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Additional Period and Site Class Maps for the 2014
National Seismic Hazard Model for the Conterminous
United States

By Allison M. Shumway, Mark D. Petersen, Peter M. Powers, and Sanaz Rezaeian

Abstract

The 2014 update of the U.S. Geological Survey (USGS) National Seismic Hazard Model (NSHM) for the conterminous
United States (2014 NSHM; Petersen and others, 2014, 2015) included probabilistic ground motion maps for 2 percent and
10 percent probabilities of exceedance in 50 years, derived from seismic hazard curves for peak ground acceleration (PGA) and
0.2 and 1.0 second spectral accelerations (SAs) with 5 percent damping for the National Earthquake Hazards Reduction Program
(NEHRP) site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, ]=760 meters per second
[m/s]). We now provide uniform NEHRP site class maps for 2, 5, and 10 percent probabilities of exceedance in 50 years derived
from hazard curves for additional spectral periods. For the central and eastern United States (CEUS) and western United States
(WUS), hazard curves and maps for PGA, 0.1, 0.2, 0.3, 0.5, 1.0, and 2.0 second SAs are now available. The WUS additionally
includes hazard curves and maps for 0.75, 3.0, 4.0, and 5.0 second SAs. The use of region-specific suites of weighted ground
motion models (GMMs) in the 2014 NSHM precluded the calculation of ground motions for a uniform set of periods and site
classes for the conterminous United States. At the time of the development of the 2014 NSHM, there was no consensus in the
CEUS on an appropriate site-amplification model to use; therefore, we calculated hazard curves and maps for NEHRP site class A,
for which most stable continental GMMs were originally developed, based on simulations for hard rock site conditions (V,,=2,000 m/s).
In the WUS, however, the active crustal Next Generation Attenuation Relationships for the WUS (NGA-West2 GMMs) and
subduction GMMs allow amplification of ground motions based on site class (defined by V, ); so we calculated hazard curves
and maps for NEHRP site classes B (V,,=1,080 m/s), C (V,,=530 m/s), D (V,,=260 m/s), and E (V,,=150 m/s) and site class
boundaries A/B (V,,=1,500 m/s), B/C (V=760 m/s), C/D (V,,=365 m/s), and D/E (V,;=185 m/s). The 2014 NSHM introduced
a set of criteria for selecting GMMs for use in the NSHMs. When calculating additional period and site class maps, we verified
whether the 2014 NSHM original suites of GMMs satisfied these ground motion selection criteria at all additional periods and
site classes using GMM magnitude-distance scaling relation plots. Results of our analysis show that certain GMMs give unrealistic
results at longer periods, distances, and softer soils in the WUS. In these rare instances, the GMM was removed from the original
suite of GMMs (for all periods and site classes) and the weights of the remaining GMMs in the suite were renormalized. Ratio
maps show these updated suites of weighted GMMs result in probabilistic ground motion changes of less than 10 percent in
the WUS at PGA, as well as 0.2 and 1.0 second SAs, except in the Pacific Northwest, where differences as much as 20 percent
are seen. Hazard curves and uniform hazard response spectra at test sites across the conterminous United States were produced to
verify that results were reasonable. The additional period and site class maps, and the hazard curves from which they were derived,
are available for download from the USGS ScienceBase Catalog.

Introduction

The U.S. Geological Survey (USGS) National Seismic Hazard Model Project (NSHMP) is responsible for developing
seismic hazard models and producing maps for the conterminous United States, as well as for Alaska, Hawaii, and permanently
inhabited U.S. territories (Puerto Rico and the U.S. Virgin Islands, Guam and the Northern Mariana Islands, and American
Samoa). Approximately every 6 years, the NSHMP updates the National Seismic Hazard Model (NSHM) for the conterminous
United States, calculates seismic hazard curves, and releases a set of probabilistic ground motion maps. These maps provide the
basis for many policies regarding earthquakes, including seismic-design regulations for buildings, bridges, highways, railroads,
and other structures. The maps are used in the building codes (Building Seismic Safety Council [BSSC], 2010) to provide variation
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in expected or potential seismic loads at sites across the conterminous United States. The NSHMP seismic hazard assessments also
affect insurance rate structures, governmental disaster management and mitigation strategies, planning and seismic safety applications,
and many site-specific engineering analyses by industries and governments (Petersen and others, 2014, 2015).

In 2014, the NSHMP updated the NSHM for the conterminous United States (Petersen and others, 2014, 2015, hereinafter
referred to as “2014 NSHM?”) and released a limited number of probabilistic ground motion maps. In the 2008 release of the
NSHM for the conterminous United States (Petersen and others, 2008, hereinafter referred to as “2008 NSHM”), maps were
produced for an expanded set of spectral periods and uniform National Earthquake Hazards Reduction Program (NEHRP) site
classes (https://earthquake.usgs.gov/hazards/hazmaps/conterminous/2008/maps-rev3.php). This report presents details on how
the additional period and site class maps for the 2014 NSHM were developed.

In this report, we present probabilistic ground motion maps for 2, 5, and 10 percent probabilities of exceedance in 50 years,
derived from seismic hazard curves for peak ground acceleration (PGA), 0.1, 0.2, 0.3, 0.5, 1.0, and 2.0 second spectral accelerations
(SAS) in the central and eastern United States (CEUS; this includes uniform NEHRP site class A and site class boundary B/C maps)
and for PGA, 0.1, 0.2, 0.3,0.5, 0.75, 1.0, 2.0, 3.0, 4.0, and 5.0 second SAs in the western United States (WUS; this includes uniform
NEHREP site classes B, C, D, and E, and site class boundaries A/B, B/C, C/D, and D/E maps) using the 2014 NSHM. We show
hazard, difference, and ratio maps comparing the effect of updated suites of weighted ground motion models (GMMs) on hazard for
PGA, as well as 0.2 and 1.0 second SAs. We also show hazard, difference, and ratio maps comparing the 2014 NSHM additional
period and site class maps with the 2008 NSHM maps, excluding site class E and site class boundary A/B, which were not produced
for the 2008 NSHM. The additional period and site class maps presented in this report are available for download from the USGS
ScienceBase Catalog (Shumway, 2018).

Additional Period and Site Class Maps for the 2014 National Seismic Hazard
Model for the Conterminous United States

Selecting Additional Periods and Site Classes

The first step in producing additional spectral period and site class maps for the 2014 NSHM was to select a set of periods
and site classes. For consistency and comparison purposes, we used the same set of periods and site classes as those used to
calculate hazard curves and produce maps using the 2008 NSHM. In addition, we included NEHRP site class E and site class
boundary A/B maps in the WUS, since our ultimate goal is to provide a selection of periods and site classes that reasonably rep-
resent the full range of a design response spectrum. The extended set of periods and site classes used to calculate hazard curves
and produce ground motion maps for the 2014 NSHM are listed in table 1.

Table 1. Periods and site classes used for calculations in this report.

[T, period; NEHRP, National Earthquake Hazards Reduction Program; V,, shear wave velocity in the upper 30 meters; m/s, meters per second; PGA, peak
ground acceleration]

Central and eastern United States’ Western United States?

PGA, 0.1,0.2,0.3,0.5,0.75, 1.0, 2.0, 3.0, 4.0,

Periods (T) PGA, 0.1, 0.2,0.3,0.5, 1.0, and 2.0 seconds and 5.0 seconds

NEHRP A/B (1,500 m/s), B (rock; 1,080 m/s), B/C (firm rock; 760 m/s), C
site A (hard rock, 2,000 m/s), and B/C (firm rock, 760 (very dense soil and soft rock; 530 m/s), C/D (365 m/s), D (stiff soil;
classes m/s) 260 m/s), D/E (185 m/s), and E (soft clay and soil; 150 m/s).

(VS3O)3

For the central and eastern United States, calculations for seven periods and two site classes were performed. Absence of an appropriate site-amplification
model for the central and eastern United States precluded the calculation of additional site classes. The ground motion model applicability ranges of periods in
the central and eastern United States precluded the calculation of longer periods.

2For the western United States calculations for 11 periods and 8 site classes were performed.

3The National Earthquake Hazards Reduction Program site class definitions are from table 20.3-1 of the American Society of Civil Engineers [ASCE] ASCE
7-16 (American Society of Civil Engineers, 2017) and presented in a simplified version here as table 2.
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The selection of periods and site classes is restricted by the applicability range of the GMMs used in the 2014 NSHM. In
the CEUS, most of the stable continental GMMs are only applicable up to 2.0 seconds. In the WUS, the active crustal GMMs
(NGA-West2 GMMs) are applicable up to 10.0 seconds; however, we used a cutoff of 5.0 seconds for consistency with the maximum
period of the suite of subduction GMMs. At the time of the development of the 2014 NSHM, there was no consensus on an appropriate
site-amplification model in the CEUS. GMMs lack a site term and we only calculated maps for site class A (in other words, hard rock
[V,,=2,000 m/s]), for which the suite of 2014 NSHM CEUS GMMs were originally developed based on simulations on hard rock,
and for NEHRP site class boundary B/C (firm rock [V, =760 m/s]) by applying amplification factors (see Petersen and others, 2014).
In the WUS, however, the active crustal GMMs (NGA-West2 GMMs) and subduction GMMs accept a site term (or V., ) as an input
parameter; therefore, we calculated hazard curves and provide maps for rock and softer sites (see table 1).

S30

Selecting V, Values to Define Site Classes

For the 2008 NSHM, we used the following set of V, values to represent the NEHRP site classes and site class
boundaries: A=2,000 m/s, B=1,150 m/s, B/C=760 m/s, C=537 m/s, C/D=360 m/s, D=259 m/s, and D/E=180 m/s. These values
were estimated using the site class boundary definitions in the corresponding NEHRP and ASCE 7 publications (Building
Seismic Safety Council, 2010), where the V,, values for site class boundaries A/B, B/C, C/D, and D/E are defined respectively
as 5,000 ft/s, 2,500 ft/s, 1,200 ft/s, and 600 ft/s (see table 2). For development of future building code documents (for example,
NEHRP and ASCE 7), the BSSC Project 17 is considering using the USGS NSHM for additional periods and site classes. As
aresult, for the 2014 NSHM, we worked directly with the BSSC Project 17 committee to estimate the V., values for all site
classes and their boundaries. The results are slightly different from the values used in 2008, but they will be more consistent with
the future building code documents that are expected to define V, for site class centers as well as site class boundaries.

S30
To determine V... values for 2014 NSHM, we started with the definition of site class boundaries listed in table 20.3-1 of the Ameri-

can Society of Civil lflalggineers [ASCE] ASCE 7-16 (American Society of Civil Engineers, 2017) (presented in a simplified version here
as table 2). To define the center of a site class, we determined the geometric mean (owing to the logarithmic dependence of GMMs on
V,,,) of the boundary V., values, converted feet per second (ft/s) to m/s, and rounded to the nearest 100 and the nearest 5 for values
above and below 1,100 m/s (reference rock), respectively. For example, for site class C, we calculated the geometric mean of 2,500 ft/s
and 1,200 ft/s, which is ~1,732 ft/s. We then converted this value from ft/s to m/s, which is ~527.9 m/s (1 ft = 0.3048 m). Finally, we
rounded this value to the nearest 5 (as the value is below 1,100 m/s) to get a final value of 530 m/s to define site class C. The V,, values

we used to calculate hazard curves and produce ground motion maps for the 2014 NSHM are listed in table 2.

Table 2. Simplified version of table 20.3-1 in ASCE 7-16 (Building Seismic Safety Council, 2017).

[ft/s, feet per second]

Site class V,, (ft/s)
A. Hard rock >5,000
B. Rock 2,500 to 5,000
C. Very dense soil and soft rock 1,200 to 2,500
D. Stiff soil 600 to 1,200
E. Soft clay soil <600

Review of Ground Motion Model Selection Criteria and Selection of Updated Suites of Weighted
Ground Motion Models

In the 2014 NSHM, the NSHMP defined a set of GMM selection criteria used for selecting GMMs (see p. 109-110 of Petersen
and others, 2014; see p. S61-S62 of Rezaeian and others, 2015). The GMM selection criteria relevant to this discussion are as follows:

e Basic—The GMM must provide, at a minimum, equations for the median and aleatory uncertainty of the horizontal component
for PGA, 0.2, and 1.0 second SAs. The GMM must be applicable to one of the tectonic regions relevant to the United States.

* Magnitude—The GMM must have magnitude dependence. The magnitude applied must be based on moment magnitude (M).
The model must be applicable or reasonably extrapolated to a magnitude range of 5.0 to 8.2 for shallow crustal earthquakes in the
WUS and 4.7 to 8.2 for stable continental earthquakes in the CEUS. The GMMs for subduction earthquakes should be applicable
or reasonably extrapolated to a magnitude range of 5.0 to 8.0 for intraslab earthquakes and 8.0 to 9.3 for interface earthquakes.
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 Distance—The GMM must have distance dependence. Distance should be measured from the rupture source or from
the surface projection of the rupture source. The GMM should be applicable or reasonably extrapolated to a distance of
300 kilometers (km) for shallow crustal and subduction intraslab earthquakes, and 1,000 km for stable continental and
subduction interface earthquakes.

» Site Conditions—GMMs must include a term for V, or be accompanied by other relations (for example, amplification
values) that transfer their equations from a V, of 760 m/s to soil conditions. For use in softer soil hazard maps, GMMs
should account for nonlinear soil effects.

The original ground motion maps released with the 2014 NSHM included only three periods (PGA, 0.2, and 1.0 seconds) and
one site class (NEHRP site class boundary B/C, V, =760 m/s). For these periods and site class, the original suites of GMMs met the
GMM selection criteria. For the additional periods and site classes shown in table 1, the original suites of GMMs needed to be checked
to verify that they met these GMM selection criteria at these additional periods and site classes. This was verified by looking at GMM

magnitude-distance scaling relation plots to see how median ground motions behaved at longer periods and softer soils.

Ground Motion Magnitude-Distance Scaling Relation Plots

The 2014 NSHM originally incorporated suites of nine GMM:s for the CEUS stable continental earthquake sources, five
GMM s for the WUS active crustal (NGA-West 2 GMMs) earthquake sources, and four GMMs for the WUS subduction inter-
face and intraslab earthquake sources (see table 3). For each original suite of GMMs used in the 2014 NSHM, ground motion
magnitude-distance scaling relation plots were produced to verify that median ground motions were realistic, and that each
GMM met the selection criteria for the set of additional period and site classes shown in table 1.

For the nine original CEUS GMMs, median ground motions for distances ranging from 5 to 1,000 km were examined for the
seven periods and two site classes shown in table 1, and for five magnitudes (M 5, 6, 7, 7.5, and 8). Plots for 2.0 second SA are
shown in figure 1. All nine GMMs met the basic, magnitude, distance, and site conditions GMM selection criteria: they are valid for
the set of CEUS periods shown in table 1, have a magnitude and distance dependence, are applicable (or can be reasonably extrapo-
lated) to a magnitude range of 4.7 to 8.2 and distance of 1,000 km, and have available amplification factors for a V, of 760 m/s.

For the five original WUS GMMs (in other words, NGA-West2 GMMs), median ground motions for distances ranging
from 0 to 300 km were examined for the 11 periods and 8 site classes shown in table 1, and for 5 magnitudes (M 5, 6, 7, 7.5, and 8).
Plots for 5.0 second SA are shown in figure 2. Four of the five GMMs (in other words, Abrahamson and others [2014], Boore
and others [2014], Campbell and Bozorgnia [2014], and Chiou and Youngs [2014]) met the basic, magnitude, and distance
GMM selection criteria: they are valid for the set of WUS periods shown in table 1, have a magnitude and distance dependence,
and are applicable (or could be reasonably extrapolated), to a magnitude range of 5.0 to 8.2 and distance of 300 km. The Idriss
(2014) GMM (hereinafter referred to as “114”) is not valid for distances past 150 km and could not be reasonably extrapolated
(see fig. 2B). All five GMMs met the site conditions GMM selection criteria, as they all include a term for V_, . and account for

S30
nonlinear soil effects. However, 114 is only valid for V_, >450 m/s, and therefore, not valid for site classes D and E, or site class

boundaries C/D and D/E. Because 114 cannot be reasori?bly extrapolated to 300 km and is not valid at all site classes shown in
table 1, we removed 114 from the original suite of GMMs (for all periods and site classes) and renormalize the weights of the
remaining four GMM s (see table 3), so the updated suite of weighted GMMs used to calculate additional period and site class
hazard curves and maps were consistent.

For the four original subduction interface GMMs, median ground motions for distances ranging from 0 to 1,000 km were
examined for the 11 periods and 8 site classes shown in table 1, and for 5 magnitudes (M 7, 7.5, 8, 8.5, and 9). Plots for 3.0 and
5.0 second SAs are shown in figure 3. All four GMMs met the basic, magnitude, and distance GMM selection criteria. However,
the Atkinson and Boore (2003) Global GMM (hereinafter referred to as “AB03-Global™) is not applicable for periods above
3.0 seconds, and we were unable to reasonably extrapolate the GMM to longer periods. For periods above 1.0 second and dis-
tances greater than ~100 km, AB03-Global ground motions decayed too slowly with distance (fig. 3). After discussions with the
GMM first author, we removed AB03-Global from the original suite of GMMs and renormalize the weights of the remaining three
GMM s (see table 3), so the updated suite of weighted GMMs used to calculate additional period and site class hazard curves and
maps were consistent.

For the four original subduction intraslab GMMs, median ground mations for distances ranging from 0 to 300 km were
examined for the 11 periods and 8 site classes shown in table 1, and for 5 magnitudes (M 6.5, 7, 7.5, 8, and 8.5). Plots for 3.0
and 5.0 second SAs are shown in figure 4. All four GMMs met the basic, magnitude, and distance GMM selection criteria. How-
ever, the Atkinson and Boore (2003) Cascadia GMM (hereinafter referred to as “AB03-Cascadia”) and AB03-Global GMM are
not applicable for periods above 3.0 seconds, and we were unable to reasonably extrapolate them to longer periods. After discus-
sions with the GMM first author, we removed AB03-Cascadia and AB03-Global GMMs from the original suite of GMMs and
renormalized the weights of the remaining two GMMs (see table 3), so the updated suite of weighted GMMs used to calculate
additional period and site class hazard curves were consistent.
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Table 3. The 2014 National Seismic Hazard Model original suites of weighted ground motion models, and the updated suites
of weighted ground motion models used for calculations in this report (modified from Rezaeian and others, 2015).

[CEUS, central and eastern United States; WUS, western United States; RLME, repeated large magnitude earthquakes; km, kilometer; GMM,
ground motion model; NSHM, National Seismic Hazard Model]

Original weight (Petersen

Ground motion model suites Abbreviation and others, 2014, 2015) Updated weight'
CEUS stable continental GMMs
RLME/Grid/>500 km
Atkinson and Boore (2006, 2011) ABO06’ 0.22/0.25/0.30
Atkinson (2008), Atkinson and Boore (2011) ABO08’ 0.08/0.08/0.00
Campbell (2003) Co03 0.11/0.13/0.17
Frankel and others (1996) F96 0.06/0.06/0.16 Same GMMs
Pezeshk and others (2011) P11 0.15/0.16/0.20 and weights
Silva and others (2002) S02 0.06/0.06/0.00 as used in
Somerville and others (2001) S01 0.10/0.00/0.00 2014 NSHM
Tavakoli and Pezeshk (2005) TPO5 0.11/0.13/0.17
Toro and others (1997), Toro (2002) T02 0.11/0.13/0.00
Western United States active crustal ground motion models (NGA-West2)
Abrahamson and others (2014) ASK14 0.22 0.25
Boore and others (2014) BSSA14 0.22 0.25
Campbell and Bozorgnia (2014) CB14 0.22 0.25
Chiou and Youngs (2014) CY14 0.22 0.25
Idriss (2014) 114 0.12 0.00
Western United States subduction interface ground motion models
Atkinson and Boore (2003) — Global Model ABO3 - Global 0.10 0.00
Atkinson and Macias (2009) AMO09 0.30 0.33
BC Hydro (Abrahamson and others, 2016) BCHydro12 0.30 0.34
Zhao and others (2006) Zhao06 0.30 0.33
Western United States subduction intraslab ground motion models
Atkinson and Boore (2003) — Cascadia Model ABO3 - Cascadia 0.1665 0.00
Atkinson and Boore (2003) — Global Model ABO3 - Global 0.1665 0.00
BC Hydro (Abrahamson and others, 2016) BCHydro12 0.333 0.50
Zhao and others (2006) Zhao06 0.334 0.50

!Ground motion models that were not valid and (or) applicable for the extended range of periods and site classes and (or) found not to give real-
istic results were removed from the original suite of weighted ground motion models and the weights of the remaining ground motion models were
renormalized, resulting in updated suites of weighted ground motion models.
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Figure 1. Central and
eastern United States
ground motion model (GMM)
magnitude-distance scaling
plots for 2.0 second spectral
acceleration; (A) moment
magnitude (M) 5.0 and

(B) M 8.0 for the National
Earthquake Hazards
Reduction Program site
class A (shear wave velocity
in the upper 30 meters
[V,,]=2,000 meters per
second [m/s]), and (C) M 5.0
and (D) M 8.0 for site class B
(V,,=760 m/s). zTop, depth to
top of rupture (kilometers);
zHyp, hypocentral depth
(kilometers). See table 3 for
GMM abbreviations.

A

Median 2 second spectral acceleration (g)

Median 2 second spectral acceleration (g)

10

10

Parameters = strike-s

CEUS Median GMM Comparison - M5 - Vs30 = 2000 m/s
lip fault, dip = 90, zTop = 5 km, width = 10 km, zHyp = 8 km

T

Source distance, in kilometers

CEUS Median GMM Comparison - M8 - Vs30 = 2000 m/s

Lo

Lol

ool ool "

|

T

Parameters = strike-slip fault, dip = 90, zTop = 5 km, width = 10 km, zHyp = 8 km

T

L

|

— 96
P11
S01
= = 3502
e T02

TP05

Lo

Lol

1

Lol

!

102

Source distance, in kilometers

o
w



Additional Period and Site Class Maps for the 2014 National Seismic Hazard Model for the Conterminous United States

Figure 1. Central and
eastern United States
ground motion model (GMM)
magnitude-distance scaling
plots for 2.0 second spectral
acceleration; (A) moment
magnitude (M) 5.0 and

(B) M 8.0 for the National
Earthquake Hazards
Reduction Program site
class A (shear wave velocity
in the upper 30 meters
[V,,,]=2,000 meters per second
[m/s]), and (C) M 5.0 and
(D) M 8.0 for site class B
(V,,=760 m/s). zTop, depth

to top of rupture (kilometers);
zHyp, hypocentral depth
(kilometers). See table 3

for GMM abbreviations.
—Continued

c

Median 2 second spectral acceleration (g)

Median 2 second spectral acceleration (g)

10

CEUS Median GMM Comparison - M5 - Vs30 = 760 m/s
Parameters = strike-slip fault, dip = 90, zZTop = 5 km, width = 10 km, zHyp = 8 km

7

T

T

LN B e

— 96
P11
S01
= = 3502

TP05

Lo

1

Lol

Lol I R R | L

Lol

Source distance, in kilometers

CEUS Median GMM Comparison - M8 - Vs30 = 760 m/s

T

Parameters = strike-slip fault, dip = 90, zZTop = 5 km, width = 10 km, zHyp = 8 km

L

T T

L
|

Lo

"

Lol

L

Lol

102
Source distance, in kilometers

o
w



8 Additional Period and Site Class Maps for the 2014 National Seismic Hazard Model for the Conterminous United States

Figure 2. Western Unite
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Figure 3.

Subduction interface ground
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that the Atkinson and Boore
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(AB03-Global) is not valid

for periods greater than
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Figure 4.
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Updated Seismic Hazard Curves and Probabilistic Ground Motion Maps

Using the 2014 NSHM, but with updated suites of weighted GMMs, seismic hazard curves were calculated for the set of
periods and site classes listed in table 1. Probabilistic ground motion maps were produced for 2, 5, and 10 percent probabilities
of exceedance in 50 years. For consistency, we also updated the original PGA, 0.2, and 1.0 second hazard curves and maps
released with the 2014 NSHM using these updated suites of weighted GMMs.

Effect of Updated Suites of Weighted Ground Motion Models on Hazard for Peak Ground
Acceleration, 0.2, and 1.0 Second Spectral Accelerations

Figure 5A-1 presents hazard, difference, and ratio maps showing the change in probabilistic ground motions for PGA,

0.2, and 1.0 second SAs for 2, 5, and 10 percent probabilities of exceedance in 50 years for NEHRP site class boundary B/C
(V4,,=760 m/s) when hazard is calculated using the 2014 NSHM with the updated suites of weighted GMMs listed in table 3
(see Updated Weight column) compared to the original suites of weighted GMMs, also listed in table 3 (see Original Weight column).
The difference and ratio maps show the effect of removing 114 from the WUS suite of crustal GMMs, AB03-Global from the
subduction interface suite of GMMs, and AB03-Global and AB03-Cascadia from the subduction intraslab suite of GMMs, and
the renormalization of weights of the remaining GMMs.

As no changes were made to the original suite of weighted CEUS GMMs, there is no change in hazard in the CEUS. The
removal of 114 resulted in very small changes to hazard (less than 5 percent in California and the interior Pacific Northwest
[PNWT]). The removal of AB03-Global and AB03-Cascadia GMMs resulted in an increase in hazard (as much as 20 percent)
in the PNW.

The UHT was used to perform a deaggregation of PGA hazard at 2 percent in 50-year probability of exceedance for a site
in the PNW (fig. 6A). The dataset used by the UHT was the 2014 NSHM with the original suite of weighted GMMs. The results
indicated that the highest contributors to total mean hazard at the site were from the Cascadia Subduction Zone (CSZ) interface
(in other words, CSZ megathrust source ~75 km from the site) and intraslab (in other words, intraslab source ~30-90 km from
the site) sources, and local gridded sources (fig. 6B). A PGA subduction interface ground motion magnitude-distance scaling
relation plot for magnitude 9 is shown in figure 6C. At a distance of ~75 km, AB03-Global has lower ground motions than
AMO9, the Zhao and others (2006) GMM (hereinafter referred to as “Zhao06”), and the Abrahamson and others (2016) GMM
(hereinafter referred to as “BCHydro12”). Removing the AB03-Global GMM, and renormalizing the weights of the remaining
GMMs, most likely does not result in a significant increase in hazard for interface sources (as AB03-Global only received a
weight of 0.1 in the original suite of weighted GMMs and indicates low ground motions for this source). When looking at a
PGA subduction intraslab ground motion magnitude-distance scaling relation plot for magnitude 7 (fig. 6D), AB03-Cascadia
and AB03-Global have ~2.5 times lower ground motions than Zha06 and BCHydro12. In the original suite of weighted GMMs,
ABO03-Cascadia and AB03-Global have a combined weight was 0.333. When these GMMs are removed and the weights of Zhao06
and BCHydro12 are renormalized, all the weight is now on the two highest ground motions, resulting in as much as a 20 percent
increase in hazard seen in the PNW (seen in fig. 4).
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Comparison of PGA Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMM s vs. Original Suite of 2014 NSHM GMMs
2% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (A 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards

Reduction Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, ]=760 meters per second).
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B Comparison of 0.2 Second Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
2% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (A 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, |=760 meters per second).—Continued



Additional Period and Site Class Maps for the 2014 National Seismic Hazard Model for the Conterminous United States 17

C Comparison of 1 Second Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
2% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (F) 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, =760 meters per second).—Continued
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D Comparison of PGA Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
5% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (F) 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction
Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, =760 meters per second).—Continued
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E Comparison of 0.2 Second Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
5% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (A 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V

s=760 meters per second).—Continued
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F Comparison of 1 Second Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
5% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (F) 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, =760 meters per second).—Continued
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G Comparison of PGA Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
10% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (F 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, =760 meters per second).—Continued



22 Additional Period and Site Class Maps for the 2014 National Seismic Hazard Model for the Conterminous United States
H Comparison of 0.2 Second Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (F) 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V

/=760 meters per second).—Continued
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I Comparison of 1 Second Total Mean Hazard from the USGS 2014 NSHM
Updated Suite of 2014 NSHM GMMs vs. Original Suite of 2014 NSHM GMMs
10% in 50 Years Probability of Exceedance, NEHRP Site Class Boundary B/C (Vs30 = 760 m/s)
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Figure 5. Hazard, difference, and ratio maps calculated for the 2014 National Seismic Hazard Model (Petersen and others, 2014, 2015),
showing the change in hazard between the updated suite of weighted ground motion models presented in table 3 and the original suite
of weighted GMMs, also presented in table 3. For 2 percent in 50-year probability of exceedance (A) peak ground acceleration (PGA),
(B) 0.2 second, and (C) 1.0 second; for 5 percent in 50-year probability of exceedance (D) PGA, (E) 0.2 second, and (A 1.0 second; for

10 percent in 50-year probability of exceedance (G) PGA, (H) 0.2 second, and (/) 1.0 second for the National Earthquake Hazards Reduction

Program site class boundary B/C (time-averaged shear wave velocity in the upper 30 meters [V, |=760 meters per second).—Continued
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Figure 6. (A)Site inthe Pacific A

Northwest (46.574, -122.531)

in which a (B) deaggregation

was performed for peak ground

acceleration hazard at 2 percent

in 50-year probability of exceedance

for the National Earthquake

Hazards Reduction Program site

class boundary B/C (shear wave

velocity in the upper 30 meters

[V, =760 meters per second). The

highest contributors to hazard

are interface, intraslab, and grid

sources (labeled 1-3 on the plot,

respectively). The deaggregation

plot was generated using the Unified

Hazard Tool on the U.S. Geological

Survey website (https://earthquake.

usgs.gov/hazards/interactive/) using

the “Dynamic: Conterminous

U.S. 2014 (v4.1.1)" Edition, last

accessed April 2018. PGA, peak

ground acceleration; NEHRP,

National Earthquake Hazards

Reduction Program; km, kilometers;

g, gravitational acceleration constant

equal to 9.81 meters per second

squared; R, distance (kilometers);

M, magnitude; M, , moment magnitude;

¢ epsilon; o, sigma; oo, infinity;

%, percent; rRup, closest distance PGA Deaggregation of NEHRP Site Class Boundary B/C (760 m/s)

to rupture plane (kilometers). PGA amplitude: 0.4853¢
Exceedance Rate: 3.95x 10, years
Mean Return Period: 2530 years
Mean (R,M,e,): 48.82km, M7.3, 1.2¢

1. Interface (Cascadia Megathrust)
3. Grid (R = 5km, M5) (R = 75km, M9)

2. Intraslab
(R = ~30-90km, M7)


https://earthquake.usgs.gov/hazards/interactive/
https://earthquake.usgs.gov/hazards/interactive/
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Figure 6. Ground motion
magnitude-distance scaling
relations plots for (C) interface
and (D) intraslab ground

motion models are shown to

aid in the explanation of the
deaggregation. zTop, depth to
top of rupture (kilometers); zHyp,
hypocentral depth (kilometers);
km, kilometers. See table 3 for
GMM abbreviations.—Continued
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Hazard Curves and Uniform Hazard Response Spectra

Additional Period and Site Class Maps for the 2014 National Seismic Hazard Model for the Conterminous United States

We produced hazard curves and uniform hazard response spectra (UHRS) at 190 test sites across the conterminous United
States to verify that hazard results were reasonable. A sample set of hazard curves and UHRS plots are shown in figure 7A-D for
sites in the CEUS (Memphis, Tenn.), WUS (Salt Lake City, Utah), PNW (Seattle, Wash.), and California (Los Angeles, Calif.).
These figures allowed us to look at a wide range of sites across the conterminous United States and verify that hazard curves

were realistic, based on what we know about the source and ground motio

n models and their expected hazard relation to the

sites. We were also able to look at the UHRS plots to verify that the site amplification model in the WUS was implement cor-

rectly, as well as the amplification factors in the CEUS.
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Figure 7. Summary figure showing 2, 5, and 10 percent (%) probabilities of exceedance in 50 years uniform hazard response spectra

(UHRS) plots and select hazard curves for (A) Memphis, Tenn., (B) Salt Lake City, Utah, (C) Seattle, Wash., and (D) Los Angeles, Calif.
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(UHRS) plots and select hazard curves for (A) Memphis, Tenn., (B) Salt Lake City, Utah, (C) Seattle, Wash., and (D) Los Angeles, Calif—Continued
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Results

Figure 8A—K shows a set of hazard maps for 2 percent probability of exceedance in 50 years, derived from hazard curves for
PGA, 0.1,0.2,0.3,0.5,0.75, 1.0, 2.0, 3.0, 4.0, and 5.0 second SAs (maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated for the
WUS only) with 5 percent damping for NEHRP site class boundary B/C (V=760 m/s). The difference in hazard between the 2014
NSHM (using updated suites of weighted GMMs) and the 2008 NSHM is presented in the form of hazard, difference, and ratio maps.
Details about the differences in these two source models, and why the hazard has increased or decreased in certain areas, are not
discussed in this report; please see the documentation for the 2008 NSHM (Petersen and others, 2008) and the 2014 NSHM (Petersen
and others, 2014, 2015) for more details. Additional hazard curves and maps for the spectral periods and site classes listed in table 1 are

available at the USGS ScienceBase Catalog (Shumway, 2018). See the appendix for a complete list of available files for download.

Uncertainty in Long-Period Maps

As part of this report, we have provided new WUS long-period maps (>1.0 second) for the 2014 NSHM. When calculat-
ing these ground motion maps, we use default basin terms that account for the average basin depth amplification that is a function
of the shallow crustal velocity terms defined using V., . Some engineers have observed that the seismic hazard for long periods and
soft soils at some WUS urban sites that overlie deep sedimentary basins is lower compared to more detailed analyses that consider
basin-depth data. They are concerned about the consequences of not properly accounting for the enhanced ground motions for
long-period structures in the building codes. The NSHMP is currently evaluating how to implement such models in future NSHM
updates. Users of these 2014 NSHM WUS long-period maps should consider this uncertainty when evaluating these maps.

Future Updates of the National Seismic Hazard Model for the
Conterminous United States

The NSHMP plans to update the NSHM in 2018 and 2020. The two closely timed updates are planned to allow more
time for the building code community to analyze the consequences of the hazard model changes in the design criteria. In addi-
tion to evaluating the use of nondefault basin terms in certain areas of the WUS, we also plan to update the suite of CEUS
GMMs and implement a site amplification model for the CEUS. This will allow for the calculation of uniform period and site
class maps across the conterminous United States.

Conclusions

In this report, we present probabilistic ground motion maps for 2, 5, and 10 percent probabilities of exceedance in 50 years,
derived from seismic hazard curves for PGA, 0.1, 0.2, 0.3, 0.5, 1.0, and 2.0 second SAs in the CEUS (this includes uniform
NEHRP site class A and site class boundary B/C maps) and for PGA, 0.1, 0.2, 0.3, 0.5, 0.75, 1.0, 2.0, 3.0, 4.0, and 5.0 second
SAs in the WUS (this includes uniform NEHRP site classes B, C, D, and E, and site class boundaries A/B, B/C, C/D, and D/E
maps) using the 2014 NSHM with updated suites of weighted GMMs. We present hazard, difference, and ratio maps, comparing
the change in hazard from the original suites of weighted GMMs and the updated suites of weighted GMMs for PGA, 0.2 and
1.0 second SAs. We also present hazard, difference, and ratio maps comparing the 2014 NSHM additional period and site class
maps with the 2008 NSHM maps.

The additional period and uniform site class hazard curves and maps for the 2014 NSHM are available for download at the
USGS ScienceBase Catalog (Shumway, 2018).
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).
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Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,

(E) 0.5 second, (A 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary

B/C (shear wave velocity in the upper 30 meters [V

S30

=760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated

for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssﬂ]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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F Comparison of 0.75 Second Total Mean Hazard for the WUS
2014 NSHM vs. 2008 NSHM
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssﬂ]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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H Comparison of 2 Second Total Mean Hazard for the US
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
=760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this

B/C (shear wave velocity in the upper 30 meters [V,

report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,

(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Figure 8. Hazard, difference, and ratio maps for (A) peak ground acceleration, (B) 0.1 second, (C) 0.2 second, (D) 0.3 second,
(E) 0.5 second, (F) 0.75 second, (G) 1.0 second, (H) 2.0 second, (/) 3.0 second, (J) 4.0 second, and (K) 5.0 second spectral acceleration
(SA) for 2 percent in 50-year probability of exceedance for the National Earthquake Hazards Reduction Program site class boundary
B/C (shear wave velocity in the upper 30 meters [Vssn]:760 meters per second). Maps for 0.75, 3.0, 4.0, and 5.0 second SA are calculated
for the western United States (WUS) only. Difference and ratio maps show the changes in hazard between the 2014 National Seismic
Hazard Model (NSHM) (Petersen and others, 2014, 2015) (with updated suites of weighted ground motion models described in this
report) and the 2008 NSHM (Petersen and others, 2008).—Continued
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Appendix 1. Maps and Data Available for the 2014 National Seismic Hazard
Model for the Conterminous United States

Probabilistic ground motion maps (for 2, 5, and 10 percent probabilities of exceedance in 50 years), 0.1 degree by
0.1 degree gridded ground motion data, and 0.1 degree by 0.1 degree gridded seismic hazard curve data for additional
period and uniform site class maps for the 2014 National Seismic Hazard Model for the conterminous United States,
described in this report, are available for download at the USGS ScienceBase Catalog (Shumway, 2018). This dataset
was calculated using version 1.16 of the nshmp-haz computer code (https://github.com/usgs/nshmp-haz/releases/tag/v1.1.6)
and version 4.20 of the nshm-cous-2014 source model (https://github.com/usgs/nshm-cous-2014/releases/tag/v4.2.0).

Table 1.1 List of probabilistic ground motion hazard maps, gridded ground motion data, and seismic hazard curve data available for
the 2014 National Seismic Hazard Model.

[SA, spectral acceleration; s, seconds; V., , shear wave velocity in the upper 30 meters; NEHRP, National Earthquake Hazards Reduction Program; CEUS,
central and eastern United States; WUS, western United States; conterminous, conterminous United States; PGA, peak ground acceleration; m/s, meters per
second; %, percent; GM, ground motion]

Data format

Probability of

Rogion SA exceedance Vs Maps Gridded GM data 0" idded hazard
curves
NEHRP Site Class A
CEUS PGA 2,5, 10% in 50 years 2,000 m/s PDF Text Text
CEUS 0.1s 2,5, 10% in 50 years 2,000 m/s PDF Text Text
CEUS 0.2s 2,5, 10% in 50 years 2,000 m/s PDF Text Text
CEUS 0.3s 2,5, 10% in 50 years 2,000 m/s PDF Text Text
CEUS 05s 2,5,10% in 50 years 2,000 m/s PDF Text Text
CEUS 1.0s 2,5, 10% in 50 years 2,000 m/s PDF Text Text
CEUS 20s 2,5,10% in 50 years 2,000 m/s PDF Text Text
NEHRP Site Class Boundary A/B
Wus PGA 2,5, 10% in 50 years 1,500 m/s PDF Text Text
WUS 0.1s 2, 5,10% in 50 years 1,500 m/s PDF Text Text
WUS 0.2s 2,5, 10% in 50 years 1,500 m/s PDF Text Text
WUS 0.3s 2,5,10% in 50 years 1,500 m/s PDF Text Text
WUS 05s 2,5,10% in 50 years 1,500 m/s PDF Text Text
WUS 0.75s 2,5,10% in 50 years 1,500 m/s PDF Text Text
WUS 1.0s 2,5, 10% in 50 years 1,500 m/s PDF Text Text
WUS 20s 2,5, 10% in 50 years 1,500 m/s PDF Text Text
WUS 3.0s 2,5,10% in 50 years 1,500 m/s PDF Text Text
WUS 40s 2,5,10% in 50 years 1,500 m/s PDF Text Text
WUS 50s 2,5, 10% in 50 years 1,500 m/s PDF Text Text
NEHRP Site Class B
WUS PGA 2,5, 10% in 50 years 1,080 m/s PDF Text Text
WUS 0.1s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
WUS 0.2s 2,5,10% in 50 years 1,080 m/s PDF Text Text

WUS 03s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
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Table 1.1 List of probabilistic ground motion hazard maps, gridded ground motion data, and seismic hazard curve data available for
the 2014 National Seismic Hazard Model.—Continued

[SA, spectral acceleration; s, seconds; V., , shear wave velocity in the upper 30 meters; NEHRP, National Earthquake Hazards Reduction Program; CEUS,
central and eastern United States; WUS, western United States; conterminous, conterminous United States; PGA, peak ground acceleration; m/s, meters per
second; %, percent; GM, ground motion]

Data format

Probability of

Rogion SA exceedance Vs Maps Gridded GM data 0" idded hazard
curves
WUS 05s 2,5,10% in 50 years 1,080 m/s PDF Text Text
WUS 0.75s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
WUS 10s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
WUS 20s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
WUS 3.0s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
WUS 40s 2,5,10% in 50 years 1,080 m/s PDF Text Text
WUS 5.0s 2,5, 10% in 50 years 1,080 m/s PDF Text Text
NEHRP Site Class Boundary B/C
Conterminous PGA 2, 5,10% in 50 years 760 m/s PDF Text Text
Conterminous 0.1s 2,5, 10% in 50 years 760 m/s PDF Text Text
Conterminous 0.2s 2,5, 10% in 50 years 760 m/s PDF Text Text
Conterminous 0.3s 2,5,10% in 50 years 760 m/s PDF Text Text
Conterminous 05s 2,5, 10% in 50 years 760 m/s PDF Text Text
WUS 0.75s 2,5, 10% in 50 years 760 m/s PDF Text Text
Conterminous 1.0s 2,5, 10% in 50 years 760 m/s PDF Text Text
Conterminous 20s 2,5, 10% in 50 years 760 m/s PDF Text Text
WUS 3.0s 2,5,10% in 50 years 760 m/s PDF Text Text
WUS 4.0s 2,5, 10% in 50 years 760 m/s PDF Text Text
WUS 5.0s 2,5, 10% in 50 years 760 m/s PDF Text Text
NEHRP Site Class C
WUS PGA 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 0.1s 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 0.2s 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 0.3s 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 05s 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 0.75s 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 10s 2,5,10% in 50 years 530 m/s PDF Text Text
WUS 2.0s 2,5, 10% in 50 years 530 m/s PDF Text Text
WUS 3.0s 2,5,10% in 50 years 530 m/s PDF Text Text
WUS 40s 2,5,10% in 50 years 530 m/s PDF Text Text
WUS 5.0s 2,5, 10% in 50 years 530 m/s PDF Text Text
NEHRP Site Class Boundary C/D
WUS PGA 2,5, 10% in 50 years 365 m/s PDF Text Text
WuUS 0.1s 2,5, 10% in 50 years 365 m/s PDF Text Text
WUS 0.2s 2,5, 10% in 50 years 365 m/s PDF Text Text
WuS 0.3s 2,5, 10% in 50 years 365 m/s PDF Text Text
WuUS 05s 2,5,10% in 50 years 365 m/s PDF Text Text
WUS 0.75s 2,5, 10% in 50 years 365 m/s PDF Text Text
WUS 10s 2,5, 10% in 50 years 365 m/s PDF Text Text
WUS 20s 2,5, 10% in 50 years 365 m/s PDF Text Text
WUS 3.0s 2,5, 10% in 50 years 365 m/s PDF Text Text
WUS 40s 2,5, 10% in 50 years 365 m/s PDF Text Text

WUS 50s 2,5,10% in 50 years 365 m/s PDF Text Text
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Table 1.1 List of probabilistic ground motion hazard maps, gridded ground motion data, and seismic hazard curve data available for
the 2014 National Seismic Hazard Model.—Continued

[SA, spectral acceleration; s, seconds; V., , shear wave velocity in the upper 30 meters; NEHRP, National Earthquake Hazards Reduction Program; CEUS,
central and eastern United States; WUS, western United States; conterminous, conterminous United States; PGA, peak ground acceleration; m/s, meters per
second; %, percent; GM, ground motion]

Data format

Probability of

Rogion SA exceedance Vs Maps Gridded GM data O idded hazard
curves
NEHRP Site Class D
WUS PGA 2,5, 10% in 50 years 260 m/s PDF Text Text
WUS 0.1s 2,5, 10% in 50 years 260 m/s PDF Text Text
WUS 0.2s 2,5, 10% in 50 years 260 m/s PDF Text Text
WUS 0.3s 2,5, 10% in 50 years 260 m/s PDF Text Text
WUS 05s 2,5,10% in 50 years 260 m/s PDF Text Text
WUS 0.75s 2,5,10% in 50 years 260 m/s PDF Text Text
WUS 10s 2,5,10% in 50 years 260 m/s PDF Text Text
WUS 2.0s 2,5, 10% in 50 years 260 m/s PDF Text Text
WUS 3.0s 2,5, 10% in 50 years 260 m/s PDF Text Text
WUS 40s 2, 5,10% in 50 years 260 m/s PDF Text Text
WUS 5.0s 2,5, 10% in 50 years 260 m/s PDF Text Text
NEHRP Site Class Boundary D/E
WUS PGA 2,5, 10% in 50 years 185 m/s PDF Text Text
WUS 0.1s 2,5,10% in 50 years 185 m/s PDF Text Text
WUS 0.2s 2, 5,10% in 50 years 185 m/s PDF Text Text
WUS 0.3s 2,5, 10% in 50 years 185 m/s PDF Text Text
WUS 05s 2, 5,10% in 50 years 185 m/s PDF Text Text
WUS 0.75s 2,5, 10% in 50 years 185 m/s PDF Text Text
WUS 10s 2,5, 10% in 50 years 185 m/s PDF Text Text
WUS 2.0s 2,5, 10% in 50 years 185 m/s PDF Text Text
WUS 30s 2, 5,10% in 50 years 185 m/s PDF Text Text
WUS 40s 2,5, 10% in 50 years 185 m/s PDF Text Text
NEHRP Site Class E
WUS PGA 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 0.1s 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 0.2s 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 0.3s 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 05s 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 0.75s 2,5,10% in 50 years 150 m/s PDF Text Text
WUS 10s 2,5,10% in 50 years 150 m/s PDF Text Text
WUS 20s 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 3.0s 2,5, 10% in 50 years 150 m/s PDF Text Text
WUS 40s 2,5, 10% in 50 years 150 m/s PDF Text Text
WuS 50s 2,5, 10% in 50 years 150 m/s PDF Text Text

Probability of exceedance is not applicable to hazard curve data.
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