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Earthquakes in/around Belgium

• ROB is official agency 
monitoring seismicity in 
Belgium

• First seismometer installed in 
1898

• Continuous recording since 
1910

• Digital network since 1985

• Currently 30+ seismometers 
and 15+ accelerometers

• South: rock sites
North: soft sediment sites

• Impact events since 1900
• 5 M5 earthquakes 

• 25 M4 earthquakes 

• 40+ M3 events

Roermond 1992, ML=5.8

Liège 1983, ML=5.0

Alsdorf 2002, ML=4.9

Le Roeulx 1995, ML=4.5

Goch 2011, ML=4.3



History of BE macroseismic data gathering

NEW: Compilation of all Belgian macroseismic data

From disaster file ordering
 to a consistent database
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BTM Belgian Traditional Macroseismic database

NEW: Compilation of all Belgian macroseismic data
PhD Neefs 2025

Neefs et al. 2024

▪ 1900 – 2002

▪ 80 felt events

▪ 23,950 IDPs

→ With sources!

1938 1951 60-70s
Hainaut 
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Le Roeulx
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Alsdorf



BTM Belgian Traditional Macroseismic database

NEW: Compilation of all Belgian macroseismic data
PhD Neefs 2025

Neefs et al. 2024

▪ 1900 – 2002

▪ 80 felt events

▪ 23,950 IDPs

→ With sources!

https://seismology.be/midop

https://seismology.be/midop


BOM Belgian Online Macroseismic database

NEW: Compilation of all Belgian macroseismic data

▪ 2002 – 2025

▪ USGS DYFI approach

▪ CWS = 5 * felt + motion + reaction + 2 * stand + 5 * 
shelf + 2 * picture + 3 * furniture + 5 * damage

▪ for CWS > 6.53: CII = 3.40 * loge(CWS) - 4.38
for any “felt” response and CWS < 6.53: CII = 2
for “not felt” responses: CII = 1

▪ 39 felt events

▪ 21,670 individual reports -> 1,220 IDPs

▪ 3 M4, 3 M3, 14 M2, 16 M1, 3 M0.9 



Cross-border macroseismic initiatives

BE – FR collaboration
e.g. 2015 Ramsgate Mw 3.7

▪ 2002 – 2024

▪ 21,670 individual reports

▪ 39 felt events

▪ 1,220 IDPs

BE – DE – NL - FR collaboration
e.g. 2011 Goch Mw 3.7

Van Noten et al. 2017



BOM vs BTM  Eschweiler-Alsdorf 2002, ML 4.9 

PhD Neefs 2025

Automated algorithm 
from an expert approach

DYFI 
aggregation

DYFI 
averaging

Expert / Manual

Traditional DYFI

Larger macroseismic field
Lower intensities

Smaller macroseismic field
Higher intensities



125 year maximum intensity map

PhD Neefs 2025

DYFI 

2002 - 20241900 - 2002

Traditional



125 year maximum intensity map

PhD Neefs 2025

Source of the Imax

1900 - 2002

Traditional

▪ ML 5.6 Zulzeke-Nukerke 1938 earthquake (RED)

▪ ML 5.8 Roermond 1992 earthquake (BLUE)

▪ ML 5.0 Liège 1983 earthquake & coal mining-triggered (YELLOW)



125 year maximum intensity “hazard” map ?

PhD Neefs 2025

Mean seismic hazard map, 475-year return period (PGA)125 year maximum PGA map from Imax

Intensity -> PGA: GMICE of Atkinson and Kaka (2007)

-> Includes site effects

For standard rock conditions (VS30 ~800m/s)
-> No site effects
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PhD Neefs 2025

Site characterization
EPOS.BE

Performance of 125 yr Imax -> PGA map

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 2.65 + 1.39 ∗ log10 𝑃𝐺𝐴 



PhD Neefs 2025

Site characterization 
Belgian Network

Van Noten et al. 2023
in EPOS.BE

Include site effects

Performance of 125 yr Imax -> PGA map

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 2.65 + 1.39 ∗ log10 𝑃𝐺𝐴 

𝑃𝐺𝐴 ∗ 𝑆

Vs30
EPOS.BE



PhD Neefs 2025

Vs30
EPOS.BE

Include site effects
from Vs30 from slope

Include site effects

Vs30 
slope

Performance of 125 yr Imax -> PGA map

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 2.65 + 1.39 ∗ log10 𝑃𝐺𝐴 

𝑃𝐺𝐴 ∗ 𝑆



Impact of Vs30 from slope in Shakemap ?
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Vs30 slope

PhD Neefs 2025

-> Impact on Shakemap, especially for 
macroseismic data on 

bedrock / ground type A

*1.35*1.5

Vs30
EPOS.BE

Vs30 
slope



• Configuration files:
• modules.conf:

• Added GMPEs used in Belgian PSHA
• Added Camelbeeck et al. (2022) IPE for Hainaut region

• gmpe_sets.conf:
• stable_continental_rock
• active_crustal
• Hainaut GMPE sets
• Default GMPE set: stable_continental_rock

• select.conf:
• Added hainaut and rvrs layers

• model.conf:
• GMICE: AK07
• Lowered min_nresp to 1
• Lowered min_mmi_convert to 3
• Set default GMPE set to stable_continental_share
• Set default component to GEOMETRIC_MEAN

• Input files:
• event.xml from BELSHAKE Database
• traditional.xml or dyfi.xml
• Instrumental.xml

Stable_continental_rock Roer Valley Graben
active_crustal

Hainaut induced
mine zone

GMPE for Mw => 4 !

BE ShakeMap configuration



Only
GMPE

1938 Zulzeke-Nukerke Mw 5.2 

Shakemap using traditional macroseismic data



Traditional communal 
questionnaires

Site effects underestimated if only 
GMPE are used for historical events
➔No station information for 1938
➔Macroseismic field needed

1938 Zulzeke-Nukerke Mw 5.2

Shakemap using traditional macroseismic data



1967 Hainaut earthquake Mw 4.1

Default GMPE 
+ IDP data

Shakemap using traditional macroseismic data



1967 Hainaut earthquake Mw 4.1

Hainaut-specific GMPEs 
+ Camelbeeck et al. (2022) Hainaut IPE (triggered seismicity)
+ IDP data

Shakemap using traditional macroseismic data

Site specific GMPEs work!



Shakemap using DYFI

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 

Only Instrumental



Shakemap using DYFI

DYFI raw

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 



Shakemap using DYFI

DYFI aggregated

by commune

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 



Shakemap using DYFI

DYFI aggregated

by 5km grid cell

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 



Shakemap using DYFI

DYFI aggregated

+ instrumental

Cross-border events
Station PGA needed!

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 



Shakemap using DYFI

2015 Ramsgate Mw 3.7                         2011 Goch Mw 3.8



Shakemap using DYFI

2015 Ramsgate Mw 3.7                         2011 Goch Mw 3.8

Instrumental

Only instrumental -> too high intensities

Far field
GMPE = bedrock GMPE
DYFI = site effect



Shakemap using DYFI

2015 Ramsgate Mw 3.7                         2011 Goch Mw 3.8

DYFI aggr. commune

Far field



Shakemap using DYFI

2015 Ramsgate Mw 3.7                         2011 Goch Mw 3.8

DYFI aggr. 5 km grid

Far field



Shakemap using DYFI

2011 Goch Mw 3.8

Instrumental + DYFI

Site effect overestimated
Vs30-slope vs large sediment thickness !



Instrumental Shakemap using DYFI

2011 Goch Mw 3.8: evolution with time

15 min 30 min 1 h 5h All data
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Instrumental Shakemap using DYFI

2011 Goch Mw 3.8: evolution with time

15 min 30 min 1 h 5h All data

First few hours sufficient for Shakemap



DATA COLLECTION

• BE macroseismic database (traditional + DYFI)

• Good correlation between Imax and 450yr “hazard” maps

• Watch out with Vs30 – slope: too large site correction for bedrock station

SHAKEMAP

• Felt data needed for Shakemap of early-instrumental events

• Vs30 correction for low magnitude events and large sediment thickness = misleading

• Cross-border: Felt + Instrumental data essential

• DYFI raw >> DYFI aggregation (commune, grid cell) 

The Belgian Macroseismic Database and its applications 
towards ShakeMaps

Koen Van Noten, Ben Neefs & Kris Vanneste



NEW papers in macroseismology! 

Dost et al. 2025 – Uden 1932 revisedNeefs et al. 2025 – BTM database Camelbeeck et al. 2025 – Hainaut = triggered



NEW BOOK! Alexandre & Alexandre-Lamotte 2024
Les tremblements de terre en Europe au Moyen Âge et à la Renaissance

A Critical Review of Historical Sources and Earthquake Catalogues between 284 and 1550

Royal Observatory of Belgium, 2024, doi: 10.24414/srvz-2k77

Vol 1 Vol 2

Book :
• Revised 284 – 1550 catalogue
• Book published in 2024
• Main parts in French
• Summaries/regions/history in English

Printed book orders:
• 65€ (exl. shipping costs)
• info.seismology[at]oma.be
• koen.vannoten[at]oma.be

FREE PDF:
doi: 10.24414/srvz-2k77

Reference:

Alexandre, P., Alexandre-Lamotte, D. 2024. Les tremblements de terre en Europe au Moyen Âge et à la Renaissance. Étude critique des sources 
et catalogue des tremblements de terre en Europe de 284 à 1550 (Koen Van Noten, Ed.). Observatoire royal de Belgique, Bruxelles, Belgique, 

p. 2074. doi: 10.24414/srvz-2k77

https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
https://doi.org/10.24414/srvz-2k77
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