Development of a Storm Surge Forecasting and
Warning System for the Philippines

Maria Cristina C. Uson, Paul Rivera, Ph.D.,
Cynthia P. Celebre, Ph.D. , Ma. Cecilia A. Monteverde

2"d International Workshop on Waves,
Storm Surges and Coastal Hazards

Sheraton Hotel, Melbourne, Australia
November 10 - 15, 2019

PAGASA

“%P DOST-PAGASA |
‘ : - The Weather and Climate Authority (:’ h




OUTLINE

Payong

DOST-PAGASA R
Q The Weather and Climate Authority ( :P




P S PAGASA as the National
I\ Meteorological and
Hydrological Services (NMHS)
(CEOF AL & of the Philippines is the
INSTRONC A “authoritative” voice in
S

A

| providing the warning for
public safety

RN 1,
United Nations “Wo Payong

PAGASA
DOST-PAGASA .
The Weather and Climate Authority (\;P




OUR MISSION

Protect lives and properties
through timely, accurate and
reliable weather-related
information and services
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Background

HIGHLY SUSCEPTIBLE TO TYPHOONS -
LOCATED WITHIN PACIFIC TYPHOON BELT AREA

Historical Storm Surge Occurrences in the Philippines
(1897-2011)
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__Typhoon of Samar and Leyte, October 12, 1897 |
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Typhoon Track in Nov 24, 1912

APPROXALATE TRACK OF THL TYPHOON
NOVEMEER 24 AND2S,

AND

ISOBARS FORNOV 2%, 2AM

Tacloba

Source: Fr. Jose Algue, S.J. of the Observatorio de Manila, 1912
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Pressure in Tacloban Leyte
Nov. 24 - 25, 1912

Location Total Storm
Tide

(Observed)

Santa Rita 7.0 meters

Bobon Tababao 6.1 meters

Tacloban 2.0 meters

Capiz 1.0 meters

Wl Pt Tesbees
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Typhoon in Tacloban Leyte, Nov. 24 — 25, 1912
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Typhoon Nitang in 1984 in
Nonok Island in Surigao
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Notable Storm Surge Occurrences in the Philippines

FALADA U4
Undang / Basey

Typhoon Undang, Basey, Samar, Nov 5,
1984, follows the same track as
Yolanda, two meter wave height
Undang strength, 230 kph

Typhoon Yoning, in Eastern Samar, 1988

. . Payong
Casualties — 895, P1.9B in damages PAGASA
Source : PAGASA (STRIDE Team) A



Other Notable Storm Surge Occurrences in the Philippines

= ~

The school compound at Caroan, Gonzaga, Cagayan and the more than 2 é"‘_ The heavily damaged resort in Bgy. Laoag, Cabangan,Zambales SN
hectare land area were carried away by storm surge during the occurrence of TY = by storm surge during T. Ondoy (2009). 2
Igme (2004). The height of watermark at the wall was about 2.25 m. 2 e e = - "

I Typhoon Nona (Melor), December 2015 F

Bani, Lavezares, Northern Samar
Damaged sea wall due to storm surge

e Rl -
== Typhoon Nona (Melor), December 2015
. Barcelona, Sorsogon

» Damaged fishing boat dock due to storm surge

T e — B e e e

Maravilla, Lavezares, Northern Samar
~ .. Corals washed up ashore due to strong water current
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07 Nov 2013:
* Deployed STRIDE Team to
Sorsogon Wx. Bulletin although
* Emphasized that a storm the TY was still outside
surge of 5-7 meters is PAR
expected over the coastal * Presented in the
areas in provinces of NDRRMC meeting the

06 Nov 2013:

* Issued Regular Severe

Chronology of PAGASA Activities

09 Nov 2013:
* PSWS #3 and #4
were lowered

after Haiyan
crossed Visayas

08 Nov 2013:

* Auxilliary bulletin was issued at
2AM to include other areas in
Central Visayas and Southern Luzon

under PSWS#4 due to acceleration forecast track of TY

islands and
continued to
move away from
the country

Final bulletin was
issued at 3:30PM
as Typhoon
Haiyan exits PAR.

of Haiyan

* 4:40AM, Haiyan made landfall over

Guiuan, Eastern Samar

* 11PM, Haiyan exits the landmass of
N. Palawan after crossing Central
Visayas and Southern Luzon area

Surigao, Dinagat , Samar
and Leyte, Sorsogon,
Masbate, Northern Cebu
and Bohol

Conferred w/ the President
who called for a
nationwide preparation for
the strong TY & stressed
the occurrence of storm
surge particularly in areas

Haiyan and possible
impacts

* Press conference -
PAGASA emphasized
that PSWS No. 4 will be
issued and storm surge
is expected.

* Assigned a
meteorologist at the

NDRRMC
Operation Center
* Dispatched 2
meteorologists to lloilo
* Dispatched 2 radar
technicians to Hinatuan
Radar operation.

along its path
Provided Hourly updates
on the location and
Apaya0 - Cagayan . -
p 2 intensity
N e Press conference/ press
Zambi Neva Ecija 2
e g briefings every 6 hours
Cavite " QU7 cotanduanes until Nov. 9
TY Haiyan intensified &
accelerated as it moved

Bata"gas
Noethern Samar
110712 closer to landmass

05 Nov - Issued initial
Weather Advisory

- Visayas PRSD alerted
the media & Prov. Gov. of

Zamboanga del Norte Bukidnen | Agusan del Sur 110612 110606 Cebu & Bohol
‘_, - | Ra Zamboanga déf Sur. Daveo del Norte 110518 ebu onho
. DOST PAG - NoOfth Cotabats - Davao del Sur 110600 110512 1105

Sulu . Basilan

2 _ ' approaching TY
W The Weather and Climate Aut Tovi Tawi

South Cotabato




2 p.m. 09 Nov 2013 'f/gast Track as of 2 p.m. 07 Nov 2013

.07 Nov 2013

|:| Tropical Depression
3 Tropical Storm

@ Typhoon
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Background
Super' typhoon heads for

PAGASA: Bagyong Yolanda, pinakamalakas na bagyo sa buong mundo ngayong 2013 Ph I|IpplneS

TYPHOON YOLANDA j NEWSTR]

SUPER TYPHOON HAIYAN CNN WEATHER CENTER

LAKAS: 225KPH
BUGSO: 260KPH
GALAW: WEST NW, 39KPH
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Background

(PTV) Speech of President Benigno S. Aquino lll on Super Typhoon Yolanda (November
7, 2013)
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Background

Impacts of Typhoon Yolanda (Haiyan

el LEL)

A. Pre-emptive Evacuation (Tab A)

» A total of 161,973 families / 792,018 persons were pre-emptively evacuated to
812 evacuation centers in 37 provinces, 38 cities, and 215 municipalities,
in Regions IV-A, IV-B, V, VI, VIi, VIII, X, XI, and CARAGA

B. Affected Population (Tab B)

e A total of 3,424,593 families / 16,078,181 persons were affected in 12,139
barangays in 44 provinces, 5§91 municipalities and 57 cities of Regions IV-
A, IV-B, V, VI, VII, VIII, X, XI, and CARAGA

s 92.04% of 16M affected persons came from Regions VI (24.09%), VIl (36.76%)
and VIII (31.19%)

Breakdown per region:

Region | Province | Barangays | Families | Persons
IV-A 5 | 168 ‘ 5,935 ‘ 27,076
IV-B 5 793 | 101,006 | 466,120

\ 6 1,229 | 150,889 692,020
vi 6 3,176 840,557 3,873,028
Vil = 2,136 1,299,436 5,909,955
Vil 6 4,387 1,006,718 5,015,434
X 4 | 26 4,253 19,592
XI 3 |19 1,000 5,000
X 5 | 205 | 14,799 69,956
TOTAL 44 i 12,139 1 3,424,593 | 16,078,181

= At the height of the typhoon, a total of 1,093,023 families / 5,130,580 persons
were served inside and outside the evacuation centers:

Inside 1,687 Evacuation Centers 90,972 families / 430,041 persons
Outside Evacuation Centers 1,002,051 families / 4,700,539 persons

C.Casualties (Tab C)

o A total of 6,300 individuals were reported dead, =

n
28,688 injured and 1,062 are still missing P,&?éq Sg A
e 93.68% of the total number of deaths, 94.72% S . A
A . DOS‘I‘_PAGASA of missing and 91.28 of injured came from ource:
Region VIl A

‘ W  The Weather and Climate Authority FINAL REPORT re EFFECTS of Typhoon “YOLANDA” (HAIYAN)




Ba C kg ro u n d The storm surge information was shown as a

minor line item yet this event was the most

Lessons |ea rn ed damaging component of the typhoon

TROPICAL CYCLONE WARNING: TYPHOON “YOLA'NDA" (HNYAN)' I d' d ) d d h
:00 P 7 [ ]
(VAR Lok totat el e bt A WG 41 YA o) People didn't understand what a storm
T T o iy B v ol Tk TELAH o oo [ e T surge was, were caught unaware by the
eye/center: all avadable data at 453 km Southeast of Guiuan, Eastern Samar (9.9°N, .
Strength: iqgfn,%summmammmumemmwmauw o, e Severlty Of the Surge and Struggled tO
Movement: | Forecast b ove Woat Norhwost 139 1gh o protect themselves against the impact
“Forecast Typhoon “YOLANDA" is expecied 1o be al 55 km East of Coron, Palawan R SO
Position: by tomorrow evening. By Saturday evening, it will be at 1032 km West of X 1
Manila or outside the Philippine Area of Responsibility. IR R vy g
PSWS LUZON VISAYAS MINDANAO POTENTIAL IMPACTS OF THE WINDS e Communication and dissemination
v — o o s systems, networks and processes failed in
T SGMLM . ::mpm;n\:yw‘cmm L3 .
. i Prowse. " it ettt e place during and after Haiyan
R Sanry o R i b
Capiz, Akdan . r:‘;mnnwmmmwhuqhm . .o . .
Nerbam Anpe e e — » Lack of scientific and technical capacity to
e translate hazard information into impacts —

®  Yolanda, after hiting Guiuan or Abuyog. Leyte, is expected to traverse the peovinces of Bilran, the Northem tip of Cebu, llodo, Capiz_j#%en, Romblon, Semirara therefore impacts underestimated

island. the Souther part of Mindoro then Busuanga and will ext the Philippne landmass (on Saturday early mormning) towards S West Philppmne Sea
o Estmated ranfall amount is from 10.0 - 30.0 mm per hour (Heavy - Intense) within the 600 km diameter of the Typhog
®  Sea ¥avel is nsky over the seaboards of Northemn Luzon and over the eastem seaboard of Central Luzon
®  Residents in low lyng and mountanous areas under signal 84, 8322 § #1 are alerted agansiog Enfloods and landslides. Likewise, those nang in coastal
areas under signal 14, #3 and #2 are alerted againat storm surges which may reach up @
e The public and the disaster risk reduction and management council concerned are advised to tave pprop
11 PM foday

achons and walch for the next bulletin to be issued af

Forecasting impact is more important than pure meteorological forecast, they are more readily understood by

. . ey . . Payong
those at risk and those responsible for mitigating those risks PAGASA
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Forecasting and warning system
objectives

e Storm Surge Forecasting and Warning System ( SSFWS)
was developed to provide coastal flood early warning for
communities located along the shorelines of the
Philippines

* It aims to provide easy-to-interpret information for
decision-makers and encourage the public to take
necessary actions to ensure their safety and protect their
properties and livelihood.

“Dl DOST-PAGASA
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Storm Surge Forecasting System

PAGASA
Weather
Division

1.0INPUTTC
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1.TC Name
2.Forecast Track
3.Forecast pressure
4. Radius for 64 knot
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4.0 /—3.—0 (
NAMRIA
Predicted Tolla-le:\:ter
Height of Tide T o~

1. Storm
Surge Height

2. TimeSeries
3. Animation
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1.0 OUTPUT

1. Significant
Wave Height

2. Swell

2.0

Historical Tropical
Cyclones w/ related
Storm Surges
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Components of the storm surge modelling system

Tropical cyclone conditions for storm surge
prediction inputs

Forecast positions, pressure and radius of maximum
winds

Storm Surge Model
JMA Storm Surge Model
Wave Model

JMA Wave Model

Tides
NAMRIA predicted tide heights

Historical tropical cyclones with related storm
surge occurrences

Payong
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Storm Surge Forecasting System

* JMA Storm Surge Model

BATHYMETRY

TC Information
(Central Pressure, wind etc.)

X grads
JMA-GUI PAGASA

(7] v ptons ) i aps | mport ] oirge | Se in e | Aninator] et

\

7

= Regional Storm Surge Watch Scheme
(SSWS) of WMO

SUPER TYPHOON YOLANDA 2013

wou SURGE)

02Z05NOV2013

Grid: Arakawa C grid

Resolution: approximately 1km mesh

Bathymetry: GEBCO Data
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SUPER TYPHOON YOLANDA 2013
TACLOBAN,LEYTE TIMESERIES (TIDE STATION)

SUPER TYPHOON YOLANDA 2013 (TABULATED)
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IMA NWP routine

TMA Officzal focecast

GSM
(sea level pressure, wind,
etc)

TC information
(central pressure,
wind etc.)

Asia area
storm surge model

TEPS
(25 members)
(sea level pressure,

wind, typboon track)

Products

Storm surge
distribution map

4000
-8000 =
160°E S -
i a1
TC information - -
(central pressure, it etet T -
wind etc.) _— - -

A multi-scenario prediction method is
incorporated into the model
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Storm Surge Forecasting System

 JMA Wave Model

EHami -

=

g

P SN

Payong
PAGASA

D DOST-PAGASA

"o
The Weather and Climate Authority




Storm Surge Forecasting System

[J ] ] -
* NAMRIA Predicted Height of Tide
PREDICTED HOURLY HEIGHT OF TIDE
2019 - MARCH - 18
METRO MANILA 3 LUZON TIDE STATIONS » VISAYAS TIDE STATIONS » MINDANAO TIDE STATIONS »
Manila South Harbor Puerto Princesa, Palawan Cebu Port, Cebu Davao City, Davao Del Sur

HOUR  HEIGHT ~ HOUR  HEIGHT HOUR  HEIGHT  HOUR  HEIGHT HOUR  HEIGHT  HOUR  HEIGHT HOUR  HEIGHT  HOUR  HEIGHT

0000 0.17 1200 0.41 0000 0.48 1200 0.62 0000 0.55 1200 0.77 0000 0.33 1200 0.58

0100 0 1300 0.46 0100 0.23 1300 0.61 0100 0.28 1300 0.71 0100 0.58 1300 0.88

0200 0.12 1400 0.53 0200 0.0 1400 0.62 0200 0.06 1400 0.64 0200 0.85 1400 1.2 SN0 s e

0300 0.18 1500 0.63 0300 0.12 1500 0.67 0300 0.09 1500 0.62 0300 1.06 1500 1.47

0400 0.17 1600 0.75 0400 0.16 1600 0.78 0400 0.12 1600 0.68 0400 1.16 1600 1.6

0500 0.1 1700 0.87 0500 0.1 1700 0.95 0500 0.0 1700 0.82 0500 1.13 1700 1.56

0600 0.01 1800 0.98 0600 0.03 1800 1.14 0600 0.09 1800 1.02 0600 0.98 1800 1.34

0700 0.12 1900 1.04 0700 0.21 1900 1.31 0700 0.27 1900 1.2 0700 0.76 1900 0.99

0800 0.22 2000 1.05 0800 0.38 2000 1.4 0800 0.46 2000 1.35 0800 0.54 2000 0.59

0900 0.3 2100 0.98 0900 0.52 2100 1.4 0900 0.64 2100 1.41 0900 0.37 2100 0.3

DEPARTMENT 0?;#%;%2:‘;“5 mﬁ'm’fﬁiu RESOURCES
1000 0.35 2200 0.83 1000 0.6 2200 1.28 1000 0.76 2200 1.37 1000 0.3 2200 -0.02 NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORITY
5E 150 9001: 2008 CERTIFIED FOR MAPPING AND GEOSPATIAL INFORMATION MANAGEMENT o E

1100 0.38 2300 0.63 1100 0.63 2300 1.07 1100 0.8 2200 1.2 1100 0.37 2300 -0.09 % R e R Vi daidiic oy ik Eﬁ

TIME MERIDIAN 120 DEG EAST. 0000 IS MIDNIGHT. 1200 IS NOON. HEIGHT IS IN METERS AND RECKONED FROM THE DATUM OF SOUNDING OM CHARTS OF THE LOCALITY WHICH IS MEAN LOWER LOW WATER.
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Storm Surge Forecasting System

* Related historical tropical cyclones and storm surges
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Historical Storm Surge (1897 - 2015)
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Philippines: Typhoon Megi (Juan)
0 heven. 1 OGS/ 260e SR VDS 19101002 put
This bulletin s being issued for information only, and reflects the current situation and
details available at this time. The International Federation of Red Cross and Red Crescent
Societies (IFAC] and Phillppine Red Cross (PRC) have determined that external assistance is
currently not required. Therefore, funding or other assistance from donors s not being
sought at this time.

Typhoon Megi smashed into the Philippines with powerful force. Winds toppled electrical
posts ~ causing power outages — and uprooted trees. Fallen electrical posts meant a dark
night for residents of Kalinga.

Typhoon Megl (local name Juan) battered the Philippines on Monday, 18 October 2010,
with winds of more than 220km/h and heavy rains. According to Philippine weather
authorttes, the super storm made landfall near Divilacan Island on the eastern coast of
Isabela Province. Its powerful winds toppled electrical posts — causing power outages —
uprooted trees, and blew roofs away.

Prefiminary data indicates seven confirmed deaths and 12 injuries. in total, there are some
2,300 families affected in 11 provinces, and at least 35 houses damaged in three provinces.
More than 1,700 families are currently in over SO evacuation centres established across the
affected provinces.

whpp ross (PRC) emergency response units and spe have begun
responding to needs, delivering food and non-food items to famibles In evacuation centres.
The teams that were on standby in affected provinces are on the ground conducting
assessments. The IFRC country office has also deployed delegates 1o augment assessment
efforts. Meanwhile, PRC national hesdquarters and affected chapters are readying
additional relief supplies for distribution to affected persons in Cagayan, Kalinga, Isabela and
Pangasinan. The operations centre and chapters in all affected provinces continue 10
monitor the situation.

Typhoon Megi battered the Philppines on Monday, 18 October 2010, with winds of more
than 220kph and heavy rains. Weather authorities report that the super storm made landfall
near Divlacan Island on the eastarn coast of Isabela province. Its powerful winds toppled
electrical posts — causing power outages - uprooted trees, and blew roofs away. Megi then
weakened shghtly as It moved across the northern Phillpgines, heading towards the South
China Sea.

isabella and Cagayan provinces felt the first blows of Megl, experiencing province-wide
power failures and interrupted communication services. Other areas that felt the brunt of
the typhoon include Abra, Apayao, Baguio City, Benguet, fugao, fiocos Norte, iocos Sur,

‘Stoem Sunge_Typhoen Biang 1984

# Tropeai Dsprwsson
§ Tropeai Siom

— Ty 501000 DR 1994 _Track

[ sunicpany

Kalinga, La Union, Mountain Province and Pangasinan. llocos Sur and La Union are stil
experiencing failure whee power parts of llocos
Norte and Pangasinan.

According to updates from the national disaster risk reduction and management council
(NDRRMC), around 20 casualties have been reported 5o far. Three provinces — Baguio,
Cagayan and Kalinga - have reported one typhoon-related death each and Pangasinan, four
deaths. In total, at least 2,300 families have been affected in 11 provinces, with some 35
houses damaged in three provinces. More than 1,700 famiies are currently sheltered in
over the

Earfier, hours before the typhoon made landfall, some 600 families fled their homes ~ in
fow-lying areas and near mountain slopes - and sought sheltet in sturdy buldings, including
gymnasiums, schools and churches. Most of them followed advisories disseminated by
NDRRMC 1o respective local disaster risk reduction and management council, from
provincial to the municipal levels. Besides pre-emptive evacustion, there were forced
evacuations of families who were reluctant to get out of harm's way.

Heavy rains continued to pound parts of Luzon on Tuesday morming. The Philippine
Atmaspheric, al and Astronomical Services Administration (PAGASA) advised
residents of northern and central Luzon, a5 well 35 Metro to beace for heavy rains even after
downgraded public storm warmings. The highest level as of Tuesday, 19 October 2010, &
‘Signal No. 2 [winds of 60 to 100 kphj. It apphes to Abra, liocos Norte, llogos Sur, La Union,
km/h] are Apayao, Auroea, Bataan, Benguet, Sulacan, Cagayan, Cavite, Hugao, Isabels,
Kalinga, Lybang Island, Metro Manila, Mountain Province, Nueva Egiia, Nueva Vizcaya,
Pampanga, Quiring and Tarlac.

Meanwhile, isabela has been placed the province under a state of calamity. Additionally, the
government has suspended work m government offices in Cordillera Administrative Region
{CAR), Hlocos Region (Region ) and Cagayan Valley (Region 1) for Tuesday. Nevertheless,
departments involved in delivery of basic health services, disaster response, and other vital
public services remain operational

A dear picture of Megls impact will emerge in the coming days as assessments are
conducted to determine the needs on the ground. Authorities had indicated that should the
effects of the typhoon go beyond the country’s capabiity to respond, assistance would be
requested from members of the Association of Southeast Asian Nations (ASEAN], as per the
ASEAN agreement on disaster management and emergency response (AADMER), before an
appeal is made to the international community.

Red Cross and Red Crescent action Hours before Megi made landtall, Phiippine Red Cross
deployed one unit of its water search and rescue (WASAR) teams to tsabela. Additional
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Storm Surge Warning System

* Overview of the Storm Surge Warning System

- 2 \‘ = =/
Storm Sl{rgc Storm{SurgeiWatch: RPAGASAIRressi€onference
Satellite lmage EoreecastingiSystem T S

- =3

AR Storn S o] il E==- The early warning system consists of the

following functionalities:

= Data gathering provided to the system as
inputs

= Pre-processing of data (forecasts) before
using it in the JMA storm surge and wave
models

= Simulation of the storm surge and wave
model

= Generation of GIS based maps for
visualization of forecasts

= Dissemination of storm surge forecasts,
watch/warning to stakeholders
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How the Storm Surge Warning is generated...

* Forty-eight (48) hours before the landfal, STORM SURGE WATCH are disseminated
every 6 hours. This gives the decision makers more lead time to plan and prepare for
possible occurrence of storm surge in the threatened areas.

* Twenty-four (24) hours before the landfall, STORM SURGE WARNINGS are disseminated
every 6 hours simultaneous with Severe Weather Bulletin issuances. This emphasizes a

high risk for storm surge and the possibility of life-threatening inundation from rising sea
waters.

« Storm Surge Watch and Warning comes with GIS generated maps, showing areas with
threat for storm surge. Storm surge heights are plotted into the map depending on the
severity as color coded assigned to each (e.qg. =1 - 2 meters; ORANGE=2 -3
meters; RED = more than 3 meters).

» Together with Storm Surge Watch and Warning is a table of Storm Surge Heights with

forecast up to the municipal level. Historical storm surge occurrences and wave height
forecasts are also taken into account.

« Storm Surge Watch and Warnings are sent thru e-mails and posted at the PAGASA

website
Payong
PAGASA
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Storm Surge Warning Levels

BE INFORMED.
Evacuation NOT necessary.

Storm Surge is POSSIBLE — BE
AWARE

Get READY. Stay away from the coast or
beach.

Storm Surge is EXPECTED - BE
PREPARED
Conditions could be Life Threatening.

Follow evacuation guidance from local
authorities.

Storm Surge is CATASTROPHIC -

TAKE ACTION

Catastrophic. MANDATORY
EVACUATION is enforced.

STORM SURGE

HEIGHT IMPACTS
SURGE OF BE INFORMED
LESS THAN 1 * Minor damage to communities, coastal/ marine
METER infrastructures and disruptions to all marine-related activities.

* Flooding is possible in low-lying areas

SURGE FROM 1 STORM SURGE IS POSSIBLE

TO 2 METER * Moderate to significant damage to communities, coastal/
marine infrastructures and disruptions to all marine-related
activities.

SURGE FROM 2 STORM SURGE IS EXPECTED
TO 3 METERS » Severe damage to communities, coastal/ marine
infrastructures and disruptions to all marine-related activities.
« Significant erosion to beaches.
» Possible river flooding due to storm surge.

STORM SURGE IS CATASTROPHIC

« Life-threatening and extensive inundation from rising sea
water moving inland from the shoreline.

« Extreme damage to communities and coastal/marine
infrastructures.

« River flooding is aggravated due to storm surge.




= Storm Surge Watch

Typhoon Rosita (Yutu)
Storm Surge Watch #02
48 Hour Forecast

“%D DOST-PAGASA

‘ = '@  The Weather and Climate Authority

Storm Surge Watch #02

Tracx ¢ Typhoor "MOGITA® (YTt
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Estimated Storm Surge Heights
From Mean Sea Level
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Typhoon Rosita
11:00 PM, Sunday
October 28, 2018

Storm Surge Wach #02

Moderate 10 high risk of storm surge
may occur in the next 48 hours
The possibilty of ife-threatening
inundation from rsing sea water

along with high waves

from the shorelne moving inland in

the low lying coastal communities

n the municipalties of

See Attached List

Recommended Action

Residents living in the low-lying
communibes n the municipaites
as mentioned in the attached kst

are advise to

> Stay sway from the Cost of Beach;

> Cancel sl marne sctivities;

» Evacuate 10 Ngh aress
o Sevgnated sate Evaluation Meas

NOTE: nundation / Bood Septh due 10 storm
S ge Gepends ON the opogr sphy of the ares

Contents:

It includes the following details:

« Name of the TC
Time and Date of Issuance/Validity
TC Current Information which
includes its :

> center location

> maximum sustained wind

> movement
Storm Surge Watch description
Recommended actions

Payong
PAGASA
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= Storm Surge Watch

)
>

REPUBLIC OF THE PHILIPPINES

Department of Sci

and Techmology

Philippine Atmospheric, Geophysical and

Boenoe Garden. Se0em FRoed, . Quezon City 1100

Astronomical Services Administration (PAGASA)

STORM SURGE INFORMATION
STORM SURGE: WATCH #02
FOR: TYPHOOM "ROSITA" (YUTU)
ISSUED AT 11PM, 28 October 2018
[Walid until the next storm surge information to be issued at 11AM Fomorrow)

S5 Haight

Provinces

Low Lying Coastal
Areas in the
Municipalities of:

IMPACTS

ADVICEfActions to Take

Isabela

San Pablo
Hacanacon

Ilagan

Balanan.

San Mariano

Dinani

» Moderats to significant
damage to communities,

coastal’ marine
infrastruchures and

disruptions te all marine-

related activities.

* Evacuation is advised,

* Al marine activities should
be cancelled.

+ Public is advised to follow
the latest Tropical Cydone
Bulletins and Storm Surge
Warnings from PAGASA,

La Union

Luna

San Juan

San Egrnade, City
Bauang,

Caha.
Aringay.
Ageo
Santo Tomas
Rosario

San Fabian
Dagupan
Binmaley,
Lingayean
Labrador

Sual

Alamings,
Bani,
Bolinan,

Cagayan

Santa Praxede

Claveria.
Sanchez Mira
Pamplona
Abulug.
Aparr
Buguey.
Gonzaga (Morth
Coast)

# Severe damage to

communities, coastal/
marine infrastructures
and disruptions to all

marine-related activities,
# Significant erosion to

beaches.
Possible River flooding
due to storm surge.

Evacuation is advised.

All marine activities must
be cancelled.

Public must keep updated
with the latest Tropical
Cyclone Bulletins and
Storm Surge Warnings
from PAGASA.

# Evacuation is advised.

+ Al marine activites should
be cancelled.

# Public is advised to follow
the latest Tropical Cyclone
Bulletins and Storm Surge
Warnings from PAGASA.

Iosos Morte

* Moderate to significant
damage to communities,
coastall marine
infrastructures and
disruptions to all marine-
related activities.

Candaon City
HMagsingal
Harvacan.

San Esteban
CAanayan
Cahugag.

Candon City
Magsingal.

Narvacan.
San Esteban

1-2

Tlagcos Sur

= The pubic ang she oVsaster fak rROLCHDN and managemant counal concemed! ar2 aovised [0 13Ke S00MPRNE SCODNS 200 ErECILTONATY
MEdELTES, SN0 Waloh fof e NEXT SIorm Suvge informanon 10 be isswed ar 1 1P maay.
= lnunoationfiood depch Ous 10 S swnge Wil depend on the pograpdy of me areajs).

“* P DOST-PAGASA

‘ - The Weather and Climate Authority

Contents:

« Predicted storm surge heights, color coded in red,
orange or yellow

« In table format, places of provinces/municipalites in
low-lying coastal areas with possibility of life-
threatening inundation from rising sea water from the
shoreline moving inland

« Statements on Recommended Actions/Precautionary

Measures

Payong
PAGASA
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Typhoon Rosita (Yutu)
Storm Surge Waming #04
24 Hour Forecast

€% P DOST-PAGASA

‘ @@ The Weather and Climate Authority

= Storm Surge Warning

Traon of Byphoon TOBCA® (YUTLY

Storm Surge Warning #04

Estimated Storm Surge Heights

From Mean Sea Level

— M0 Than 3.0 Meters
10% 30 Matanrn

1920 Meteny

00 1.0 Mater

0N Ae 0 M W

O W e

17000000

Phitippine Atmospheric Geophysical Qf

and Astronomical Services ﬂw’

Administranon ‘;‘“

Typhoon Rosita
5:00 AM, Tuesday
October 30, 2018

Storm Surge Warning #04

Moderate to high nisk of storm surge
may occur wthin the next 24 hours,
The possibility of ie-threatening
inundation from rsing sea water
along with high waves
from the shoreline moving inland In
the low lying coastal communities
n the municipalities of

See Attached List

Recommended Action

Residents living in the low-lying
communities n the municipalites
as mentoned in the attached list

are advise 10

» Stay away from the coast or beach;

> Cancel sll marine activities;

> Evacuate 10 high areas
o Gesigrated safe evacuation areas

NOTE: mundation / Bo0d Gepth Cue 1o storm
SUrge depends 0 the 10pOgr aphy of the ares

* A high risk of storm surge may occur
within the next 24 hours. The danger
of a life-threatening inundation from
rising sea water from the shoreline
moving inland in the low-lying coastal
communities at the municipal level are
identified.

When to issue:

The Storm Surge Warning shall be issued
when all of the following conditions exist:

1. There is a Tropical Cyclone (TC) inside
the PAR;

2. The TC is at least a Tropical Storm
(TS)category; and

3. It will affect low lying coastal
communities within the next 24 hrs.
Payong
PAGASA

‘:t Y



= Storm Surge Warning

REPUELIC OF THE PHILIPPINES
- Department of Science and Technology
' Philippine Atmospheric, Geophysical and

‘G Astronomical Services Administration (PAGASA)

Science Garden, Agham, Read, Riliman, Quezen City 1100

STORM SURGE INFORMATION
STORM SURGE: WARNING #04
FOR: TYPHOON “ROSITA™ (YUTU)
ISSUED AT 5 AM, 30 October 2018

(Valid until the next storm surge information to be issued at 11:00 AM today)

Low Lying Coastal
5% Height Provinces Areas in the IMPACTS
Municipalities of:

ADVICE/Actions to Take

San Pablo

Isabela Ilagan
San Mariano

La Union

Aringay « Severe damage to

communities, coastal/

« Evacuation is advised.

Santo Tomas marine infrastructures
Rosario and disruptions to all

« Significant erosion to
beaches.

« Possible River flooding
due to storm surge.

San Fabian

Dagupan,
Binmaley
Lingayen
. Labrador
Pangasinan. sual
Alaminos
Bani,
Bolinan

marine-related activities.

« All'marine activities must

be cancelled.

+ Public must keep updated

with the latest Tropical
Cyclone Bulletins and
Storm Surge Warnings
from PAGASA.

Caoayan
Cabugag
Candan City
Ilocos Sur Magsingal
dvised
L Evacuation is advised.
«Moderate to significant | ° 100 15 0V
San Esteban damage to communities, .EII mannlsf a:jctnrmes should
tal/ marine & cance’ed.
1-2 FD;S struch d * Public is advised to follow
meters Inirastructures and the latest Tropical Cyclane
disruptions to all marine- N
; S Bulletins and Storm Surge
Dilasag related activities. Warnings from PAGASA,
Casiguran, '
Aurora Dipaculao
Baler
San Luis
« Minor damaage to « Public is advised to stay
Bacarra communities, coastal/ away from the coasts or
W marine infrastructures beaches.
Currimao and disruptions to all » Be aware and follow the
Tlpcos Norte Paoay marine-related activities. latest weather updates
Pasuquin « Flooding is possible in from PAGASA.
low-lying areas
= The public and the dizaster risk reduction and management council concemed are advissd to take appropriste actions and precautionary
imeasures, and watch for the next storm surge information to be issued at 11AM today:
® [nundationflood depth due to storm surge will depend on the tapography of the areafs).

Contents:

Predicted storm surge heights,

orange or yellow or blue

color coded in red,

€% P DOST-PAGASA

‘ - The Weather and Climate Authority

« In table format, places of provinces/municipalites in
low-lying coastal areas with possibility of life-
threatening inundation from rising sea water from the
shoreline moving inland

« Statements on Recommended Actions/Precautionary
Measures

Payong
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The Case of Typhoon Mangkhut (2018)

_ Track of Typhoon "OMPONG" {MANGKHUT}

2AM, 17 Sept. 2018 ;g*,-./.-f.\r ......... sessssessssessessnananannnny
£ . / 7 » od . .

A

5°0'0"E 120°0'0"E 125°00°E 130°00°E 135'00°E
4 Philippine Atmospheric Geophysical and Astronomical Services Administration

(B

% L"'_f':T el
I':ﬁ{__’i?_;;“ 2 HIMALARI-FLOATER AWVW COLOR IR - SEF 11 1 1 [oRey
WP The Weather and Climate Authority

* Typhoon Mangkhut (L.N. “Ompong”) is
the 15" tropical cyclone to enter the
Phllg)plne rea of Responsibility (PAR) In
2018 and the 3" for the month of

September

* From a low pressure area developed off
the Marshall Islands on 07 September, it
guickly intensified into Typhoon category
In two days. It entered PAR still as a
Typhoon on 12 September.

 The typhoon made landfall in Baggao,
Cagayan at 2:00 AM on September 15,
2018 with the lowest central minimum
pressure of 905 hPa and the 10-minute
sustained winds of 205 kph.

« Generated storm surges in northern and
western seaboards of Luzon.

* It caused widespread damage across
Northern and Central Luzon due to its
Intense nature and large size. Payong
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Case of Typhoon Ompong (Mangkhut) 2018

JMA Storm Surge Model JMA Wave Model

TYPHOON OMPONG 2018

TYPHOON OMPONG 2018 (m)
22640 0 (m) - . 18N 7
20N ) _ % 16N 5
s ' g : ;ﬁ: 12N z
16 H o i
16N g = 10N 1
1.4 - . ) O
14N 15 E_
[Ie] K BN
12H ! : LS W imE ma mE e wiE Ee e Ee fﬂsE Py T e P e BT BRI
I.D B (MAXIMUM SURGE ZOOM) 8-z-1
100 0.6
" Total Water Level (TWL):
™ TWL = Storm Surge + Wave Set-up + Tide Height
(MAXIMUM SURGE) ws  TWL (Cagayan Prov.) = 1.3 + 10 (0.4372) + 0.34 = 6.012
Payong
A PAGASA
. DOST-PAGASA TWL (llocos Prov.) = 0.9 + 4 (0.2374) + 0.85 = 2.8296
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Case of Typhoon Ompong (Mangkhut) 2018

Storm Surge Model (Dispersive Model)

J

120.80 121.00 121.20 121.40 121.60 121.80 122.00 122.20 122.40

Simulated storm surge and waves (before storm arrival) Payong
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Case of Typhoon Ompong (Mangkhut) 2018

Storm Surge Model (Dispersive Model)

120.80 121.00 121.20 12140 121.60 121.80 122.00 122.20 122.40

Storm Surge (on storm arrival)
Payong
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Case of Typhoon Ompong (Mangkhut) 2018

Storm Surge Model (Dispersive Model)

120.80 121.00 121.20 12140 121.60 121.80 122.00 122.20 122.40

Storm surge and waves (just after landfall) Payong
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Validation of Storm Surge Forecasts with Actual Tide
Observations from NAMRIA

1.2

0.8

0.4

P
n ™

NY

9/13/18

QQ
NN

Sept. 14, 2018 at 1pm
Actual Height = 0.52m

PortIrene Tidal Data

Predicted Height= 0.38m
Height Diff. = 0.14m
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‘ WP  The Weather and Climate Authority
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9/15/18
ION —— ACTUALRTEADING

| V

Sept. 15, 2018 at 10am
Actual Height = 1.06m
Predicted Height=0.94m
Height Diff. = 0.12m

\Y

Sgpt. 15, 2018 at 3am
Aclual Height=0.78m
Predicted Height = 0.17m
Height Diff. = 0.61m

%
0.
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Based from Port Irene Tidal
Station data, deviation of 0.14m
from the predicted height started
at September 14, 2018 at 1 PM

On September 15, 2018 at
3AM — the highest deviation
from predicted tide was
recorded with 0.61

The highest level of storm tide
more than 1.4 meters occurred
on September 15, 2018 at
12AM, coinciding with the high
tide

Highest Storm surge height

coincided with the LOW TIDE
Payong
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Validation of Storm Surge Forecasts with Actual Tide
Observations from NAMRIA

Currimao Tidal Data

Sept. 15, 2018 at 2am
Actual Height = 0.552m
Predicted Height = 0.49m
Height Diff. = 0.062m

o

(N} O N O O O Q O O y Q
PP, LFLFLFLPPLPLFLFLPFLPLPLPLFLFLFLPLPL LS LS
PPPIIP PSPPI PP PEIP P PP PSSP
PSP F DTN DAY QT DD Yy

P > ' O D8
I S I I S A A
1

Sept. 15, 2018 at 1030pm
Actual Height = 0.585m
Predicted Height = 0.55m
Height Diff. =0.035

Sept. 15, 2018 at 0730am

Actual Height = 0.669m

| Predicted Height = 0.28m
Height Diff. = 0.389m

S

—e— ACTUALREADING  =——e=TIDE PREDICTION

O S

Based from Currimao Tidal
Station data, deviation of 0.062m
from the predicted height started
at September 15, 2018 at 2 AM

On September 15, 2018 at
3AM — the highest deviation

from predicted tide was
recorded with 0.389

The last deviation of tide from
the predicted happened on
September 15, 2018 at
10:30PM

Highest storm surge height
coincided with the LOW TIDE

Payong
PAGASA

‘ b The Weather and Climate Authority
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Validation of Storm Surge Forecasts with Actual Tide
Observations from NAMRIA

e Based from San Fernando Tidal

SIS S Station data, deviation of 0.061m
1 .16, m
‘;:;;;’c':jﬁ*;‘igh‘jfg’g;m from the predicted height started
09 Height Diff. = 0.066m at September 14, 2018 at 7 AM
0.8

* On September 15, 2018 at
10AM — the highest deviation
from predicted tide was

Sept. 14, 2018 at 7am
0.7 Actual Height = 0.361m
Predicted Height = 0.3m
Height Diff. = 0.061m

05 recorded with 0.478m
* The last deviation of tide from
- the predicted happened on
September 16, 2018 at 3AM
0.2 Sept. 15, 2018 at 10am ; ;
e n i with height of 0.066m
0.1 Predicted Height = 0.26 . .
Height Diff. = 0.478m * Highest storm surge height
) 9/14/18 9/15/18 9/16/18 . . .
L 888888888888888888888888888888888888888888888888888888888 coincided with the LOW TIDE
—eo— PREDICTION —e— ACTUAL READING Pa‘y’Oﬂg
PAGASA
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Case of Typhoon Ompong (Mangkhut) 2018

Storm Surge Forecasts and Warnings

Typhoon Ompong (Mangkhut)
Storm Surge Warning # 2

Storm Surge Warning #2
24 Hour Forecast

Gatlamn
B
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Philippine Atmospheric Geophysical

Track of Typhoon "OMPONG" (MANGKHUT)
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Estimated Storm Surge Heights
1.0 - 2.0 Meters

2.0-3.0 Meters

a3 0 - 6.0 Meters

s
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Sourcee. Eed, HERE, DaLorme TomTom. (i
GeoBase. IGN, Kadsder ML, O Survey
© OpenSireeili ap conlrbutors, 2nd the 815 Uset

0, USGS, FAD, NPS, NRCA
(Hong Kong) ewiestope, Hapmyindis

and Astronomical Services
Administration

Typhoon Ompong
2:00 PM, Friday
September 14, 2018

Storm Surge Warning #2

A high risk of storm surge

may occur within the next 24 hours.
The danger of life-threatening
inundation from rising sea water
from the shoreline moving inland in
the low-lying coastal communities
in the municipalities of:

See Attached List

Recommended Action

Residents living in the low-lying
communities in the municipalites
as mentioned in the attached list to:

> Stay away from the coast or beach;
> Cancel all marine activities;
> Evacuate to high areas

or designated safe evacuation areas

Note: Inundation/flood depth due to storm surge
depends on topography of the area.

“=P DOST-PAGASA

‘ WP The Weather and Climate Authority
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Case of Typhoon Ompong (Mangkhut) 2018

Storm Surge Forecasts and Warnings

¥

REPUBLIC OF THE PHILIPPINES
Department of Science and Technology
Philippine Atmospheric, Geophysical and

Astronomical Services Administration (PAGASA)
Science Garden, Agham Road. Diliman, Quezon City 1100

REPUBLIC OF THE PHILIPPINES
Department of Science and Technology
Philippine Atmospheric, Geophysical and

Astronomical Services Administration (PAGASA)
Science Garden, Agham Road. Diliman, Quezon City 1100

e

“=P DOST-PAGASA

‘ WP  The Weather and Climate Authority

STORM SURGE WARNING #2
STORM SURGE WARNING #2
FOR : TYPHOON "OMPONG"” (MANGKHUT " "
11AM. 14 September( 2018 ) FOR : TYPHOON "OMPONG"” (MANGKHUT)
Tow Lying Coasta,l 11AM, 14 September 2018
SS Height | Provinces Areas in the IMPACTS ADVICE/Actions to Take : . Low Lying Coastal ]
e Municipalities of: / SS Height | Provinces Areas in }he IMPACTS ADVICE/Actions to Take
Abulug « Evacuation is enforced Municipalities of:
: ¢ Storm Surge is in low-lying coastal ion i i
Aparri s Maconacon e Evacuation is advised.
CATASTROPHIC = g
Ballesteros | | :fe threatening and Ztlalmmqnmes. ivith Divilacan * Moderate to significant e All marine activities should
Buguey ) e All marine activities must Isabela damage to communities, Fe el
G extensive inundation be cancelled. Ilagan I ) g canc .
Cagayan BT from rising sea water 1-2 Palanan coastal/ marine  Public is advised to follow
Pamplona T infrastructures and the | Tropical Cyclone
sa 5 moving inland from the meters x : . atest Tropical Cyc
nchez-Mira et Caoayan disruptions to all marine- Bulletins and Storm Su
Santa Ana % Ilocos Sur i elated activit : rge
Santa Teresita | * EXtreme damage to Santa Catalina | rela es. Warnings from PAGASA.
communities and -
Babuyan Islands | finariie * Minor damage to o Public is advised to stay
infrastructures. communities, coastal/ away from the coasts or
Tlocos Pagudpud * River flooding is ksl e 2 beaches.
Nocte guon aggravated due to storm <1 meter disruptions to all marine- | , Be aware and follow the
surge. : related activities. latest weather updates
e Flooding is possible in low- from PAGASA.
« Severe damage to ¢ Evacuation is advised. lying areas
communities, coastal/ ¢ All marine activities must —
marine infrastructures and be cancelled. * The public and the disaster risk reduction and management council concemed are advised to take appropriate actions and precautionary
Bacarra disruptions to all marine- o Public must keep updated measures, and watch for the next weather bulletin to be issued.
2-3 Ilocos Paoay related activities. with the latest Tropical ¢ Inundation/flood depth due to storm surge will depend on the topography of the area(s).
Yors Norte Laoag « Significant erosion to Cyclone Bulletins and Note: The highest documented storm surge occurred in  Divilacan, Isabela in 2010 during Typhoon Juan (6.5meters)
Pasuquin beaches. Storm Surge Warnings
e Possible River flooding due from PAGASA.
to storm surge.
_ _ Payong
PAGASA
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Storm Surge Warnings posted at the PAGASA

Typhoon“Ompong” (Issued ot 1.00

PM, 14 September 2018)
Poses a serlous threat over cagayon province s It continue

Typhoon “ompong”

Hourly Update for "OMPONG"

n Forecaststorm surge

Port Area Synoptic Station, Metro Manilo Q

Automatic Weather Station: Science Garden, Quezon City A« of 409 o B
Temperoture; 4°C
Precipitation: 0 mm/hr
Humidity: 35%
Winds: NNE 0 km/hr

5-Day Weather Outlook for Metropolitan Manila

onday

Hourly Forecas( for Port Area Synoptic Slallon Mamla

Data Source ; PAGASA WRF Model  As of : undefined NaN, NaN 12:NaN AM

= Temporature [ Precipitation s Relative Humidity ./~ Wind

Show Legend
Generol Flood Advisory

b b
Typhoon Ompong (MANGKHUT)
L3 228

%D DOST-PAGASA

W@ The Weather and Climate Authority

Transpar

Typhoon Ompong (Mangkhut)

Storm Surge Warning #2
24 Hour Forecast

ORI 4%

Storm Surge Warning # 2

Estimated Storm Surge Heights
1.0-20 Meters

20-3.0 Meters

3.0 - 6.0 Meters

01255 50 75 100
e — —

Soucso £ o

D P aglivianei]

and Astronomical Services
Administration

Typhoon Ompong
2:00 PM, Friday
September 14, 2018

Storm Surge Warning #2

Ahigh risk of storm surge

may occur within the next 24 hours
The danger of life-threatening
inundation from rising sea water
from the shoreline moving inland in
the low-lying coastal communities
in the municipalities of:

See Attached List

Recommended Action

Residents living in the Iow-lylng
co ities in the municipalits
as mentioned in the attached list to:

> Stay away from the coast or beach;
> Cancel all marine activities;
> Evacuate to high areas

or designated safe evacuation areas

Note: Inundation/flood depth due to storm surge
depends on topography of the area.

BN syt siscons i ey
Phiippine Atmospheric, Geophysical and
‘ O Jstronomical Services Administration
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STORM SURGE WARNING #2
FOR : TYPHOON "OMPONG” (MANGKHUT)
11AM, 14 September 2018

Low Lying Coastal
SS Height Provinces Areas in the IMPACTS ADVICE/Actions to Take
icipalities of:
A - « Evacuation is enforced
A :r? « Storm Surge is in low-lying coastal
e CATASTROPHIC communities.
« Life nd * All marine activities must
GB:‘??::"VB extensive mundauon be cancelled.
Cagayan Dain Iog:la from rising sea water
Sanchgz—Mira oving inkiod from the
Santa Ana el et
santa Teresita |+ Exveme domace
Babuyan Islands =
coastal/marine
infrastructures.
« River flooding is
ﬂzﬁto: Pagudgnd aggravated due to storm
surge.

* Severe damage to e Evacuation is advised.
communities, coastal/ « All marine activities must
marine inf res and be cancelled.

Bacarra disruptions to all marine- e Public must keep updated
i Tlocos Paoay related activities. with the latest Tropical
Norte Laoag « Significant erosion to Cyclone Bulletins and
meters £
Pasuquin beaches. Storm Surge Warnings

= Possible River flooding due from PAGASA.

to storm surge.
Maconacon e Evacuation is advised.
- Divilacan *Moderate to significant « All marine activities should
Salelax Ilagan damage to communities, be cancelled.
1-2 Palanan coastal/ maring « Public is advised to follow
meters infrastructures and the latest Tropical Cyclone
Tlocos Sur Caoayan disruptions to all marine- Bulletins and Storm Surge
Santa Catalina related activities. Warnings from PAGASA.

Minor damage to « Public is advised to stay
communities, coastal/ away from the coasts or
marine infrastructures and beaches.

<1 meter disruptions to all marine- « Be aware and follow the
: related activities. latest weather updates
« Flooding is possible in low- from PAGASA.
lying areas
 The public and the disaster risk reduction and management council concemed are advised to take appropriate actions and precautionary
measures, and watch for the next weather bulletin to be issued
« Inundation/fiood depth due to storm surge will depend on the topography of the area(s)
Note: The highest documented storm surge occurred in  Divilacan, Isabela in 2010 during Typhoon Juan (6.5meters)
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* Field validation of Storm Surge Forecasts and Warnings

One-on-one Measuring Water Storm Surge Impacts
Interviews Level Heights
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Visible Markers

Visible markers in the beach
(such as debris lines or beach
erosion) distinct from normal
tide variations markers, if
present, serve as additional
evidence of coastal flooding.
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Measuring Water
Level Heights

Measurements relative to the
water heights and debris lines or
flood marks (if present) were
undertaken using a laser
rangefinder and high precision
altimeter.

Precise location of measurements
were taken using a handheld GPS.
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Combined Storm
Surge and Strong
Wave Impacts
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The Weather and Climate Authority
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Storm Surge Warning System
Ground Validation Results

Survey Polnts and Water L urements

Typhoon Ompong ;Mangkhut) Philippine Atmospheric Geophysical
Storm Surge Warning #2  Storm Surge Warning # 2 R e etration
24 Hour Forecast
Trach of Typhoon OMPONG" (MANGKHUT) Typhoon Ompong
F 7 2:00 PM, Friday

September 14, 2018

Storm Surge Warning #2
A high risk of storm surge
may occur within the next 24 hours.
The danger of life-threatening
inundation from rising sea water
from the shoreline moving inland in
the low-lying coastal communities
in the municipalities of:

See Attached List
Estimated Storm Surge Heights
1.0- 2.0 Meters.
4 20-3.0Meters. Recommended Action Google Earth
— 30 - 6.0 Meters Residents living in the low-lying

communities in the municipalites
as mentioned in the attached list to:

> Stay away from the coast or beach;
x > Cancel all marine activities; d
@ > Evacuate to high areas.

£ or designated safe evacuation areas Measure:

Water Level (m)

012525 50 75 100
o ——

12,000,000 Note: Inundation/flood depth due to storm surge
; depends on topography of the area.
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Storm Surge Warning System
Ground Validation Results

Typhoon Ompong (Mangkhut) Phisippine Atmospheric Geophy sical

Survey Points and Water L

-
Storm Surge Warning #2  Storm Surge Warning # 2 T )
24 Hour Forecast -

it
G Typhoon Ompong
2:00 PM, Friday
P 14,2018
Storm Surge Warning #2
Ahigh risk of storm surge
may occur within the next 24 hours.
The danger of life-threatening
inundation from rising sea water
from the shoreline moving inland in
the low-lying coastal communities
in the municipalities of.
See Attached List
Estimated Storm Surge Heights
1020 Meters
w20~ 30 Meters. Recommended Action
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as mentioned in the attached list to
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Summary

* A new forecasting and warning system was developed by PAGASA
and was tested during the passage of Typhoon Ompong on
September 11 -15, 2018

* An impact based warning for storm surge was developed;

= Storm Surge Watch to be issued 48 hours before the landfall
= Storm Surge Warning to be issued 24 hours before the warning

* There are still issues in the storm surge forecasting especially on
the consideration of wave set-up

* PAGASA need to work in partnership with other government and
stakeholders (emergency response, mapping agencies, transport,
media,users, etc)
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THANK YOU!
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