
The "eternal city", capital of an empire to which it
gave its name, Rome has preserved treasures from its
past, such as the Colosseum, which have earned it the
title of the world's first museum city.
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Teacher Biology-Geoscience (retired), middle and high school

Lead seismology schools network in France since 25 years

Member of Education Team at Geoazur lab. (University Côte d’Azur)

Involved today in :

EDUMED Observatory > http://edumed.unice.fr

INSIGHT Education > https://insight.oca.eu

EGU Committee of Education > Deputy Chair

Let me quickly introduce myself

http://edumed.unice.fr/


This hands-on workshop is about the seismic site
effect.

I will illustrate this geophysic topic with the old
Roman treasures.

We will focus on two monuments, the columns of
Marcus Aurelius and Trajan built in the 2nd century.
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Let us practice … as we can with ‘Zoom’!

Step 1: some slides to explain the case study
Step 2: data mining online in real time
Step 3: experiment and conclusions
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Located at two separate points in the city, these columns, some 30 meters high, are decorated with a continuous
frieze of ‘bas-reliefs’ showing battle scenes and groups of enemies defeated during the wars fought by the Romans.

The columns of Marcus Aurelius and Trajan were built in the 2nd century.

Marcus Aurelius Trajan column

detail of bas relief of the columns

A close examination of the bas-reliefs of these columns 
shows an anomaly in one of them. 
Could you find it? … Let’s try to explain it.
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Two columns of similar age (2nd Century) in the city!

Rome City : Marc Aurelius & Trajan Columns location in the city

600 m

Tiber River

Hypothesis:

History : Strong 
earthquakes
(after the 2nd Century).

They would have 
affected the stability of 
the columns, in 
particular that of 
Marcus Aurelius...

If this fact is verified, it 
will be necessary to 
explain why the Trajan 
column was much less 
affected.
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What about the seismicity in Italy ?

Seismicity Italy (2017-2022) - (source: INGV - EMSC)

Today, Rome could be affected by local and regional earthquakes



Earthquakes
GIFT 2022 – Session 1

The Link Between Rome’s
Geologic Setting to its
Past, Present, and Future

By Grant Heiken



Damage to 
historical 
structures
caused by 
earthquakes

GIFT 2022 – Session 1

The Link Between Rome’s
Geologic Setting to its
Past, Present, and Future

By Grant Heiken
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What about the seismic network in Rome City ?
The seismological monitoring network allows the comparison of seismograms during recent seismic events.

seismological monitoring network : INGV Roma (Thanks to Giovanna Cultrera)

0107

Seismic event :
GREECE, 2021.03.03, M=6.3

http://edumed.unice.fr/data-center/seismo/

http://edumed.unice.fr/data-center/seismo/
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Data Mining on EDUMED Observatory data center >  http://edumed.unice.fr/data-center/seismo/

Source : EDUMED seismo center data base

http://edumed.unice.fr/data-center/seismo/
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Data Mining on EDUMED Observatory data center : http://edumed.unice.fr/data-center/seismo/

0107

Amplitude
Frequency
Duration

Let us compare the seismograms 

http://edumed.unice.fr/data-center/seismo/
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Data Mining on EDUMED Observatory data center : http://edumed.unice.fr/data-center/seismo/

2019.09.27 / 10h13m48s / Mw=3.2 / LIGURIE

On the rocks : limestones

On alluvial deposits

Nice City

http://edumed.unice.fr/data-center/seismo/


Intensity scale
(MSK / EMS98)
§ Effects evaluation

(population / buildings)
§ In relation with the seismic

focus (distance & site)
§ Evaluation by testimonies & 

field observation:

Seismic waves arrival … the earth shakes ... and us too



Macroseismic map > evaluation of the intensity

Macroseismic map > what we can expect …



Formulaire de témoignage  et enquête macrosismique



Formulaire de témoignage  et enquête macrosismique



Illustration by P. Bernard (IPGP)

Seismic waves propagation (local scale)
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Modeling the site effect!

The precise analysis of the seismograms shows a site effect on the city of Rome ... 
Site effect in seismology can be model at school. The result of a modelling exercise carried out by students can be shown.

Modelling of a site effect. The device consists of a wooden beam hollowed out and then filled with several layers of sand. Two 
piezoelectric cells (microphones) placed respectively on the wood and on the sand record the shocks created by an impact, 
opposite the box.

Sand or 
candlewax 
or jello

wood

sand



piezocells

Piezocells. 
To connect
to the computer

Free software ‘Audacity’ 
to record data
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Modeling the site effect!

The modification of the amplitude, of the frequency, of the duration can impact houses, buildings … archeological
monuments !

Mass

Stem

Base

High 
frequency

Low 
frequency

For example, these methods can be based on the number of floors: a flexible building has, roughly speaking, a resonance 
frequency equal to 10 divided by the number of floors (f = 10/N) whereas a rigid structure has a frequency given by 20 
divided by the number of floors (f = 20/N).



The Italian archaeologist Filippo Coarelli gives the following measurements
> height of the column : 30 m

Back to our seismic stations …. and our columns

Comparison NR07-NR01

Diagram :
Amplitude H/V = f(frequency)`

Data from INGV Rome
Reference station Station with site effect

0,9 Hz

Resonance frequency = 10/N > N = 10/0,9 = 11 stairs = 27,5 m
N = number of floors of a building

Frequency FrequencyMarc Aurelius Trajan
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The site effect in the city of Rome 
has impacted the stability of the columns  ... 

Back to our Roman columns !



EGU GIFT 2022 - Hands-on session : Observation of Roman archaeological monuments & seismic site effect in the city of Rome.          Jean-Luc BERENGUER (Geoazur E&O, University Côte d’Azur)

Today, Rome is no longer just the marble city left by the 
Roman emperors, it has become the capital of Italy and is 
experiencing an unusual and huge urban expansion. 

During all these centuries, the city of Rome and its region 
have experienced and are still experiencing many seismic 
events. 

A seismic hazard that needs to be better understood at a 
time when the urban agglomeration is populated by nearly 
four million people.

4 millions people are living in Roma !

Current urbanization of the Rome agglomeration (Department of Geological Sciences - University of Roma III, Italy)
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Mexico City, a megacity in South America, is highly vulnerable to earthquakes.

In 1985, a strong earthquake of magnitude 8.2 destroyed the capital city.

Mexico City
19/09/1985

The event caused serious damage to the Greater Mexico City area and the deaths of at least 5,000 people.
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Mexico city was very far from the earthquake focus ... and yet !

Focus.    400 kms City

PGA: Peak Ground Acceleration
The amplitude of the waves is given in acceleration values (cm/s2)
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Mexico city was very far from the earthquake focus ... and yet !

PGA: Peak Ground Acceleration
The amplitude of the waves is given in acceleration values (cm/s2)
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Mexico City, a megacity in South America, is highly vulnerable to earthquakes.

In 1985, a strong earthquake of magnitude 8.2 destroyed the capital city.

Mexico City
19/09/1985

The collapse of buildings is related to their height.
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Today, the capital Mexico City is a megalopolis …

… but just 700 years ago it was an island of two square kilometers in the middle of a lake. Like Venice in Italy, the Aztec
city was built on islands and land taken from the marshes. What was once a lake was first filled in by the Aztecs, who
built dykes and canals, and then by the Spanish, who conquered the city.

Mexico... 700 years ago current seismic zoning (in red, maximum risk)
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Site effect in the big cities … Focusing on prevention !

The SAS (Sistema de Alerta Sismica), makes Mexico City a pioneer in seismic prevention

Crédito Imagen: Dr. Carlos Valdez Gonzáles, 
Director Instituto de Geofísica UNAM



To resume the seismic site effect

Topography

Reference
bedrock

shearing waves
low velocity

sedimentary
basin

Large thickness
of sediments



Thanks for your attention
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