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NatCatSERVICE
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NMPOTEPAIOTHTEZ INA APAzH

'vwon tou kwvduvou (risk) kataotpodpng

Evioxuon tng dtakuPep LvéUvou Kataotpodnc ya tn

Slaxeipion tou

Enévduon otn peliwon tou otpodn¢, otoxevovtag oTnV
NPOGCOPHOCTLKOTNTA

. -~ ’ v
Mpoaywyn Tng eToLoTNTAG YLOL QIO MOTLKA OVTLULETWITLON TWV

KOTaotPodpLY-KALTNG « Kaht:Jtepriq OLVOLKOSOMNoNG» ROTA TV
QTTOKOLTALOTAGN KOl AVALGUYKPOTNON.
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a- Morelos earthquakesin

Mexico ‘ : P _- :
The September 2018 v« 5P ulawesi Island, Indonesia) earthquake and
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tsunami disaster
7. The December 2018 volcano-trlgggggd tsun ‘a‘rm in Krakatau complex (Sunda

Strait, Indonesia) s;. TN
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THE FEBRUARY 6, 2018 Mw 6.4 HUALIEN
(EASTERN TAIWAN) EARTHQUAKE
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(a) A 3D tectonic model in the Taiwan area. East of Taiwan the Philippine Sea plate subducts northward beneath the Ryukyu arc, while
south of the island Eurasian plate oceanic lithosphere beneath the south China Sea subducts to the east beneath the Philippine Sea plate
(Tsai et al., 1977). General geological regions in Taiwan (after Ho, 1988) include: Coastal Plain (CP), Western Foothills (WF), western
Central Range (WCR), eastern Central Range (ECR), Longitudinal Valley (LV) and Coastal Range (COR). The bathymetry is shown by contour
on a grey scale.

Lin (2002), Terra Nova, doi: 10.1046/j.1365-3121.2002.00421.x
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Regional instrumental seismicity based on ISC and EMSC catalogues from 1960

until the earthquake
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ISC + EMSC catalogues from 1960 to 06/02/2018 15:00 UTC Background data: ISC + EMSC catalogues from 1960 to 06/02/2018 15:00 UTC
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Ng et al. (2009), Geophys. J. Int.,

’@)Oci. 1951
doi: 10.1111/.1365-246X.2009.04164.x '

_.Holocene
active fault

Late Pleistocene
="active fault

—-- Suspect
active fault
...... Fault concealed
or inferred

Ota et al. (2005), Tectonophysics,
doi:10.1016/j.tecto.2005.05.040
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Crustal deformation associated with the February 6, 2018 Hualien (Taiwan) earthquake
Results of SAR analysis

1@ B#1A 1st Obs. 2017/06/18
2@ B #18 2nd Obs. 2018/02/11
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(a) Overall view of interference image, (b) enlarged view of interference image, (c) amount of displacement in the direction of

satellite travel of the south right observation pair. In the figure (c), the cold color system indicates the south-southwest direction

(satellite traveling direction), the warm color system indicates the displacement amount in the north-northeast direction
i.go.jp/cais/topic180209-index-e.html)
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MAP OF STRUCTURAL & VOLCANOL
FEATURES OF ISCHIA ISLAND
(Lekkas, Mavroulis, Carydis_;Ol?L

Legend

Structural features
(faults)

=~ Volcanological features
7\ (lava domes, calderas)
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QUAKE 1IN

The 1883 Casamicciola earthquake, Ischia, Bay of Pozzuoli. Xylography print from The lllustrated
London News (1883). Courtesy of R. Musson, Edinburgh. Private collection, Prague
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Near total or total collapses of masonry buildings
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Photo taken on August 25, 2017
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The eastern part of the area most affected by the 2017 Ischia earthquake

From the observation and the analysis of the induced damage, it is concluded that the earthquake ground motion is
characterized by the prevalence of the vertical component and was generated by a minor earthquake. This can be
deduced not only from the small extent of the earthquake-affected area but also from the assigned high intensities.

Photo taken on August 25, 2017
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Magma reservoirs active from 1823 to 1950

Basal decollemont (fault) along
which spreading takes place

Depthy, 7
Adormelers

Cheng et al. (2015),
AGU Geophysical Monograph 208, John
Wiley & Sons, Inc.
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Current condition of Mauna Kea volcano

View from the northern slopes of Mauna Loa




NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS

POST GRADUATE PROGRAM
ENVIRONMENTAL, DISASTER AND CRISES MANAGEMENT

1969 Mauna Ulu Eruption
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Lava flows emplaced from 1790 to 2013
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Halema‘uma‘u veyit
b

Makaopuhi
HAWAI‘'l VOLCANOES Crater
- NATIONAL PARK ’ :
~ i S 3 -k.._ .
= '3"1. » ‘ » e . ’ ¥ - ,A I :
Explanation ’ ' e ] Ko,ﬁgi-., o
ﬁ Flows emplaced Aug 2011-May 2013 : : 5 . : B = q s ,
i Flows emplaced Mar-Aug 2011 ‘ < : ~

- Flows emplaced Mar 2011
Flows emplaced Jul 2007—-Mar 2011

Flows emplaced Feb 1992—Jun 2007

—
Flows emplaced Jul 1986-Feb 1992 _—

Flows emplaced Jan 1983—-Jun 1986

- Flows emplaced 1982

- Flows emplaced 1790-1979

Map of summit and upper-middle East Rift Zone of Kilauea Volcano. Recent and historic lava flows at the summit, along the upper
Southwest Rift Zone, and along the upper to middle East Rift Zone.




l‘ e

o e F!ow fon ‘)\
6/3 630/ AM Macationland
Hawaii

F'o 0| i/
7 saac Hale Park

\,\ /

Island of Hawal'i

- Flow expansion, 62 - &3

Fiows from &3 - 611

Maor road
Mincs road
Notable past Lva flows
Puna Gaothermal Verture = Active fow channel
8  Active fissum 0 0Skm
—

Inactive Fissure Q 05mi N

Path of sieepest descarnt

oy

&@J * MacKenzie State

Recreation Area

Total flow area:
7.6 square miles.
19.8 square kilometers

VOpnhlkao

Kilauea Volcano - East Rift Zone |~
Map Updated 2:00 pm, June 4

Leilan® 2
Estates

oL o IR
¥ DTN
Il Fow expansion. 673 - 64

Fiows from §/3 - 62

Notable past lava flows. Path of steepes! descent =

¥ Opihikac
Active fow channel /
0 0SKm

Puna Geothermal Venture - v
Activa fissura

inactva Fissure 0 osm w

\,v< $liscKenze State
—— Major rosd

Kapoho

\"* Active

Ocean Entry
Vacationland
I Hawaii

YN
7 ®i3anc Hale Park

Island of Hawal'i

Recreaton Area

Total fiow area:
8.2 square miles.
21.2 square kilometers

Kilauea Volcano - East Rift Zone[
Map Updated 10:00 am, June 5
T '

-

v —;\fjf?;‘g—)‘.—\\-'

GCape
%, eKumukahi

»(w”‘

\Aclsve
Ocean Entries

Hawan

Pol mk
‘Isn: Hale Park
N @

- i

Island of Hawai'l

Il 7o expansion, 614 - 5

Flows ftom 513 - 614

Major road
Minot ro0d
Notable past lava flows Path of steepest descent

Puna Geothermal Venture = Active flow channel

8 Activa fsuro Q0 0skm E\
N

Inactive Fssure a 0Sm

./ #iiacKonzie State
Recreation Area

{pihikao

Total flow area:
B 6 square miles
22.2 square kilometers

Kilauea Volcano - East Rift Zone|
Map Updated 12:00 pm, June 6
Hdwanan

LeilaniT

Esta:te;s('

I Fiow esponsion. &5 - &6

Fiows trom §/3 - 85

Major road

Miner rood p
Path of steepast descent ‘O/Dihikao
o

= Active flow channel
0 05Km

Notable past lava flows
Puna Geothermal Venture

Activa fiasura

Inactve Fissuns 0 oSm

=
N

o
7\ $iocKonzie State
3 Recreation Area

o)
o4 eKumukahi

A“,w

\ Acllve

Ocean Entry
cauo

| Hawau

\ Teanaanu Park
Pol mk}

®isasc Hale Park

@

' Island of Hawai'l

Total fiow area:
8.8 square miles
22.7 square kilometers




NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS

POST GRADUATE PROGRAM
ENVIRONMENTAL, DISASTER AND CRISES MANAGEMENT

Photo by Lekkas and Mavroulis
Gas plumes
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..ffr ‘() i ~ - Lt
/ / FlowjEront

A 6/115-30/PM 12
/Nanawale % -
/ 7Eslales [

Lellam "f

Esiates

Kilauea Volcano - East Rift Zoner
S
S

Poh0|k| N

X “isaac Hale Park
N

Island of Hawal'l
¥

-

\\ \ ¢
L.
X C" MacKenzie State

o ;
P Recsason e 01 June 2018, 5:30 prm

he Sure system

" Opihikao

| o 0 1.6 Miles




NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS i .’I -

POST GRADUATE PROGRAM

ENVIRONMENTAL, DISASTER AND CRISES MANAGEMENT h*f m .&

Ground fissures from Pahoa to Kalapana

Ground fissures emitting o
gas across the road leading gl A

Ground fissures
covered by steel
plates

e -
- g -
———— e

Photos by Lekkas and Mavroulis
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Slightly deformed
asphalt pavement
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Lava Viewing Area
Kalapana
(Puna District, eastern Hawaii)

Pahoehoe lava hardens into
interesting textures

(Photos by Lekkas and Mavroulis)




Monitoring of the Hawaiian Volcanoes
2018 Kilauea volcanic activity

Non-erupting volcano is
~ USGS HOME .. exhibiting typical background
Contact USGS activity (including steaming,
Search VHP seismic events, thermal
feature, or degassing), as long
Volcano Hazards Program nu Find a Hawaii Volcano v | Assess Prepare Forecast | Activity Products Observatories About as such activity is within the
range of typical non-eruptive
phenomena seen at the

Kilauea

Update | Monitoring | Photos | Maps | Webcams
Deformation | Air Quality | Videos

Mauna Loa
YELLOW ADVISORY, 2018-05-24 21:28:52 UTC

Update | Monitoring | Photos | Webcams
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Mauna Kea ! 4 Quick Links

Hualalai +awai S \olcano Watch Ash Information
& ¥l FAQs Report Ashfall

Mauna L% i = Publications Report Felt Earthquake

a

Newsroom Vog Dashboard

Kilauea - 2018-06-08 16:05:32 (more)

*"l -, f ’ ; 5 T ::f: = ; At 2:44 AM HST, a small explosion occurred . P . .
" et e o : . T P e Major volcanic eruption is
from Kilauea's summit. PTWC magnitude is

; domi 2 "‘fvf 4ol & imminent, underway, or
.Mi!ff eamount. g s T SRR 5.5, but shaking was equivalent to a ~M4 T Y,
suspected with hazardous

Map Legend | event, No radar observations, but satellites . .
_ activity both on the ground and
suggest any plume is less than 10,000 feet ) ,
in the air.
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Unknown creator, map of Tenochtitlan (at right) and schema of the
Gulf Coast (at left), from Hernando Cortés’s Second Letter, Praeclara
Fernandi Cortesii de Noua Maris Oceani Hyspania Narratio . . .
(Nuremberg, 1524). Courtesy of the Newberry Library, Chicago,
Ayer 655.51.C8 1524d.

Unknown creator, the foundation of
Tenochtitlan, Codex Mendoza, 1542.
© Bodleian Libraries, University of
Oxford



Spatial growth of Mexico City Sites in Mexico Valley with high
Metropolitan Area incidence of ground cracks
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Mexico «
City

Collapsing Terrain

The soil under Mexico City has been sinking for years as a
growing population pulls water from the porous sediments
that underly much of the area. Increased water demand
because of droughts tied to climate change is expected to
make the problem worse.

Source: Subsidence rate data from Dr. Andy Sowter at Geomatic Ventures Limited
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Built-up on top of ancient lake deposits, Mexico City
experiences some of the largest seismic site effects
worldwide. Besides the extreme amplification of
seismic waves, duration of intense ground motion
from large subduction earthquakes exceeds three
minutes in the lake-bed zone of the basin, where
hundreds of buildings collapsed or were seriously
damaged during the M 8.0 Michoacan earthquake in
1985, the M 8.2 Chiapas and the M 7.1 Puebla-
Morelos earthquakes during September 2017.
Different mechanisms contribute to the long lasting
motions, such as the regional dispersion and multiple-
scattering of the incoming wavefield from the coast,
more than 300 km away from the city.

By means of high performance computational modeling Cruz-Atienza et al. (2016) showed that, despite the highly dissipative basin
deposits, seismic energy can propagate long distances in the deep structure of the valley, promoting also a large elongation of
motion. Their simulations revealed that the seismic response of the basin is dominated by surface-waves overtones, and that this
mechanism increases the duration of ground motion by more than 170% and 290% of the incoming wavefield duration at 0.5 and
0.3Hz, respectively, which are two frequencies with the largest observed amplification. This conclusion contradicts what has been
previously stated from observational and modeling investigations, where the basin itself has been discarded as a preponderant
factor promoting long and devastating shaking in Mexico City.

Cruz-Atienza et al. 2016, Scientific Reports 6, 38807; doi: 10.1038/srep38807
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Shock waves of a hypothetical earthquake generated near Mexico City
and amplification in the area of the ancient lake bed

Area of ancient
lake bed

Shock waves from
a simulated earthquake

The city stands on soft The lake bed ...and is surrounded

Darker red areas indicate the strongest ground T Twotystndsonsot  Thelkebed boumunte
movement (based on Cruz-Atienza et al. 2016, & g
Scientific Reports 6, 38807; doi:

10.1038/srep38807)




Shock waves of a hypothetical earthquake generated near Mexico City
and amplification in the area of the ancient lake bed

e s S_— .
= i Simulated

i Py — .

3

_epicenter .

Area of ancient
lake bed

Shock waves from
a simulated earthquake
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38807; doi: 10.1038/srep38807) .
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waves of a hypothetical earthquake generated near Mexico City
and amplification in the area of the ancient lake bed
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Shock waves of a hypothetical earthquake generated near Mexico City
and amplification in the area of the ancient lake bed
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Shock waves of a hypothetical earthquake generated near Mexico City
and amplification in the area of the ancient lake bed

i}':

Shock waves from
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Shock waves of a hypothetical earthquake generated near Mexico City
and amplification in the area of the ancient lake bed
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Spectral accelerations recorded during the September 19, 2017 M 7.1 Puebla-Morelos earthquake
in comparison to the respective accelerations of the September 19, 1985 M 8.1 Michoacan earthquake
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Reinforcement of buildings in the city of Mexico
after the September 19, 1985 M 8.1 Michoacan earthquake (1/3)
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Spatial distribution of building collapses and damage
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City in correlation with the lake bed
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Non-structural damage to R/C buildings in Mexico City and Cuautla due to the M 7.1 earthquake
Cracks, detachment of the infill walls from the surrounding R/C frame and partial collapse of walls
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Heavy structural damage to reinforced buildings in Mexico City due to the M 7.1 earthquake

Photos credit to Lekkas, Mavroulis, Carydis
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Sistema de Alerta Sismica Mexicano — Mexican Seismic Warning System
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Sistema de Alerta Sismica Mexicano — Mexican Seismic Warning System

ALERTA SiSMICA. La senal de la prevenciéon

:Qué es el Sistema de Alerta
Sismica Mexicano (SASMEX)?

Red de sensores que al detectar un sismo fuerte emite
una senal que utiliza ondas de radio. para alertar a las
ciudades que tienen esta cobertura, con un tiempo
variable de anticipacién

iComo funciona?

g

Se calculan
intensidades y
selecclonan
Se detecta ciudades
enlazona a alertar
de cobertura
Se presenta
un sismo (las
ondas sismicas
se propagan

#PREVENIRESVIVIR

G

P
¢Como se =
difunde Ia alerta
en Ciudad de Altavoces distribuidos en toda la ciudad
s e y enlazados al Centro de Comando.
Mexico? Control. Computo. Comunicaciones y
Contacto Cludadano (C5)

) 7
Receptores Estaciones de
Iinstalados radioy TV. que
en inmuebles cuenten con el

servicio

/% iCual es la cobertura?

Se utilizan |
antenas 96
deradiopara * sensores
erwiar y recibir |
la sefalala
velocidad de la luz
(300 000 km/s)

ciudades
El
Centro de
Instrumentacion
¥ Registro Sismico,
A.C.(CIRES) ¢

Ten muy presente que...

Instalados desde Bahia de
Banderas (Jalisco), hasta elIstmo
de Tehuantepec (Oaxaca),
incluyendo la region del Alto Balsas.
en Guerrero. sur de Puebla. centro y
norte de Oaxaca

'. ’/—Puel:ﬂa

Acapulco— -
Chilpancingo OELECE

Informate

.o IR S 2

de Pr 5n Civil
www . gob.mx/ proteccon-cvil

Para cualquier temblor Para un sismo con Centro
que suceda fuerade la eplcentro cercano a alguna
zona de cobertura. el de las ciudades consideradas.

de Pr 6n de D
www.gob.mx/cenapred

sisterna no alertara el aviso podria llegar igual Centro de Instrumentacién y Registro Sismico

que las ondas sismicas

WWW.CIres.org. sasmex_es.php

Fuente: Centro de Instrumentacién y Registro Sismico

MOVIENDO A MEXICO HACIA LA PREVENCION
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CIVIL PROTECTION IN MEXICO - Following the evacuation route to the “Punto de Reunion”
after the seismic alert for the M 6.1 Oaxaca aftershock on September 23, 2017 in Mexico City
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| EXIT |
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Unidos con nuestros hermanos afectados

Photos credit to Lekkas, Mavroulis, Carydis
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Centros de Acopio
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19/9/17

Photos credit to Lekkas, Mavroulis, Carydis
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Bathymetry of the North Makassar Straits e
and topography of Western Sulawesi
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Sea W Bay
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Three-dimensional view of bathymetry of the North Makassar Straits and topography of Western Sulawesi
produced by merging bathymetric data from seismic data with the global bathymetry of Smith and Sandwell
(1997) and SRTM topographic data for onshore Sulawesi. SSP: Southern Structural Province; CSP: Central
Structural Province; NSP: Northern Structural Province. [From Hall et al. (2009), Petroleum Geoscience]
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USGS Magnitude Dr. Valkaniotis Sotiris @ 2018
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Displacement maps of Palu fault segment
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5 Dr.Valkaniolis Soliris @ 2018
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Displacement from Sentinel2 Copernicus EU image frames for the whole length of the Palu earthquake sequence. There is
displacement on the northern part (partially clouded) as reported from InSAR results. Dotted faults are inferred.

https://twitter.com/SotisValkan/status/1047515941570007042
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Coseismic surface rupture in Palu City
photos by Lekkas, Carydis, Mavroulis

The deformed asphalt pavement as well as the adjacent damaged buildings along with the perimeter walls and
railings reveal left lateral offset which is in coincidence with the causative Palu-Koro strike-slip fault



of 2018 Sulawesi Island Earthquake and Tsunami
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Earthquake-induced building damage
photos by Lekkas, Carydis, Mavroulis
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Mosque in Balaroa neighborhood
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Building damage induced by soil
liquefaction and lateral spreading
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THE KRAKATAU COMPLEX IN SUNDA STRAIT

Krakatau complex
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Topography and bathymetry of the Sunda Arc and
surrounding areas. Red rectangle indicates the Krakatau
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catastrophic 1883 eruptions is indicated by black dashed
line. Caldera corresponding to the ~530 AD eruption is
marked by red dotted line.
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In 2017 the elevation of Anak Krakatau was reported as over 400 meters above sea level
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Activity at the Indonesian volcano Anak Krakatau is not
unusual; eruptions have occurred sporadically over the past
few decades. It is somewhat unusual, however, for satellites
to get cloud-free views, as they did in September 2018.

Local sources reported that this eruption has been ongoing
since June 19, 2018. Ash plumes have been observed rising to
altitudes up to 1.8 km (6,000 ft). The plume was also visible
from the International Space Station. European Space Agency
astronaut Alexander Gerst snapped this photograph of the
plume on September 24.
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A plume of ash rises as the Anak Krakatau
volcano erupts in Sunda Strait, Indonesia
on December 23, 2018
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Note: The line/wave heights are relative and for representational purposes only.

Volcano-triggered tsunamis are rare not only in Indian Ocean but throughout the
world
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Triggering around 13:50-14:00 UTC,
explosion on satellite and low
frequency seismic signal observed.

https://twitter.com/CATnewsDE/status/10768
22986278273024
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ORIGIN OF THE DECEMBER 2018 INDONESIAN TSUNAMI

August 20, 2018 December 24, 2018

The Japanese Alos-2 radar satellite used to monitor Anak Krakatau before and after the December 2018 tsunami disaster in Sunda Strait between
Southern Sumatra and Western Java As it is indicated by the analysis of SAR intensity images of ALOS-2/PALSAR-2 data and the detected
geomorphic changes caused by the eruption, the tsunami was most likely triggered by a chunk of the Anak Krakatau volcano slipping into the
ocean. Geomorphic change is clearly detected in the southwestern part of the Anak Krakatau volcano. It can be estimated that approximately 2
km squares of southwestern part of the island was collapsed by December 24th at 5 pm (UTC).

From http://www.gsi.go.jp/cais/topic181225-index-e.html
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THE SHALLOW COASTAL AREA OF THE SEVERELY AFFECTED WESTERN JAVA

Panoramic view of the shallow coastal area of the
western Java in Carita beach. The small depth increased
the height of the waves and their devastating power
along the coast resulting in severe structural damage in
buildings and infrastructures and many fatalities.
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Scars and marks on trees from tsunami in
Carita beach (western Java)
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IMPACT OF THE VOLCANO-TRIGGERED TSUNAMI ON MOBILE OBJECTS
Vessels and boats are washed away, destroyed or moved to higher elevation

Arrows indicate direction of tsunami water flow
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IMPACT OF THE VOLCANO-TRIGGERED TSUNAMI ON RC BUILDINGS

Many sea front RC buildings were also swept away. The tsunami washed away many of them, leaving only their concrete base and buckled
the remaining still standing columns.
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IMPACT OF THE VOLCANO-TRIGGERED TSUNAMI ON COASTAL VEGETATION
Uprooted palm trees due to tsunami on the sand. indicator of the advancing direction of tsunami.
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GEOMORPHOLOGICAL CHANGE AND COASTAL EROSION DUE TO THE TSUNAMI
Beach erosion was induced due the tsunami.
Waves removed beach sand about 1 m vertically and 20 to 30 meters wide and deposited it further inland.




8 == L == ‘55'

DART USA GITEWS Germany WaveScan InaBuoy Indonesia

| .

‘.‘é _”—‘"#""——;—Jﬁ.ﬂ —
43

8 a 3 3

Sumber : BPPT

Tsunami detecting and early warning systems in Indonesian waters have not been operating since 2012. Vandalism, limited budget, technical
damage have caused no current tsunami system. There is need to be rebuilt in order to strengthen the Indonesian Tsunami Early Warning System
and to protect the Insdonesian population. Indonesia must build an early warning system able to detect underwater landslides and volcanic
eruptions.

https://library.wmo.int/pmb_ged/dbcp-td 36 _en/presentations/22 Pandoe-Indonesia-Tsunameters.pdf
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