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Bad Assumptions or Bad Luck: Why Earthquake
Hazard Maps Need Objective Testing

Dhuring World War 11, funure Nobel Prize winner Kenneth
Arrow served as a military weather forecaster. “My colleagues
had the responsibility of preparing long-range weather fore-
casts, i, for the following month” he wrore. “The staristicians
among us subjected these forecasts to verification and found
they differed in no way from chance. The forecasters themschves

I:I'L:\"j’o (-j-é

acceleration expected at 10% probabiliry in 50 years, features
a prominent hazard “bull's-eye” ar the site of the 1980 M 7.3
El Asnam earthquake. The largest subsequent earthquakes o
dae, the 2003 M 6.8 Algeriaand 2004 M 6.4 Morocco events,
did not occur in the bull’s-eye or regions designated as having
high hazard levels. The 2010 M 7.1 Haiti carthquake similarly
occurred on a fault mapped in 2001 as having low hazard, and
it produced ground motion far greater than the map prediceed.

EVALUATING HAZARD MAPS

were convinced and requested that the
forecases be disconcianed. The reply read
imately like chis: “The

general is well aware that the ﬂ:recms are

no good. However, he needs them for plan-

ning purposes.” (Gardner 2010).
Secismologists often encounter a simi-

Lar situation when developing carthquake

...inrecent years many
large and destructive
earthquakes have
occurred in places
mapped as having
relatively low hazard..

In the above cases, the maps significantly
underpredicted the earthquake hazard.
However, their makers might argue thar
because the maps predict the maximum
shaking expected with some probabiliry in
some time interval, the much larger earth-
quakes and resulting shaking that actually

hazard maps, which ideally describe the
level of earthquake hazards in a region and
provide a scientific foundation for carthquake preparation and
mitigation. However, in recent years many large and destruc-
tive carthquakes have occurred in places mapped as having rel-
atively low hazard (Kerr 2011). A seriking example is the March
2011 M 91 earthquake off Tohoku, Japan, which occurred in
an areashown by the Japanese national earthquake hazard map
as one of relatively low hazard. Figure 1, from Geller (2011),
illustrates his point that

“The regions assessed as most dangerous are the zones
of three hypothetical “scenario carthquakes™ (Tokai,
Tonankai, and Nankai; see map). However, since
1979, carthquakes that caused 10 or more fatalities
in Japan actually occurred in places assigned a rela-
tively low probability. This discrepancy—the lab:s:

occurred are rare events that should notbe
used tojudge the maps as unsuccessful. So how should we judge
a map’s performance? Currently, there are no generally agreed-
upon criteria. It is surprising that although such hazard maps
are widely used in many countries, their resules have never been
objectively tested.

A basic principle of science is that merhods should be
accepted only after they are shown o be significantly more suc-
cessful than ones based an null hypotheses, which usually are
hased on random chance. Otherwise, they should be rejected,
regardless of how appealing their premises might scem.

Resules from other fields, such as evidence-based medi-
cine, which objectively evaluates widely used treatments, are
instructive. For example, Moseley & al. (2002) found that
although more than 650,000 arthroscopic knee surgeries ata
cost of roughly 45,000 cach were being performed cach year,a

ntrolled exp showed that “the outcomes were no bet-

in a string of negative results for the cf
carthquake model and its cousin, the scismic-gap
model—strongly suggests that the hazard map and
the methods used to produce it are Aawed and should
be discarded.

Similar discrepancies have occurred around the world. The 2008
‘Wenchuan earthquake (M 7.9) in China occurred on a fault sys-
tem assessed, based on the lack of recent scismicity and slow slip
rates, to have low hazard. Another cxample is the convergent
boundary between Africa and Eurasia in North Africa. The
1999 Global Seismic Hazard Map, which shows peak ground

ter than a placcbo procedure.”

Weather forccasts, which are conceprually similar o
carthquake hazard mapping, are routinely evalated to assess
how well their predictions matched what actually occurred
(Stephenson 2000). Forecasts are also tested to sce if they do
better than using the average of that dace in previons years, or
by assuming that today’s weather will be the same as yesterday's.
Over the years, this process has produced measurable improve-
ments in forecasting methods and results and yielded much
better assessment of uncertaintics. This conceptual approach is
also used by climate modelers, who present and compare the
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Have Recent Earthquakes Exposed Flaws in or

Misunderstandings of Probabilistic Seismic

Hazard Analysis?

by Thomas C. Hanks, Gregory C. Beroza, and Shinji Toda

In a recent Opinion picce in these pages, Secin et al. (2011)
offer a ramarkable indicement of che methods, models, and
resules of probabilistic sismic hazard analysis (PSHA). The
principal objecr of their concern is the PSHA map for Japan
rekeased by the Japan Headquarters for Earthquake Rescarch
Promoton (HERP), which is reproduced by Swin o af
(2011) as their Figure 1 and also here as our Figure 1. It shows
the probabilicy of exceedance (also referred to as the *hazard”)
of the Japan Metcorobogical Agency (JMA) intensicy 6-lower
(IMA 6-) in Japan for the 30-year period beginning in January
2010, JMA 6 is an carthquake-damage intensity measure that
is assodared with firly srong ground morion that cin be da-
maging to well-buile structures and is potentially destructive to
poor construction (HERP, 2005, appendix 5). Reiterating Gel-
ler (2011, p. 408), Stin e al (2011, p. 623) have this to say
abou Figure 1;

The regions asessed as most dangerous are the zones
of thiree hypotherical “scenario earhquakes” (Tokai,
Tonankai, and Nankai; we map). However, since
1979, carthquakes thar caused 10 or more famlirics
in Japan acoually occurred in places wssigned a rea-
tively low probabilicy. This discrepancy—the larest
in a string of negarive resules for the characeeristic
model and ics cousin che scismic-gap model—songly
sugges thar the hazard map and the methods used to
produce it are flawed and should be discarded.

Given the cenal role thar PSHA now playsin scismic risk
analysis performancebased engincering, and  design-basis
ground motions, discarding PSHA would have imporcant con-
sequences, We are not persuaded by the arguments of Geller
(2011) and Stein et al. (2011) for doing so becaus imporcant
misunderscandings sbout PSHA wem to have conditioned
them. I the quoration above, fo cxample, they have aonfised

cen carth observa-
tions and ground-motion hazrd aleulatons.

PSHA has two essential ingredients: sdamic-source char-
acterizaton  (SSC) and  ground-motion  characterization
(GMC). $SC deals with the carth quakes chat might affect some
site or ares of incerest and specifics the locations, sizes, and
rates of occurrence for them. GMC is concerned wich che ex-
ditation of ground motion from all of these carthquakes and ics

dai: 10.1785/0z2012004 3

propagion to the site(s) of interest, Fren for very specfic
choices of magnicude M and distance R, however, there is con-
siderable variabilicy of the resulting ground moton, and mod-
ern PSHA projects devoce considerable time and effort to
quintifying thes uncertainties. For any site of interest, S5C
and GMC are combined in the hazard incegral (e, Reiter,
1990; McGuire, 2004), which integrares over all magnirudes
M and disunces R to determine the exceadance rate of a cho-
sen ground-morion measure. This results in the hazard curve,
with ground-motion values on the abscissa and their raws of
exceedance on the ordinate; when these races of excesdance are
small numbers, they are the same as probabilisies of exceedance.

The hazard curves for many sies may be synthesized int 2
map showing hazard values for a fixed ground-motion/
damage-ineensity level (a verdical line in hazard space; Fig, 1)
or ground-motion values for a fixed hazard level (2 horizoneal
linc in hazard space; Fig. 2). Most readers of Seismalagical
Research Lessers will find Figure 1 o be a very different pre-
sentarion of hazard from what they are used to secing. More
familiar is the porzayal in Figure 2 (Petcrsen et af,, 2008) thar
shows the peak ground acceleracion (PGA) in California and
Nevada for a fixed probability of exceedance of 4 x 104 fyr
(the 2,500-year PGA), also known as the “2% in 50 years"
PGA because it represents the ground motion with a 2%
exceedance probabilicy in a 50-pear incerval. In chis formar,
ground motions tend o become large close to high-slip-race
faults (che San Andreas, e, and its princpal branches), where
many kiuge carthquakes are expecred to occur in 2500 years,
We can illuscrate this with 2 highly simplified cxample in
which a single-size event ocaurs every 250 years along che same
fault segment. In chis case, we need w choose the 1-in-10 PGA
o reach the hazard level of 4 x 10~ /year (1/250 x 1/10). This
will be a faccor of 2-3 times hirger than the median PGA value
for a single carthquake and keads to the very large PGA vahics
dong the high-dip-rare sccrions of the San Andreas fault system
in Figure 2.

The high-dip-race fults in Japan are the subducion in-
terfaces, with the Philippine Sea plate subducting beneath
the Tokai—Tonankai-Nankai coast (ar ~30 mm /year beneath
Tokyo increasing to ~50 mm/year beneath the Nankai coasc)
and the Pacific plate subducting beneach the northern comst of
Japan ac ~80 mm /year. Both of these slip races are somewhat
significandy higher than that for the San Andreas fault, buc only
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With firm geological foundations and major earthquakes rare, FUKUSHIMA is a safe and secure place to do business
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Fukushima is remembered as being low risk in having natural
disasters such as earthquake and typhoon, and receives one of
the highest reputations in corporate risk management.

The probability that Fukushima suffering from an earthquake of
magnitude 6 or less within the next 30 years Is extremely low.
The ground of Abiikima Mountains is solid and there aren’ t
many active faults. Therefore, It' 5 often sald that safety from

sarthquake is very high. SEIVFLAIK
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