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Figure 6: Tornado count anomaly (F2 or higher) in 2011 through the month of May. The base
period is from 1970 to 2010. Data source: NOAA’s Storm Prediction Center.

fall into these very dangerous categories. A
recent study estimates that there are on the
order of 17,000 non-ductile concrete frame
buildings in just the 23 highest seismicity
counties of California (Concrete Coalition,
2011). Notably, non-ductile concrete
buildings are often mid-to-high rise towers,
with risk of collapse in significant ground
motions. Further, the design of many modern
structures is focused on life-safety, and may
not consider serviceability. In some cases,
these structures may suffer significant levels
of non-structural damage, increasing the
owner’s economic loss, as well as increasing
the loss of occupancy times and lengthening
overall recovery efforts.

Certainly the takeaway
from this year’s devastating
tornadoes is that more focus
and investment needs to be
put into building codes that
save lives and reduce overall
damage in those tornado
winds that are sustainable,
the level of an EF1 or EF2.
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In areas where soil is susceptible to
liquefaction, losses will dramatically
increase. Our ability to manage this type
of hazard and to identify its overall risk
in terms of land-use practices may need
further refinement. In both New Zealand
and Japan, very high losses were associated
with soil liquefaction. For both residential
and commercial construction, foundations
are especially susceptible to damage when
there is soil failure due to liquefaction (e.g.,
lateral spreading, differential settlement),
because it is difficult or impossible to re-level

the building’s foundation after the event.
The presence of soils that are susceptible
to liquefaction confound land-use decisions
and change the economics of the recovery
process – some regions in the aftermath
of the New Zealand earthquake will not be
available for rebuilding.
On a worldwide basis, we must continue to
ask how well we understand the hazards
posed by subduction zones. In the aftermath
of the Tohoku earthquake, communities at
risk should be very dubious of consensus
earthquake fault models which don’t
adequately reflect potential uncertainties. We
also need to continue to be cautious of the
magnitude and frequency assignments of
subduction zones models, and other source
characterizations, throughout the world.
As subduction zones are often associated
with tsunami-genic sources, gaining a
better understanding of the frequency and
magnitude of earthquakes in subduction
zones will directly translate into a better
awareness of tsunami potential. As resilience
is very dependent on defining hazards
realistically, the uncertainty inherent in
depicting hazards must also be an explicit
element of any community’s risk assessment
and management plan.

Severe Weather and Tornadoes
The horrendous impact of severe weather
mainly associated with tornadoes left many
wondering if weather risk patterns are
changing in the United States. Although
anomalous climate conditions were in place
during the 2011 winter and spring, including
an unusually strong temperature contrast
from Texas to the Pacific Northwest, the
general location of U.S. tornado outbreaks
in April and May was not all that unusual.
“Dixie Alley” in the Southeast is an area
where tornadoes typically form in the early- to
mid-spring. This includes much of Arkansas,
Mississippi, northern Alabama, northern
Louisiana, and parts of adjacent states. What
was so unusual this spring was the extreme
frequency of widespread severe weather
outbreaks, with an unusually high number
of significant tornadoes (EF2 or higher).
Figure 6 illustrates this point; 15 states
had an above average EF2+ tornado count
through May of 2011, and four of those
states reached a record-high count. Not only
is this year on a near-record pace for tornado
counts, but significant tornadoes have
crossed into highly populated areas, such as
Joplin, St. Louis, Tuscaloosa, the suburbs of
Birmingham, Raleigh, Minneapolis, and even
Springfield, Massachusetts. Having more
tornadoes certainly increases the probability
that a particular location will be affected; this
year, both rural and urban areas experienced
significant tornado damage.
Our collective resilience to severe weather
outbreaks must be increased, especially
in light of the high number of casualties
experienced this year. There are numerous
examples of how simple investments in lifesafety can give families superior protection.
The installation of tornado safe rooms is
certainly one of the best defenses in singlefamily homes as well as other structures.
They are also an efficient way to protect
individuals from flying projectiles in a
tornado; with an investment on the order of
$3,000 to $6,000 (Federal Alliance for Safe
Homes, 2011) an interior room of a newly
constructed home can be designed to also
serve as an easily accessible safe room.
Fitting existing homes with safe rooms could
be more expensive, depending on the type
of home and options available, but certainly
many understand that this is a worthwhile

investment in a family’s wellbeing during
a tornado outbreak. Our first challenge is
to protect lives. Survey teams looking at
damage in Tuscaloosa and Joplin observed
that engineered buildings, including schools,
were designed without consideration for
tornado safe rooms (Coulborne, 2011).
Individuals need to be able to act on our
improvements in warnings and have feasible
alternatives for accessible and safe shelter.
Good luck is not resilience.
Researchers point to wind damage from
the less severe, but more frequent tornados
(EF0, EF1 and EF2), which can be reduced
in cost-effective ways (Prevatt, 2011). With
respect to design, more focus on continuous
load paths, including better connections
between walls, roofs and foundations, will
help reduce debris and reduce damage
severity. And of course, improvements in
construction also reduce the severity of
losses for buildings that are on the periphery
of the track for stronger tornadoes. Other
investigators of the Joplin aftermath pointed
out that commercial tilt-up buildings had
critical vulnerabilities, due to their lightweight
roofs and inadequate connections between
precast panels (McGraw, 2011).
Certainly the takeaway from this year’s
devastating tornadoes is that more focus
and investment needs to be put into building
codes that save lives and reduce overall
damage in those tornado winds that are
sustainable, the level of an EF1 or EF2.
In too many areas, the building code for
new construction does not adequately
address basic, minimum standards for
wind resistance. More evidence of this can
be found in some of the first tests done in
the Insurance Institute for Business and
Home Safety’s Research Center. In that
full-scale laboratory, two-story residential
homes constructed to different standards
were tested side-by-side in realistic winds
that could be experienced in a severe
thunderstorm. The paired tests were on
identical homes that differed only by their
construction standards: one was built
to conventional standards that would be
found in the Midwestern United States,
and the other was built to the “FORTIFIED
for Safer Living®” standard – essentially a
verified code-plus regime for construction.
Performance differences in 96-mph straight-

line winds tell a story of resilience achieved
with a minimum of additional building costs,
producing significantly lower repair costs
(IBHS, 2010).
As we turn to tropical cyclones affecting both
Australia and the United States, it is clear
that there needs to be more recognition of
the hazards faced by inland communities
from severe rainfalls that are related to these
tropical systems. Most individuals are aware
of the hazards of severe wind and even storm
surge as a result of tropical cyclones, but the
experience of Irene shows our communities
to be very vulnerable to inland flooding that
is not storm-surge related. In the aftermath
of Irene, many communities were completely
isolated and had to survive for days without
power, outside emergency services, and
other necessities. While individual resilience
is really focused first on risk awareness,
many smaller communities found out
how difficult it was to cope with extreme
precipitation levels and should now review
land-use planning decisions, critical facilities
risks, and community shelter and evaluation
plans.
For flood risk we are in a constant
race, whereby the footprint of our built
environment continues to expand, decreasing
areas where beneficial flooding might be
welcome and at the same time, increasing
runoff volumes for those riverine systems
downstream. The solutions for mitigating
flood risk vary; existing development has
fewer options, but new development has
the ability to use strong land-use planning
measures in conjunction with regional
risk assessment to mitigate their flood
risk. In existing communities, good risk
management practices continue to mitigate
flood losses, including such measures as
raising foundations where possible, making
basements waterproof, making sure electrical
utilities and building mechanical equipment
are protected from rising water, and
designing first-floor structures that allow flood
waters to pass through without damaging the
structure. And when necessary, communities
can invest in the construction of levees to
protect low-lying developments that cannot
be relocated.
This year we saw how the decisions of
floodplain managers can often be very
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difficult, as they balance the demands
on flood control systems with the need to
protect communities that are at risk when the
system’s capacity is overwhelmed. A major
source of flood damages in Vermont in the
Irene-related flood was fast moving waters in
swollen streams. An important message for
flood mitigation from this event was is that
it is not enough to get structures out of the
flood plain; one needs also to watch out for
erosion hazard as well. Eliminating natural
stream meanders for development purposes
leads to significantly higher hydraulic loads
during flooding. These loads cause erosion
of the stream banks and damage structures
built alongside of the stream.
A thorough understanding of the flood
hazard is necessary for proper mitigation and
development planning. Communities that
understand and educate their citizens on
these risks of inundation will benefit greatly.
Identifying areas in a community that can
be expected to flood will enable individuals
to make better decisions on where to locate,
or at the very minimum, encourage them to
maintain a flood insurance policy to cover
future losses.

Conclusion
In 2011, numerous natural catastrophes
offered the world lessons in how to achieve
greater disaster resilience in our cities.
This report has focused on disasters in
the developed world to underline the fact
that even the most modern communities
are often at a disproportionate risk from
natural disasters, largely because buildings,
infrastructure and other critical systems do
not offer the resilience necessary for safety
and security from extreme events. The
criticality of resilience measures increases
as the economic intensity of urban centers
grows: our management of this urban risk
has never been more important as the
ramifications to worldwide economic systems
continues to multiply. The most efficient way
to finance the most concentrated elements of
this risk is through mitigation efforts aimed at
existing and new construction.
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We know that the only way to make any
community truly sustainable is to attain
robust performance of buildings and
infrastructure during extreme events. In
2011 we’ve witnessed how unsustainable
some urban development can be, with large
proportions of building inventory being
destroyed or at least rendered unusable,
whether from earthquakes overseas or
tornadoes in the United States. This cycle
of capital destruction coupled with the
unnecessary impacts on the environment
can be, in many cases, broken. Certainly,
we find many clear cases where basic
building codes reduce the human calamity
of natural disasters, but we need to
implement the newest technology available to
achieve performance based design to allow
consumers, which include home buyers as
well as risk managers, much more certainty
in the survivability of their properties in the
face of natural disasters. If these consumers
are armed with the information and incentive
to demand resilient performance from their
buildings, we can make great progress
towards managing this risk for the benefit of
our whole community.
WeatherPredict Consulting (WPC) continues
to monitor the impacts of natural disasters
on the developed world, recognizing that
better quantification of the effects of natural
disasters will support informed decisions
in their management. Currently, WPC is
involved in funding research on modeling
of tropical cyclones in our collaboration
with the University of Rhode Island (URI)
and NOAA’s Geophysical Fluid Dynamics
Laboratory (GFDL) in Princeton, New Jersey.
In addition, WPC is committed to advancing
research efforts into the costs and benefits
of mitigating the effects of severe weather,
as well as supporting organizations that seek
engineering solutions for the mitigation of
seismic risk. Finally, WPC is also working with
the Federal Alliance for Safe Homes (FLASH)
to educate and encourage consumers to
adopt building practices with disaster safety
in mind. Through the strengthening of
homes, families can be better safeguarded
from the impacts of natural catastrophes.

Box 1: Potential Impacts of Extreme
Earthquake Events in the US
Four extreme earthquake events have
been modeled using the Federal
Emergency Management Agency’s HAZUS
(HAZards US ) Software, with maps of
estimated earthquake ground shaking
developed by the United States Geological
Survey. Extreme event scenarios include
a M7.7 in the New Madrid Seismic Zone,
a M7.3 earthquake in Charleston South
Carolina, a M9.0 Cascadia Subduction
Zone earthquake off the coast of Oregon
and Washington, and a M7.8 earthquake
on the San Andreas Fault in Southern
California.
The Midwest’s New Madrid Seismic Zone
is the site of some of the largest historic
earthquakes in the United States – four
events of Magnitude 7-8 in 1811 and
1812. The modeled M7.7 scenario
earthquake would cause damaging
shaking in more than 83 counties across
6 states (AR, IL, KY, MO, MS & TN).
Building damage is expected to average
8% of building value and the economic
impact of this building damage could
reach as high as 38% of the region’s
economic output (in terms of aggregate
metropolitan area GDP). Population
impacts would also be significant;
approximately 2.6% of households would
be displaced by building damage, and
more than 700 people per 100,000 would
be injured in a daytime event, with an
additional 40 per 100,000 killed.
Another significant east coast event is
a repeat of the 1886 Charleston South
Carolina earthquake. This scenario
earthquake would result in even greater
average building damage than the New
Madrid scenario, reaching almost 10%
of building value. This represents 28%
of Regional GDP, somewhat smaller than
the New Madrid event, but still quite
significant. More than 3% of households
are expected to be displaced by building
damage in this event, and casualties
are expected to be of the same order of
magnitude as the New Madrid event.

A large event in the Cascadia Subduction Zone would cause
damaging shaking across coastal portions of Washington, Oregon
and California. Similar to the March 11 Tohoku Earthquake
offshore of Honshu Japan, such an event could potentially spawn
a tsunami, which could increase damage estimates significantly.
Western communities, with their increased earthquake
experience, are expected to have more robust building codes, a
fact reflected by the lower damage and loss levels in this scenario
event. The shaking from this scenario earthquake would result
in building damage totaling about 4% of building value, with
associated economic loss representing just 10% of the region’s

GDP. One percent of households are expected to be displaced,
and about 300 people per 100,000 could be expected to be
injured or killed.
Finally, a large earthquake on the San Andreas in Southern
California (the subject of significant previous study as part of
the “ShakeOut” Scenario ) would result in an average building
damage of just over 1%, representing 3% of regional GDP. Less
than 1% of the households in the 8 impacted counties would
be displaced by building damage, and about 100 people per
100,000 could be injured or killed.

Box 1: Potential Impacts of Extreme Earthquake Events in the US

Extreme Earthquake Scenario
New Madrid

Charleston

Cascadia
Subduction

Southern San
Andreas

7.7

7.3

9.0

7.8

83 counties in AR, IL,
KY, MO, MS & TN

28 counties in SC

36 counties in CA, OR
& WA

8 counties in CA

Memphis, TN

Charleston, SC

Seattle, WA &
Portland, OR

Los Angeles, CA

3,036,952

2,418,141

6,883,309

19,991,484

Average Building Damage Ratio

8%

10%

4%

1%

Building Damage as a % of
Regional GDP

38%

28%

10%

3%

Percent of Households Displaced

2.6%

3.1%

1.2%

0.2%

Daytime Non-Fatal Injuries per
100,000 population

715

765

290

95

Daytime Death per 100,000
population

40

50

15

5

Liquefaction,
Landslide

Liquefaction,
Landslide

Liquefaction,
Landslide, Tsunami

Liquefaction,
Landslide

Earthquake Magnitude

States/Counties Impacted

Major Cites Impacted
Population Impacted (2000
Census)

Potential Additional Secondary
Hazards
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produced larger loss estimates. For the current relative risk comparison, an “apples-to-apples” comparison of
estimates produced with consistent data and methods was desired, so the “ShakeOut” results have not been utilized.
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