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Summary of the presentation

. Definition of earthquake intensity

. Earthquake ground effects, dynamic source parameters and
maximum magnitude determination - quality of data and
resolution

. Structure of the ESI 2007 scale, revised text and new
guidelines: bringing physical phenomena (faulting, landsliding,
tree and limb fall, water changes) in line with the damage
Indicators

. New Madrid 1811, Assam 1897 and Anchorage 1964

. Intensity, paleoseismology, Quaternary geology

. The July 16, 2007, Niigata eq.

. Future directions




1. INTENSITY: ORIGIN AND DEFINITIONS

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




Mercalli, Omori, Sieberg and the formal definition of intensity

“*INTENSITY is a parameter intended to quantify the effects of the
earthquake, , at a site based

on both “shaking effects” and “primary tectonic effects”.

*MOST OF THE “MERCALLI”-DERIVED SCALES ARE 12 DEGREE SCALES

“*The effects on humans are the most important indicators of intensity up
to the V degree. The assessment of intensity in the range between the VI
and XI11 degree is based mostly on effects on man-made structures
(damage) AND ON THE ENVIRONMENT (ground effects or environmental
earthquake effects, EEE). Also in the Omori scale, the highest degrees
are defined based on geological effects.




1. People do not feel any Earth movement.

I1. A few people might notice movement if they are at rest and/or on the upper floors of tall
buildings.

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

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

V. Almost everyone feels movement. Sleeping people are awakened. Doors swing open or close.
Dishes are broken. Pictures on the wall move. Small objects move or are turned over. Trees might
shake. Liquids might spill out of open containers.

V1. Everyone feels movement. People have trouble walking. Objects fall from shelves. Pictures fall
off walls. Furniture moves. Plaster in walls might crack. Trees and bushes shake. Damage is slight in
poorly built buildings. No structural damage.

VI1. People have difficulty standing. Drivers feel their cars shaking. Some furniture breaks. Loose
bricks fall from buildings. Damage is slight to moderate in well-built buildings; considerable in poorly
built buildings.




VII1I1. Drivers have trouble steering. Houses that are not bolted down might shift on their
foundations. Tall structures such as towers and chimneys might twist and fall. Well-built buildings
suffer slight damage. Poorly built structures suffer severe damage. Tree branches break. Hillsides

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

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

X. Most buildings and their foundations are destroyed. Some bridges are destroyed. Dams are
seriously damaged. Large landslides occur. Water is thrown on the banks of canals, rivers, lakes. The
ground cracks in large areas. Railroad tracks are bent slightly.

X1. Most buildings collapse. Some bridges are destroyed. Large cracks appear in the ground.
Underground pipelines are destroyed. Railroad tracks are badly bent.

X11. Almost everything is destroyed. Objects are thrown into the air. The ground moves in waves
or ripples. Large amounts of rock may move.

Modified Mercalli scale, simplified
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Scossa non percepibile, registrata
solo daf sismografi

Scossa leggermente percepibile

Scossa flebilmente percepila

Scossa percepita dalla
maggioranza delle persone

Panico. Risveglio anche delle
persone addormentate

Fragore e panico generale. Danni
lievissimi alle costruzioni (crepe negli
intfonaci e nelle pareti non portanti)

Danni lievi alle costruzioni (crepe
presenti anche nei muri portanti)

Vil Distruzione di qualche edificio

Distruzione di edifici e generale
danneggiamenta. Gl effetti sul
terreno sono ben evidenti

Distruzione generale. Significativi /|

effetti sul terreno BTt

Catastrofe. Grandi effetii
sul terreno

Grandiosi effaetti sul terreno

== 50} km

1

8

=

Basic structure of
12 degrees scales

MCS Scale
Mercalli — Cancani — Sieberg
(1930)
Mostly used in S Europe

v Empirical scale, rating
of earthquake effects are
based on arather
subjective assessment, or
expert judgement

v  Invaluable information,
cannot be replaced by
instrumental records




Epicentral intensity 1o = XI

Porfido et al., later today...

()
Isoseismal 2
map of the
June 5,
1688,
Sannio
earthquake
(Serva,
1985) based

on MCS
scale
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MM scale, 1931; intensity XI11

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 Iinto the air.




effects on humans ,

effects on manmade
structures

Intensity (I)

effects on natural
environment

Fig 1 - Accooding to the onmnal defimtion of mtensity in the twelre
degrees scales, i1e, the Mercali-Cancani-Siehergy Scale (RICS), the
Modified MMercailli scale (MW-31 and MM-536) and the Aledvedew-
Sponhener-Farnilk scale (MEF-64), the assessment of intensity deprees
has to be based on hamans, manmade stroctares and netoral environment
- Fecondn fa Sefnrcions onginale &f wnfensdts nelle scale g doded prody, guali la rozls
Mercalli-Carmami-Fieberp (ATCK ), Jo soals Mevially AModifeoafs (MM-FT ¢ MM - 5]
¢ g seals Medvedes-Sponbewer-Farmek (NI 64}, la salidazrane del grade dr mien-
wild deve ersery banate supdl effett sallluonre, ssile shodtfare anfrapiche ¢ sall'amrbrents
maturale.



| ntensity concept (Ruben Tatevossian, 2007)

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

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.

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




| ntensity 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.

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 Iin 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 aregion, and estimate future hazards




2. ESI SCALE: A BETTER LINK TO DYNAMIC
SOURCE PARAMETERS AND MMAX
DETERMINATION, A BETTER TOOL FOR SITING

Intensity is a measure of the earthquake based on

human perceptions, damage (buildings/man made
structures), and the impact on the natural environment,
which Is the cumulative, final EFFECT from

- the SOURCE
- VIBRATIONS generated during slip
- FINITE DEFORMATIONS

- the PROPAGATION of seismic waves

- the local SITE CONDITIONS




The definition of intensity IN THE NEAR FIELD OF
STRONG EARTHQUAKES is essentially based on the
study of natural effects, since indicators based on
human perception and damage HAVE BEEN DESIGNED
by the Authors to saturate (“damage total”..) at

Intensity higher than IX in the MCS, MM1931,
MM1958, and MSK scales

If we do not use environmental effects, as in the case
of the EMS scale, the original concept of intensity iIs
broken, and intensity X, X1 and XI1 cannot be
assessed anymore. A recent example...
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Fig: fa, Liscation map for the 897 Assem earthouake showong isssensmmal
approxmations assigned by Oldham | 18%9) 2= dashed incomplete ellipses
Bold lmes swhese Cldbiam's (o) fellares, () "area ol extensove domape" aml
(2] "the probable limits of the cpicentre”. benesth and nodth of the Shillong
Platepa. Fig.lh. Locatinns of ohsereational data | dots) gsed to evalanie
Pl b blerd e

12 june 1897, M8+ Assam earthquake
Revised by Ambraseys and Bilham (2003)

Fig. 2a. Epicentral lacation map showing (MHdham's (13949) epicentral ares cen-
terad on the Shillong Platesu, and dashed rectan gl indicalin2 the nfzrred
507 subsurface ruprure. Fig. Zh Same area with evalu ated hMSK infenzities
repetad observarional a2 (X, and soselsmal conraurs evalared using
kriging methosds described in the text.
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“Figure 5-1 shows Oldham’s three most important isoseismals, which bound Seismology P 49
the area of perceptible shaking, the region of significant damage to masonry, ) Vv ’
and the meizoseismal area. The inset shows the first two corresponding qUOtlng O|dham,

;‘1soselsmals for the California e’xrthquake of 1906 on that occasion effects 1899
_comparflble with those in the
- meizoseismal area of 1897
. were observed only close to
. the San Andreas fault. The _
greatest linear extent of the i

12 JUXNE 18397

1906 isoseismals is nearly the || | | Ched rang Fault,

-same as in 1897, but the area

included is much narrower. R ca. 24 Km,

e magnitude of the 1906 L,
arthquake was 84, Seismo- - up to 10 m
e of vertical

raphs which registered the Lo
earthque were not of -

'O'dé;'_n. type; it is difficult to [ i = S N diSpIaCGment
se. .'heir records for deter- : , in the bedrOCk

FIGURE 35-2 Indian ear!/zqua, 1897. Meizo-
seismal area. [Oldham.] Solid outline, region of
violent shaking: dashed outline, hill area.




[cHAP. 5] SOME GREAT INDIAN

FIGURE 5-4

Indian earthquake,

e

1867, Df.vlor/yw[ houlders.

EARTHQUAKLES

[Oldham.

]

his result fully and with circumstantial care. Not merely did eyewitnesses

[T TEpPOLL sCeing pebbles bouncing on the ground Tike peas on a drumnead,” but
numerous instances were observed, photographed, and figured in detail, of
posts shot out of their holes and of boulders lifted out of the ground with-
out cutting the edges of their former seats (Fig. 5-4). This high acccleration
is consistent with evidence in the granitic rock of the Assam hills, of wide-
spread surface distortion, and of complex fracturing best characterized as

] shatzﬁriﬂﬁ Ihg feul fm-\h\l-gc (Y aiy oo ajla ¢ [ET20 I | HITER TP S

difficult jungle country can be no more than a representative fraction of those
formed.

Faults and Fraciures

Two true faults were found. The Chedrang fault was the greater, extend-
ing over 12 miles with throws up to 35 feet, in crystalline rock. It followed
the gencral line of a stream, which suggests an old line of weakness. Fow-

“ever, the winding course of the stream took it back and forth across the
fault. Result: a series of waterlalls alternating with pools, as the stream
dropped down over the fault scarp or flowed against it. Ponding was also
observed along the stream where the former grade had reversed: and in the
jungle, out of line with the Chedrang and Samin faults, similar pools indicated

extensive warping.

There was other evidence that the surface had been distorted. Oldham’s
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MM scale, 1931; intensity XI11

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 Iinto the air.




MSK scale, 1964; intensity XI1

(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.




This cannot be called intensity. This is
something else. Intensity, as formally

defined by Mercalli, Cancani, Sieberg,

Richter, and the other Authors in their

original macroseismic scales, must include the
comprehensive assessment of earthquake effects

based on human perception, damage, AND
geological phenomena.

kriging method s d di

As seismologists, Quaternarists and engineers, we all need this
Information about intensity, IN THE NEAR FIELD of the
strong earthquakes (fault directivity, fault geometry, dynamic
source parameters) and IN THE WHOLE FELT AREA (max.
ground effect at each site).

And the ESI scale can be the tool.....




ESI 2007 scale

Better link to dynamic
source parameters and
maximum magnitude
determination

Tool for the identification
of most severe ground
effects at each site




MOST IMPORTANT
consistent intensity
assessment for both

ESI 2007 scale historical and
Instrumental events;
quality of the data and
resolution




Vulnerability — Damage — | ntensity

3-store brick 5-store buildings — complete collapse (D5)
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Data of the Epicentral Seismological Expedition of the
Institute of Physics of the Earth, RAS




Case studies
lication of the INQUA scale to recent earthquake: part 2
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3. STRUCTURE OF THE ESI 2007 SCALE

Therefore, like any other diagnostic effects
used In the scales, environmental ones must

be constantly updated, in order to keep the

physical phenomena (such as surface faulting,

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




Definition of intensity degrees

Definizione dei prads ai intensita !

From I to IIT: There are no environmental effects that can be used as diapnostic

IV - LARGELY OBSERVED - First unequivocal effects in the environment

Primary qﬂ-ec.ts are absent
Secondary effects:

a} Rare small vagations of the water level in wells and /or of the flow-rate of spongs are locally recorded,
as well as extremely rare small variations of chemical-physical properties of water and turbadity o
springs and wells, especially within large Earstic spong systems, which appear to be most prone to thus

henomenaon

b}fﬂ closed basins (lakes, even seas) sesches with height not exceeding a few centimeters may
:nmmmlyuhserwﬂﬂﬂhb?hdﬂlgmgﬁ,Exceghunall?weuhvuakﬂdﬂe,tﬂnmﬂ?mthefﬂﬂeldﬂf
strong earthquakes. Anomalons waves axepememed'm;' ill people on small boats, few people on larper
boats, most people on the coast Water in swimming pools swings and zometimes overflows.

c) Hair-thin cracks (milimeter-wide) mught be occasion seen where Ilﬂlj::-llﬂc?;g_lr (e.g.. loose allowmal depo-
sits, satufated sods) and; or morphology (slopes or ﬂdge crests) are most prone to thus phenomenon

d) Exceptionally, rocks may fall and small Jandshde mav be (relactivated, zlong slopes where the equil-
bomam 15 alc near the hout state, ep steep slopes and cuts, with loose and gener satnrated aoil.

e) Tree hmbs ﬁze feebly R ﬂﬂ?



Macroseismic Epicenter and |,
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Epicenter is a point —like any other locality on the map. To assess |, we do
extrapolation (using nomograms or by expert judgment) from distribution of
observed intensities in the localities.




ES| 2007 Epicenter and |,

Sl km

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.







Intensity vs. SRL
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Comerci et al., later today...
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4. Total area of liquefactio: Assam, New Madrid and Anchorage

Liguefaction 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 KM?
lesi = X11




Cops 4
Girmrclesy &

4 _ Best Estimates of Age Sand Blow Thickness Dikes (all widths)
®Elin ' 9 - fil » _ A AD. 1811-1812 A 0.1-0.49m Eproenters of historic
g gt “T AN : o £\ AD. 1450+/- 150 yr A 05099 m SR
\ Covingon ™ i YA A.D. 900 +/- 100 yr A 10149 m Geologic sites
- i Area with >1% of

A AD. 300 +/-200yr A 15199m 1 ground surface cavered

Eirdsaye @ . iy . B.C. 2350 +/- 200 yr e y sand blows
i 3 ‘ - m

Holocene features, Earthquake epicenters
A age poorly constrained 527 2] (1974-1991)

TOTAL AREA OF LIQUEFACTION ca. 20.000 KM?
ESED.L




Geologic effects of earthquake

of 27 March 1964
(a Xll on the ESI 2007 scale)
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Earthquakes accompanied by tsunamis:
Their paleoseismic records and

application to the INQUA intensity scale
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5. WHY THE ESI 2007 SCALE IS RELEVANT FOR PALEOSEISMOLOGY??

AND WHY IS THIS A FIELD OF INTEREST FOR QUATERNARISTS??

Paleo-perspective of earthquakes

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

Paleoseismicity

> /

ESI 2007 Scale




Cracks in saturated soil and/or loose
dluviumupto1lcm:

afew cm:
up to 10 cm:
afew dm up to one meter:

Cracks on road backfills and on natural
terrigenous slopes over 10 cm

Cracks on dry ground or on asphalted roads

Faults cutting poorly consolidated
Quaternary sediments

Faults cutting bedrock at the surface

Liquefaction and/or mud volcanoes and/or
subsidence

Landdlides in sand or gravel artificia

dykes

Landdlides in natural terrigenous slopes

Rockfalls

Turbulence in the closed water bodies and
formation of waves

Formation of new water bodies

Change in the direction of flow in
watercourses

Flooding

Variation in the water level of wells
and/or the flow rate of springs

Springs which dry out or are starting to
flow

VI

VI MM: VII; MCS: VI
X MM IX

: X; MCS: X

VI VI X MM: VI, MCS:

VI, IX, XI: MCS: X, XI; JAP: VI
: XI: MCS: Xl

: X1 JAP: VI
MSK: IX, X: MM: IX, X; MCS: X, XI

MSK: VII, VIII, X; MM: VII; MCS: VI

MSK: VI, IX, X, XI;: MM: X; MCS:. X,
XI; JAP: VI, VII

MSK: IX, XI, XI1; MM: XI1I; MCS: X, XI

MSK: VI, VIII, IX; MM: VII; MCS: VII,
VIl

MSK: VI, X, XII; MCS: XII
MSK: XII; MCS: XII

MSK: X, XI; MM: X; MCS: X

MSK: V, VI, VII, VIII, IX, X; MM: VIII;
MCS: VI, X

MSK: VI, VI, IX

Paleoseismology and
macroseismic intensity




1. Effects of the earthquakes on the natural environment are
essentially effects on Quaternary deposits and landforms.

2. A classification of these effects allows to understand the
role played by earthquake processes in the Quaternary
evolution of a region

2. Only through this understanding it is possible
to properly assess the seismic hazard = the
definition of the Seismic Landscape of a region




10-15 km
sfaal disribution of importar grounc effects soross the fault zone

Epicentral
Intensity I X MCS
Sept 26, 1997
Colfiorito eq.

—Sedimentary |
—CoVEr—L ] I

Seismic |
Landscapes of ' —— ,
the Apennines

Epicentral
Intensity X MCS
Nov 23, 1980
Irpinia eq

Ductile

Saismo-tactonc EBndfoms (Lo, faul
scarps and inangular facets with a
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Stern United
=urope benefit from
Ic risk analysisthere
btained. Elsewhere,

me seismically active countries
rkey, such datais not available, and the
sessiment IS primarily historical data. In

e Size of eventsis expressed in terms of
‘0seismic intensity, and a number of versions of such
les have been in current use during the 20th century
MI, MSK and JMA, among others).






tive regions the
sment for conventional
Se vation period is never
hazard level for critical
 probabilities are involved
extremely rare events. Instrumental
ingly be supplemented with events
described In hlstorlcal record going back as far as possible
neand, beyond those, with information provided by
archeoseismicity, with the analysis of archeological
~ remains, and by paleoseismicity, with the analysis of

geological formations, notably by trenching.



















- Cairns, July 28th — August 3rd, 2007

"‘R ?- Session 60 “ Paleoseismology and the ESI 2007 scale”




