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Department of Science and Technology
DPWH		
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HF		
High Frequency
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JRC		
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Disaster Risk Management
SSS		
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Tropical Rainfall Monitoring Mission
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Executive Summary
Typhoon Haiyan/Yolanda was one of the strongest typhoons that made landfall ever
recorded. The maximum windspeed in Tanauan/Palo was approximately 271 km/h with
on-shore wind direction. The storm surge (sometimes wrongly referred to as a “tsunami”
by locals) was highest in the Tanauan, Palo, and Tacloban areas, with estimates between 2.3
and 5 meters. Rains between 100-150 mm fell in the Central parts of Leyte.
The official storm surge hazard map underestimated the inundation area of the storm
surge. The actual area was larger and close to the inundation area of the official tsunami
hazard map. Furthermore, the official storm surge hazard map did not consider storm
surges with a height of 7 meters (the forecasted height of PAGASA) and therefore it was
not possible to relate this map to the predicted surge.
Though a spectrum of risk information was available, those in charge of risk management
were partly unaware of the dimensions of the hazard and vulnerabilities and/or did not
use the information appropriately. A safety check of evacuation centres in respect to the
forecasted storm surge was either not done or the check was performed and did not result
in appropriate actions. Some evacuation centres were located in storm surge areas and
therefore flooded.
The forecast of the storm path and its strength was made very accurately by many agencies,
including PAGASA, days before the landfall. The Joint Research Centre (JRC) of the
European Union warned of a storm surge on 06.11.13, while PAGASA did this one day
later at 12:00h. While PAGASA overestimated the storm surge height in its forecast, the
JRC and the Project NOAH storm surge estimates were closer to the actual height for
Tacloban.
The warnings from the government and media came days before the typhoon made
landfall. Thus, there was enough time for preparations and evacuations before 8 November
2014. Government offices repeatedly asked residents near the coast to evacuate and, in a
few cases, even used force to evacuate them. PAGASA/NDRRMC emphasized rain, flood
and landslide warnings, but did not stress very strongly the storm surge to come. Warnings
by many institutions, including OCD and LGUs, were apparently not serious enough to
make people understand that their lives were in jeopardy if they do not evacuate. Many
did not understand the term “storm surge”. Accounts of residents suggest that a large part
of the population in areas where there were storm surges did not evacuate. GIZ calculated
that approximately 94% of the casualties in Tacloban, Palo and Tanauan were caused by
the storm surge. Serious warnings and more effective evacuations along the coastline could
have saved many lives.
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Recommendations
Below are summaries of the most pertinent recommendations for each stakeholder (group).
More detailed explanations are given in the main report.
For Scientific Institutions
•
PAGASA’s technical capacity should be improved to provide more accurate
information for storm surge warnings and hazard maps.
•
NOAH sensors should switch to HF radio or satellite phones for uninterrupted
transmission of data.
•
Storm surge hazard maps should be adjusted taking the recent experiences into
consideration.
For OCD and DOST
•           Warnings should use layman’s language and clearly emphasise the seriousness of a
particular hazard.
•
A colour coded harmonized multi-hazard early warning system should be introduced.
•
Storm surge should be included in the official warning system (similar to tsunami).
For Disaster Risk Reduction Offices/Committees
•
Officials tasked with disaster management (e.g. OCD, rescuers, mayors) should not
stay in high risk areas when an extreme hazard event is imminent. They may become
victims themselves.
•
Delineate identified danger zones (tsunami, storm surge) clearly with sign posts.
•
Mark evacuation routes and evacuation centers with sign posts.
•
Survey existing evacuation centers and identify those within danger zones.
•
Assign evacuation centres depending on hazard.
•
Reinforce evacuation centres depending on hazard.
•
Consider strict enforcement of forced evacuation (example Albay).
For land use planners
•
Assign new evacuation centres outside danger zones and clearly indicate which
evacuation centers are off-limit for which particular hazards.
•
Consider locally customized no-build zones in high risk areas.
•
Consider conditional build zones (e.g. only buildings with special reinforcements;
only business, but no residence, etc.)
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Introduction and background
The storm Haiyan/Yolanda was the deadliest natural disaster in the Philippines since
reliable records began. The typhoon made landfall in the early hours of 8 November 2013
in the South of Eastern Samar and proceeded West-North-West via Leyte, Northern Cebu,
Northern Negros, Northern Panay and exited the Philippines via Coron/Busuanga in the
North of Palawan, leaving destruction and death on its path.
The Philippines is regarded as a country with a well designed and solid disaster risk
management system1 featuring a specialized institution for disaster risk reduction and
management (NDRRMC/OCD). UNISDR praised the advanced early warning systems2.
However, it appeared that the Philippines was not fully prepared to meet this typhoon in
terms of early warning, response, relief and rehabilitation.
Many Filipinos and observers asked whether the death toll of more than 6,000 confirmed
dead would have been less if early warning systems had been more effective. This report
seeks to contribute to answering this question and highlight areas that need improvement.
In recent Philippine history, two natural disasters are regarded by some observers to be
failures of effective early warning. In 2011, severe tropical storm Washi/Sendong caught
many inhabitants of Cagayan de Oro and Iligan unaware of flash floods, leaving more than
a thousand dead3.In the following year, 2012, a strong typhoon named Bopha/Pablo hit
the Southeast of Mindanao and widely unprepared communities and some government
offices apparently did not follow warnings. Again more than a thousand people perished.
With these events in mind it was hoped that the early warnings to the local populationhad
been improved when tropical cyclone Haiyan/Yolanda hit the Philippines.
This paper is meant to analyse the hazard event in terms of wind speeds, rain, storm surge,
floods and landslides. The actual event is then compared with different general hazard
information and then with forecasts to determine the accuracy of the predictions. It is
assumed that accurate general hazard information (e.g. hazard maps) and precise forecasts
(e.g. the track of the typhoon) would enable communities to prepare adequately. However,
it is recognized that timely and detailed hazard information alone does not necessarily lead
to adequate preparations. The timeliness, content and coverage of warning messages are
essential for a successful evacuation and other preparations. Therefore information was
gathered (mostly through interviews4) to understand the dissemination of the alerts and
the reaction of residents in dangerous places. Last but not least, the connection between
casualties and early warning is analysed to answer the question: would a better early warning
system have saved lives?
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This paper has to be treated as a preliminary assessment. Time constraints and other pressing
tasks after the typhoon did not allow conducting a large scale survey with many respondents
in the affected areas of Leyte. Many details (e.g. detailed account of causes of death in different
locations, exact location of evacuation centres in relation to the inundation by storm surge) are
still to be collected and may be subject to further investigations.
Furthermore, this report does not look into damages and losses caused by the typhoon. Those
can hardly be avoided by early warnings, but advanced alerts are effective in saving lives and
therefore this report concentrates on this aspect of disaster risk reduction.
Tropical cyclones, called typhoons in the Western Pacific, are one of the main causes of
economic damages and human casualties caused by natural catastrophes in most of the affected
countries Philippines, Vietnam, PR China, Taiwan, Korea and Japan.
Considerable effort has been invested in detecting, tracking and forecasting their path and
characteristics. The data used for this are mostly generated by satellites and used by weather
bureaus of all concerned countries. For any typhoon in the North-west Pacific there are several
agencies predicting paths and wind speeds.
Haiyan/Yolanda caused the death of 6,111 persons with 1,779 still missing. 16 million
persons were affected and 4 million persons were displaced. 1.14 million houses were damaged
(550,928 totally, 589,404 partially)5. The overall economic losses are estimated at 571.1 billion
Pesos (12.9 billion US$)6. The damage from typhoon Yolanda and the resulting loss in 2013
is estimated to be Php101.79 billion, representing 0.9 percent of Gross Domestic Product
(GDP)7.
Within about a month the Philippine government prepared an extensive recovery and
rehabilitation strategy to respond to the event, called the Reconstruction Assistance on Yolanda
(RAY) strategy, which also calls for deriving lessons from the disaster to be factored into policies,
systems, and capacities8.

5

The disaster event
This chapter describes the natural extreme event that happened in Leyte on 8 November 2013.
This is the reference for checking the quality of forecasts and warnings issued before Haiyan/
Yolanda struck the Philippines.
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5.1.

Storm

Haiyan/Yolanda was first noticed as a weather disturbance with the potential of developing
into a tropical storm on 3 November 2013. It continuously gained strength until 7
November and started weakening on 8 November and dissipated on 11 Nov. 2013 in the
South of China9. Track data are available in from different agencies 10, 11, 12, 13.
Haiyan developed into a Saffir Simpson Category 5 typhoon with wind speeds of more than
251 km/h and continued to intensify as it travelled across the waters. On November 7, the
Japan Meteorological Agency estimated the system’s one-minute sustained winds were 315
km/h (195 mph). Several hours later, the eye of the cyclone made its first landfall in the
Philippines at Guiuan, Eastern Samar, without losing any intensity. It gradually weakened,
making landfall in Tolosa, Leyte at around 7 am on 8 November. While crossing Leyte,
the structure of the cyclone was compromised and the eye filled with clouds, reducing its
wind speed as as evidenced in the Doppler radar images. The central pressure of the eye
approximately
905ofhPa
when
it hit Tolosa
at 7:00
h localfor
time.
DRAFT -was
GIZ:
Assessment
Early
Warning
Efforts
in Leyte
Typhoon Haiyan/Yolanda
Diagram 1: Atmospheric Pressure in the Centre of Haiyan/Yolanda
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With data on the maximum wind speed, central pressure and forward movement of the
eye it is possible to calculate the wind profile of the cyclone (for the method see Neussner
and Fuchs 15).
Diagram 2: Wind speed of Haiyan at landfall in Tolosa, Leyte

Diagram 2: Wind speed of Haiyan at landfall in Tolosa, Leyte
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Wind speed and direction on the Eastern side of Leyte at 7am, on the Western side at
9am.
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5.2.

Storm surge

It is not known whether reliable ground based
sea level data were collected during the event in
Leyte. Therefore calculated data from simulations
were utilized to describe the height of the water.
It should be noted here that the tide was low in
the Eastern coast of Leyte when the typhoon made
its landfall. Some hours later the water level, and
therefore also the storm surge would have been
considerably higher.
There are numerous eye witness accounts, photos
and videos of many areas giving indications of the
extent of inundation as well as the water height.
These accounts are quite consistent with the
tsunami hazard map produced by PHIVOLCS
DRAFT - GIZ: Assessment of Early Warning Efforts in Leyte for Typhoon Haiyan/Yolanda
in the context of the READY Project (see chapter
© Photo by Brenda Samson on November 9, 2013
“Risk Knowledge”).
Haiyan struck with a storm produced
surge, strong
to
by enough
PHIVOLCS
in the context of the READY Project (see chapter “Risk
send cars and houses tumblingKnowledge”).
through neighbourhoods
of Tacloban city.
Map 2: Storm Surge Water Height at Coast and Inundation Distance
Map 2: Storm Surge
Water Height at
Coast and Inundation
Distance
Calculated storm surge data
from JRC17

Calculated storm surge data from JRC17
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A fire engulfed one of the
buildings after a storm surge
swept Tacloban city.

© Photo by Benni Thiebes on November 8, 2013

Map 3 below shows that
Deltares created a storm
surge animation that shows
computed storm surge levels
for Super Typhoon Haiyan, which
generated a devastating storm
surge in the Philippines.

Map 3: Storm Surge Simulation by Deltares

“Super Typhoon Haiyan making landfall near Tacloban, Philippines”

Source: Deltares 18

14

2nd Edition - GIZ: Assessment of Early Warning Efforts in Leyte for Typhoon Haiyan/Yolanda

The data from JRC and Deltares were not completely consistent. The JRC data indicated a storm
surge South of the eye of the typhoon while Deltares saw this only North of the typhoon. This
seemed to be more realistic than JRC’s calculations. Both are in agreement that the storm surge
was highest in the Tacloban area although the wind speeds were higher in Tolosa and Palo. The
Deltares map seemed to indicate 5 meter storm surge while JRC indicated about half of this (2.3
meter).
The NOAH project published data from a second computer simulation in March 2014. The
maximum water height was 3.76m. The computed inundation area may be close to the actual
inundation in many places, but some areas known to be covered are not included (e.g. the Provincial
Capitol). Map 4 shows the area calculated by NOAH together with the tsunami inundation with
calculated water heights . The tsunami inundation map is regarded to be close to reality by many
residents. This is supported by numerous photos and videos from different places. However, the
actual storm surge area was larger in a number of places than the tsunami hazard map, but by
and large reports about inundation extent and water height is surprisingly consistent with the
PHIVOLCS map with water heights calculated by GIZ.
Map 4: Storm Surge Inundation Area in Southern Tacloban City
Tsunami Hazard
Map modified by
GIZ and NOAH
Simulation map
Shades of red: GIZ
modified tsunami
hazard map (dark:
5m, light: 0m);
blue: NOAH
simulation (dark:
4m, light: 0m);
dark red: roads
from Open Street
Map.
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5.3.

Rain and river floods

Compared to the major impact of high wind speeds and storm surge, rain and resulting extreme
events like floods or landslides played a minor role in this disaster. Since the storm and storm
surges rendered most observation instruments useless by either direct damage or destruction or
by cutting off communication lines, relatively little on the ground data were collected. Other
methods (Doppler radar and remote sensing) were tilized to estimate the amount of rain that fell
in connection with the typhoon.
The PAGASA - Tacloban station, recorded rain until 08:00 in the morning21 and most NOAH
rain gauges stopped transmitting data between 6 and 8 am22. Rain gauges of the Province of Leyte
(GIZ supported) gave up at the same time.

© Photo by Ruth Cabangangan on November 8, 2013

Residents brave a chest-deep floodwater around the municipality of Dagami.
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Map 7, 8: Rain from Doppler Radar at 7:00h and 7:10h on 08.11.13
Map 7, 8: Rain from Doppler Radar at 7:00h and 7:10h on 08.11.13

Map 7, 8: Rain from Doppler Radar at 7:00h and 7:10h on 08.11.13
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5.4.

Landslide

A few landslides were observed in municipalities in Eastern Leyte. They appeared to be relatively
small in size and there are no reports of casualties from landslides or major damages. None of the
officials interviewed by GIZ reported landslides.

5.5.

6

Summary concerning the event

At the time of writing this report most, but not all aspects of the natural extreme event that
happened in Leyte on 8 November 2014 could be described in detail. The following facts appear
to be certain:
A.
At 07:00 h on 08.11.2013 the eye of the typhoon arrived in the Tolosa area heading
West.
B.
The maximum sustained windspeed at this time in Tanauan/Palo was approximately
271 km/h with on-shore wind direction. This is worldwide and historically one of
the highest windspeeds of typhoons ever making landfall.
C.
The maximum wind speed slowed down to 258 km/h at around 09:00h when the
eye of Haiyan/Yolanda left Leyte to the West.
D.
South of Tolosa the maximum wind speed was 231km/h and the direction was off
shore.
E.
The storm surge was highest in the Tanauan, Palo, Tacloban area, but the actual
height has not been measured and estimations are between 2.3 and 5m.
F.
Rains of 100-150mm fell in the central parts of Leyte, but in the Northern parts of
Leyte it was less than 100mm. This is unusually low for a strong typhoon.
G.
Only one river flooding event is known (in Dagami) and no significant landslides
were recorded.

Risk knowledge
Professionals dealing with risks connected to natural hazards can access an array of sources of
information describing hazards, vulnerabilities and to some extent risks. Apparently not all persons
tasked with disaster risk management in a professional way are aware of all information available
or if they are they seem to utilize such information only to a limited degree.
Some information about risks, like the 1:50,000 hazard maps of the READY project, were
provided to LGUs, specifically the Disaster Risk Reduction and Management Officers. However,
for other information, the persons in charge would have to actively search for it from different
sources inside and outside of the Philippines. It seems that only few DRRMOs do that and, as
such, relatively small part of relevant information available is known to them.
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Obviously some political decision makers were not fully aware of different natural hazards. For
example, one Councilor said “It was not a storm surge; it was definitely a tsunami.”28 Even if
information was present (e.g. READY hazard maps) some officials tasked with disaster management
did not utilize it 29, 30. The same applies to some members of the national government who
awaited the typhoon in Tacloban and became initially victims themselves without any means of
communication 31.
Because risk knowledge was limited, the utilization of such knowledge was naturally also limited.
This lead to inadequate (or no) actions by responsible disaster managers. Only parts of the people
in the storm surge area were evacuated and many of those who remained in their homes died. Even
evacuation centres became into death traps as they were located in the inundation area 32,33.
Citizens are not expected to do their own research into sources of information about hazards.
They have to rely on what government officials and media tell them. However, the most reliable
source of knowledge for many citizens is apparently their own experience. They are able to relate
to frequently occurring hazard events like river floods or average type of typhoons but not so much
to rarely happening events with return periods far beyond normal expected lifetime. For those rare
events media or official information must play a crucial role. This is apparent for tsunamis. No
significant tsunami hit the Eastern coast of Leyte within living memory but the media coverage of
the tsunamis in the Indian Ocean in 2003 and in Japan in 2011 raised the awareness of the dangers
of a tsunami considerably.

6.1.

Storm

PAGASA did not publish a wind/
storm hazard map for Region 8 of
the Philippines yet, but there are a
number of other sources of information
available.
CAPRA (Central American Probabilistic
Risk
Assessment)
published
a
worldwide Wind / Storm Hazard map
in GIS format34. GIZ converted this
to printable maps. Examples covering
Leyte are shown in Maps 11, 12 for
100 and 250 years return periods.
© Photo by Brenda Samson on November 9, 2013

Commercial buildings such as the Metro Supermarket were destroyed
after Super Typhoon Haiyan battered Tacloban city.
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Map 11, 12: Storm Hazard from CAPRA

Map 11, 12: Storm Hazard from CAPRA
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The CAPRA maps show that the Eastern coast of Leyte lies in the area of a 100 years
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calculated speeds for Eastern Leyte suggest a return period closer to 200 years.

Manila Observatory published a typhoon risk map. It is a qualitative map comparing the
risk
of Observatory
different provinces
not giving
indications
of probabilities
or categories
of
Manila
published but
a typhoon
risk map.
It is a qualitative
map comparing
the risk of
typhoons.
different provinces but it does not provide indications of probabilities or categories of typhoons.

Barangay Anibong, Tacloban, 16.12.2013
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A cargo ship washed
ashore after super Typhoon
Haiyan hit Anibong town,
Tacloban city.
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Map 13: Typhoon Risk Map by Manila Observatory

Map 13: Typhoon Risk Map by Manila Observatory
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during these 60 Years. Therefore the map displaying SSS5 is blank (Map 14).
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Map 14: Historical Wind Speeds in Region 8 by GIZ
Map 14: Historical Wind Speeds in Region 8 by GIZ
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Looting in Tacloban on 09.11.13, Photo by Brenda Samson
People driven to desperation
looted business establishments
Page
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food in Tacloban city.
© Photo by Brenda Samson on November 9, 2013
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Map 15: Tropical Storm Hazard by MunichRe

All four sources are consistent in seeing Leyte to be less likely to be hit by strong storms than more
Northern provinces. From the CAPRA and MunichRe maps it may be concluded that the return
period for storms with wind speeds as Haiyan/Yolanda have a return period of about 200 years in
Eastern Leyte.

6.2.

Storm surge

Only one source of storm surge hazard maps is known. This scarcity probably indicates that this
hazard was underestimated in the past. In the context of the READY project PAGASA published
storm surge hazard maps (Maps 16, 17).

The city was turned
into a “ghost-town”
after Typhoon Haiyan
has broken downtown
Tacloban and its
people.
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Map 16: Storm Surge Hazard Map for Tacloban
Map 16: Map
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Surge
Map
for Tacloban
16: Storm
SurgeHazard
Hazard Map
for Tacloban

Map 17:
Strom Hazard
Surge Hazard
Map covering
covering Palo,Palo,
Tanauan,
Tolosa
Map 17: Strom
Surge
Map
Tanauan,
Tolosa
Map 17: Strom Surge Hazard Map covering Palo, Tanauan, Tolosa
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Interestingly the storm surge hazard maps by PAGASA only display inundation areas for 1-4 meter
surges, but not for lower and higher surges although these are indicated in the legend of the
map (enlarged inset). For a reader of the map it might be difficult to judge whether the lack of
4-12 meter inundations on the actual map mean that this is not expected to happen in this area
or whether it was omitted for some other reason. According to JRC, NOAH and Deltares (see
chapter The Disaster Event) the water height during the Haiyan storm surge was in the range of
2.3 -5 meter. With this it appears that the hazard map of PAGASA underestimated the possible
inundation area for a surge of this magnitude.
The PAGASA maps only included up to 4 meter water heights, but the forecast of PAGASA for the
Haiyan surge height was 7 meter. Therefore it would appear to be reasonable consulting the hazard
maps for a similar hazard, the tsunami, where higher wave heights (4-5 meter) were used as a basis
for the inundation area.
PHIVOLCS contributed tsunami hazard maps for the Eastern coast of Leyte (Maps 18, 19).
The maps do not display the height of the water in the inundated area but there are points in the
ocean indicating wave heights in a certain area. In the area of interest the height is 4-5 meter. This
happens to be comparable to the height of the storm surge caused by Haiyan/Yolanda.
Map 17, enlarged detail

Enlarged part of the legend of PAGASA storm surge
hazard

A tangled mess of
destroyed houses,
piles of debris and
toppled trees a day
after super typhoon
Haiyan hit Tacloban.

© Photo by Brenda Samson on November 9, 2013
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Map 18: Tacloban Tsunami Hazard Map by PHIVOLCS
Map 18: Tacloban Tsunami Hazard Map by PHIVOLCS

Map 19: Tsunami
Hazard Map covering Palo, Tanauan, Tolosa by PHIVOLCS
Map 19: Tsunami Hazard Map covering Palo, Tanauan, Tolosa by PHIVOLCS
Map 19: Tsunami Hazard Map covering Palo, Tanauan, Tolosa by PHIVOLCS
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Map 20: Tsunami Hazard Map produced by Tacloban City

Map 20: Tsunami Hazard Map produced by Tacloban City
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reference.
Map 21: Tsunami Hazard Map of Southern Tacloban by GIZ
Map 21: Tsunami Hazard
Map of Southern Tacloban by GIZ

Most LGU
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Most
LGU officials
officialstasked
tasked
disaster
management
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said they
hazard
maps
to
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who
needs
to
be
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and
which
evacuation
centres
are
safe.
checked hazard maps to determine who needs to be evacuated and which Only
evacuation
two out of ten interviewees said they did not check this. The respondents who stated that they
Page | 28verified the location of evacuation centres include Tacloban and Palo. In both places many people
died from the storm surge in evacuation centres.
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GIZ interviewed 29 coastal residents in early December 2013. Nine of them said they either did
not know whether their houses were in potential storm surge areas or they assumed it was not (e.g.
500 meter from shore). This means approximately a third of those people whose houses were most
likely in storm surge hazard areas were not aware of this fact.

6.3.

Rain and river floods

The MGB published a flood hazard map for the province of Leyte in 2007 (Map 23). This map
displays rain induced floods and not storm surge. It does not quantify the flood hazard in terms
of probability or water height. It appears that the map needs some verification. Community based
mapping efforts in some LGUs revealed discrepancies to the MGB map. According to accounts
of communities flood prone areas are often smaller than the map of MGB indicates. This applies
especially to beaches which are not flood prone, but in some case barangay residents also identified
areas as flood prone which are not marked on the MGB map.

© Photo by Ruth Cabangangan on November 8, 2013

Houses submerged in floodwaters in the aftermath of Typhoon Haiyan in the town of Dagami.
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Map 23: Flood Hazard Map by MGB

Map 23: Flood Hazard Map by MGB
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flood flood
modelsmodels
in four in
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Leyte. in
Two
of Two
GIZ
thedevelopment
development
of computerized
fourin rivers
Leyte.
the finished models cover watersheds affected by Haiyan/Yolanda on the East coast of Leyte. The
models cover most parts of Mahaplag, Abuyog, Javier, Burauen, Julita, and Dulag (Maps 24, 25).
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Map 24: Modelled Flood in the Daguitan-Marabong Watersheds

Map 24: Modelled Flood in the Daguitan-Marabong Watersheds

© Photo by Ruth Cabangangan on November 8, 2013

Flooding
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08.11.13,
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town of
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Map 25: Modelled Flood in the Cadac-an - Bito Watersheds
Map 25: Modelled
Flood in the Cadac-an - Bito Watersheds

Sets of maps with time steps of different rain scenarios were handed over to the operation centres

Sets of maps
with
of different
scenarios
were
handed over to the operation
of the
Localtime
Floodsteps
Early Warning
Systemsrain
of the
respective river
systems.
centres of the Local Flood Early Warning Systems of the respective river systems.
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6.4.

Landslides

The Mines and Geoscience Bureau (MGB) published a map displaying the susceptibility to raininduced landslides in three categories, high, moderate and low (Map 22). The map of MGB does
not quantify
hhhh the danger of the different categories, therefore estimations of the danger in these areas
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landslide happening is approximately 1:2500 for the high susceptibility area.
of a strong typhoon excessive rains may be expected and precautions for people
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ofcase
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the amount of rain falling should be observed. In case it is unusually high (e.g.
80 mm in
3 hours) evacuation to less landslide prone areas is strongly recommended.
Map 22: Rain Induced Landslide Susceptibility by MGB
Data (shape files) from MGB based on survey from 2007. Corrections for consistency by
Map 22: Rain Induced Landslide Susceptibility by MGB
GIZ.

Data (shape files) from MGB based on survey from 2007. Corrections for consistency by GIZ.
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6.5.

Vulnerabilities

Vulnerability is defined as the characteristics and circumstances of a community, system or
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and the social dimension are discussed in some detail.
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buildings. Many residential dwellings are made of light materials particularly vulnerable to
high winds. An example of a map with such dwellings is displayed in Map 26.

© Photo by Benni Thiebes on November 8, 2013
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Map 26: Informal Settlements in Tacloban

Map 26: Informal Settlements in Tacloban

It is noteworthy that this map of Tacloban is not up to date. In November 2013 the extent of
It is noteworthy that this map of Tacloban is not up to date. In November 2013 the extent of
informal urban settlements with light material was considerably bigger than indicated in
urban settlements with light material was considerably bigger than indicated in Map 26.
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6.6.

Summary for risk knowledge

A.

The official storm surge hazard map underestimated the inundation area of the storm surge.
The actual area was larger and close to the inundation area shown in the official tsunami
hazard map.

B.

The storm surge hazard map only indicates water heights of 1-4 meter. Though the legend of
the map shows surge heights up to 12 meter, they are not displayed on the map. As PAGASA
forecasted a 7 meter height of expected storm surge it was not possible to relate this map to
the predicted surge.

C. There is sufficient information available concerning the vulnerabilities of buildings to high
wind speeds and to storm surge as it is similar to a tsunami.
D. Though a spectrum of risk information was available, those in charge of risk management
were partly unaware of the hazard and vulnerability information and/or did not use the
information appropriately.
E.

OCD/LGUs apparently did not properly check the safety of the locations of evacuation
centres with respect to high storm surges or the check was performed and did not result in
appropriate actions.

F.

Some evacuation centres were located in storm surge areas.
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7

Early detection of Haiyan/
Yolanda
In the Philippines the central government institution tasked with the detection of hydrometeorological hazard events is PAGASA, but others are involved too. The NOAH project of
DOST operates a set of rain gauges and river level sensors to detect emerging floods. NOAH
also runs computer simulations of storm surges and displays calculated chances of rain for the
next six hours on their website. In some rivers flood early warning systems operated by LGUs are
in place. Furthermore Typhoon200037 and Weather Philippines Foundation38 provide weather
related services partly generated from own resources like Automatic Weather Stations. Some
media houses also employ their own weather forecasters.
On international level, there are several institutions observing the development and progress of
typhoons in the Western Pacific and some of them include predictions of storm surges and rain
in their services.
There are four hazards with the potential of causing damages and casualties associated with
tropical cyclones. By definition of a tropical cyclone high wind speeds are the prime hazard.
Tropical cyclones are categorized by wind velocity and not by the amount of rain they may bring
or the storm surges they may cause. Therefore torrential rains and resulting floods and landslides
as well as storm surges are regarded as secondary hazards coming often together with a tropical
cyclone. However, all of them may also happen without a tropical cyclone.

7.1.

Storm

PAGASA issued several storm warnings before Haiyan/Yolanda made landfall in Guiuan,
Eastern Samar. The warnings correctly described the actual wind speed category and the
location (Southern part of Eastern Samar and then Northern part of Leyte Island). It included
the declaration of storm warning signals on a per province basis. All provinces in the path of the
typhoon were assigned the highest warning level. The information from PAGASA was published
in the daily Bulletins of the NDRRMC and widely spread by media.
Several other official weather agencies also published track and wind speed forecasts. All of these
forecasts agreed on the track via the Eastern Visayas and in the days before landfall that the
typhoon would have a wind speed of more than 250km/h. The popular website Typhoon2000
links to the websites of the different weather agencies and many disaster managers check the
different forecasts via this portal.
The media actively disseminated the facts from the weather agencies and the warning levels
issued by PAGASA. Based on warnings of PAGASA the Philippine president, Benigno Aquino,
appeared on TV on 07.11.2013 and emphasised the warnings of the weather agency39.
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disaster managers check the different forecasts via this portal.

The media actively disseminated the facts from the weather agencies and also the
warning levels determined by PAGASA. Based on warnings of PAGASA the Philippine
president, Benigno Aquino, appeared on TV on 07.11.2013 and emphasised the warnings
of the weather agency39.
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7.3.

Rain and river floods

When typhoons approach the Philippines they often bring large amounts of rain with them,
which often cause floods. PAGASA warned of such floods in the weather bulletins before rain
actually fell46. This general warning does not mean floods will actually occur. These still needs
to be detected based on the actual amount of rain falling in a particular watershed and on the
water level upstream, which is an indicator of expected floods in flat downstream areas in such
river basin. Weather Wunderground also regarded heavy rains together with high winds as the
deadliest danger of Haiyan/Yolanda on 7.11.1347.
There are several GIZ-supported local flood early warning systems in place in Leyte (Pagsangaan
River, Binahaan River, Marabong/Daguitan Rivers, Cadac-an/Bito Rivers). Flooding occurred
in only one of them (Binahaan), but the warning system failed to detect it. . According to eye
witness accounts the water came from a tributary of the Binahaan River from the Guinarongan
area. The warning system has no water level sensor in this area. Furthermore the radio connection
of the other sensors to the operation center in Palo stopped working around 06:00 h on 8 Nov.
201348.
Project NOAH has rain and water level sensors operating in Leyte, but they are not directly used
for early warning purposes. All Leyte-based NOAH sensors stopped transmitting data in the
morning (06:30h49, 06:45h50 07:20h51, 08:00h52).
The JRC did not anticipate extreme rains for the Philippines in the context of Haiyan/Yolanda53
and thus was closer to reality than PAGASA (which agency expected up to 30mm per hour rain).

7.4.

Landslide

PAGASA warned of landslides in bulletins before the storm made landfall54, but no significant
landslide happened in Leyte in connection to Haiyan/Yolanda.

7.5.

Summary for the early detection of Haiyan/Yolanda

A. The forecast of the storm path and strength by many agencies, including PAGASA, was
very accurate days before the storm made landfall.
B. JRC warned of a storm surge on 06.11.13, while PAGASA did this one day later at 12:00h.
PAGASA’s forecast of the height of the storm surge was too high, while the forecasts made
by the JRC and NOAH were closer to the actual height of the storm surge recorded in
Tacloban.
C. PAGASA overestimated the amount of rain and the danger of landslides.
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D. The rain and water level sensors of NOAH failed with the breakdown of the mobile
network system and thus could not produce data when needed.
E.

8

GIZ supported sensors mostly failed due to antenna damages.

Communication of warning
Once a dangerous hazard event is detected by an authorized institution, the persons in the
potentially affected areas need to be informed about this so that they can take appropriate
action to prevent or reduce damages and losses including themselves. Communication
has to be fast enough to give people time for their preparatory activities (e.g. evacuation).
Messages have to be clear and unambiguous. Everybody has to understand what danger
is coming up and what to do about it. This includes professionals tasked with disaster
management as well as communities.
In the case of tropical cyclones like Haiyan/Yolanda, PAGASA was tasked with the detection
of the threat and the agency issues warnings. These warnings included general warnings
called “signals” with different levels (1-4) on province level, technical details (position of
the eye of the cyclone, etc.), estimations of rainfall, and warnings for sea travel, against
possible flashfloods and landslides as well as storm surges.
As displayed in Diagram 1 there are several ways how the forecast and how warnings will
reach the general public. Professionals dealing with disasters have NDRRMC/OCD as the
central point responsible for the coordination of preparatory activities, which also includes
issuing of early warnings.

43

In the case of tropical cyclones like Haiyan/Yolanda, PAGASA is tasked with the detection
2nd Edition - GIZ: Assessment of Early Warning Efforts in Leyte for Typhoon Haiyan/Yolanda
of the threat and the agency issues warnings. These warnings include general warnings
called “signals” with different levels (1-4) on province level, technical details (position of the
eye of the cyclone, etc.), estimations of rainfall, and warnings for sea travel, against
possible flashfloods and landslides as well as storm surges.
As displayed in Diagram 1 there are several ways how the forecast and how warnings will
reach the general public. Professionals dealing with disasters have NDRRMC/OCD as the
central point responsible for the coordination of preparatory activities, which also includes
early warning.
Diagram 1: Information Dissemination for Warnings of PAGASA
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However, the warning against flash floods, landslides and storm surge did not include Leyte but
provinces further away from the storm centre (see Appendix 4)55. This might be just a small
omission error, but for careful readers it appeared as if there was no danger of a storm surge,
flash floods and landslides for Leyte and other parts of Region 8.
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Many residents of coastal areas and political decision makers openly admitted that they were
not familiar with the term “storm surge”56. The same was true for many coastal residents
interviewed by GIZ. One person interviewed by GIZ said: “I don’t understand ‘storm surge’. If
they said tsunami or tidal wave we should have evacuated.”
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Most coastal residents interviewed by GIZ remembered that they were warned of a “super
typhoon”57 and many were obviously impressed by the fact that the President of the Republic
himself appeared on TV and conveyed the warning to the general public. Out of 29 respondents
(residents) to GIZ questions four said that the typhoon warning signal was number 5 (though 4
is the highest number). There were also community members who did not remember the signal
number at all or gave 3 as the signal (it was 4).
In summary, it seemed that the PAGASA warnings failed to sufficiently explain and clarify the
specific dangers that were coming to the public.
While the true nature and extent of the danger was probably unclear to most residents, many
coastal residents said that they received orders to evacuate from the authorities. In some places,
residents were even forced to evacuate from the coast. But even with a clear evacuation message
from the government a large part of the population did not leave their homes in the danger zones.
The interviews of GIZ gave a very mixed picture. In some places residents estimated that almost
everybody evacuated, while in other places only very few left. In many places it seemed to be
around 50% according to residents’ estimates.
As this report concluded that 94% of the casualties along the coast died from the storm surge
(see chapter “Consequences of shortcomings in early warning”), it is crucial to understand why
people who were aware of the evacuatoion orders did not follow it. This decision to stay was a fatal
misjudgement for many. One of the main reasons given by respondents of the GIZ interviews was
the fear of theft/looting. Some also laughed off the evacuation order or underestimated the height
and force of the water.
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Summary for communication
of warnings
A. The warnings from the government and media came days before the typhoon made landfall
and therefore there was enough time for preparations and evacuations before 7 November.
B. Government offices asked residents near the coast repeatedly to evacuate and used force in
a few cases.
C. PAGASA/NDRRMC failed to emphasize the seriousness of the storm surge but stressed a
rain warning.
D. Warning by many institutions, including OCD and LGUs, was apparently not serious
enough to make people understand that their lives are in jeopardy if they stay on and do
not evacuate.
E. Many did not understand the term “storm surge” and it was also not well known from past
DRAFT - GIZ: Assessment of Early Warning Efforts in Leyte for Typhoon Haiyan/Yolanda
media reports.
F. Accounts of residents suggest that a large part of the population in storm surge areas did
F.
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G.

Serious warnings and more effective evacuations at the coast could have saved
many lives.

© Photo by Benni Thiebes on November 8, 2013
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Buot-Ibo

10

Consequences of shortcomings
in early warning

Haiyan/Yolanda made its first landfall in the Philippines in Guiuan in Eastern Samar at full force,
but the death toll was low compared to Leyte. It was most likely that the location of the settlements
protected them against the typhoon. They were situated at the Western side of the peninsula where
a chain of hills protected them from the full force of Westerly winds. Furthermore, the wind at the
town of Guiuan was off shore, reducing the danger of a storm surge.
The death rate at the Eastern coast of Leyte was high (see Appendix 3) because wind speed was
still near peak, and no hills provided protection for the residents. From Tolosa to Tacloban the
wind was on-shore producing a substantial storm surge in a densely populated area. The storm
weakened while crossing Leyte and slowed down further while moving Westward.
hhhh
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Note: The total number of dead/missing given by the LGU is lower than the numbers in the
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Map 29: Wind Speeds, Storm Surge Heights and Casualties in Leyte
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1,089
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1,252

From this Table, it is concluded that the main killer was strong waves from the storm surge
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If those who died in the storm surge would have evacuated to safer areas, a death rate similar to
the inland LGUs would have applied to them. More effective evacuations would have saved many
lives.died in the storm surge would have been properly warned
who

f those
and the
have evacuated to safer areas, a death rate similar to the inland LGUs would have
o them. This means roughly 94% of them would still be alive today.

Abbreviations and Acronyms

CAPRA
DOST
DPWH
DRRMC
GIS
GIZ
h
HF
hPa
JRC
km/h
LGU

Central American Probabilistic Risk Assessment
Department of Science and Technology
Department of Public Works and Highways
Disaster Risk Reduction and Management Office
Geographic Information System
Deutsche Gesellschaft fuer Internationale Zusammenarbeit
hour
High Frequency
hecto Pascal
Joint Research Centre
kilometre per hour
Local Government Unit
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Appendix 1: OCD letter concerning safety of evacuation centre
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Appendix 2: Typical damages caused by typhoon and storm surge
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Appendix 3: Casualties in Leyte
Casualties in Leyte

Local Government Unit
Abuyog
Alang-Alang
Albuera
Babatgnon
Barugo
Baybay
Burauen
Carigara
Dagami
Dulag
Isabel
Jaro
Javier
Julita
Kananga
La Paz
Leyte Leyte
Mc Arthur
Matag-ob
Mayorga
Merida
Ormoc
Palo
Palompon
Pastrana
San Isidro
Santa Fe
Tabango
Tabontabon
Tacloban
Tanauan
Tolosa
Tunga
Villaba

Dead
(number)
33
41
11
9
2
2
6
11
43
26
6
28
6
2
24
6
7
10
8
4
9
37
1084
7
10
2
11
5
12
2498
1252
32
1
12

Dead (% of
population)
0.05775
0.08834
0.02712
0.03519
0.00665
0.00194
0.01228
0.02318
0.13655
0.06230
0.01376
0.07070
0.02093
0.01500
0.04997
0.03135
0.01866
0.05341
0.04680
0.02722
0.0331
0.01935
1.73610
0.01292
0.05990
0.00700
0.06295
0.01566
0.12197
1.1285
2.49805
0.17298
0.01534
0.03090

From: NDRRMC: Yolanda Situation Report No. 74, 27.12.2013
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Appendix 4: NDRRMC warning of Yolanda

From: NDRRMC: Situation Report No. 4, Yolanda, 07.11.2013, 18:00h
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Appendix 5: Questions to officials and residents by GIZ
Questions for Officials
Place (LGU, brgy)
Function of the interviewee
Who coordinated with your LGU about Typhoon Yolanda?
What and when were actions taken by the LGU before Yolanda?
Are maps with evacuation routes and evacuation centers available?
How and when the residents warned about the upcoming typhoon?
Did the LGU facilitated evacuation? When was that?
To what extent did the residents in storm-surge-prone areas follow the evacuation advice?
How many evacuation centers did the LGU have?
How many persons were accommodated in the centers before the storm?
Did you check on the storm surge (or tsunami) hazard map who should be evacuated and
what evacuation centers are safe from storm surge?
Where were those evacuation centers located?
Did your LGU organize evacuation drills before(when, where)?
Additional for regional and provincial respondents
Did you check the safety of the locations of evacuation centers?
Did you advise LGUs about the severity of the storm, storm surge, floods, landslides? How
(in writing? When?)
Do you have statistics of casualties by hazard? (e.g. storm, storm surge) By barangay?
What sources of information did you use concerning the hazards?
Were there any reported floods caused by rivers?
Any reports about landslides?
Other comments:
Questions for Residents
Place (LGU, Brgy.)
Male/female
Age
Occupation
Did you get to know the storm warnings before “Yolanda”?
By what means did the warning reach you?
What was the content of the warning?
When exactly did you get a typhoon warning?
Do you know what alert level was the warning (specify)?
What did you do when you received a warning?
Were you told where to evacuate to? By whom? Where to? How serious?
If you did not evacuate, why?
In your opinion: How many percent of your barangay did stay in their houses?
If you did evacuate, where to?
Was an evacuation organized by officials (describe)?
Is your house located in a storm surge - prone area (how do you know)?
Do you know the meaning of the Storm Warning Signals (describe them)?
Do you know recommended evacuation routes (describe them)?
Are the routes clearly marked with signboards?
Do you know safe places for evacuation (describe them)?
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Are the places clearly marked with signboards?
Did you participate in an evacuation drill (when)?
If yes, what of the drill was helpful for you now?
How will you react when experiencing a warning in future?
How high was the water in your place?
Other comments:
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