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Programma

╸ Aardbeving ?  & Myanmar 2025

╸ Monitoren van aardbevingen

╸ Evolutie seismisch netwerk

╸ Wat meten we allemaal ?

╸ Grote aardbevingen in België & impact

╸ Automatisering van het meten van impact 

╸ Het nationale regionale rampenfonds 
Vlaanderen/Brussel/Wallonië



Natural Risks



Intro



Terminologie 
- NL

https://www.georisques.gouv.fr/articles-risques/seismes/effets-et-consequences-dun-seisme

Meetstation

Haard

diepte

Epicentrum

Hypocentrum

Breuk



Oorzaak?
Platentektoniek



Most frequent earthquakes

ISC catalogue 1904 - 2017



ISC catalogue 1904 - 2017

Most frequent earthquakes



Surface rupture Turkey 2023



Measuring earthquakes



Seismographs

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)



Seismographs

1 Vertical seismograph

2 Horizontal seismographs



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)

Surface waves

P-wave S-wave

Amplitude

ΔT = P-S
Seismograms



Location

Aardbevingsbewustzijn op school



Dichter dus sprong

sneller gemeten

Verder dus sprong

later gemeten

Stuart op 22 m

Kevin op 34 m

Bob op 10 m

Location

Aardbevingsbewustzijn op school



Earthquake
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C. Richter

Size of an 

earthquake

= 

M A G N I T U D E 
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• Local magnitude (ML):

• Based on displacement amplitude and 
distance

• Richter scale
(but defined in California)

• Different magnitude schales:

• Local magnitude (ML): routinely determined 
by local networks

• Moment magnitude (MW): more universal, 
important to model ground motion and 
seismic hazard

Magnitude



Impact !
EMS98

Intensiteit

Intensiteit

bepaald

door online 

Did You Feel It?

DYFI?

Intensiteit bepaald

door terreinbezoek



Intensity scale – Surface impact



Intensity scale – Surface impact

Comparible

example:

light bulb intensity

vs wattage Damage



Modern (Impact) Tools
40 years of developments at the ROB



Local & Global Networks



Real time data
Automatic processing



Light earthquake
in Koblenz (DE)



Automatic Alert:
First alert

First location:

T0 + 14 seconds !

This location:

T0 + 34 seconds !



Automatic Alert:
Updated alert

First location:

T0 + 14 seconds !

This location:

T0 + 45 seconds !

SMS



Automatic Alert:
Updated alert

In-house software used

for scientific picking



Automatic Alerts
& Manual location

First location:

T0 + 14 seconds !

Manual Alert

T0 + 25 min

Revision

T0 + 60 min

Distance: 870 m

No 24/7 service !

Weekends/nights: 

Availability 

& Voluntary base



Voorbeelden wereldwijd



Myanmar 28.03.2025



Myanmar 28.03.2025



Mw 7.7 Myanmar

28.03.2025
Mw 7.7 Myanmar



28.03.2025
Mw 7.7 Myanmar



Mw 7.7 Myanmar

Hoe informatie

te lezen ?

SHAKEMAPs !



Mw 7.7 Myanmar

?



Intensity scale – Surface impact

6 Februari 2023 – Mw 7.8 6 September 2023 – Mw 6.8

Intensiteit



Measuring earthquakes 
in Belgium





Royal Observatory 
of Belgium



Seismic monitoring 
in Belgium in 1899

Alaska Fairbanks 1899



Seismic monitoring 
in Belgium in 1983

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

╸ Autonomous, paper recording, 
hourly radio signals

╸ Collection of recordings:
- UCC: daily
- DOU: 2 times a week
- WLF: paper changed every 

3 days, but sent weekly
- MEM: 2 monthly visits 1906

1911



Seismic monitoring 
in Belgium in 1989

12 seismic stations



Seismic 
monitoring in 

Belgium in 2025

29 seismic stations
16 accelerometers



Only earthquakes ?



Not only
earthquakes

Quarry blasts

Jemelle, Lhoist

Induced events

Geothermie centrale Dessel

WW II explosions at sea

Sonic Booms



Concerts/Festivals



Seismic activity in 
2021



Seismic activity in 
2022



Seismic activity 
in 2024



Geïnduceerde
aardbevingen

Other networks

VITO – geotherm

Janssen – geotherm

Fluxys - Gas storage

Future Geotherm 

of interest



Aantal
aardbevingen

Nombre de séismes





Seismologie.be
Aardbevingen.be



Seismologie.be
Aardbevingen.be



Waarom intraplaat

aardbevingen?

Pourquoi des séimes

intraplaque?

BE



Aardbevingen in België ?
Séismes en Belgique?



Grootste historische
events
Les plus grands séismes
historiquement



1692 Verviers – M6.3

Crapoel castle, Walhorn:
“1692 TERRAE MOTU DIRUTUM - REAEDIFICARUNT 1698



Camelbeeck et al. 2021

Link to paper

1828 Hannut Mw5.1

https://link.springer.com/epdf/10.1007/s10950-020-09977-6?sharing_token=oqU2UQSqIVJuc8uUIhpDmfe4RwlQNchNByi7wbcMAY5lmMmjCrS_t0JVJD4t3tc1QtMB1JIipli1HggoCYejVAQae9zVpYgJxIhIEB_iwypQnO257KAD_m27sXA7G-JKXw_SRUF_0iVFHJsEL2hA_sudCI8NUQVdeKKx1dSsBPU%3D


1932 Uden (NL) 
Aardbeving ML5.0



1938 Zulzeke-Nukerke
Aardbeving-Ms 5.0



8 November 1983 

-

8 November 2023





PHASE 1 -
EMERGENCY

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

╸ Present at the Observatory 20 minutes later
╸ NO POSSIBILITY TO LOCATE, ONLY MAGNITUDE EVALUATION 

1. Necessity to confirm that the event is an EARTHQUAKE

2. Provide first location and magnitude (Bensberg and CSEM)

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



╸ Collection of seismograms at DOU, MEM and WLF: carried out by ROB 
staff from outside the seismology group

PHASE 2 -
ORGANIZING 

DATA 
COLLECTION



PHASE 2 -
ORGANIZING 

DATA 
COLLECTION

Intensity data !



Social Reactions & Damage





Hundreds of fallen chimneys       2 direct casualties 

Damages



Fall of decoration stones  Cinema Palace at Pont d’Avroy

Damages



Quai de Rome Liege - Rue de la Régence
Fall of decoration stones

Damages



St Gilles Church

House 

in Montegnée

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

Damages - In-plane action effect in masonry walls



Montegnée

&

Rue du Laveu

Damages - Out of plane action effect in masonry houses

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



Separation of façade walls ⇒ Roof loosing support

Damages - Out of plane action effect in masonry houses



Shear cracks with inclination at ≈ 45°

Rue du Laveu Montegnée

Damages - In-plane action effect in masonry walls



Glass failure

Quai de Rome, Liège

Damages - In-plane action effect in windows



Post Earthquake Actions



Immediate action

Stabilization of façade 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 Sécurité Salubrité Ville de 
Liège

Repairs

╸ On private basis for housing
╸ Evaluation of damages and repair costs
╸ Financial Interventions of Insurance Companies & Calamity 

Fund

Separation of 
chimney masonry

ducts from wall 



• Communes

• Epicenter in Saint-Nicolas

Liège region

Liège



• Communes

• Epicenter in Saint-Nicolas

• Densely populated
~500 – 2500 inh./km²

Liège region

Liège



• Communes

• Epicenter in Saint-Nicolas

• Densely populated

• One other earthquake near 
Liège before 1983

ML4.3 
1965-12-21 
7 km depth

• 2 yrs of Aftershocks

Liège region

Earthquakes

2023-10-26

1965-12-21

At least 12 aftershocks with ML≥1.9 until January 1985, 7 of which were felt



• Communes

• Epicenter in Saint-Nicolas

• Densely populated

• One other earthquake near 
Liège before 1983

• Complex geology

• Faults in Westphalian known 
from coal mining until 2-3 km

Liège geology

~Recent

430Ma410Ma320Ma 340Ma72Ma30Ma~1-2Ma

Lower
Devonian

Westphalian 
COAL

Old Very Old



Liège geology

Westphalian 
COAL

Lower
Devonian

Westphalian 
COAL

• Communes

• Epicenter in Saint-Nicolas

• Densely populated

• One other earthquake near 
Liège before 1983

• Complex geology

• Faults in Westphalian known 
from coal mining until 2-3 km

© Y. Vanbrabant

AnticlinalSynclinal
0 m

1000 
m

2000 
m

~Recent

430Ma410Ma320Ma 340Ma72Ma30Ma~1-2Ma

Old Very Old



“Aftershocks and focal mechanism suggest link with 
NE-SW oriented dextral strike-slip faults ”

Camelbeeck et al. 2013

Monjoie 1985

Earthquake 
mechanism

NNW SSE

N



Impact &
Damage

Returned official ROB 

letter from Saint-Nicolas

National Calamity Funds



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)



Belgian impact

Felt on the whole Belgian territory

Damaging within a radius of ~20 km



Impact on 
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…

• Belgian Calamity Centre:
• Reports by 16.000 owners
• Checked by experts
• Database not available anymore

e.g. by ULiège
• Information on individual buildings preserved 

for Saint Nicolas, but lost for Liège
• Original paper files still available in archives

• Report of the regional Fire Brigade

• Report by local authorities of Flémalle

Recognised as National disaster 
& reimbursement by calamity funds

> ~100 M€ (today)



Damage

• Official ROB questionnaire

• Damaging within a radius of 
~10 km

• Damage degree from local 
reports of Flémalle and Saint-
Nicolas authorities

Data from D. Jongmans (ULiège)

Detailed street level information



Reimbursement

• Official ROB questionnaire

• Damaging within a radius of 
~10 km

• Damage degree from local 
reports of Flémalle and Saint-
Nicolas authorities

• National Calamity Funds

Reparation costs in € 
(corrected for inflation)

• Total reimbursement costs:

> 100 M€ (today)

Data from D. Jongmans (ULiège)



Damage 
distribution

• Official ROB questionnaire

• Damaging within a radius of 
~10 km

• Damage degree from local 
reports of Flémalle and Saint-
Nicolas authorities

• National Calamity Funds

Reparation costs in € 
(corrected for inflation)

• Total reimbursement costs:

> 100 M€ (today)Data from D. Jongmans (ULiège), Garcia-Moreno & Camelbeeck 2013

“Maximal damage not necessarily above 
epicenter”



Natural event?
or related to coal mining ?



ROB Field picture
M4 Havré 3 April 1949 epicentral area 
Photo property of the Royal Observatory of Belgium.

Broken 

roof tiles

Chimney 

damage

Outside 

wall 

cracks
Outside 

wall 

cracks

Mid 20th century 

seismologists ?

Vulnerability: A-B

Damage: D2

Intensity : VI

100 yrs of eqs in Hainaut



Triggered seismicity ?





Modern Earthquakes



1992 Roermond aardbevingML 4.5



1992 RoermondML 4.5

Damage in NL and NE Limburg



1995 Le RoeulxML 4.5



En then the 
internet came



2002 AlsdorfML 4.9

Allereerste DYFI Internet kaart ! ~ enkele uren
Première carte Internet DYFI ! ~ quelques heures

Traditionele manier: enquête: ~weken
Méthode traditionnelle : enquête : ~semainesSeismograms

Sismogrammes

Also YOU are a 

seismometer !

“Solution to have

ground motion

information from

poorly-instrumented

areas “

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

✓ Did you feel it? (Yes – No)

✓ Situation ? 

(outside – building – driving vehicle)

✓ If in a building, at what floor where you?   

✓ Were you asleep?

✓ Did others nearby feel it?

✓ Describe the shaking? (Not felt – Weak -

… - Strong – Violent)

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


2002 AlsdorfML 4.9

Allereerste DYFI Internet kaart ! ~ urenTraditionele manier: enquête: ~weken



Court-St-Etienne 2008 - ML3.2

Van Noten et al. 2015

Tectonophysics



Goch 2011 & Ramsgate 2015

DYFI:
• Fast response
• Research !
• Attenuation & non-concentric impact



125 yrs of summary



125 years of data on the seismic impact on Belgium

Maximum sub-municipal intensity values Maximum main municipal intensity values 



Open database ! Midop
https://seismologie.be/midop

BTM database

▪ 1900 – 2002

▪ 80 felt events

▪ 23,950 IDPs

→With sources!

Neefs, B., Van Noten, K., Vanneste, K., 
Camelbeeck, T. The Belgian traditional 
macroseismic (BTM) database of the 
twentieth century. Journal of Seismoly
(2024). https://doi.org/10.1007/s10950-
024-10266-9

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



“Warning Center”
clients

• NCCN

• FANC​

• NIRAS/ONDRAF

• SCK/CEN

• VITO

• Communes of Mol, Dessel

• Meterological Wing Defence

• SPW – Direction des barrages



Regional calamity 



Calamity

Macroseismic 
Intervention 

Group



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 enquête (majors)
-> Organise field survey (epicentral area)

• Report to media

• Evaluate if national crisis (need DYFI + enquête + field visit info), takes days

Time

Macroseismic
Intervention 

Group



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



& know what to do !



Aardbevingsbewustzijn op school
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