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The Earthquake

The earthquake that struck Japan yesterday was of magnitude 8.9 and took place about 80 miles off the
east coast of Japan near Sendai at a depth of about 15 miles. As has been widely reported, this is the
fifth largest seismic event to take place since 1900 (since 1870, actually). [The others: Chile, May 1960,
magnitude 9.5; Prince William Sound, March 1964, magnitude 9.2; Sumatra/Andaman Islands,
December 2004, magnitude 9.1; Kamchatka, Siberia, November 1952, magnitude 9.1.] The intensity of
such an event is hard to appreciate. A number of reports have said that the main island of Japan moved
eastward eight feet as a result of the earthquake. If that is so (or if anything remotely like that is so), it is
not hard to see how such a large displacement would cause the violent movement of enough water to
create the catastrophic damage we have all been seeing in news reports.

Below is a (very rough) frequency of earthquakes of different magnitudes in the world as a whole.
About 90 percent of the world’s earthquakes (and 80 percent of its largest events) happen in the “Ring
of Fire,” the 25,000 mile-long rim of the Pacific Ocean, where this event took place —and an
differentially high fraction take place in Japan itself.

Magnitude Frequency

9.0+ Every few decades

8.0+ Every year or so

7.0+ Every month or so

6.0+ Several times per week

50+ Several times per day

4.0+ Every half hour or so
The Tsunami

“Tsunami” is a Japanese word. Japan lies at the intersection of three major tectonic plates, and
therefore has a high frequency of major earthquakes. The islands of Japan are seamounts — they rise



from the deep seabed of the Pacific Ocean rather abruptly. This means that when earthquakes take
place off the coast (as they frequently do) and displace large volumes of water, the resulting waves
come ashore quickly. Much of the coast consists of relatively flat, low-lying areas ... which implies that
when tsunamis come ashore even waves of relatively small height can generate large amounts of
damage and can penetrate deep inland, laying waste to whatever is in their way. The Japanese thus
have a long and painful history with major tsunami events. Early indications suggest that the majority of
deaths in this event (now reported at 300 to 500, with as many as 10,000 persons missing at the time of
this writing; the toll should be expected to rise substantially as the areas that are hardest hit are so far
largely inaccessible) were the result of the tsunami. In part, this reflects the success of the seismic
damage mitigation efforts through strong building codes.

Fires

Major earthquakes often cause uncontrollable fires, and indeed often cause many such fires. The
earthquake releases flammable substances (natural gas and petroleum distillates, typically), while
shattering fire prevention and fire control processes, creating obstacles that keep firefighters from
getting to fire sites quickly, and inhibiting their firefighting effectiveness. Video shot during the first
night after the earthquake showed large areas engulfed in fire.

The Nuclear Plants

One of the significant worries expressed in many news reports is for the safety and integrity of nuclear
power plants damaged by the earthquake (and/or tsunami, as many are located near the coast). Japan
has an extensive network of nuclear power plants; as a major nation and economy without access to
significant petroleum reserves of its own, it has chosen to invest heavily in the one form of domestically-
producible power. Because of its painful history as the only country against which nuclear weapons
have been used, however, there is also deep ambivalence in Japan about the use of nuclear power, and,
partly as a consequence, a great deal of focus on making sure that the plants are safe. This is (obviously)
a challenge, since there is no location in Japan that is safe from major seismic events — so nuclear plants
have been constructed with great attention to mitigating seismic risks. Reports that damage to five
reactors at two power plants may have been sufficient to defeat the (multiple layers of) backup cooling
systems and permitted the reactors to operate in an uncontrolled state (the term used in reports is
“runaway”) are thus surprising. A major explosion of a building (separate from the reactors) at the
Fukushima Daiichi plant earlier today, while it does not itself appear to have created a radiation release,
indicates that significant difficulties are being encountered in bringing the systems back into a fully-
controlled state, and the situation remains dynamic. We will likely learn a great deal more about what
has actually happened in these plants and the dangers associated with the consequences, but it seems
likely that the reports saying that these reactors could melt down “like Chernobyl” are not accurate. The
reactor at Chernobyl did not have a full containment dome, so that when it went out of control and
melted down there was little to contain it (it was supposed to be contained by staying within control),
and there was as a consequence an enormous release of highly radioactive material. By contrast, well-



designed modern reactors operate within a reactor vessel and containment vessels that are designed to
maintain isolation of the reactor and its radioactive fuel even in the case of meltdown. At the accident
at Three Mile Island, near Harrisburg, Pennsylvania in March of 1979 (the worst accident at a
commercial power plant in the United States), half of the core of the reactor melted down, but neither
the reactor vessel surrounding the core nor the containment dome surrounding the reactor vessel was
breached. Some reports indicate that there may have been a partial meltdown at one or more of the
Japanese reactors — but even if there has been a meltdown, it seems unlikely that the containment
process will catastrophically fail.

If there is or has been a partial meltdown, but containment succeeds (as at TMI), the result is likely to be
some venting of radioactive gasses together with the possible permanent loss of the power plant. The
plant at TMI had to be shut down and bricked up with lead. This is a very large economic loss, but it is far
short of the kind of environmental catastrophe that could result from a major breach of containment.
Modest releases of radioactivity should also not be confused with a major containment breach. In some
events, radioactive gasses are vented from a reactor; this is undesirable, to be sure, but in reasonably
small releases the consequences are not likely to be disastrous.

The nuclear power plants are a significant worry, to be sure, but it seems reasonable to believe and to
hope that the reports suggesting that a large radiation release is a significant possibility are exaggerated.

If a major breach of containment were to take place, the consequences would indeed be very severe.

Advance Mitigation

As we begin to assess the impacts of the event — and, at this early stage, we have only the barest
outlines of what has happened — there appears to be much to be grateful for and to be proud of. Japan
is one of the best prepared countries in the world for dealing with seismic events — in no small measure
because it has regularly experienced major seismic events. As a consequence, it has expended
considerable effort to design and build structures to withstand the stresses of even very large seismic
events — and that appears to have paid off in a very big way in this event. It appears that there have
been few building failures resulting from the earthquake.

By contrast, consider the much smaller magnitude 7.0 earthquake in Port-au-Prince, Haiti, in January
2010 (which killed about 250,000 people) and the magnitude 8.0 earthquake in Wenchuan, China, in
May 2008 (which killed about 80,000 people). In both cases, many poorly-constructed buildings (mostly
unreinforced concrete dwellings, schools, and office structures) collapsed on themselves, killing tens of
thousands (China) or hundreds of thousands (Haiti) and injuring hundreds of thousands in addition.

It is reasonable to suppose that the efforts in Japan over past decades to develop seismically-resistant
designs and materials and to construct buildings according to the resulting designs and building codes
literally saved tens of thousands of lives, and quite possibly hundreds of thousands of lives yesterday.
This should be a major point of focus as we look at the story of preparation and response. Preparation is
not just about the ability to respond after the fact — it also means acting in advance to mitigate damage



by developing seismic resistance —and we should bear in mind that a big part of the story in this terrible
event is how successful those efforts proved to have been.

Rescue

Since few buildings collapsed, it seems unlikely that there are many entrapped survivors. There are, of
course, many displaced persons, and there are many people on rooftops or other locations surrounded
by water and/or impassable debris who need to be rescued. Unless they are injured, people can survive
for quite a long time without food, and for a reasonably long period (several days) without water. Food
is thus a secondary consideration in the short run. Access to water, by contrast, is critical. Children are
the most vulnerable to dehydration: very young children can die from severe dehydration in a day or so,
and small children and frail elderly people within a very few days. Exposure is also an issue; the weather
can be quite cold in the northern part of Japan in March, and many of the displaced people appear not
to have winter clothing immediately available. Thus, high priorities for the rescue effort will be: (1)
locating and getting medical attention to people who are injured and/or trapped, (2) providing shelter
for people who have been displaced from their homes (and transporting them to appropriately-supplied
shelters), (3) distribution of water, (4) distribution of food, and (5) providing psychological support.

We expect the response will be well organized and effective — but the needs are great, and the obstacles
created by the event are substantial. On the needs side, transport is necessary to get people out
(especially the injured, but also the stranded) and to get water and (less critically) food in. On the
obstacles side, many roads and railroads in the affected area are unusable. There was extensive damage
to airports, so the use of fixed wing aircraft will necessarily be limited. Helicopter airlift will be a critical
asset, but the affected area is large and even with the use of Japanese and US assets (from Okinawa) the
amount of airlift available will be small by comparison to the needs. With many people stranded in
areas without much other transport, helicopters will be needed to take people off roofs — but they can
generally only move a few people at a time, and this will tie up a lot of helicopter time that is also need
to transport food and water. Helicopters also need to refuel often, and the farther they have to fly to
get fuel the less time they can spend on task in the affected area. But from the early video it appears
that there was damage to fuel storage throughout the area. This is a domain where ingenuity and
improvisation will yield major rewards.

Psychological Trauma

We believe that in general societies don’t think or talk about or work nearly enough on the mental
health issues that are generated by large, traumatic events, both in the short run of rescue and in the
longer recovery period to follow. There will be a significant long term burden of post-traumatic stress
disorder from this event, and mechanisms need to be developed to help survivors and responders who
have experienced such terrible events. This is a generally undiagnosed epidemic in the aftermath of
large events, and it needs to be confronted much more explicitly and systematically.



Recovery

The recovery will be *very* long and painful. Enormous amounts of damage appear to have been done
over a narrow but long area — which is thus quite large, in the aggregate. It will take quite some time to
figure out the level of damage, let alone to formulate plans for how to cope with it. People in Japan will
need help — from each other and from others.

The optimistic element for recovery is that Japan is a large and prosperous country, and the damage is
mainly concentrated in a small area along the coastline. The country has large reserves — of money, but
especially of human resources. There are lots of people who will be deeply committed to recovery who
are knowledgeable and capable and willing to help. This is the core element of resilience, and it is what
we will see in motion as Japan designs and executes its recovery.

Risks of similar events in the United States

On January 26, 1700, an event of roughly the same size as today’s earthquake took place on the
Cascadia fault off the shoreline of Washington and Oregon. (This is known, among other things, from
Japanese records of a tsunami that occurred there later that day. What made it especially notable in
Japan was that it “came from nowhere” — that is, it was not associated with any earthquake that they
felt directly.) The event in 1700 was thus almost a precise mirror of yesterday’s event — an earthquake
sent significant wave energy across the Pacific Ocean ... only in that case it was in the opposite direction.
Such an event will eventually take place here again: energy in the Cascadia fault complex has been
building up for a long time, and it will eventually rupture. The coast of the US in Washington and
Oregon is fairly sparsely populated — but a resulting tsunami would race both north and south along the
coast, and could also invade Puget Sound — where there are four major cities (Victoria and Vancouver,
British Columbia, and Seattle and Tacoma in Washington State) along the shore. We need not to be
complacent. We should not think of the event in Japan yesterday as something that only happens far
away from here.



