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* When a disaster occurs, the society in risk is not only threatened by the
consequences of this event.

* Stable and trigger factors generate a natural hazard, which in turn
induces changes in some trigger factors and thereby

these changes can induce another natural hazard.

* Furthermore, natural hazards are characterized by interactions, which consist of various types
such as the triggering (cascading) interrelations, which

can aggravate the negative impact of a disaster.
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* For example, a relationship between drought, wildfires and landslides exists and it is
possible to be occurred. More specifically,

> the lack of rainfall constitutes the trigger factor

> for a drought event (Lawrence, et. al., 2020).

!

> Lightning is one of the trigger factors

> of wildfires when considering the natural causes of unplanned or uncontrolled'landscape fires
(Murray, et al., 2021).

If an area is characterized by drought then the occurrence of lightning could result in

v the triggering of wildfires which increases the probability
v of landslides through removing vegetation (Gill and Malamud, 2014)

v and thus these cascading effects can be turned into “cascading disasters” (Lawrence, et. al., 2020).

* The research aims to present the framework of natural hazard interrelations associated with the major
disasters that occurred in Greece and had a significant impact on society, in order to bring out the
Qnificance of multi-hazard risk.

L.




e

Selection of Major Natural Hazards

* The selection of major natural hazards that have occurred in Greece is based on the declarations of the
affected areas in a State of Civil Protection Emergency.

* The State of Civil Protection Emergency is activated in case of the occurrence of large-scale:

1) natural

On the population and

2) technological  the infrastructures

3) and other disasters
for the handling of which the immediate
available resources, means and materials of

the management bodies are not sufficient.

- of a certain time duration must be taken

& Thus, emergency rehabilitation measures
. into account.

. 1 Figure 1:
Indicative types of hazards that can be turned into a disaster
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According to the Secretary General for Civil Protection of the Ministry for Climat
Protection (2021), among the disastrous events for which the State of Civil Protect
was activated from 2014 until 2021, the major natural hazards were:

o Earthqyake such as in the case of Vrisa, (Lesvos, North Aegean) on June 12 2017

Figure 4
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* Forest Fire, such as in the case of Mati (East Attica) on July 23, 2018
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* Frost, such as in the case of Vilia, Erythres & Oinoi (Mandra-Eidylliei, West Attica) on Dece 2019

Snowfall such as in the case of Dionysos (East Attica) on February 15, 2021
B
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Classification of Hazards

* The definitions and classifications of hazards are based on the report (Murr

v The United Nations Office for Disaster Risk Reduction (UNDRR)

v the International Science Council (ISC) ¢

v and the Sendai Framework for Disaster Risk Reduction 2015-2030
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for Disaster Risk Reduction
2015 - 2030

igUNDRR

e for Disaster Risk Reductio

ay, et al., 2021) condtcted by:

* 302 hazards are classified into — 47 cluster types which in turn — are classified into 8 hazard types:

1) the Biological hazards (88 hazards)

2) the Meteorological and Hydrological hazards (60 hazards)

3) the Technological hazards (53 hazar
4) the Geohazards (35 hazards)
5) the'Chemical hazards (25 hazards)

6) the Environmental hazards (24 haza

7) the Extraterrestrial hazards (9 hazards)

8) and the Societal hazards (8 hazards)
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Information Profiles report
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In order to define and classify the disastrous events whose affected area was declared in"a State of Civil

Protection Emergency,

/]

each of these disasters was corresponded with the relevant hazards contained in the hazard information
profiles provided by the UNDRR, ISC and the Sendai Framework (Murray, et al., 2021), as illustrated in
the table 1. :

Type of disasters as

mentioned in the

text of the Stat Specific Hazards
Table 1. Correspondence of the disastrous events comtext 0= e 9% (and their identifier)

in Greece for which the State of Civil Protection of Civil Protection

Cluster types Hazard types

Emergency was activated with the Specific Hazards Emergency
(and their identifier), Cluster Types and Hazard MHO003: Thunder- | . o 1oted
Types according to the hazard information profiles Heavy Rainfall- storm
provided by the UNDRR, ISC and the Sendai Floods MEHO0006: Flash . Meteorological and
mework Flood °° Hydrological hazards
. . tnowfall-Frost  MHO0039: 5 rst
Consequently, during the period :I‘"”_] t o MHDDBED;;DM Precipitation-Related
2014-2021, Greece has been mainly . '
affected bv: GHO0007: Landslide
y: Landslide or Debris Flow Seismogenic
_ _ _ Geohazards
+ 4 types of meteorological and (Earthquake Trigger)  (Earthquake)
hydrological hazards Earthquake GHO0001: Earthquake
. F Fi EN0013: Wildfir Environmental Ervvi al
2 types Of geohazards orest Fires : Wi es Degradation (Forestry) nvironment

. and 1 environmental hazard



Temporal Scale (s)

Hazard Interactions and Types of Hazard Interrelations

Hazard Interactions

& refer to the unidirectional and bidirectional effect(s) between one hazard/process and another
hazard/process (Gill and Malamud, 2016). When considering the physical processes, each primary
hazard triggers or increases the probability of a secondary hazard (Gill and Malamud, 2014).

“Multi-hazard”

v reflects the occurrence and the interactions of all possible hazards in a given spatial region
and/or temporal period (Gill and Malamud, 2014)
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e “Multi-hazard”

v denotes both the selection of multiple major hazards that the country faces, as well

the
contexts where hazardous events may occur (Murray, et al., 2021):
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|
Gill and Malamud (2014) identified 90 natural hazard interactions

between 21 hazards, which refer both to relationships of increasing |
probability and triggered relationships. According to Figure 38:

2 Flgure 23. Earthquake

- Figure 30.
Cold extreme temperature

| CAUTION!
/ ) "EXTREME |
can trigger the occurrence of e

\ 9 secondary hazards, such as: DANGER

[



* On the other hand, a secondary hazard such as ground collapse can be triggered
by 7 primary hazards, such as:

Flgure 23. Earthquake

Figure 37. Ground Collapse

"




Figure 38. The interaction of 21 natural hazards, through a wide-ranging review of grey- and
peerreview literature, resulting into 90 interactions, according to Gill and Malamud (2014, p. 693).

SECONDARY HAZARD (TRIGGERED OR INCREASED PROBABILITY) | KEY
HAZARD GROUP HAZARD CODE
EQ| TS |VO|LA|AV| FL |DR| RS |GC | SS |GH | ST | TO| HA | SN | LN (EJ} (Ec'l; WF|GS | IM Earthquake £Q
n Tsunami T5
EQ GEOPHYSICAL | Volcanic Eruption VO
- Landslide LA
Snow Avalanche AV
vo Flood FL
HYDROLOGICAL
- Drought DR
Regional Subsidence RS
AV SHALLOW Ground Collapse GC
EARTH - -
- PROCESSES Soil (Local) Subsidence SS
Ground Heave GH
DR / Storm ST
ns Tornado TO
Hailstorm HA
ol GC ITMOSPHERIC | Snowstorm SN
3 ss Lightning LN
e o Extreme Temperature (Hot) ET (H)
E GH Extreme Temperature (Cold) |ET (C)
b - / . BIOPHYSICAL | Wildfires WF
E Geomagnetic Storm GS
SPACE
TO Impact Events IM
HA NATURE OF SECONDARY HAZARD
COLOUR CODE (FOLLOWING ONE OCCURRENCE OF PRIMARY HAZARD)
SN Potential for a small number of hazard
events (individual or a few occurrences)
LN - Potential for a large number of hazard
iti
ET (H) events (multiple occurrences)
f d SYMBOL EXPLANATION
ET(C) / Hazard Triggers Secondary Hazard
WF
Hazard Increases Probability of
GS Secondary Hazard
Hazard Both Triggers and Increases the
M Probability of Secondary Hazard




Types of Hazard Interrelations

* There are several types of hazard interrelations (Tilloy, et al., 2019; Liu, et al., 2016; Gi lamud
2016; Gill and Malamud 2014), such as:

v the independence
v the triggering relations (cascade or domino effect) or series relationship .

v the parallel relationship where a common primary event triggers the co-occurrence of
multiple hazards simultaneously resulting in a compound hazard

v the change of environmental conditions which results in the increase of the probability of
occurrence of secondary hazard

v the mutual exclusion

v and the catalysis or impedance of cascading relations.




In this research, the series relationship will be taken into consideration regarding the cascading effects of
the major disasters occurred in Greece in the context of the State of Civil Protection Emergency.

Figure 39. The triggering relations (cascade or domino effect) or series relationship (Liu, et al., 2016, p. 634).

Probability of trigger
factor group (¢,,t>... t,, Probability of multiple
tonitng it tutocit) hazards (A and B)

Trigger factors

":!J"n-:'“ ,n

Magnitude of trigger
factor group (¢,,t>... t,, Magnitude of multiple
bitice o d oits B) hazards (A and B)

According to Liu, et al. (2016), stable factors identify the type of natural hazards that influence a given
area, while trigger factors determine the frequency and magnitude of multiple interacting hazards
occurring together.

¥



Results

* Among the 6 major disastrous events that occurred in Greece during the time period 2014-2021

“Heavy Rainfall-Floods” can be divided into:
“Flash Flood” is generally

characterized by raging torrents
generated by heavy rainfall; \
“Thunderstorms” are accompanied MH0003: MHO0006:
by precipitation and can cause flash ’ Flash Flood
flooding (Murray, et al., 2021). Thunderstorm In the context of hazard interrelations, as
i presented in Figure 38, “Thunderstorm”
will be correlated to “Storm” and “Flash

Storm-ST Flood-FL Flood” will be correlated to “Flood”.

The rest of the hazards will be correlated with the similar denominations (MHO0036: Hail to Hailstorm-
HA, GHO007: Landslide or Debris Flow (Earthquake Trigger) to Landslide-LA, etc.).

* When considering the interactions between natural hazards as illustrated in Figure 38,

'

where the type of interaction refers to the cascade or domino effect as illustrated in Figure 39, in which an
emphasis has been placed in the increased probability of occurence of secondary hazards in the context of
severity of disasters, 2

’ it is observed that there are a lot of cascade effects for each of the disasters mentioned in the context of
State of Civil Protection Emergency.




Results

Storm -events both trigger and increase the probability of 8 secondary hazards (earthquake, volcanic eruption,
landslide, snow avalanche, flood, ground collapse, ground heave and tornado), while it triggers a small number of
tsunami events and it increases the probability for a large number of lightning events. On the other hand, storm
cannot be triggered as a secondary event, but extreme temperature (hot) can increase the probability of its
occurrence;

Flood events both trigger and increase the probability of 4 secondary hazards (volcanic eruption, landslide, ground
collapse and ground heave). However, floods can be both triggered and have an increased probability of occurrence
as a secondary hazard by 10 primary hazards (earthquake, tsunami, volcanic eruption, landslide, snow avalanche,
regional subsidence, storm, hailstorm, snowstorm, extreme temperature (hot)), where wildfires increase the
probability of occurrence of a flood event; |

Snowstorm both trigger and increase the probability of 6 secondary hazards (volcanic eruption, landslides, snow
avalanche, flood, ground collapse and ground heave), while extreme temperature (cold) increases the probability of
occurrence of a snowstorm event;

Hailstorm both trigger and increase the probability of 6 secondary hazards (volcanic eruption, landslides, snow
avalanche, flood, ground collapse and ground heave), while it increases the probability for a large number of
lightning events. On the other hand, extreme temperature (cold) increases the probability of occurrence of a small
number of hailstorm events;




Results

 Landslides both trigger and increase the probability of 3 secondary hazards (volcanic eruption, landslides and
flood), while it triggers a tsunami event. On the contrary, landslides can be triggered by 13 secondary hazards
(earthquake, tsunami, volcanic eruption, landslides, snow avalanche, floods, ground collapse, soil (local)
subsidence, ground heave, storm, hailstorm, snowstorm and extreme temperature (hot)), while wildfires increase the
probability of occurrence of a small number of landslide events;

 Earthquake both trigger and increase the probability of 5 secondary hazards (earthquake, volcanic eruption,
landslide, snow avalanche, flood), while it triggers the occurrence of tsunami, regional subsidence, ground collapse
and ground heave. However, earthquake events can be both triggered and have an increased probability of
occurrence as a secondary hazard by 4 primary hazards (earthquake events, volcanic eruption, storm, extreme
temperature (hot), as well as, impacts events, namely, when a celestial body impacts the Earth’s surface (Gill and
Malamud, 2014);

e Wildfires both trigger and increase the probability of extreme temperature (hot) and triggers the occurrence of more
wildfire events. However, wildfires increase the probability of occurrence of landslides, floods and ground heave.
Additionally, wildfires can be triggered as a secondary hazard by 4 primary hazards (volcanic eruption, lightning,
wildfires and impact events) and have an increased probability of occurrence as a secondary hazard by 2 primary
hazards (drought and extreme temperature (hot)).




Discussion

e It is worth pointing out that:

v storm, snowstorm and hailstorm events both trigger and increase the probability of occurrence for most of the
secondary hazards,

v  while landslides and floods can be both triggered and have an increased probability of occurrence as a secondary
hazard by most of the primary hazards.

* Regarding the interaction relationships between the major natural hazards that occurred in'Greece during 2014-
2021 (Gill and Malamud, 2014):

v  Storm events both trigger and increase the probability of earthquake events, landslides, floods;
v Flood events both trigger and increase the probability of landslides,

> While floods can be both triggered and have an increased probability of occurrence as a secondary hazard
by earthquake events, landslides, storm, hailstorm and snowstorm.

> Furthermore, wildfires increase the probability of occurrence of a flood event;

v Snowstorm both trigger and increase the probability of landslides and floods;

v Hailstorm both trigger and increase the probability of landslides and floods;




Discussion

v Landslides both trigger and increase the probability of landslides and floods.

> However, landslides can be triggered by earthquake, landslides, floods, storm, hailstorm and snowstorm,
> while wildfires increase the probability of occurrence of landslides;

v  Earthquake events both trigger and increase the probability of more earthquake events, landslides and floods.

> However, earthquake events can be both triggered and have an increased probability of occurrence as a
secondary hazard by a primary earthquake event and storm;

v Wildfires triggers the occurrence of more wildfire events and increase the probability of occurrence of landslides
and floods. Moreover, wildfires can be triggered as a secondary hazard by a primary wildfire event.




Conclusions

e The disasters for which a State of Civil Protection Emergency was activated consist of:

v 4 meteorological and hydrological hazards
v 2 geohazards and
v 1 environmental hazard

according to the hazard information profiles provided by the UNDRR, ISC and the Sendai Framework, thus
highlighting the broad spectrum of types of natural hazards.

* The declaration of the affected areas in a State of Civil Protection Emergency due to the occurrence of a natural hazard
reflects the frequency and the significant impact of this hazard on society, as the natural hazard turned into a
disastrous event.

* Taking into consideration:

> the seriousness of the cascade effects of each of the disasters occurred in Greece,
> as well as their high number of interaction relationships and

> the fact that all of the disastrous events increase the probability of occurrence of secondary hazards,

slltihazard approaches should be incorporated into the mitigation plans.
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Additional figures to the published manuscript
in the context of the presentation

 [ECG 2022 logo at the cover page: https://iecg2022.sciforum.net/
* Figure 1: https://www.azosensors.com/article.aspx?ArticleID=2343

* Figure 2 and 3: https://www.cnn.gr/ellada/story/85255/mytilini-pagkosmio-geologiko-fainomeno-o-seismos-
sti-vrisa

* Figure 4: https://www.kathimerini.gr/society/561923635/plimmyres-sti-mandra-exagorasimes-poines-fylakisis-
stoys-okto-katadikasthentes/

* Figure 5: https://www.in.gr/2017/11/15/greece/asyllipti-tragwdia-dekapente-nekroi-sti-mandra-logw-
plimmyras/

* Figure 6: https://www.tanea.gr/2022/06/23/greece/law/mandra-varies-poines-fylakisis-gia-tous-
katadikasthentes-tis-fonikis-plimmyras/

e Figure 7: https://www.cnn.gr/ellada/story/141399/koryfaios-kathigitis-apokalyptei-ti-vasiki-aitia-tis-fonikis-
pyrkagias-sto-mati

* Figure 8: https://www.protothema.gr/greece/article/1301657/foniki-purkagia-sto-mati-xekina-i-diki-21-
katigoroumenoi-pano-apo-200-martures-gia-tin-tragodia-me-tous-104-nekrous/

* Figure 9: https://www.cnn.gr/ellada/story/184043/xalkidiki-stoys-epta-oi-hekroi-apo-tin-theominia
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* Figure 10: https://www.cnn.gr/ellada/story/184106/theominia-sti-xalkidiki-h-epomeni-mera-{is-tragodias-me-
toys-epta-nekroys

* Figure 11: https://www.kathimerini.gr/society/561266677/se-katastasi-ektaktis-anagkis-gia-enan-mina-o-
dimos-dionysoy/

* Figure 12: https://www.dikaiologitika.gr/eidhseis/koinonia/331869/kakokairia-mideia-se-katastasi-ektaktis-
anagkis-o-dionysos-me-entoli-xardalia

e Figure 13: https://www.iefimerida.gr/ellada/skopelos-se-katastasi-ektaktis-anagkis

* Figure 14:
https://www.ethnos.gr/greece/article/64952/skopelossekatastashektakthsanagkhskatastrofesapotoxalazi

* Figure 15 and 16: https://www.newsit.gr/topikes-eidhseis/skopelos-se-katastasi-ektaktis-anagkis-gia-tin-
katolisthisi-pou-eksafanise-mia-olokliri-plagia-pics-video/2705221/

* Figure 17 and 18: https://www.iefimerida.gr/news/471862/katolisthisi-sti-skopelo-apisteyta-plana-ston-aera-ta-
spitia-eikones

* ISC logo: https://council.science/

* UNDRR logo: https://www.undrr.org/media/73913/download
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* Sendai logo: https://www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf
e Figure 19: https://www.undrr.org/media/73913/download

e Figure 21: Lei, Y.; Liu, C.; Zhang, L.; Wan, J.; Li, D.; Yue, Q.; Guo, Y. Adaptive governance to typhoon
disasters for coastal sustainability: A case study in Guangdong, China, Environmental Science & Policy 2015,
54, 281-286.

* Figure 22: Gallina, V.; Torresan, S.; Zabeo, A.; Critto, A.; Glade, T.; Marcomini, A. A Multi-Risk Methodology
for the Assessment of Climate Change Impacts in Coastal Zones, Sustainability 2020, 12, 3697, 1-28.

* Figure 23: https://www.telegraph.co.uk/global-health/climate-and-people/mountain-descent-turkeys-
earthquake-epicentre-reveals-impossible/

* Figure 24: https://theconversation.com/we-should-have-been-prepared-for-the-fukushima-tsunami-5735
* Figure 25: https://www.bbc.com/news/world-latin-america-63817378

* Figure 26: https://www.bbc.com/news/world-us-canada-64959807

* Figure 27: https://www.encyclopedie-environnement.org/en/soil/snow-avalanches/

e Figure 28: https://www.who.int/health-topics/wildfires#tab=tab_1
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* Figure 29: https://www.cnbc.com/2021/07/23/sweltering-temperatures-expected-across-us-due-to-heat-
dome.html

* Figure 30: https://www.logan-inc.com/blog/article/how-prepare-extreme-winter-weather

* Figure 31: https://www.science.org/content/article/world-s-strongest-lightning-hits-not-summer-november-
february

* Figure 32: https://www.britannica.com/story/what-causes-a-volcano-to-erupt

* Figure 33: https://www.preventionweb.net/news/world-crossroads-drought-management-29-generation-and-
worsening-says-un

* Figure 34: https://www.noaa.gov/stories/get-your-snow-smarts-on-9-forecast-tools-to-use-winter

* Figure 35: https://www-cdn.eumetsat.int/files/styles/16_9_large/s3/2022-07/hail_aspot_adobe stock]pg’?
h=d1cb525d&amp;itok=FwmhkGZP

* Figure 36: https://greekreporter.com/2017/10/22/heavy-rain-and-storms-expected-from-monday/

* Figure 37: https://cde.news/ground-collapse-in-the-ospedale-del-mare-car-park-in-naples/
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Thank you

Should you have any questions, please contact me at:
michalis.tsoutsos@gmail.com
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