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Dvoikec KataoTpopEs

* 'Expnén Xovtopivng to 1925 16TopiKn] KIVUATOYPOPIKT] KOTOYPOQT
¢ amd tov 10te Oevbuvvin tov Epyaoctnpiov ko Axaonuoikod I
I'ewpyadrd . Eivor n mpot) @opd ToryKoGUImG Tov ypnoipomom)dnke n
KIVIULOTOYPOA®io Yol TNV UEAETT TETOLOV PVGIKOV PovOUEVOV. E101kn
eneCepyacio TOv LAKOV Kol TpoPfoAn pépovc tov amd to National
Geographic.
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 MEeTomTUYLOKOL POLTNTES

12 Yrownotot Atddktopec Kot 9 uetomtuylokol eortntéc oto IIMY

Avontvérokog Hepifarirovtikog Xyeodwoonog: 'Epyoa Ymodoung kot IpoAnyn
duoikov Kivovvov

e 5 Ouotipovg Kabnynrtég (Kab. AaPn, Kab. Mrykipoc, Kaf. Xtaudinc, Kab.
I'cdptloc kol Kab. [TavAdmovioc)



Kvplog eComiiopnog tov Epyactnplov

HAEKTPOVIKOS MIKPAVAAVTIG LE 4 POcUATOUETPA KPUGTAAA®Y WDS

Electron Probe MicroAnalyser EPMA with four (WDS) Wavelength
Dispersive Spectrometers (to povaoikd otnv EAAGOQ)

ATOMIKY QUONUTOGKOTLO EKTOUTNS NE OLEYEPOT] TAAGULATOS
Inductively Coupled Plasma Optical Emission Spectrometry ICP-OES

Opyavo mepi@haong aktivov X X-ray Diffraction (XRD) D8
VENTURE

DoonoTOUETPLO ATOULKN S UTOPPOPNGNS HE POVPVO YPUPLTY
Atomic Absorption Spectrometry with Graphite furnace extension
Mn eravopouévo oynua (UAYV) DII Inspire 1

AvaAluTiig avopyavov avlpaka teTtpopdtov Carbon Analyser
Coulomat 702 SO/CS

dlroyopmtopeTpo Photoelectric flame photometer
Chemical Oxygen Demand COD -BOD



Electron Probe Micro-analyzer (EPMA) JEOL JXA 8900 Superprobe

Agrtovpyel OC NAEKTPOVIKO UIKPOGKOTLO UE TNV TPOGHETN dvvatoTnTa
NG YNUIKNG avdivons. Ta 4 paouatoOueTpa KPUGTAAAWDY ETLTPETOVY TNV
TOGOTIKT] YMNUIKT] AVOAVGT] LE GYETIKA UEYAA axpifela pe TIéG
OVLYVEVGLUOTNTOS TOV PTAVOLV KO Ta, AlYEC 0eKAOEC ppm. Agv
KOTOGTPEPOLV TO OEIYLLO, EMIGTC TANPOPOPIEC YL TNV VPT], KPUGTUAAIKT|
ooun.



ICP OES Perkmg Elmer Optima 8000
['eomepPailovVTIKEC EQAPUOYES LE OVIYVEVGIUOTNTO GE ppb

Aviyvevon 1 vooTolyel®V 6€ VEPO, £00UPOG KOl TTETPWLLOL
Avaivon Tpoeinmv, Kpaotol KTA

KaBoplopnodg emmédmv OpenTIKOV GUGTATIKDOV YEMPYIKDV
00OV
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Unmanned aerial vehicle (UAYV)
DJI Inspire 1

X-ray Diffraction (XRD)
D8 VENTURE
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(Earthquake Geology — Paleoseismology)

Méo® EKGKUPS TUANLOGEIGUIKAOV CKOURATOV
(Paleoseismic trenching)
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@ Initial stage

© Erosion of “cs” and “cls” on hanging wall
Deposition of “s', “cs” fragments and “gs”

*Note: The 1.5m wide bench artificialy disturbs the centinuity of the stratigraphy, thus ob-
structing its correlation on either side of the bench

Event 1 (66cm vertical displacement)

Legend

aults ~— Fractures ~ Presenceoforganics - Geological limit, definite and
transitional / indefinite

[ Upper Topsail : Brown / dark brown sandy clay and secondarily clayey sand, with occasional fine
gravels. Sand fine to coarse, mainly of calcitic origin (limestone / marble and hard marl), Pres-
ence of some organics and root remnants, Soft.

The topsoil was almost totally stripped off from the whole area of work before the excavation of
the trench. The mapped topsoil was the remnant of this removal, in places where its total thick-
ness was more than ~40cm.

. | Lower Topsoil : Brown clayey sand to sandy clay, with gravels and some lenses rich in coarse
sand and gravels. Sand is fine to coarse, gravels mainly fine. Sand and gravels are of calcitic
origin (limestone / marble and hard mar). Loose / Softto firm.

]I_‘ Brown sand : Light brown medium to coarse sand with some fine gravels and little clay. Lens-like
heorizon within the lower topsoil formation ts2, Loose,

Green silt: Green silt, sandy silt. Soft to firm._

| 5 |Sand :Greenish grey, reddish brown and erange sand with ranging proportion af silt (pure sand
to silty sand). Presence of organics in thin {2mm-2cm) layers. The sand is mainly fine to medium,
with some coarser pockets containing coarse sand and fine gravels. In the formation can be also
found lenses or vein-like forms of calcium carbonate material, often mapped separately as "cs”
(see below), The formation is often lens shaped. Layering and foreset structures are sometimes
visible. Very loose to medium dense.
Clay - Calcitic Mixtures : Mixtures of brown to greenish brown silt and clay with some sand and
whitish, rich in calcium carbonate / marly soil. Presence of very dark manganese and / or organ-
ics. The whitish material often forms vertical vein-like network, Firm to very stiff,

El Clayey - gravelly lenses : Non-uniform mixtures of reddish brown silt and clay, whitish marl with
ranging proportion of calcitic gravels. Presence of manganese and iron oxides. The gravels are
mainly of hardened calcium carbonate material, very wezk in strength, angular to sub-angular,

ranging in size from coarse sand to coarse gravels.
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Fractures / Faults 1.5 wide Bench
Upper Topsoil : Brown / dark brown sandy clay and secondarily clayey sand, with occasional fine gravels. Sand fine to coarse, mainly of calcitic
origin (limestone / marble and hard marl). Presence of some organics and roct remnants. Soft.

The topsoil was almost totally stripped off from the whole area of work before the excavation of the trench.The mapped topsoil was the remnant
of this remaval, in places where its total thickness was more than ~40cm.

Lower Topsoil : Brown clayey sand to sandy clay, with gravels and some lenses rich in coarse sand and gravels. Sand is fine to coarse, gravels mainly
fine. Sand and gravels are of calcitic origin (limestone / marble and hard marl). Loose / Soft to firm,

Brown sand : Light brown medium to coarse sand with some fine gravels and little clay. Lens-like horizon within the lower topsoil formation ts2.
Loose.

Green silt : Green silt, sandy silt. Soft to firm

Sand : Greenish grey, reddish brown and orange sand with ranging proportion of silt (pure sand to silty sand). Presence of organics in thin
(2mm-2cm) layers. The sand is mainly fine to medium, with some coarser pockets containing coarse sand and fine gravels. In the formation can be
alse found lenses or vein-like forms of calcium carbonate material, often mapped separately as “cs” (see  below). The formation is often lens

shaped. Layering and foreset structures are sometimes visible. Very loose to medium dense.

Clay - Calcitic Mixtures : Mixtures of brown to greenish brown siit and clay with some sand and whitish, rich in calcium carbonate / marly soil. Pres-
ence of very dark manganese and / or organics, The whitish material often forms vertical vein-like network. Firm to very stiff,

Clayey - gravelly lenses : Non-uniform mixtures of reddish brown silt and clay, whitish marl with ranging proportion of calcitic gravels. Presence of
manganese and iron oxides. The gravels are mainly of hardened calcium carbonate material, very weak in strength, angular to sub-angular, rang-
ing in size from coarse sand to coarse gravels.
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Boowkoi Iepropiouoi kot IpoPAnuota otnv avamtuén
[ToAowoceicuikomv Exeroganv

* QmOYOPEVLOT - O0OVVOULD EKGKOQPAOV OTNV EKACTOTE TEPLOYN
REAETNG (AOY® VQOLOTAUEVOV TEYVIKAV EPYOV, UPYULOLOYIKOV
EVPNUATOV, TOAVIOLOKTI|CLAOV KTAT),

* TEPLOPLCUAV_GTNV_CTPOUATOYPOQLO (ATOVGLo TAAILOEOAPOV N
KOTAAAMNAQV  OTPOUATOYPUPIKAOV OPLLOVIMV Y10 OGLGYETION
ekaTEPMOBeY TOU priynatoc). Ma Bédtiotn 0£on TaAa0GEIGUIKOV
OKOUNOTOS OTOLTEL TNV 0OLIKOTN WNUOTOYEVEST] EKOTEPMOEY
Tov PRYROTOS KOTh TO Av. IIAgioTtOKOvo-OAOKOIVO, GUVONKN

mov 610V EAL0OIKO Y ®Mpo cvyva amovcrdler.



Avtipetomion Ilepropiouwv

Exmovnon 6toysopueévev EPEVVNTIKOV YEOTPNGEMV

* Y10, TOV EVTOTIONO TG EMPAVELNS 0ALlcON oG,

* TNV EUYMYN OELYUATOV VIO YEOYPOVOAOYN G KOl

* TNV UEAETN TV YUPUKTNPLOTIKOV TNS PNELYEVOVS LOVNS
(01ev0vvon-KAlon em@aveELOS PRYROTOS, EKTIUNGN COVNS
TOPUUOPPOCNS, CTPOURATOYPUPLO, YEDTEYVIKA
YOPOUKTNPLOTIKG)
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Papanikolaou et al. 2019
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~ ESI2007 (Environmental Seismic Intensity)

Quaternary International

journal homepage: www.elsevier.com/locate/quaint

Uncertainty in intensity assignment and attenuation relationships: How seismic

hazard maps can benefit from the implementation of the Environmental Seismic
Intensity scale (ESI 2007)

loannis D. Papanikolaou®®*

Quatermary International 431 (D017 ) 3/—35
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The Environmental Seismic Intensity Scale (ESI 2007) in Greece, @E__W,M
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b Marine Geology

. Volume 407, January 2019, Pages 94-110
ELSEVIER

Active tectonics and seismic hazard in Skyros Basin, North

Aegean Sea, Greece
D. Papanikolaou 2 & &, P Nomikou 2, |. Papanikolaou &, D. Lampridou 2, G. Rousakis ©. M. Alexandri ©

®E Show more

hitps fidoi org/10. 1016/ . margeo. 20158.10.001 Get rights and content
Highlights
. New bathymetric and seismic data in Skyros Basin, North Aegean Sea

Obligue opening of the Skyros Basin similar to the North Aegean Basin

19 major active faults that can generate M = 6.0 have been mapped for the
first time.
]

Seismic hazard underestimated, GHEE 3 active faults within the seismic

caialﬂg ues

Subsidence of the North Aegean Sea is accelerated since Middle
Pleistocene.
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I Table 1 _
Active faults and their seismic potential in Skyros Basin.

Faultno Length (km) Strike SS (Mw)  SS(Mw) NS (Mw) NS (Mw)
we Wen we PC

1 43.5 NWSE  7.00 6.99 7.02 6.95

2 46.7 NWSE  7.03 7.01 7.06 6.98

3 45.7 NWSE  7.02 7.00 7.05 6.97 e we manped for the first time

4 445 NWSE  7.01 6.00 7.04 6.96 1Y

5 20.3 WSW-ENE  6.62 6.70 6.59 6.66 19 active faults that can

6 17.0 E-W 6.54 6.63 6.48 6.59

i ol i i o i > = generate earthquakes stronger

7a 31.5 ENE-WSW  6.84 6.86 6.84 6.83 than M=6.0 (8 of them M>7.0).

7h 39.5 ESE-WNW  6.95 6.95 6.97 6.92

8 7.8 NNWSSE  6.16 - 6.04 6.28

9 12.2 NW.SE  6.38 - 6.29 6.46 * Only 3 of these faults have

10 111.2 ENE-WSW  7.45 7.34 = = -

-4 e e oa g ) i} been ruptured anq rec.:orded in

10b 44.8 NESW  7.01 7.00 " - the earthquake historical

11 17.7 ENE-WSW  6.56 6.65 6.51 6.60 OO,

12 11.4 NW.SE 634 6.48 6.26 6.43

13 8.0 NWSE  6.17 - 6.05 6.29

14 9.1 NWSE 623 2 6.13 6.34

15 8.4 NNWSSE  6.20 3 6.08 6.31

16 6.5 NWSE  6.07 =5 5.93 6.21

17 48.0 ENE-WSW  7.04 7.02 2 =

18 43.5 ENE-WSW  7.00 6.99 5 =

358.8 WSW-ENE 6.94 6.94

Notes: 55: predominant strike slip rupture, N5: predominant normal slip rup-
ture, WC: Wells and Coppersmith {1994), Wen: Wesnousky {2008} (only for
ruptures > 15 km). PC: Pavlides and Caputo (2004).
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Multidisciplinary Studies

3D visualization and paleoenvironmental interpretation

Kalamaki-Isthmia fault

terrestrial formation and
5 coarse sand and gravels sand
man made dedris El

- sea (Corinth Canal

~ 8 m water depth
[ ] finesandto clay [ brown clay/sand (with paleosoil horizons within)
GA-5 Bh-1 ; ; .
H marine sedimentation
d J Crosssections of figure60 1,2, 3, 4,5

periods

3D sketch of the
study area based
on the boreholes
description.
Numbers 1-5 show
the correlation
among the
sediments
described at the 3-
D sketch with the
borehole Bh-3

Pallikarakis et al. (2018)
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(a) Two-channel composition

onstruction

(b) 3D rec

" LiDAR multispectral analysis shows

_that distinct layers can be identified

in a trench

Combining LiDAR and GPR for 3-D
visualisation of palacoseismic trench
stratigraphy



LiDAR notches
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Bedrock fault scarps

1.7 km E’ Pisia, = I
view towards Colli Alti e Bassi normal fault,
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Indicators of past slip events
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30C]: earthquake ages and slip rate
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Synthetic stochastic model description

Hazard module

Future seismic events
stochastic simulation

Surface Geology

ault Specific
modeling

* Historic Earthquake
Catalogues

« Amplification —
attenuation of seismic
intensity

* Detailed geological
maps

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece



Synthetic stochastic model description

Instrumental and historical earthquakes record modeling

400000 425000 45000 475000 500000
L J

» Different earthquake
catalogues (NOA-UOA post
1900 and AUTH in pre-1900)

425?000

* Events with M>6.0 laying on
the active faults hanging q
walls are rejected

* Only 4 faults can be related
to historic or recent events

420?000

* Combination with the fault
specific model results

417?000

* Final catalogue with
historic, instrumental and OA Catalogue 19002000 A.0. &
fault specific epicenters

® 411-540
® 541-6.00
® 6.01-6.350

415?000

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece ~ DAYS
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Synthetic stochastic model description

Stochastic earthquake modeling

 Stochastic simulation of the future events based on the new epicenters
database.
e Atticaissplitina 1 km x 1km grid

Inside each cell the A parameters of the random variable of
the epicenters number per year are calculated (Poisson
distribution)

Longitude
18 19 20 21 22 23 24 25 26 27 28 29 30
42 0,15 0,57 0,10 0,10 0,02 0,08 0,09 0,11 0,06 0,00 0,01 0,00 0,00

41 0,01 1,07 1,06 0,08 0, Longitude —
40 0.00 0.97 0.59 113 0. 20 201 20,2 20,3 204 20,5 20,6 20,7 20,8 20,0 Each cellis attributed
oAttty 38 0,030 0,045 0,032 0,008 0,008 0,015 0,006 0,002 0,015 0,008| 0 a percentage, 2

39 0,08 0,21 1,55 0,79 1,1 384 0,019 0,070 0,038 0,034 0,006 0,008 0,015 0,008 0,008 0,002

m .
3 380,00 0,17 4,32 201 20 387 0,002 0,028 0,028 0,017 0,019 0,015 0,011 0,013 0,006 0,004} TePresenting the
% 37 0,00 0,50 3,66 2,39 0, , 38,3 0,004 0,006 0,008 0,032 0,017 0,006 0,000 0,006 0,068 0,004| probability of
— 36 0,00 0,03 0,14 1,65 0,75 38,4 0,004 0,000 0,006 0,025 0,008 0,002 0,002 0,000 0,006 0,000 hauak
35 0,00 0,00 0,05 0,67 1,CE 385 0,000 0,000 0,002 0,015 0,004 0,017 0,002 0,000 0,002 0,002 carthquake
34 0.00 0.00 002 004 0~ 386 0,000 0,002 0,006 0,004 0,021 0,002 0,002 0,000 0,000 0,002 occurrence, following

38,7 0,000 0,002 0,002 0,006 0,015 0,017 0,002 0,004 0,006 0,004 o ¢ o gar o cisa)
38,8 0,000 0,000 0,000 0,004 0,008 0,017 0,017 0,004 0,015 0,006f & W :
38,9 0,000 0,000 0,004 0,006 0,004 0,028 0,000 0,002 0,004 0,004f beta and polynomial

distribution

33 0,00 0,00 0,00 0,01 0O,C

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece ~ DAYS

2018




Synthetic stochastic model description

Hazard module

Future seismic events
stochastic simulation

Surface Geology

 Fault Specific

- * Amplifica
modeing attenuation of seismi
* Historic Earthquake intensity
Catalogues  Detailed geological
maps

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece



Synthetic stochastic model description

Hazard module

e 5 - Average
e Subsoil change in
¥ Intensity
: Mesozoic or Tertiary
limestone, schists, -1
gneisses, marbles and
granites
Flysch/foredeep 0
deposits
Ictive Faults = :
wo o Quaternary deposits +1
g [simplified Geology T
E- Quaternary
:] Flysch/Foredeep
| | Bedrock

%

25 -27 June, 2018, Possidi, Greece
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Synthetic stochastic model description
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Synthetic stochastic model description
Vulnerability module

Vulnerability tables - Vulnerability curves
« Building and building contents
» Average value of the expected damage
* They depend on:
» Seismic intensity (hazard module)

» Building characteristics (exposure data)

* Based on seismic intensity scales (e.g. MMI) or ground motion
characteristics (e.g. PGA, SA, etc)

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece ~ DAYS
2018



Vulnerability Module

Non :selsmlc design ) 14% 40% 80% 100%

unreinforced masonry

Remforcet'i co'ncret'e 4% 13% 33% 58%

frames seismic design
I N

seismic design

Reinforced masonry
high quality seismic 5% 13% 25%
design



Synthetic stochastic model description

Vulnerability module

* Existing tables (e.g. Sauter& ~ ~ comvutionupeinreisiontovengedanaze
Shah, 1978; Degg, 1992), o -
modified by already rd | )
published vulnerability | - T |
curves and tables (e.g. s

Kappos et al., 1998; Kappos

RRVIT Vil IX X

et al., 2006; Kappos & Intensity (MMI)
Panagopoulos, 2009).

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece ~ DAYS

2018



Synthetic stochastic model description

Vulnerability module

Construction type in relationto average damage

100

—Adobe
90
—Non seismic design
80 unreinforced masonry
70 Reinforced concrete frames
. non seismic design
60 —Reinforced concrete frames
= _ :
& 50 seismic design o
e Shear wall structures seismic
< 40 design o
2 0 Wooden structures seismic
3 .
g design
Z 2 teel frames seismic design
10 —Reinforced masonry high
o - quality seismic design
VII VIl IX X

Intensity (MMI)
* 8 building types that match the Greek insurance companies portfolios

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece




Exposure data

Building Characteristics

Policy Number
Serial No. of floors




Financial Module

I urance p()hCleS EXpected amount of loss

%\SUI’&HCC p()h% Own retained losses

Total loss for insured portfolio




Synthetic stochastic model description
Financial module
Objective

To specify the required capital K, in order to ensure that the insurance company will be able to
meet its obligations over the following year, with a probability of at least 99.5%.

Resolving method

Portfolio: we assume n buildings and that X; 1s a random variable, representing the amount of the
annual own retained loss for the i,; building, where i=1,2,...,n.

then
The total annual own retained loss amount : §

S= X1 +X2+Xn

The Solvency II requirement is typically described by the following equation:
Pr[S < K] = 99.5%

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece ~ DAYS

2018



Synthetic stochastic model description

Financial module

Simulation techniques for the random variable S distribution:

We develop a synthetic stochastic model that reproduces a large number (e.g. N, where
N=10,000) of different values for the random variable S (e.g. S}, S,....89 990, S;0,000)

!

| Events tablel

15t option / \ 2"d option
- Sorting of 51y, S(2),-- $(9.999), S (10.000) - A theoretical distribution is fitted to
in descending order the initial sample of the random
- Select the number w arranged value, variable S, (S;, S, .... S9.99e S10.000)
where - We calculate the capital K using the

w=NXx0.05 mathematical formula of the
- calculate capital K based on the corresponding cumulative distribution
corresponding value from the sorted or cumulative probabilities tables, so
random variables S, that is, that:

K= 54 Pr(S < K| =99.5%

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece
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Synthetic stochastic model description

Overall process per event

\ Stochastic
Total loss ~ model for
6 future |
(S) earthquake
events
5 Reinsurance Attenuation o
policies relationships

Insurance Vulnerabilit
y tables (or

4 policies ‘ N i) 3

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece ~ DAYS
2018
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Modelling on GIS
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Amount

250.000.000 £

200.000.000 £

150.000.000 £

100.000.000 £

50.000.000 €

0e

95,0%

96,0%

Total Capital Requirements

97.0%

Risk Level

99,5%

99,6%
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Synerglstlc Approach of Remote Sensing and GIS

Techniques for Flash-Flood Monitoring and Damage
Assessment in Thessaly Plain Area, Greece
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LEGEND
D Study area
E== Egnatia Motorway
Frost Frequency

I very Low (0.00 - 0.15)
Low (0.15 - 0.25)

[ | Moderate (0.25 - 0.35)
[ | High (0.35- 045)
[ Very High (0.45 - 1.00)
Water Bodies




Table 2. Spearman’s statistical correlation analvsis (rs) among frost frequency, SDI, HDI and

topograph_v.
Variables Frost Frequency SDI HDI  Altitude Slope Aspect Curvature
Frost Frequency 0527 0145 0.306 —0.193 -0.002 —0.02
SDI —0.052 0.589 0.147 0.010 -0.018
HDI 0.260 —.061 0.009 —0.023

Note: HDI, Hydro Distance Index; SDI, Sea Distance Index.

H cuyvotnto moyetov mapouctalet:
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