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Outline

1. Definition of earthquake intensity
2. Earthquake ground effects, dynamic source parameters and 

maximum magnitude determination – quality of data and 
resolution; Assam 1897, Muzaffarabad 2005

3. Structure of the ESI 2007 scale: keeping phenomena of the 
physical environment in line with the damage indicators

4. New Madrid 1811, Anchorage 1964, 
5. Paleoseismic intensity: Kashiwazaki-Kariwa and Monte Netto 
6. Future directions: a global catalogue
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1. INTENSITY: ORIGIN AND DEFINITIONS1. INTENSITY: ORIGIN AND DEFINITIONS

Well before the introduction, in 1935 by Charles Well before the introduction, in 1935 by Charles 
Richter, of the notion of Richter, of the notion of ““magnitudemagnitude”” based on based on 
measurements made on instrumentallymeasurements made on instrumentally--recorded motion, recorded motion, 
certain erudite seismologists (in the persons of certain erudite seismologists (in the persons of 
MercalliMercalli, , CancaniCancani, and , and SiebergSieberg, among others), in the , among others), in the 
early years of the last century, devised the notion of early years of the last century, devised the notion of 
the the ““intensityintensity”” of an earthquake at a given location, in of an earthquake at a given location, in 
the absence of any seismometer (e.g., the absence of any seismometer (e.g., MercalliMercalli, 1897; , 1897; 
Omori, 1900; Omori, 1900; CancaniCancani, 1904; , 1904; SiebergSieberg, 1930; Wood and , 1930; Wood and 
Neumann, 1931). Neumann, 1931). 



Basic structure of
12 degrees scales

MCS Scale  
Mercalli – Cancani – Sieberg

(1930)
Mostly used in S Europe

A. Empirical scale, rating of 
earthquake effects are based

on a rather subjective
assessment, or expert 

judgement

B. Damage saturates at 
intensity X in most cases

C. Invaluable information, 
cannot be replaced by
instrumental records



A) I. People do not feel any Earth movement. A) I. People do not feel any Earth movement. 

II. A few people might notice movement if they are at rest aII. A few people might notice movement if they are at rest and/or on the upper floors of tall nd/or on the upper floors of tall 
buildings. buildings. 

III. Many people indoors feel movement. Hanging objects swinIII. Many people indoors feel movement. Hanging objects swing back and forth. People outdoors g back and forth. People outdoors 
might not realize that an earthquake is occurring. might not realize that an earthquake is occurring. 

IV. Most people indoors feel movement. Hanging objects swingIV. Most people indoors feel movement. Hanging objects swing. Dishes, windows, and doors rattle. . Dishes, windows, and doors rattle. 
The earthquake feels like a heavy truck hitting the walls. A fewThe earthquake feels like a heavy truck hitting the walls. A few people outdoors may feel movement. people outdoors may feel movement. 

Parked cars rock. Parked cars rock. 

V. Almost everyone feels movement. Sleeping people are awakeV. Almost everyone feels movement. Sleeping people are awakened. Doors swing open or close. ned. Doors swing open or close. 
Dishes are broken. Pictures on the wall move. Small objects moveDishes are broken. Pictures on the wall move. Small objects move or are turned over. Trees might or are turned over. Trees might 

shake. Liquids might spill out of open containers. shake. Liquids might spill out of open containers. 

VI. Everyone feels movement. People have trouble walking. ObVI. Everyone feels movement. People have trouble walking. Objects fall from shelves. Pictures fall jects fall from shelves. Pictures fall 
off walls. Furniture moves. Plaster in walls might crack. Trees off walls. Furniture moves. Plaster in walls might crack. Trees and bushes shake. Damage is slight in and bushes shake. Damage is slight in 

poorly built buildings. No structural damage. poorly built buildings. No structural damage. 

VII. People have difficulty standing. Drivers feel their carVII. People have difficulty standing. Drivers feel their cars shaking. Some furniture breaks. Looses shaking. Some furniture breaks. Loose 
bricks fall from buildings. Damage is slight to moderate in wellbricks fall from buildings. Damage is slight to moderate in well--built buildings; considerable in poorly built buildings; considerable in poorly 

built buildings. built buildings. 



B) VIII. Drivers have trouble steering. Houses that are not boltB) VIII. Drivers have trouble steering. Houses that are not bolted down might shift on their ed down might shift on their 
foundations. Tall structures such as towers and chimneys might tfoundations. Tall structures such as towers and chimneys might twist and fall. Wellwist and fall. Well--built buildings built buildings 
suffer slight damage. Poorly built structures suffer severe damasuffer slight damage. Poorly built structures suffer severe damage. Tree branches break. Hillsides ge. Tree branches break. Hillsides 

might crack if the ground is wet. Water levels in wells might chmight crack if the ground is wet. Water levels in wells might change. ange. 

IX. WellIX. Well--built buildings suffer considerable damage. Houses that are not built buildings suffer considerable damage. Houses that are not bolted down move off bolted down move off 
their foundations. Some underground pipes are broken. The groundtheir foundations. Some underground pipes are broken. The ground cracks. Reservoirs suffer serious cracks. Reservoirs suffer serious 

damage. damage. 

X. X. Most buildings and their foundations are destroyed.Most buildings and their foundations are destroyed. Some bridges are destroyed. Dams are Some bridges are destroyed. Dams are 
seriously damaged. Large landslides occur. Water is thrown on thseriously damaged. Large landslides occur. Water is thrown on the banks of canals, rivers, lakes. The e banks of canals, rivers, lakes. The 

ground cracks in large areas. Railroad tracks are bent slightly.ground cracks in large areas. Railroad tracks are bent slightly.

XI. Most buildings collapse. Some bridges are destroyed. LarXI. Most buildings collapse. Some bridges are destroyed. Large cracks appear in the ground. ge cracks appear in the ground. 
Underground pipelines are destroyed. Railroad tracks are badly bUnderground pipelines are destroyed. Railroad tracks are badly bent. ent. 

XII. Almost everything is destroyed. Objects are thrown intoXII. Almost everything is destroyed. Objects are thrown into the air. The ground moves in waves the air. The ground moves in waves 
or ripples. Large amounts of rock may move. or ripples. Large amounts of rock may move. 

Modified Modified MercalliMercalli scale, simplifiedscale, simplified



C) Isoseismal 
map of the 

June 5, 1688, 
Sannio

earthquake
(Serva, 1985)  

MCS scale 

Epicentral Epicentral intensityintensity Io = XIIo = XI



2) What reflects intensity? Is it an ill-defined 
analogue of PGA, or it reflects a phenomenon, 
which depends in a complex way on PGA, PGV, 
residual slip.

Intensity concept (Ruben Tatevossian, 2007)

3) What is the subject of hazard assessment? 
(choice of site + seismic loading).

1) What we measure: effect itself or causa of effect 
via effect? 



Intensity reflects a phenomenon depending in a complex 
way on PGA, PGV, and residual slip. 
Excluding environmental effects violates this concept. But 
they should be treated in such a way, that intensity scale 
category will not be reduced to a ranking scale.
Such research helps promote our understanding of the 
earthquake history of a region, and estimate future hazards

Intensity concept

Further refinements of the macroseismic scales brought 
EMS98. It is a perfect tool to measure vibrational part of 
ground shaking but the basic concept was broken.
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INTENSITY is a INTENSITY is a parameterparameter intendedintended toto quantifyquantify the the effectseffects of the of the 
earthquakeearthquake at a site at a site basedbased on on bothboth ““shakingshaking effectseffects”” and and ““primaryprimary tectonictectonic
effectseffects””; ; particularparticular valuevalue forfor historical and prehistorical and pre--historical earthquakes historical earthquakes 

The effects on humans are the most important indicators of intenThe effects on humans are the most important indicators of intensity up sity up 
to the V degree for the to the V degree for the ““MercalliMercalli””--derived, 12 degrees scales. The derived, 12 degrees scales. The 
assessment of intensity in the range VI to IX is based mostly onassessment of intensity in the range VI to IX is based mostly on effects effects 
on manon man--made structures (damage), in the range X to XII on effects on made structures (damage), in the range X to XII on effects on 
the natural environment (ground effects or environmental earthquthe natural environment (ground effects or environmental earthquake ake 
effects, EEE). Also in the Omori scale, the highest degrees are effects, EEE). Also in the Omori scale, the highest degrees are defined defined 
based on geological effects.based on geological effects.

Mercalli, Omori, Sieberg and the formal definition of intensity



INQUA – GSI Workshop and Field Trip - DSR 2009
“The Dead Sea Rift  as a natural laboratory 

for earthquake behavior: prehistorical, historical 
and recent seismicity” – Indoor Session, Safed, Feb. 16th, 2009



INQUA – GSI Workshop and Field Trip - DSR 2009
“The Dead Sea Rift  as a natural laboratory 

for earthquake behavior: prehistorical, historical 
and recent seismicity” – Indoor Session, Safed, Feb. 16th, 2009

2. ESI SCALE: A BETTER LINK TO DYNAMIC 2. ESI SCALE: A BETTER LINK TO DYNAMIC 
SOURCE PARAMETERS AND MMAX SOURCE PARAMETERS AND MMAX 

DETERMINATION, A BETTER TOOL FOR SITING DETERMINATION, A BETTER TOOL FOR SITING 

IntensityIntensity is a is a measuremeasure of the of the earthquakeearthquake basedbased on on 
humanhuman perceptionsperceptions, , damagedamage ((buildingsbuildings/man /man mademade

structuresstructures), and the impact on the ), and the impact on the naturalnatural environmentenvironment, , 
whichwhich is the cumulative, final EFFECT fromis the cumulative, final EFFECT from

-- the SOURCE the SOURCE 
-- VIBRATIONS VIBRATIONS generatedgenerated duringduring slipslip
-- FINITE DEFORMATIONS FINITE DEFORMATIONS 

-- the PROPAGATION of the PROPAGATION of seismicseismic waveswaves
-- the the locallocal SITE CONDITIONSSITE CONDITIONS
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The The definitiondefinition of of intensityintensity IN THE NEAR FIELD OF IN THE NEAR FIELD OF 
STRONG EARTHQUAKES is STRONG EARTHQUAKES is essentiallyessentially basedbased on the on the 
studystudy of of naturalnatural effectseffects, , sincesince indicatorsindicators basedbased on on 

humanhuman perceptionperception and and damagedamage HAVE BEEN DESIGNED HAVE BEEN DESIGNED 
byby the the AuthorsAuthors toto saturate (saturate (““damagedamage totaltotal”…”…) at ) at 
intensityintensity higherhigher thanthan IX in the MCS, MM1931, IX in the MCS, MM1931, 

MM1958, and MSK MM1958, and MSK scalesscales

If we do not use environmental effects, as in the case If we do not use environmental effects, as in the case 
of the EMS scale, the original concept of intensity is of the EMS scale, the original concept of intensity is 

broken, and intensity X, XI and XII become practically broken, and intensity X, XI and XII become practically 
useless.useless.
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12 june 1897, M8+ Assam earthquake
Revised by Ambraseys and Bilham (2003)
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Richter, Elementary
Seismology, p. 49, 
quoting Oldham, 
1899

Chedrang Fault, 
ca. 24 Km, 
up to 10 m
of vertical
displacement
in the bedrock
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ESI 2007 intensity XII
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ESI 2007 intensity XII
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MM scale, 1931; intensity XII
Damage total - practically all works of construction damaged
greatly or destroyed. 
Disturbances in ground great and varied,
numerous shearing cracks. Landslides, falls of rock of 
significant character, slumping of river banks, etc. numerous
and extensive. Wrenched loose, tore off, large rock masses. 
Fault slips in firm rock, with notable horizontal and vertical
offset displacements. Water channels, surface and 
underground, disturbed and modified
greatly. Dammed lakes, produced waterfalls, deflected rivers, 
etc. Waves seen on ground surfaces (actually seen, probably, in 
some cases). Distorted lines of sight and level. Threw objects
upward into the air.
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MSK scale, 1964; intensity XII
(a) Practically all structures above and below ground are 
greatly damaged or destroyed
(c) The surface of the ground is radically changed. 
Considerable ground cracks with extensive vertical and 
horizontal movements are observed. Fall of rock and slumping 
of river banks over wide areas; lakes are dammed; waterfalls 
appear; and river are deflected.

The intensity of the earthquake requires to be investigated in 
a special way.
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ThisThis cannotcannot bebe calledcalled intensityintensity. . ThisThis isis
somethingsomething else. else. IntensityIntensity, , asas formallyformally
defineddefined byby MercalliMercalli, , CancaniCancani, , SiebergSieberg, , 
Richter, and the Richter, and the otherother AuthorsAuthors in in theirtheir
originaloriginal macroseismic macroseismic scalesscales, , mustmust include the include the 
comprehensivecomprehensive assessmentassessment of of earthquakeearthquake effectseffects
basedbased on on humanhuman perceptionperception, , damagedamage, and , and 
phenomenaphenomena in the in the naturalnatural environmentenvironment. . 

As As seismologistsseismologists, , geologistsgeologists and and engineersengineers, , wewe allall needneed thisthis
information information aboutabout intensityintensity, in , in particularparticular in the in the nearnear fieldfield of of 
the strong earthquakes (fault the strong earthquakes (fault directivitydirectivity, fault , fault geometrygeometry, , 
dynamicdynamic source source parametersparameters) .) .
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“Maximum intensity in any destructive earthquake in a rural area in the Eastern
Mediterranean, Middle East and the Indian subcontinent appears to be effectively the same.
That is, it "saturates" at intensity VII-VIII MSK when all adobe, rubble-stone- masonry, and
pukka houses are destroyed or damaged beyond repair. Any town or village would thus
appear equally, but no more, devastated at so-called higher intensities.
The vulnerability of kuccha, timber-framed and lath constructions is low, but intensity
scales are not designed for these types of construction, so their degree of damage cannot be
used easily as a qualitative description to assess intensity. Also the fact that only one of these
types of construction is predominantly available for observation makes it difficult to assess
epicentral intensity greater than VII-VIII MSK
Intensities higher than VII-VIII MSK can only be assessed from the behaviour of
modern buildings for which intensity scales have been calibrated. Such structures did not
exist in 1897. For these reasons any attempt to estimate epicentral intensity for the Assam
earthquake would be highly subjective, and, in our estimation, unjustified.”

Ambraseys and Bilham, 2003
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ESI 2007 scaleESI 2007 scale

Better link to dynamic Better link to dynamic 
source parameters and source parameters and 
maximum magnitude maximum magnitude 

determinationdetermination

Tool for the identification Tool for the identification 
of most severe ground of most severe ground 
effects at each siteeffects at each site
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ESI 2007 scaleESI 2007 scale

Consistent intensity Consistent intensity 
assessment for preassessment for pre--
historical, historical historical, historical 

and instrumental and instrumental 
events; quality of the events; quality of the 
data and resolutiondata and resolution



Left-lateral (5 m; ESI2007 = XI ) and vertical (0.7 m) faulting 
associated to the 16 July 1990 Luzon (Philippines) earthquake (Ms 
7.8) (Yomogida and Nakata, 1994). Photo courtesy of  T. Nakata.



Hanging-wall: Damage 
grade 5 for class “B” - RC 
buildings is indicative of 
intensity XI in the MSK 
scale and EMS scale 

Zahid et al. 
2009 (in Press)



Footwall: Heavy damage 
on buildings left standing 
indicative of intensity VII 
or IX in the MSK scale and 
EMS scale 

Zahid et al. 
2009 (in Press)



ca. 5 m of coseismic 
surface displacement  

ESI = XI 

Zahid et al. 
2009 (in Press)
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Ruben Ruben TatevossianTatevossian (2007)(2007)
Earthquake intensity:Earthquake intensity:

concept and applicationsconcept and applications

Data of the Epicentral Seismological Expedition of the 
Institute of Physics of the Earth, RAS



Case studiesCase studies

Verny, 1887

Neftegorsk, 1995
Altai, 2003

Ms=7.4

Lower Kuban, 2002

Ms=7.4

Ms=4.7

M=7.3

R   U   S   S   I   A

C  H  I  N  A

KAZAKHSTAN MONGOLIA

Neftegorsk, 1995
Ms=7.4

Application of the ESI 2007 scale to recent earthquake: Application of the ESI 2007 scale to recent earthquake: part 2part 2



Case studiesCase studies

Verny, 1887

Altai, 2003
Ms=7.4

Ms=4.7

M=7.3

R   U   S   S   I   A

C  H  I  N  A

KAZAKHSTAN MONGOLIA

Application of the ESI 2007 scale to recent earthquake: Application of the ESI 2007 scale to recent earthquake: part 2part 2



EEE and Macroseisimic intensities

I0 = X

I0 = XI

I0 = X

I0=VIII-IX (?) Neftegorsk

SaboI0=VII-VIII

I0=VIII-IX

Large discrepancy in 
intensity assessments for 
Neftegorsk, depending on 
how to evaluate 
vulnerability of buildings.

IBuilding type

VIIDamage degree 1 to type C7 (4 
buildings)

VIIIDamage degree 3-4 to 
buildings of type B (5 
buildings)

IX - XComplete collapse of 17 5-
store buildings (type A or A1)

1995 Neftegorsk eq.
Ms=7.4

Sakhalin Island



Vulnerability – Damage – Intensity
5-store buildings – complete collapse (D5)3-store brick 

school D4

Kinder-
gardens D1-D2

Brick 
houses D1-D2

Antiseismic design
building D1-D2
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Yes, the use of ground effects in the Intensity
scales is controversial

Yes, there are examples of surface faulting with very
low level of shaking – Nakata,  1990 Luzon Fault 

This is expected, intensity often shows large
variations - 2005 Muzaffarabad example at Nizar Camp

Surface faulting is always associated with high 
shaking along the fault rupture

After 40 years of paleoseismological study we know
this for sure; Mercalli, Richter, Omori they had no 
similar information

UNCERTAINTY and CONSISTENCY
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3. STRUCTURE OF THE ESI 2007 SCALE3. STRUCTURE OF THE ESI 2007 SCALE

Like any other diagnostic effects used in the Like any other diagnostic effects used in the 
scales, environmental ones must be constantly scales, environmental ones must be constantly 

updated, in order to keep the physical updated, in order to keep the physical 
phenomena (such as surface faulting, phenomena (such as surface faulting, 

landsliding, and hydrological changes) in line landsliding, and hydrological changes) in line 
with the damage indicators.with the damage indicators.



XVII INQUA  Congress
Cairns, July 28th – August 3rd, 2007

Session 60 “Paleoseismology and the ESI 2007 scale”



Macroseismic Epicenter and I0

Epicenter is a point – like any other locality on the map. To assess I0 we do 
extrapolation (using nomograms or by expert judgment) from distribution of 

observed intensities in the localities.

I0 = I1+δI, where I1 is radius of the first isoseismal, and δI 
depends on ratio of first to second isoseismal sizes 

(scaled for different attenuations ν).

VIII

VIV-VI

VII

VII

IX
VIIIL1 L2

L3

L4
L5



ESI 2007 Epicenter and I0

Epicentral intensity is an earthquake characteristic parameter. It is evaluated
based on surface rupture (length or max offset). When the source does not expose 

on the surface – based on total area of secondary effects.

L=70 km
MaxD=2 m
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2000700up to 24 m (largest 
known displacement)

> few hundreds of 
km XII

600120several meters
from several tens 
up to more than 

100 km
XI

15030from tens of cm up to 
a few metersfew tens of kmX

305in the order of several 
cmup to a few kmIX

51
up to a few cm, 

typically less or even 
absent

generally absent
might be up to 

several hundred 
meters

VIII

10,2

generally absent or 
negligible, centimetric 

for very shallow 
events

generally absent or 
negligible, might be 
hundreds of meters 

for very shallow 
events

VII

MD 
plot 
(cm)

SRL 
plot 
(km)

MD range SRL range ESI 2007 

Intensity vs. MD

y = 0.65Ln(MD) + 6.92
R2 = 0.996
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Comerci et al., 2007
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4. Total area of liquefaction: Assam, New Madrid and Anchorage

Liquefaction sites (#) and landslide
locations (triangles) reported for the 12 
june 1897, M8+ Assam earthquake 
mainshock (as revised by Ambraseys and 
Bilham (2003)

TOTAL AREA OF LIQUEFACTION ca. 250.000 KM2 

ESI = XII

200 km



Environmental effects during the Environmental effects during the 
New Madrid 1811New Madrid 1811--1812, M7.51812, M7.5--8?, 8?, 
seismic sequence seismic sequence -- Tuttle andTuttle and
SchweigSchweig (2003)  NEHRP Report(2003)  NEHRP Report

TOTAL AREA OF LIQUEFACTION ca. 20.000 KM2

ESI = XI



Geologic effects of earthquake 
of 27 March 1964

(a XII on the ESI 2007 scale)

regional coastal uplift – area of 60,000 km2

uplifted 1-2 m; along fault 850 km long

regional coastal subsidence – area of 110,000 km2

subsided up to 3 m

surface faulting and localized uplift – max 3-9 m

liquefaction and lateral spreading – >800,000 km2

landsliding – 250,000 km2

local tsunamis – landslide-induced max 52 m high



Alan Nelson
U.S. Geological Survey
Golden, Colorado

Earthquakes accompanied by tsunamis:
Their paleoseismic records and 

application to the INQUA intensity scale

Before

After

Queule, Chile 1960

Queule, Chile 1960



Alaska, M9, Earthquake of 27 March 1964 



Alaska, M9, Earthquake of 27 March 1964 
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5. PALEOSEISMIC INTENSITY

Paleo-perspective of earthquakes

In this perspective, the study of EEE aims at linking 
seismological and paleoseismological records

Paleoseismicity Seismicity

ESI 2007 Scale
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Paleoseismic secondary surface faulting and 
liquefaction

ESI IX to X 



6. Chuetsu-Oki
Earthquake 

of 2007.July, 16, 
Magnitude,6.8

1964

2004

2007

Yoko Ota and Takashi Azuma

Kashiwakaki-Kariwa NPP site



Coseismic coastal uplift



Surface cracks



Landlsides





Environmental effects, ESI 2007 
scale, and SITING OF CRITICAL 

FACILITIES



Identification of maximum ground effect at 
the site = paleoseismic intensity
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ConclusionConclusion
and Future Perspectivesand Future Perspectives……..

You are invited to the Business Meeting of the You are invited to the Business Meeting of the 
INQUA Focus Group on Paleoseismology and INQUA Focus Group on Paleoseismology and 

Active Tectonics later this weekActive Tectonics later this week


