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Macroseismology is dead. 

Long live Macroseismology!



Outline/Summary

• Uses & importance of macroseismic intensity data

• Historical earthquake quantification

• Engineering fragilities, loss modeling & risk analyses

• Communicating earthquake shaking & impacts

• [Sociological analyses of human behavior in earthquakes]

• Challenges with modern macroseismic practices  

• Limitations of ”Did You Feel It?” (lower-to-moderate intensities levels only)

• Limitations of Modified Mercalli Intensity (MMI, the standard in the U.S. & N.Z.)

• Incompatibilities among macroseismic scales & data worldwide

• Moving forward: Developing/Implementing an International Macroseismic Scale (IMS)

• Implementing EMS-98 in the US & New Zealand. EMS-98 is an engineering scale

• We’d like to modernize macro assignments by employing recon & inspection teams 

• GEM’s role in an IMS



A (USGS-centric) History of Macroseismic Intensity Scales

• Earliest use of macroseismic observations was about late 1700’s

• First intensity scale was the Rossi-Forel Scale of 1883 (10-degree)

• Sieberg (1912) became the foundation modern 12-degree scales;  Mercalli-Cancani-

Sieberg Scale—or MCS Scale—is still in use in Italy.

• The 1923 version was translated into English by Wood & Neumann (1931), becoming 

the Modified Mercalli Scale (MMI Scale). Richter overhauled MMI in 1956 (but 

refrained from adding his name in case of confusion with "Richter Scale”). 

• USGS’ Jim Dewey made practical modifications to MMI, now employed by USGS. 

• USGS’ still uses MMI, as is the basis of the popular DYFI system, started in 1999.

• EMS-98 Published in 1998. Edited by Gottfried Grunthal. Modern, engineering-centric

Charlie
Richter

EMS-98

Giuseppe
Mercalli

Gottfried Grunthal

* See Roger Musson’s (2010) discussion on the evolution of scales.



Modified Mercalli Intensity (MMI)

— NO LONGER USED —

— POSSIBLE —



Maximum DYFI Intensity
(2000 – 2022) 
> 7 million responses

“Did You Feel It?” (DYFI)

Felt Index Objects Index Damage Index



Feb 2023 M7.8 Turkey



1906 Great San Francisco Earthquake (M7.8) 2011 Tohoku, Japan Earthquake (M9.1)



Nuttli [1973]

M7.2

Macroseismology & Historical Earthquakes

Italian Parametric Earthquake Catalogue



M7.2  M6.8 in 2011

Historical magnitudes & locations from:
• Felt area, or area (A) of a specific intensity level (say IV) 

Log(Mo)=18.53+0.823 Log (AIV) + sqrt(AIV)
• Io (epicentral intensity) 

Mw = 0.682 Io + 0.16
• Comparison with attenuation of modern events
• Shaking centroid from various inversion schemes:

• Boxer (Gasparini et al)
• Bakun & Wentworth 

Challenges: 
• Historical intensity assignments often ambiguous
• inaccurate locations; higher uncertainty
• Potentially biased due to selective reporting

Arch Johnston, 1993

Macroseismology & Historical Earthquakes



1923 M8.0

2015 M7.8

2010 M8.8

1960 M5.8

1964 M9.2

1906 M7.8

ShakeMap Atlas V4
> 14,000 ShakeMaps (1900-2020) 



Composite ShakeMap (Max. Shaking) Atlas V4 (1900-2020)

Pasadena, CAPasadena, CA

“Observed PSHA”



“Did You Feel It?”

ShakeMap

ShakeCast

PAGER

Ground Failure



Use of intensity in triggering
& communicating EEW

Japan

California

(Allen et al, 2006)

ShakeAlert



Use of Intensity for 
communicating PSHA

Map showing the chance of minor damaging shaking in 100 years from the 2018 NSHM. 

[From Petersen et al., 2019, Earthquake Spectra]



Modified Mercalli Intensity (MMI) is outmoded 

• USGS no longer uses ground changes as indicators.

• Chimney damage—a key indicator in the US/NZ—less useful these days.

• MMI >= IX difficult to assign (requires opinion, rather than quantitative 
assignment). This makes it difficult to use high MMIs quantitatively.

“We believe that macroseismic scales are not static, but they instead should be 

updated on the basis of new experimental observations.”  (Patricia Tosi et al., 2015).



USGS-sponsored Powell Center Workshop 

Fort Collins, Colorado, Oct 2022 

(1) Revise the MMI scale in United States and 

New Zealand to be compatible with EMS-98, 

(2) Improve US/NZ strategies for rapid 

macroseismic assignments, particularly for 

higher intensities, and  

(3) Align these revisions into recommendations 

& contributions towards an an IMS. 

Principal Investigators:

David  Wald, USGS

Tatiana Goded, GNS Science

Ayse Hortacsu, Applied Technology Council

Robin Spence, Cambridge Architectural Research



European Macroseismic 

Intensity Scale (EMS-98)

G. Grunthal, GeoForschungsZentrum, Germany

R. Musson, British Geological Survey, Great Britain

J. Schwarz, Bauhaus University, Germany

M. Stucchi, Istituto di Ricerca sul Rischio Sismico, Italy



EMS-98 Ingredients…

1

2

Turkish RC*

* EERI World Housing Encyclopedia



EMS-98 Ingredients…

“Definitions of quantity” scale from EMS-98.

Most
Many

Few

3

After Grunthal et al, EMS-98

2 4



Reinforced Concrete (RC) with masonry infill is EMS-98 
Vulnerability Class B or C with Damage Grade 3,4,5

Photo credit: Gettyimages.com

2023 M7.8 Turkiye, Earthquake
(Hatay location)

✔︎ ✔︎ ✔︎









Long live Macroseismology!

2023



Combining Lower/higher intensities

• Uncertainties for each observation allows ShakeMap to use DYFI intensities up to VII;

Engineering-based assignments would get full weighting where & when they are provided.

• Lower intensities (<=VII) are easily automatically recovered by internet-based acquisition. 

These make up > 95% of all intensity data DYFI collects.  

• Higher intensities (>=VII) need expert assignment:

o Engineering reconnaissance, field surveys, building damage assessments, 

insurance or aid claims. 

o Remotely via media reports, photos, imagery, social media



28

USGS has funded Applied Technology Councils’ (ATC) “ATC-158”

Specific tasks aimed at a US/NZ regionalization of EMS-98/IMS include the following:

• Evaluate proposed new vulnerability classes for US/NZ buildings,

• Provide damage grade images for each building vulnerability class,

• Evaluate new vulnerability classes & damage descriptors against recent earthquakes

• Help codify macroseismic data collection via various post-earthquake reconnaissance 

efforts (GEER/ StEER, FEMA, ATC, Surveys, Building Safety Placards, Insurance claims, 

etc.)





StEER EMS-98 Contributions to M7.1 2022 Haiti Earthquake ShakeMap



So, What are GEM’s possible roles in IMS Implementation?

• Vitor, Helen, & many others have long appreciated importance of macroseismic intensity. 

• GEM originally had a “Macroseismic Working Group”, part of the earlier research collaboration 

funding model. The value of that effort was not questioned, funding was just limited.

• GEM is uniquely situated as an international entity to help develop, endorse, & help implement 

IMS in many countries where you are working with contacts & grass roots organizations.

• GEM will benefit from IMS in many of its hazards & risks efforts, particularly from the uniformity 

& quality of macroseismic & post-earthquake loss data worldwide.





Ongoing USGS Macroseismic R&D

• Macroseismic Database (IMDB): SGM & Macroseismic data in ShakeMap Atlas 

• Ground Motion Intensity Conversion Equation (GMICE) enhancements.

• Intensity Prediction Equation (IPEs) improvements/development 

• Uncertainty quantification via residual analyses:

• DYFI

• Historical (archival & revisited)

• Modern field-based

• Modern, but remote, media

• Spatial, spectral cross-correlation with other ground motion intensity measures (IMs)



Take-aways

• As a shaking metric, intensity connects human, seismological & engineering analyses 

• Today’s uses of macroseismic intensity data

• Historical earthquake documentation with macroseismology

• Ground motion seismology

• Loss modeling & risk analyses

• Sociological analyses of human behavior in earthquakes

• Challenges of modern macroseismic practices & intensity data more generally, 

including legacy MMI scale is outdated. US/NZ moving on to EMS-98-like scale.

• Moving forward: An evolution towards an International Macroseismic Scale (IMS) 

leveraging reconnaissance & inspection teams to facilitate assignments.

• With collaboration & help from GEM, we can make this happen!



CURRENT IMS Calendar

• GEM Conference (June 13-14, 2023) (This meeting!) 

• Potsdam IMS’24 Working Group Workshop (July 13-14, GFZ Potsdam)
o Grunthal, Musson, Schwarz, Spence Wald, Wenk, [Silva]

• USGS Powell Center Workshop #2 (Fort Collins, Colorado, Oct 2-6, 2023)

o US/NZ results; assignments via reconnaissance, 

o Planning international adaption/adoption efforts.

• 18th World Conf on Earthquake Engineering (18WCEE). Milan, July 2024. 
o Special Session on IMS & Macroseismology (26 papers!).

• In the interim: Routine US/NZ meetings on IMS Implementations; R&D



2023 Gaziantep Earthquake Sequence

Response Timeline

Mw7.8

ShakeMap

w/ Fault
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Mw7.5
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2023 Gaziantep Earthquake Sequence

Response Timeline

NEIC Origin Release

OT+ 11.4 min

Mww7.8

ShakeMap Release

OT + 15.7 min

PAGER Release

OT + 21.2 min

February 6, 2023 

Mw7.8: 01:17 UTC

Mw6.7: 01:28 UTC



Initial fault & KO Stations (4 hrs, 5min) AFAD Stations (2days, 1hr)Fault & ADAD Stations (4 days, 3 hrs)



35˚30' 36˚00' 36˚30' 37˚00' 37˚30' 38˚00' 38˚30' 39˚00'
36˚00'

36˚30'

37˚00'

37˚30'

38˚00'

38˚30'

39˚00'

50 km

Back-projection

D. Wang
Relocated Aftershocks

Active Faults

Surface Offset

Fault Length

PSHA/Active Fault Slip RatesFinite Fault Model

Intensity  Distribution

D. Goldberg

Fast Finite-Fault Finding Dashboard
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Fast Finite Fault Dashboard - Inputs



Composite ShakeMap (Max. Intensity for M>5.5 shocks)

M7.8 Feb 6 2023 Turkey Earthquake

M7.8

M7.5

M6.3



Composite ShakeMap (Max. Intensity for M>5.5 shocks)

M7.8 Feb 6 2023 Turkey Earthquake



Landslide Estimates from Composite ShakeMap

Credit: Kate Allstadt, USGS





Bayesian Causal 

Graph with Variational 

Inference —

A framework for hazard 

& impact updating

Xu, Dimaska, Wald, & Noh (2022) 

Nature Communications
Locations/pixels



Locations/pixels

ShakeMap

Liquefaction PriorLandslide Prior

Building Footprints

ARIA/JPL/EOS DPM

Building Damage



Xu et al, 2023, NHERI 

DesignSafe Disaster Portal 

Hatay City 



Example comparisons of the building damage prediction with ground truth optical image in Hatay, Turkey, 2023 M7.8

From Xu et al, 2023*, NHERI DesignSafe Disaster Portal 




