INTRODUCTION

Why do we update the National Seismic
Hazard Maps?

What have we learned recently that influences
the maps?

What is the uncertainty in the maps?
What products will help us communicate risk?




Early versions of U.S. hazard maps
Richter, 1958

U.S. Coast and Geodetic Survey, 1948
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Seismic risk map, developed in 1958 by Charles Richter, shows maximum expecled seismic
intensities (redrawn).
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Seismic risk map of the United States, redrawn from map issued in 1989 by 5. T. Alger
missen of the U.5. Coast and Gegdelic Survey {now with U.S. Geological Survey).




Methodology

Earthquake Source Model ’ ) Ground Motion Model || “Probabilistic Hazard Curve and Map

Hypothetical ground motion data Annual frequency
o for global M 7.5 earthquakes of exceedance Hazard curve for M 7.5 event
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7.5 earthquake
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Comparison of ground motion models
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Earthquake Sources
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Later versions of the U.S. hazard maps

Frankel et al., 1996 Frankel et al., 2002
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What changed in 20147

Ground motion models (NGA-West2, CEUS ground
motion models)

UCERF3 (longer complex sources, regional seismicity
rate constraints, new faults, smoothing M 2.5)

Cascadia subduction zone (new characterization of M
8-8.8 earthquakes)

Intermountain West/Pacific NW faults (Wasatch Fault,
Eglington Fault, geodetic data)

CEUS SSC Source Characterization (catalog, smoothing)
Induced Seismicity




Ground Motion Characterization

ATR: NGA-Waest2 SCR: NGA-East
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2014 CEUS Ground motion models

1 second SA
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EXPLANATION
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Ground Motion Characterization: NGA-East

About 22 Seed models

NGA-East parameters

— Average horizontal ground
motions (5%-damped PSA for
f=0.1-100Hz), for

— Hard rock sites (Vs=3000 m/s,
kK=0.006 s) located up to 1,500
km from

Sammons map

— Future earthquakes in CENA
M4.0-8.2

Deliver 29 table-based models
derived from Sammons Map

Adjustment parameters for the
Gulf Coast region.

In units




Ground motion models

A. Reverse hanging wall: M 6.5, M 7, M 7.5

2014 Median
higher for
Strike-slip (near)
and lower for
reverse and
normal faulting
near) all fall off
faster with
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Ground motion models (subduction)

EXPLANATION
- fAtkinson and Boore {(2003}—Global
—— Atkinson and Macias {2009}
—— Addo and others (2012}
Zhao and others {2006}
Youngs and others {1997}
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CALIFORNIA: UCERF3
2014 CA NSHM Logic-tree

UCERF3.3 Logic-tree Branches

(for long-term model)
Bold elements represent the reference branch (used for sensitivity tests) and
values in parentheses represent branch weights.

Fault Models: AN

FM3.1 FM3.2
(0.5) ©0.5)

Deformation Models:

Geologic  AveBlockMod  NeoKinema Zeng

(0.3) (0.1) (0.3) (0.3)
Earthquake Rate Mod

els:
Scaling Relationships //m

( mag-area & Shaw09mod EllsworthB HanksBakun08 EllsworthBw/  Shaw09mod w/
slip-length

for both for both for both Sqrtlength Const Stress Drop
relationships | (haw 3013 20138)  (Elworth, WGCEP-2002)  (Hanka & Bakun, 2008) (Shaw, 2013) (Shaw, 2013b)

(0.20) (0.20) (0.20) (0.20) (0.20)
Slip Along Rupture (Dsr) Boxcar Slip-Rate
(0.5) proportional
f0.0)
Total M=5 Event Rate (yr-) 7.9 9.6
{0.6) 0.3)

Gutenberg-Richter
G ined

M off-fault M (0.0)
max : 7.6 7.9
o ©1)

///I\

UCERF2 UCERF3 Deformation
Smoothed Seis Smoothed Seis Model Based
(0.5) (0.5) 0.0)

Gutenberg-Richter
P P

Off-Fault Spatial Seis PDF
(aka SpatialPDF)

Fault Moment Rate Fix

Apply Implied Relax MFD Apply Both Do
Coupling Coefficient Constraint Nothing
(0.0) 0.0) (1.0

Ground motion models: NGAW?2
e Abrahamson et al. (0.22)
e Boore et al. (0.22)
e Campbell & Bozorgnia (0.22)
Chiou & Youngs (0.22)
Idriss (0.12)

21,600 branches




Uniform California Earthquake Rupture
Forecast Model (UCERF3)

CALIFORNIA

Uniform California Earthquake
Rupture Forecast, Version 3
(UCERF3)

M=6.7 Earthquake
Participation Rates (per year)
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Alternative rupture models/rates

UCERF3

UCERF2 UCERF2 - 2008

UCERF3 - 2014
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2008 to 2014 Hazard Change; PGA 2% in 50-yr

2008 2014 2014 / 2008
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2% in 50 yr. PGA Ratio
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2014 minus 2008 Faults Model only
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ge: Decomposed

-125°

L T
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2014 minus 2008 Grid Sources only
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2% in 50 yr. 5-Hz SA Difference (g)
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Hazard Change: Grid Sources

Total Model
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Hazard Change: Fault Sources

Increases Decreases
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Cascadia Subduction Zone Logic Tree

segmented {0.5)

unsegemnted {0.5)

whole CSZ

rupture
1/520 yr mean
annual

rate

GEA overall rate 0.002 {0.25)

Onshare geologic rate 0.001 {0.5)

1/2 geologic rate 0.0005 {0.25}

southern CSZ b=11{0.375)
southern CSZ b=10(0.375)
allCSZ b=11(0.125)
all CSZ b=0{0.125)

add northern rupture zone
rate of 0.001 {0.25)

no northern zone {0.75)

{this node applied to all
three branches)

GEA overall rate 0.002 {0.25)

Onshore geologic rate 0.001 {0.5)

1/2 geologic rate 0.0005 (0.25)

{this node applied to all
four rupture branches)

nine logic tree brances for magnitude
from three different down-dip geometries
and three global magnitude-area relations

M, 8.8-9.3




Cascadia Subduction Zone

-120°

EXPLANATION

1-cm/yr locking contour:

tapering function (Wang and others, 2003)
Schmidt and others {written commun., 2012)
approximate average

Washington
top of nonvolcanic tremor zone:

Gomberg and others {2010}
A. Wech {(written commun., 2011} catalog

base of the fully locked zone from
Fliick and others (1997)

California




Cascadia Subduction Zone

CASCADIA

B
121° 1290

M8.3-8.9
111 yrs




Pacific NW changes due to faults, seismicity, ground motions

A 5-hertz spectral acceleration difference B. Cascadia-interface model €. Ground motion models
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Inclusion of geodetic data

Total Strain Rate {1.0e-9)
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WUS changes due to faults




Central and Eastern U.S.

New Madrid

New catalog, completeness times
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Faults

Cheraw
fault <

Meers
~fault New Madrid
see fig. 22B

Charleston
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Hazard difference of Alternative gridded models
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Maximum Magnitude

O 2008 NSHMP Mmax distribution
= 2014 NSHMP Mmax {Mesozoic and Paleozole extended margin)
B 2014 NSHMP Mmax {Paleozoic extended margin)
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A. 5-hertz spectral acceleration ratio

-ne’ -100° -90°

B. Fault-source model
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D. Ground motion models
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Induced Seismicity

Cumulative Number of M=3 Earthquakes
1870 - 2013

Bill Effsworth (USGS)

= EQ associated well

*  Non-EQ associated well

Non-Tectonic EQ zones

:| Cil and gas plays

E Sedimentary basins

From Jonathan Godt (USGS)




Locations of Potential Induced Earthquakes

INTAIN ARSENAL




M>2.5
Earthquakes
within 17
areas

of suspected

o
year

Induced | me— m—
seismicity : ’




Base Case, 5-Hertz

0.04% chance of exceedance per year 1.39% chance of exceedance per year
(2% in 50-years) (50% in 50-years)
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EXPLANATION
Differanca of H114 minus 2004 hazard valuas lor 5-herz spactral rasponss accelaration,
expressed as a fraction of standard gravity ()

o1 a0s -0 {11 R 111 I8} o0& 1.0

EXFLANATION
Ratio of 2014 divided by 2008 hazard values for 5-heriz spactral rezponse accalaration
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Comparison of 2014
model with 2008
model (2014-2008
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5Hz- 2% in 50 )




5-Hz maps showing differences from 2008 (A- seismicity; B- faults; C-GMMs)
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Los Angeles Uncertainty Analy

Los Angeles 5-Hz SA Hazard Curves

2% in 50-year exceedance rate
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Challenges

* How can we develop better hazard estimates
in the future?

 What products can USGS develop to help
people understand the seismic hazard
information?

e How can we better assess and communicate
uncertainty?

e How can we test the hazard products?




Hazard curves for cities across U.S.

NEHRP 34 cities, 5 Hz
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Comparison of 1996 hazard and seismicity

1996 USGS PGA 2% in 50; % M4.0 and greater since 1997




Conclusions

Seismic hazard varies within each cycle based
on new data, models, and methods.

Uncertainties are large for source and ground
motion models.

Earthquake Spectra special issue is planned for
release in the next few months.

USGS will continue to develop hazard products
that will be useful for end-user communities.



Hazard Change: Decomposed

Sources GMMs Total
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