtesy ofJapan Meteorological Ageocy)

Fig. 2.136 Analyzed 850 hPa Upper Air Chart of OOUTC 02 November 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.137 Analyzed 700 hPa Upper Air Chart of OOUTC 02 November 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.138 Analyzed 500 hPa Upper Air Chart of OOUTC 02 November 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.139 Analyzed 300 hPa Upper Air Chart of OOUTC 02 November 1997
(courtesy of Japan Meteorological Agency)
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GMS-5 infra-red imagery of Typhoon 'Linda (9728) at 1432 UTe on 03
November 1997 before making landfall over the southern part .ot
Thailand
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After the passage of STS Linda (9726) to Baclieu

After the passage of STS Linda (9726) to Kiengiang

A truck overturned by flood currents near Phetchaburi Province in
southern Thailand as Typhoon Linda (9726) passed by
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2.2.16

MORT (9727)
09 - 16 NOVEMBER

MORT, the last storm of the year first became evident as a small distinct circulation associated with
the monsoon trough.

It was elevated to depression status on eve of November 9 in the vicinity of 10.8N 142.2E. After a
day's journey across the Pacific, Mort intensified into a tropical storm.

Subsequent satellite pictures showed increasing convective activity and on by nightfall of November
12, Mort reached peak strength of 23 mps.

At first, the presence of an upper ridge ensured efficient outflow aloft for Mort. However, when the
said ridge shifted south, development was effectively hindered.

As Mort navigated the Philippines Sea, increased vertical shear caused it to loose most of its
convection around the center. It then weakened considerably and was a dissipating depression on the eve of
the 16th just as it was about to hit the eastern coast of Luzon:

(MORT was named PINING by PAGASA)
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Figure 2.140 GMS-5 visible imagery of MORT (9727) at 03 UTe on 15 November 1997
(courtesy of Japan Meteorological Agency)
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Figure 2.141 Composite track of MORT (9727)
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Fig. 2.142 Analyzed OOUTC Sea Level Synoptic Chart of 10 November 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.143 Analyzed OOUTC Sea Level Synoptic Chart of 11 November 1997
(courtesy of Japan Meteorologicnl Agency)

Fig. 2.144 Analyzed OOUTC Sea Level Synoptic Chart of 12 November 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.145 Analyzed 850 hPa Upper Air Chart of OOUTC 11 November 1997
(courtesy of Japan Meteorological Agency)

Fig. 2.146 Analyzed 700 hPa Upper Air Chart of OOUTC 11 November 1997
(courtesy oflapan Meteorological Agency)

Fig. 2.147 Analyzed 500 hPa Upper Air Chart of OOUTC 11 November 1997
(courtesy or Japan Meteorological Agency)

Fig. 2.148 Analyzed 300 hPa Upper Air Chart of OOUTC 11 November 1997
(courtesy of Japan Meteorological Agency)
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CHAPTER 3

CONTRIBUTED PAPERS

The Relationship Between the Pacific SST
and the Air Temperature of Korea in Summer

Dr. Kang Boom Jin
State Hydrometeorological Administration (SMHA)

The Pacific SST has an influence on the atmosphere circulation of global scale. We know about it
from the fact that the abnormal meteorological phenomena occur in many places of the world during the EI
Nifto events.

We analyzed statistically the relationship between Pacific SST and the air temperature of Korea and
then considered it's mechanism using GeM.

1. Statistical Analysis

We made the correlation maps between the air temperature of Pyongyang, the capital of DPRK,
and the Pacific SSTfor each month of the summer season. For example, the result of August is shown
in Figure 1. The data of SSTfrom 1951 to 1993 are used for this study.

We could find high correlation and which is over 0.45 in west part of middle latitude and
central and east part of equatorial area over the Pacific. And the areas where the correlation has 1%
level of significance are distributed on a large scale.

Then we calculated the lag correlation between the air temperature of Korea and the Pacific SST
in the different months. The result between the SSTin June and the air temperature of Pyongyang in
August is shown in Figure 2. There are also high correlation areas in central and east part of
equatorial area in the Pacific.

If one ASSTfield is formed once, it would be persistent and effects on the atmosphere for a long
period. Then it has influence on Korean weather through large scale atmospheric circulation.

We considered the variation character of Pacific SST field by principal analysis in summer
season. The eigen vector of the first component ofAugust is shown in Figure 3. The results for other
months are similar to August. This pattern is also similar to ASSTfield of El Nifto, but the signal is
opposite. .

We could find from Figures 1 and 3 that the air temperature of Korea is related with the area
where variation of ASST is large.

Then, using the same data of SST, we calculated the correlation between first component
expansion coefficients for different months. The correlation between May and July is 0.69 and the
one between June and July is 0.85. Itmeans that if ASSTfield is formed the-first component eigen
vector of which is large in May and July, it's pattern would be persistent 'till J_uneand August.

2. Numerical Experiments

We have performed several numerical experiments to consider the effect of ASST by GeM which
was developed to run using a computer of limited power.

1) Description of the model

In supposed dry atmosphere, basic equation system consists of vorticity and divergence
equation, thermodynamic, continuity (tendency equation of surface pressure), hydrostatic
equation as well as diagnostic equation of vertical velocity G , and horizontal velocity U and
V.



Sigma coordinate is used for vertical one.

It is spectral model. Time integration is accomplished by semi-implicit and leap-frog
scheme. The resolution of the model is T20L 10. Radiation process, horizontal and vertical
diffusion, boundary layer processes are parameterised.

We suppose dry atmosphere, however, when physical processes are parameterized, the
effect of H20 is considered and it's value decided on the basis of climatic value.

At first, we calculate climatic field, using normal SST of the month. Then, using ASST,
the field which reflects the effect of the ASST is calculated. The difference of these two field
is just anomaly which is formed by ASST. In case of this study, monthly averaged anomaly
of 500 hP~ geopotential height is used mainly.

When El Nino occurs in winter, the well known PNA pattern is simulated by this model.
It show us that our model is able to simulate the effect of ASST.

According to the numerical experiment for summer, the Pacific sub-tropical high hardly
moves up to the east Asia during El Nifio event.

In order to evaluate how much the pacific ASST controls the global scale atmospheric
circulation, we calculated anomaly of 500 hPa geopotential height using observational ASST,
which is given in the area described in dotted line in Figure 4. We calculated anomaly and
the correlation between calculation and observation anomaly about 1GO grid points above
30"N.

When characteristic ASST fields, for example El Nifio or La Nifia, is formed, the field
with the correlation's of over 0.4 are simulated.

It means that the Pacific ASST field is very important factor that controls the global scale
atmospheric circulation.

The Pacific ASST field has also an infiuence on the temperature, precipitation, the activities of
Typhoon, intensity and the period of rainy season and cold weather hazard in Korea, Therefore, ASST field
is used as a very important factor for the long range weather forecast. For example, supposed that ASST
field of a specific month persists until next month, we forecast anomaly of 500 hPa geopotentinl height
which could be formed by ASST and referred to it in monthly weather forecast. In addition, statistical
methods by ASSTis available for our long range weather forecast.

.,o~------~~----~~~----~L-----~~~----~~~
12,rE

Figure 1. The correlation map of August between the air temperature of Pyongyang and
the Pacific ASST
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Figure 2, Lag correlation map between the temperature of Pyongyang in August and the
Pacific ASST field in June
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Figure 3, First component eigen vector of ASST in August

Figure 4, Anomaly of 500 hPa geopotential height formed by the Pacific ASST in
June 1993
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Observational Study of Typhoon Victor During its Passage Over Hong Kong

P. W. Li, H.T. Poon and S. T. Lai
Hong Kong Observatory

J34A, Nathan Road, Kowloon, Hong Kong

1. Introduction

Typhoon Victor (9712) was the first tropical cyclone to hitHong Kong directly since Typhoon Ellen
(8309) in 1983. In the interim, new weather stations and instruments, as part of a dense automated
observation network, have gradually been installed and put into operation over Hong Kong. So when Victor
passed overhead on the evening of 02 August 1997, it offered an excellent opportunity, for the first time
since the establishment of the network, to study at close range the movement and structure of a mature
tropical cyclone (Figure 1).

The network includes an S-band Doppler weather radar, two low tropospheric wind profilers,
around 40 anemometers and automatic weather stations (AWS), and more than 70 raingauges. The
temporal resolution of data gathered from these equipment ranges from 5 to 10 minutes.

Traveling at a speed of about 25 km per hour, Victor took less than two hours to traverse the territory
from south to north. Observational data during Victor's passage were reprocessed and re-analyzed, with
special emphasis on the radar analyses in connection with the structure and evolution of Victor.

Section 2 is a short description of the synoptic history of Victor, based largely on surface observation.
Section 3 focuses on observation from the two wind profilers. Sections 4 and 5 are devoted respectively to
radar reflectivity and Doppler wind analyses. Discussion and some general comments are given in Section
G.

2. Track of Victor from Surface Observations

Victor originated as a tropical depression over the central part of the South China Sea on 31 July
(Figure 2). On 01 August, it continued to intensify and moved steadily northwards towards the south China
coast. By 00 lITC on 02 August, it reached typhoon intensity when it was about 250 km south of Hong
Kong.

Accelerating northwards, Victor entered the Hong Kong waters early that evening .. The lowest
pressure of 972 hPa was recorded at AWS CCH (i.e. Cheung Chau) at 19:00 Hong Kong Time (HKT= lITC
+ 8 hr) when Victor was about 8 km east of the island. Victor weakened slightly during its final approach
and crossed the newly opened Tsing Ma Bridge at 20:05 HKTbefore making landfall over the western part
of the territory five minutes later.

Through the dense anemometer and AWS network, the track of Victor can be determined with great
accuracy. Figures 3a-d is a series of maps between 19:55 and 20:10 HKT at 5-minute interval, capturing
the final moments of Victor just before landfall and showing the change of winds recorded at the stations
around the centre of Victor. From the earlier northeasterlies, winds over the Tsing Ma Bridge weakened
significantly at 20:05 HKTas the eye of Victor passed overhead and changed to westerlies at 20: 10 HKT.

Winds at other stations either backed or veered as the centre of Victor moved past. Figure 4a is a
time series of wind recorded at hourly interval at five selected AWS during the passage of Victor. Winds
began veering from easterly to southwesterly at 19:00 HKT at WGL (Waglan Island), followed by HKO
(Hong Kong Observatory headquarters) and KP (King's Park) at 20:00 HKT, and then finally TKL (Ta Kwu
Ling) at Z1:00 HKTas Victor left the territory. Among the five AWS, CCH was the only one located to the
left of the cyclone track and the observed winds backed from easterlyto southwesterly instead.

Figure 4b is a time series of pressure recorded at hourly interval at the same AWS. The observed
changes in pressure sequence was consistent with the scenario as suggested by the wind sequence above.

3. Low-level Winds from Profilers and Radiosonde

Two wind profilers, SSP (Sham Shui Po) and SLW (SLW), were located to the east and west of the
track of Victor respectively. As shown by the hourly re-processed data in Figures 5a-b, winds were easterly
at SSPand northeasterly at SLW before Victor entered the territory. In general, winds with a northerly



component were generally weaker at the two profilers, probably due to the blocking effect of an east-west
oriented ridge over the New Territories north of the profilers.
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Between 19:00 and 21:00 HKT, winds at SSP veered abruptly from easterly to southwesterly,
indicating that the center of Victor had passed in close proximity to the west of the profiler. Re-processed
data of SSPat 10-minutes resolution (Figure G) revealed that winds were relatively subdued for the duration
of about an hour following the closest approach. In the immediate vicinity of the eye, the maximum winds
seemed to be located in the northeastern quadrant,i.e. in front and to the right of cyclone motion. For SLW,
which was a bit further away from Victor, the wind shift was more gradual, backing from northeasterly at
18:00 HKTto southwesterly by 22:00 HKT.

Both profilers indicated that winds were strongest in the southwesterly regime, exceeding 110 km per
hour at a height of about 500 m above the ground more than two hours after closest approach and with the
centre of Victor well over land.

The closest approach of Victor also coincided with the radiosonde ascent at the main synoptic hour of
12 U'I'C (i.e. 20:00 HKT) launched at King's Park several kilometers further to the east of SSP. The
tephigram in Figure 7 showed winds at the lower levels to be south-southwesterly of about 80 km per hour,
consistent with those obtained from the profilers. Winds backed with height and became southeasterly and
easterly above 50-hPa level. This suggested that the balloon was swept northwards and upwards, climbing
rapidly to the northeastern quadrant of Victor's circulation by the time it reached the upper levels.

All available wind observations, including Doppler wind observation to be discussed in more detail in
Section 5, suggested that Victor was only of marginal typhoon intensity at best at the time of landfall. This
agreed with the observations based on radar and satellite imageries which gave the impression of slight
weakening as Victor approach land.

4. Radar Reflectivity Analysis

Reflectivity and Doppler wind imageries at 19:00, 20:00 and 21 :00 HKT are displayed in parallel for
easy comparison in Figure 8. East-west (E-W) and north-south (N-S) vertical cross-sections are also made
across the circulation centre to study the structural changes of Victor during the landfall period. Selected
vertical sections of reflectivity and Doppler winds at 19:00, 20:00 and 20:30 HKT are shown in Figures 9
and 10 respectively. The zero marker along the horizontal axis in Figures 9 and 10 depicts an arbitrary
reference point due west, or north/south, of the radar, as may be the case.

The E-Wand N-S sections of the reflectivity field for the 19:00 HKTscan are shown in Figure 9. The
relatively clear column represented the radar eye with the surface centre about 20 km southwest of the
radar. The E-W section (Figure 9a) was particularly distinctive in showing up the vortex tube which had a
marked tilt towards the east. The diameter of the eye was less than 3 km at the low levels, becoming more
upright and constricted in the mid levels before opening up in the upper troposphere. The eye in the N-S
section (Figure 9b) was less well defined. It appeared to be broader in the meridional extent with part of the
eye wall in the lower troposphere seemingly sloping to the north. J

5. Radar Doppler Wind Analysis

While the conventional reflectivity fields showed the spiral banding features of Victor quite vividly,
the interpretation of the Doppler wind fields in Figure 8 required further treatment.

Assuming negligible background environmental flow, the zero isodop was typically a near straight
line joining the cyclone centre and the observing radar, with the dipole of inbound and outbound wind
maxima lying on both sides centred around the radar, The zero isodop, as seen from Figure 8d, Be and 8f,
rotated in a clockwise sense following the northward motion of Victor. Should there be a significant inflow
angle, then the zero isodop, instead of a straight line, would curve gently outwards in a clockwise fashion,
as demonstrated in Appendix I. In the case of Victor, the subtle curvature of the zero isodop suggested that
the inflow angle would be no more than 10 degrees.

The inclination of the zero isodop in Figures lOa and 10c at first sight seemed to suggest that the
vortex tube was tilting to the west and north respectively. Using Figure lOa as an example when the
cyclone was southwest of the radar, it should be noted that any vortex tilting with the upper circulation
centre lying to the right of the surface centre, as viewed from the observing radar, would project onto the E-
W section at a point to the west of surface centre. A schematic to illustrate the point is shown in Appendix
II.

Figure 10d at 20:00 HKT, when Victor was due west of the radar, is therefore an easier diagram to
interpret. It lent support to the notion that the vortex tube was tilting to the' north. In fact, it was also a
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good moment to assess the relative wind strength north and south of the Victor's centre. The easterlies
(outbound), reaching 110 Ian per hour, were generally stronger than the westerlies (inbound). The
observations were roughly compatible with those observed by the SSPprofiler (see Section 3).

6. Discussion

We found in this preliminary study that the various observational platforms provided a reasonable
and consistent return of information during the passage of Victor. In fact, it may even be said that the
passage of a mature tropical cyclone with well-documented structure was a good way to test the robustness
and reliability of new operational systems such as Doppler radars and wind profilers.

In most other cases, the horizontal wind fields cannot be resolved with only the single radial
component observed. But in the case of a mature tropical cyclone, its known characteristics, geometry and
structure allows for certain assumptions to be made to facilitate the aforementioned wind analyses.
Experimental analytical algorithms can be tried and tested, and the reasonableness of the results assessed in
comparison with other observation data.

It is hoped that with more operational experience on tropical cyclones and other weather systems,
analysis techniques based on an ensemble of different data types can be refined and nowcasting tools may
be developed. Other derived products such as vertical velocity, convergence and thermodynamic structure
can also be explored in future studies.

Appendix I

Calculation of the Inflow Angles

For simplicity, let us assume that the circulation of a tropical cyclone lies on a flat surface as shown in
Figure AI, rather than on the curved surfaceof'-the Earth. (Calculation shows that at a range of 256 Ian
from the radar, the angular distance between the radar and the cyclone centre about the centre of the Earth
is only about 2.3 degrees. Neglecting the curvature effect due to the Earth's surface will only introduce less
than 0.1 % error in calculating the inflow angle).

At point P which lies along the zero isodop, the wind vector VI is at right angle to the line joining p
and the radar. Therefore, the inflow angle p is equivalent to the angle subtended by Cl'O:

sin B = k//l

and sin a = k/d,

Once the position of the tropical cyclone with respect to the radar is determined, the inflow angle at
any point along the zero isodop can be determined by Eq. (AI).

. Figure A1. Determination of inflow angle
<,
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Appendix II

Vortex tilting in the vertical in Doppler wind field

N

~---------------E
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q Upper Level Centre

't Surface Centre

R Radar Position

S ----- Zero Isodop
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Assuming the upper centre tilts to the northeast (i.e. point C) with respect to the surface angle,
then as viewed from the observing radar (R), the upper centre wI! tilt to the north (point B) on the N-
S section and to the west (point A) on the E-W section.



Figure 1. The trajectory of Victor across the array of observing instruments in Hong Kong from
19:00 - 21 :00 Hong Kong Time on 02 August 1997

Figure 2. The 12-hourly positions of Victor from 12UTC 31 July 1997 to OOUTC 03 August 1997.
Positions at OOUTC are marked in circle vvith dates inside. Solid line denotes typhoon
intensity.
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(a)

(b)

Fig. 5 Hourly low-level winds near the centre of Victor from the re-processed data
of the wind profilers: (a) SSP (Sham Shui Po) and (b) SLW (Sha La Wan).

Fig. 6 10-minute low level winds from the re-processed data of SSP (Sham Shui
Po) wind profiler before and after Victor's landfall.
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(a) (d)

(b) (e)

(c) (f)

I '
Fig. 8 3km ~eight CAPPI radar reflectivity fields (left column: (a), (b) and (c) at. 256
km range) and Doppler wind fields (right column: (d), (e), and (f) at 64 km range) at
19:00,20:00 and 21 :00 HKT respectively on 2 August 1997.

130



(a)

(b)

Fig. 9 Vertical cross-sections of radar reflectivity fields at 19:00HKTon 2 August
1997. (a) Section from west (left) to east (right) with the zero point due south of
radar. (b) Section from south (left) to north (right) with zero point due west of
radar.
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Fig. 10 Vertical cross-sections of Doppler wind fields at times shown. On the left
column, sections from west (left) to east (right), wi~h zero point in (a) due south of
radar, (b) due north of radar. On the right column, sections from south (left) to
north (right), with zero point due west of radar.

(a) 19:00HKT

20:00HKT
not available

(b) 20:30HKT

(c) 19:00HKT

(d) 20:00HKT

(e) 20:30HKT
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Statistical Analysis of Landfalling Tropical Cyclones in the
Western North Pacific in EINino and non-El Nino years

Ying-wa Chan and Wen-lam Chang
Hong Kong Observatory

ABSTRACT

The unusual tropical cyclone activity in the western NorthPacific basin in 1997 coincided with the
development of one of the strongest El Niiio events on record. This gave impetus for looking at the difference
between the number of tropical cyclones landfalling in countries in the basin in El Niiio and non-El Niiio
years, the information being useful for mitigation and preparedness.

It was found that when compared with non-El Niiio years, in the 10 El Niiio years occurring between
1961 and 1997, the mean number of tropical cyclones making landfall over the South China coast and
Taiwan from September to October was suppressed by about half, over Indo-China and the east coast of
Malaysia from October to November by about three-quarters, and over the Philippines from September to
November also by about half. The differences are statistically significant.

As the means are derived from a limited number of observations, (10 for El Niiio and 27 for non-El
Nifio years), their representativeness is established using the bootstrap technique before making the
comparison.

1. Introduction

In terms of tropical cyclone activity in the western North Pacific (00 - 450N, 1000E - 1800),1997 was
unusual in that Japan was struck early by typhoons, (peter and Opal in June), the tropical cyclone season in
China had a very late start, and southern Vietnam and Thailand was hit by Severe Tropical Storm Linda in
November (ESCAP/WMO, 1997).

These rare events coincided with the development of one of the strongest El Niiio episodes. They
highlighted the possible impact of El Niiio on regional tropical cyclone patterns and have prompted
ESCAPIWMO (1997) to urge amongst other things the statistical studies of these impacts.
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For the western North Pacific, the association between tropical cyclone activity and El Niiio had been
studied by Chan (1985) and Lander (1994). Both found either weak or little correlation. Their papers' focus
was on the number of tropical cyclones generated in the entire basin while the effect of El Niiio on the
number of tropical cyclones making landfall in the basin seems to have received less attention. From the-
point of view of social and economic impacts and thereby prevention and preparedness, landfalling
locations are perhaps as important as the number of tropical cyclones itself.

The present study therefore aims to elicit this information. Firstly, the monthly mean number of
tropical cyclones making landfall in different areas of the western North Pacific basin in El Niiio and non-El
Nifio years -are obtained, secondly the representativeness of these means for selected areas and periods in
these two sets of years are evaluated using the bootstrap method and thirdly if these means for El Niiio and
non-El Niiio years are significantly different are determined via the t-test. "

2. Data

The number of tropical cyclones making landfall each year between 1961 and 1997,37 years in all,
along the coasts of the western North Pacific is extracted from tropical cyclone best tracks published by the
Hong Kong Observatory. Data before 1961 is not used as the number of tropical cyclones in the pre-satellite
years of the 1950s might be under-detected (Chan, 1985). Also, only data for the months May to December
is studied as the number of landfalling tropical cyclones between January and April is thought to be too few
for meaningful analysis. _

The years in which El Niiio is active have been listed by Trenberth (1997). Discounting for the
purpose of this paper-those years in which the El Niiio episodes began late or ended early in the year and did
not cover the tropical cyclone season, one finds 10 El Niiio years between 1961 and 1997. They are 1963,
1965, 1969, 1972, 1977, 1982, 1987, 1991, 1994 and 1997. The remaining 27 years are regarded as
non-El Nifio years.



3. Definition of Geographical Areas

So as to study the number of tropical cyclones landfalling in different areas of the western North
Pacific, a total of 5 areas are delineated (Fig. 1). Area I covers the coasts of Japan, Democratic People's
Republic of Korea and the Republic of Korea; Area II northeastern China; Area III southeastern China,
Taiwan and the Hainan Island; Area IV Indo-China and the eastern coast of Malaysia; Area V the
Philippines and Borneo.
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This delineation is subjective but the primary consideration is, again, for each area there would be a
reasonable number of observations for analysis.

4. Bootstrap simulation

The monthly mean number of tropical cyclones making landfall in each of the 5 areas from May to
December for the 10 EI Niii.o and the 27 non-El Niii.o years between 1961 and 1997 are shown in Fig. 2.
One sees that the biggest difference for EINiii.oand non-El Nifio years are found in the months of September
to October for Area Ill, October to November for Area IV, and September to November for Area V. The
number of landfalling tropical cyclones for EINiii.ois less than a half in the first case, about a quarter in the
second, and again just under half in the third. Data for these three cases and the corresponding months are
therefore first analysed as a prelude to further studies on an annual basis.

For each of the three cases above, the sample size for El Niii.oyears is small - only 10 observations to
derive the sample mean. It is therefore useful to determine if the sample mean is representative. This can be
done if the confidence interval for each mean is obtained. The nonparametric bootstrap technique described
by Diaconis and Efron (1983) and outlined below is used to achieve this. This method has previously been
used to study the statistical characteristics of the effects of El Niii.oon Atlantic hurricanes striking the United
States by O'Brien, Richards and Davis (1996) and on tropical cyclone occurrences in the vicinity of Hawaii
by Chu and Wang (1997).

Briefly, the bootstrap method generates artificial samples from the existing sample using random
numbers, i.e., the Monte Carlo method. From each of these artificial samples the parameter of interest, in
the present case the mean of the artificial sample is calculated. If 10,000, say, artificial samples are
generated then one will have 10,000 such sample means from which a probability distribution can be
drawn up and the confidence interval for the true mean established.

The confidence intervals are calculated from the percentile method described in Wilks (1995). If one
uses the 95% confidence interval, then with 10,000 artificial means the percentile method gives the lower
Limit of the confidence interval as the 250lh [10,000 x 0.05/2] ranked mean, and the upper limit as the
9,7501h {10,000 - [10,000 x 0.05/2]} ranked mean.

In the present instance for each of the three cases above, i.e, September-October for Area III,
October-November for Area IV and September-November for Area V, 10,000 bootstrap samples each of size
ndni.i"= 10 are generated for the 10 El Niii.oyears. Similarly, 10,000 replications of size nnon-dnifio= 27 are
generated for the 27 non-El Niii.oyears. The corresponding probability distributions are then drawn up and
confidence intervals calculated.

Zwiers (1990) amongst others has suggested that for the bootstrap method to work the data in the
original sample must not be serially correlated. For both the El Niii.o and non-El Niii.o data sets, serial
independence is first verified using the runs test described in Siegel and Castellan (1988).

5. Results and.Conclusions

The results of bootstrapping as applied under the three cases are summarized in Table 1. In all cases,
the probability distributions for El Niii.oyears and non-El Niii.oyears as simulated by bootstrap approximate
the normal distributions (Figs. 3 to 5). Also, the distributions for El Niii.oyears and non-El Niii..oyears show
nearly no overlapping areas, suggesting that the mean values for the two sets of years are very different. .

EI Nnio vear Non-El Nino year
Case Area Period MeaJlfrom 95% confidence intervals Meaufrom 95% ceufidence intervals

eeserv atious for the mean from ooselV ations for the mean from
bootstrep bootstratl

1 III Sep-Oct 1.2 (0.7, 1.6) 2.7 (2.2,3.1)
2 IV Oct-Nov 0.6 (0.2-,-1.0) 2.3 (1.9,2.9)
3 V Sep-Nov 1.5 (0.9,2.2) 3.3 (2.7,4.0)

Table 1. Results of bootstrapping
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From Table 1, one sees that for El Nino years, the true mean of tropical cyclones making landfall in
Areas Ill-V during the periods of September-October, October-November and September-November tie
respectively in the ranges of (0.7 to 1.6), (0.2 to 1.0) and (0.9 to 2.2) with 95% confidence.
Correspondingly for non-El Nino years, the ranges are respectively (2.2 to 3.1), (1.9 to 2.9) and (2.7 to 4.0).
In each case the difference between the means is significant at the 5% level as shown by the t-test. These
statistics indicate that El Nino has a profound effect on the number of late season storms making landfall in
Areas III, IV and V.Table 1 also shows that not all areas in the western North Pacific seem to respond in the
same way to the effects of El Nino, as already pointed out by Dong (1988).

Acknowledgments: The authors would like to thank Dr. H.K. Lam, Director of the Hong Kong Observatory
for giving permission to undertake this study. The assistance of Mr. c. H. Au and Mr. H. K. Yeung is also
acknowledged.
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Figure 3. Density distributions of the mean number of tropical cyclones affecting Area III
in September - October for the EI Nino and 27 Non-EI Nino years between 1961
and 1997 as simulated by bootstrap
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Figure 4. Density distributions of the mean number of tropical cyclones affecting Area IV
in October - November for the EI Nino and 27 Non-EI Nino years between 1961
and 1997 as simulated by bootstrap

Figure 5. Density distributions of the mean number of tropical cyclones affecting Area V in
September - November for the EI Nino and 27 Non-EI Nino years between
1961 and 1997 as simulated by bootstrap
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Application of Neural Network to Tropical Cyclone Intensity Prediction

Jong-Jin Baik , Hong-Sub Hwang
Department of Environmental Science and Engineering

Kwangju Institute of Science and Technology, Kwangju, Korea

Soon-Kab Chung
Numerical Weather Prediction Division

Korea Meteorological Administration, Seoul, Korea

ABSTRACT

Using the standard back-propagation neural network, tropical cyclone intensity prediction over the
western North Pacific at 12, 24, 36, 48, 60, and 72 h intervals is attempted and results are compared with
those obtained using the multiple linear regression method. The data contain a 31-year sample of western
North Pacific tropical cyclones from 1960· to 1990 and eight climatology and persistence predictors are
considered. The percent of variance explained by the neural network model is consistently larger than that
explained by the regression model at all time intervals with an average difference of 12%. The average
intensity prediction errors from the neural network model are 10 - 16% smaller, except at 12 h where the
errors are nearly equal, than those from the regression model. This study clearly shows potential of the
neural network in the prediction of tropical cyclone intensity.

1. Introduction

Although the skill of tropical cyclone track prediction has been steadily improved, the skill of tropical
cyclone intensity prediction has been not so promising so far. There are many possible reasons that current
operational models fail to predict intensity accurately, including coarse horizontal model resolution and
sparse observational data near the storm center. Although accurate numerical-model prediction of intensity
appears to have potential with the emergence of sophisticated numerical models, new observing platforms,
and very high-performance computing facilities, it might be still useful to design and use a statistical model
for predicting tropical cyclone intensity at least until such a reliable numerical prediction system becomes
available and practical.

There are some statistical studies which relate tropical cyclone intensity change to climatology and
persistence or synoptic factors over the North Atlantic (e.g., DeMaria and Kaplan 1994, hereafter denoted
by DK) and over the western North Pacific (e.g., Nyoumura and Yamashita 1984). Using multiple
regression methods, DK showed that the SHIPS (Statistical Hurricane Intensity Prediction Scheme) model,
which includes synoptic factors, improves upon the climatology and persistence model. However, they
showed that the SHIPSmodel explains only 36 - 54% of the variability of the observed intensity changes.

Artificial neural networks can be regarded as analytical systems that address problems whose
solutions are not explicitly formulated (Chester 1993). Neural networks for data analysis have been rapidly
developed and improved since Rumelhart et al. (1986) introduced the back-propagating algorithm. Because
of their excellent ability in tackling problems which are difficult to treat using traditional analytical
techniques, neural networks have provided a wide range of applications in science and engineering
problems (Hinton 1992; Chester 1993).

In this paper, we attempt to apply a neural. network to tropical cyclone intensity prediction over the
western North Pacific and compare results with those obtained using the multiple linear regression method.

2. Dataand neural network

The data used in this study were obtained from a 31-year sample of tropical cyclones from 1960 to
1990 over the western North Pacific. The 6-h positions and intensities for each of these storms were
determined by the RSMC (Regional/Specialized Meteorological Centers) Tokyo - Typhoon Center. In this
study, storm intensity is represented by the minimum surface pressure and storms over land or islands are
excluded. The numbers of observations used to construct prediction models for tropical cyclone intensity at
12,24,36,48,60, and 72 h intervals are 11204,9764,8586, 7576, 6629, and 5768, respectively.



input layer
(8 units)

hidden layer
(8 units)

output layer
(1 unit)

In the development of a statistical prediction model, it is important to include independent variables
(predictors) which significantly affect the dependent variable. Although many environmental factors have
been shown to influence tropical cyclone intensity (e.g., DeMaria et al, 1993), this study considers only
climatology and persistence factors. These are 1) initial storm intensity, 2) intensity change during previous
12 h, 3) absolute value of Julian date - 244,4) initial storm latitude LN), 5) initial storm longitude LE), G)
magnitude of storm motion vector, 7) eastward component of storm motion vector, and 8) northward
component of storm motion vector. The climatological peak frequency of Pacific storms in this data sample
occurs around early September and this is included in the predictor of the Julian date. These eight predictors
were used to develop the multiple linear regression model for Atlantic storms (climatology and persistence
model) by DK. With these eight predictors, multiple linear regression equations for predicting storm
intensity changes at 12, 24, 3G, 48, GO, and 72 h intervals are constructed. Each of the dependent and
independent variables is normalized by subtracting the mean and dividing by the standard deviation before
constructing each regression equation.

In this study, the back-propagation neural network, the most commonly used neural network, is
employed to perform tropical cyclone intensity prediction. The neural network consists of a layer of input
units, a layer (or layers) of hidden units, and a layer of output units. The back-propagation neural network
repeatedly adjusts the connection weights between hidden units and output units and the connection
weights between input units and hidden units so as to minimize the error between the desired output and
the actual output (Rumelhart et al, 198G). To make a neural network generalize best, data are split into the
training data set, validation data set, and test data set and the learning is repeated until the error for the
validation data set becomes minimal (Zell et al. 1995).

Fig. 1 shows the three-layer neural network used in this study. The input layer has eight units (that is,
eight predictors described above), the hidden layer has eight units, and the output layer has one unit (that is,
tropical cyclone intensity change). This study employs the standard back-propagation neural network in the
SNNS (Stuttgart Neural Network Simulator) (Zell et al, 1995). The learning rate is specified as 0.05. Since
the sigmoid function takes values between 0 and 1, it is convenient to have values of the dependent variable
lie in that range by a proper transformation. For this, the dependent variable normalized by subtracting the
mean and dividing by the standard deviation is divided by twice the maximum absolute value and then 0.5
is added. Each of the independent variables is divided by its maximum absolute value, hence taking values
between - 1 and 1. Based upon the error evolution for the validation data set, the number of learning for
each prediction interval is shown to lie between 2000 and 3000.

Figure.1. The three-layer neural netv.ur1<used in this study. The input layer has eight
units, the hidden layer has eight units, and the output layer has one unit
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3. Resultsand discussion

Figure 2 shows the percent of variance explained by the multiple linear regression model and the
neural network model. Although the criterion of representing the proportion of variance for linear models
is not the same for nonlinear models, it can be applied directly to nonlinear models if the sample size is large
(Zell et al. 1995), hence a fair comparison can be made between the two models. The variance explained by
the neural network model is consistently larger than that explained by the regression model at all time
intervals. TIle difference in the percent of variance between the two models lies between 896 at 12 hand
1596at 36 h and its average value is 1296.Note that all the data are used to compute the variance in Fig. 2.
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Figure 2. The percent, of variance explained by the multiple linear regression model and
the neural ne~rk modelversus prediction time interval

Next, the intensity prediction of 'western North Pacific storms is·performed using the regression and
neural network models. For the neural network, 8096, 1096, and 1096 of the total data are selected to make
the training, validation, and test (prediction) data setsy-respectively. The test data set is considered to be
independent data set. The same 8096"of data are used to construct a multiple linear regression model for the
comparison of results. For the same reason, the test data set is used to perform prediction experiment with
the regression model. Fig. 3 shows the average intensity prediction errors from the multiple linear
regression model and the neural network model. The .intensity prediction errors from the neural network
model are 10 - 1696 smaller, except at. 12 h where the errors are nearly equal, than those from the
regression model. OK showed that the average Intensity prediction errors are reduced by 10 - 1596 when
the regression model includes synoptic predictors. Fig. 3 indicates that with the climatology and persistence
predictors improvement of a similar degree can be also achieved by replacing the regression model with the
neural network model, The results of this .study and OK suggest that the performance of the neural network
model for tropical cyclone intensity prediction would be improved further if synoptic predictors are
included.

Figures 2 and 3 showed that the neural network model improves upon the multiple linear regression
model in the prediction of tropical cyclone intensity. This is becausethe neural network takes into account
the nonlinear interactions among units by including the nonlinear activation function. For the given data, it
might be possible to con.struct a multiple nonlinear regression model. OK showed that the inclusion of a
quadratic nonlinear predictor increases the percent of variance by 1 - 296 relative to the linear regression.
Sarle (1994) translated neural network jargon into statistical jargon and showed the relationships between
neural networks and statistical models. For example, the neural network used in this study (a multilayer
perceptron) in principle corresponds to the multiple nonlinear regression model. Therefore, it appears that
judicious inclusion of certain nonlinear combinations of-predictors might further improve the performance
of the regression model, although an assumed best nonlinear functional relationship is very hard to find and
providing physical interpretations to nonlinear terms is not always possible. In a viewpoint that neural
networks and statistics are not competing methodologies for data analysis, better communication between
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the two fields would benefit both (Sarle 1994). This will also make meteorological applications broaden in a
unified viewpoint,
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Figure 3. Average intensity prediction errors (in mb) from the multiple linear regression
model and the neural network model versus prediction time interval for the test
data set

The intensity prediction of western North Pacific tropical cyclones was attempted using the standard
back-propagation neural network and results were compared with those obtained using the multiple linear
regression method. The results clearly showed that the neural network model improves upon the regression
model, suggesting potential of the neural network in the prediction of tropical cyclone intensity.

In this study, only climatology and persistence predictors were considered. Many environmental
factors affect tropical cyclone intensity. These are the vertical shear of horizontal wind, the sea surface
temperature, the flux convergence of upper-level eddy angular momentum, the tropospheric water vapor
flux, the land effect, and so on. With these factors included in the neural network, it is likely that the model
performance would be improved further.

The material presented in this report is based upon the manuscript entitled "Tropical Cyclone
Intensity Prediction Using Regression Method and Neural Network", which is submitted to the Journal of the
Meteorological Society of Japan". This research was supported by special research project, NDII-01-01-04,
of the Korea Ministry of Science and Technology, through Korea Meteorological Administration.

4. Conclusion

Acknowledgments



References

Chester, M., 1993: Neural Networks - ATutorial. PTRPrentice Hall, 182 pp.

DeMaria, M., and J. Kaplan, J 994: A statistical hurricane intensity prediction scheme (SHIPS) for the
Atlantic basin. Wea. Forecasting, 9, 209-220.

--, J.-J. Baik, and J. Kaplan, 1993: Upper-level eddy angular momentum fluxes and tropical cyclone
intensity change. J. Atmos. Sci.., 50, 1133-1147.

Hinton, G. E., 1992: How neural networks learn from experience. Scient. Amer., 267, 145-151.

Nyoumura, Y., and H. Yamashita, 1984: On the central pressure change of tropical cyclones as a function
of sea-surface temperature and land effect. Geophys. Maz., 41, 45~59.

Rumelhart, D. E., G. E. Hinton, and R. J. Williams, 1986: Learning representations by back-propagating
errors. Nature, 323, 533-536.

Sarle, W. S., 1994: Neural networks and statistical models. Proceedings of the 19th Annual SASUsers Group
International Conference, 13 pp.

Zell, A., and collaborators, 1995: SNNS,User Manual, Version 4.1, University of Stuttgart, 312 pp.

143



CHAPTER 4

WMO TROPICAL CYCLONE PROGRAMME NEWS

4.1 INTRODUCTION

The Executive Council at its forty-ninth session (Geneva, June 1997) noted with satisfaction the
implementation of the 1996 training courses on tropical meteorology and tropical cyclone forecasting, held
inMiami Tallahassee, and the southern hemisphere training on tropical cyclones, held in Melbourne, which
was designed to train forecasters from the small island developing states in the South Pacific and the South-
West Indian Ocean. With a view to further intensifying human resource development of tropical cyclone
forecasters, the Council requested the Secretary-General to make efforts for continuation of those training
courses. It noted with appreciation the organization of the successful workshop on tropical cyclone disaster
prevention, preparedness and mitigation for the South-West Indian Ocean Region (Mahe, Seychelles,
September 1996). The Council approved the organization of a training workshop on tropical cyclones for
mainland countries which are Members of the RA I Tropical Cyclone Committee, in place of the roving
lecture services on tropical cyclones. The workshop was held in Pretoria in October 1997.

The Council recognized the demonstrated significant accomplishment made by the second TCP
RSMCs Technical Coordination Meeting held at the RMS Miami - Hurricane Center in November 1996,
towards the coordination of activities within the programmes of the five TCP regional bodies. Taking into
account a number of recommendations 0 the meeting, the Council:

a) Endorsed annual publication in the TCP series of a summary of the global tropical cyclone
seasons;

b) Encouraged NWP centres, able to do so, to provide operational forecast track and intensity
information as guidance to Tropical Cyclone RSMCs (TCRSMC's);

c) Requested that TC RSMCs should supply the first level basic information covering the tropical
cyclone's present and forecast movement and intensity to the international media where a clearly
defined source of reliable information is needed and that the centres should establish Internet
access;

d) Requested TC RSMCs to produce and disseminate operational tropical cyclone forecast
.performance statistics for their respective basins;

e) Requested NWP centres which are providing tropical cyclone forecast guidance, to base
performance evaluations of these forecasts on "best track" data prepared by the TC RSMCs. It
agreed that the TC RSMCswere responsible for the publication of the ·'oJ7t:./'lti(')JUIl"periormance
statistics for.their respective forecast areas.

These recommendations were drawn to the attention of all Members participating in the TCP.

The Council felt that further consideration should be given by TC RSMCs in coordinating tropical
cyclone forecasting and warning services. It therefore approved the organization of the third meeting in
,1999that could serve as an expert meeting in the development of WWW facilities. The Council proposed
that the meeting should continue consideration towards standardized terminology and uniform averaging
period for sustained wind speeds.

The Council felt that attention should be given to the subjects of wind gusts and to mechanisms for
strengthening of the relations between NMHSs and the media, together with improved understanding by
broadcasters of the warning services particularly for tropical cyclones.

The Council noted with pleasure that TCP Sub-project No. 19: "Estimation ot'Amount otPrccipitution
Associated with Tropical Cyclones by UsiJ~gSatellit« Dlltll'~ was formulated by an Expert Meeting which
took place at the RSMC Miami from 20 to 22 November 1996. It stressed that this sub-project would be
important for both operational meteorological and hydrological services and suggested that consideration
be given to establishing a TCP sub-project on "the combined ettects on storm surges and river tloods ill low
/yin,g areas": Further progress was made during the year towards TCP Sub-project No. 19 and also No.
18 - Tropical cyclone related NWP products and their guidance.
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The Council was pleased to note that WMO was playing in active role in cooperation with IOC,
IHPIUNESCO and other organizations on the establishment of a storm surge project, particularly for the
Bay of Bengal and the northern part of the Indian Ocean, as requested at its forty-eighth session. It agreed
that WMO should organize consultations involving international and local experts to formulate inputs to
the project proposal, particularly on: (1) meteorological data collection; (2) probable maximum storm
surge heights along the coasts; (3) coastal and inland inundation from storm surges; (4) necessary capacity
building; (5) related preparedness and damage prevention. It also urged the Secretary-General to arrange
for participation of the Organization in the expert meeting planned for October 1997 to elaborate a final
draft of the project proposal.

The Council noted with satisfaction the success of the second joint session of the WMO/ESCAP Panel
on Tropical Cyclones and the ESCAP/WMO Typhoon Committee held Phuket, Thailand, 20 to 28 February
1997. It requested that this series between the neighbouring regional tropical cyclone bodies be continued.

The Council approved the title "KSMC Nadi- Tropical Cyclone Centre" as recommended by the sixth
session of the RAVTropical Cyclone Committee (Honolulu, Hawaii, USA,October 1996).

The Council was pleased to note the close coordination between WMO activities and those of the
"South Paciiic Tropical Cyclone W:/rni}],g Ungwde Project", funded (ECU 1.95 million) by the European
Union (EU), which was aimed at assisting the participating countries/territories in the South Pacific in
upgrading capabilities of tropical cyclone warning services. It requested the Secretary-General to maintain
the close cooperation of WMO with this project, particularly in regard to the TCP, WWW and PWS
Programmes.

The TCP comprises two components: a general component concerned with methodology and transfer
of technology and a regional compone'nt devoted to the activities of five regional tropical cyclone bodies.

4.2 PROGRAMME ACTNITIES IN 1997

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.

Steps have been taken to implement TCP Sub-project No. 19: "Estinuttion otAmount ()t' Precipitation
Associated with Tropical Cyclones by USi1],gS:ltdlite Dntu", based on an outline of the project formulated by
an Expert Meeting (Miami, USA, 20 to 22 November 1996).

Further steps have been taken to organize the Fourth WMO/ICSU International Workshop on
Tropical Cyclones (IWTC-IV) to be held in Haikou, Hainan Province, China from 21 to 30 April 1998. An
international committee for IWTC-IV has been established under the chairmanship of Mr. Gary R. Foley
(Australia). The committee will be responsible for the organization of IWTC-IV and for following up
recommendations made by IWTC-III and IWTC-IV.

The second joint session of the WMO/ESCAP Panel on Tropical Cyclones and the ESCAP/WMO
Typhoon Committee was held in Phuket, Thailand from 20 to 28 February 1997. The session was attended
by 70 participants and 11 observers. They represented six (out of eight) Members of the Panel on Tropical
Cyclones, namely, Bangladesh, India, Sultanate of Oman (new Member from 20 February 1997), Pakistan,
Sri Lanka and Thailand and 12 (out of 13) Members of the Typhoon Committee, namely, Cambodia, China,
Hong Kong, Japan, Lao PDR, Macau, Malaysia, Philippines, Republic of Korea, Singapore (new Member
from 20 February 1997), Thailand and Viet Nam.

At the second joint .session, Mr. Smith Tumsaroch, Director-General of TMD, received the
ESCAP(WMO Typhoon Committee Natural Disaster Prevention Award for 1996. The cash awarded to him
was -used to inaugurate a similar award supporting the Panel's activities, being set-up as "The Smith
Tumsaroch Frize"for this purpose by providing an additional amount as his own personal contribution.

A Workshop on MOFFSVersion 3 was convened by WMO and held in Seoul from 19 to 21 March
1997, hosted by the Ministry of Construction and Transportation and the Korea Water Resources
Corporation. It was led on behalf of WMO by Mr. Allan Lambert (UK). Hydrological experts from Member
countries of the Typhoon Committee and the Panel on Tropical Cyclones participated in the Workshop.



[SCAPIWMO Typhoon Committee

Amendments to the Typhoon Committee Operational Manual-Meteorological Component, proposed
by the rapporteur, Mr. Y. Takemura (Iapan), were adopted by the second joint session of the Typhoon
Committee and the Panel on Tropical Cyclones (see paragraph 3.1 above). A new edition of the Manual
was issued in June 1997.

The Typhoon Committee Newsletter No.9, prepared by TCS, was issued in August 1997. The twelfth
issue of the publication of the Typhoon Committee Annual Review for the year 1996, was compiled and
finalized by TCS in October 1997 in cooperation with the national editors. TCS prepared the Typhoon
Committee's thirtieth anniversary kit "30 Ye,u:\,otthe RS'CAP/WMO Typhoon Committee 0.%'8 - 1.9.97}in
November 1997.

The thirtieth session was held in Hong Kong, China, from 25 November - 01 December 1997, under
the chairmanship of Dr. H.K. Lam (Hong Kong, China). The session was attended by 48 participants,
representing twelve (out of 13) Members of the Committee.

WMO/ESCAP Panel on Tropical Cyclone

With the efforts of the Panel's Technical Support Unit (TsU), two issues of Panel News were published
. in 1997(No. 9 in february and No. 10 in September).

A consultation meeting on storm surge in the Bay of Bengal and the Arabian Sea took place at TSU,
Bangkok from 20 to 22 August 1997. Based on an outline of the project proposal (meteorological
component) developed by the meeting, a draft entitled "Project P1VPOS:Uon Storm SUJ;ge [01' the Bay ot'
BenS,li ,JJ1d the Arabian Sea - Meteorological Component" has been prepared for consideration at the
meeting of experts (New Delhi, India, 02 to 06 February 1998) with a view to elaborating a final draft of
the overall project proposal.

At the request of the second joint session of the Panel and the Typhoon Committee, a new edition of
the Tropical Cyclone Operational Plan for the Bay of Bengal and the Arabian Sea was published in May
1997.

RAJ Tropical Cyclone Committee for the South-West Indian Ocean

The RSMC La Reunion - Tropical Cyclone Centre (with English translation assistance of the sub-
regional Tropical Cyclone Centre in Mauritius) published bilingual (french and English) report on "Cyclone
Se,JSOI7J.lNJ5 - lfJf)(,' ill the South- West Indian Oce,l1l"in early 1997.

An evaluation for the IOC/EDF projectc. :"Tl'opiC:Ji Cyclone wnrning System tor the South- West
Indian Ocean /lesion'~ was carried out in September/October 1997.

The thirteenth biennial session of the RA I Tropical Cyclone Committee for the South-West Indian
Ocean was held in Mbabane, Swaziland, from 30 September to 06 October 1997, under the chairmanship
of Mr. R.R. Vaghjee (Mauritius). The session was attended by representatives from all 12 Members of the
Committee.

An RA I Workshop on Tropical Cyclones was held at the South African Weather Bureau in Pretoria
from 8 to 15 October 1997. A total of 18 trainees from Botswana, Comoros, Malawi, Mauritius,
Mozambique, South Africa, Swaziland, Tanzania and Zimbabwe attended.

RAIV Hurricane Committee

Another in the series of the RA IV Workshops on Hurricane Forecasting and Warning was held at the
RSMC Miami - Hurricane Center from 10 to 21 March 1997, with English/Spanish interpretation, for
training of Class I and Class II meteorologists with some forecasting experience. The workshop was
coordinated by Dr. Richard Pasch, hurricane specialist at the RSMC, and attended by 24 participants from
21 Members of the Committee.

The nineteenth annual session of the Hurricane Committee was held in Nassau, Bahamas from 07 to
May 1997 in conjunction with the twelfth quagrennial session of Regional Association IV
(Nassau, 12 to May 1997). The Hurricane Committee's session was chaired by Mr. Jerry Jarrel (USA), with
26 participants form 18 Members of WMO and observers from four regional organizations.
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A high-altitude Gulfstream-IV jet aircraft which is the newest high-tech tool in the hurricane
forecasting arsenal has commenced hurricane surveillance operations during the 1997 hurricane season,
i.e. from 01 June to 30 November.

A new edition of the RA IV Hurricane Operational Plan (WMO/TD-No. 494, Report No. TCP-30) was
issued in English and Spanish in August 1997.

RAV Tropical Cyclone Committee for the South Pacific and South-East Indian Ocean.

An introductory meeting on "South Pacitic Tropical Cyclone Wtll"l1in,g Upgrade Project (1997 -
2000) funded by the European Union(ECU 1.95 million) was convened by Mr. Neville L. Koop, Project
Coordinator from 3 to 4 February 1997 at Fiji Meteorological Service Headquarters in Nadi. The first
session of the Steering Committee for the Cyclone Warning System Upgrade Project was convened by the
Project Coordinator from 29 September to 01 October 1997 in Papeete, Tahiti. The work of the project is
closely coordinated with that of the Committee.

Following a decision by the sixth biennial session of the Committee in October 1996, a new edition of
the Tropical Cyclone Operational Plan for the South Pacific and South-East Indian Ocean (WMO/TD-No.
292, Report No. TCP-24) in English was published in February 1997 and the French version was issued in
July 1997.

Two issues of a "NEWSLETTER" was published by the Chairman of the Committee. Mr. S.C. Ready
(New Zealand) in 1997.


