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Types of Magnitude

Data used Period
range
Local magnitude regional S and surface waves |0.1-1 sec
(short period) body teleseismic P waves 1-5 sec
wave magnitude

Surface wave teleseismic surface waves (20 sec)
magnitude

Traditional magnitudes based on
amplitudes of recorded data.

M = l0g(Ay/T)max T 0(A,N) + Cr + Cs

Regional

correction for ol

Based on velocity Distance

' ' station
therefore proportional to correction i

) ) : correction
energy ionalit




> { Tt _Charles Richter

\ Y ‘ 1900-1985

Amplitude = 23 mm

0 10 20

s-p=24s Ml = |09 Amax - |Og AO

Defined using horizontal, short period
seismometer. Therefore no period
consideration.

Log A, correction taken from published
tables and related to distance (< 600km)

RS S The ~1 sec period response of the
seismometer is similar to many small
buildings, therefore still useful for
engineers.



' Surface wave magnitude - Ms l

Ms = log (A/T),ax T Os(A) = log (A/T), .. + 1.66 log A + 3.3

 First defined by Gutenberg 1945.

« |ASPEI Standard:
Distances 2 degrees < A < 160 degrees.
Depth h < 50 km.

Any surface wave period measured on horizontal
and vertical components

* NEIC:

Limit periods to 18 < T < 22 sec and only use

vertical component.

Distances from 20 degrees < A < 160 degrees
S
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Surface Wave Magnitude
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—'I Wave Form Display
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Body wave magnitude - mb
= 10g (A/T)max + Q(A,h)

REVISED VALUES OF Q FOR PZ 1955

« (Calculated from P wave
displacement amplitude.
Commonly reported but very
variable calculation methods:

« Fairly standard features of
measurement:

distance 20 deg < A <100 degq,
period T < 3 sec.

" JASPEI Standard: measure A, ., from whoIerecordedP
wave; vertical or horizontal max.

" NEIC: vertical P only, measure max amp in first 10 cycles
(~10-20 sec), or manually extended to 60 sec for large
earthquakes.

" China and the CTBTO: measure only first 5-6 seconds.




N. Korea Nuclear Explosion
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Saturation

 MI, Ms and mb all suffer from saturation.

» Occurs for 2 reasons:
Time window saturation:

The magnitude is calculated for
a time window that is less than
the duration of the rupture
(particularly effects mb)

Spectral saturation:

The wavelength of the wave is ‘
too short to sample the entire S,
rupture (effects mb, MI, and Ms




Saturation

How do we overcome saturation?

=> Examine Longer Period \Waves!

Enter Mwp, Mantle Magnitude
And
The CMT



INTERACTIVE
TOOL TO
DETERMINE
MWP
MOMENT
MAGNITUDE

PGPLOT Window 3

Middle button=PREVIOUS Right=NEXT)
Move crosshair, left button measures, d key deletes.

— Mwp —— Moment rate

MWP = 7.2
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Mwp

SEC
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GUI Interface |M®

65 -

Sumatra 2012 |P®

55

B 1 -l o} ,
- T A

50

45 -
40
35
30

25 h R ) L !
-15 0 15 30 45 60 75 20 105 12(¢
| MOMENT Mwp Left click -> VIEW  Double Middle Click -> Examine Double Right Click -> Delete

Mwp method developed by Tsuboi et al., 1995

ITP Training Course, Honolulu HI, Aug. 20-31, 2012



DISPLAY FOR AUTOMATIC [ o
EXIT [13:11:5901/10
MOMENT MAGNITUDE FROM G bos e N
MANTLE MAGNITUDE RCBR DONE = = ————— 4.76 5.78
GUMO DONE =  ————— 6.09 6.66
_ R | || WAKE DONE =  ———— 6.10 6.67
= Mw{(Mm) vs. Period | i i -
MBWA GAP NA
Write COMF Show Azi TAU DONE = ———— 6.31 6.80
7.0 SNZO DONE = = ————— 4.39 5.53/|°
g:g_ TATO DONE =  ————— 6.04 6.62
6.4— MIDW DONE = = ———— 6.42 6.88
g:g_ NWAO DONE = = ————— 5.88 6.52
g-g_ MAJO DONE = ———— 5.90 6.53
53 R | ||INCN PEND 00:00
Bi4 | | 1 | 1 | | | 1 Yss PEND 00:00
30 60 90 120 150 180 210 240 270 300 | KIP DONE ~  ———— 6.32 6.81
__ALL LP SP PERIOD IN SECONDS I |lpona DONE = ————— 6. 47 6.91
Mw(Mm) vs. Period ZOOM g — Gig il
BJT PEND 00:00
I Write COMF " Show Azi | PET DONE = ————— 6. 19 6.73
6.2 SMY PEND 00:00
6.1— HIA PEND 00:00
ADK DONE =  ————— 6.31 6.81
MA2 DONE =  ————— 6.05 6.63
S WH ULN DONE =  ——— 6.04 6.63
UNV DONE = = ————— 6.99 7.26
I l YAK PEND 00:00
45 54 62 71 79 88 96 105 113 TLY DONE = = ————— 6.24 6.76
LP SP PERIOD IN SECONDS e DONE = ——— 6 07 6.64
””””” VNDA PEND 00:00
SBA DONE = ————— 6.10 6.67|,

SLEEPING 08H Mean Mm is: 6.12(24) Mw is: 6.68 \ PRINT o




KURK(00,LHZ)>*®

D= (®A) = 307.2° 46.1°
0.08
0.00
.0.06
0.12

Wphase
Inversion

0.12 (B.A) = 104.2°, 46.6°
0.06

0.00 4~/ 8-

-0.06

-0.12

PMR( 00,LHZ) °-%

0.04
0.03 (9.0) = 37.5°, 46.7°
0.02
0.01
0.00
-0.01
-0.02
-0.03
-0.04

2) o
ATuent oF ©



Wphase

Inversion
Best Double Couple: M0=1.93E+29 dyn.cm Mw = 8.79

" NP1: Strike=165 ; Dip=10 ; Slip= 55
NP2: Strike= 20 ; Dip=82 ; Slip= 96
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Moment Magnitude - Mw

» Calculated from seismic moment (Mo). Therefore related to
fault slip not energy released as waves. More relevant for
tsunamis, less relevant for damage from ground shaking.

" Harvard CMT and NEIC
calculate Mw from the moment
tensor solution.

" Fit shape and amplitude of
long period surface waves to
synthetics to model moment
tensor and Mo.




Energy Discriminant
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Integration window 70s

Theta Window Offset Results AT E X

IH

Chiapas, Mexico EQ 9/12/2017 Mw 8.2
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WINDOW OFFSET IN SECONDS Avg = -5.658

Theta = -5.1
GCMT Source Duration ~65s (Assumed)




Theta Window Offset Results AT S

o South Sandwich EQ 8/12/2021 Mw 8.3
I e N R TR R TR TR R o e | o [ e s

WINDOW OFFSET IN SECONDS Avg = -6.649

Theta = -6.8
GCMT Source Duration ~300s

(Assumed)



Seismogeodetic Data
— Combine Accelerometer Data
with GNSS Data
= Gives the *ultimate seismogram*
It never “clips”, and therefore can be

used to assess earthquake magnitude
even in the nearfield of great
CE G [TELGIS

— Can yield the magnitude of great
earthquakes in ~3mins
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