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- EXECUTIVE SUMMARY -

This study’'s objective was to assess the current capabilities of
the Philippine Government's typhoon warning service, the consequences
of previous OFDA assistance, and an assessment on the progress of an
OFDA funded Public Awareness Project. The informatlion is based on a
10-day fleld visit (August 1888) to the Philippine Weather Service
(PAGASA) headquarters in Quezon City.

PAGASA's typhoon cetection and surveillance capabilities are
largely based on satellite data bulletins from Japan. Ite capabiity
tor forecasting typhoon future center location is about
state-of-the-science for the 24-hr period

Currentiy, the Philippine typhoon warning system is capable of
providing a useful, but |imited, product for alerting coastal
populations. A significant problem is communications and public
response attitudes. The PAGASA warning needs to be creditsble and
understandable. Part of this can be accomplished by improved short
term forecests employing Increased survelllance frequency. However ,
much of the improvement will depend on self-examination of revisec
methodology for timing, and content of the warnings, method of
communicating these advices, and enhanced publ ic awarness and
education.

PAGASA's mainframe computer (VAX 11/730) insta!led under OFDA grant
has operated sucessfully since the spring of 1985, In addition, the
OFDA funded Natural Hazards Public Awareness Program (NHPAF) is off to
a good start under atrong capable management.

FPAGASA will be experiencing many upgrades in Its capabilities over
the next several years. Equipment made avallable from Japan wil;
enhance PAGASA's capacity for satelllte reconnalssance of typhoons, as
well as vastly Improve its telecommunicationa and synoptic weather

obsevation network.

Several recommendations are made for additional OFDA funding
support In categories of developmental, and operational assistance
which could increase the warning csystem’'s effectiveness in minimizing
loss of |ife. Key among these are: |) support for in-country
surveys/studies, and follow-on workshop regards improvement in typhoon
warning comprehension and utilization, and 2) acquisition of several
microcomputers and peripherais to assist in communications transfer,
forecaster aid product displays, bulletin preparation, and media
protrayal.
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I. INTRODUCT ION

In August 1988, The Office of U.S, Foreign Disaster Assistance
(OFDA) retained Charles R. Holliday to perform an evaluation of the
Philippine typhoon warning system. The review's objective and
evaluation methodology are discussed below:

. The study's objective was to assess the current capabilities of
the Philippine Governmant's typhoon warning service and determine
spacitfic recommendations for possible OFDA assistance with other
donors which could increase the warning system’'s effectiveness in

minimizing loss of life.

2. The review was also to address consequences of previous OFDA
assistance, and dn assessment on the progress of an OFDA funded Public

Awareness Project.

3. The evaluation methodology relied primarily on interviews and
document reviews regards system operation and programs underway.

o A ten-day field visit was conducted in the Metro-Manila area
to determine the workings ot the Phillppine Typhoon Warning System.
Noe typhoons occurred during this period preventing the chance to
witness and confirm operational actions in the warning system.

o Officials of the Philippine Atmospher ic, Geophysical and
Astronomical Services Administration (PAGASA), The Univ of the
Philippines (Dept of Meteorology), and US AID were interviewed to
obtain technical and programmatic information.

o A listing of persons contacted appears in Appendix A,



I1. BACKGROUND

The following provides a brief review of the typhoon probliem in
the Philippines, PAGASA's responsibilities and capabilities, as wel|
8s previous and current OFDA assistance to PAGASA.

!. Philippine Typhoon Prol:lem

The Phillppine archepeligo Is In the maln track corrlidor for
western north Paclfic typhoons and is subject to an average of four or
more typhoon str lkes per year, Usually the most severe of these
systems affect reglions of low population density (northeast coast of
Luzon). However, during 1884 two intense typhoons (lke and Agnes)
striking the heavy populated areas in the Bicol, Visayas, and
Mindanao, resulted in an approximated loss of |iIfe of 180@. More
recently, typhoon Nina (Nov 87) caused the loss of life of 880 persons
in the Bicol region. PAGASA regarded Typhoon Nina as responsible for
the most significant damage to Philippine infrastructure
(communications and trensportation, etc.) of any previous typhoon.
These losses, coupled with those in past typhoons, rank the
Philippines first among tropical cyclone deaths suffered by any
country in Pacitic Asia during the decades of the 1979's and 1980's.
Much of the root cause of this can be traced to the population
vulnerabilty to storm surge (settlements along low lying areas of the
coast, and weak housing materials), typhoon frequency threat, deficit
communications, and response to warnings received.

2. PAGASA Warning Responsibility

Warnings are prepared when troplical cylcones develop or cross
westward of 135 deg East longitude in the Philippine Sea (South of 25
deg North Latitude) and remain east of 115 deg East in the South China
Sea. These advices are issued by the Weather Services Branch every
six hours (5 AM, || AM etc). It the tropical cyclone poses a threat
to the islands, Domestic Bulletins are prepared. Bulletins to
shipping are issued @s long as the storm remains within the Phitippine
Area of Responsibility. Flood forecasts are issued separately by the
Flood Foreasting Office (at 10:30 AM, and 1@:55 PM) if typhoons are
affecting the major river basins of Agno, Bicol, Cagayan, and Pampanga
of Luzon.

3. Defection and Surveillance Methods

With the loss of U.S. Air Force typhoon weather reconnaissance
alrcraft flights out of Guam and Clark Fleld (squadron closed
September 1887), the primary surveiltlance tool for typhoons Is the
Japanese Gaostationary Meteorological Satel!lite (GMS). The GMS
stationed at 140 deg E on the equator provides infra-red images over
the western Pacific and Asia reglion every three hours. Recently,
hourly image receipt is possible for regions north of 1@ deg north.
For typhoons within range of land based radar, PAGASA maintains an
ear ly-warning radir network stationed along points in Luzon and the
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Viscyas (operational status of this network fluctuates considerably).
Both ltand and ship weather observation coverage and frequency varies
significant!ly during typhoon situations, adversely Impacting sole
reliance on this type of Information for storm size, location, and
intensity. ’

4. Forecast Capabilities

PAGASA center location prediction efforts are confined to the
first 24-hr forecast period. These efforts rely primarily on
subjective techniques utilizing forecaster skill and experience and
empirical rules. Objective track forecast aids (primarily
statistical) are available from output on the AID/OFDA provided VAX
11/730 computer. Forecast skill appears state-of-the-art with an
average error of approximately 125mm. Unfortunately, uncertainity in
initial position can cause large fluctuations from this average.

Storm surge forecast capabilities are |imited to subjective approaches
and empirical rules.

5. Domestic Warning Bulletin

The bulletin delineates three levels of threat using a signal
number ing system (combining time of arrival and intensity of winds)
for designated geographical regions of the island archipelago. The -
highest level of threat is Signal three iIndicating onset of strong
storm force winds (greater than 55 kts) within 12 hrs. Inclusion of
the term "Big Waves” is made if B8 storm surge is thought possible with
agvice to move to higher ground.

6.. Communications (Warning Dissemination)

Pr imary method of bulletin receipt among the population is over

public radic. PAGASA weather service personne! pass the bulietin to
wire service outiets, government offices, and television statlions in
metro-Manila. The bulletins are also relayed to PAGASA fleld stations

for distribution to local radlio stations and government officals via
Single Side Band (S5SB}.

f. OFDA Assistance
o Typhoon Threat Assessment Program

In 1985 OFDA completed a nearily two year effort to upgrade
PAGASA's typhoon early warning capability. This $5008,000 "level of
effort” activity entitled, "Typhoon Threat Assessment Program”,
provided state-of-the-science technology in typhoon forecasting plus
hardware and software, and included training and technical assistance.
Main componants of program included: electronics maintenance training,
and spare parts for PAGASA's Canadian built (McDonaid Detwiller and
Associates -MDA) GMS receiver, purchase, instaliation and training for
operation of a Digital Equipment Company (DEC) VAX 11/730 computer
with software to run U.S developed typhoon track prediction
statistical techniques. Efforts also included a review of PAGASA's
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bulletin message content and recommendations for enhancements to

increase its ettectiveness. Visits were arranged for several U.S.
special ists with skills in various aspects of typhoon analysis and
warning to provide on-site courses at PAGASA, and the Univ. ot the

Phit ippines.
o Natura! Hazards Public Awareness Program

In May 1988, OFDA entered into another program with PAGASA for the
dissemination of public information on natural hazards, with special
emphasis on typhoons. The program's objective is to instruct
threatened populations on the nature of the various disaster hazards
(typhoon, flood, storm surge, land fallure, earthquake, voicanic
activity, etc.) and provide critical information on preparedness and
mitigation to save lives. The program will be heavily focused on both
community and schoo!l children awareness. Phase one of the project
will cost $100,000 over 18 months and a second phase, if approved,
will expand the pilot activity as a national program at an additional
estimated cost of 916b6,000.



P11, CAPABILITIES - PAGASA TYPHOON WARNING SERVICE

I. Detection/Surveillance

The current status of PAGASA's storm detection and surveillance
capabilities is marginal. The Japanese GMS image receiving and
displaying facility is operating in the low resolution mode only (not
of reconnaissance quality). Only two wecather surveillance radars of a
network of eight are working. A circuit outgage to Clark fiseld since
January has resulited in non-availability of U.S. Air Force satellite.

typhoon surveillance message bulletins. With the loss of U.S. Air
Force aircraft reconnaissnce capability (since Sept 1887), PAGASA
depends almost entirely on Japanese satellite typhoon surveillance
butletins from Tokyo.

0 GMS Satellite Receiver
The Canadian built high resolution satellite receiving facility has

been inoperative since May 86. Circuit boards that had been
identiflied as defective were sent to the MDA factory for

replacement/repair. However, upon return they still failed to
function. The Murihead hard copy display device Is Inoperative as
well. Image examination Is restriced to a low resolution signal

received at the PAGASA weather service forecast office. The facsimile
machine is capable of providing a crude image with two shades of gray.

) The situation stands a chance for great improvement with the
'aqaition of a Japanese built workstation by the end of the year. This

item 1s discussed under the Donor Assistance section. Capabilities of
this workstation need to be assessed |later to see if system
improvements as well as data interpretation training are needed.
PAGASA typhoon analysts do not currently have the training necessary
to take full advantage of the system's storm surveil lance
capabilities.

0 Japanese Satellite Message Bulletins

PAGASA receives coded message bulleting from Tokyo (aninese
Meteoroiogical Agency - JMA) regards the location and intensity of
tropical storms/typhoons every six hours (Japanese GMS). Information
is not provided on tropical depressions, and Intensity estimates are
crude due to shortcomings in the code.

© U.S. Air Force Satellite Meussage Bulletins

U.S. coded and plain language message bulletins are based on
analysis of both U.S. NOAA and Air Force high resolution polar
orbiting satellite data as provided by the Air Force sltes In Guam,
Clark Fleld, and Kadena Air Base, Okinawa. Analysis of Japanese GMS
data is performed at Guam furnishing additional information. Location
and intensity information is provided for all levels of tropical
cyclone Intensity. The intensity analysis Information is more refined
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then that provided In the JMA satellite bulietin messages.

This data is not received at PAGASA due to & circuit outage with
Clark Field since January. The problem is discussed under the
communication (incoming) section.

o PAGASA Land Based Radar Network

The PAGASA radar network consists of eight sites (Aparri, Basco,
Begliuo, Baler, Daet, Virac, Guluan, Mactan, and Busuange) & ninth site
Is near completion neer Tanay (Just east of Manila). Alimost all are
Reytheon bulit WSR-77 models (Bagluo - WSR-67, Aparri - Japanese
built). Of these only two are currently working (Bagulo and Daet).
Basco is inoperative due antenna damage suffered In typhoon last year
(biown down). The station near Aparr| suffered fire damage, and is
planned to be built nearer the town. Key early warning radars at
Virac, and Guiuen are out of commissicn. Both these and the rest of
the radar installations suffer maintenance problems, spare parts and
generator diesel fuel! shortages - a chronic probltem with the network.
(A radar-site network map appears in Fig 1)

Further complicating the issue is the absence of exper ienced
on-site electronic technicians. Those that are 2xper ienced and
trained are difficult to keep since many-leave for Saudi Arabia or
other countries in Southeast Asia with higher pay scales. Currently
PAGASA has four technicians at its headquarters that are dispatched to
the field to repair the installations. Many of these sitas do not
have easy access by commerical air which further complicates matters.

PAGASA has overextended itself in developing such a large radar
network., It would be best if the network was reduced to a level of a
few maintainable stations in strategic locations (proximity to
vulnerable population regions), for nowcasting purposes (short term
forecasts), and leave the gaps to be filled by satellite imagery
surveillance.

Both the U.S. Navy/Air Force benefit from timely early-warninag
typhoon surveillance from these radars. It might be worthwhile to
check the feasibility of DOD airlift assistance for PAGASA maintenarnce
~personnel, spare parts ard other critical supplies to key inoperative

sites prior to a possible typhoon threat (case by case basis)

o~ Surface Observation Synoptic Network

When a typhoon is In itse weaker gtages it is more difficult to
locate either with sateilite imagery or radar. Surface observations
from PAGASA's land atation prove critical to chart these type storms.
Unfortunately, the network Is hampered with inoperative equipment
(wind and pressure instrumentation), and sometimes Iineffective
telecommunications for timely notification of weather conditions at
the field sites. In many cases, forecasters have difficulty tracking
storms through the island archipelago.

This condition may be remedied in the future as Japan plans to
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rehabilitate some of the synoptic network (including spare parts) as
‘part of its major telecommunication upgrade for the 1990's (discussed
under Donor Asliastance sectlion). (France also has tentative plans for
assistance In Instrumentation replacement.)

2. Communications (Incoming)

PAGASA receives data through th. World Meteorological Organization
(WMO) Global Telecommunications System (GTS) with links to the hubs at
Singapore (75 bps) and Tokyo (200 bps). Weather data received
in-country is principally by Single Side Band (SSB). SSB broadcast
(HF-7995 KHz) is subject to interference between sunset and sunr ise
greatly degrading the reliability of reception for observations
between 12 GMT (8 PM) and 21 GMT (5 AM). :

Almost all radar sites esre equipped with Low Freqency (3650 KHz)
radio transceivers which are not as susceptable to inter ference as the
SSB. However, PAGASA's central office doesn't have the roof space

large enough to house an antenna. It appears this capabllity can’'t be
exploited till the office moves to their new building (Data
Information Center (DIC) - see p15).

Until this past winter, PAGASA has had a drop on a high~-speed U.S.
Air Force weather data |ink between Hickam AFB and Clark fleld. This
has been a principa! source of Information for U.S. typhoon satell |te
builetin messages as well the typhocon forecasts from Guam. (The Tokyo
circuit relays the Guam warnings usually 30 min later).

The drop on the Hickam to Clark circuit has been out of commission
srnce January with significant loss of valuable data. PAGASA has been
l'nked to the circuit through JUSMAG (Joint U.S. Military Assistance
Group), however no signal is being received at JUSMAG now. Mr.
Fontano (0OI1C/ Telecommunications Section) atates that problem appears
to be located In relay from Villamor Air Base (Phillippine Alr Force -
PAF) near Maniia Internationa! Alrport (MIA) and the Airport
Transportation Authority Office (ATO). He said that he would purchase
8 cable to Ilink the data between VIi|iamor and PAGASA’s airport office.
Data will be acreened and entered manually on the teletype clrcult
between the airport office and the forecast section at Quezon City).
Mr. Fontano stated the ‘cable would be Installed before next year .

This patch work effort doesn’'t present a reasonable long term
solution however. A communication computer will be necessary to
ensure automation of this effort and effective transfer of high speed
data to the Quezon City Office.

Mr. Fontano indicted that with addition of a special cable and
teleprinter to handle the high speed (1200 bps) Hickam to Ciark | ine,
the data would be equal to that furnished over both the Tokyo and
Singapore lines. Savings in lease charges would amount to about
$48,002 annually.



3. Analysis and Forecasting

No tropical cyclone entered the Philippine Area of Responsibility
during my visit. The following discussion on analysis and forecasting
Is without benefit of viewing the system in action.

PAGASA center location prediction efforts are for the 24-hr per iod
only, no routine effor" is made to prepare or verify forecasts for
longer periods. (A 36-nhr outlook position is made available if Manila
is threatened on the weekends) . Forecasters appear to continue to
rely primarily on subjective techniques utilizing forecaster gkill,
exper ience and empirical rules based on current data with emphasis on
24~hr surtace pressure changes and hourly station observation sequence
charts. Evidonce of objective (statistical) technique (run on the VAX
11/73@) expioitation couldn't be establ ished during the visit

Forecasters could probably benefit from availablity of upper
atmospheric field (10,000 ft and above) analysis and prediction charts
based on global numerical models. Review of these charts may be of
assistance to establish track recurvature potential on a dynamic
basis. Such charts are available by radio facsimite from both Guam
and Japan. PAGASA doesn't currently have such equipment. (Equipment
specifications are |isted in Appendix D.)

Forecasts from the Joint Typhoon Warning Center, Guam with
predictions out to the 72-hr period are available over the Tokyo
circu:t,. However, the latest warnings arrive too late for review
before PAGASA issues its international and domestic bulletins. The
Guam six-hr oid warning is avallable |f necessary, but this Is
probably used more for the initial position information than for the
forecast value.

PAGASA 24-hr forecast skil! on the average falls in the category of
state-of the-art (125 nm). The problem of Initial position and
Iintensity uncertainty leading to extrapolation efforts ,however, can
otten result in individual cases significantly deviating from the
average. PAGASA's capability at nowcasting (short term) is cripp!led
by lack of operational radars and a functiona! high resolution
satellite imagery display

A 36-hr position forecast outlook would probably be of great value
to government, and disaster preprrdnass officals. Although within the
technical feasibility of PAGASA, there is no thought of attempting
such an effort "

4. Storm Surge Forecasting

The targest loss of life in a typhoon strike Iis associated with
the storm surge. Currently, no quantified storm surge prediction
technique is available. Efforts to recognize storm surge possibilities

(yes/no only, no magnitudes) are focused in Signal threaes areas
(coastal regions expected to receive 65 kt winds or greater) and
reference to empirical rules and statistical methods. Adapting a
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surge mode! for operational real-time forecasting to & given region
requires laborious data acquisition. The bathymetry of water areas,
and surface topography of land must be specified for each model grid
square. The Univ of the Philippines (Dept of
Meteorology/Oceanography) is interested in developing the data base
necessary for a operational storm surge mode! providad funding
assistance is achieved. The data base would be digitized from maps
supplied by Governmment's Coast and Geodetic Survey into a computer
data base for subsequent run on the University’'s model. The model
could be run on PAGASA's VAX 11/730 or a microcomputer (discussion
wi“n LCept. Chairman).

5. Warning Dissemination
The primary means by which warnings reach the public is the radio.
The following describes the method in which PAGASA relays the

rnformation.

Forecast office personnel read the warning over the phone to a

predetermined group within the metro-Manilia area. These include
government offices (Office of Clvil Defense, and others), the wire
services, Voice of the Phillpplnes, newspapers and televislion.
Success in delivering these bulietins vary, particulariy on the
weekends. Forecaest office personnel also broadcast the bullet:n over
station DZCA (government station) for recéroadcast. The station’'s low
power (Bkw) |imits Its range to metro-Manlila.

Communications Section personnel prepare the Bulletin for
international transmission via teletype and internally via single side
band (SSB). SSB is normally monitored in the field every three hours
(GMT plus every 3 hrs), and the Warning is broadcast at these
intervals. The main shortcoming with SSB broadcast is the
inter ference encountered between sunset and sunrise greatiy reducing
chances for reception betwaen 12 GMT (8 PM) and 21 GMT (5 AM)., Field
Offices are often not able to receive the 11 PM bullietin at all.

Personne! also relay bulletins directly to Governors, Mayors in the
threatened provinces via Bureau of Telecommucications (telegraph).
This process is being changed over to teiex via Philippine Telephone
and Telegraph fompany. Both systems are hampered by the fact that
tfield offices are closed on weakands and open only from 8 AM to 6 PM
daily. :

PAGASA fieid offices will contact local radio stations (phone or
hand carry) and pass tha bulletin message. In some’cases, the
Individual will be hooked In live on the air and read the bulletin
themse lves. (In most cases these parsons are not ﬁhteorolqglats but
sub-professionals (observers)) In addition, field personnel will
notify key locs#! government officals (this is often quite difficult on
the weekends) .

Office of Civil Defense uses SSB to reiay bulletins to its field
offices for dissemination to the local media and offliclals. Usaing HF
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they experience the same interference problems. Greatly lacking in
the communication system i a reliable hard copy transmission
capabiiity which is not susceptible to interference. Installation of
the Japanese funded multiplex telecommunication system for PAGASA
should solve this problem in the 1998's.

6. Media Protrayal

Mr. Pinea - Weather Services Information officer does a |ive
evening broadcast six days a week at the channel 7 news center in
Quezon City. This metro-Maniia broadcast is carried to other
provinces of Luzon by relay. The medium for protraying the weaather or
typhoon threat is particularly cumbersome. A large map of the

Philippines is used with weather features depicted which are grossly
out of ecale giving 2 felose Iimpression of the threat, and developing
misconceptions anong the public. A low resoiution satellite image

with extremely poor contrast (two shacdes of gray) Is also festured.

The poor quality satellite picture issue should be solved once the
Japanese GMS workstation Is Installed with hard cupy cepabliity Iate
this year. The graphics display of the typhoon threat (path, warning
areas, s.ze of @torm, etc) could use a significant upgrade. A desktop
microcomputer with graphics softwarae #and hardcopy capacity would aid
the flexibility of presentation considerably. The graphics display
cnpies could be formatted quickly for release to other TV stations and
newspapers.

7 Bulletin Message Contant

The structure and content nf the domestic warning bulletins has
remained unchanged since the 1984 OFDA analysis. Review of bulletins
for selected landfalling typhoons during 1887 and 88 reveals the
foliowing:

Absence of any distinquishing level of warning for the dangerous
typhoon (maximum winds in excess of 100 kt). The current highest
level ot threat (signal three) delineates for only winds equal or
g-eater than b5 kt. Discussion with Mr. Parong (0IC/forecasting
section) indicates a ~eluctance of adding a additional signal level
without a public education effort first. He cited a Weather Services
Branch staff meeting last year which'surfaced concern for confusion
among the public of an additional signal. Initatives for implementing
& public information are neaded. o

Last year an sttempt at comparative anaiysis in the warning
bulletins for Typhoon Nina {(Novamber) apparently backfired. The
builletings stated that the typhoon wag on a track similar to that of
Betty (August) which travarsed the Bicol region. Betty, however, took
a more southertiy path through the region and did not affect the towns
north ot Legnspi significantly. The Nina post storm survey through
this region ravealed that residents thought that Nina wouldn't be much
of a problem, and were surprised st its fury with a direct str ike.

h'g_



Overwarning Iis also a problem. The signal one and two levels
(winds up to 30 kt within 36 hrs, and 30 to 6@ kt within 24 hrs
respectively) cover a significant area that could be reduced. The
current procedure has lead to significant loss of credibilty.
Revision to how these signhals are employed or possible redetinition
should be considered.

Technica! terms in the domestic bulletin such as wind speeds which
are expressed in units of km per hour are abstract subjects to the
user community In the countryside. Categories of strength based on
" potential damage such as a ranking of one through five or such wouid
be more ugeful. Example:

....Category 6 (200 km/hr..... shrubs and coconut trees biown down; aill
signs down. Extensive damage to roofing materials. Major damage to
structures near shore due to flooding and battering by waves and
floating debria, etec........

Caterories similar to this have been developed by L. Amadore when he
was with the Typhoon Moderation and Research Development Branch
(TMRDB), and were referenced in the 1985 OFDA report on message
content. Implementation ot such categories in the domestic bulilet:n
would improve user comprehension.

Hard evidence and testimony from the user coﬁmunity might convince
the Weather Services Branch that some changes are needed in its
domestic bulletin messages. Several programs are underway, or being
cons idered, which can contribute to the knowledge base necessary for
intiating changes. Programs underway include Part | of CFDA's NHPAP
under direction of Ms Garcia which is ideally positioned to
contribute. Ms Garcia is already conduciing baseline research on the
krdowledge, attitudes, and reactions of those affected by natural
hazards including the typhoon. Work at the TMRDB continues to buila &
data base for Amadore's wind damage categor ies through post storm
damage surveys. Among programs being considered are specific
interview surveys (topic - utliiity of current warning messages) in
vulnerable populated areas most recently affected by devastating
typhoons.

8. OFDA Sponsored Workshop.

A-workshop In which results of the above surveys and studies couid
be presented would be an ideal forum to discuss findings, and finalize
needed revisions in warning messages Such a workshop could also bring
together the necessary !iaison between provider and user of the
warnings regards the issue of protrayal and communications of the
typhoon threat. Participants would include membars of PAGASA's
weather services branch, the TMRDB, damage survey team members, OFDA's
NHPAP players, together with user community representatives from
vuinerable typhoon regions - such as the Bicol . The workshop's
objective would focus on recommendations to Improve comprehension and
utilization of the warning message. The group would screen these
recommendations for operational utility. A final set would be agreed
upon for incorporatiocn into ths message preparation operating
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procedures and, where applicable, included in the educational mater atl
to be distrubuted in Part || of OFDA's NHPAP.

It 1s recommended that OFDA sponsor the survey program being
considered, and the follow-on workshop with Ms Garcla acting as
coordinator of the effort. Her current envolvament and managment
sklill in conducting OFDA'S NHPAP, and tfamiliarity with designing and
conducting fleld workshops would ensure a productive forum. The
workshop should be targeted for early 19680 - time enough for necessary
planning, and preparation of the workshop, a8 well as time avallable
tor any intergration of recommendations into the educational! materials
of OFDA’'s Part || NHPAP before they are finallzed.
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IV. MAIN FRAME COMPUTER (OFDA Grant)

The Digital Equipment Corporation (DEC) VAX 11/730 Computer supp! ied
through a OFDA grant has functioned without significant failure since
it became operational in March 19856. Components of the system are
| lsted In Appendix B.

1. System Development

Mr Monroy (OIC/Development Section) has looked after the system as
if it was his own. He has been quite creative in its utilization
including a wiring to the outside telecommunication section for ingest
cf operational real time data via the Tokyo circuit. The Tokyo link
permits access to automated flields procduced by the European Center for
Mic-Range Forecasting (ECMRF) at Bracknell, England. Mr. Monroy has
installed a floating point accelerator (used module) which greatly
speeds up computation time. He has also programmed a crude graphics
display (geographic - coastline/lat-long) and |ine drawing function to
depict typhoon tracks for output on line printer(siow process)

Mr. Monroy has a staff of four programmers. Two of them have
attended a special course in data processing in Singapora entitled
"Software Development for an Automated Meteorologica! Processing
Center” The other two programmers are receiving on-the-job training.

2. System Applications

Pr imary useage of the system has been for development work (testing
numer ical analysis and prediction models, various forecast aids).
Four teen objeciive (primarily statistical) typhoon prediction aids are
in the data base including strike probabilities. These are run every
six hours when a typhoon threatens, and are produced in tablutar form
(printout using Mr. Monroy's graphics display is also possible).

The current employment of the objective techniques Is to lump them
together for an average value. Thia has several drawbacks when the
individual techniques are not screened for performance in
verification. Several of the techniques (statistical-synoptic) such
as the Arakawa, Veigas-Miller and Feraspar continue to underper form
and should be removed. The Kalman Filter (which objectively
determinas the current position from var ious reconnaissance platforms)
is being erroneously employed as a forecast aid, and given equal
weight with the other tools (even though It shows one of the worst
verification scores). | discussed this matter withﬁMr. Monroy, and Ms
Sodusta (author of the verification study). | reccmmended several
revisions be made on employment of these objective aids.

3. System Operation

The computer is shut down when not in use. When tropicai cyclones
form or enter PAGASA's warning area, the computer is manned by at
least one individual around the clock (three shifts). The system has
a voltage regulator system to handle the freqent commerical power
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outgages. However, all data In working memory Is lost dur ing these
per lods. There is no Uninterrupted Power Supply (UPS) for backup.

The computer is shut down by one of the duty operators to prevent
damage from a power surge. This system will be moved (with the rest
of the forecast office) to the Data Information Center (DIC) two miles
away when the Japanese funded building is complated (1881). The DIC
will have a UPS for backup.

3. improvements Needed

The system's graphics d?splay capability is crude and slow with
only a line printer available. A desktop microcomputer with color
graphics enchancement and software packages hooked-in to the VAX
system could rapidly protray the display needed on screen output, and
provide hard copy with screen dump to a laser printer. The
microcomputer could run programs independent of the mainframe as wel |,
and be used as word processer for typhoon warning bulletin text.

The processing speed of the system deteriorates rapidly with each
user load. Without memory upgrade, any attempt to put in additional
per ipherals without compensating increasse of physical memory &lows
down the system for efficent operation. An upgrade of physical memcry
(memory chips/circuit board) from 1 Megabyte (MB) to 5§ MB would
greatly alleviate this problem. )

_14_



V. DOOR NATION ASSISTANCE

PAGASA will be receiving considerable assistance from the Japanese
over the next several years in terms of satellite imagery receipt asnd
display, a Data Information Center building, and installation of a
advanced telecommunication network. Both France and Australia are
either beginning or finishing feasibility studies for assist&nce to
PAGASA. These programs are discussed below. (A planning schedule
summary is |isted in Table 1.)

|. Japan Assistance
o OGMS workstation

The Japanese will be installing a basic workstation (Nippon
_Electr ic Company) to receive, process, and display high resolution
satellite imagery from the Japanese GMS. This equipment will be
tinanced through a loan from the Japanese Overseas Economic
Cooperation Fund (OECF). Estimated cost |is $400,000. Equipment will
be installed at the PAGASA's Typhoon Moderation and
Research/Davelopment (TMRD) building. This is the current site ot
the GMS antenna (Canadian-MDA) and is located off Quezon Memor ial
Circle some 2 miles from PAGASA's central office. Factory training
(. ardware and software) for two PAGASA engineers is currently underway
in Japan. The workstation should be operational by the end of the
year .

o Data Informatlion Center (DIC)

As part of a follow-on program supporting an interagency effort
(PAGASA, with the National Irrigation Authority, and National Power
Corporation), the Japanese will be constructing a Data Information
Center (DIC) building (to house componants of the Flood Forecasting
Network) next to the TMRD bullding. The DIC Is included as part of
larger effort inciuding a rainfall telementry network and warning
system for two Dams (Ambukl|a6 and Magat). The OCEF ioan for the

entirs system is 832 mililon. The DIC will provide new quarters for
the Wemther Service and Flood Forecast branches including
telecommunications and computer faciliities. The DIC will feature an

Uniterrupted Power Supply (UPS) to combat the fluctuations of
commer ical powar. Forecast date foir occupancy is 1991,

o Telecommunication Network

The OCEF has approved a $1@ million loan for construction of
meteorologlcal telecommunication system connecting PAGASA's 64 weather
stations throughout the country. This system wil| be comprised of
both data transmission and telephone channelis which can also be used
for facsimile transmission. The network will consist of a main trunk
system using multiplex radio link, data collection, and releay
stations. Branch clrcuits composed of VHF and HF bands will be
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diroct?y connected with the data collection and relay stations. A
dual-formatted computer system will be installed at the DIC to control
the telecommunications of data acquisition, dissemination and to both
edit and compiie data. Relay stations on the main trunk will be
provided with stand-by generators in case of commer ical power
interruption. Project will include training for both operation and
maintenance.

The Program will be implemented in two stages:

Stage |: Construction of system in Luzon Region
Stage 2: Construction in Visayas and Mindanao region.

Following compietion of engineering system design by late 1989,
construction will begin on the network by mid-1890. Completion is
targeted for mid-19966.

2. French Assistance

France is considering @ toan of $4.7 million to support a PAGASA
initiative of estabishing a regional forecast center (enhancing
meteorological service to the countryslide). PAGASA's top priority iIs

Naga with subsequent interests In Cebu, Tuguegarao, and Cagayan de
Oro. The effort wouid Include upgrading the exiating weather office
into a forecast center with gatell ite and facsimile receivers (| inked
by the existing flood forecasting microwave relay network). The
regional tforecast office would serve as service delivery office to the
countryside. Direct connection of provincial broadcast stations with
‘these regional forecast offices will facilitate faster typhoon warning
and weather forecasts. Estabiishment of a broadcast station at the
office 1s under study.

Also considered under the proposed program is the establ ishment of
several automatic data collection platforms, and the rehabiliation of
basic weather instrumention equipment for 10 principal and 10
secondary surface observation stations (including spare parts and
consumables).

., A team of French contractors (Sofreavia, Paris) will conduct a
feasibility study In 1889 for an implemention plan.

3. Australian Assistance

The Australian International Development Assistance Bureau (AIDAB)
is planning a loan (ceiling 87 million) for a project beginning in
1989 to improve the avallibility of information for raesources planning
and management through more extensive applications of remote sensing
technology. *Yuch of the effort is focused on tha National Mapping and
Resources Information Authority (NAMRIA), and the College of
Engineer ing Training Center, Univ. of the Phillppines. Some project
components provide assistance to PAGASA. These include the following:
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o Design and installation at NAMRIA (Fort Bonlflco) of an antenna

for reception of high resolution (HR) data ($300,000) from the U.S.
NOAA (polar orbiting satellites).

o instaliation of 2 display and analysis workstation at PAGASA
($130,000) for interpretation of HR data received from NAMRIA.

o Iinstallation of telemetry equipment for transmitting the data
to PAGASA ($20,000).

o training in maintenance and equipment operation, and data
interpretation ($30.000).

Projected completion data i 1990. Data analysis from this
equipment could be of assistance in typhoon surveillance; however, its
frequency (twlice a2 day) and area of coverage s less desirable then
that provided by the Japanese GMS. The operational relisability of
data transfer might be in queation since NAMRIA would have contro!.
NAMRIA soes not operate under a 24-hr, 7 days-a-week schedule.



TABLE 1 - DONOR NATION PROJECT IMPLEMENTAT |ON PLAN
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Vi. TYPHOON MODERATION AND RESEARCH DEVELOPMENT BRANCH (TMRDB)

The TMRDB has several! Initatives underway which are of interest in
the disaster preparedness and response arena. The first is
development of a typhoon damage assessment model, another is &an
evaluation of a survey on public response to typhoon warnings. Both
depand on the TMRDB VAX 11/76@ main-frame computer (PAGASA funded) for
dltn processing. A third area of effort includes surveys of typhoon
damage.

i. Wind Damage Mode!

- The wind damage model Is in an infant stage with many
preliminaries to be worked out before it can get off the ground. The
mode| addresses a symmetric typhoon wind field currently. To be
useful for disaster planners an asymmetric wind field needs to be
develioped Iincorporting topographical effects. A data base
incorporating agricultural and housing type distribution. and their
susceptablitiy to various wind magnitudes Is needed. A data base for
topography will algso need to be developed. Resources do not appear to
be avallable to make signlficant advances with this mode!. Models
such as this have been prepared in the U.S. for coastal and other
regions.

2. Warning Response Survey

A initial survey on human response to typhoon warnings (conducted
In 1984), Ia being analyzed and is 9@% compiete. However, its scope
Is somewhat |imlited. Members of the TMRDB staff fe!t that a more
thorough and better designed survey is needed. Interviewers need to
be better trained, and more communities In dlfferent regions need to
be sampled. in addition, morea time should be aitlowed for conducting
the field program.

3. Typhoon Nina (Sisang) Damage Survey (Nov 87)

The TMRDB is among several of PAGASA's components which
participate in post damage surveys. Other members include
representatives from the Information Office (Office of the Director),
and the Geophysical Branch. Much of their task is to document the
exact path of the storm, determine storm surge height, and: both extent
and type of agricuitural and houging structural damage. A
non-gcientific collection of public response attltudea ls a by-product
of these surveys. q

In typhoon Nina 800 people were reportad killed ranking the storm
as the third highest killer in PAGASA records since WW |I. At the
town of Bacon, north of Sorsogon (in the Bicol), over 200 people
drowned In the accompanying storm surge. A town further up the coast
nor .h of Legaspi - TIWI- also exper ienced a storm surge which swept
some 300 houses away from the shore |ine, yet there was no report of
loss of I|ife.



The survey team interviews revealed that the eftorts of &
volunteer worker for the Social Weifare and Development Department in
TIWI (Ms Bella Boral) can be largely credited for saving these | ives.
Upon hearing that "Big Waves” were forecast in the signal three area
which TIW!| was included, Ms Boral organized a group to warn the
coastal residents, and evacuate the area. Ms Boral acted upon her
previous disaster preparedness training concerning typhoons and tne
consequences of the accompanying storm surge. in the case ot Bacon,
the warning was largely ignored; no community |leader took action. (a
copy of tha survey team’'s report is atteched for reference - Appendix
D)

This contrast In community response |Is a stark example of benefits
in disaster prepardness tralning. (Ms Garcia said gshe will |ikely
incorporate this real lIife tale in her educational! materials for the
OFDA Public Awareness Program). A copy of Ms Boral's report "Sisang
got Mad” Is attached tor reterence (Appendix D.)

The survey team videotaped discussions with several residents of

both communities as well as damage scenes. An edited version of this
tape wes presented at a Workshop for the Firgst Natlonal Convention on
Disester Management held thii past May In Los Banos, Lagunsa. I had a

copy ot this tepe made, and 't Is now on file at OFDA.

This PAGASA survey team travels by ground vehicle (or boat) and

receives no assistance from other Government agenclies (Philippine Air
Force, Coconut Federstion, etc) for air hops, aerial survey etc. The
data this group collects Is invaluable for verification and fol low-on
assessments. Access to some areas is difficult following a storm, and
travel to and from the area is signifcantly time consuming. Direct
aerial surveys as well as airlift to an area would greatly enhance the
geographical coverage of the survey. Assistance from the U.S.
military might be of great value.
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VIIl. NATURAL HAZARDS PUBLIC AWARENESS PROGRAM

The OFDA funded Natural Hazards Public Awarness program under
direction of Lolita Garcia (Office of the Director) is progressing
well. Aspects of the Pilot Program for Grade Schoo! Curriculum
Deveiopment, and Community Awareness Base! ine Research are discussed
below.

I. Grade Schoo!l Curriculum Development

Workshops for curriculum development on disaster prepardness and
prevention in the grade school have been completed in all 5 regions of
the Pilot Program (workshops conducted July to mid-August). These
3-day workshops heid at elementry school!s or regional education
centera (metro-Manila held at PAGASA) conslisted of a dozen or more
grade school teachers, sclence supervisers, and curricuium writers

representing varlous districts of the reglon. Lectures on natural
hazards were glven by a PAGASA representative (TMRDB or Geophysica!
branch). Under the coordinating guidelines of Ms Garcia, the teachers

determined the scope of lessons on the subJect and Ita mitigation.
Their task was to determine the deficlencies of the current schoo!
program, and what improvements can be msade. Attendees were commi tted,
and enthusiastic in their workshop participation.

2. Community Awareness Base!l ine Research

Under the Community Awareness Basel ine Research effort, the data
gather ing phase just got underway toward the end of my stay. PAGASA
teams were l|leaving for both the Bicol and Moro Gulf region at that
time. This effort, using PAGASA interviewers, will cover several
communities in each of the 6 regions under the Pilot study. The
interview techniques employ a Focused Group Discussion method
including in-depth interviews of both a cross section of the general
community as well as it leaders (8 persons from each group). This
research focuses on the group’'s knowledge, attitude, and practices
regards natural hazard mitigation; their educational levels; language,
media preferences; and media availability in areas of the program
implementation.

i discussed the interview material content with Ms Garcia In view
of PAGASA typhoon warning bulletin message Interpretation and |ead
time. in this context, | recommended several! additions in the
purposed question outline. These suggestions were incorporated In the
interview structure.

3. Follow-on Efforts
Next Phase of the Pilot Project will include:
o Development and Pre-testing of Information Packages for Grade
Schoo! Clrrculum
o Development of Disaster Preparedness Program

o Preparation of training design
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4, Project Director

The project is Iin good hands, Ms Garcia (a seismologist by trade)
is well organizied and a thorough planner. Her management methods
(peop'!e and material) have resuited in a good start for the project.
She Is an enthusiastic, and pragmatic individual who bellieves in field
work, interacting v-ith people, understanding their perspectives otf the
problem. it is evident that she produces a very favorable impression
on those who come In contact with her In the provinces.

- 22 -



Vill. SUMMARY AND RECOMMENDAT IONS

1. Summary:
The Phillppine typhoon warning system is capable of providing a
useful, but | imited, product for alerting coastal populations. A

significant problem is communications and public response attitudes.
The PAGASA warning needs to be creditable and understandable. Part of
this can be accomp! ished by improved short term forecasts employing
increased survelllance frequency. However , much of the improvement
will depend on sa| f-examination of revised methodology for timing, and
content of the warnings, method of communicating these advices, and
enchanced public awareness and education.

PAGASA |s dependent on satell lte data from Japan to keep abreast
of the formation, development and advance of typhoons in the western

Pacific region. its capability for forecasting the future center
location is about state-of-art for the 24-hr paeriod on the average.
Storm surge prediction capabilities could be greatly improved.

U.S. aircraft typhoon reconnalssance |8 NO ionger avallable, thus
poorly def ined typhoons and weaker tropical storms (not eas!ily
positioned N gatellite data) present 8 problem which can essily
result 'n adverse impacts on location of 12 and 24-hr forecasts.

The PAGASA communication network based on Single Side Band radio
provides 8n unrel iable method of trenster of data and warnings.

The public receives the warnings primarily through commer ical
radio, however, response is often fragmented due to the varied
reaction to the bulletins. This area requires considerable attention
so improvements can be made in public warning methods, Aas waell as
promoting hazards awareness to provoke appropr iate public response.

The main frame computer (VAX 11/730) instal led under OFDA grant
has operated sucessful ly since the spring of 19856. The computer has
enhanced PAGASA'Ss capabilities in processing operational real time
waathgr data, generating objective statistical typhoon forecasts, and
providing testing of developmental dynamic mode | 8.

The OFDA funded Natural Hazards Publ lc Awareness Program is oft to
a good start under straong capable managment. Results from this effort
will have far-reaching potnntlal for promoting approriate public
response when typhoons threaten.

PAGASA will be exper lencing many upgrades In its capabliities over the
next several years. Equipment made avallable from Japan will enhance
PAGASA's capacity for satelllte reconnaissance of typhoons, a8 well as
vastly improve its telecommunications and synoptic waeather observation
networks. Both France and Auatrallia are also developing feasibil ity
pltans ftor asslstance.



2. Recommendations:

OFDA's main support eftorts shou!d focus on enhancing aspects of

publ ic dissster preparedness and education. At the same time, support
funding asslistance should be extended for efforts which have a clear
potential for enhancing surveillance, forecasting, and communications

for typhoon early warning not addressed by other donor nations.

Suggested areas for OFDA support consideration are |isted below in
categories of developmental, &and operationa!l, and coordinztion
assistance. Reference page of item discussion Is cited. Funding
estimates, and suggested implementation time period are included.

A. Developmental:

o Support surveys, studies, and follow-on workshop: Subject -
improvement of Typhoon Warning Message Comprehension and Utilization
(p 11/12) . .

Cost ..$50,000 - FY 1989-199@8 Iin Manila

o Support development of data base grid for Univ of
Phil:ppines Storm Surge Model (p 8/9)
Cost ..%$30,000 over 3 yrs - FY 19889-1991,

B. Operational:

o Support acquisition of two microcomputers for graphics

display and hard copy (p 12 and 11).
{IBM Series 2 model! 80 or equivalent with laser printers and

associated software)
Cost ..$15,000 per package/$30,000 total - FY 19889-1990).

. o Fund communications microcomputer and upgrade teleprinter
for access to high speed Hickam-Clark line via |ink from PAGASA's

airport office to Quezon City (p 7).
(1BM XT mode!| with associated software and AN-UGC141 teleprinter or

equivalent)
Cost ..$10,200 - FY 1988-19980)

o Support acquisition of radio facsimile equipment (p 8).
(Alden model| 031B6R raecorder with antenna, fax scanner and spare parts

or equivalent.
Cost ..910,000 - FY. 1080-1990).

o Evaluate capabilities of Japanese Sateiiite workstation for
possible improvements, and assess need for Iinterpretation training (p

B)
Cost ..$10,000 - FY 1080-1000
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o Upgrade working memory on VAX-11/730 from 1 MB to 5 MB (p

14) . (memory chips/circuit board)
Cost ..$3,000 - FY 1989-1980)

C. Coordination Assistance (U.S. AID/Millitary in-country)

o Alrlift assistance to ensure operational readiness of
strategic radar sites (p 6)

o Airlift assistance for damage surveys (p 20)
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APPENDIX A
PERSONS CONTACTED

t
Listed below by orgarization are principal! persons contacted in the
Philippines.

. US AID MISSION

o Malicom Butler - Director
o Bryant George - Regional Development/ Disaster Relief Officer

2. PAGASA
Office of the Director

o Roman Kintanar - Director

o Juanito Lirios - Deputy Director /Operations and Services
o Cipriano Ferrais - Deputy Director /Research and Development

Weather Services Branch

o Marieno Asuncion - Chief

o Eduardo Parong - 0IC /Forecasting Section

0o Sixto Fontano - OIC /Telecommunications Section

o Gambrie! Monroy - OIC /Techniques Development Section
o Auado Pineda - Information Officer

o Anita Sodusta-Staff Meteorologist

Typhoon Moderation Research and Development Branch

o Crisitomo Reyes - Chief

o Kim Adurfg - Assistant Chief

o Jamie Bucoy - OIC /Research Sectlion

o Rhaphel! Lao - 0IC /Computer Operations

Atmospher Ic, Geophysical, and Space Scliences Branch
o Catalino Arafiles - Chief
o Rolu Encaraclion - Staff Geophysicist
o Lolita Garcia - Staff Geophysicist

(ass igned /0ttice of the Director)
Flood Forecasting Branch

o Leonico Amadore - Chief



Field Operationg Center

o Gemelo Galang - Acting Chief
© Stanley Agojo - Staff Engineer

Engineering and Maintenance Division

© Deogracias Caro Jr - Chiet
© Ricardo Guevara Jr = 0IC /Meteorologlcnl Equipment Section

3. UNIVERSITY OF THE PHILIPPINES

© Dr. Jorge de las Alag - Chairman, Dept of Meteorology and
Oceanography '
4. NASA TEAM FROM GODDARD SPACE FLIGHT CENTER (GSFC)

(Period of visit to Metro-Manila 12 to 15 Aug)
© Fran Stetina - Systems Manager, Ocean Data Systems Office /GSFC

© Dr. John Hill - Associate Director, Remote Sensing and Image
Processing Laboratory /Louvisiana State Univ.

Listed below are pPrincipal persons contacted at the Office of

Foreign Disaster Assistance (OFDA) in Oct 88 during briefing of
preliminary findings.

o Fred Cote - Assistant Director, Asia Pacitic Div
o Ray Dionne - Disaster Operations Officer
o Paui Krumpe - Technical Advisor

-A-2_



APPENDIX B

- VAX 11/730 System Components -

VAX 117730 CPU
RLO®2-F
. R8@-AE
Operating System --- . MS3730-CA -
DMF32-AA

VT100-WA - Video Display Terminal
VT181-AA - Video Display Terminal

LA120 - Printer Terminal with Keypad
LAV 20O - Printer Terminal without Keypad
TU8D - Magnetic Tape Drive
System Cost - 859,764
Installation and Maintenance (1 yr) - $17,659
Total - $77,413

Note: Regular Price $£79,000
Less Special Discount $19,246
NET 59,754

(Data from PAGASA files (Mr. Monroy's Unit):

deted 13 Jan 1986)



APPENDIX D

MISC ATTACHMENTS

Typhoon Nina damage survey report.

"Sisang (Nina) got Mad"” (Bella Boral's report)
Alden radio facsimile squipment discription.
Communications outage - PAGASA drop on Clark Field

to Hickam AFB high speed weather data circuit
(Mr Fontano's report).
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