
DOST-PAGASA
The Weather and Climate Authority

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

2nd International Workshop on Waves, 

Storm Surges and Coastal Hazards

Sheraton Hotel, Melbourne, Australia

November 10 – 15, 2019



DOST-PAGASA
The Weather and Climate Authority

Introduction

Some Historical Records of 
Notable   Storm Surge Events

Storm Surge Forecasts and 
Warnings 

Summary



DOST-PAGASA
The Weather and Climate Authority

HILIPPINE

TMOSPHERIC,

EOPHYSICAL &

STRONOMICAL

ERVICES

DMINISTRATION

as the National 

Meteorological and 
Hydrological Services (NMHS) 

of the Philippines is the
“authoritative” voice in 
providing the warning for 

public safety

The Philippines, through the PAGASA, is a Member of the World
Meteorological Organization (WMO), a specialized body of the 

United Nations
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Background
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Source: 
rove.nla.gov.au/newspaper/article/4420430
7?searchTerm=typhoon+phillippines&search
Limits

Hernani

Location Total Storm Tide 
(Observed)

Samar:
Hernani, 

Tnglad
Pambujan
Giuian
Basey

7.3 meters
1.5 meters
0.7 meters
4.9 meters

Leyte:
Tacloban 0.9 meters

Typhoon of Samar and Leyte, October 12, 1897

Source: Fr. Jose Algue, S.J. of the 
Observatorio de Manila, 1897

Barometer measurement
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Typhoon in Tacloban Leyte, Nov. 24 – 25, 1912

Pressure in Tacloban Leyte
Nov. 24 – 25, 1912

Typhoon Track in Nov 24, 1912

Tacloban

Source: Fr. Jose Algue, S.J. of the Observatorio de Manila, 1912

Location Total Storm 
Tide 

(Observed)

Santa Rita
Bobon Tababao
Tacloban
Capiz

7.0 meters
6.1 meters
2.0 meters
1.0 meters
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Notable Storm Surge Occurrences in the Philippines

Typhoon Nitang in 1984 in 

Nonok Island in Surigao

Typhoon Undang, Basey, Samar, Nov 5,
1984, follows the same track as
Yolanda, two meter wave height
Undang strength , 230 kph
Casualties – 895, P1.9B in damages

Typhoon Yoning, in Eastern Samar, 1988

Source : PAGASA (STRIDE Team)
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Other Notable Storm Surge Occurrences in the Philippines
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TYPHOON YOLANDA (HAIYAN)
November 6 – 10, 2013
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(PTV) Speech of President Benigno S. Aquino III on Super Typhoon Yolanda  (November 
7, 2013)
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Background

Source:

Impacts of Typhoon Yolanda (Haiyan)  
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Background

• People didn’t understand what a storm 
surge was, were caught unaware by the 
severity of the surge and struggled to 
protect themselves against the impact

• Communication and dissemination 
systems, networks and processes failed in 
place during and after Haiyan

• Lack of scientific and technical capacity to 
translate hazard information into impacts –
therefore impacts underestimated 

Forecasting impact is more important than pure meteorological forecast, they are more readily understood by 
those at risk and those responsible for mitigating those risks

Lessons learned

The storm surge information was shown as a 
minor line item yet this event was the most 
damaging component of the typhoon
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Forecasting and warning system 
objectives

• 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.
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Storm Surge Forecasting System
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
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Storm Surge Forecasting System
• JMA Storm Surge Model

Grid:  Arakawa C grid

Resolution:  approximately 1km mesh

Bathymetry: GEBCO Data

 Regional Storm Surge Watch Scheme 
(SSWS) of WMO

A multi-scenario prediction method is 
incorporated into the model
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Storm Surge Forecasting System
• JMA Wave Model



DOST-PAGASA
The Weather and Climate Authority

Storm Surge Forecasting System
• NAMRIA Predicted Height of Tide
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Storm Surge Forecasting System
• Related historical tropical cyclones and storm surges
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Storm Surge Warning System
• Overview of the Storm Surge Warning System

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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• Forty-eight (48) hours before the landfall, 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.g. YELLOW= 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

How the Storm Surge Warning is generated…
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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 Warning Levels
STORM SURGE

HEIGHT
IMPACTS

SURGE OF 

LESS THAN 1 

METER

BE INFORMED
• Minor damage to communities, coastal/ marine 

infrastructures and disruptions to all marine-related activities.

• Flooding is possible  in low-lying areas

SURGE FROM 1 

TO 2 METER

STORM SURGE IS POSSIBLE
• Moderate to significant damage to communities, coastal/ 

marine infrastructures and disruptions to all marine-related 

activities.

SURGE FROM 2 

TO 3 METERS

STORM SURGE IS EXPECTED
• 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.

SURGE ABOVE 

3 METERS

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.
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Storm Surge Watch

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
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• 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

Contents:

Storm Surge Watch
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Storm Surge Warning

• 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.
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Storm Surge Warning

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

• 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

Contents:
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The Case of Typhoon Mangkhut (2018)

• Typhoon Mangkhut (L.N. “Ompong”) is 
the 15th tropical cyclone to enter the 
Philippine Area of Responsibility (PAR) in 
2018 and the 3rd for the month of 
September

• From a low pressure area developed off 
the Marshall Islands on 07 September, it 
quickly 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.
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Case of Typhoon Ompong (Mangkhut) 2018

Total Water Level (TWL):

TWL = Storm Surge + Wave Set-up + Tide Height

TWL (Cagayan Prov.) = 1.3 + 10 (0.4372) + 0.34 = 6.012

TWL (Ilocos Prov.) = 0.9 + 4 (0.2374) + 0.85 = 2.8296

JMA Storm Surge Model JMA Wave Model
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Validation of Storm Surge Forecasts with Actual Tide 
Observations from NAMRIA

• 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
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Validation of Storm Surge Forecasts with Actual Tide 
Observations from NAMRIA

• 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
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Validation of Storm Surge Forecasts with Actual Tide 
Observations from NAMRIA

• Based from San Fernando Tidal 
Station data, deviation of 0.061m  
from the predicted height started 
at September 14, 2018 at 7 AM

• On September 15, 2018 at 
10AM – the highest deviation 
from predicted tide was 
recorded with 0.478m

• The last deviation of tide from 
the predicted happened on 
September 16, 2018 at 3AM 
with height of 0.066m

• Highest storm surge height 
coincided with the LOW TIDE
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Storm Surge Forecasts and Warnings

Case of Typhoon Ompong (Mangkhut) 2018
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Storm Surge Forecasts and Warnings

Case of Typhoon Ompong (Mangkhut) 2018
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Storm Surge Warnings posted at the PAGASA 
Website during TY Ompong (IN: “Mangkhut”)
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• Field validation of Storm Surge Forecasts and Warnings

Measuring Water 
Level Heights

One-on-one 
Interviews

Storm Surge Impacts
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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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Storm Surge Warning System

Province Area Forecast
Measured 

Water Level (m)

Cagayan

Masisit, Sanchez 

Mira
>3.0 2.8

(Fish Port) 

Tangatan, Santa 

Ana

>3.0 1.0

Batangan, 

Gonzaga
>3.0 1.5

Minanga, 

Gonzaga
>3.0 1.8

Caroan, Gonzaga >3.0 2.5

Caroan, Gonzaga >3.0 2.5

Paddaya Weste, 

Buguey
>3.0 2.0

San Antonio, 

Aparri
>3.0 2.5

Centro 13, Aparri >3.0 2.5

Santa Cruz, 

Ballesteros
>3.0 2.5

Ground Validation Results
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Storm Surge Warning System

Province Area
Forecast Measured Water 

Level (m)

Ilocos Sur

Bateria, San Esteban
2 - 3 2.2

Sulvec, Narvacan
2 - 3 0.0

Pasungol, Santa
2 - 3 3.5

Fuerte, Caoayan
2 - 3 0.0

Fuerte, Caoayan
2 - 3 1.9

Paratong, Santa 

Catalina
2 - 3 2.0

San Sebastian, San 

Vicente
2 - 3 1.5

Saoang, San Juan
2 - 3 0.0

Camindoroan, San 

Juan
2 - 3 1.3

Solotsolot, San Juan
2 - 3 0.9

Cabangtalan, Sinait
2 - 3 1.7

Ground Validation Results
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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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