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The U.S. Geological Survey national seismic 

hazard maps with 2 percent probability of exceed-
ance (PE) in 50 years have been adopted as the 
preferred level for seismic safety regulations and 
design standards by Federal agencies such as the 
Federal Emergency Management Agency (FEMA), 
Environmental Protection Agency, Department of 
Energy, and Nuclear Regulatory Commission, as 
well as the American Association of State Highway 
and Transportation Offi cials, and became policy 
in their regulations. These maps predict very high 
ground motion in many counties in western Ken-
tucky: peak ground acceleration (PGA) of 1.0 g 
or higher. This high ground-motion estimate has 
resulted in many problems in seismic safety regu-
lation and design, and has affected everything in 
western Kentucky from building a single-family 
home to environmental clean-up at the superfund 
site of the Paducah Gaseous Diffusion Plant. For 
example, it would not be feasible for the U.S. De-
partment of Energy to obtain a permit from Federal 
and State regulators to construct a landfi ll at a 
facility near Paducah if the USGS 2 percent PE in 
50 years maps are used. The Structural Engineers 
Association of Kentucky also found that if the In-
ternational Residential Code of 2000, which was 
based on the USGS maps, is adopted in Kentucky, 
constructing residential structures in westernmost 

Kentucky would be impossible without enlisting 
a design professional.

State and local governments and elected of-
fi cials had asked the Kentucky Geological Survey 
to help them better understand seismic hazards, 
as well as geology and seismology in Kentucky, 
western Kentucky in particular. KGS had diffi -
culty understanding why the USGS hazard maps 
predicted such high ground motion for western 
Kentucky; they had even more diffi culty explaining 
the maps to users and policy-makers. Therefore, 
KGS has conducted research and asked the USGS 
for help. As a result, KGS Director Jim Cobb was 
invited to make a presentation at the USGS Science 
Earthquake Studies Advisory Committee meeting 
on June 3, 2004, in Memphis, Tenn. (Cobb, 2004). 
As a result of this presentation and subsequent 
discussions, a meeting was held in Lexington, Ky., 
on November 4, 2004, with representatives from 
KGS and USGS. This meeting, summarized in 
this publication, is part of the KGS effort to better 
understand and communicate the hazard maps to 
the public, decision-makers, and the engineering 
community, and to make these groups aware of the 
risk and decisions that may need to be made.
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Attendees
USGS Staff:
Chris Cramer
Mark Petersen
Buddy Schweig

KGS Staff:
Jim Cobb
John Kiefer
Mike Lynch
Baoping Shi
Zhenming Wang
Ed Woolery

Other Attendees:
Lindell Ormsbee and Steve Hampson, both 

from the Kentucky Water Resources Research In-
stitute at the University of Kentucky, also attended 
part of the meeting. Ormsbee is leading a research 
group dealing with the Paducah Superfund 
cleanup project funded by the U.S. Department of 
Energy. Seismic safety is one of the main concerns 
for that project.

Introduction:
Jim Cobb

Cobb welcomed everyone to the meeting, and 
opened the discussion by reiterating the problems 
KGS is having with the USGS 2 percent in 50 years 
maps. He noted that in meetings with Director 
Chip Groat and Geologic Division Chief Pat Leahy 
of the U.S. Geological Survey, it was repeatedly 
stated that “USGS does not set policy: but we create 
the maps.” Unfortunately, the lines between setting 
policy and making maps have been blurred, and 
clarifi cation is needed. Once the maps are adopted 
in the building codes, they become public policy, 
and help is needed to translate these maps to deci-
sion-makers, the public, and even to architects and 
engineers. With the 2 percent PE in 50 years map in 
print, readily available on the USGS Web site, and 
incorporated into the International Building Code 
and the International Residential Code, USGS’s 
help is needed to explain the maps, if there are al-
ternatives, and what these alternatives might be.

USGS Seismic Hazard Mapping 
in the Central United States:
Mark Petersen

Petersen gave a presentation on the develop-
ment of the National Hazard Maps of 1996 and the 
2002 update (Frankel and others, 1996, 2002). The 
maps were the result of 12 regional workshops, ex-
ternal review panels, open review of interim maps 
on the Internet, and three user-needs workshops. 
He noted that the maps are for an average hazard 
estimate and not a worst-case scenario. The USGS 
mappers used alternative attenuation relationships, 
fault models, and uncertainty estimates published 
in 2002. The Building Seismic Safety Commission 
(BSSC) determined the parameters to use for the 
design maps; i.e., 2 percent PE in 50 years. These 
parameters are average, although choosing this 
particular map is an engineering decision. It is 
an average map for the 2 percent probability of a 
particular ground motion’s occurrence. Provisions 
of the National Earthquake Hazards Reduction 
Program (BSSC, 1998, 2001, 2004) were used as 
the basis for the American Society of Civil Engi-
neers Suggested Standard 7 and the International 
Building Code. The National Hazard Maps are to 
be revised and released in 2007.

The tentative schedule for completing the 
2007 maps is:

1. October 2005: Attenuation relation work-
shop

2. May 2006: Central United States work-
shop

3. Summer/fall 2006: External review panel 
and Applied Technology Council work-
shops

4. December 2006: First draft of maps on 
Web

5. June 2007: Final maps released.
By 2009 the maps are expected to be implemented 
in the International Building Code. Although these 
workshops would be open for comment, none of 
them will discuss the 2 percent in 50 years choice. 
That would be done at a BSSC workshop.

Next, Petersen reviewed the methodology 
of probabilistic seismic hazard analysis (PSHA). 
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The following steps are taken to calculate seismic 
hazard:

1. Determine the magnitude m and the 
distance d of an earthquake.

2. Calculate the ground-motion distribu-
tion for that m and d.

3. Calculate the hazard (annual probability 
of exceedance) that a particular ground 
motion will be exceeded for that earth-
quake.

4. Sum individual hazards for all expected 
earthquakes in the region to obtain the 
total hazard for that ground-motion 
level. (The total hazard curve is obtained 
by repeating steps 3 and 4 for a series of 
ground motions.)

Petersen worked through several examples 
of how to calculate the seismic hazard for a back-
ground earthquake of M6.5 with a recurrence time 
of 50 years at a distance of 15 km from the epicenter, 
and for a characteristic earthquake of M7.7 with a 
recurrence time of 250 years at a distance of 20 km 
from the epicenter. He explained how different 
sources could have an impact on the hazard calcu-
lations. He also showed the probability calculation 
and explained the meaning of ground motion with 
10 percent PE in 50 years: there is a 10 percent prob-
ability of that ground motion or greater occurring 
in 50 years.

He also reviewed the concept behind deag-
gregation (a method based on the relative input 
of various sources) and showed the deaggregated 
results for Paducah. All the earthquakes used and 
contributing to the deaggregation can be obtained 
from the USGS Web site. Petersen then quickly 
went through models and graphs on M7.7 fi rm-
rock attenuation relations. He presented a chart of 
scenario and design values for Memphis at fi rm-
rock site conditions.

Petersen called the maps “average hazard 
estimates, not worst case.” He indicated that the 
insurance industry uses these maps for rate-setting 
purposes. His comments prompted several in the 
audience to ask whether local offi cials knew that 
these maps are the average hazard estimates, not 
the worst case.

Petersen was asked whether the 2 percent PE 
in 50 years hazard is too conservative a choice, and 
if mapping of the 2 percent PE in 50 years is too 
conservative or too liberal. Petersen answered that 
engineers develop building codes, and the choice 
of 2 percent PE in 50 years is consistent with the 
nationwide design procedures put together by 
the Building Seismic Safety Council. Everyone 
agreed that the range of uncertainty among the 
ground-motion estimates is large and adds to the 
complexity of the problem.

Petersen also discussed performance goals 
and explained why 2 percent PE in 50 years was 
selected by the Building Seismic Safety Council:

collapse resistance > collapse load
collapse resistance > 1.5 x typical code resis-
tance
collapse load = 2 percent PE in 50 years 
ground motion
1.5 x typical code resistance > collapse load
typical code resistance > 1/1.5 (2/3) x col-
lapse load
A deterministic cap (1.5 x median ground 

motion) is being applied for some areas, such as 
California.

A discussion followed of just what the build-
ing codes really mean. John Kiefer noted that, in 
general, building codes are set for a minimum 
level to protect lives and prevent total collapse, not 
for a worst-case situation. In using the 2 percent 
PE in 50 years, however, we are looking at a very 
conservative value that, although not worst case, is 
approaching worst case. This is a somewhat contra-
dictory position, but discussing it was considered 
beyond the scope of the meeting.

Petersen’s presentation is included as Ap-
pendix A.

Some Issues in Seismic Hazard 
Assessment in Kentucky:
Zhenming Wang

Wang summarized the KGS approach to 
seismic hazard and risk assessment. KGS strongly 
believes that any decision should be based on good 
scientifi c research. The KGS staff has conducted a 
detailed analysis of the methodology and input 
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parameters used in the 1996 and 2002 National 
Seismic Hazard Maps and communicated its fi nd-
ings to USGS in an e-mail from Wang, Ed Wool-
ery, and Baoping Shi to Art Frankel, and in Wang 
(2002, 2003) and Wang and others (2003a, b). KGS 
has also communicated with Federal, State, and 
local government offi cials, professional organiza-
tions, and other institutions. Wang discussed the 
uncertainties in occurrence frequency, source loca-
tion, and attenuation relation in the New Madrid 
Seismic Zone and made some comparisons with 
California.

Through research and communication, KGS 
has gained a better understanding of the meth-
odology, input parameters used, and products of 
the 1996 and 2002 National Seismic Hazard Maps. 
Two specifi c sets of parameters—the location of the 
northern arm of the New Madrid Seismic Zone and 
the ground-motion attenuation relationship—that 
have a controlling effect on seismic hazard assess-
ments for western Kentucky were identifi ed. KGS, 
in cooperation with the University of Kentucky 
Department of Geological Sciences, operates a 
dense seismic network in western Kentucky to bet-
ter constrain the arm of the New Madrid Seismic 
Zone and its eastern extent. KGS is also conducting 
research on ground-motion attenuation using a 
composite model and strong-motion data recorded 
from recent moderate earthquakes (M4 to 5).

Wang stressed the need to communicate the 
proper information to public policy-makers and to 
communicate the choices they can make based on 
a clear understanding of the science and the actual 
risk they face. For example, the ground motion with 
2 percent PE in 50 years in Paducah is equivalent to 
the ground motion with an 80 percent confi dence 
level from a characteristic earthquake of M7.7 in the 
New Madrid Seismic Zone. Additional use of 10, 5, 
and 2 percent PE in 50 years causes more problems 
in communication of seismic hazard.

Chris Cramer brought out the fact that the 
scarcity of data is one of the major problems we face 
in constructing the National Hazard Maps for the 
entire eastern United States. Also discussed was the 
uncertainty in ground-motion attenuation. Cramer 
also pointed out that there are other uncertainties 
that play into the calculation of each of the curves, 
increasing the total uncertainty even more.

Wang’s presentation is included as Appendix 
B.

Discussion
Issues on Communication of the USGS 
Hazard Maps

Everyone agreed that how to communicate 
the seismic hazard assessment to the users and 
policy-makers is the biggest challenge. Probabi-
listic seismic hazard mapping is a confusing topic, 
since most people have diffi culty understanding 
statistics.

Petersen noted that if the public and public 
policy-makers are shown all the data, including the 
data’s uncertainty, they will simply be more con-
fused. Use of 2 percent PE in 50 years adds another 
layer of confusion in communication. As Petersen 
and Wang demonstrated in their presentations for 
the New Madrid Seismic Zone, the meaning of the 
ground motion with 2 percent PE in 50 years is a 
ground motion with about an 80 percent chance of 
not being exceeded if a characteristic earthquake 
of M7.7 occurs. The meaning that has been com-
municated, however, is that there is a 2 percent 
probability of this ground motion or greater oc-
curring one or more times in 50 years.

Petersen also noted that USGS wants to do a 
better job of communicating the hazard products 
and stated that USGS is revising its seismic haz-
ard Web site and will welcome any comments or 
suggestions.

Wang pointed out that users and policy-mak-
ers need simple and understandable numbers: a 
level of ground motion and the associated con-
fi dence level (uncertainty). This was echoed by 
Mike Lynch. Lynch has fi rst-hand experience of 
the diffi culty in communicating seismic hazard to 
the general public and policy-makers.

Wang suggested that the USGS maps may 
need to incorporate those simple numbers, espe-
cially for the New Madrid area. Peterson thought 
this might be an effective way to communicate with 
the Kentucky end-users.

Issues Related to Kentucky Hazard 
Assessment

The Sources—Northern Boundary and Mag-
nitudes of the New Madrid Seismic Zone. The 
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actual location of the New Madrid Seismic Zone 
was discussed, and the KGS group emphasized 
that there is considerable question as to whether 
the New Madrid Seismic Zone actually extends into 
Kentucky at all, much less all the way to Paducah. 
Based on some very preliminary information from 
several recent earthquakes, their shallowness, and 
the nature of their signals, it would seem that the 
earthquakes in far western Kentucky are different 
from those in the New Madrid Seismic Zone and 
may represent an entirely different source.

The USGS group said that since all KGS had 
is a couple of earthquakes, such an assumption 
cannot be made on that basis. Cramer brought up 
a fi gure in Wang and others (2003a; Fig. 1) that 
shows seismicity, and commented on the uncer-
tainty and problems with extending the seismic-
ity to the north. There is a lot of seismicity to the 
north, but it is scattered, and a case can be made 
for extending the zone to the northeast or to the 
northwest. If it is extended to the northeast, how 
far, and in exactly what alignment? KGS agreed 
with Cramer, but again noted that the trend was 
different  and could have a signifi cant impact on 
directivity of ground motions. Woolery and Wang 
both pointed out that several studies, most of them 
by USGS staff (e.g., Hildenbrand and others, 1996; 
Harrison and Schultz, 2002), show northwest-
trending structures and seismicity. Cobb noted 
that if the ground-motion contours are overlaid, the 
selection of a source is made even more complex. 
Shifting the alignment a small amount one direc-
tion or another makes a huge difference in where 
the ground-motion contours fall. All choices have 
a huge degree of uncertainty.

Everyone agreed that there is large uncer-
tainty in where the northern extension of the 
New Madrid Seismic Zone falls. This should be 
one of the projects that USGS and KGS work on 
together.

The Attenuation Relationships. There are at 
least 13 ground-motion attenuation relationships 
for the central and eastern United States. All were 
developed from theoretical models, with or with-
out the limited records from the few moderate to 
strong earthquakes that have occurred in the area. 
There are large differences in median ground mo-

tion and its standard deviation among these mod-
els, especially at near source (less than 50 km).

Wang said that the inherent uncertainties in 
the attenuation relationships make the hazard as-
sessment even more complicated (uncertain). Shi 
announced that he had been working on attenua-
tion relationship using a composite model.

Everyone also agreed that the ground-motion 
attenuation relationships have large uncertainty 
and that this is another important issue that needs 
to be addressed. Not only is it important for the 
hazard assessment for western Kentucky, but also 
for the national hazard mapping in the central and 
eastern United States, where real data are severely 
lacking.

Other Related Discussions. Petersen stated: 
“Paducah is always going to have a hazard and 
you might bump it up a little or down a little, 
but it will always have some signifi cant level of 
hazard and maybe you need to move the plant to 
some other area in Kentucky.” It was pointed out 
that the plant is already there and that the landfi ll 
really needs to be constructed near the plant. The 
reason Paducah was considered for a new $2 billion 
plant in the fi rst place was because the old plant 
was already there.

Wang said that KGS also thinks there is an ex-
isting seismic hazard in western Kentucky because 
of its proximity to the New Madrid Seismic Zone. 
But the question is, how high is the seismic hazard 
and what level of hazard should be considered for 
mitigation and safety?

Petersen said that State or local jurisdictions 
in Kentucky should be able to select any level of 
hazard for their considerations. Wang pointed 
out that there will be some consequences for the 
State or local jurisdictions if they do so. This issue 
came up during the adoption and revision of the 
2000 International Residential Code in Kentucky. 
Kentucky adopted IRC-2000, and it became KRC-
2002 (Kentucky Residential Code). KRC-2002 was 
proposed to be implemented in January 2002, but 
implementation was suspended because of the se-
vere problems it would cause in western Kentucky, 
especially in Paducah, where the code would re-
quire a site-specifi c study and structural design for 
all family homes. KGS worked with the Kentucky 
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Figure 1. Locations of earthquakes in the central United States since 1974 (from the Center for Earthquake Research 
and Information).

Discussion
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Department of Housing, the Structural Engineers 
Association of Kentucky, the Home Builders Asso-
ciation of Kentucky, and others and recommended 
several hazard maps, including one produced by 
KGS in 1991 and the 1996 USGS hazard maps with 5 
percent PE in 50 years. Many concerns were raised 
by Federal agencies (including FEMA) and private 
industries about using the maps recommended 
by KGS. The 1996 USGS hazard maps with 5 per-
cent PE in 50 years were ultimately used because 
they were produced by a Federal agency (USGS). 
KRC-2002 has been implemented in Kentucky with 
the design ground motion for western Kentucky 
revised to that of the 1996 USGS hazard maps with 
5 percent PE in 50 years.

Follow-Up Items
The following were discussed and agreed 

upon by both parties:
1. KGS will write a summary of the meeting 

based on the presentations given and the 
notes taken at the meeting. The summary 
will be sent to the USGS participants for 
their review and input. The fi nal sum-
mary will be published by KGS.

2. KGS and the UK Department of Geo-
logical Sciences are conducting a seismic 
hazard assessment for the Paducah Gas-
eous Diffusion Plant. Cramer or Schweig 
will provide partial or overall review of 
the hazard assessment when it is done.

3. Because of the importance of the north-
ern boundary of the New Madrid Seis-
mic Zone, USGS and KGS will work 
together to conduct research and defi ne 
that boundary as well as possible.

4. Ground-motion attenuation relationship 
is the other key issue for seismic hazard 
assessment for western Kentucky, as 
well as for seismic hazard assessment 
for the central United States. KGS will 
participate in the research and work-
shops organized by USGS as part of the 
planning and development process for 
the 2007 maps.

5. A joint KGS-USGS workshop in Paducah 
for engineers, contractors, planners, and 

decision-makers was discussed. It was 
agreed that although such a workshop 
was defi nitely worth doing, it needed to 
be carefully thought out or the partici-
pants would come away with the idea 
that everything was so uncertain that 
they might do just as well to ignore the 
science and just pick some numbers.
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Appendix A: Presentation by Mark Petersen
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Appendix B: Zhenming Wang’s Presentation
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