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Abstract

from It refers to the process of
determining the uncertain state of the ecoNomy of Markes at the current time by Indirect
means. We apply this dea to seismically active regions, where the goal is ©o Getermine the.
current state of the fault system, and its current level of progress through the eartnguake cycie.
In our implementation of this dea, we use the global catalog of earthquakes, using "small”
earthquakes to detarmine the level of hazard from "large” earthuakes in the region. Our
method does not Involve any model other than the idea of an earthquake cycle. Rather, we define
 specific region and a specifc large earthquake magritude of interest, ensuring that we have
enough data to span at least ~20 or more large earthquake cycles in the region. We then
<compute the earthquake potential score (EPS)which is defined as the cumulative probability

i) for inthe region. From the
<ount of small earthquakes since the last large earthquake, we determine the value of EPS = An <
a10). EPS s therefore the curren evel of nazard, and assigns a number between 0% and 100% @
every region 50 defined, thus providing a unique measure. Physically, the EPS corresponds  an
estimate of the level of progress through the earthguake cycle in the defined region at the
curtent time. This article s protected by copyright. Al rights reserved

5 Continue reading full article
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But: How do we measure the time-dependent state of stress?
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Gutenberg-Richter Number-Magnitude Relation Gutenberg-Richter Number-Magnitude Relation
a0 Within 1000 km of Tokyo, Japan a0 Within 1000 km of Tokyo, Japan
From: M6.4 on 1970/01/20 @ 17:33:05.000 From: M6.1 on 2011/03/11 @ 06:29:15.990
22 To: M5.0 on 2011/03/10 @ 16:54:45.020 33 To: M5.5 on 2018/04/24 @ 08:53:21.680

3.0 b-value: 1.0 +/-0.01 3.0 b-value: 1.04 +/-0.01
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. Deficiency must be fi In eventually
A consequence of the ergodic dynamics of seismicity (e.g., Tiampo et al., 2007)

Basic Nowcasti

via Small Eag Example:

“Large” EQ: M >6
I1”EQ: 6> M >4

Natural Time:
Cumulative Number — |----------mmmm g
of Small Earthquakes
between Large
Earthquakes

(Idealized)
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Seismicity agolind Los‘

Earthquakes M>6.5 near Los Angeles
From: 1970/06/24 To: 2018/02/16 R<200 km, D<100 km
‘ G
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Los Angeles
Farthquakedaafential ScorGM
EPS for M>6.5 Earthquakes near Los Angeles R<200 km
i After M7.1 on 1999/10/16 at 09:46:44.460 100
. Todays M>40EQ Count: 155
Cumulative | 4 on:_2018/05/21 at: 02:15:21.380
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Examplﬂowca.wiku Trench

Earthquakes M>7.0 in Japan at Depth < 50.0 km

B
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From: 19 60 To: 2016/04/15 16:25:06.22
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EPS for M>7.0 Earthquakes within Sanriku

After M7.30 on 2012/12/07 at 08:18:23.13

e e
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Todays Probability: 0.0%

............ O LY & OTURRANPE SN TRl I T S W RNF TR E i PURRRSIOI, PRI

. | | . . 0
500 1000 1500 2000 2500 3000 3500

Number of Small Earthquakes Between Large Earthquakes

nriku Trench

100

75

50

25




2019/2/15

ensiti IS

gion sizes gnitudes
Fixi

6.5 2)200

3) Depth

ion diame m, 3000 k

00.0 km, D<100.0 kr o 6.5 near Taipel, R<200.0 km, D<100.0 kr
0151113 2013102 03165450 To: 201610415 16250622
. =

00 x 2000 k

leteness t cisco and L
calculatio

Result: Under reasonable conditions, EPS changes by only about +/- 10%
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Global Great Earthquakes M = 7.9 Since 1900
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Enhanced
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Summary Data

Global Great Earthquakes M = 7.9 Since 1900

= -

120°E 180°E 120°W 60°W

AleutionsE 738 1946/04/01 86 251 82 173.07 176.57 %
Kamchatka 04 1952/11/04 9 199 82 17307 176.57 %
‘Cascadias 694 152200131 73 26 73 2018 2052 670
CascadiaN 553 1946/06/23 15 28 74 3288 3105 454
Caifornia- 430 1906/0418 79 ) 77 11872 128.38 130
AleutionsW 40.7 1965/02/04 87 100 7.9 173.07 176.57 93
AlaskaPWS 389 1964103128 92 38 78 17307 176.57 %
Sagami 259 1923/09/01 81 64 77 17307 176.57 %
SumatraN 259 2004/12/26 9.1 62 7.7 173.07 176.57 93
Sanriku 259 2011/03/11 9.1 58 7.7 173.07 176.57 93
Sumarras 259 2005/03728 36 56 76 17307 176.57 %
Valdivia 204 1960105122 95 6 76 173.07 176.57 %
Concepcion 185 2010102127 38 0 75 17307 176.57 0
Nankai 130 1946/12/20 83 22 73 173.07 176.57 93

Aleutia olyg Region

Global Great Earthquakes M = 7.9 Since 1900
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Enha‘low-leutians E

EPS for M = 8.0 Earthquakes within AleutionsE Source Region
After M8.6 on 1946/04/01 at 12:29:01.000

100
3.0
Toda all EQ Count M= 6.0: 251
— 2018/04/19 at: 21:09:17.000
2.5 odays-EPS Value:-77.8%
............................................................................... L7s
i
o
g
£ 2.0
<
-]
g
.................................................... L s0
S 15
T
w
k3]
@
o
£ 1.0
2
A S 1 O N A ... L25
0.5
0.0 - T T T 0
0 200 400 600 800

Number of Small Earthquakes Between Large Earthquakes

80°N

60°N |

40°N
20°N

0°
20°S
40°S
60°S

11



2019/2/15

Enhanced NM for ast Source Region

EPS for M = 8.0 Earthquakes within Sanriku Source Region
After M9.1 on 2011/03/11 at 05:46:24.120
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Example: Va risla akes, NTW Forecast
icant Ev 4/24 /2014
JR Holli
rthquake i ar region
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- Optimized 12 month California-Nevada forecast: Optlmal California-NV Forecast
sol Probabilities (%) vs. Time for Magnitude 2 6 - - - -
Optimal forecasts via backtesting, using common
i Forecast as of 2011/11/30 validation and verification testing procedures.
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Data About Us

Personal Earthquake Foracast

Steve’
VIDEO E

Earthquake Viewer

Hazards Viewer

Forecasting

loud
azards.com

Hazards Viewer

Mag
Satelite Imagery
Calfomia Faults {UCERF)

Recent Earthguskes

Earthquake Forecastz

2018

Calfomia Feresast (M~5.0}

aka Hazard

Cirdle Selection Tool

Folygan Sslection Tool
View Strain
Forecast Timeseries
Other Hazards
© None

GDACS Alsnts

FEMA Flood Zones

Redon Hazard

Graund Shaking
Guery Location

Shaking Inte

Locations

Nane

Jun

_Automated California Forecast — Updated Nightly

Go

High

Twin Falls.
o

a Elevated ‘ £ f of : 2

Guarded

Low

Google ;

Mep data ©2018 Goagle, INEGI | Terms of Uss

16



2019/2/15

Hazards Viewer

Map.

) satelite Imagery
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Forecasting in a Circular Region

Selected Region

1 Mo 1vr 3Yr
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2115021165484,
070193917228, -

by drivers of motor cars. Hanging objects quiver. Furniwre broken.
ks. Weak chimneys broken at roof line. Fall of plaster, loose bri
d and architectural or ). Some cracks in masonry
ud. Small slides and caving in along sand or gravel banks. Larg
damaged.

73 2009201 2 Open Hazards Group | All rights reserved,

OpenHazards.com
Earthquake Forecasting and Hazard Analysis Pre"are

Main Prepare Explore OH Community Web Apps Data About Us

Residential Seismic Safety Report The ¢2) Store

ndable and cost-effective sieps to mitigate your risk. With an
u need is at your fingertips.

rthquake risk and details you provide about your heme
pay.
r Seismic Safety Report can help.
entific methodology. Find out the chance gimajor earthquake
+ Seismic Safety Report

+ Seismic Safety Property Comparison

{8tal: $0.00

@2) PREPAREDNESS

GCHECKLIST

We are currently experiencing technical difficulties with our ordering
system. If you'd like to order a report, please use the Contact Us page.
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Property Synopsis

smi

Property Address: 126 Huerta Place, Davis, CA 95616, USA
Declared Value: $1.500,000
Hazard Discounted Value: $1.305.983

Residenti
Saf

rt Single Family
1967
2
126 Huera Place, Davi, CA 95616, USA \ 2500 sq. ft.
‘Wood Frame
1 Introduction Hard Rock
Whetheryou o, plan o oy, o ent propery, you cd thebest advice possibl sbout thefiran- B N
ight help 00 " "
417 =
‘What are the chances your home, condominium or w0 a5 - - - -
apartment building could be badly damaged during 600 e
Welcome to the o uner an cannquake? Aer e st shaking sops. Safety Score 2006 2007 2008 2009 2010
s bow vanersbie are you to assocised hzards, more
world of seismic shaking (afershocks), ground rupture (displacement), _ o ~ B
safety landslides, fires, soil liquefaction, tsunamis, or floods? This property has a Safety Score of 417 indicating it is at high risk of structural damage over the coming
i How would the value of your propery be afected? years. Earthquake insurance might be appropriate. Note that this calculation is based on home descriptions
Wat can you 8o fo prokect yourivestmed? Or if you supplied. OpenHazards does| not verify the accuracy of the home details.

‘you haven't yet invested, what do you need 1o know to
make a good decision?

o conceptin
scismic safety. Both the OpenHazards website and

et ons s s e you ke Both owners Within | Year | WithinS Years | Within 10 Years | Within 30 Years
! dciomta ot Yo o e prgeety.

and renters can
OpenHazads eporsare paricularty sl oprospee- LN P IS 0.06% Chance | 028% Chance | 0.56% Chance | L68% Chance
tive home-buyers. The reports can bep you snd your | D@NIEfit from an. (1% Damage)
oo sty compae elmie i for v s
properes. esisrone | OP ds g‘;"‘n us.;m - 0.02% Chance | 0.09% Chance | 0.18% Chance | 0.53% Chance
pomie. Seismic Report
We calclate two fgures of merit for this pupose: e <0.01% Chance | 0.03% Chance | 0.05% Chance | 0.15% Chance
the Sy Sare OHSS),an e Hacard Disconted (10% Damage)
Vlue (HDV) The Sty Scor i n ndes refecting
 likelibod of amag f personal ropry o {0 your srcure. The Hazard Discouied Ve At Least $135,000 Loss | _14; Chance | <0.01% Chance | 0.026% Chance | 0.05% Chance
calculates the home in an aver- (15% Damage)
o0 iy eatipa. B cooping s eprt o e b, you et ik of Yo
quantittivly The saftyscor may also b e t loosey compare ik of nury. *‘a‘:]’;_ ""’;m Loss | _0.01% Chance | <0.01% Chance | <0.01% Chanee | 0.02% Chance

a
S — [H] o ) )
‘This table indicates the likelikood of damage and financial loss within a future time interval. The vertical
columns designate the time inlerval from today, and the horizontal rows designate the ranges of loss. The
15% Damage threshold indicates the typical deductible for residential earthquake insurance.

»
Copyright () 20092013 OpenHszards Group. Al Rights Reserved. [ ] '

Curves
Rep

126 Huerta Place, Davis, CA 95616, USA 12 126 Huerta Place, Davis, CA 95616, USA 14

Excossianca Probabity (4}
Encontance Prabsbiity (%)

o T o n

n
welivn s
2T e e et

Figure 5: Peak ground acceleration—measured as a percent of gravity (%g)}—exceedance proba-
bility curve calculated at yaur home’s location. Shaking below MMI V (about 4%g) is generally

not felt by individuals.

Figure 7: Dollar loss exceedance probability curve for your home. Damage values below the
standard deductible (15% of the value of your home) are indicated in yellow. Damage values
above the standard deductible are indicated in red.
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Add 3 New Portfolio

Pt Mame:

e —

| ] Commercial
'H) Portfolio
LA Evaluator

Home | Partiotio

ey

Bale st sareadivent:

[Editing Portfolio “Sample Portiolic

Current Properties.

- _— T —
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i
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Add New Properyy

N

S A S S T

R

R

r——

e

— -

[ -

k Portfolio
— ——

[Ehange Portilio Metadata.

Fartiiis Mame | Somie oriie

Evaluator Home | Portfolio Home

| Editing Portfolio "Sample Portfolio"

Current Properties
| pe

Street Address, City, State, Zip
Square Footage:
Reconstruction Cost:

Construction date:

House 2 1612 Pole Line Road, Davis, CA 95618, USA 1961 | 925 187500 Wood-Frame Low
House 3 1806 Vela Place, Davis, CA 95618, USA W02 2 4368 550000 Wood-Frame Low
Commercial 2 231 3rd Sereet, Davis, CA 95616, USA 1991 2 5575 550000 Wood-Frame Low
House | 1416 Claremont Drive, Davis. CA 95616, USA 1962 | 1609 238500 Wood-Frame Low
Commercial | 1644 Da Vinci Court, Davis, CA 95618, USA 1982 2 12000 1000000 Tilt-up Low
I Add New Property
Name:

Commercial
Portfolio
Evaluator

PE

Bulk input spreadsheet: CPEbulk xis

Browse.. | N flle salected.

# of Stories:

Frame Type: Wood-Frame B

Liguefaction: Low
I Bulk Portfolio Management
D: ing sp and 2dd your properties. Save it to your computer, then sclect it for uplaad using the “Browse” button
below.

| Change Portfolio Metadata
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1416 Clarcmont Drive
Davis, CA 95616, USA
1962

1

Concentric Braced Frame

1612 Pole Line Road
Davis, CA 95618, USA
Year of Construction: 1961

Number of Stories: 1

Construction Type: ~ Concentric Braced Frame
St Sail

' ar: 1 Ve Prodbiity Hatspe Mg fur 3
—— 1% Demage | >10% Daagr pre—r— 5% e | 9% B | e |
1 Year <0m% | <omm 1 Year <001% e 066% } i
3 Years <00% | 005% 3 Years <001% | 0.12% 5TT%
S Years <0m% [ 01 S Years <00% | 033% 1558% F - | \
10 Years <00% | o0s1m 10 Years <oms | 1ms [ simm | T =
3 o
£

o Tt -

Pages from Sample Commercial Report

Complete Report
Free Report
Order Report
Sample Report
FAQ

About Us
Contact Us
Premium Login

Open Account

€20 0pan Hazarcs isciosures

losures

te in California

YOUR COMPLETE NHD REPORT DELIVERED IN 15 MINUTES OR LESS!

Complete Report

@ Natural Hazard Disclosure Statement
@ Environmental Report

@ Mello-Roos Tax Information

@ Full Liability Coverage

@ Quick Email Delivery

Hazards Di

« Six Basic Statutory NHD Disclosures:
MA Special Flood Hazard Area
© Dam Inundation Area
© Very High Fire Hazards Area
© Wildland fire Area
© Alquist-Priolo Earthquake Fault Zone
© Seismic Hazard Area
« Toxic Mold Information
« Commercial/industrial Zoning,
« Military Ordnance
« Airport Influence and Airport Proximity
« Expanded Natural Hazard Information Identified By Local Jurisdictions
» Color Reference Maps For Alldentified Hazard Areas
ummary of Current Taxes
« Summary of Levies under 1915 Bond Act and Mello-Roos Community Facilities Act
« Disclosures That Meet the Requirements of Civl Code §1102.6(b)

) Order Complete Report
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Distinguished Professor of Physics and G University

Co-Founder of Open Hazards Gro f the Board,

Executive Director Emeritus
Simulations (ACES)

A Senior Advisor to the

Visiting Professor at
University, Sendai, J

John was Chair (199
Earthquake Center. ng Scientist at the Jet Propulsion
Laboratory, Pasad n External Professor at the Santa Fe
Institute, and is a ety (2005), the American Geophysical
Union (2008), an
(2017). Recently,
received his B.S.E
Pi), and M.S. (197

addition to natural

vancement of

forecasting, validatio!
(along with Michael

for the Santa Fe Institutt y, Inc., in New
courses in Risk and Natura s; and Econop

Finance at the University of California, Davis.

About Me
A
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