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Examples of recent compilations of earthquake surface rupture parameters

1501998
Ambraseys and Jackson, Geophys. J. Int.

(Eastern Mediterranean region)

3892002Stirling, Rhoades and Berryman, BSSA

3201996Yeats, Sieh and Allen, The Geology of 
earthquakes, Oxford University Press

2004

1998

1994

Year

60
Pavlides and Caputo, Tectonophysics

(Egean region)

302
Strom, PhD thesis, unpublished

(many former USSR and central Asia events)

244Wells and Coppersmith, BSSA

Number of eqauthors

Pioneers: Bonilla et alii, 1984; Slemmons and DePolo, 1986
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Wells and Coppersmith, BSSA, 1994 Stirling et alii, BSSA, 2002

Examples of regression 
analyses of rupture parameters 

vs. Magnitude
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Intensity vs. Magnitude (Johnston, 1996)

I = 1.67M - 1.84
R2 = 0.9968
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Therefore a log-linear relationship between 

INTENSITY and SURFACE RUPTURE PARAMETERS

is to be expected 
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ConversionsConversions
Different intensities scaled to MM. 
For pre-instrumental events Magnitude 
scaled from Intensity with several methods, 
sometimes from rupture parameters 

SURSURfaceface FFaulting and aulting and ININtensitytensity
datasetdataset

SURFINSURFIN

ParametersParameters
Date and epicentral area name
Latitude and Longitude
Kinematics
Focal depth
Magnitude (Ms)
Intensity (MM)Intensity (MM)
Surface Rupture Length (SRL)
Maximum Displacement (MD)

AIM   AIM   To link fault parameters and epicentral intensity (Io)

Data SourcesData Sources
• Original documents
• Scientific papers and reports
• Other databases

MAIN DIFFICULTY      MAIN DIFFICULTY      To obtain reliable input data (I0,SRL,MD)
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ConversionsConversions
Different intensities scaled to MM. 
For pre-instrumental events Magnitude 
scaled from Intensity with several methods, 
sometimes from rupture parameters 

SURSURfaceface FFaulting and aulting and ININtensitytensity
datasetdataset

SURFINSURFIN

ParametersParameters
Date and epicentral area name
Latitude and Longitude
Kinematics
Focal depth
Magnitude (Ms)
Intensity (MM)Intensity (MM)
Surface Rupture Length (SRL)
Maximum Displacement (MD)

AIM   AIM   To link fault parameters and epicentral intensity (Io)

Data SourcesData Sources
• Original documents
• Scientific papers and reports
• Other databases

MAIN DIFFICULTY      MAIN DIFFICULTY      To obtain reliable input data (I0,SRL,MD)

OutputOutput
ESI 2007 values 
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SURSURfaceface FFaulting and aulting and ININtensitytensity
SURFINSURFIN

Magnitude

note that most earthquakes are in latitude range 20-50 N! Cultural bias? 

342 events recorded so far

Distribution of earthquakes with known Intensity and surface rupture parameters
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1906 San Francisco 1906 San Francisco earthquakeearthquake
M=7.9 SRL=432 km MD=6.4

Intensity Intensity 
MM based on damage IX
MM based on geologic effects XI  
(Stover and Coffman, 1993)

ESI 2007 XII
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Intensity Intensity 
MM (based on damage) IX
ESI 2007 XI

26.03.26.03.1872 1872 OwensOwens ValleyValley ((California, USACalifornia, USA))
M=7.6 SRL>110 km MD=10m
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19981998

19881988

7.12.7.12.1988 1988 SpitakSpitak ((ArmeniaArmenia))
M=6.8
SRL=25 km
MD=2 m

Intensity Intensity 
MSK (based on damage) X
ESI 2007 X
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16.07.16.07. 1990 1990 LuzonLuzon ((PhilippinesPhilippines))
M=7.7 SRL=120 km MD=6.2 m

Intensity Intensity 
based on damage  very difficult (sparsely populated area)
ESI 2007 XI

Courtesy of Takashi Nakata
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13.11.13.11.1980 1980 IrpiniaIrpinia ((Southern ItalySouthern Italy))
M=6.9 SRL=38 km     MD = 1 m

Intensity Intensity 
MCS (based on damage) X
ESI 2007 X
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Intensity Intensity 
MCS (based on damage) IX
ESI 2007 IX

26.09.26.09.1997 Umbria1997 Umbria--Marche Marche 
((Central ItalyCentral Italy))
M=6.0 SRL=12 km MD = 8 cm
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2000700
up to 24 m (largest 

known 
displacement)

> few hundreds 
of km XII

600120several meters
from several 

tens up to more 
than 100 km

XI

15030
from tens of cm up 

to a few metersfew tens of kmX

305
in the order of 

several cm
up 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

R
2
 = 0.996
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Intensity vs. SRL

I = 0.61Ln(SRL) + 7.99
R2 = 0.999
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SRL vs. Intensity MM (342 data)

y = 0.5Ln(x) + 7.4
R2 = 0.24
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MD vs. Intensity MM (321 data)

y = 0.52Ln(x) + 9.0

R2 = 0.37

6

7

8

9

10

11

12

0,01 0,10 1,00 10,00 100,00

MD (m)

In
te

n
si

ty



International Union for Quaternary Research
Cairns 28 July-03 August 2007

Geological Survey of Italy

Paleoseismology: Quaternary, 
historical & Instruments records

Same ISame IMMMM = IX= IX

A few examples of intensity and rupture parameters:A few examples of intensity and rupture parameters:
Ms=6.0 1997Ms=6.0 1997 UmbriaUmbria--MarcheMarche, Italy , Italy SRL ca. 12 kmSRL ca. 12 km
Ms=6.8 1954 Rainbow Mountain, NevadaMs=6.8 1954 Rainbow Mountain, Nevada SRL ca. 18 kmSRL ca. 18 km
Ms=8.0 1951 Ms=8.0 1951 DamxungDamxung, China , China SRL ca. 90 kmSRL ca. 90 km

Ms=7.0 1915 Ms=7.0 1915 FucinoFucino, Italy , Italy SRL ca.  23 km SRL ca.  23 km MD MD == 1 m 1 m 
Ms=7.9 1958 Ms=7.9 1958 LituyaLituya Bay, Alaska Bay, Alaska SRL ca. 200 km SRL ca. 200 km MD = 6.6 mMD = 6.6 m

Same ISame IMMMM = XI= XI

A PARADOX:A PARADOX:
Ms=7.5, 04.02.1976 Ms=7.5, 04.02.1976 MotaguaMotagua, Guatemala, Guatemala SRL= 235 km  ISRL= 235 km  IMMMM=IX=IX
Ms=5.7, 24.07.1969 Ms=5.7, 24.07.1969 PariahuancaPariahuanca, , PerPerùù SRL= 5.5 km   ISRL= 5.5 km   IMMMM=XI=XI
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Only events since year 1900 – events in remote areas partially filtered out   

SRL vs. Intensity (162 data)

I = 0,71Ln(SRL) + 7,30
R2 = 0,78
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Only events since year 1900 – events in remote areas partially filtered out   

SRL vs. Intensity (162 data)

I = 0.71Ln(SRL) + 7.30
R2 = 0.78

I = 0.61Ln(SRL) + 7.99
R2 = 0.999
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Only events since year 1900 – events in remote areas partially filtered out   

ESI 2007
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1.1. DamageDamage--based INTENSITY estimates available so far are highly based INTENSITY estimates available so far are highly 
variable with respect to surface faulting parameters (SRL and MDvariable with respect to surface faulting parameters (SRL and MD) ) 

2.2. However, a direct correlation is suggested by However, a direct correlation is suggested by 
a.a. data themselves (plots), specially after removal of clearly spurdata themselves (plots), specially after removal of clearly spurious, ious, 

unreliable intensity values unreliable intensity values 
b.b. correlation of intensity and magnitude, included moment magnitudcorrelation of intensity and magnitude, included moment magnitudee
c.c. correlation of shape and size of highest correlation of shape and size of highest isoseismalsisoseismals and fault rupturesand fault ruptures

3.3. Therefore, INTENSITY is to be taken as a valuable measure of sizTherefore, INTENSITY is to be taken as a valuable measure of size e 
of earthquakes, provided that only “truly” epicentral intensitieof earthquakes, provided that only “truly” epicentral intensities are s are 
concerned. concerned. 

CONCLUSIONSCONCLUSIONS
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VIII-IX sec

EARTHQUAKES OF 
MAGNITUDE > 6.5 AND KNOWN 

CASES OF COSEISMIC 
SURFACE FAULTING IN ITALY

5.5. The SURFIN data contribute to constrain the size of surface The SURFIN data contribute to constrain the size of surface 
faulting for historical earthquakes where only intensity is knowfaulting for historical earthquakes where only intensity is knownn

4.4. Usefulness of Intensity data mainly arises from the need to Usefulness of Intensity data mainly arises from the need to 
compare historical and instrumental events in order to include tcompare historical and instrumental events in order to include the he 
former in SHAformer in SHA
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1.1. Improvement of database with the contribution of regional WG Improvement of database with the contribution of regional WG 
through:through:
a.a. Accurate analysis of new earthquakesAccurate analysis of new earthquakes
b.b. ReRe--analysis of intensity estimates and environmental effects of pasanalysis of intensity estimates and environmental effects of past t 

eventsevents
c.c. Plot by focal depth and kinematicsPlot by focal depth and kinematics

FUTURE WORK FUTURE WORK 

2.2. Building of improved regression curvesBuilding of improved regression curves

3.3. Adjustment of range definitions of primary effects in ESI scale Adjustment of range definitions of primary effects in ESI scale if if 
revised SURFIN data prove it appropriaterevised SURFIN data prove it appropriate
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THANK YOU!


