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Aardbeving ? & Myanmar 2025

Monitoren van aardbevingen

Evolutie seismisch netwerk

Wat meten we allemaal ?

Grote aardbevingen in Belgie & impact
Automatisering van het meten van impact

Het aattenate regionale rampenfonds
Vlaanderen/Brussel/Wallonie
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NATUURLIJKE RISICO'S

Voorbeelden van natuurlijke risico's zijn: een
storm, overstroming, bosbrand of een hittegolf.
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TECHNOLOGISCHE RISICO'S

Voorbeelden van technologische risico's zijn:

een nucleair ongeval of een stroompanne

GEZONDHEIDSRISICO'S

Voorbeelden van gezondheidsrisico's zijn: een

epidemie, ozonpiek, wintersmog of ziekten
onder dieren

VEILIGHEIDSRISICO'S

Voorbeelden van veiligheidsrisico's zijn: een
terroristische aanslag of een cyberaanval

HEVIG ONWEER EN STORM

Een hevig onweer of een storm kan
verwoestend zijn en veel schade aanrichten

LA

DROOGTE

Droogte is een periode waarbij er veel minder
regen valt dan gewoonlijk.
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INVASIEVE EXOTEN

Invasieve exoten zijn soorten die van nature
niet in onze streken voorkomen.
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OVERSTROMING

Verschillende factoren zorgen ervoor dat
rivieren buiten hun oevers treden

TEKORT AAN WATER

Een tekort aan drinkwater kan diverse
oorzaken hebben

RISICO'S UIT DE RUIMTE

Sommige risico’s uit de ruimte hebben we niet

onder controle

KOUDEGOLF

Een koudegolf is een periode waarin de
temperaturen onder het vriespunt blijven

AARDBEVING

In ons land zijn aardbevingen eerder zeldzaam,
maar af en toe veroorzaken ze schade.

HITTEGOLF

De impact van een hittegolf is athankelijk van
de duur en de temperatuur.
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NATUURBRAND

Elk jaar zijn er brandgevaarlijke periodes in
bos- en natuurgebieden.

Natural Risks
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Gemiddelde impact . Grote impact . Catastrofale impact
Mogelijk Waarschijnlijk Zeer waarschijnlijk

Zeer kleine impact
Zeer onwaarschijnlijk

Kleine impact
Onwaarschijnlijk



Aardbeving

Artikel Overleg Lezen Bewerken Brontekst bewerken
Uit Wikipedia, de vrije encyclopedie

Een aardbeving is een trilling of schokkende beweging van de aardkorst.

Aardbevingen vinden plaats als er in de aardkorst plotseling veel energie vrijkomt. De energie plant zich dan
in een golfbeweging vanuit het centrum naar de omgeving voort. Het denkbeeldige punt waar de beving
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https://www.georisques.gouv.fr/articles-risques/seismes/effets-et-consequences-dun-seisme




Oorzaak?
Platentektoniek
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Measuring earthquakes



R Seismographs
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Seismometers in het ondergronds laboratorium in Ukkel (1909)
Links: twee horizontale Bosch-Omori-seismometers,
Rechts: de horizontale Wiechert-seismometer (1000 kg)

Moderne breedband-
seismometer (3 componenten)



2 Horizontal seismographs

Seismographs
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P- and S-wave behavior



Amplitude
A Surface waves

/ Seismograms
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WHEN EARTHQUAKES OCCUR

n
/ / d THEY RELEASE ENERGY AS WAVES.
P-wave S-wave

| | | | | THESE ARE CALLED SEISMIC WAVES
0 200 400 600 800 1000 AND THERE ARE SEVERAL DIFFERENCES
Time since origin (s) BETWEEN THEM \\)/

P-waves (6 km/s) travel faster than S-waves (3.5 km/s)
Distance to an event can be calculated by P — S
(compare it to thunder and lightning)



Location

Aardbevingsbewustzijn op school




Location
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C. Richter

Size of an
earthquake

MAGNITUDE
M 1 : Logaritmic
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Amplitude = 23 mm

Magnitude :

® Local magnitude (M,): 0 10 20
S—P=24s
Based on displacement amplitude and 4
distance 500 -
. 400 | ? T F 1
Richter scale | o -
(but defined in California) 300 - -
L 30  — F 20
. ] b //5—
* Different magnitude schales: 200 | 10
4 - |5
®  Local magnitude (M,): routinely determined 1004 _
by local networks 601 & 3 - .
- =
® Moment magnitude (M,,): more universal, “14 3 < L 05
important to model ground motion and o i
seismic hazard 1, _ o
> 0- Amplitude (mm)
Magnitude

0 -
Distance (km) S—P(s)




*
% ek k

% %k k
ROYAL OBSERVATORY
OF BELGIUM

Mot AP

SEISMOLOGY
GRAVIMETRY

Intensiteit
bepaald
door online
Did You Feel It?
DYFI?

Intensiteit bepaald
door terreinbezoek

EMS-88| Felt Impact Magnitude Building Damage
Intensity (Approxi= {Masanry)
mated Yalue)
1 ot felt Mot felt
2
n-m Weak Felt indoors by a few people. Pecple at rest feel a swaying or light
trembling.

3

Light

Felt indoors by many people, outdoors by wery few. A few people
are awakened. Windows, doors and dishes rattie

Falt incoors by most, outdoors by few. Many sleeping people
awake. A few are frightened. Bulldings trembile throughout.

v Moderat | ianging objects swing considerably. Small objects are shifted.
Doaors and windows swing apen or shut
Many people are frightened and run outdeors, Some abjects fall
Wi Strong Many houses suffer slight non-structural damage like hair-line

cracks and fall of small pleces of plaster.

Very

Meet peaple are frightenad and run outdoors. Furniture is shifled
and objects fall from shelves in large numbers. Many well built

ardinary buikdings suffer moderate camage: small cracks in walls,

fall of plaster, parts of chimneys fall down, older buildings may
show large cracks in walls and failure of fill-in walls.

Severe

Many peopde find it difficult to stand. Many houses have large
cracks in walls. A few well built ordinary bulldings show serious
failure of walls, while weak older structures may collapse.

Wiclent

Genaral panic. Many weak constructions collapse. Even well
built crdinary buildings show very heavy damage: serious failure
of walls and partial structural failure,

Extrame

Most ordinary well built buildings collapse, even some with good
earthquaks resistant design are destroyed

B swems Soimmologeal Sorace

Impact!
EMSO8

Intensiteit



Intensity scale - Surface impact

Macro-seismic
indicators taken into
account (EMS98)

people
Objects
Furniture

Buildings

low intensities
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Area of interest of the GIM =————)
high intensities




Intensity scale - Surface impact

Tectonic
Plate  Hypocenter Tectonic

(Focus) Plate

Felt
Intensity

Very Moderate

Damage Heavy Heavy to Heavy Moderate Light  Very Light None None None
Comparible ; i Very :
example: Shaking Extreme Violent Sever e Strong  Moderate Light Weak Not Felt
light bulb intensity C— —

VS wattage




Modern (Impact) Tools

40 years of developments at the ROB



Local & Global Networks




Real time data
Automatic processing
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BEERS log

GERMANY (10 KM KOBLENZ) - MLv 2.70

Origin Time: 2019-02-12 04:21:27.62 +/-0.22 s
Latitude: 50.300 ° +/- 1.47 km

Longitude: 7.478 ° +/- 1.18 km

Depth: 2.8 km +/- 1.67 km

Event Type: earthquake

Location Type: manual solution

First Location: 2019-02-12 04:22:21.696

This Location: 2019-02-12 06:01:46.498

eventID: be2019czbt
MLV 2. 7)

2019-02-12 04:21:28.858 2019-02-12 04:21:27.616
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eismograms and Magnitudes

LIEGE (BE) - MLv 1.36

BE.LCH. HHZ

Origin Time: 2023-10-26 21:51:16.03 +/-0.17 s
Latitude: 50.602 ° +/- 1.29 km

BE.STI..HHZ |

Longitude: 5613 ° +/- 1.00 km
Depth: 14.1 km +/- 2.31 km

Event Type: unknown
Location Type: automatic solution

BE.BEBN..HHZ

First Location: 2023-10-26 21:51:30.467 BE.LCH..HHN
This Location: 2023-10-26 21:51:50.797
eventlD: be2023vade [BE.STI_HHN

MLv 1.36 - LIEGE (BE)

NL.TERZ.01 HHZ

2023-10-26 21:51:16.033
7 =

BE.MEMS5. HHZ 'l

A M__a—-\/\_/—\

/[NL-HGN.02.BHZ]

NLVKB. HHZ

2023-10-26721:51:00 21:51:15 21:51:30 21:51:45

Magnitude vs Distance

MLv 1.36 - LIEGE (BE)
2023-10-26 21:51:16.033

¢ ML

0.034

0.036 0.038 0.040

Distances (degress)

0042 0.044

Travel Time

Travel Time s}

3.9km
28.3 km
41.3 km
54.7 km
849 km
89.2 km
92 4 km
93.9 km
101.1 km
103.2 km
104.6 km
1071 km
108.7 km
112.8 km
116.2 km
120.0 km
121.9 km

s-Hertogenbosch 122.1 km

04 06

Distance idegres)

ities at distances = 200 km

DistancePopulation

749110
122378
69222
106284
345367
6242
398053
1743000
1004000
26179
680543
1220000
920000
3958
107260
91277
1276757
134520

Automatic Alert;

First alert

First location:
T0 + 14 seconds

This location:
TO + 34 seconds




Automatic Alert:
Updated alert

LIEGE (BE) - MLv 1.65

Origin Time: 2023-10-26 21:51:16.04 +/-0.17 s
Latitude: 50.602 ° +/- 1.28 km

Longitude: 5.613 ° +/- 0.98 km

Depth: 14.1 km +/- 2.30 km

Event Type: unknown

Location Type: automatic solution

First Location: 2023-10-26 21:51:30.467 |_ I E G E { B E }
This Location: 2023-10-26 21:52:01.109
eventID: be2023vade r"ll. |_ L) j_ . 5 5
MLv 1.65 - LIEGE (BE) - -
2023\-’10>26 21:51:16.035 2523 18 25
; 21:51:16

automatic solution
Type: unknown
be2823vade

First location:
[[39 bax TO + 14 seconds !

Linux Servers for Messaging & Monitoring

MLv 1.65 - LIEGE (BE)
2023-10-26 21:51:16.035

This location:
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Automatic Alert:
Updated alert



LIEGE (BE) - MLv 1.65

Origin Time: 2023-10-26 21:51:16.04 +/-0.17 s
Latitude: 50.602 ° +/- 1.28 km

Longitude: 5.613 *+/- 0.98 km

Depth: 14.1 km +/- 2.30 km

Event Type: unknown

Location Type: autematic solution

First Location: 2023-10-26 21:51:30.467

This Location: 2023-10-26-21:52:01:109
eventID: be2023vade

MLv 1.65 - LIEGE {BE)

2023-10-26 21:51:16.835

MLv 1.65 - LIEGE (BE)
2023-10-26 21:51:16.035

Earthquakes in Belgium

ANGLEUR (BE) - 2023-10-26 21:51:15 - MAGNITUDE 1.3

LAST UPDATE : 2023-10-27 00:54:38 BELGIAN TIME

Main parameters Location map

2023-10-26 21:51:15 UTC “f‘
2023-10-26 23:51:15 Belgian time 1

Type Earthquake ®

ta)

Magnitude M 1.3
REN ANGLEUR (BE)

50.609° N, 5.608° E
Uncertainty + 0.4 km

16.5+0.4 km

De  seismo@oma.be &

Pour Thomas Lecocq @
Sujet Mew ewvent recorded by the Belgian seismic network

New seismic event

Region: CHAUDFOMTAINE (BE)

Time UTC: 2823-18-26 21:51:15
Local time: 2823-1@8-26 23:51:15
ML: 1.6 =+ 8.3

Type: Earthquake

Lon: 5.6@9E, Lat: 5B8.599N
Depth: 15 km

ID: 28385

Operator: Koen

This event was verified by a seismologist.

The reported parameters are subject to change,
Please consult our website for the most up-to-d
http://seismology.be/en/seismology/earthquakes-

5 T z1
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ifdustrel

L G
Hollogne Mol

Saint-Nicolas
Tilleur

Seraing

however.
ate information:
in-belgium/gmdwriw2g

0D Seismology & Gravimetry
Royal Observatory of Belgium

wLiege: - >

Grivegnze

— @=w\;,—

Automatic Alerts

& Manual location

Beyns

Leaflet | Esri

First location:
TO + 14 seconds !

Manual Alert
TO + 25 min

Revision
TO + 60 min

Distance: 870 m



MYANMAR (8 KM MANDALAY) - M 7.36

Origin Time: 2025-03-28 06:20:58.05 +/-045s
Latitude: 22.017 ° +/- 6.91 km

Longitude: 96.150 ° +/- 7.21 km

Depth: 10.0 km +/- 0.00 km

Event Type: unknown

Location Type: automatic solution

First Location: 2025-03-28 06:28:49.544

This Location: 2025-03-28 06:28:49.536
eventlD: be2025gbpv

M 7.36 - MYANMAR (8 KM MANDALAY)
2025-03-28 06:20:58.055

Voorbeelden wereldwi|d
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M 7.12 - MYANMAR (19 KM MANDALAY)
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Macroseismic Map USGS
ShakeMap: 2025 llanddc; Myanmar) Earthquake
01 E95. 92 anh lonhn I)us‘loom

Mu?ﬁ.202500205401€“77ﬂ2

Hoe informatie
te lezen ?

SHAKEMAPS |

M 7.7 - 2025 Mandalay, Burma (Myanmar) Earthquake

2025-03-28 06:20:52 (UTC) ‘ 21.996°N 95.926°E ‘ 10.0 km depth
Moment Tensor

View all moment-tensor products (2 total)

Contributed by US last updated 2025-03-29 19:16:12 (UTC)

v The data below are the most preferred data available
v The data below have been reviewed by a scientist

(1,82, -174)

W-phase Moment Tensor (Mww)

Moment 4.634e+20 N-m 18°N
Magnitude 7.71 Mww
(270, 84, -8)
Depth 40.5 km
Percent DC 93% 16°N
Half Duration 38.50s
Catalog us
Data Source us 14°N
Contributor M3
SHAKING |Not feit| Weak | Uight | Moderate | Strong | Very strong Severe Violent | Extreme
_P:)AAGE None NMQ__NEQ Very light Uﬂ'f llo_derace Moderate/heavy HQ_O_!Y Very heavy
PGA{%g) [<0. 0.297| 2.76 6.2 11.5 21.5 40.1 74.7 >139
PGV(cm/s) [<0.0215 0.135 _1_._41 4._6_6 9.24 20 41.4 858 >178
M M INTENSITY 1 - IV i v vi | vl
Scale based on Worden et al. (2012 Version 8: Processed 2025-03-28T18:12:21Z7
W 77 yanmar A Selsmic Instrument o Reported Intensity % Epicenter =3 Rupture
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Intensity scale

Zware aardbeving met kracht van 7,8
Om 4.17 uur lokale tijd

Intensiteit
® 7-8 zwaar
® 6-7 krachtig
5-6 vrijkrachtig
4-5 gemiddeld © Ankara

<4 licht
Turkije

Griekenland

. @ Nicosia 3
Syrié

Beiroet

®
® Damascus

6 Februarl 2023 -Mw 7.8

- Surface impact

Aardbeving treft Marokko y / SPANJI }
Vrijdagavond 8 september 2023, 23:00 uur Nederlandse tud

"\

Intensiteit van de aardbeving*
M 7/, erg sterk
6, sterk

5, gematigd / B Rabat

P 7 MAROKKO

4 ®Marrakesh

Agadir ®

*De mate van-schudden - ) 100 km
van de grond, dat is iets ALGERIJE S
anders dan de magnitude
i NRC 090923 / Studio / Bron: USGS

6 September 2023 — Mw 6.8




Measuring earthquakes
in Belgium



Why Seismology in Belgium ?
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Seismic monitoring
in Belgiumin 1899
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Alaska Fairbanks 1899



Seismic monitoring
in Belgiumin 1983

Brugge Antwerpen
® ®

Hasselt

Leuven
Brussels ®

Four seismic stations: Uccle, o
Dourbes (RMI), Membach and uee
Walferdange

Namur
Charleroi ©

- Autonomous, paper recording,
hourly radio signals

- Collection of recordings:
| UCC da”.y _BEseismic network 1983
- DOU: 2 times a week

- WLF: paper changed every
3 days, but sent weekly

- MEM: 2 monthly visits




Seismic monitoring
in Belgiumin 1989

12 seismic stations

BE seismic network 1989

Antwerpen

Leuven
Brussels ®

Namur
Charleroi ©

Hasselt




3°E 4°E 5°E 6°E

Seismic * e
monitoring in R R
Belgium in 2025 s

29 seismic stations
16 accelerometers

France

A
50°N
N
BE seismic network e " g
A surface seismometer u X.
A subsurface/borehole seismometer Agn 2
v accelerometer
----- bedrock depth
0 25 50 75 100 km
I S 20

T T T T
3°E 4°E 5°E 6°E



earthquakes ?



Quarry blasts Induced events NOt 0n|y
Jemelle, Lhoist Geothermie centrale Dessel ea rthqua kes

Sonic Booms

WW |l explosions at sea



Concerts/Festivals RHSPU

METAL MEETING

o 1 st e st bt oI s s s ot o

ey

Aoty
Wil -

-0 BEDSES*HRZ

(25Kt BE MOLS"HHZ

2.5k BEMOES HHT

r2:5Krri BE FIOET “HHE

[ 2.5kt BE MO "HHZ'

2:6" KT BE MOES“HHZ™

P26 KT BE TR HH

3 £ .
e &N 3 A
B
J ‘. ", "
V 2 » l_l " ?l‘ 't

< £y




Seismic activity in
2021

Belgisch Seismisch Netwerk

A Seismometer
A Accelerometer

Gebeurtenissen in 2021
® Aardbeving (257)

O Geinduceerde aardbeving (12)
@ Groeveontploffing (367)

© Gecontrolleerde Explosie (9)

* Gevoelde gebeurtenis (8)

O
® 5 Arnhem
10 Rotterdam
(]
's-Hertogenbosch
()
e Middelb @ o
Ein”oven
g o o Dessel%
rugge Antwerpen
A 88 p ‘
o
Gent

o)
Hasselt

Brussel} Maastrich

&
Lille’ ‘h ."‘A A .A .Li%

A “‘ Dampremy & A ’
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Mong Char@’ A ‘
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o Arras ‘ (©) &
® o § IO
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Arras R & & ¢
ROYAL OBSERVATORY The data diffused by the Royal Observatory of Belgium (ROB)
OF BELGIUM are subject to copyright; they must not be used for scientific
ial purposes without the full agreement of ROB.
. . PPRTTTRPRIMNBI O Commercial purp g
Selsmologle.be e In any case, the data remain property of ROB. Reimso 0 50
1.4K followers + 17 following ?;Iialimsl'é?'gz The topographic background data is SRTM (USGS (2004),

Shuttle Radar Topography Mission).
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Seismic activity in
2022

o
Belgisch Seismisch Netwerk = Amihemn Miinster
A Seismometer ° Rotterdam
2022 Aardbevingscatalogus o
@ Aardbeving [99] 's-Hertogenboscl?
O Geinduceerde aardbeving [40] o o % l:rortmundO
, Middelb: O Essart
e Groeveontploffing [469] Duisburg =>€"
© Gecontrolleerde ontploffing [14] B
; : o " CWuppé)rtaI
¢ Wetenschapscommunicatie [1] Antwerpen Diisseldorf
@ Supersonische knal [1]
* Gevoelde gebeurtenis [4]

e 4 .
& e
Koblenz .

<
5,

"
. 3

*
e e ke Ak
i dr ok
ROYAL OBSERVATORY The dat_a diffused by the Royal Observatory of Belgiun'. (ROI_3)
OF BELGIUM are subject to copyright; they must not be used for scientific

o 5 2 or commercial purposes without the full agreement of ROB.
= = i B i e
se|sm°|°g|e.be 3 s In any case, the data remain property of ROB. Rei O 0 50 100 km
1.4K followers « 17 following gﬁimg:ggj The topographic background data is SRTM (USGS (2004}, £ius

Shuttle Radar Topography Mission).



Seismic activity
in 2024

Seismologie.be

1.4K followers « 17 following

2°E 3°E 4°E 5°E 6°E 7°E

The Netherlands

North Sea Germany

Antwerpen

Hasselt

Bruxelles/Brussel ®

o

§ Y
kK @
ot A & . ).y
Mg:s q%‘haﬂemi Nagg& o A
Vo A

()
A o
France 2 .

2024 Seismic Catalogue
® Earthquake [141]

> Induced Event [1]
® Quarry Blast [304]
© Controlled Explosion [10]

@ Festival [4] Pk
* Felt Event [1] ﬁ*ﬁ*ﬁ*ﬁ*ﬁ
Belgian Seismic Network
' ROYAL OBSERVATORY
A Surface seismometer OF BELGIUM
Subsurface/borehole seismometer WWMW
v Accelerometer SEISMOLOGY 0 25 >0 /5 100 k
GRAVIMETRY I e
|

- 510

- 490

Z‘LE 3‘I’E 4‘I°E 5"’E 6‘I’E 7‘|’E



Other networks
VITO — geotherm
Janssen — geotherm

Fluxys - Gas storage

Future Geotherm
of interest

51.6°N

51.4°N

4.4°E
1

4.6°E
1]

4.8|°E S.(?°E

Geinduceerde
aardbevingen

5.21°E 5.?°E 5.6'°E 5.8|°E

~

NA DZH14
< MERKSPLAS?
- DZH15 A;\ ERKSPL

~_ "V

.

2 - 51.6°N

- - 51.4°N
The Netherlands

- S51.2°N

- 51.0°N

- 50.8°N

----- Bedrock depth 3 .
sveeer Caledonian unconformity 0~ &
—— Midi Fault Sl ST
Cretaceous “‘-if)b‘\
Jurassic 2N
51.0°N - Il Triassic D e = 2
B rermian -—-“-:‘_“’”,» 7
Upper Carboniferous BE seismicnetwork | -~ Hewec— B_f_\lig Iu T,V'
B Lower Carboniferous Surface Stations =~ LG Y = oL >
Upper Devonian W Broadband
— Middle Devonian A Short Period
| Lower Devonian
Silurian Instrument at depth
50.8°N Ordovician V Broadband
| Cambrian A short Period
T T T T T T T T
4.4°E 4.6°E 4.8°E 5.0°E 5.2°E 5.4°E 5.6°E 5.8°E
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4°E 5°E 6°E
| | | |
Aantal Q o The Netherlands @
D
° North Sea . 1
aardbevingen | s ; SRS
2 o
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O %
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France
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ROB instr. catalogue ROB hist. catalogue BE seismic network
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Grootste historische
events

Les plus grands seismes
historiquement




1692 Verviers - M6.3

Largest known earthquake in Belgium

Damage over almost entire territory
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1828 Hannut Mw5b.1

52.0°N

51.0°N

50.0°N

1.0°E

49.0°N

1.0°E 2.0°E 3.0°E 4.0°E 5.0°E 6.0°E 7.0°E 8.0°E J Sciseol
S hitps://doi.org/10.1007/s10950-020-09977-6
Haarlem { Rhine 2 ORIGINAL ARTICLE
3 % . .
‘ \ The 23 February 1828 Belgian earthquake: a destructive
~ s\ The Netherla ﬁ ds {/ L\\ — 52.0°N moderate event typical of the seismic activity in Western
ki N “\ { S~
3 o S \Q —~ S N : Thierry Camelbeeck - Elisabeth Knuts -
N o r t h S e a DOI;'C![Q\C!’\_t{AK e ( N \ 2 Pierre Alexandre - Thomas Lecocq® - Koen Van Noten
(@)

]

B.u.B.

®
O © portmund

Esse

UK. ,q/'/ F @
( ! 8, (¢} 51.0°N
4 L L5 p
J b Q n ¢ g(\\ ) F o
English e - o Caronic R
Channel ® Lens-Saint-Servais: « ... what was my surprise to
NoF  See .. thechimneys of houses overturned, the buildings
'Ka?ien dismembered ... »—(Pascal Lamarche, priest of
| e Z
" o . Abolens).
Legend ﬁ 8 Petit-Hallet: « We felt an earth tremor ... with vio-
Y% 23 February 1828 | B i"%@\ Ien‘ce and a frightful noise, which overturned a part of
e LB Border Falis N < chimnevs above the roofs and cracked most of the walls
Intensity (EMS-98) Py of the houses in the village. Some of them need to be
@ Not Felt rd S ™ rebuilt at new ... »—(Letter of the burgomaster of Petit
FFelt g e ;1P 3 P Hallet to the province govemor, 30 September 1828).
&I Vil et P ) We also estimated intensity as VIl in Tienen: « ... a
@ 1I R \ _
o v - L Mb\.\ large number of chimneys were overturned, the walls of
GV N G NN several houses were cracked [burst] ... »—(La Gazette
2 it e \ . 3 \ 0 50 10u ki
® VI - 3 ; \
® viI \ e Camelbeeck et al. 2021
2.0°E 3.0°E 4.0°E 5.0°E 6.0°E 7.0°E 8.0°E
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1932 Uden (NL)
Aardbeving ML5.0

— 53.0°N

Intensity

a I
O II
|8 JI-III
Questionnaire. = O III
a II-1v
1. A small number of residents, especially those on the upper O IV
floors, noticed shaking and rumbling like that caused by a 0 V-V
speeding truck.

2. Alarge number of people noticed a shaking of furniture, a O \Y
collision of close together glasses or other kitchen utensils, the (] V-VI
vibration of windows and doors, the creaking of wooden floors O VI
and ceilings. A rather violent dull rumbling accompanied the
shock. A certain number of people were awakened. | VI-VII

3. The shock was felt by people, who were outside their homes. O VII

Inside, everyone sensed it, due to the shaking of the entire
building. People had the impression that a heavy speeding car
had hit the house, or that a heavy object had fallen over in one
of the places. People rocked on chairs or in bed, etc. Free
hanging objects started swaying; light objects were moved;
objects fell off furniture. Doors and windows slammed;
windows were broken. All the people were awakened from their
sleep. Some startled persons ran from their homes.

4. Frames fell from the walls; kitchen utensils were broken;
furniture was moved; small furniture was knocked over. Small
chunks of plaster fell from ceilings and walls. A large number of
people hurriedly left their homes; some of them felt they were
going to fall.

5. In the houses, heavy pieces of furniture were knocked over; the
plaster fell from the ceilings. Chimneys collapsed; walls
cracked; landslides occurred along slopes or embankments.
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BE seismic network 1983

Antwerpen
®

Leuven
Brussels ®

®

A
UCC

Charleroi
®

YEAR
COMMEMORATION

8 November 1983

8 November 2023
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PHASE 1-
EMERGENCY

NO ALERT SYSTEM: Awakened around 4 a.m. by the Observatory
Director, Paul Melchior, who was contacted by the Liege
authorities

Present at the Observatory 20 minutes later

NO POSSIBILITY TO LOCATE, ONLY MAGNITUDE EVALUATION

. Necessity to confirm that the event is an EARTHQUAKE
. Provide first location and magnitude (Bensberg and CSEM)

. Liaison with local, provincial and national authorities by the
ROB Director, with support from the ROB administration




PHASE 2 -
ORGANIZING
DATA
COLLECTION

- Collection of seismograms at DOU, MEM and WLF: carried out by ROB
staff from outside the seismology group
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OBSERVATOIRE ROYAL DE BELGIQUE

COMMUNE : Tremblement de Terre _du “8 -11- 1883
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Yy QUESTIONNAIRE S/ mb- V-

\\'J“ o), wesm=SSasSSed A1G7/P bEE

1.~ Quelgues habitants/dﬁt—Lls pergy :
des vibrations légéres oun i
un bruit caractéristique : grondement ou roulement ewt
2.- De nombreux habitants ont-ils pergu :
un ¢branlement net de 1'immeuble ©us
un fort grondement ow’
3.- A-t-on observé
l'oscillation de lustres ou d'objets suspendus librement aux
l'oscillation de chaises ou de lits eaw
le craquement des plafonds ow’
le révell de dormeurs (7773
<4 ¢= A=-t-on observé ou constaté .
le frémissement de vitres et de portes o
le tremblement d'objets mobiliers (tables, vases, bibelots..) ot
" 5= le choc de verres, de vaiselle dans les buffets ow.
1'oscillation de cadres suspendys au mur @&wux
le craquement des planchers o .
la chute de petits fragments de crépis des plafonds ow
un ¢moi des habitants (des personnes sortent des habitations) Qaw
6.~ A-t-on constaté :
le déplacement de bibelots ow'
le déplacement d'objets légers, lesquels ? o
la chute de cadres pendus au mur Qu
la chute d'objets légers posés sur des meubles polis ou un marbre o¢
des vitres félées ou brisées Qw .
des objets de vaisselle brisés. aw
7.- Des objets légers (vases, pots de fleurs,..) se sont-ils renversés oﬁ'
Des meubles légers se sont-ils déplacés ouws
Des meubles lourds (bahuts, poéles,..) ont-ils vibré our’
Des cloches ont-elles tinté ogw ]
8.- Des meubles lourds se sont-ils déplacés @
Des meubles légers se sont-ils renversés ow
Des portes ont-elles été déplacées sur leurs gonds cxu
9.= A-t-on constaté :
la chute de morceaux de platras des plafonds ow’
des fissures dans les platras des murs ©Owu
une chute exceptionnelle d'une cheminée en mauvais état cwu
une chute exceptionnelle de quelques briques o
10.~ Y a=t-il eu plusieurs cheminées endommagées, combien ?
plusieurs cheminées renversées, combien ? % pour la
commune ?
des chutes d'ornements de fagades, de quelle importance ?
des lézardes profondes dans les murs (brique ? béton ?)
des glissements le long des berges ou des talus, Impor-

S

PHASE 2 -
ORGANIZING
DATA
COLLECTION

OBSERVATIONS COMPLEMENTAIRES :

N.B.- Si 1'on n'a rien observé dans la commune, veuillez renvoyer ce
questionnaire avec la mention "NEANT"; ces renseignements sont indisper
sables pour délimiter les zones de silence et la limite dfextinction.

viLLe oe uiter
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Social Reactions & Damage



LIEGE
8 novembre 1983

LUIK
8 november 1983
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Hundreds of fallen chimneys 2 direct casualties e N s

Damages




Fall of decoration stones Cinema Palace at Pont d'Avroy

Damages



Fall of decoration stones

Quai de Rome Liege - Rue de la Régence

Damages




| House
in Montegnée

St Gilles Church

Separation of facade wall from interior walls and floors, Affects hundreds of houses

Damages - In-plane action effect in masonry walls




Montegnée
&
Rue du Laveu

Separation of facade wall rom interior walls and floors, Affects hundreds of houses

Damages - Out of plane action effect in masonry houses



Separation of facade walls = Roof loosing support

Damages - Out of plane action effect in masonry houses
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Montegnée

Rue du Laveu
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Shear cracks with inclination at

Damages - In-plane action effect in masonry walls



Quai de Rome, Liege

Glass failure

Damages - In-plane action effect in windows



Post Earthquake Actions



action

of facade walls

Post Earthquake Actions



Post Earthquake
Actions

Life safety

- Detection of CO - CO2 leaks at masonry chimneys by the
Fire Brigade

- Checks of stability by Service Securite Salubrite Ville de
Liege
Repairs

On private basis for housing
Evaluation of damages and repair costs

Financial Interventions of Insurance Companies & Calamity
Fund
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At least 12 aftershocks with ML=1.9 until January 1985, 7 of which were felt
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One other earthquake near
Liege before 1983

Complex geology

Faults in Westphalian known
from coal mining until 2-3 km
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"‘Aftershocks and focal mechanism suggest link with
NE-SW oriented dextral strike-slip faults ”

NNW

Houillier
or Liege Syncline

O
Brabant i 0_60
Massif ? of |
‘1985
‘1965
Monjoie 1985

Ourthe

SSE

-1 km

- 2 km

- 3 km

- 4 km

- 5 km

- 6 km

- 7 km

- 8 km

- 9 km

- 10 km

Fault

Fault

Earthquake
mechanism

+ Compression
S o dilatation

- 2 km
- 3 km

Fault dip:} 4 km

- 5 km

- 6 km

- 7 km

Camelbeeck et al. 2013
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PROVINCE 1 S

QUESTIONNAIRE
1l.- Quelgues habitants ont-ils ﬁer-:;u H @S
des vibrations légares
% un brult caractéristique : grond ou roulement

2.= De nombreux habitants ont-ils percu :
# un ebranlement net de 1'immeuble
# un fort grondement
3.- A-t—on observé :
¥ 1'oscillation de lustres ou d'objets suspendus librement
% 1l'oscillation de chaises ou de lits
¥ le craguement des plafonds
* le révell de dormeurs
4.= A=t-on observé ou constaté :
le frémissement de vitres et de portes
le tremblement d'objets mobiliers (tables, vases, bibelots..)
le choc de verres, de vaisselle dans les buffets
1'oscillation de cadres suspendus au mur
le craguement des planchers
- la chute de petits fragments de crépis des plafonds
¥ un émei des habitants (des personnes sortent des habitations)
6.— A-t-on constatd ;
;%le déplacement de bibelots
le déplacement d'objets légers, lesquels 7
» la chute de cadres pendus au mur
- la chute d'objets légers posés sur des meubles polls ou un marbre
X des vitres f2lées ou brisées
X. des objets de vaisselle brisés. )
7.+ Des objets légers (vases, pots de fleurs,..)} se sont-ils renversés
¥ Des meubles légers se sont-ils déplacés
¥ Des meubles lourds (bahuts, pofles;..) ont=ils vibré
Des cloches ont—elles tinté
8.% Des meubles lourds se sont-ils déplacés
Des meubles légers se sont-ils renversés
Des pcrtes ont-elles été déplacées sur leurs gonds
9.— A~t-on constaté :
: # la chute de morceaux de platras des plafonds
» des fissures dans les platras des murs
¥ une chute exceptionnelle d'une cheminée en mauvals état

¥ une chute exceptionnelle de gquelgques brigues

=

W e K

Y a=t-il eu plusieurs cheminées endommagées, combien 7 i et
plusieurs cheminées renversées, combien 7 % pour la
= oo b o Wy Ao o Covimms Porimmnd  commune 7 A%
‘% des chutes d'ornements de fagades, de guelle importance
w des lémardes profondes dans les murs (griﬁue}? béton ?)
des glissements le long des berges ou des talus, Impor-
tance ?

d'accordep

u'i 5
QU 1l régyi e
Lrils ; COMPLEMENTAIRES :
que leg d . on n'a rien observé dans la commune, veulllez renvoyer ce
'OCt > : omm.iges Suivap-e avec 'la mention "NEANT"; ces renselgnements sont indispen-—
rol g 'une av8nce A gs1imiter les zones de silence et la limite dtextinction.

Returned official ROB
letter from Saint-Nicolas

National Calamity Funds
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EMS-98 Intensity
F  Felt

[] 11 - scarcely felt

[ 111 - weak

[ ] v - largely observed

[T v -strong

I V1 - slightly damaging

B Vi1 - damaging
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Regional impact

Felt in a radius of > 220 km:
W: Belgian coast

N: Amsterdam
~230 km (Alkmaar)
High rise buildings

S: Metz
~175 km

E: Frankfurt
~270 km (Detmold)
~ Lower Rhine Graben

Felt radius estimated from:
Communal ROB reports
Ahorner (DE, Bensberg)
Houtgast (NL, KNMI)
Vogt (FR, BRGM)
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EMS-98 Intensity Scale
F Felt

[ ] 11 - scarcely felt

[ 111 - weak

[ ] 1v - largely observed
[ v - strong

I Vi - slightly damaging
I viI - damaging

* Liege 1983 Epicentre

J
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- 51°N

_-50°N

Intensity (EMS-98)

Belgian impact

Felt on the whole Belgian territory
Damaging within a radius of ~20 km

1983 Liege Intensity distribution

Wil T
=== mean intensity decay Vil
Vil neee
Wil
VI
v
"
1}
]

50 100 150 200 250
Epicentral distance (km)

Intensity



Impacton
population and
buildings

1 direct fatality

1 indirect fatality (heart attack)

20 fatalities due to CO poisoning
damaged chimneys

Tens of people injured

> 16,000 buildings damaged

> 100 buildings inhabitable

> 1000 people homeless

“Luckily” occurred in the night..

Recognised as National disaster
& reimbursement by calamity funds
> ~100 M€ (today)

* Belgian Calamity Centre:

* Reports by 16.000 owners

* Checked by experts

* Database not available anymore
e.g. by ULiege
Information on individual buildings preserved
for Saint Nicolas, but lost for Liege

* Original paper files still available in archives

* Report of the regional Fire Brigade

* Report by local authorities of Flemalle
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Data from D. Jongmans (ULiége)

Damage

Official ROB questionnaire

Damaging within a radius of
~10 km

Damage degree from local
reports of Flemalle and Saint-
Nicolas authorities

Detailed street level information
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Reparation costs in € (2023) I I Rel m b u rse m e nt
for the damaged buildings [0 = 0 Y R e T i
S sonesione
@ 100k€ - 150k€ || o A=
150000N 1 @ 150K€ - 200k€E
© 200ke€ - 250k€e . . . .
® 250k - 300K « Official ROB questionnaire
® 300kE - 350ke
® 350kE - 400kE \ . . .
o e sone i * Damaging within a radius of
® 500ke - 550kE // ~10 km
oman
B SSE- T * Damage degree from local
D , :
1aso00n - | reports of Flemalle and Saint-
" Nicolas authorities
« National Calamity Funds
st A~ (] Reparation costs in €
> (corrected for inflation)
= 0 « Total reimbursement costs:
225000 230000€ \

> 100 M€ (today)

Data from D. Jongmans (ULiége)
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Total Repair Costs
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Data from D. Jongmans (ULiége), Garcia-Moreno & Camelbeeck 2013

“‘Maximal damage not necessarily above
epicenter’

Damage
distribution

Official ROB questionnaire

Damaging within a radius of
~10 km

Damage degree from local
reports of Flemalle and Saint-
Nicolas authorities

National Calamity Funds

Reparation costs in €
(corrected for inflation)

Total reimbursement costs:

> 100 M€ (today)
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Natural event?

or related to coal mining ?
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Modern Earthquakes
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Seismic traces of the Belgian seismic network of the Mw 5.3 1992-04-13 Roermond earthquake (NL)
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2002 Alsdorf M, 4.9

Traditionele manier: enquéte: “weken

Seismograms Méthode traditionnelle : enquéte : ~semaines AIIerG:'erste DYFI Internet kaart ! ~ enkele uren
e Premiere carte Internet DYFI ! ~ quelques heures

OBSERVATOIRE ROYAL DE BELGIQUE

TREMBLEMENT DE TERRE DU : 22 JUILLET 2002 07 H 45
REGION DE ESCHWEILER
NAMUR
CINEY

Also YOU are a
seismometer !

QUESTIONNAIRE.

NOMBRE D’HABITATIONS DANS VOTRE COMMUNE ..0.20.% )

1. LE TREMBLEMENT DE TERRE A-T-IL ETE OBSERVE? () OUI

2a. DES VIBRATIONS ONT-ELLES ETE RESSENTIES A L’INTERIEUR DES HABITATIONS?
FORTEMENT () Par tous () Beaucoup () Par quelques-uns
FAIBLEMENT () Par tous N eaucoup ( ) Par quelques-uns

M”"w\.‘%mumwMM.M..» -~

e “Solution to have
* ground motion

* & kK . .
hiefpfiol information from

ROYAL OBSERVATORY poorly-instrumented

- Ut areas “

SEISMOLOGY
GRAVIMETRY

4 [T
ﬂwwmvw‘}\fim W;\»‘AWW\,.-A.\‘-.«,W,.A, hpmoborscmor
2b. DES VIBRATIONS ONT-ELLES ETE RESSENTIES A IRIEUR DES HABITATIONS?
FORTEMENT () Par tous () Par Beaucoup () Par quelq

ps:
fA— ;
| FAIBLEMENT () Par tous () Par Beaucoup 9{1 Par quelques-uns

)fl(\"mm,‘w,/.mw‘w-\w.w\,ﬂ
"

il ™ .
‘ ﬁ‘!"‘v\w"“w““"ﬂ’”“' Ay 3. DES PERSONNES SONT-ELLES SORTIES DES HABITATIONS.

g NON () OUI- Quelques-unes () OUI - beaucoup

4. DES OBJETS SUSPENDUS ONT-ILS OSCILLE? () OUI (xf NON

5. DE PETITS OBJETS ONT- IBRE? MOUI () NON
O 'TE DEPLACES? ()oul O(NON
SONT-ILS TOMBES DE MEUBLES? () OUI BHNON

6. DES PORTES ET VITRES ONT-ELLES VIBRE? #4 our () NON
ONT-E CLAQUE? ()our O NON
DES VITRES SE SONT-ELLES BRISEES? ()oul & NON

7. DUMOBILIER A-T-IL - VIBRE? j OUI () NON
- ETE DEPLACE? (your & NON
- ETE RENVERSE? ()oul & NON

SI OUI, LEQUEL?

8. DES MURS ON ENDOMMAGES
() SIM S FISSURES () LEZARDES PROFONDES
() RENVERSES (J'NEANT

—
9. DES CHEMINEES ONT-ELLES ETE ABATTUES? () OUI  §J NON L—J

SI OUI, COMBIEN PARTIELLEMENT :
TOTALEMENT

10. SI D’AUTRES CONSTATATIONS ONT ETE FAITES LORS DU TREMBLEMENT

http://seismologie.be/en/seismology/internet-macroseismic-inquiries

Did you feel it? (Yes — No) Were you asleep?
Situation ? Did others nearby feel it?

(o_utside - building — driving vehicle) Describe the shaking? (Not felt — Weak
If in a building, at what floor where you? ... - Strong — Violent)


http://seismologie.be/en/seismology/internet-macroseismic-inquiries
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125 years of data on the seismic impact on Belgium
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Open database ! Midop

https://seismologie.be/midop

BTM database

= 1900-2002 Neefs, B, Van Noten, K., Vanneste K,

Camelbeeck, T. The Belgian traditional
macroseismic (BTM) database of the
twentieth century. Journal of Seismoly
(2024).

= 80 felt events

= 23950 IDPs
- With sources!

* K ok ok ok
* ok ko

Belgian Traditional Macroseismic Database of the 20th century

Access macroseismic intensity data for Belgium

Q ©

Query by Earthquake Query by Place

re which eartt

Sl daiis
ted your

p homepage P query by locality  p query BTM earthquake catalog

Listed entries: 80.

Year Mo Da Ho Mi Se Epicentral area MDPs
I93L U5 U9 L 56 HOUDENG-AIMERLE:

1931 06 07 00 25 21 DOGGERBANK (NORTH SEA) 14
1932 11 20 23 36 52 UDEN (N) 576
1933 03 23 18 48 DIKSMUIDE 19
1935 06 22 07 06 VERVIERS-THEUX 5
1

1940 01 28 52 LA LOUVIERE
1940 01 0 32 44 LA LOUVIERE 7
1940 01 0 42 07 LA LOUVIERE 5 Max Intensity (EMS-98)
1945 04 33 40 HAVRE-BOUSSOIT 227 I
1949 04 09 14 HAVRE-BOUSSOIT 15 /§"
) A ] 11
1938 June 11 10:57:36.00 [link @] Int
ZULZEKE-NUKERKE i 74 111
Dataset by MDP set by NEAL2024 . === 1
¥ Epicentre  [50.733, 3.617] 7 [EMS-98] MS 5.0 8 77 mn'/lv
34
NMDP 1230  Imax 7 EMS-98 (F) (77 V-V
Place Sc Lat Lon Int L] - v
MASSEMEN 50.981 3.874 7 45
CHASTRE-VILLEROUX-BLANMONT 50.621 4.636 7 @ - V-VI
y 56
OTTIGNIES 50.666 4.567 7 A = VI
MOUSCRON 50.744 3.216 7 3 6-7
HENNUYERES 50.638 4.170 7 7 O i VI-vit
QUENAST 50.672 4.156 1 @ 3 =] v
REBECQ-ROGNON 50.665 4.133 7 5 g
NIL-SAINT-VINCENT-SAINT-MARTIN 50.640 4.674 7 1 5 9 .
S M08 _SiEo ) 2 e ® o Maximum intensity on the sub-municipal scale for felt earthquakes in and around Belgium presented in the Belgian
HELLEBECQ 50.664 3.889 7 @ : 0 @ 7 el : : ! 3 bl
MOORTSELE 50.959 3.780 7 wil = e ] traditional macroseismic database. The absence of an intensity data point for any particular municipality or
rom €0 764 4 270 o (3

earthquake indicates a lack of evidence, not that the event was not felt.


https://doi.org/10.1007/s10950-024-10266-9
https://doi.org/10.1007/s10950-024-10266-9

Modern (Impact) Tools

40 years of developments at the ROB



De  seismo@oma.be &

“Warning Center”
clients

Pour Thomas Lecocq @
Sujet Mew event recorded by the Belgian seismic network

New seismic ewvent

Region: CHAUDFONTAINE (BE)
Time UTC: 2823-18-26 21:51:15
Local time: 2822-18-26 23:51:15
ML: 1.6 = 8.3

Type: Earthquake

Lon: 5.689E, Lat: 58.5989N
Depth: 15 km

ID: 28385

Operator: Koen

- NCCN
This event was verified by a seismologist.
The reported parameters are subject to change, however.
Please consult our website for the most up-to-date information: FAN
http://seismology.be/en/seismology/earthquakes-in-belgium/gmdwriw2g

00 Seismology & Gravimetry
Royal Observatory of Belgium N I RAS O N D RAF
ROBSMSSERVER (kR4

SCK/CEN

Region: CHAUDFONTAINE (BE)

Local time: 2023-10-26 23:51:15
ML: 1.6 +/- 0.3
Type: ke

Lon: 5.609E, Lat: 50.599N
Depth: 15 km

SR Communes of Mol, Dessel

https:/tinyurl.com/yvxyora4

Meterological Wing Defence
SPW - Direction des barrages

Local time: 2023-10-26 23:51:15
ML: 1.3 +/- 0.3

Lon: 5.607E, Lat: 50.609N
Depth: 16 km

ID: 20305

https:/tinyurl.com/yvxyora4



Regional calamity



Calamity

Viaamse overheid
Havenlaan 88 bus 100
1000 BRUSSEL

adviesverlening aardbevingen op het grondgebied van het
Vlaamse Gewest (BVR van 30 oktober 2020 tot uitvoering van
het decreet van 5 april 2019 houdende de tegemoetkoming in
de schade die aangericht is door rampen in het Vlaamse
Gewest)

BEVOEGDHEID /

EENHEID

Macro-seismic
indicators taken into
account (EMS98)

people
Objects
Furniture

Buildings

low intensities

COMPETENCE MAGNITUDE EN/OF INTENSITEIT / INTENSITE / UNICITE

Belgische Decreet aanpassing gaande

VLAAMS GEWEST lokale >50 - - 72 u
magnitude ML 4.8 +- 0.2, Intensitelt (VI)-ViI

gfébleESSETL/S HOOFDST. Magnitude Europesg macroseismische

REGION BRUXELLES (Fj%?({,\r/\?:r 24,0 EN/ET Zﬁ?gaééf:gelle macrosismique |2 VII 72 u/h

CAPITALE P

‘ :\giglgn::re Echelle macrosismique

REGION WALLONNE |, >40 ET |européenne et/ou échelle > VI 168 h
I'échelle de A o
Ri d'intensité EMS98

ichter

FEDERAL / FEDERAAL |Echelle de/ ‘

LOIASSURANCES /  |Schaalvan [24.0 |OuioF gfsr‘c:ggi‘"gmggg S;’:;fj;%"; n: 72 hiu

WET VERZEKERINGEN|Richter 9d¢9

Area of interest of the GIM = =e———]

" v Vv Vi i

high intensities




Conclusion
Roles of ROB during crisis



Roles of ROB

Fast automatic detection system
Manual controlled processing, but no 24/7

When potentially felt
-> Warn NCCN (phone) & updates on website
-> Start DYFI

Manual improvement of earthquake parameters

When magnitude, depth, epicentral info suggest damage
-> Organise macroseismic enquéete (majors)
-> Organise field survey (epicentral area)

Report to media
Evaluate if national crisis (heed DYFI + enquéte + field visit info), takes days




Conclusion
What can you do?



Interaction with
local crisis centra

Be contact person for your commune to

-> spread the word: Seismo info, DYFI

-> Host a station / Accelerometer in the city hall

-> In Vlaanderen: new locations needed for deep boreholes
-> pre surface tests in cityhall, quiet environments..

In case of emergency
-> gather info (% or # of chimneys, ..)
-> most affected area

) ¢ ROYAL OBSERVATORY
Y Y Y J  OF BELGIUM

Y% KKk Seismology-Gravimetry THESERVICE ~  SEISMOLOGY ~  GRAVIMETRY ~  RESEARCH »  PUBLICATIONS f ¥ X

(] v ypu feel mn eartinguace?

Homepage

RECENT EARTHQUAKES




& know whattodo!
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Aardbevingsbewustzijn op school




Aardbevingen in Belgie:
een vergetenrisico ?

Koen Van Noten
Koninklijke Sterrenwacht van Belgié

Copyright: Please use following reference when using slides
Van Noten, Koen. 2025. Aardbevingen in Belgié€: een vergetenrisico? Postgraduaat rampenmanagement,
module nationaal crisisbeheer. Koninklijke Sterrenwacht van Belgié

koen.vannoten@seismoloqgy.be
https://www.linkedin.com/koenvannoten
https://sites.qgoogle.com/site/koenvannoten/

*
L. 8.0 8 & ¢
Yk ok

ROYAL OBSERVATORY
OF BELGIUM

et

SEISMOLOGY
GRAVIMETRY

Seismo.info@oma.be
https://www.astro.oma.be/nl/

https.//seismologie.be/nl
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