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Earthquakes in/around Belgium

ÅROB is official agency 
monitoring seismicity in 
Belgium

ÅFirst seismometer installed in 
1898

ÅContinuous recording since 
1910

ÅDigital network since 1985

ÅCurrently 30+ seismometers 
and 15+ accelerometers

ÅSouth: rock sites
North: soft sediment sites

ÅImpact events since 1900
Å5 M5 earthquakes 

Å25 M4 earthquakes 

Å40+ 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

Á 1900 ɀ 2002

Á 80 felt events

Á 23,950 IDPs

Ą With sources!

1938 1951 60-70s
Hainaut 
region

1992
Roermond

1995
Le Roeulx

2002
Alsdorf



BTM Belgian Traditional Macroseismic database

NEW: Compilation of all Belgian macroseismic data
PhD Neefs 2025
Neefs et al. 2024

Á 1900 ɀ 2002

Á 80 felt events

Á 23,950 IDPs

Ą With sources!

https://seismology.be/midop

https://seismology.be/midop


BOM Belgian Online Macroseismic database

NEW: Compilation of all Belgian macroseismic data

Á 2002 ɀ 2025

Á USGS DYFI approach

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

Á for CWS > 6.53: CII = 3.40 * loge(CWS) - 4.38
ÆÏÒ ÁÎÙ ȰÆÅÌÔȱ ÒÅÓÐÏÎÓÅ ÁÎÄ #73 Ѓ φȢυσȡ #)) Ѐ ς
ÆÏÒ ȰÎÏÔ ÆÅÌÔȱ ÒÅÓÐÏÎÓÅÓȡ #)) Ѐ ρ

Á 39 felt events

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

Á 3 M4, 3 M3, 14 M2, 16 M1, 3 M0.9 



Cross-border macroseismic initiatives

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

Á 2002 ɀ 2024

Á 21,670 individual reports

Á 39 felt events

Á 1,220 IDPs

BE ɀ DE ɀ 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

Smallermacroseismic 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

Á ML 5.6 Zulzeke-Nukerke 1938 earthquake (RED)

Á ML 5.8 Roermond 1992 earthquake (BLUE)

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



мнр ȅŜŀǊ ƳŀȄƛƳǳƳ ƛƴǘŜƴǎƛǘȅ άƘŀȊŀǊŘέ ƳŀǇ Κ

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

ὍὲὸὩὲίὭὸώςȢφυ ρȢσωzÌÏÇὖὋὃ 



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

ὍὲὸὩὲίὭὸώςȢφυ ρȢσωzÌÏÇὖὋὃ 

ὖὋὃzὛ

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

ὍὲὸὩὲίὭὸώςȢφυ ρȢσωzÌÏÇὖὋὃ 

ὖὋὃzὛ



Impact of Vs30 from slope in Shakemap ?
M

e
a

su
re

d
 V

s3
0

Vs30 slope

PhD Neefs 2025

-> Impact on Shakemap, especiallyfor 
macroseismic data on 

bedrock / ground type A

*1.35*1.5

Vs30
EPOS.BE

Vs30 
slope



ÅConfiguration files:
Å modules.conf:

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

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

Å select.conf:
Å Added hainaut and rvrs layers

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

ÅInput files:
Å event.xml from BELSHAKE Database
Å traditional.xml or dyfi.xml
Å 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 

Shakemapusingtraditional macroseismic data



Traditionalcommunal 
questionnaires

Site effects underestimated if only 
GMPE are used for historical events
ČNo station information for 1938
ČMacroseismic field needed

1938 Zulzeke-Nukerke Mw 5.2

Shakemapusingtraditional macroseismic data



1967 Hainaut earthquake Mw 4.1

Default GMPE 
+ IDP data

Shakemapusingtraditional macroseismic data



1967 Hainaut earthquake Mw 4.1

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

Shakemapusingtraditional macroseismic data

Site specific GMPEs work!



ShakemapusingDYFI

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 

OnlyInstrumental



ShakemapusingDYFI

DYFI raw

2008 CSE Mw 2.9                               2018 Kinrooi Mw 3.0 


