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Earthquakes and earthquakes catalogs
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. Effects of random errors in magnitude on |ntermed|ate- ¥
~term middle-range earthquake predlctlons WLl

u/The Gutenberg Rlchter Iaw |




Wha t are earthquakes?

| Earthquakes are generally due to stidden
— fractures in the outermost fragile part of the B
. Earth’ S I|thosphere the crust that cause Y

‘ :,-'waves [T SRR
© | Seismic waves propagate | from the source = =
. through the Earth iniany direction, eventuaIIy |
-~ -causing-detectable ground shaklng at the
.| | surface; 2 BRI

= | Although hlstorlcal records on earthquakes are
' | known from 2100 B.C., most of them before
| 'the middle of the 18t century are generally
lacking descrlptlon or are not reliable.




Most of the earthguakes happen under Watér.Which makes their
detection and measurement even more difficult.
Some earthquakes produce tsunamis.

Earthquakes with magnitude M>6 (USGS-NEIC data, 1900-2004)




-Measurmg the S|ze of

The mformatlon about the S|ze of h|stor|cal

an earthquake

" earthguakes is generally provided in terms of

| | earthguakelintensity, i.e.
|| estl_matlon based on the o

'It Was only in the 1930's t

a quantitative
:>served damage

nat Char/es F. R/chter

a California seismologist, introduced the concept |

—of earthquakemagnltude T




~Intensity scales.

 The- Mercalli'scale was put forward 5)% Mercalli Hegeas
. 1902. An.elaboration.of the Mercalli scale, was -
___published by Sieberg in 1923.

._This_form wasin turn used as the ba5|s for the ol
. Modified Mereallif(MM) Scale of 1931 by Wood and
' Neumann, =

| ] Subsequently other |nten5|ty scales have been |
~introduced by Mercalli, Cancani and Sieberg (MCS)
—-and-by Medvedey, Sponeuer and-Karnik (MSK):. More
. ___recently the EMS 1992 macroselsmlc scale has. been
. proposed. . L] iRy |




- Intensity scales

The eX|stence of many
/different scales is a
“demonstration of the
—-comp-lexity ofi the problem/
_of describing.earthguake '
_effects. The multiplicity of =

\ scales generates SOme
~problems in practical
-applications;-that must
therefore rely upon very |
conse\rvatlve assumptlons |

—-Comparlson of seismic ,Hqtensny scales .

' MM -+ Modified Mercalli:
! RE — Rossi-Forel

. JMA - Japanese Meteorolo_glcal Agency'

. MCS — Mercalli-Cancani-Sieberg
MSK — Medvedev-Sponheuer-Karnik




~ Intensity scales

— ~Intensity provides a-qualitative description of \,
——the earthquake size, based on the observation
— of the related damage. Hence, foragiven:
— earthquake, the intensity I can be dlfferent in
dlfferent places. —— ——— ¥ |

3 ',__,Inten5|ty values are dlscrete undue accuracy
|n reIated computatlons can be mlsleadlng




The GSHAP probabilistic map at 475 years
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Horizontal Peak Ground Acceleration seismic hazard map representing stiff site conditions for an exceedance or
| occurrence rate of 10% within 50 years for the Mediterranean region.




The log-linear regression between ' maximum observed macroseismic
intensity, I (MCS), and peak values of ground motion has a slope close to
0.3 (see Panza et al., 1999, Shteinberg et al., 1993 and references thereln) Hence one degree
‘ ,‘of intensity corresponds to a factor two in the values of ground motlon

=D g 1)/DGA(I) % LRRRRY
LT T | RCVIENEEIE? | ¥ W
~ _PGD(-1)/PGD(I)=2

~~Comparison between GSHAP scale used inthe |
Mediterrnean, and-MCS Intensity scale




Magnitude scales X

Richter's original magnitude scale (1 ) held only for.
California’ earthquakes occurring within 600 km of a
~—— particular type-of seismograph (i.e., the Woods-
. Anderson torsion.instrument). Then it was extended |
___ to observations, of earthquakes of any distanceiand =
' | of focal depths ranging between 0 and 700 km. '~

Because earthguakes excite both body waves, wh|ch
travel into and through the Earth, and surface
~ waves, whichiare constrained to follow the Earth's
| *----uppermost layers; two other magmtude scales— -
evolved - the | and BEEREENS MRER




What is an earthquake catalog?

An earthguake Catalog IS a collection of mformatlen

about a set of seismic events, ba5|caIIy mcludmg LR RRY

= Orlgln t|me
— = Location;
- Size-of the earthquakes

Addltlonal information can be prowded ranglng from L
related damage; te seismic source parameters |

A Catalog,may |nclude severall magnitude estimations, |
- —generally with a-precision of one-digit; even if values =

provided-by. different agencies may differ more-than - i
one un|t , |




What isan ea rthquake cata og? -

Catalogs are complled for different pUrposes and by

dlfferent agencies. Therefore they drffer In: e

— - - geographical coverage
- - time span |
- level off detection
~ criteria of compilation
e type and guality- of earthquake data

Consequence no unrque catalog for a given terrrtory

but usually-an' heterogeneous-set-of catalogs-(historical,
_instrumental, local, global, etc.), not always comparable B
" which may requrre different tools of analy5|s

A positive, step forward compllatlon of gIobaI catalogs
//(e.g. USGS:=NEIC and ISC) | | _




The USGS/NEIC Global Hypocenter Data Base




~ TheISCGlobal DataBase

25 computed locations for 1999 January - June
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Whatean we learn from a catalog of earthquakes?

There are e extreme oplnlons on the subject:

Pessimistic: ... in the case of seismic data, most of the

observed vanaﬁons are, in fact, related to changes In the
-—---—-—system for detecting and reportlng earthquakes and not to_.

actual changes in the Earth.” |

. Optimistic Amoeng existing data seismic catalogs rema|n the {1
— most-reliable record-on-distribution of earthquakes In: space and |
, tlme | | | - . .

AII catalogs have errors, which ma render |nvaI|d conclusions
derived in.a_study. based.on.a catalog of earthquakes

B - Two ways to avoid the errors: | |
- Postpone the analysis until the data are refined;
-Use robust methods within the limits-of their appllcablllty

- When different catalogs are ava|IabIe a comparatlve anaIyS|s L
may allow todetect errors. ' _ I




J%Uncertamtles and errors.

Uncertalnty in prellmlnary epicentral

. determinations

| Fast determinations of the eplcenter
br the 14 September 2003 .
. learthquake in Northern Italy by

= different selsmologlcal'agenues to
European-Mediterranean = |
Seismological Centre (EMSC):

'Uncertainty In magnitude dete'r'rhinat'iOns

| Epicenter distance vs. Station magnltude |
for the 108 determinations for the 08— —
September 2002 earthquake NEAR . .
NORTH COAST OF NEW GUINEA™

Magnitude MS




The dlstrlbutlon of the difference between average magnltudes in
eplcenter and antipodal: hemlspheres

MCHEDR 1990 2000, all events that have three or more station magnltudes 1¢! each

hemlsphere

'MS (4560 dlfferences
--Average = -0 147, s = 0 108)- -¢

[ 4 . mb (8175 dlfferences
1 Average = 0 074 s = 0 274)

Herak, M. and Herak. D. (1993). Bull. Seism. Soc. Am., 83, 6, 1881-1892.



/| ____Hlstorlcal and mstrumental catalogs
SEEEER. (I example o) Spaln




Iberian peninsula (SSIS)
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Catalogo sismico de'la Peninsula Iberica (880 a:€.-1900)

Martinez-Selares-and Mezcua Rodriguez (2002) /= -

SSIS catalog

Cumulative number of events vs. time and intensity
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The Catal'o”g_ of Séismicity for the lbefiah-.pé.hirisula (SSI1S)

Timé.interval: 1000-1400

SSIS catalog

Percentage of events with I=0

B rvensity SSIS catalo
I o estimated intensity 9

Intensity

T T ‘ T T ‘ T T ‘ T T 1 ‘ T T 1 ‘ T T 1 ‘
1300 1400 1500 1600 1700 1800
Year

1900

High percentage of events without any intensity
1000 1050 1100 1150 1200 1250 1300 1350 1400

' estimation in the SSIS catalogue with some

B . R | T senSIbIe reduction only since 1500 .
— Before 1400 the completeness threshold cannot be- :

clearly identified. The catalogue is not complete for -
1=8 up to 1360 :




The Catal'og. of séismi;:ity for the lberiah-.pe.hinsula (SSI1S)

Timé.interval: 1400-1750

SSIS catalog

il Discrete
Cumulative

N of events

1450 1500 1550 1600 1650 1700 1750 ] .
Year Intensity

The catalog”u'e appears complete for 1>8 during the period 1400-1750




The Catal'og. of séismi;:ity for the lberiah-.pe.hinsula (SSI1S)

Timé.interval: 1750-1900

SSIS
1750 -1900
| Discrete

—@—— Cumulative

SSIS catalog

N of events

1760 1780 1800 1820 1840 1860 1880 1900

Intensi
Year

The catalog'(jé appears complete for 1>6 during the whole period 1750-1900
and for 1>5 (and eventually for 1>4) since 1986.




The Catal'o”g_ of eeismieity for the lbetieh\.pe.hihsule (SSI1S)

=The / frequency-intensity distributions, sl
obtained for the SSIS catalog over three ) (main, in land events)
different time intervals, are comparable/ | o
only in the |nten5|ty range 7.0-8.5. | & 1750-1900
*The cumulatlve dlstrlbutlon jolg the

~whole time mterval 1400 — 1900

' appears preferable for 1>7.
"The frequency of the events with 19

- appears much larger during the perlod
1750 1900 than for 1400- 1750

~»The catalog seems to be quite complete

' and homogeneous for intensities 1>6

—after —1750; nevertheless— the time

| interval 1750-1900 alone is not enough
" to| characterise the frequency of the Intensity
Iarge events ‘




The Catal'o”g_ of Séismicity for the lbefiah-.pé.hirisula (SSI1S)

The overall increase in the number 7/
of earthquakes seems not due to
an increased “detection” level,
that should not affect the largest
intensities, but would rather imply
aprogressive increase of the — —
number of small events.. *
- Welargue that the intensities |
reported-in-the two-catalogs SSIS
and IGN are not homogeneous
and, If used all together, do not
provide a conSIstent picture of
| selsm|C|ty |

SSIS - IGN

Cu'mulative number of events vs. time for
the SSIS catalog (1750 —1900) and for the | . o |
IGN catalog (1900 — 2000). For the events *
reported without any intensity in the IGN AR
catalogue, the intensity recalculated from
- IGN magnitude mb (e.g.'Lopez-Casado et al.,
2000) is considered.

1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year




L ._Comparlnglow magmtude local catalogs
= ‘ selsm|C|ty at Mt. Vesuwus




| The.' OVO ear-thquake catalog|

40.95 L

Data.Used: catalog|of volcanic earthquakes. 40.90 |
recorded at the station OVO (Osservatorio '
Vesuviano — INGV, Naples) |

Time perod:-1972-2004. | § 4080

40.85

] Gy
40751\ Cur,,

q> %qgg
40.70
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SIUBAS JO JaquwinN
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Time seguence of the events
M(t) and yearly number of | |
earthquakes with:- MM =1..8
| reported in.the OVO catalog

1975 1980 1985 1990 1995 2000 2005
Year




The OVO earthquake catalog;

Magnitude grouping: The analysis
evidences whether there are
dominating values of .
magnitudes. It permits to '
choose the appropriate
intervals of magnitude

_grouping AM.to-be considered
for the frequency- magnltude
distribution.— ———— ‘

| Catalog completéeness:The
completeness of the catalog is
determined from the
frequency-magnitude
. distribution A (M), where X is
the number of earthquakes
| within'each magnitude |
___grouping.interval AM,'_ '
| mormalized to the Space tlme—
—-magnitude volume unit
,V=[1000 km2 x 1 year x'1 M]
LM =M-=1.8

compléteness

counter, %

w
(=]

]
w

s8]
(=]

-y
w

M=0.4 - 1.3, n=4947

M=1.4-23, n=3304

M=2.4-3.3, n=208

1972-1980
n=2288

1981-1980
n=3398

1991-2000
n=2763




~ Time changes in seismic activity:
analysis of the OVO catalog

The time variations of the b-
value in the Gutenberg-Richter N=100 events Mmin=1.8
(GR) law, are analysed-and-
show that it decreases :
progressrvely from 1.8, before
g 1986 to about-1.0 In 1996

T (Maximum likelihood estimation by

‘Wiemer & Zuniga, ZMAP software) | 1972 1976 1980 1984 1988 1992 1996 2000 2004

Year

- The. seismic energy release is studled con3|der|ng the quantrty E* energy

normalised to the minimum| magnltude event, computed from magnltude
accordlng to thefermula == . ==

E*— 100'('\/' Mmm) d=const | ,I




~ Time changes in seismic activity:
- comparison with the BKE catalog

The-time variations ofthe b-valuesand-seismic energy release, observed for
the"'OVO‘ catalog, are checked performing a similar analysis with a different
catalog of Vesuvian earthquakes, as compiled from the records at the BKE

station-during the-period 1992-2003. ' e

BKE ‘ ]
ovOo Mt. Vesuvius Volcano

— 1.5(M-Muin :
Em*_zmomhlo ( ) : |4

GULF of NAPLES ‘

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004




Time changes in: | by
seismic activity: = N-100 evens L.
comparison with the
BKE catalog

1T F\TF\T F‘T T T\T F\TF\T F‘T T F\T F\T T F‘T 1T T\T F\TF\T F‘T T

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Year

ovo

= Ey*:ZyeaIlol.S(M-Mmm) . 3.5(3.6)

3.1(3.1) I ! { ! ] i
v j . |
m - The-analysis performed:
using the catalog i
compiled-for the BKE
‘stations confirms the b-/
value-decrement-and.. -
the identification of the
periods-of quiescence
and activity, since |
1994. |

(0]

o

o
\

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004




~ Time changes in seismic activity:
comparison with the BKE catalog

The diffeirehces observ'ed during the period 1992-1994 are well explaine'd“.by a
certain overestimation of BKE durations during such period of time, as shown
by the comparison of OVO and BKE durations for the common events

1992-1993 1994_—1996 7 1997-2001
Fit Least squares / Fit Least squares 7 Fit Leastsquares

/4
N=546 Y7 N=926
Least squares: Y = 0.94 X - 3.75 Least squares: Y = 0.94 X-5.19

[ L L R L L L L L L L L R N L R
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
Deke Dgke Dgke

“Problem: identificationof the common eventsin catalogs characterised by low
‘magnitude and highly clustered events




AnaIyS|s of Earthquake Catalogs
__for Earthquake Prediction: purposes
SEEEE the Case of ItaIy




Algorithms for middle-range
~intermediate-term prediction

Algorlthms fuIIy formallzed and globally tested _fOf_"- \
2 /prediction are 1 ,

CN algorlthm (Gabne/ov et al,, 1986; Rotwa/n ana’ Nowkova 1999) |

— M8 al gOI’Ith m (/(e///S-Borok and Kossobokov, 1 987; Kossobokov et -\ —

al, 1999

' They allow to identify the | /s | | |
|/ (Times of Increased Probability) for the
occurrence of a strong earthquake within a-
- delimited region - --




Algorithms for middle-range
~Intermediate-term prediction -

The algorithms are based on a set of empirical fu'ﬁc‘Ti—oﬁh_’s N
—— — toallow for a quantitative analysis of the premonitory
patterns which can be detected in the seismic flow:

~ Variations|in the seismic activity C W
Seismic guiescence "
Space- tlme clusterlng of events

RE These methods make use of detectable mverse cascade .

“of seismic process, at different space and time ranges, to - |

-~reduce consecutively space and time limits where a -
dlsastrous earthquake has to be expected




Magnitude

- Activity

- Activity variations

. Time Clustering

- Long-range interactions

. Space clustering

— I ==
TIP TIP
Seismic flow
Time sequence of the earthquakes
occurred within a delimited region

s *DST:

ll

2) Quiescence:

The sign + indicates that the sum includes only the positive
terms; therefore only the time intervals (t-s,t) where the
number of earthquakes is less than the average are considered.

The dotted horizontal line indicates the average number of
events expected in the time interval of length s. The grey areas
correspond to the periods of quiescence.

The larger is the value assumed by the function, the more
marked and prolonged is the quiescence.

TIP
Time of Increased
Probability
Interval of time when the
probability for the
occurrence of a strong
Time earthquake, within a
delimited region,
increases with respect to
the normal conditions




8 DST:

Fu nCtiO nS Ofthe Y : Variation of seismic activity
‘seismic flow Bt

It corresponds to the sum of the differences between the

@ numbers of earthquakes in two consecutive time intervals,
with fixed length s.
The moments belong to the time interval (t-u,t), where u is

multiple of s.
Usually s is equal to one year.

Variation
of seismic activity

V(t|M,s,u)

It is a measure
of the cumulative
V(tM,s,u)= " IN(tIM,s)- N(t,_M,s) changes in time of the
earthquake number

I=1,....n uU=ns




CN algorithm and long Iasti,'ng changes
| " in reported magnitudes A\

Keilis-Borok, , Kutznetsov, Panza,
Rotwain & Costa (1990)

Costa, Stanishkova, Panza
& Rotwain (1996)

Peresan, Costa & Panza (1996)




CN algorlthm and long Iastlng changes
In reported magnltudes

Time diagrams of t‘he
standard CN functions
obtained for the = |
Central region -

~ (Peresan et al., 1999)

Functions Sigma, Smax
. and Zmax and are
~evaluated for
4.2<M<4.6, functions
K, G, N3,/g/ for M>45 |
and functions N2 for |
M >5 0

1990 2000



Catalogues -
comparison, .

~ Common events:
e S oL e

| ALat, ALon<1°
(Storchak, Bird and Adams, 1998)

*DST:

In order to perform the magnitude comparison, the
events common to the different catalogues are
identified according to the following rules: a) time
difference 1 minute; b) epicentral distance: 1° for the
l comparison with the global catalogue (Storchak, Bird
| and Adams, 1998). No limitation is imposed to

magnitude or depth differences.

CCI11996

PFG

Revised

ING

Paper
bulletins

ML, Md

ML, Md

PDE(NEIC)

PDE(NEIC)




*DST:
In order to perform the magnitude comparison, the events common to
the different catalogues are identified according to the following rules:

MagnitUde Com parison: : ‘. | a) time difference 1 minute; b) epicentral distance: 1° for the

comparison with the global catalogue (Storchak, Bird and Adams, 1998).

Ce ntral Reg i On .Y = _‘ A No limitation is imposed to magnitude or depth differences.

~ Duration
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Central Region

Magnltude comparlson / MNE)<30
Central Region |

um of obs
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*DST:

In order to perform the magnitude comparison, the events

common to the different catalogues are identified according
= to the following rules: a) time difference 1 minute; b)
{ epicentral distance: 1° for the comparison with the global

catalogue (Storchak, Bird and Adams, 1998). No limitation

is imposed to magnitude or depth differences.

AM,




CN algOrlthm and l Central Italy
|Ong |a3t|ng Changes ML(ING)+0.5 since 1987
in reported magnitudes

— Time diagrams of the
standard CN-functions -
' obtained for the
Central region |
\ (Peresan et al., 1999)

‘ N2
ﬁM

1970 1980 1990 2000




I\/Iagnltude Comparlson
Northern Reglon '

Yearly Average—
___differences:
| NEIC ING

Local |
Magnltude

A'ML:ML(NIEI_C)'-' ML(ING)

&M, (NEIC)> 3.0 ST 0

Northern Region - DML yearly average
DML=ML(NEIC)-ML (ING)

EEEL}}

EEEEEIIEEE

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

Average difference:

(1980-1986) am,_=0.16+0.10
(1988-1997) am,_=0.64+0.04

In order to perform the magnitude comparison, the events
common to the different catalogues are identified according
, to the following rules: a) time difference 1 minute; b)
B epicentral distance: 1° for the comparison with the global
catalogue (Storchak, Bird and Adams, 1998). No limitation

§l is imposed to magnitude or depth differences.




I\/Iagnltude Comparlson
Italian terrltory

M,: Common events

—A&—— M;>4.0
—@®— M;>30
—F— Al

0 \‘\‘\‘\‘\‘\‘\‘\‘\

*DST:

In order to perform the magnitude comparison, the events common to
the different catalogues are identified according to the following rules:
a) time difference 1 minute; b) epicentral distance: 1° for the
comparison with the global catalogue (Storchak, Bird and Adams,

i 1998). No limitation is imposed to magnitude or depth differences.

Num of obs

_Events used for Mganalysis )

1980 1982 1984 1986 1988 1990 1992 1994 1996

.' N : :a Year

Yearly number of

Num of obs

‘between ING-and NEIC
:-catalogues —

_‘ L B B B

b) 1980 1982 1984 1986 1988 1990 1992 1994 1996

“Events used for M, analysis | Year

o . M,: Common events [

. —A—— M, >40 -

-commaon events used = | | MM GRS
for the comparison m |




I\/Iagnltude Comparlson
Italian terrltory

*DST:

In order to perform the magnitude comparison, the events
common to the different catalogues are identified according
to the following rules: a) time difference 1 minute; b)
epicentral distance: 1° for the comparison with the global
catalogue (Storchak, Bird and Adams, 1998). No limitation
is imposed to magnitude or depth differences.

| Fréq:u'ehc-y scatter-plots
of AMg.and AM, versus
theﬁcorrespondmg NEIC

magnltude

3,5

AM4=My(NEIC)-My(ING)

2,5

* 1lcase

2-5 cases
6-10 cases
11-15 cases
16-19 cases
20-24 cases

-1,5
s . . . . .
0,5 1,5 2,5 3,5 4,5 55 6,5
My (NEIC)

Q000000

>24 cases

AM, =M, (NEIC)-M, (ING)

Before 1987

AM,

3 a 5
M, (NEIC)

After 1987

4 E
M, (NEIC)



*DST:
M ag n ItUde CO m parlso n. In order to perform the magnitude comparison, the events common
I tal |an te rrlto ry N\ P to th? different catalogues are ider_1tified according to the. following

i rules: a) time difference 1 minute; b) epicentral distance: 1° for the
| comparison with the global catalogue (Storchak, Bird and Adams,
BB 1998). No limitation is imposed to magnitude or depth differences.

MKHEIZ3.0 = r.-.-.h-:.HEI-:E:-L:

fff 3 Pl - AM.
R R e .;r.,.t
WU HENZAE.0 WU NEICEd.2

E % AM,




- Ia ~rA I - | *DST:
Mag Nn ItUde CO m pa__rlson ) 88 In order to perform the magnitude comparison, the events
Italian territory |

common to the different catalogues are identified according
to the following rules: a) time difference 1 minute; b)
sy’ Mk il ‘ i=f | epicentral distance: 1° for the comparison with the global
S ‘ ' =SISES catalogue (Storchak, Bird and Adams, 1998). No limitation
is imposed to magnitude or depth differences.

A” AML:O




Magnitu-d¢"e",_"_(_':6,ih'parison:
Italian territory

I My(NEIC)-M,(ING)

— S ate Saisl, T Mg >3.0
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- NEIC- ING |
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AM_=0.30+0.02

‘ ‘ | ‘. o Yearly

Average

ML(NEIC)-ML(NG |
M, (NEIC)>3.0

I_()Eaﬂ y W (1980-1986)
alR /i B  AM, =0.08+0.05
BE Magn itude (1988-1993)

. |NEIC =" ING

AM,=0.30+0.04

(1995-1997)
AM,=0.77+0.06

S Yearly

Average

*DST:
In order to perform the magnitude comparison, the events common to

§ the different catalogues are identified according to the following rules:

a) time difference 1 minute; b) epicentral distance: 1° for the
comparison with the global catalogue (Storchak, Bird and Adams,

gl 1998). No limitation is imposed to magnitude or depth differences.
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I\/Iagnltude Comparlson
Italian terrltory

yy M, (LDG)-M, (ING)
_ LDG = | NG = M.>3.0

(1980-1986)
AM,=0.18+0.08
(1988-1996)
AM, =0.44+0.04

| b’ocal Magnrt o Yeary

Average
Yearly Average -
_differences . |

M, (NEIC)-M, (LDG)
M.=>3.0

(1980-1986)

NE'C LDG | AM,=0.03+0.06
S — § (1988-199)

AM,=0.08+0.03

ks o Yearly
} Average

*DST:

In order to perform the magnitude comparison, the events common to
the different catalogues are identified according to the following rules:
a) time difference 1 minute; b) epicentral distance: 1° for the
comparison with the global catalogue (Storchak, Bird and Adams,
1998). No limitation is imposed to magnitude or depth differences.
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CN algorlthm and Iong Iastlng changes
LLE 18 reported magnitudes "

The analysis of CN functions in Central ltaLy_

| allowed us to detect a relevant long Iastlng
Change |n the reported magnltudes

:T'hei' 'comparls‘on —of individual :magnltudes
~reported-by ING and-NEIC, indicates, since 1987,

an-average tiatl of about 0.5 in the
Local Magnltude prowded by ING

*DST:
I The analysis of CN functions in Central Italy allowed us to detect a relevant long lasting change in the reported magnitudes.

= The comparison of individual magnitudes, and , reported by ING and NEIC catalogues indicates, since 1987, an average
| underestimation of about 0.5 in the provided by ING.

& The hypothesis of general local magnitude underestimation in the Italian ING bulletins is substantiated by the cross-comparison

8 performed between ING, LDG and NEIC catalogues.

| The presence of the evidenced magnitude change prevents the use of ING bulletins for CN algorithm application and makes
necessary to use global data like NEIC.




*DST:

N a.l g O I’Ith m an d I O N g I aStl N g The analysis of CN functions in Central Italy allowed us to detect a relevant long
h lasting change in the reported magnitudes.
chan g eS &8 The comparison of individual magnitudes, and , reported by ING and NEIC

B catalogues indicates, since 1987, an average underestimation of about 0.5 in the
In Jrepo rted magn |tudes B

The hypothesis of general local magnitude underestimation in the Italian ING

& bulletins is substantiated by the cross-comparison performed between ING, LDG
and NEIC catalogues.
The presence of the evidenced magnitude change prevents the use of ING bulletins
for CN algorithm application and makes necessary to use global data like NEIC.

"_“’_’_:I'ﬁe presence of a general local magnitude
~—underestimation in the Italian ING
bultetins is substantiated by the cross-
‘comparison performed between ING LDG
and NEIC catalogue%—- !

"~ (Peresan, pajza & Costa, GJ1 2000)

- (Gasperini, Vappucci-& -Orlanducci: “Rivalutazione della magnitudo per i _
terremoti italiani nel periodo post 19807.) In: “Catalogo strumentale dei |
terremoti Italiani dal 1981 al 1996” —2001)




Compilation of & oS

The analysis of CN functions in Central Italy allowed us to detect a

h omo g e n eous u p d ate d VY relevant long lasting change in the reported magnitudes.
Catal 10 g u e fo r C N m on |t0 rl N g The comparison of individual magnitudes, and , reported by ING and

NEIC catalogues indicates, since 1987, an average underestimation of
‘ about 0.5 in the provided by ING.
| N I taly s : The hypothesis of general local magnitude underestimation in the Italian
; ING bulletins is substantiated by the cross-comparison performed
B Dbetween ING, LDG and NEIC catalogues.
The presence of the evidenced magnitude change prevents the use of

: ; Databases ava_ﬂaﬁl_e to us: ING bulletins for CN algorithm application and makes necessary to use

global data like NEIC.

CCI1996 PFG reV|sed+ING bulletins
(Itallangatalggue ayajlable up to July 1997)

Priority: Mi, Ma, M

NEIC PDE Prellmlnary Detefmlnatlons of Eplcenters |
from NEIC (global catalogue) _:;__.. ;

Prleﬂty to be defmed (avallabIeM mb, I\/Is, Ml |\/|2)

ALPOR Catarogo delle Aol Orlentall (Iocal cat_logue
for eastern Alps) |

Prlorlty ML, M




Compilation of a homogeneous =
The analysis of CN functions in Central Italy allowed us to detect a relevant

updatEd Catalog ue fOI’ CN /4 ' long lasting change in the reported magnitudes.

The comparison of individual magnitudes, and , reported by ING and NEIC

mon |t0 I’I n g | N I taly Rl catalogues indicates, since 1987, an average underestimation of about 0.5 in
b s s e the provided by ING.
‘ il The hypothesis of general local magnitude underestimation in the Italian ING
bulletins is substantiated by the cross-comparison performed between ING,
LDG and NEIC catalogues.
The presence of the evidenced magnitude change prevents the use of ING
bulletins for CN algorithm application and makes necessary to use global data

like NEIC.

-Study of the completeness of PDE catalogue

‘-Study of- reIatFeHeHeetween different klnd of:." — ~
_magnitudes reported |n the CCI1996 and PDE A
catalogues

oFormuIatlon of a ruIe for :the ‘choice of _
»magnltude prlorlty |n PDE S|m|Iar to the prlorlty‘.__";,;
. \used for CCI1996; 11 | |

-Constructloln | of ' the Updated Catalogdem i1
integrating CCI1996 ALPOR  'and’ NEIC data
: . (compatibly with the Completeness of NEIC).




*DST:

O p e ratl n g m ag n ItU d e The analysis of CN functions in Central Italy allowed us to detect a relevant long lasting
selection

change in the reported magnitudes.

The comparison of individual magnitudes, and , reported by ING and NEIC catalogues
indicates, since 1987, an average underestimation of about 0.5 in the provided by ING.
The hypothesis of general local magnitude underestimation in the Italian ING bulletins
is substantiated by the cross-comparison performed between ING, LDG and NEIC
catalogues.

The presence of the evidenced magnitude change prevents the use of ING bulletins for
CN algorithm application and makes necessary to use global data like NEIC.
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Operating magnltude
selection .

M(CCI1996) — MS(PDE)

*DST:

The analysis of CN functions in Central Italy allowed us to detect a relevant long lasting

change in the reported magnitudes.

The comparison of individual magnitudes, and , reported by ING and NEIC catalogues
indicates, since 1987, an average underestimation of about 0.5 in the provided by ING.
The hypothesis of general local magnitude underestimation in the Italian ING bulletins
is substantiated by the cross-comparison performed between ING, LDG and NEIC

catalogues.

The presence of the evidenced magnitude change prevents the use of ING bulletins for
CN algorithm application and makes necessary to use global data like NEIC.
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Operating magnltude
selectlon

M 1(PDE)
M 2(PDE)
M (PDE)
m, (PDE)

*DST:

. The analysis of CN functions in Central Italy allowed us to detect

a relevant long lasting change in the reported magnitudes.

The comparison of individual magnitudes, and, reported by ING
and NEIC catalogues indicates, since 1987, an average
underestimation of about 0.5 in the provided by ING.

The hypothesis of general local magnitude underestimation in the
Italian ING bulletins is substantiated by the cross-comparison
performed between ING, LDG and NEIC catalogues.

The presence of the evidenced magnitude change prevents the use
of ING bulletins for CN algorithm application and makes
necessary to use global data like NEIC.

M, (CCI)
M, (CCI)

Poor statistic

Not representative of
any of CCI magnitudes

Mo (M Mg, M) = M;,:(M2,M1, M)




Operatlng magnltude
selectlon '

*DST:

The analysis of CN functions in Central Italy allowed us to detect a relevant long
lasting change in the reported magnitudes.

The comparison of individual magnitudes, and , reported by ING and NEIC
catalogues indicates, since 1987, an average underestimation of about 0.5 in the
provided by ING.

The hypothesis of general local magnitude underestimation in the Italian ING
bulletins is substantiated by the cross-comparison performed between ING, LDG and
NEIC catalogues.

The presence of the evidenced magnitude change prevents the use of ING bulletins
for CN algorithm application and makes necessary to use global data like NEIC.

CCI Time: 1900-1985
PDE Time: 1986-1997

CCI(ML Md,Mi)
—K— PDE(M2,M1,MS) recalculated
—4@— PDE(M2,M1,MS) not recalculated

Central Italy

Lat:37-42 Lon:12-18
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—=— NEIC: 1990-1991
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Lat:37-42 Lon:12-18

—l— NEIC:1992-1993
——K— NEIC:1994-1995
—4— NEIC:1996-1997

Southern Italy
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The Updated
Catalogue
of Ttaly
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The Updated
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/ Stability of intermediate-term earthquake
predictions-with ‘respect to random, errors
——-in-magnitude: the case of Central Italy




/7 CN IS essentlally based ori-the information contamed |n the y
i ' earthquake catalogues.

It analyses the seismic flow using: origin time, eplcentral
coordlnates and magnltudes of earthquakes.

AII catalogues are inevitably affected by errors.

Magnltudes are characterised by the most S|gn|f|cant errors
__conditioning both aftershocks removal and seismic flow.

Systerrrati\c Errors | Random Errors

How rar\dom errors on reported magmtudes
affect CN predlctlon resuItS’P




*DST:

The analysis of CN functions in
Central Italy allowed us to detect
a relevant long lasting change in
the reported magnitudes.

The comparison of individual
magnitudes, and , reported by
M =M +AM +AM ING and NEIC catalogues
R C ' D indicates, since 1987, an average
. : : underestimation of about 0.5 in
Mc » operating magnltUde ] . ] the provided by ING.
AM, : measurement error AM, : error of discretisation The hypothesis of general local
magnitude underestimation in the
i Italian ING bulletins is
substantiated by the cross-
comparison performed between
ING, LDG and NEIC catalogues.

P(AM)) = FTR(AM) The presence of the evidenced

- ] ) ; ] . magnitude change prevents the
Truncated normal probability distribution with: O = Mmax/3 use of ING bulletins for CN

FTR(AM,) — F(A/V/,)/[ZF(A/V/ )_1] algorithm application and makes
max

necessary to use global data like

M. .. = maximum assumed error on magnitudes NEIC.

P(AM,) = Uniform probability distribution
Interval: [-d/2; d/2)
a=discretization step=0.1




Magnitude .random'i.sation

- \A—MH‘
H

*DST:

In order to perform the magnitude comparison, the events
common to the different catalogues are identified according
to the following rules: a) time difference 1 minute; b)
epicentral distance: 1° for the comparison with the global
catalogue (Storchak, Bird and Adams, 1998). No limitation
is imposed to magnitude or depth differences.

1=}
[

\
5.0
Magnitude

Lyl ]-HHH‘ w

—8—1950-1999
- - 1950-1980
- A= 1980-1999

iv ﬁﬂééé&ﬁAAﬁﬁ&&mm“”_ Ii: E T e

3 31 32 33 34 35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5 ]
Magnitude ! [ Distribution of the number of events versus
& il magnitude for the original and the
m L i randomised catalogues

 Discretisation step: ¢=0.1




*DST:
In order to perform the magnitude comparison, the events

ReSUItS ObtalnedWIth the ' ‘, : common to the different catalogues are identified according
Orig.inal Catalogue‘. : f=aw t0 the following rules: a) time difference 1 minute; b)

| epicentral distance: 1° for the comparison with the global
catalogue (Storchak, Bird and Adams, 1998). No limitation
is imposed to magnitude or depth differences.

5.8 5.7
6.0 6.5 6.05.7

! ! W

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Year

5.8 5.7
6.0 6.5 6.05.7

i EEE B | ] [
‘ oo FTT T T[T [ TT T[T [T T T TT T T [ TTTT[TTTT]
: 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Year

TIPs obtained with the original catalogue with a
different length of the “thresholds setting
period” (Learning)

“Prediction of the events with




Results ,o‘b’tain_ed' with
the randomised.catalogue

*DST:

In order to perform the magnitude comparison, the events common to the
different catalogues are identified according to the following rules: a) time
difference 1 minute; b) epicentral distance: 1° for the comparison with the
global catalogue (Storchak, Bird and Adams, 1998). No limitation is
imposed to magnitude or depth differences.

= Original catalogue
® All randomised catalogues
© Average of randomised




/N is the number of strong earthquakes occurred

during the time period 7 covered by predictions

eThe alarms cover altogether the time fand they
have missed 77 strong events

Results' T . 60

obtained with S
7 . 40
the/randomised
catalogue | | | 20
0
gz |
the rate of | 100
failures-to- ”
predict
| ' 60
;r—ft/T: ' , e
the rate of time | 40
. of alarms | | § 20
0

AM__=0.1

N
0 20 40 60 80 100
%
__ AM, . =0.2
_£ ®
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Central Italy
Learning: 1954-1998

&> Randomised
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Results obtamed Wlth the randomlsed
catalogue: .. '

varlatlon of target events

*DST:

In order to perform the magnitude comparison, the events
common to the different catalogues are identified according
to the following rules: a) time difference 1 minute; b)
epicentral distance: 1° for the comparison with the global
catalogue (Storchak, Bird and Adams, 1998). No limitation
is imposed to magnitude or depth differences.

N percentage of tumes

23 11.1980 100 0
21.8.1962 6.0 100.0
26.9.1997 6.0 100.0
9.9.1998 5.7 83.3
19.9.1979 5.5 23.3
5.5.1990 5.5 12.0
7.5.1984 5.4 0.0

List of earthquakes with

M >5.3
Central Italy: 1950-1999

667 each event is a strong event
93.3 (M =M =56)
40.0 :

Np: percentage of tumes
56.0 each event 15 predicted

0.0 (catalogues randomised

“rrlﬂl Mmax ~ 03)
0.0

0.0




*DST:
In order to perform the magnitude comparison, the events
common to the different catalogues are identified according
8 to the following rules: a) time difference 1 minute; b)
= ¥ cpicentral distance: 1° for the comparison with the global
O I ‘ L = " catalogue (Storchak, Bird and Adams, 1998). No limitation
Y ' ‘ is imposed to magnitude or depth differences.

Results obtained with the
randomisedicatalogue

Average differences in prediction errors

AM,, | <At>,% | <An> o |<A(7+7)> % | <ANg = 9%
0.1 2.2 -2.5 -0.3 0.0
0.2 3.5 3.8 7.3 2.5
0.3 5.9 15.6 21.5 13.4
< AT =, <AnR =
OoC average variation of prediction errors for the RCs

Original Catalogue

= j‘:\"‘—m "'?\':FR — ___?\:‘r
RCs

i average variation of the number of strong events
Randomised Catalogues = L o ong

N~

ol a -

T

N - number of events to be predicted in the OC

Ng - number of events to be predicted in the RC




*DST:
CEE S b o ; In order to perform the magnitude comparison, the events common to
o T = I . ? the different catalogues are identified according to the following rules:
Stab”'ty Of TI PS d|agnOS|S a) time difference 1 minute; b) epicentral distance: 1° for the
Gty i comparison with the global catalogue (Storchak, Bird and Adams,
ry g, 0 S UE  1998). No limitation is imposed to magnitude or depth differences.

. Central Italy
(Long threshold setting period)

¥: percentage of tests for which the
recognition of the time #does not change with
respect to its average value

O<¥Y<50

Y=|9-50)

No of obs

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
time

O(1): percentage of tests
for which the time tbelongs to a TIP




Stability of CN predictions
with respect to random
/BITOrs In magnltude

*DST:

The analysis of CN functions in Central Italy allowed us to detect a relevant
long lasting change in the reported magnitudes.

& The comparison of individual magnitudes, and , reported by ING and NEIC
8 catalogues indicates, since 1987, an average underestimation of about 0.5 in the

provided by ING.
The hypothesis of general local magnitude underestimation in the Italian ING

4 bulletins is substantiated by the cross-comparison performed between ING, LDG

and NEIC catalogues.
The presence of the evidenced magnitude change prevents the use of ING
bulletins for CN algorithm application and makes necessary to use global data

i like NEIC.

The results of predlctlon remain stable for: AMmaX<O 3.

Fo guaranftee the:stalolllty of the results the thresholds "'l
| setting period must be long enough to include a significant |
sample of dangerous and non dangerous |ntervals of time. | i

The qual|ty of predlctlons' is malnly controlled by the
| percentage of failures, to predict,” which depends on the f
.H_c;hanges in the number of strong earthquakes v

The |dent|ttcat|on of TIPs is. very stable during mest. of the

time and the | random|sat|on does not' introduce spurlous |
/alarming patterns assoc;|ated ‘with ' the occasionally strong/
events. | '




Intermedlate term middle-range earthquake predlctlon
experlment in Italy :

| (/(e///'s—Borok ét al,) ;7 990,' Peresan et al., 2004)
(Kossobokov et al, 2002)

I\/Ialn features

— — —Fully formalized algorithms and computer codes avallable for
| lindependent testing;

'Use of 'published & routine catalogues of earthquakes, |

"Worldwide tests ongoing for more than 10 years permltted to assess
the 5|gn|f|cance of the issued predictions. @ |

Haly:— — ‘
Stability tests with respect to several free parameters of the algorlthms
e (e.g. Costa et al., 1995; Peresan et al.,, GJI, 2000;, Perésan et al., PEPI, 130, 2002);

- --__-(lag\lggredmtlons are regularly updated every two months.since January -

X 54630szpred|ctlons are regularly updated every six months since Januaw

|| memmp Real time prediction experiment "started in July 2003




Intermedlate term middle- range earthquake predlctlon
experlment In Italy

~The experiment -launched startlng on July 2003, is S aimed: at
_a real-time testof M8S and CN predictions in ItaIy

Updated predlctlons are regularly posted at:

.\ complete archlve of predlctlons IS made acceSS|b|e to a' "
' number of scientists, with: the goal to accumulate a | @
|| collection of correct and wrong pre |ct|ons that will permit
- to validate the considered methodology.

_Current predlctlons are protected Iay password AIthough
these /predictions are intermediate-term and '
there is a Iegltlmate concern about' |
= malntalnlng necessary confldentlallw |




~ CNialgorithm in Italy -

Northern Region, M,=5.4 Central Region, M,=5.6 Southern Region, M_=5.6
5. °

5.8 7 5.8
6.5 5.4 5.8 6.0 5.55.65.5 6.0 6.5 6.05.7 58 6.0 6.5 5.7
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Intermedlate term mlddle range earthquake
/4 | predlctlon CN

Space tlme volume ofalarm iIn CN appllcatlon in ItaIy
- “ Space-time volume Confldence
Experiment of alarm (%) level (%)

Retrospective* 41 93
(1954 — 1963)

Retrospective 27
(1964 — 1997)

Forward 41
(1998 — 2004)

All together 32
(1954 — 2004)

T Algorlthm "T""'—predlcted out off the ~=strong earthquakes
REEE occurred in'-the monltored zones -of 1taly, with 256 of the

5D _considered space-time volume-occupied by alarms.
s (updated to December 31 2004)




MBS algorithm in Italy

@ Monitored region @) Alerted region




Space tlme volume of alarm |n M8s appllcatlon In Italy

Experlment M6.5+ M6.0+ M5.5+

Space-time Space-time Space-time n/N
volume, % volume, % volume, %

Retrospective 36 40 39 9/14
(1972-2001)

Forward 43 25 4/8
(2002-2004)

All together 40 13/22
(1972-2004)
- |Algorithm’ As) predlcted | of the even_ts_o_cbt]rred in the monltoredl’f .
—zones in ltaly, i.e- out—of event&oceurrxed within the areaalerted LS
for the correspondlng magnltude range (updated to December 31 2004)

| The /confidence Ievel of . . predlctlons since 1972 has beenpﬁ
' estimated to be about no estlmatlon Is/ still p035|ble for M6. O+
‘Jand M6.5+. \LLB]// 4 \» f




~ The Gutenberg-Richter law

Averaged over a large terﬁtbry
and time the number of
earthquakes equal or above
certain magnitude, N(M) scales
as AR B RNR
log,(N(M)-=a-bM = |

This general law of similarity
- establishes-the-scaling of -
| earthquake sizes in a given space
. time volume but gives no |
——explanation to the question how -
.| the number, N, changes when
| you zoom the analysistoa |
~smaller size part of this volume:




WhICh are the limits of vaI|d|ty of the power law:scaling
expressed by the Gutenberg -Richter law?” .-

The analysis of gIobaI selsmlcty shows that a single Gutenber_g-
Rlchter (GR) Taw is not universally valid and that a i) \
- ode! (Molchan, Kronrod & Panza, BSSA, 1997) can
reconcrle two apparently conflictingl concepts the Characterlstlc
Earthquake( )the Self-Organlzed Criticality (/).

The multiscale sersmrcrw model implies that only | the set of |

earthquakes with dimensions that are small with respect toithe

dimensions of the analysed region can be descrlbed adeguately ——

by the Gutenberg -Richter Iaw A

__This_conditon, fuIIy satlsfled in the study of gIobaI selsmlcrw -
made by Gutenberg and Richter, has been violated |n many '
subsequent |nvest|gat|ons | | j




The scheme for box-counting'

' The counts in sets of cascading |
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Abstract

The influence of random magnitude errors on the results of intermediate-term earthquake predictions is analyzed in this
study. The particular case of predictions performed using the algorithm CN in central Italy is considered. The magnitudes of
all events reported in the original catalog (OC) are randomly perturbed within the range of the expected errors, thus generating
a set of randomized catalogs. The results of predictions for the original and the randomized catalogs, performed following
the standard CN rules, are then compared. The average prediction quality of the algorithm CN appear stable with respect to
magnitude errors up t&-0.3 units. Such a stable prediction is assured if the threshold setting period corresponds to a time
interval sufficiently long and representative of the seismic activity within the region, while if the threshold setting period is
too short, the average quality of CN decreases linearly for increasing maximum error in magnitude. © 2002 Elsevier Science
B.V. All rights reserved.

Keywords: Earthquake prediction; Algorithm CN; Magnitude error; Randomization; Italy

1. Introduction over-fitting in retrospective studies. This stimulated
the development of different specific methods for
A generation of intermediate-term earthquake pre- the evaluation of algorithms quality (Habermann and
diction algorithms was developed and exhaustively Creamer, 1994; Minster and Williams, 1992; Keilis-
tested during the past two decades (Gabrielov et al., Borok and Shebalin, 1999). One relevant question
1986; Keilis-Borok, 1990; Minster and Williams, that still needs to be answered is: to what extent
1992: Keilis-Borok and Shebalin, 1999; Kossobokov are predictions influenced by the unavoidable errors
et al., 1999; Rotwain and Novikova, 1999; Vorobieva, affecting the input data?
1999). The empirical nature of these algorithms, how-  Earthquake catalogs represent the most widely avai-
ever, makes it difficult to evaluate their efficiency and lable geophysical data, containing systematically
strength in a formal way, due to the long time required collected information about seismicity. This is why
for the tests in real predictions and to the possible most of the studies concerning precursory phenom-
ena, and therefore earthquake predictions, are based

"+ Corresponding author. Tekt39-40-6762-129: on thg analysis of' earthquake pa?alogs. Thg catalogs
fax: +39-40-6762-111. contain errors which can be distinguished into sys-
E-mail address: anto@dst.univ.trieste.it (A. Peresan). tematic and random ones (this is comprehensively
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discussed by Kossobokov, 1995). Systematic errors These functions are normalized by thresholds in mag-
can be associated to changes in the data acquisitionnitude, which are selected on the basis of the average
system or in the methods for the determination of return period of events observed during ttimeesh-
earthquake parameters. Random errors correspondolds setting period. The functions are discretized into
generally to the uncertainty of determination and to small, medium and large values, accordingly to the
possible mistakes made during the data input pro- level of seismic activity in the considered region, and
cess. The presence of a systematic error in magni- the thresholds for discretization are selected by the ret-
tude may hamper prediction results and is generally rospective analysis of seismicity within the thresholds
quite difficult to detect (Habermann, 1991; Haber- setting period. The discretization of functions causes
mann and Creamer, 1994; Kossobokov and Shebalin,some loss of information, but makes the algorithm
1995); some aspects of this problem for the Ital- more robust with respect to fluctuations in the data.
ian catalog have been considered by Peresan et al.The thresholds setting period must correspond to an
(2000). interval of time long enough to provide a representa-
The goal of this work is to study the influence on tive sample of the seismic activity within the consid-
the results of intermediate-term earthquake prediction ered region, including periods of quiescence as well
of random errors in magnitude determination. We ana- as periods of high activity (Keilis-Borok and Rotwain,
lyze here the particular case of earthquake predictions 1990).
performed by CN algorithm (Keilis-Borok and Rot- The algorithm CN identifies the times of increased
wain, 1990). The algorithm uses origin time, hypocen- probability (TIPs) for the occurrence of strong earth-
tral coordinates and magnitude of earthquakes. Among quakes. When a strong event occurs during a TIP, then
these parameters, magnitude is the most significantit is indicated as auccessful prediction, otherwise it is
source of errors in the results of predictions, because referred adailure to predict. If no strong earthquake
it enters in the determination of the values of the func- occurs during a declared TIP, then the TIP is called a
tions describing the seismic sequence as well as infalse alarm.
the definition of the strong earthquakes (Rotwain and  According to Molchan (1990), the results of a pre-
Novikova, 1999). diction can be characterized by two types of errors.
Our analysis is based on the predictions per- The first one is the percentageof failures to pre-
formed for central Italy (Peresan et al., 1999b). To dict: n = F/N, whereF is the number of failures to
establish the dependence of the prediction results predict andN the number of events to be predicted.
on possible random errors in magnitude, the algo- The second one is the percentagef the total dura-
rithm CN is applied to several “randomized” catalogs tion of alarms:t = A/T, whereA is the total duration
(RC). These RC are obtained by random modifica- of alarms andr the length of the whole time interval
tion, within the range of the assumed errors, of the considered. The strength of a prediction is estimated
magnitudes of all events. The results of predictions by the analysis of therror diagram, collecting infor-
obtained for the original catalog (OC) and the RCs mation on both types of errors. According to Molchan
are compared, providing useful information about (1990, 1996), in order to characterize the quality of
the stability and the expected performances of the predictions in terms of the errorsandz, it is possible
algorithm. to consider any convex functia® = f(n, ). Among
the several possible functions, the sum of errors ap-
pears to be the most straightforward and suitable for
2. General scheme of prediction with CN the evaluation of the outcomes, as recommended by
algorithm Molchan (1996). Hence, in the present analysis the
quality of predictions will be quantified by the sum
The algorithm CN has been designed for the pre- of errors: 2 = n + . Since the random prediction
diction of strong earthquakes, which are the events gives 2 = 1 (Molchan, 1990), one can roughly es-
with magnitude greater or equal to a fixed threshold timate the quality of prediction by the deviation of
Mp. The algorithm is based on the analysis of a set £ from unity (or from the corresponding percentage
of empirical functions describing the earthquake flow. 2 = 100%).
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3. Magnitude randomization procedure magnitudeMg
MR = Mc + AMy + AMg (2)

The procedure of magnitude randomization simu-
lates possible random magnitude errors in the analyzedwhere the measurement erraiMy and the error of
catalog. In the present study, we concentrate on two discretizationAMg are independent.
types of random errors: the error wkasurement and
the errors of magnitudeiscretization. )

The value of magnitude reported in the catalog is 4 Data analysis
usually the result of estimations made from several
stations recording the occurrence of an earthquake.4.1. Numerical parameters for randomization
The error of measurement represents the several fac-
tors (radiation pattern, local effects, etc.) that may  The randomization procedure, introduced in Section
influence the records of an event at different stations 3, depends on two parameteksand AMmax. The pa-
and consequently affect the magnitude estimation. rameterk is uniquely determined by the used catalog,
We use here a rough assumption that the final mea-which is fully described by Peresan et al. (1999a).
surement errolAMy; is normally distributed. Since The catalog is composed by the CCI1996 (Peresan
the observed magnitude is finite, we use ®My, et al., 1997) for the period 1900-1985, and is updated
the truncated normal distributiofr"R(x), that is using the NEIC preliminary determinations of epicen-
defined on the intervak € [-AMmax, AMmax tres (PDE) since 1986. The operating magnitude in

as the catalog CCI1996 is selected according to the fol-
lowing priority order:M_, Mg, M; (Molchan et al.,
FTR(X) _ Fx) — F(AMmax) 1997), whereM_ is the local magnitudeMy the du-

F(AMmax) — F(—AMmax)
_ F(x) = F(AMmax)
T 2F(AMmay) — 1

ration magnitude ant¥l; the magnitude from intensi-
ties. A corresponding priority choice has been defined
for the magnitudes in the PDE catalogue as follows:
M2, M1, Ms. The magnitude from the surface waves
estimated by NEIC is given byls, while M1 andM2
correspond to magnitudes of different kind, supplied
by different agencies, mainly corresponding to local
and duration magnitudes (Peresan et al., 1999a and

1)

whereF(x) denotes the cumulative normal distribution
with 0 mean and ®. = AMmax/3. The measurement
error AMy thus becomes normally distributed on the
interval [- AMmax, AMmax while the values outside
this interval are disallowed. references therein).

The values of magnitudes are calculated as real The number of earthquakes in different magni-
numbers with several digits, but their precision hardly tude intervals and for three time periods (1950-1980,
exceeds the first decimal digit (e.g. the magnitudes cal- 1980-1999 and for the entire interval 1950-1999) is
culated from intensity, which is a discrete scale, exhibit given in Fig. 1. It is possible to observe that since
a discrete distribution); for this reason the measured 1950 the magnitudes are determined to the first deci-
values are usually rounded, i.e. they are discretized to mal digit, hence the discretization stepkis= 0.1.

fit some predefined lattice. Léfic be the operating
magnitude selected from the catalog &mthe step of

The second parameter of randomizatiom?may, iS
a variable one. According to Bath (1973), from empir-

the discretization lattice, when discretizing (i.e. round- ical observations we can expect errors as large@8

ing) the magnitude, an error as large-8k/2 can be

units in reported magnitudes; such a value is confirmed

introduced. Since the measured magnitude may cor- by theoretical arguments (Panza and Calcagnile, 1974;
respond to any of the values in the magnitude interval Herak et al., 2001). Hence, in the present study we

[Mc — (k/2), Mc + (k/2)), then we assume that the
error of magnitude discretizationMg has a uniform
distribution within the interval £k/2, k/2].

Considering the quantitiesMc, AMy, and

will assumeA M max = 0.3 as an upper bound for re-
alistic errors in magnitude. Larger values f&Mmax

are considered in order to evaluate the dependence on
AMmnax of the quality of the results. The randomization

AMg defined earlier, we introduce the randomized procedure is applied to the OC, varying the parameter
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Fig. 1. Number of earthquakes with<=8BM < 5 reported in the OC (Peresan et al., 1999a) for three different periods of time: 1950-1980,
1980-1999 and 1950-1999.

AMpmax, and a set of 110 RCs is generated: 30 cata- cases (21 August 1962 and 26 September 1997) two
logs for AMmax = 0.1, 0.2 and 0.3, plus 10 catalogs strong earthquakes occurred in the same day and
for AMmax = 0.4 and 0.5. very close in space. Such “coupled” events cannot be
It is necessary to check that the randomization pro- distinguished at the time scale characteristic of the
cedure does not affect the basic features of the earth-algorithm, since CN predictions are performed with a
guake sequence, the magnitude—frequency relationtime step of 2 months. These earthquakes will be as-
being the most important. The magnitude—frequency sociated to the same TIP, hence they must be counted
relations for the OC and for the RCs withM a2 = just as a single event (i.e. instead of six strong earth-
0.3 and AMnax = 0.5 are shown in Fig. 2. The dis- quakes, there are just four events to be predicted).
tributions are quite similar and the differences with The results of predictions obtained for two differ-
respect to the OC become relevant only at the largest ent thresholds setting periods are shown in Fig. 4. In
magnitudes, due to the small number of events. The the first case the thresholds setting period, referred as

linearity of the frequency—magnitude relation is pre-
served even foAMmax as large as 0.5 and thevalue
does not change significantly, since it is mainly
controlled by the small and intermediate magnitude
events.

4.2. Predictions based on the original catalog

The application of CN algorithm for the inter-
mediate-term earthquake prediction in central Italy
(Fig. 3) is described in detail by Peresan et al.
(1999b). Six strong events withf > My = 5.6 oc-
curred during the considered time interval. In two

long period, lasts from 1 January 1954 to 31 Decem-
ber 1998. In the second case, it lasts from 1 January
1954 to 31 December 1985, and it is referreciast
period. The results of predictions are summarized in
the following paragraphs.

For the long thresholds setting period (Fig. 4a),
three out of the four strong events are predicted, with
the percentage of the total alarm duratior 21%.
The coupled event = 5.7 and 6.0), occurred on 26
September 1997, is a failure to predict; hence 25%
and$2 ~ 46%. For the short thresholds setting period
(Fig. 4b), TIPs occupy about 22% of the total time and
precede all the four strong events, hempce 0, t ~
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Fig. 2. Distribution of the number of events versus magnitude for the RCs withh fd)ax = 0.3 and (b) AMmax = 0.5. For each
magnitude interval the average number of events (filled dots) and its S.D. (vertical bars) are given for the RCs, together with the number
of events in the OC (open squares).
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CN in central Italy (Peresan et al., 1999b). The epicentres of the
strong events are given together with their occurrence time. Note

A. Peresan et al./Physics of the Earth and Planetary Interiors 130 (2002) 117-127

4.3. Predictions based on the randomized catalogs

The algorithm CN is applied to each of the RCs in-
dependently, following the standard rules. The thresh-
old Mg for the selection of the events to be predicted
is kept equal to 5.6, the same as for the OC, in order to
check the stability of the set of events to be predicted
with respect to this threshold.

The results of predictions obtained for 50 RCs—
10 for eachAMpyax from 0.1 to 0.5—are synthetically
described by means of the sum of err&@s=n + .

The values off2 versusAMpmax are shown in Fig. 5.
With the long thresholds setting period (Fig. 5a),
individual results can be comparable or even better

than the original one foAMmax up to 0.4; the values

of (£2), averaged for eachMpax, are approximately
equal to the original values = 46%) for AM max <

0.2. The exact values of the average errors of predic-
tion, (), (n) and(n+ ) (together with its S.Do) for

the differentAMpnay, are given in Table 1. The orig-

that the events occurred on 21 August 1962 and 26 September inal result obtained with the long thresholds setting

1997, are “coupled” events (i.e. two strong earthquakes occurred
in the same day and close in space).

22% and2 ~ 22%. Therefore, predictions associated

with the short thresholds setting period seem to pro-
vide a better score, despite of the reduced information
considered. However, the analysis of the stability of
these two results, described in Section 4.3, will show
that the long thresholds setting period supplies more
stable results.

@ o,
[=N--]

: 6.06.7

6.5

l ! U
a) 1N - [
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Fig. 4. TIPs obtained with the OC for (a) the long thresholds
setting period and (b) the short thresholds setting period. Black
boxes indicate the TIPs (periods of alarm). Arrows with a number

period appears quite stable with respect to magnitude
errors up to+0.2.

For the short thresholds setting period (Fig. 5b), one
can observe an increasing trend{6f), showing that
the quality of predictions decreases almost linearly
with AMmax. In particular, the average valuéR) are
significantly larger than th&2 = 22.1% correspond-
ing to the OC and all the results obtained using the RCs
appear worse than the original one. Hence, this result
appears very sensitive to possible magnitude errors. Its
good quality, obtained at the price of stability, seems
to indicate some over-fitting to the original data, and
casts some doubts about the real predictive capability
of CN, when using the short thresholds setting period.

The analysis described earlier allows us to single
out the instability of the prediction results related to
the insufficient length of the thresholds setting period.
In fact, due to the small number of strong events oc-
curred during the short thresholds setting period (only
two events), the information provided to the algorithm
about the seismic activity preceding the strong events
is limited, and hence it strongly depends on the few
given cases.

Henceforth, we consider only the long thresholds
setting period. FOAMmax = 0.4 and 0.5, 10 tests

above indicate the time of occurrence of strong earthquakes and Permit already to evidence the instability of results;

their magnitude; failures to predict are given in gray.

therefore it seems not necessary to investigate further
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Table 1
Average errors of prediction for differert Mmax
AMmax (r) (%) (n) (%) (n+71)£o (%)
0.1 22.8 225 42.# 19.1
0.2 24.1 28.8 46.7% 19.6
0.3 26.5 40.6 62.8: 20.9
0.4 27.1 30.3 57.4- 17.0
0.5 28.6 41.2 69.8 12.7

the effects of such large errors. For smaller errors, in-
stead, additional tests are needed, in order to prop-
erly evaluate the stability of the results, as well as
to improve the significance of the analysis. A com-
prehensive analysis is then performed for 90 RCs, 30
each forAMmax = 0.1, 0.2 and 0.3, respectively. In
fact, AMmax = 0.3 is a realistic estimate of the up-
per bound for the error which can affect magnitudes
(Béath, 1973; Panza and Calcagnile, 1974; Herak et al.,
2001) and it corresponds to the value &Mpyay for
which predictions begin to be unstable (Fig. 5a).

The stability of the results is evaluated by means
of the error diagrams (Molchan et al., 1990), com-
piled for the results obtained with the OC and the RCs
(Fig. 6). Each point in ther, t) plane corresponds to
the prediction obtained for a given catalog; the diag-
onal line defined by the equatiadd = n + v = 100%
corresponds to the results of a random guess. The
clustering of points indicates the stability of predic-
tions, while the increasing distance from the diagonal
line indicates the increasing quality of the predictions.
Fig. 6 shows that, foA Mmax < 0.2, the results are
quite well clustered around the one obtained with the
OC, while for AMmax < 0.3 they appear much more
scattered. The errot, indicating the percentage of
time occupied by alarms, does not vary significantly
with respect to the original predictions. Therefore, the
changes in the quality of the results are mainly due to
a larger percentage of failures to predigtwhich is
strictly related to the changes in the number of events
to be predicted. This aspect emerges quite clearly from
Table 2, showing the average difference between the
CN results obtained using the OC and those obtained
using the RCs{At) = (t)—tpo and(An) = (n)—no,
wheretg andno are the prediction errors for the OC
(Fig. 6). The average variation of the number of strong
eventsNsg has been evaluated by means of the re-
lation: (A Nsg) (INR — No|/No), whereNp and
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Nr are the numbers of events to be predicted (with
M > 5.6) in the OC and in the RCs, respectively; for
AMmax = 0.3 both(ANsg) and(An) increase signif-
icantly.
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Table 2
Average difference between the results of CN obtained using the
OC and those obtained using the RCs

AMmax  (At) (%) (An) (%) (A(n + 7)) (%) (ANsg) (%)
0.1 2.2 -2.5 -0.3 0.0

0.2 3.5 3.8 7.3 25

0.3 5.9 15.6 215 13.4

(AT), (An): average variation of prediction errors for the RCs;
(ANsg) = (|NrR — No|/No): average variation of the number of
strong eventsNo: number of events to be predicted in the OC;
NRr: number of events to be predicted in the RC.

A list of the earthquakes, ordered by decreasing
magnitude, withM > 5.3 in the OC, occurred in
central Italy (Fig. 3) during the period 1950-1999, is
provided in Table 3. This table contains information
about all the events whose randomized magnitude may
exceed the thresholtfy = 5.6 for AMmax = 0.3.

The percentage of times each earthquake turns out to
be a strong evenlNsg, and the percentage of times it

is predicted p) are provided as well, considering 30
RCs. The table shows that the earthquakes with orig-
inal magnitude less than 5.6, sporadically becoming
strong events, are never predicted. This explains the
drastic increase of the errgrfor AMmax = 0.3, and

at the same time indicates that the randomization does
not introduce spurious alarming patterns, as it clearly
appears from the analysis of the stability of TIPs
identification.

To evaluate the stability of predictions we have
analyzed also the variation of TIPs. Considering a
set of predictions made for the same time interval,
the quantity®(t) has been defined as the percentage
of cases where the instantis identified as a TIP.

Table 3

List of earthquakes withif > 5.3, central Italy 1950-1999
Event date M Nse (%) Np (%)
23 November 1980 6.5 100.0 66.7
21 August 1962 5.8/6.0 100.0 93.3
26 September.1997 5.7/6.0 100.0 40.0
9 September 1998 5.7 83.3 56.0
19 September 1979 5.5 23.3 0.0
5 May 1990 55 12.0 0.0
7 May 1984 54 0.0 0.0

a“Coupled” events, occurred in the same day and very close in
space. The magnitudes of both the strong earthquakes are provided.
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Fig. 7 shows the functio® (t) based on the results of magnitudes randomly modified (RCs) within the range
predictions for the 30 RCs withh M max = 0.3. of the assumed errors, and the outcomes of these pre-
All the original TIPs appear to be very stable; more- dictions have been compared with the results obtained
over, TIP is never declared during considerable part of with the OC. Our analysis shows that the results of
the time. This confirms the conclusion about the high prediction remain stable fok M max < 0.3. The qual-
stability of the results. ity of predictions seems to be mainly controlled by
the percentage of failures to predict, which depends
on the changes in the number of strong earthquakes
5. Discussion and conclusions (M > Myp), almost negligible forAMmax < 0.2. The
strong events generated by the randomization are never
The stability of the intermediate-term predictions predicted, thus increasing the percentage of failures to
with respect to random errors in magnitudes has beenpredict.
evaluated considering as an example the CN predic- The procedure used here for magnitude random-
tion for central Italy. The algorithm has been applied, ization has been defined on the basis of quite rough
following the standard rules, to a set of catalogs with and sketchy arguments. This study, however, is not
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reported by the plobal catalogue NEIC (National Earthquake Info

SUMMARY
Prediction methods based on seismic precursors, ami hence assuming that catalogues
contain the necessary information to predict earthquakes, are sometimes criticised for
their sensitivity 10 the unavoidable catalogue errors and possible undeclared variations
in the evaluation of reported magnitudes. We consider a veal example and we discuss the
effect, on CN predictions, of a long-lasting underestimation-of the reported magnitudes,
Starting approximately in 1988, the CN functions in Central Italy evidence an
anomalous behaviour, not associated with TIPs, that indicates an unusual absence of
muderate events, To investigate this phenomenon, the magnitudes given in the catalogue
used, s&hwh since 1980 is defined by the ING bulletins, are compared m»ihxf magmtudw

USGS USAj and by the regional LDG bulletins issued at the. iﬂxhamtmre de De{&cimﬁ
(}eophqum, Bmynm&«ie&fh&iel France,
mpurison is performed between the ING bulleting and the NEIC cai’;}ﬂgu&
ering the Tocal, M,, and duration, My, magmtud&s first within the Central
regzon and then extended to the whole Ttalian territory. To cheek the wns;&tenc\: of
the conclusions drawn from ING and NEIC data, the wmpcma{m of Toeal magnitudes
is extended to a third data set, the LDG- bulleting
The differences between duration magnitudes M, thm are mpmteé by ING and
NEIC since 1983 appear guite constant with time. Siarting in 1987, an average

_underestimation.of about 0.3 can be attributed to My reported by ING for the Central

o differsnee decreases to about 02 when the whole Italian territory s

‘considered: The anomalous behaviour of the CN functions disappears if a magnitude

correction-of 0.5 applied to M, reporied in the ING bulletins, However, such a

ﬁimpib magmmﬁc s&nft mnxxot restore ﬂxe real fmima; of the seismic How, and ING

Key words eaﬁhqaake catalogues, ea&ﬁxqa&ke prediction, Italy, regionalization.

Casta et gl 1996 Peresan et ol 1998a), The anslysis of the
time behaviowr of CN functions for the different regionalizations

ON is an mimwémt»term carthquake prediction algorithm
based on-the qmmztame agxaiy‘:s;s of premonitory phenomena,
which can be detected i the sclsmic flow preceding the
ocourrence of strong parthquakes (Gabrislov ef ol. 1986; Keilis-
Borok & Rotwain | tion of the properties
of the seismic Sow is performed by means of a set of mmtmm
of time {Table 1}, which ﬁwiuaic vmam_ 3
activity, seismic guiescence and space-time aixxsxem;g o
‘The normalization of {he fimctions allows us to app!y
wgions with different scismic activity {Keﬁm«ﬁomk 1996,
Rotwain & Novikova 1999},

The UN algorithm has been applied to the monitoring of
seismicity in Central Tialy since 1990 (Keilis-Borok ef ol 1990,

2000 RAS

defined for Central fialy (Fig 1) allowed us to observe the
common anomalons flat values of some Tunctions {see ..
Swaxs Sigma, K and G in Fig 2), starting approximately in
1988, The far trend of the functions, never cobserved before,
mdicates the absence of moderate events and hence evidences
an unusual decrease in the seismicity rate, suggesting the need
to check for possible changes in the magnitudes reported by
the satalogue used,

Until July 1997 the catalogue used for ON mo;;;i;orm‘s, in
Ttaly was the CCII996 (Poresan et ol 1997) This catalogue
18 composed of the revised PFG cawlogue (Postpischl {985}
for the period 10001979, and since 1980 we have updated
it with the bulleting distributed by the Istituio Nuzionale di

425
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Table 1. Definition of the time fonctions nsed in the CN algorithas for the quantification of the properties of the seismiv Bow (from Keilis-Borok
of al. 1990} The magnitude threshokls my, m,. iy that allow the normalization of the functions are fixed according to the average yearly fm«quenev

af the main shoecks shax occurred within the region during the (eammg period {1954

=43, my =45, =

1986). For the Central :f;.gmn {in dark grey in Fig 1)

50, corrgsponding to the Standard yearly average froquencies s34, Ry 1Ay =G4

Nn Number of main shooks with M >, that ocourred in the time interval {13y, £}
K{&) Ky s Ky K, where K, is the number of main shocks with M, 2 m, and origin thme (1 - 2 yng = {12 — Dwrl.
G{t} G{==1-F, where P Is the ratio hetween the number of the main shocks with A2 malmg > ooy ) awi the number of the main shocks

with 3, 2 ;. Only main shocks with arigin tme 1, in the interval {r=

Tyrigi ’<‘t are covsidered,

Sigmal(f}  Sigmale) = 51090 the main shocks with my 5;3‘1, < Mr 0 E aﬁé origin thme {x -3 ycami £t ave inchuded in the summation;
w5 B 100,

Seantd) ,m(n wmax {8, /N, §/N,, §i/NGY, where 8 ks c&lauiated a8 ’i;&mfn t) for the events Wiih arigin time
{tmjyrign st ~{i=1) yeam} and N 5 is the mumber of earthguakes in the sam.

Lol £} st} = was {Z /NP, 2N 285, where 2 i calculated as S;, but with 0.3 and N is the number of earthquakes in the
Stm.

AN Nunmber of main shocks with M 2 m,, which cecurred in the time interval {810 years, -7 vears)

ait} glth= 2., max {06a; — n;}, where a, is the awrage annual number of main shocks with M2 m,, #; is the number of main shocks
with M2 m, and orighn tme [t - {8+ Jyrl st -{2 4wl

m“u) Maxxmum number {:J aft*rshocks for x,ag‘h mxm shack coumfxi within a raéms of 50 km for the first 2 days after the main shook.

48'

18

Fig\ire 1. Puiferent regionalizations defined for ON application to

Central Italy. The continuous Hne delipdits the ‘reglon deficed by

Keilis-Borok et ol (1990}, while the dotied bne shows the region

proposed By Costs er-al (1995). The region cuirently tsed for ON
monitoring, defined grictly following the selsmotectonic meodsal
{Poresan o ol 19982}, corresponds to the dark grey arca.

Jxﬂy 29&‘ h‘.{ erdcr m Lheck a. pﬂ"sﬁﬁ}&’: change m repormd
magnitades, the ING data are compared with the following
catalogues (Table 2%

Cthe Preliminary Deterininations of Epicentres (PDE)

distributed by NEIC, USGS, for the time period 1980-1997
the Bulleting eam;;;ie«ri at the Laboratoire de {)etecﬂen #t

de Gmphymgua {CEA, Bruyer atal, i*r;mce), referred to

8§ L‘D{} in t}n, foﬁawxn& from January 2980 to Decermber 1996,

- W dc» nob nse the I8C catalogue since it duc:s not pmwdc
mxfxsed Mand My

CING: is:itut=3 ,Nazium}c @i.(imﬁséca

Table 2. Data sef'used for the satalogue comparison. For each agency

" the-following are indivated: the period of time, the kind of catalogue

and hevw the data are wadé avaitable.

984 Revised ING bulleting printed
-1986" Dsgx;ai MG bulleting flonpy disk
987 - Digital TNG. bulletins fip

LI¥G: Laboratoire de Dotection et de Geophysigue
19801956

LDG Bulleting Auto DIRM

cd-rom
fip

The ING bulleting contain two estimations of magnitude:
the focal magnitude M, and, since 1983, the duration magni-
tude M, The NEIC global catalogue reports the magnitudes
ny, and- My, both computed by NEIC, plus two values, M1
and M2, that correspond io magnitudes of a different kind
contributed by different agenvies. From s previous analysis of
the NEIC catalogue {Per{:san & Rotwain 1998} we observed
that, for the Talian area, both M1 and M2 are mainly A,

~oand My,oand that M 88010 times more frequent than M.

Furthermore, ING is among the contributors to the PDEand
it supplied information for more than 600 evenis. from 1987
o 1997, as can be observed by listing the events with net-
work code ROM reported in the PDE caialogue. Most of
these events have magnitudes below 4.0, especially when A,
is considered, while about 100 of them have M > 480 The
bulleting distributed by LDG contain two magpitude values,
mainly corresponding to My and M,

In order to perform the magnitude comparison, the evenis
commion to the different catalogues are identified according 1o
the following rules: () time differcace Az < 1 ,»{b} epicentral
distance Alat = ALon < 1° for the compatison with the glabal
satalogue (Smrchak o al. 1998} No limitation is imposed on
magmmde o1 dep{h differences.

The analysis is performed by evaluating, for a fised type of
.magjn;txxde the quantities.

----- = M{CL) — M2}, {1}

© 60 RAS, GJ7 141, 425-437
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Central Haly

6.3

TiPs

2006

o L5

[= =R 5

4 973

1860

Figure 2. Time disgrams of the standard ON functivy
evaloated for 424 W <46, functions K, 6, ¥, ¢ foril
the gmeml m‘les ter nemmlxz:nmn of fmmm

&nﬁ m&mwt the beg,mnmg rxf the Anema&ous bc:havmm of {tmctsmxs

which are the difforenses between magnitudes of the same type.
reported in the catalogues C1 and C2 for each of the common
carthguakes.

The comparison between ING and NEIC estimations is
performed considering My and My st:para’se?v among the everts
for which M, and M, are reported in both the calalogues.
The events contriimted o NEIC by ING, wﬁich reprosent a

the Wi‘.ilpdﬂSQH i fewsed on the Central mgmn
amd the yearly average valoes AM, and AM, :
from the common svenis confained in the arss’p émit B
using the CN algorithm. Subsequently, the comparisonietwes
the ING and NEIC catalogues is enlarged to the whole I
ferritory and #s surroundings, as shown in Fig &

To check the consistency of the conclusions drawn from
ING and NEIC data; the comparison of &, is extended 10 g

© 2000 RAS, GJI 144, 425437

1988 1880 2008

third catalogue, and the ING and NEIC M are compared
divectly with the M, reported by the LDG bulletins, Since the
LDG s among the NEIC contributors for the arca analysed,

the NEIC events with magnitude code LDG are obviously
excluded when performing the comparison between LIDG and
NEIC data.

CHANGES IN REPORTED MAGNITUDES
FOR CENTRAL ITALY

The analysis of the behaviour of CN functons in Central Italy
alfows us o identify the snomalous flat trend of some of the
functions {Fig. 2}, starting approximately in 1988 Such a fiat
trend indicates an wnusual ahsence of moderate events.

To look for an explanation for this anomaly we focus onr
attention on the mognitude varistons within the Central
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region currently used for the monitoring of seismicity (in dark

grey i Fig 1} The subcatalogue of carthquakes common {0
ING and NEIC contains about 800 events. The operating
magnitnde for CN monitoring is chosen from the Dalian
catalogue CCIIBYE, and hence rom ING hulleting; ascording
to the priovity order M, My {Costa er al. 1996; Peresan ¢ al.

1998a); therefore, local magnitiudes play a relevant sole in the:

UN analysis of seismicity. Hence, as a first stage, we stady
the discrepancies anmong the M values reported In the two
catalogues, Le. the quantity

AM, = M (NEIC) ~ M {ING). 2

The histogvams of AM, are plotted for three contiguous ranges
of raagnitude {Fig 3), chosen 1o ¢o nd 1o the CN magni-
fude thresholds for Central haly. 4 gt

not wsed by CN, the svents with 3.0 < M <42 are incladed
only in the counting of aftorshocks, and those with My 242
can onfor into the calendaiion of functions. For most of the
avents, &AM, > 0, while & sccondary peak arcund AM, =@ can
be seen in Fig. 3 for thesmaller events,

in order to detect a possible undedared long-lasting change
in the sstimation of the reported My, the time behaviour of
the yearly average of AM, is analysed considering only carth-
quakes with M {NEIC)»2 30, The vearly number of such
events is around 20-25, with two exeeptions: there were 83
surthquakes in 1980 {mainly associated with the Irpinia event
of 1980 November 23) and only four events in 1987,

The time distribution of AM vearly sverages, shown
in Fig 4(z), indicaies the presence of a major discontinuity in
1987, The average AM;, cstimated using eq. (2} for two

Piurm of obg -

3.0¢M, (NEIC)<4.2

' of ohs

08
Al

MUNEIC)24.2°

2 8
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oo
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Figure 3. Histoprams of the number of evenis versus AM;, for theee contiguous ranges of magnitade in the Contral region (dark grey aren in Fig 1}
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. Central Region
Al Common avents
UM, 230
....... o Yaatiy Average
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Figure 4. Yearly average of {a} AMy and (B AM, obtained for the NEIC and ING catalogues, considoring the common svents that occurred
within the Ceniral region {Fig. 1), Frror bars correspond to the 95 nur cent confidence interval of the mean.

ON: A DETECTOR 01' ANOMAL{BLS

- ilae ama,hza , ;}nzﬁn&ned by mplasmg"ii v with Md in
eq {2) does not svidence o-significant change for M {ING).
The relevant an&ft&mt}{ associated with the value of AM,

pariimetcr‘: are kept u:}d}ang&d The time xixagrém ebtamcd is

shown in Fig. § and clearly i
behaviour of ‘somie CN

N .simwn, in Fig 2;: is no

1991 }’;b"i?he av,e:rage magmmxie dﬁ}amneeﬁxr the whoke period
19831998 for-which ihe*sampi&:is available is estimated o be
AMy =030 +0.04. -

200 RAS, GJF 141, 425437

longer present.
Obviously, this magnitude transfornmation. cannot. be used
{0 correct the caialogue and: the magnitide Yevision must be
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Central Raly
L{NG)+0.5 since 1887

"y

€38 A WD PO B KD

added 1o My

pmvxcied by ﬁ?& cataimgae Rse:if‘ Fur{h&nnme a snnpie magmn
tude shift, sstimate

,IP’actzvaﬁen ()ﬁ the other
:S m mumgﬁ}v h is’»aiae&

identily and thsrelors discard Epas'sibk, TXP*; deci&mci:h’y CN
EXTENSION OF THE AN,ALYSIS TO THE
WHOLE ITALIAN REGION

The magoitude differences have also been: analyse&* within the
Morthern and Sougthern rogions defined for the application

e eN

1880 1850 2000

territoty {Peresan 2t ol 19984} In the
Northern region, the results are in vary good agreement with
those obtained for the Ceniral region and, on average. an
mcm&m of + 0.5 i c;hs,f:nsed ﬁ)r AM,, in 1987, The variation
umimns in the

the Italian catrlogue (I’asipx;,i,h 19 5} Covers an wres that,
Eowsrds the m)rih fﬂ}iom the i:al:an border am} cmiscq*demi

been filled in by Cmm et al. ’E‘ iQ%i mchrésaﬁ o al’ { ’199’%&3
with data provided by two other mm?ggues i\I P‘(}R {C‘atak}go
delle Alpt Orientali} (1987} and 3
influence of M (ING) in th mpummn of CN ftmcnons in
the Motthesty region, The sl nuinber’ of Sommon’ events,
and hence the insuficient sample size, does hotallow any
conclusive analysis in the Snutkem regmn
~The analysis of the NEIC

& Rotwain (1998} for the Itaha;: area showed timi i()r the
magnitudes M and M contributed o NEIC by other agencies,
Adyas 10 tmes more frequent than M. From Fig 6 it is
seen that the total yearly number of comunon events varics
quite significantly with time. The number of common svents

L2000 RAS. GJF 141,425-437
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Flgure 6. Yearly number of common events used for the comparison between the ING and NEIC catalogues. (3) Events wsed for M, anaiysis;

{b} events used for My analysis.

considerably ncreases ufter 1988, for both M, and M,, eﬁpmaliv
when the smaller earthquakes are considersd:

The frequency distributions of AM and AM, versus NEIC
magnitude analysed to evaluate their possible correlation
with the \hquaku size {Fig. 7). The linear correlation
and M, {NEBIC) appears quite weak, while
is significant for AMd versus MNEIC), the
ificant at P < 0.05%
The {izsmhumms of AM, and AM, are'rother different, as can
casily be seen from thelr histograms comstructed for three
contiguous intervals of magnitude {Fig. 8), The values.of AM,.
appear normally distributed around mean values increasing
with M,. However, the histograms of AM, are centred around
&AM =0, with' 3 il Towards positive values. 1t scems that
the et of common events can be divided into two subseis:
{a} events with 'AM, distributed aromnd zero; ami {b} events
with AM;y distributed around O&

L2000 RASCGHE 141, 425437

A detailed analysis, suggested by the bimodal distribution of
AM ., shows that the events giving AM, = 0 are fairly Jooakeed
in space {Fig. 9). The peak in the AM, histograms s due o
the coincidence of M {ING) with the M, contributed to NEIC
by some local networks, maindy from GEN (306G neiwork,
wrtimento Scienze della Terra, Universith di Genova, Italy),
Laboratoire de Detection et de Geophysique, Bruyeres-
Je-Chatel, France), TTG (Seismological fnstitute of Montenegre,
Podgorica, Yagoslavia) and TR (OGS, Osservatorio Geofisico
Sperimentale, Trieste, Italy), following the standard station

. codes used by NEIC. Indeed, the data reported by some

tocal networks are used by ING to integrate the information
collected by the Italian network (Fig 8).

‘Fig 6indicates that the size of the sample becomes relatively
stable for magnitedes larger than 3.0, slthough. the youly
number of common ovents generally increases in 1988 Hence,
in this step of the analysis also, the time behaviour of the
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Figure 7. Froqueney scatter plots of 18) AM ¢ and (b} AM, versas the corresponding NEIC magnitade,
yearly average-of AM, and -AM; is cvaluated using only Ay during th ymr 1933»:311(%, simifacly, of &AM, in 1988 are
edrthquakes with NEIC magnitude lurger than 3.0, . due to:the Jarge dispersion of the reporied values rather than
The vearly avorage values of ANy and AM, ave shown.in to the sample:size: For the whole period 1983~ 1997, the vearly

Fig 10. The remarkable uncertaintics on the average value of average of AM,; appears almost constant ground a mean valne
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Figore 8, Histograms of the number of events versus &M for thres cc»migzmus»mnges of magnitude for {a} AM, and {b) AM,. Bvents with &M

lowar than or equal o the upper boundary are counted i each interval

of 0,30+ 002 (Fig 10a), in very good agreement with the
results abtained for the Central region. Thercfore, this analysis
seems fo confirm that since 1983, when they started to be

" reporfed, thershave beon no changesin the Afy values provided
by ING. A linear relation” between the "M, reported by the
two agencies van be estimated by orthogonal regression of
MEING) versus M{NEIC) using the set of common events,
as follows:

M(ING) = 0.7M(NEIC) + 08, 3

According to this relation, the events with M{INGY 2 30 are
on ayerage underestimated with respeet to M (NEIC) while
staslier events:are oversstimigiod,

2000 RAS GJF 141, 425437

The diagram of the yearly average 43, {Fig. 10b), however,

seeris o indicate the presence of two main discontinuities:

the first in 1987 and the second in 1994, The average AM,.
sstimated for the three contiguous peviods of time. are a3
follows {ithe error corresponds to-the 935 per cent confidence
interval of the mean):

The AM, increase observed doring 1987 dppesrs kess relevant
within the whole Ialian arca than for the Central region
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547

b) -

Figure ¥, {a) Rpave histogram: of the: number-of common events used for AM . gvaluation: {b) Jpace distribution of events with AM = 0. The two

1Y &

histegrams are plotted using the same linear seale. The maxi of cornmon gvents is indicated as a NOR:

(Figs 10b and db). This reduction of AM; can beexplained by (v 0y, n ISON WITH MAGNITUDES FROM
the inclusion of the M, values contributed 10 both NEIC and LPG BULLETINS

ING by some of the neighbouring local networks, located near o ’ : :

to the French and Slovenian borders and: along: the Croatian The use of &y {2) for M reported by the catalogues ING and
coust; MNEIC gives positive values for AM, . To check the conclusions

000 RAS, GJT 143, 435-437
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Fipare 100 Yeurly average-of {a) AM, and (b) AM for the NEIC and ING catalogues. Only ovents with magnitude greater than 3.0 bave been
considerad. Eeror bars coreespond to & 95 per cont confidence range on the caleulated average The AM, minlmam in 1994 is explained bythe
very farge number of events with magnitndes coinciding with those previded by the local networks, mainly the GG network.

draws from the analysis of ING and NEIC data; the comparison
of My ds extended o the LDG halloting

- The comparison: between ING-lecalb magaitudes and. those
reporied: by LDG bulleting: is performed: within: the: time
interval 19801998 About 1000 common evenis selected
from-these - regionidl catalogues according o thefollowiag
nest {a) time-difference: Ar < 4 ming (b} -opicentral-distance
Alat = Along Y

SThe bimodal distribution: of AM, - sbserved in -the com-
parizon with the NEIC catalogne (Fig. 8):becomes even more
rearked when the ING and LDG magnitudes are.considered:
Nevertheless, mostof the events with AM =0 have M (LDG)
lower than 10, Hence, considering only events with magnitude

€ 2000 RAS, GJ1 141, 425-437

farger than 3.0 allows us to exclade a large part of such events,
whose magnitudes have very probably been provided by the
same agency, while perndtting us to keep events for which
magoitude determinations can be considered quite reliable in
regional-catalogoes. o

woThe yearly average values of AM, for the pairs of catalogues
LDRG-ING and NEIC-LDG have been estimated and are
plotted in Fig 11 The nuamber of common events wsed for
such. sstimations increases in: time from about 1015 events
per year up to 3340 ovents per vear, and this is also apparent
from the corresponding reduction of uncertaintics. The average
values obtained from eqi{2) for the pair of cafalogues
LDG-ING is always significantly greater than zers, sven
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with fluctuations in time {Fig 13a). The differences AM;
estimated for the pair of catalogues LIG-ING and for the
twe intervals of time indicated in brackets gme the following
average values:

T{1980-1986) | AM,
F{198R=1996) AM,

These values are in good agreement with those somputed, for
the whole Imalian territory, ¢omparing My from the NEIC and
ING catalogues.

- The avernge values AM. caloulated for the global catalogue
NEIC and-ithe regional bulleting LDG {about 1200 common
eventsyare always close to zero (Fig 11b)y and on average, are

C{1980-1988) AM == (.03 2006,
c (19881996} AM, =008 2003,

i

108G 188219841985 1988 1980 1902 1904 1886 1808

‘This comparison seems to confirm the relative unitformity of the
reference catalogues NEIC and LG, despite the heterogencons
origin of M (NEIC).

A serics of magnitude comparisons focused on the Central
region, excluding from NEIC theiévents contributed by LG

or comparing directly ING: and (LD, ‘cssentially confirms
observations made comparing:the ING and NEIC catalogues.

According to Bath (1973} weohave (o expect ervors as
farge:as =+ 0.3 units dnoa caloulated magnitude; nevertheless,
the differences AM between the ING and the {wo catalogues
considered have been; eversafter weoraging. equal to or larger
than +0.3 since 1987, Giardind e al. {1997 stated that local
magnitudes are gencrallv.of poor. quality with. respect to the
seismic moment;-and this' study indicaics that they can even
be inhomogeneous:within: the same bulleting. Unfortunately,
My is'the basicinstrumental magnitade in the Talian L&taioguc
while M has only been reporied since 1983,

€ 2000 RAS; GI 141, 455437



CONCLUSIONS

Prediction methods based on seismic precursors are sometimes
oriticised for their sensitivity to the unavoidable cawdogus
errors and undeclared changes in the evaluation of the reported
magnitudes {Habermann 1991 Habermann & Creamer 1894
Perasan et ol 1998b). This siudy provides a real example,
showing the effect of a longlasting systematic magnitude
underestimation on CN predictions.

The absence of moderate events detected by ON functions
and consequently the unusual decrease of the seismicity rate
within the Central region used for the ON monitoring in Tialy
tend us to check for possible systematic errors in the reported
raagnitodes.

A detailed comparative analvsis, focused on M), and M,
hag been performed between ING and NEIC cataloguoes, within
the area corresponding to the Ceniral region. The magnitude
differences AM, appear guite stable in time and small, while a
variation of about 0.5 has been found in AM, starting in
1987. This difference decreases to about 0.2 when the analysis
is oxtended to o wider areg including the whole 1talian territory,
but there is always an ondersstimation of the M values
given by ING with respect to NEIC, The comparison extended
to u third catalopue, the LDG bulleting confitms such
ondersstimation.

The robusiness of the UN algorithm has been successfully
tested with respect to the partial replacements in the catalogue,
provided the Homogeneity of data is preserved {Perssan &
Rotwain 1998}, and with respect to the shori-term inadvertent
fnerease in reporied magnitude indicated by Zuniga & Wyss
{1995) for the Italian catalogue, which does not seem to affect
the vesults of predictions {Peresan ef ol 1998a)

Therefore, our study indicates that a careful analysis of
ON functions allows us to find major long-lasting undeclared
changes in the reporied magnitudes and may permit s to
separate such effects from the anomalies in the setamic flow
that define the times of increased probability (TiPs) for the
ocenrrence of 4 strong event. The resulis of our analysis cannot
be used for catalogue correction; therefore, the ING catalogue
cannot be used for N monitaring and one has to make use
of a different data set such as the NEIC catalogue.
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