


Editorial: Uncertainties Underfoot 
Although all far northern areas have certain challenges in 

common - permafrost, ice, keeping things working at forty 
below-Alaska has an additional problem directly related to its 
location, not to its climate. This state's residents live on shaky 
ground indeed. 

The reasons for this lie far beneath the unstable surface. Like 
a slow-moving tourist, a great slab of the earth's crust is heading 
for Alaska. As its leading edge arrives, this Pacific plate is deflec
ted downward by the stubborn bulk of the North American plate. 
In some places the descent seems to be progressing smoothly; in 
others, the rocks lock, resisting the inexorable movement until 
the strain exceeds their breaking strength. Then something gives 
catastrophically. Seismologists believe that will happen fairly 
soon at the seismic gaps (so called because they have had no 
significant earthquake activity for a long enough time to indi
cate that the rocks are stuck) near the Shumagin Islands and 
around Cape Yakataga. They are confident that it is what hap
pened beneath the Southcentral coastline on Good Friday of 
1964. 

The point of the foregoing is this: Alaska will have more 
earthquakes, and some of them will be earthshattering. The 
processes generating them are as inescapable as the tides. But 
while we can do nothing to prevent them, it is within our power 
to ameliorate their effects on the human sphere. The human 
power involved falls partly in the realm of scientists and engi
neers, partly in that of public officials. Most of this issue concen
trates on the interaction of these realms; all but two articles were 
originally presented as papers at the symposium, "Earthquake 
Hazard Reduction: Public Policy and Private Needs," which was 
part of the 35th Alaska Science Conference. John Davies, who 
served as technical editor for this issue (to the relief and joy of 
the TNE staff) was chairman of both the whole conference and 
the earthquake symposium. 

Appropriately, the conference was held in Anchorage. As 
the photographs in this issue show, Anchorage has the unfortu
nate distinction of having endured one of the best-documented 
great earthquakes in history. We must add, "So far." The crustal 
plates keep moving. Someday, far in the future, what is left of 
Los Angeles will dock near Kodiak, adding petrified palm trees 
and the dust of defunct taco stands to the jumbled terranes of 
southcentral Alaska. There's plenty of time for many more great 
earthquakes during that journey. 

Some of the participants in the earthquake hazard reduction 
symposium are Californians (and yes, they did have to put up 
with joking suggestions to move north now and avoid the geo
logical rush). Their state is mobilizing for the inevitable, and the 
cooperation there of public officials with scientists and engineers, 
although not ideal, sets a good example that Alaskans can only 
envy. 

Envy is also an emotion Alaskans may feel when they con
template the level of federal funding aimed at supporting 
earthquake-related research in California. Yet the size of that 
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allocation makes national sense, for certainly far more voters 
(and industries) will be affected by a major earthquake in Cali
fornia than by one in Alaska. For money to undertake adequate 
research, our seismologists and structural engineers must go to 
state and municipal funding authorities, where-again reasonably 
enough - they may find an audience that is not eager to hear 
what they have to say. Nobody welcomes the bearers of bad 
tidings, especially when the gloomy messengers come bearing 
both requests for money and vaguely oracular portents. The 
mind's ear can hear probable reactions: "What do you mean, 
we'll get another 8-point-something quake sometime in the 
next 175 years? We're talking condos with a 50-year life here!" 
Most Alaskans, and nearly all Alaskans who hold elected office, 
are development-minded folk, not the kind of people who are 
especially eager to hear that a given construction project should 
be built on more stable soils, say, or that it needs much redesign
ing to be suitable for any city lying near the probable epicenter 
of a major earthquake (which would, incidentally, apply to 
Anchorage, Fairbanks, and Juneau). 

Thus, the underlying theme of this issue amounts to nego
tiations around the bad news. Its substance concerns what we 
know, what we need to know, and-most especially-what we 
need to do to clarify the situation and to alleviate the conse
quences when the ground shakes again. -Editor 
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MEASURING EARTHQUAKES 
by Larry D. Gedney 

Ground failure, even more than acceleration, can cause damage during an earthquake. The Govern
ment Hill School, shown here, was left without a leg to stand on after the 1964 earthquake. (USGS 
photo, AEPA). 

The seismology laboratory at the Geo
physical Institute is a popular stop for 
visitors touring the University of Alaska
Fairbanks campus, and we who work 
there learn a lot from these visitors. Among 
other things, we learn- and keep relearn
ing- that the language of our specialty is 
not the common tongue. For example, it's 
a fairly common occurrence for visitors 
to ask if they can see the Richter scale as 
if it were a piece of equipment. On that 
request we have to disappoint them. 

Once in a while someone asks how 
high the Richter scale goes, and often 
people are surprised that the scale does 
not go from 1 to 10, or between any 
limits at all. Earthquakes of magnitude 0 

and smaller happen all the time. In fact, 
the smaller they are, the more frequently 
they occur, but the instrumental detec
tion limit extends only to around magni
tude -3. This represents about the energy 
equivalent of the explosion from a small 
firecracker at a depth of five miles. (The 
point on the earth's surface directly 
above that exploding firecracker would 
be the epicenter for this -3 earthquake.) 
At the other end of the scale, a Richter 
magnitude could be assigned to an earth
quake of any size, no matter how great, 
but the largest earthquakes ever recorded 
were a little over magnitude 9 on this scale. 
It is likely that the earth's crust cannot 
accumulate more strain without ruptur-

ing; an earthquake of that magnitude 
means that the crust had reached its 
upper limit of stress. 

Another common visitors' inquiry is 
based on the logical but erroneous 
assumption that an earthquake's Richter 
magnitude changes with distance from its 
source, such as: "I heard on the news that 
there was a magnitude 7 earthquake in 
the Aleutians. What magnitude was it in 
Anchorage?" To a seismologist this is 
equivalent to saying, "I heard that there 
was a 50- kiloton nuclear test in Nevada. 
How many kilotons was it here?" The 
magnitude of an earthquake is a function 
of the energy released at its source. The 
ground effects, known as earthquake 
"intensity," die away with distance, but 
an earthquake of, say, magnitude 5 is a 
magnitude 5 earthquake no matter where 
on the globe it occurs. 

REALITY: SCALE VS. SHAKING 

Charles F. Richter devised his magni
tude scale in the mid-1930s while he was 
investigating earthquakes in California 
with seismographs that magnified ground 
motion 2800 times. As a baseline, he 
defined a magnitude 0 earthquake as 
being one that would produce a record 
with an amplitude of one-thousandth of 
a millimeter on his recording instrument 
at a distance of 100 kilometers from the 
epicenter. (Such small deflections are so 
difficult to see that much stronger 
magnification is used in modern seismo
graphs and an appropriate scaling factor 
applied). From that baseline, magnitudes 
can go either up or down with unit steps in 
the Richter scale representing a factor of 
ten change in the amplitude of the ground 
motion which is observed as a tenfold 
change in deflection on the record. For 
instance, if a deflection of one-thousandth 
of a millimeter at a distance of 100 
kilometers indicates a magnitude 0 earth-

Larry D. Gedney is an associate professor of geophysics with the Geophysical Institute, University of Alaska-Fairbanks. His main 
interests are in seismicity and plate tectonics, and he has pursued the practical applications of seismic refraction studies in detecting 
permafrost and geothermal resources. Perhaps he is best known to the public as the person who provides a weekly column on scientific 
topics to several Alaskan and Canadian newspapers. 
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quake, then motion of 1 millimeter (1000 
or 103 times the motion of the magnitude 
0 earthquake) at the same distance would 
represent a magnitude 3 earthquake. A 
magnitude 8 earthquake at 100 kilo
meters would then result in a deflection 
on the record (in millimeters) increased 
100,000,000 or 108 times the motion of 
the magnitude 0 earthquake. Thus the 
deflection would be 100,000 millimeters 
in all, greater than the length of a foot-

huge displacements that shatter roads and 
topple buildings, such as in the earth· 
quake that struck Alaska on Good Friday 
in 1964, are caused by the cumulative 
effects of sustained shaking and from 
ground failure. 

The disbelievers spoke up quickly. 
Several suggested that there was a misprint 
in the article; the more outspoken sug
gested I should enter some other line of 
work. 

Why people have trouble believing that the ground underfoot moved only a few centimeters: the 
toppled elevator shaft and collapsed floors ("stacked like pancakes") of the Four Seasons Apart· 
ments in Anchorage in 1964. (Gil Mull photo, AEPA.) 

ball field. Of course, such large deflec
tions are impossible to measure, so 
observations from very distant recording 
sites must be used. 

Appreciating that the foregoing points 
have interested tourists, school children, 
and even my neighbor's in-laws, I wrote 
about them in the Geophysical Institute's 
northern science facts column (known as 
"Science Forum" in most of the Alaskan 
and Canadian newspapers where it ap
pears). I found another interesting fact to 
wrap up the column, and -with more fore
sight than I realized-introduced the sub
ject with, "Although few people are likely 
to believe it .... " The point was essentially 
translating something mathematically ob
vious into something more easily perceived 
by a reader scanning a newspaper: a magni
tude 8 earthquake translates into 1/2800th 
of 100,000 millimeters, or only about 4 
centimeters or an inch and a half of actual 
back-and-forth earth vibration at a distance 
of 100 kilometers from the epicenter. The 
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Having been through a number of fairly 
large earthquakes myself, I could sym
pathize with the feeling that the ground 
must be moving more than an inch or so
nevertheless, it isn't true (unless the 
ground itself fails, which is another 
problem). Several factors translate these 
relatively minor movements into such 
gargantuan effects. 

Most instruments measure seismic 
waves that have travelled from the source 
to a seismograph located on solid bedrock, 
but only a few structures actually have 
their foundations on bedrock. Instead 
they are situated on tens or hundreds of 
feet of overburden, which in some cases 
amp I ifies the bedrock motion by as much 
as a factor of 3 to 5. 

In addition, all structures have one or 
more natural frequencies of oscillation: 
this means that if Superman were to give 
the corner of a building a push, it would 
tend to rock back and forth at a particular 
frequency for a while, just like a car with 

worn-out shock absorbers. If the fre
quency of earthquake shaking is close to 
the building's natural frequency of 
OS«illation or one of its harmonics, there
sulting amplitude grows rapidly. The 
longer the shaking continues, the more 
serious the consequences become. 

It is natural to think of the seismic 
wave amplitude (the actual distance that 
the ground moves back and forth) as being 
the main cause of earthquake damage. 
Actually, it is usually acceleration (the 
abrupt changes to and fro) that does the 
most harm. To illustrate this, picture two 
men holding a plank on which another is 
standing. If they walk slowly to another 
corner of a room, the man standing on 
the plank can probably maintain his 
balance. Although the amplitude of the 
motion is large, the acceleration is small. 
But now imagine what would happen if 
the men holding the plank were to jerk it 
sharply back and forth between them. 
The displacement is small, but the accelera
tion is large and the man on top probably 
will fall off. This is why it is difficult to 
stand during large earthquakes, and why 
people often estimate ground motion to 
be larger than it actually is. Furthermore, 
under different circumstances structural 
damage correlates with displacement, 
velocity, or acceleration depending on the 
natural frequency of the structure and 
the direction of the shaking. There is 
more to it than a seismometer can record
or than a brain can grasp while an earth· 
quake is occurring. 

It is not only the uninformed observers 
whose perceptions run contrary to meas
urable reality when experiencing an 
earthquake. Years ago, a very experienced 
and respected California seismologist was 
working in the vault that shielded his 
equipment from extraneous vibrations 
when an earthquake occurred. As he felt 
the tremblor, he thought he observed 
tiny waves-a few centimeters long and 
a fraction of a centimeter high-travelling 
across the concrete floor of the vault. He 
knew that what he had "seen" was im
possible, for seismic waves travel far too 
quickly to be observed moving across a 
floor, and the thick reinforced concrete 
of a sturdy seismographic vault could 
not flex to allow visible waves to form. 
Yet the experience was so convincing 
that he later examined the vault floor 
with a magnifying glass, trying to find 
cracks that the waves might have caused. 
Of course there were none. The memory, 
he says, has always remained as he "saw" 
it that day, and the impossible waves 
continue to roll in his mind's eye. • 
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EARTHQUAKES 

Anchorage, Alaska: the remains of a home fill a new graben in the Turnagain area in 1964; the foundation (upper left) seems perversely whole. (College 
Observatory collection photo, AEPA.) 
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AND PUBLIC POLICY by JoeL. Hayes 
Because of Alaska's vast natural resources which lie beneath 

the ground, its climate, and unique tectonic activity, this state 
should place a priority on earthquake research and seismic 
monitoring. 

Many Alaskans remember the great 1964 earthquake, but a 
majority of residents have come to this state since 1964. Some 
may be aware of the destruction that quake caused 
and many may be concerned about the potential of 
a similar incident. 

It has always seemed a little ironic that the 1964 
disaster fell on Good Friday because all of us who 
were here at that time certainly felt nothing good 
could come from that great quake. But there is 
good which is coming from that disaster. First, we 
remember the effect it had on this community. 
Second, we have conducted research about the ef
fects of the quake and possible consequences of 
another such disaster. Third, we are evaluating 
how well Alaskans are prepared to handle such a 
disaster. And fourth, we have the potential to as
sume a role for the nation as a leader in earthquake 
research and preparedness. 

Because of the potential for another major 
quake and because of the building boom that con
tinues to take place in the southcentral area, it is 
essential that we understand the geological makeup 
of areas in which we build, the potential for quake 
damage, and how to respond in the event of a 
quake. The simple fact is that Alaska, the most quake-active 
state in the nation, does not yet have an adequate program in 
earthquake research nor does it have an adequate program to 
mitigate the effects of quakes. Why the public or government 
has not made this issue a priority until just recently is difficult 
to understand. 

In health care, the least costly and most effective way of 
dealing with sickness is to prevent it through good health prac
tices. The same philosophy should be useful for disaster preven
tion. It would certainly be wiser to understand how, when, and 
where a quake might occur and to develop an area with such in
formation in mind-rather than to treat the human and physical 
damage that would occur afterward and that might be indirectly 
a result of improper engineering or planning caused by a lack of 
knowledge. 

In 1983, I cosponsored legislation which at least began to 
address the problem as a part of state responsibility. Alaska law 
now reads, "collection, recording, evaluation, and distribution 
of data on seismic events and engineering geology and 
identification of potential seismic hazards throughout the state 
are in the public interest." The law added duties in the State 

Geologist's office to include the collection of seismic information, 
the identification of potential hazards, and the duty to inform 
public officials and industry about potential seismic hazards 
that might affect state development. Furthermore, I was 
able to insert language in the state budget to ensure adequate 
funding to meet these goals. 

The directive is laudable as far as it 
goes, but it must be better defined and 
it must be supported by the necessary 
funds and personnel. While we as a state 
are dealing with limited revenues for 
dozens of priorities, we must remember 
that a lack of commitment to such re
search today only invites danger or 
preventable disaster tomorrow. With 
the massive construction taking place 
now and in the future, seismic informa
tion is critical. 

We must continue, and enhance, our 
seismic monitoring efforts and consoli
date the data into a central location for 
public access. We must establish a fund
ing method to assure that the collection 
and distribution of seismic information 
is given the priority ranking it deserves. 
We must centralize our seismic data 

Joe L. Hayes collection efforts and provide support 
for seismic data transmission. Among 

state, federal, and university efforts we are conducting an in
creased amount of research, but at times there appears to be a 
lack of coordination in consolidating that information. 

The Workshop on Alaskan Seismology, held in February 
1982 in Wasilla, also encouraged the formation of a working 
group on quakes, volcanoes, and tsunamis, in part to address the 
consolidation problem just mentioned. Such a group would also 
be charged with educating the public about mitigating the 
hazards of potential disasters. This is a critical element to our 
overall public policy. Communities should be involved in 
preparedness activities and be given specific information on 
what to do in the event of a major quake. 

Finally, Alaska should be recognized as a leader in quake 
research and preparedness. This recognition will come only from 
an aggressive commitment to quake research and efforts to 
make the research a priority. The best way to achieve these 
goals is through the gathering and distribution of seismic in
formation such as that given in this series of Arctic Science 
Conferences. I hope that these symposia, particularly in the area 
of earthquake research, will continue as regularly scheduled 
~~ . 

Joe L. Hayes, prior speaker of the Alaska State House of Representatives and former partner of the engineering firm of Tryck, 
Nyman and Hayes, received a B.S. degree in civil engineering from the University of Washington and an M.S. in engineering manage
ment from the University of Alaska. He delivered these introductory remarks to the Earthquake Hazard Reduction Workshop in 
Anchorage. 
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ALASKNSEARTHQUAKES 
by John N. Davies 

EARTHOUAKEOCCURRENCEINALASKA 

Approximately 11 percent of the world's earthquakes occur 
in Alaska. Even considering that the land area of Alaska is only 
about three-tenths of one percent of the surface area of the 
world, this figure still understates the level of earthquake activity 
in Alaska. It is only when the energy released by Alaskan earth
quakes is taken into account that a proper perspective is gained. 

The ten largest earthquakes in the world since 1904 
are listed in Table 1. Of these, three occurred in Alaska: 
the Good Friday earthquake of 1964 ( Mw = 9.2, 
rank no. 2), the Andreanof-Fox Islands earthquake 
of 1957 (Mw=9.1, rank no. 3), and the Rat Islands 
earthquake of 1965 (Mw=8.7, rank no. 6). Three out 
of ten gives the right impression of the ratio of energy 
released in Alaska compared to the whole world. 

Table 1 is based on one compiled by Hiroo Kana
mori1 which gives the energy released by each earth
quake larger than Mw= 8.0 since 1904 for the world. 
In this list Alaskan earthquakes contribute 30 percent 
of the total energy. It appears that Alaska has a few 
really large earthquakes and that the rate of occur
rence of medium-sized shocks is more normal. If one 
assumes that Alaska has 30 percent of the energy re
leased by quakes larger than Mw = 8.0, but only 11 
percent of that released by smaller quakes, then the 
energy released by earthquakes in Alaska would be 
about 25 percent of the total for the world. 

The Meaning of Magnitude 

No. 

1. 

2. 

3. 

4. 

5. 

8. 

7. 

8. 

9. 

use with a particular type of seismograph and has inherent limi
tations; however, when used in the correct range of magnitude 
each can be viewed as an extension of the previous one. In this 
sense it is proper to consider any magnitude correctly calculated 
from one of these scales as a Richter magnitude. 

Until recently the standard measure of large earthquakes was 
the Ms scale. This scale is based on the logarithm of the ampli
tude of surface waves measured from a seismograph that is 

Table 1, The World's Ten Largest Earthquakes 
1904-1984 

Location Year Mw Energy* 

CHILE 1960 9.5 2000 

ALASKA 1964 9.2 820 

ALASKA 1957 9.1 585 

KAMCHATKA 1952 9.0 350 • ECUADOR 1906 8.8 204 I 
ALASKA 1965 8.7 125 ~ 
ASSAM 1950 8.6 100 B 

BANDA SEA 1938 8.5 70 I 
CHILE 1922 8.5 69 I 

A brief digression on earthquake magnitude is 
appropriate here since it was Kanamori, in the same 
paper,1 who devised the extension of the "Richter 
scale" which allows a proper assessment of the very 
largest earthquakes. The term Richter scale is a little 
misleading since, in the first place, "scale" often has 
the connotation of a fixed range, such as from 1 to 10, 
and second, because seismologists actually use several 
different formulas for the computation of magnitude, 
only the first of which is properly called the Richter 
scale. Each of these formulas or scales is defined for 

10. KURILES 1963 8.5 67 I 
*Energy In dyne-em x 1021 

Source: Based on data from Kanamorit 

John N. Davies (B.A., Reed College; M.S., Ph.D., University of Alaska) chaired the Earthquake Hazard Reduction Workshop in 
which this and other papers in this special section were presented. He is the state seismologist for Alaska and a member of the National 
Earthquake Prediction Evaluation Council, an advisory body to the Director of the U.S. Geological Survey. Before taking his present 
position, he worked at Lamont-Doherty Geological Observatory, Columbia University, where he helped develop evidence for the 
earthquake potential of the Shumagin seismic gap. Dr. Davies served as technical editor for this issue of The Northern Engineer. 
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sensitive to waves that have periods in the 
range of 15 to 30 seconds. Kanamori 
showed that many large earthquakes gener
ate earthquake waves with significant 
energy in the period range of 100 to 1000 
seconds. Since this long- period energy 
was not detected very well by the standard 
seismographs on which the Ms scale was 
based, the total energy released by these 
huge quakes was significantly underesti
mated. For example, the 1964 Good Fri
day earthquake in Alaska was estimated to 
have a surface wave magnitude of Ms = 8.4 
to 8.6. When measured using Kanamori's 
new scale (denoted MwL the moment mag
nitude of the 1964 Alaskan earthquake is 
estimated to be Mw = 9.2, a factor of 8 to 
15 more energy than that corresponding 
to the Ms estimate. Note that although 
this value of 9.2 is not calculated from 
Richter's formula, it is still correct to call 
it a Richter magnitude because the Mw 

The effects of the energy released by the 1964 earthquake destroyed the Penney's building in 
Anchorage. (U.S. Army photo, AEPA.) 

Richter 
Magnitude 

3 

6 

9 

scale is adjusted to be consistent with 
Richter's original definition of magnitude. 

A feeling for the range in energy 
reflected by different Richter magnitudes 
can be gained from Table 2. This table 
compares Richter magnitude at three 
different levels (Mw = 3, 6, 9) and the 
corresponding Mercalli scale ratings (a 
"true" scale in the sense that it only ranges 
from I to XII) to the equivalent energy 
released in terms of Hiroshima bombs. It 
can be seen from this table that six orders 

Table 2. Earthquake Magnitude Scale Comparisons 
(For a Local Earthquake) 

MMI* 

Ill 

VII-VIII 

XI-XII 

Effects 
Equivalent Energy 

(in Hiroshima bombs) 

Felt indoors, hanging objects swing, vibration 
like passing of light trucks, may not be 
recognized as an earthquake. 

Difficult to stand, noticed by auto drivers, 
furniture broken, damage to masonry, 
chimneys broken, small slides and slumping, 
frame houses moved on foundations (if not 
bolted). branches broken from trees, some 
cracking of wet ground or steep slopes. 

Rails bent greatly, underground pipelines 
out of service, damage to buildings nearly 
total, rock masses are displaced, lines of 
sight and level distorted. 

0.00001 

0.3 

10,000 

*The Modified Mercall i Intensity (MMI) scale Is based on observed damages and effects to struc
tures and people. 

Source: Based on data from Richter, Charles F. 1958. Elementary Seismology. W.H. Freeman 
and Company, San Francisco and London, 768 pp. 
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in Richter magnitude (that is, the differ
ence between Mw = 3 and Mw = 9) corres
pond to about 10 orders of magnitude in 
energy, a factor of 10 billion. The energy 
ratio for the largest earthquake known 
(Mw = 9.5, Chile, 1980) to one that is 
barely perceptible by people (about 
Mw = 2.5) is about 30 billion. 

A Comparison with California 

Returning to comparisons between 
earthquake activity in Alaska and else
where, let us consider California which is 
regarded by many as the archetype of 
"earthquake country." 2 California is in
deed earthquake country, cut by the San 
Andreas fault system and many subsidiary 
tau Its; it has been the site of several histori
cal great earthquakes. Most famous among 
these was the 1906 Mw = 7.8 earthquake 
which devastated San Francisco. All ofthe 
recent damaging earthquakes in California, 
such as the San Fernando, Coalinga, and 
Morgan Hill events, were rated about 6.5 
on the Richter scale. 

One can compare this activity in Cali
fornia to that in Alaska by considering 
the histogram shown in Figure 1. This 
histogram shows the number of earth
quakes larger than magnitude 5.5 in each 
of the years from 1976 through 1980 for 
both Alaska and California. It is easy to 
see from this comparison that Alaska also 
deserves to be called earthquake country. 
In Alaska, however, most of these large 
earthquakes occur in remote, sparsely 
populated regions so that many events 
with magnitudes in the 5 to 7 range cause 
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Figure 1. International Seismological Center re
ports for earthquakes of magnitude;;. 5.5 during 
the 5-year period from 1976 to 1980. 

little if any damage and go almost un
noticed. 

MAJOR EARTHQUAKE ZONES 
IN ALASKA 

The Alaska-Aleutian Subduction Zone 

The vast majority of the large earth· 
quakes in Alaska occur along the Aleutian 
Islands, the Alaska Peninsula, and the 
Kenai Peninsula. Almost three-quarters 
of the events shown on the map in Figure 
2 fall in this region. Plotted on this map 
are the epicenters of all of the earthquakes 
larger than Mw= 7.2 for the period from 
1897 through 1980, a total of 35 events. 
All three of the great Alaskan earthquakes 
listed in Table 1 occurred in this region. 

The belt of earthquakes and volcanoes 
stretching from the western Aleutians to 
the Kenai Peninsula is known as the 
Alaska-Aleutian subduction zone. The 
great earthquakes here result from sudden 
slipping along the shallow contact zone 
between the Pacific and Alaskan plates. 
These earthquakes typically cause very 
strong shaking which lasts several minutes; 
significant, permanent uplift or subsidence 
over very large areas; very large seismic 
sea waves or tsunamis which cause damage 
at great distances across the Pacific; 
extremely high wave run-up of a few to 
more than 30 m locally; and many land· 
slides, snow avalanches, and submarine 
slumps at distances out to 100 km from 
the epicenter. 

The 1946 Scotch Cap earthquake gener
ated an extremely large tsunami which 
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completely destroyed the reinforced con
crete lighthouse at Scotch Cap on 
Unimak Island in the Aleutians and 
caused significant damage in the Hawaiian 
Islands. The 1964 great Alaska earthquake 
caused permanent uplift or subsidence of 
tens of thousands of square kilometers 
from Prince William Sound to Kodiak 
Island. The tsunami did terrible damage 
at Kodiak, Seward, Chenega, and other 
coastal villages of Alaska and at places as 
distant as Newport, Oregon, and Crescent 
City, California. A secondary submarine 
slump near Shoup Bay in Valdez Arm 
created a seiche wave which broke off 
trees more than 35 m above Shoup Bay 
and which sloshed a wall of water about 
7 m high through the town of Valdez. 
The long duration of the strong shaking 
in Anchorage, more than 60 km from the 
nearest point of the rupture surface, 
caused a dozen damaging landslides along 
the bluffs of Knik Arm and Ship Creek. 

Queen Charlotte-Fairweather 
Transform Fault Zone 

Five epicenters are shown in Figure 2 
along the panhandle region in southeastern 
Alaska. These events occurred along the 
Fairweather fault which is part of a 
transform fault system along which the 
Pacific plate is sliding (horizontally) by 
southeast Alaska. This region is known as 
the Queen Charlotte-Fairweather trans· 
form fault zone. Great earthquakes with 
Richter magnitudes in the mid-8s can 

occur here, but the extremely large events 
in the high 8s and low 9s typical of the 
subduction zone to the west are not ex
pected. Earthquakes in the transform 
zone occur on strike-slip faults which cut 
the surface of the earth in long straight 
lines. Offsets along these surface breaks 
can be on the order of meters, causing 
very intense shaking near the fault . 

The 1958 Lituya Bay earthquake had 
a horizontal displacement across the Fair· 
weather fault of about 15 m. The violent 
shaking from this quake dislodged a giant 
rockslide in Lituya Bay, causing a seiche 
wave which washed trees and soil from the 
bedrock of the opposite shore to an eleva· 
tion more than 500 m above sea level. 

Interior, Northern, and Western Alaska 

In the interior of Alaska there are four 
epicenters shown on the map of Figure 2. 
The largest of these quakes, the 1904 
Rampart earthquake, is sometimes listed 
as having a magnitude of 8, though 7.3 is 
probably more correct. 3 All of these earth· 
quakes occurred on faults which did not 
break the surface of the earth. Typically, 
these events have durations of strong 
shaking which last somewhat less than a 
minute. Rock fall and liquefaction of 
the soil can occur 30 to 50 km away from 
the epicenter. The 1937 Salcha earthquake 
left a number of fissures in the soil and 
caused a rockfall which closed the Richard· 
son Highway. The 1958 Huslia earthquake 
caused widespread cracking and fissuring 
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Figure 2. The dots show the epicenter locations of all shallow (depth less than 70 km) earthquakes 
in Alaska of magnitude 7.2 or more from 1897 through 1980. The map shows 31 events, but two 
dots in the Yakutat- Yakataga area actually represent two events each, and two in the westernmost 
Aleutians are off the map. The 83-year record thus indicates that Alaska had 35 earthquakes of at 
least magnitude 7.2, or one every 2.3 years.•·• 
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of the soil. A significant amount of 
liquefaction was indicated by the numer
ous sand flows and sinkholes seen after 
the quake. 

There have been no events larger than 
M = 7.2 in western and northern Alaska 
including the offshore regions of the 
Bering, Chukchi, and Beaufort seas 
(excluding the Aleutian zone, of course). 
If one lowers the magnitude threshold a 
little and considers all events larger than 
M=6.0, we begin to see a trend of epi
centers defining a broad belt from the 
Fairbanks- Delta Junction area in interior 
Alaska through the Kotzebue- Nome area 
in western Alaska, and on across the 
Chukchi Sea into Siberia. If one lowers 
the threshold still further and considers 
all events larger than M = 4.5, then a second 
trend emerges (see map, p. 40). This is a 
broad belt of epicenters trending north
northeast, which again originates in the 
Fairbanks- Delta Junction area and goes 
through the Barter Island area of north
eastern Alaska. The two regions of lowest 
historical seismic activity in Alaska are the 
Kuskokwim and Yukon deltas region 
around St. Marys and Bethel and the 
western half of the north slope region 
centered around Point Barrow, with 
the latter being somewhat less active than 
the former. 

CAUSE OF EARTHQUAKES 
IN ALASKA AND LIKELIHOOD 
OF FUTURE SHOCKS 

The direct cause of the very large 
earthquakes in southeastern Alaska and 
the Alaska Peninsula-Aleutian zone is the 
relative motion of the Pacific and North 
American (Alaska) plates (Fig. 3). The 
Pacific plate is continuously created by 
the upwelling of molten rock at the Juan 
de Fuca and East Pacific spreading centers. 
The Juan de Fuca spreading center lies 
offshore of British Columbia, Washington, 
and Oregon and forms the Juan de Fuca 
plate on one limb and the northernmost 
part of the Pacific plate on the other. The 
East Pacific spreading center begins in the 
Gulf of California and extends south and 
then southwesterly from Central America. 
This spreading center forms the Cocos and 
Nazca plates on one limb and the central 
part of the Pacific plate on the other. 
From the Juan de Fuca and East Pacific 
spreading centers the Pacific plate moves 
northwesterly relative to North America 
along the San Andreas and Queen Char
lotte- Fairweather transform fault systems. 
Along these transform faults the plates 
slide past one another edge-to-edge. 
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• DIRECTION OF PLATE MOTION 
Figure 3. Some of the plate tectonics features which give rise to the Pacific Ring of Fire. Most earth
quakes and volcanoes occur around the margins of the Pacific Basin, particularly in the subduction 
zones and along faults exhibiting strike-slip (lateral) displacement. 

When the Pacific plate arrives at the Gulf 
of Alaska it can no longer move sideways 
by the North American plate; here it 
begins subducting beneath Alaska. The 
Pacific plate is consumed beneath the 
North American and Eurasian plates along 
the Aleutian, Kurile, and Japanese islands. 

The conveyor- belt-like motion of the 
Pacific plate from spreading center to sub
duction zone is thought to be driven by 
buoyancy forces. There may be a small 
amount of push as it "falls off" the topo
graphic high at the spreading center and 
there is probably a much stronger pull as 
the cooler portion of the plate, far away 
from its origin at the spreading center, 
sinks under gravitational forces into the 
less-dense mantle. It is this relentless 
motion of the Pacific plate as it slides by 
southeastern Alaska and is thrust beneath 
the Gulf of Alaska and the Aleutian Islands 
that causes most of the earthquakes in 
Alaska. 

Over the past 5 million years, about 
290 km of Pacific plate has been thrust to 
the northwest underneath southern Alaska 
in the vicinity of Anchorage-an average 

rate of about 5.8 em per year. Since the 
slip during the 1964 Good Friday earth
quake is calculated to have been about 
1 0 m, it would take about 172 years to 
build up enough strain for a repeat of that 
devasting event. Note that this is an 
average number and that it is assumed 
that no aseismic slip takes place; that is, 
that all of the 5.8 em per year of relative 
motion between the Pacific and North 
American plates is taken up in strain that 
is entirely released in the form of great 
earthquakes. Extreme estimates of the 
repeat times for great earthquakes in 
southern Alaska range from 30 years to 
1200 years. 

These estimates of repeat times apply 
to both the Aleutian subduction zone and 
the transform fault zone in southeastern 
Alaska. The largest events in the Panhandle 
region have had slips of the order of 10m. 
Taking an average displacement rate across 
the Fairweather fault of about 5 em per 
year, for example, would lead to a calcu
lated repeat time of about 200 years. Of 
course, smaller events with displacements 
of the order of 1 m would occur propor-
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tionately sooner. In the example above 
for the Fairweather fau It, the largest events 
are about Mw = 8.25, if these events have 
10 m slips; a 1 m slip would correspond 
to an earthquake of Mw = 7.25 which 
might have a repeat time of about 20 years. 

Seismic Gaps 

The deterministic notion of repeat 
times of large earthquakes described above 
leads to the idea of a seismic gap. If it 
takes a certain amount of time for strain 
to build up in a region following a large 
earthquake, then it follows that immedi
ately after such an event the probability 
for another of similar magnitude is quite 
low. Conversely, if much time has elapsed 
since the last large event in an area where 
large earthquakes are known to occur, 
then the probability for a large shock in 
the near future is relatively high. Such an 
area is called a seismic gap. 

In southern Alaska there are two 
regions that have been identified as 
seismic gaps: one near Yakataga and 
the other near the Shumagin Islands 
and Cold Bay on the Alaska Peninsula. 
In each of these areas it has been at least 
80 years since the last great earthquake 
(Mw~ 7.8) occurred. In both areas, 80 
years is approximately the estimated 
repeat time for an earthquake of about 
Mw = 8.0. Hence, both areas are "due" 
for a large earthquake, so we wouldn't be 
surprised if one were to occur there 
tomorrow. On the other hand, we wouldn't 
be surprised if one did not occur there 
during the next 10 years. The quality of 
the data presently available to us restricts 
us to the following statement: There is a 
30 to 90 percent chance of an earth
quake of M ~ 8.0 occurring in the 
Yakataga and Shumagin gaps in the 
next two decades. The range in probabili
ties arises out of different assumptions 
about how to do the statistics. 

Faults Away from Plate Boundaries 

We understand the probabilities for 
large shocks in the seismic gaps quite well 
by comparison to how well we understand 
the likelihood for large earthquakes on 
most faults that do not lie near plate 
boundaries. In most cases we have no 
direct information about the repeat 
time for large events on a given fault: all 
we know, for example, is that a certain 
fault may have been offset in the last 
10,000 years-we may not even know if 
this offset was sudden, in one or more 
large events, or gradual, in some form of 
continuous creep. 
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A great tsunami generated by the 1964 earthquake tossed boats ashore and destroyed the waterfront 
at Kodiak. (Oro Stewart photo, Stewart's Photo Shop, Anchorage.) 

One particularly important example of 
this situation is the Border Ranges fault 
which follows an arcuate path along the 
northern front of the Chugach and Kenai 
mountains from north of Cordova to the 
southwestern tip of Kodiak Island, a 
distance of over 1000 km. This great fault 
is thought to be the suture zone (or zone 
of collision) between parts of southern
most Alaska which were rafted together 
about 40 million years ago. It is possible 
that portions of this suture zone are 
active today. There is some evidence, for 
example, that the portion near Eagle 
River has moved in the last 4,000 years. 
There is no large earthquake known to be 
associated with the Border Ranges fault. 
This leaves us with the uncomfortable and 
unsatisfactory conclusion that there is a 
possibility that there is a high probability 
for a large earthquake on this major fault 
system which runs right through Anchor
age. Clearly more work is urgently needed 
to resolve this situation. In the meantime 
most, but not all, assessments of seismic 
hazard in the Anchorage area assume the 
fault to be active. 

Again, this is only one example. There 
are many other major faults in southcen
tral, western, and northern Alaska which 
may or may not generate future large 
earthquakes: the Castle Mountain, Denali, 
lditarod, Kaltag, and Tintina faults, to 
name just a few. Further, there are seis
mically active zones such as the Badger 
Road area near Fairbanks that has had 
thousands of earthquakes, including four 
events of magnitude 5.5 to 6.0 on one day 

-June 21, 1967. In this area we have earth
quakes but no known fault. This makes it 
difficult to assess the likelihood of future, 
possibly larger events. We know these 
larger events can occur in the Interior: 
there were events of Ms=7.3 in 1904 south 
of Rampart, near Salcha in 1937, and near 
Huslia in 1958. None ofthese earthquakes 
occurred on a mapped fault. So, for the 
time being, we must lump all of these 
events into one large seismogenic zone and 
treat their occurrence statistically. This 
has the result that we "smear out" the 
probability of occurrence of future larger 
events over a very big area, with the con
sequence that some areas are underrated as 
to their seismic hazard and others are over
rated. For the present, this is the best that 
can be done. 

RISK REDUCTION 

What can we do to improve this situ
ation in the future, and what can we do to 
mitigate the effects of the inevitable 
future large earthquakes? The essential 
new information will come only from a 
long-term commitment to a program of 
seismic monitoring and geological mapping 
designed to identify and evaluate potential 
seismic sources in Alaska. As this new 
information becomes available, it must be 
incorporated into building codes and 
zoning requirements so that it is used to 
assure the cost-effective and safe develop
ment of the state. 

That a long-term commitment to 
seismic risk reduction is cost effective was 
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clearly demonstrated by a three- year 
study carried out by the California Divi
sion of Mines and Geology (CDMG).3 

The results of this study are summarized 
in Figure 4. The histogram shown in this 
figure indicates three dollar values associ
ated with each of a number of geologic 
hazards. The first value given is the ex
pected cost to society if we proceed with 
the status quo. In case of seismic shaking, 
for example, this would be the expected 
loss in California due to collapse or major 
damage to structures if no new hazard 
mitigation programs were carried out be
tween now and the year 2000. The second 
value given in each case is the expected 
reduction possible if state-of-the-art loss
reduction measures were in place from 
1970 to 2000. The last value is the expect
ed cost of implementing the best possible 
programs to reduce losses from the hazard. 
Again in the case of seismic shaking, this 

program would include measures such as 
identifying areas most likely to experience 
strong seismic shaking or ground failure 
as a result of large earthquakes in the next 
20 years, so that efforts may be concen
trated in these areas. Further measures 
would include the strengthening of some 
buildings and the removal of others 
(unreinforced masonry, for example). 
changes in occupancy, new building code 
requirements, and new zoning. 

Summarizing the earthquake shaking 
case, we see that for the period from 1970 
to 2000 the expected loss in California 
under current practices would be $21 
billion, the possible reduction in these 
losses given state-of-the-art loss- reduction 
measures would be about $10.5 billion, 
and the cost to implement these measures 
would be about $2 billion. This gives a 
benefit/cost ratio which is better than 5:1, 
a pretty good return on investment by any 
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reduction if state-of-the-art practices were used. 3 

The Northern Engineer, Vol. 16, No. 4 

standards! Some of the other major geo
logic problems yield even higher benefit/ 
cost ratios. Loss of mineral resources to 
urbanization and landsliding, are both 
$10 billion-plus problems which have 
benefit/cost ratios in excess of 9:1. 
Clearly a little foresight would make 
good economic sense. 

These numbers, of course, apply only to 
California, where there is a very large 
population exposed to these hazards. A 
similar study is needed in Alaska to iden
tify the problem areas where similar 
benefit/cost ratios might apply to our 
geologic problems. It is very likely that 
given properly scaled loss-reduction pro
grams, similar benefit/cost ratios could 
be achieved for earthquake losses, loss of 
mineral resources, and frozen ground 
losses, to name just a few. 

CONCLUSIONS 

We have a rapidly developing urban 
and transportation infrastructure in Alaska 
which is vulnerable to an extremely high 
level of earthquake hazard. This hazard, 
while qualitatively well understood, can
not be adequately quantified for risk 
assessment purposes at the present level 
of knowledge. What is required is a two
fold commitment to improving our 
knowledge of the hazard and to carrying 
out appropriate loss- reduction measures. 
There is every reason to believe that 
substantial benefit/cost ratios can be 
achieved in Alaska with a well-planned 
program to reduce losses from earth· 
quakes. Further, there are many other 
geologic problems in Alaska that likely 
will admit to similar loss-reduction efforts. 
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The Great Alaskan Earthquake 
March 27, 1964 

Time: 5:36 pm Alaska Standard Time 
Magnitude: 9.2 Richter Scale 
Epicenter: North Shore, Prince William Sound, 

College Fiord Area 
Depth or Focus: Approximately 20 kilometers 
Intensity: Maximum IX in Anchorage, but 

variable depending on location, 
geologic condition, and cultural 
development 

Duration of Noticeable Ground Motion: 
Estimated from 4 to 7 minutes 

(Map and data courtesy of Ruth A.M. Schmidt.) 

o« 

PRINCE 
fl WILLIAM 8 SOUND 

~foONTAGUE v ISLAND 

The Great Alaskan Earthquake 

Retrospect and Prospect 

by William E. Davis 

BACKGROUND 

The 1964-1984 Alaska Earthquake Conference Series was a set of three conferences 
held during 1984, 20 years after the Great Alaska Earthquake. The first meetings, in 
March, were sponsored by the Alaska Academy of Engineering and Sciences; the second, 
in May, were sponsored by the Alaska Chapter of the Earthquake Engineering Research 
Institute; and the final meetings were in conjunction with the Alaska Science Conference, 
sponsored by the Arctic Division of the American Association for the Advancement of 
Science. 

The idea for some commemorative activities first emerged in early 1982. As originally 
envisioned, we thought perhaps a half- dozen or so individuals might get together on the 
anniversary date of March 27th and recall the events of the earthquake, tsunami, and 
subsequent recovery efforts. Then, as our planning progressed, we learned that there 
were a number of different groups interested both in the lessons from the past and in 
our current situation. Having a series of meetings extending throughout the year was 
proposed in the summer of 1982 at the Science Conference in Fairbanks. 

William E. Davis, now a private consultant in Anchorage, has been a university teacher and administrator, a Senior Policy Analyst 
for the U.S. Congress' Office of Technology Assessment, and twice served as President of the Alaska (now Arctic) Division of the 
American Association for the Advancement of Science. Following the Good Friday Earthquake in 1964, he was chairman of a group 
of civilian mountaineers and ski patrol members who assisted in the rescue activities. He worked with Anchorage public safety 
officials coordinating the search and rescue efforts. 
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Participants in the March 27, 1984, Remembrance Banquet: left to right, Walt Parker, George Rogers, 
and Dave Hickok; far right, former governors Walter Hickel (above) and William Egan. (Arctic 
Environmental Information and Data Center [AEIDC] photos.) 

And so, what started out as a modest 
plan to spend an evening recalling 1964 
evolved into a year-long set of comple
mentary meetings. We ended up not just 
looking back but also asking where we are 
now and what we might do to make things 
better. It was a cycle of professional 
meetings designed to enhance the process 
of using sound scientific and technical 
information to make better decisions. 
This is a report about the five meetings 
held during the week in March when the 
anniversary fell. 

REMEMBRANCE BANQUET 

On March 27th, the exact anniversary 
of the disaster, we held a Remembrance 
Banquet. It was primarily a reunion for 
those who experienced the quake or par
ticipated in the recovery efforts after
wards. The dinner was informal, with 
those in attendance asked to reminisce 
about their experiences. 

Many of the leaders who played im
portant roles in 1964 returned for this 
gathering. Among them were Joseph 
FitzGerald, who led the Federal Field 
Committee for Development Planning in 
Alaska; Dwight Ink, who was appointed by 
President Lyndon Johnson as executive 
director of the Federal Reconstruction 
and Development Planning Commission 
for Alaska; Burke Riley, who served as 
chairman of the Alaska Field Committee 
for the Commission; William Anderson, 
who as a researcher for the Ohio State 
Disaster Research Center studied some of 
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the social consequences of the earthquake; 
and Claude "Pete" Ashen, a Red Cross 
official who was a volunteer in 1964. 
Alaskan scientists attending included 
Lidia Selkregg, Ruth Schmidt, George 
Rogers, and Nancy Yaw Davis; local 
leaders who returned were Dave Hickok, 
Walt Parker, and Edward Pagano. Former 
Governors William Egan and Walter 
Hickel also came to the Banquet. 

In listening to individuals reminisce it 
became clear that the most successful 
leaders are those who care about people 
before all else. This was one of Bill 
Egan's last public appearances and those 
at the dinner could feel his continuing 
compassion as he recalled the events of 
20 years ago. 

Some questions were posed at the 
banquet. Dwight Ink, who was responsible 
for overseeing many of the federal re
covery efforts following the earthquake, 
asked why we must have a crisis to make 
government work well. He noted the 
cooperation and efficiency that charac
terized governmental responses to the 
disaster and challenged us to show those 
traits in times of nonemergency. Further, 
he simply could not understand why 
people continue to allow unsafe practices. 
He cited construction in high-risk areas 
as a problem that plagues the entire West 
Coast, not just Alaska. 

HUMAN RESPONSES 

On evenings subsequent to the Remem
brance Banquet, open forums were con-

ducted. At the first one we heard from 
Dr. William Anderson of the National 
Science Foundation in Washington, D.C. 
He has spent a large part of his career 
dealing with the human responses to 
natural disasters, beginning with extensive 
research following the '64 quake, and 
currently serves as a program director in 
the Civil and Environmental Engineering 
Division of the National Science Founda
tion, overseeing research into efforts to 
prevent disastrous effects from natural 
hazards. 

In addition to reviewing contemporary 
research, Dr. Anderson gave us practical 
hints on how to deal with the human re
actions to natural disasters. For example, 
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Joseph FitzGerald speaking at the Remembrance 
Banquet. (AEIDC photo.) 

he pointed out that many neighborhoods 
have existing networks that ought to be 
involved in disaster planning. Groups such 
as community councils, PTAs, and home
owners associations should be involved 
in preparedness activities. In particular 
they should be given specific information 
about what to do. Then, in case of emer
gency, they can be constructively engaged 
in helping because they will be ready. 

There is good information from disaster 
research that ought to form the base for 
emergency plans. He emphasized that 
these plans should be built on what is 
known- not what is suspected. There are 
far too many misconceptions about how 
people react, and we need to rid our 
thinking of these myths. 

Anderson gave three examples: looting, 
panic, and debilitating shock. There is a 
widespread belief that looting will follow 
a natural disaster. It is true that crowds 
often gather after a catastrophe, but the 
people are seldom bent on antisocial be
havior. The opposite is true; they want to 
be of help. Public safety officials should 
not approach such gatherings anticipating 
trouble; instead ways should be found to 
channel people's behavior into construc
tive uses. In this respect, natural catastro
phes differ from social crises; riots and 
other forms of unrest call for quite differ
ent methods of crowd control than do 
natural disasters. 

Second, in spite of the assumption that 
there will be panic following a disaster, in 
fact there is little loss of individual control. 
Instead of panic, people usually respond 
with reason, common sense, and altruism. 
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Third, it is thought that individual 
paralysis from shock is widespread. This, 
too, is more myth than fact. Just as there 
is little documented evidence of antisocial 
behavior after a natural disaster, so there 
is little substantiation of individual in
ability to carry on with life. Yet these 
misconceptions persist. 

Finally, Dr. Anderson emphasized the 
importance of involving victims in re
covery efforts. As time progresses, they 
should become more, not less, involved in 
decisions. And we should be ready to 
deal with differences between groups. 
For instance, children, the elderly, and 
the poor may be more vulnerable and 
therefore may need greater attention than 
other groups during the recovery and 
restoration period. 

SMALL COMMUNITIES 

The second forum was devoted to con
sequences in some of the communities 
away from Anchorage. The speakers were 
Dr. James Payne and Dr. Nancy Yaw 
Davis. Each has studied the long-term 
effects of the 1964 disaster. 

Their contributions made clear that we 
must keep track of what happens well 
after a major natural disaster. Far more 
attention should be paid to events sub
sequent to the immediate emergency; 
even though the magnitude of the crisis 
may be huge at the moment, long-term 
effects can be more disruptive. 

Dr. Payne studied the Cordova fishery, 
for example, where he found important 
links between the economic growth ofthis 
resource base and changes brought about 
by the disaster. 

Alterations in the terrain, particularly 
the uplift, disrupted the spawning beds of 
the salmon. The disturbances were es
pecially critical in intertidal areas where 
pink salmon spawn. Because of the shifts 
in spawning patterns, the Alaska Depart
ment of Fish and Game redefined fishing 
areas, which meant that traditional fishing 
grounds were lost to many fishermen. 
Some were forced to fish the open ocean, 
a more expensive and hazardous activity. 

The economic losses did not begin to 
appear until long after the disaster itself. 
In 1966, '67, and '68 the direct loss was 
$3,355,000, or about $6,000 per fisher
man. Losses to canneries for the period 

Rails bent by the 1964 earthquake stopped the 
trains. Emergency supplies could reach some iso
lated communities only by helicopter until roads 
and railbeds could be rebuilt. (U.S. Forest Ser
vice photo, AEPA.) 

were $9,601,000 and to retailers 
$13,888,000. On the positive side, how
ever, the situation provided impetus to 
the development of aquaculture, which has 
enhanced the oceanic harvest. 

All of these changes happened in 
Cordova where the immediate physical 
damage was not extensive, and they 
emerged over the years following 1964. 
They have therefore not been considered 
adequately as part of the earthquake's 
effects. 

Dr. Davis traced the impacts of recovery 
efforts on the Native villages. She sug
gested that, in some instances, greater 
stress to the citizenry was caused by the 
events in the year following the natural 
calamities than by the earthquake and 
tsunamis themselves. The actions of insti
tutions external to the local communities 
(relief agencies, government bureaucracies, 
et al.) were in some instances particularly 
disruptive. 

Village relocation and the introduction 
of modern housing are examples. Agencies 
essentially decided where the villages 
would relocate. Old Harbor, for instance, 
was resettled in exactly the same site, 
despite notable physical inadequacies
not the least of which is an increased 
vulnerability to tsunamis. The people of 
Chenega were relocated near Tatitlek, far 
from their original site. After 20 years, the 
villagers were able to return to the pre
ferred former location. 
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Few families in any of the resettled 
villages got the kinds of houses they de
sired. Many of the homes were designed 
without knowledge of personal prefer
ences; they had big living rooms, small 
kitchens, and bathtubs. The villagers enjoy 
large kitchens, many bedrooms, and steam 
baths but had little opportunity to have 
these characteristics incorporated in their 
new homes. In some locations, even 
though the villagers wanted to build the 
houses, outside labor was brought in to 
speed construction. 

Davis' evidence supports Anderson's 
contention that involving the victims of a 
disaster in recovery efforts is of central 
importance. 

MILITARY CONTRIBUTION 

At the next open forum we discussed 
the role of the military. Attending were 
representatives who played critical roles 
in 1964, working with the National 
Guard, the State Civil Defense, and the 
Anchorage CD offices. Today one of them 
is the state's Adjutant General, Maj. 
General Edward Pagano. He emphasized 
the cooperative roles that all the services 
played in 1964: Army, Air Force, National 
Guard, Coast Guard, and Civil Defense. 
The various branches helped in every 
sector- communications, transportation, 
public safety, health-and provided essen
tial services such as emergency electric 
power and safe drinking water. 
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The immediate response of the National 
Guard was critical in 1964; the talk that 
General Pagano gave at our forum was im
pressive because it revealed that this capa
bility to respond still exists. I for one was 
a lot more comfortable after having heard 
this than I was earlier in the week when re
calling the events of 1964. The long-term 
role of the military in the recovery effort 
was shouldered primarily by the Corps of 
Engineers. This agency maintains its capa
bility as well. 

A lesson derived from this meeting is 
that we, as scientists, engineers, and tax
payers, must not let our 

Some specific suggestions were also 
forthcoming from the panelists. For exam
ple, don't mount emergency transformers 
on poles; don't locate generators near fuel 
tanks; and make surethatemergencyequip
ment is easy to operate. 

Some conclusions from the final panel 
are that established organizations can re
spond best in a crisis and that planning 
should include ways to use these estab
lished agencies. Above all, the human ele
ment must be kept paramount in preparing 
for natural disasters and in planning for 
recovery. 

support falter for emer
gency response groups: 
the National Guard, local 
and statewide prepared
ness offices, other state 
departments that may be 
called on to assist in the 
event of a disaster, and 
private sector agencies 
that provide emergency 
services. We must keep 
ready for the next crisis, 
especially since we do 
not know when it will 
come. 

A CASE STUDY 
OF INSTITUTIONAL 
RESPONSES 

Public safety and security agencies may have to rely on backup equip
ment; the 1964 earthquake and tsunami cost the Saward police this 
vehicle. (College Observatory collection photo, AEPA.) 

The last event of our retrospective meet
ings was a panel that presented a case study 
of governmenta I and institutiona I responses 
to the 1964 earthquake. The speakers 
dealt specifically with the responses of 
transportation agencies to the disaster. 
Panelists Roger Henderson, Cosby Steen, 
Cliff Fugelstadt, Jim Moody, and Walt 
Parker, moderator, represented the high
way, railroad, and air transport sectors. 

From the panel's discussion, we learned 
several imperatives. First, decisive action in 
an emergency situation is critical. It would 
appear - unsurprisingly - that managers 
must be willing to bend rules and use 
novel procedures when necessary. Second, 
communication networks must be opera
tional; this means not just that the equip
ment works but also that there are human 
operators to use it. Third, the communi
cation channels must provide accurate in
formation and people must respond. The 
failure of some agencies to give feedback 
was frustrating. Finally, the panelists noted 
that the loyalty of employees can be phe
nomenal. In a disaster, managers should 
proceed on the assumption that this loyal
ty exists; its hearty display will most likely 
result. 

UNFINISHED AGENDA ITEMS 

A wide diversity of community and 
governmental interests was represented 
at our retrospective meetings in the spring 
of 1984. Many different groups were 
involved in both the planning and imple
mentation stages. It was rewarding to 
bring them together to share the lessons 
from two decades ago. 

We do need some stable mechanisms to 
maintain the bridges built across the 
differences between the groups. Con
tinuing contact among the various in
terests is particularly critical if we are 
going to maintain our ability to respond 
successfully to an emergency. 

There are a number of models we might 
want to try in Alaska. The proposed 
Alaska Natural Hazards Safety Commis
sion is one example. The goal of any 
arrangement should be to bring together 
and maintain cooperation among different 
institutions and agencies. 

Whatever device is chosen to bridge 
the differences, it must bring results. We 
do not need any more studies of the 
problems; they are well identified. We 
simply need to do something about 
them. + 
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Above, a vertical low-altitude aerial photograph of the L Street graben in the vicinity of 9th Avenue 
and P Street, downtown Anchorage, as it looked a few days after the 1964 earthquake. The trench
shaped depression was caused by soil sliding laterally toward Knik Arm with the resulting collapse 
of a zone parallel to the bluffs. Several ground fissures have appeared between the graben and Knik 
Arm. (Photo from U.S. Army Mohawk Photography.) 

Below, salvage operations begin after the 1964 earthquake in Anchorage. This section of 4th Avenue 
well illustrates the effects of ground failure on a grand scale. (Photo from AEPA.) 

18 

GEOLOGICAL 

INTRODUCTION 

Among the major engineering and 
construction problems that confront 
development of the fast-growing munici
pality of Anchorage is the pervasive one 
of earthquake hazards. The catastrophic 
1964 Prince William Sound earthquake 
clearly indicated the devastation that 
major earthquakes can cause. 

Anchorage in 1984 is a substantially 
different and more complex city than 
that of 20 years ago. New buildings, more 
complex life-line networks, more critical 
transportation systems, and changes in 
demography have significantly increased 
the potential risk to life and property 
during future earthquakes. 

Within the past five years, primarily 
through research by the U.S. Geological 
Survey (USGS) and the Alaska Division 
of Geological and Geophysical Surveys 
(ADGGS). significant advances have been 
made toward a better geological under
standing of earthquake hazards in Anchor
age. This research is concerned primarily 
with two areas: (1) seismic sources that 

Randall G. Updike is the Chief of the Engi
neering Geology section, State of Alaska 
Department of Natural Resources Division 
of Geological and Geophysical Surveys. He 
has been conducting earthquake hazard 
reduction research in the Cook Inlet region 
in cooperation with the U.S. Geological 
Survey since 1978. Dr. Updike is the 
author of 29 papers and abstracts on the 
subject. 

Opposite, fissures in the Turnagain Arm slide 
area outside Anchorage, induced by the 1964 
earthquake. (U.S. Army Corps of Engineers 
photo, AEPA.) 
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EVALUATIONS OF EARTHQUAKE HAZARDS 

IN THE ANCHORAGE AREA 

by Randall G. Updike 

would directly affect Anchorage, and 
(2) the response of geologic materials be
neath Anchorage to these seismic events. 
Though the two are intimately related, 
the research approaches and objectives are 
fundamentally quite different. 

EARTHQUAKE SOURCES 
Southcentral Alaska is situated astride 

a zone where two major segments, or 
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plates, of the earth's crust are in collision. 
The Pacific Ocean plate is being thrust 
(subducted) beneath the North American 
plate along a north-dipping zone from 
Prince William Sound to the Aleutian 
Islands, called the Aleutian megathrust. 
This thrust zone is about 30 km beneath 
Anchorage. The result of this very slow 
(6 cm/yr). continuous interaction is the 
sudden and variable release of energy 

from the megathrust zone, which we 
experience as major earthquakes. This 
zone has been the source of most of the 
major Alaskan earthquakes in the twen

tieth century. 
Subduction of the Pacific plate also 

causes stress builc;iup in the crust away 
from the plate boundary, causing rock near 
the earth's surface to rupture occasionally 
along lineaments (faults) that may be sever-
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Above, a closer look at the seismically caused ground failure in the Turnagain area of Anchorage, 
shortly after the great earthquake. (U.S. Army Corps of Engineers photo, AEPA.) 

al tens of kilometers in length. These fault 
movements release large quantities of 
energy as shallow-foci earthquakes. For 
several years, two major faults have been 
recognized near Anchorage. 

The Castle Mountain fault extends 
southwest from the Matanuska Valley 
through the town of Houston and con
tinues for many kilometers as a linear 
trace across the lowlands on the west side 
of Cook Inlet. Reconnaissance efforts 
through trench excavations and geologic 
mapping have determined late Holocene 
(less than 3,000 years ago) movement, 
but the time interval of recurrence has 
not yet been determined. 

The Border Ranges fault system fol
lows the base of the Chugach Mountains 
directly east of the city. It has been 
mapped at various scales from south
eastern Alaska through the Kenai Penin
sula and southwest through Kodiak 
Island. The segment of this great fault 
from the Matanuska Valley to Turnagain 
Arm is currently being mapped in careful 
detail ( 1 :25,000) by the author to deter
mine its precise location, sense of move
ment, magnitude of displacement, and 
degree of activity. Results obtained thus 
far strongly suggest that movement 

Below, an oblique aerial photograph of the Castle Mountain fault (dark band) near the Susitna River northwest of Anchorage. 
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sufficient to generate major earthquakes 
has occurred within the past few thousand 
years. 

Assuredly, other lesser faults exist in 
the Chugach Mountains and beneath 
Cook Inlet that could generate earth
quakes of moderate to large magnitudes, 
but these fau Its have not yet been identi
fied. The important point to recognize is 
that subduction is currently occurring 
beneath Anchorage, promising future 
major seismic activity along the subduc
tion zone and near-surface fault zones. 

SOIL RESPONSE 
The effect of severe seismic vibrations 

on Anchorage soils will vary throughout 
the city. In general, near-surface soils tend 
to amplify the incoming seismic waves, 
compared to bedrock, and this amplifica
tion varies according to the physical prop
erties, thicknesses, and location of the 
soil. In certain instances, for example 
the Bootlegger Cove Formation, large 
magnitude strain may actually dampen 
energy transferral to the surface. Currently 
the Municipality of Anchorage, USGS, and 
ADGGS are cooperatively monitoring vari
ous localities in the city to assess better 
the variability of these ground acceleration 
properties. 

Ground failure was a major cause of 
loss of life and property in Anchorage in 
1964. Two mechanisms identified as pos
sible causes of this failure are liquefaction 
and sensitive silt and clay collapse. Lique
faction involves the buildup of positive 
pore water pressure in noncohesive soils 
(silt and sand) with an attendant decrease 
in effective stress; this means that the soil 
can move while the earthquake is occur
ring. The soils will spread laterally, disrup
ting structures constructed on or in these 
soils. In 1964, liquefaction caused damage, 
for example, along the Seward and Glenn 
highways, at the Port of Anchorage, and 
in Knik and Turnagain arms. 

Sensitive silty clays are fine-textured 
cohesive soils that were deposited to 
form a flocculated fabric resembling a 
"house of cards." The voids of this fragile 
framework are water saturated. The in
tense shear stress induced by a large earth
quake will cause the "card houses" to 
collapse; water is liberated, hydrostatic 
pore pressures build up, and lateral move
ment results. The large 1964 translatory 
landslides at L Street, 4th Avenue, Turn
again Heights, and elsewhere are currently 
believed to be the result of sensitive clay 
failure within the Bootlegger Cove forma
tion which underlies much of the western 
half of Anchorage. 
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CURRENT RESEARCH 

Until recently, knowl
edge of the distribution and 
dynamic behavior of the 
soils in Anchorage had not 
advanced beyond the few 
studies done immediately 
after the earthquake. How
ever, cooperative efforts of 
ADGGS and USGS, with 
the assistance of consulting 
engineers, now have provid
ed several new insights. 

Laboratory Testing 

In conjunction with 
several geotechnical drilling 
programs in the past five 
years, researchers have 
acquired numerous undis
turbed core samples of 
Anchorage soils. The stratig
raphy of each borehole has 
been carefully logged and 
the cores subjected to a 
suite of static engineering 

i I 11 11 I 11 11 I ~Omi 
0 BOkm 

tests to attribute in situ physical properties 
to the geologic strata. Certain samples 
were retained for state-of-the-art testing 
programs that include cyclic triaxial and 

1 QO 

A generalized map showing the approximate lo
cations of the major fau Its of upper Cook I nlat. 

An oblique aerial photograph of the Twin Peaks segment of the Border Ranges fault (arrows) in the 
~hugac~ Mountains 25 miles north of Anchorage. Nota the different magnitudes of displacements 
m the d1ffarent age deposits. 
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resonant column tests to correlate the 
dynamic behavior of soils with their stra
tigraphy. Currently, cyclic simple shear 
testing is being conducted to enhance this 
correlation further. 

In conjunction with the laboratory tests. 
geologic studies have specifically focussed 
on the depositional history, sedimentary 
structures, and post-depositional alteration 
of the soils. Researchers have recently 
completed the first phase of a systematic 
micropaleontologic study of the Bootleg
ger Cove Formation to define better the 
environment of deposition of formation 
facies. An examination of pore water 
chemistry has shown a significant relation
ship between various cation and anion 
concentrations and clay sensitivity ratios 
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A resonant column testing apparatus used for low-strain dynamic 
testing of Anchorage soils. (Apparatus from Harding-Lawson 
Associates laboratory, Novato, California.) 

A composite g 
(elevation 100. 

eotechnical profile of two boreholes at a downtown Anchorage sampling site 
5 ft above mean sea level). The central column of the graph shows Atterberg Limits 
mit, WN =natural moisture content, WL =liquid limit).1 (Wp = plastic li 

which will provide a better understanding 
of the cause of high-sensitivity soils. An 
analysis of in situ soil particle fabrics using 
a scanning electron microscope has docu
mented the "card house" fabric within the 
sensitive soils, as well as a honeycomb fab
ric that has rarely been observed anywhere 
in the world. These geologic studies are 
providing engineers with a much better 
understanding of why the Bootlegger Cove 
Formation fails under intense seismic 
loading and are reaffirming that the poten
tial for future failures is just as great as it 
was in 1964. 

In Situ Testing 

Geotechnical engineers have long recog
nized that sampling and laboratory testing 

have inherent shortcomings related to 
sample disturbance and laboratory rep
resentation of ambient field conditions. 
This is particularly true for noncohesive 
soils. The standard penetration test (SPT). 
which involves using a specific amount of 
hammer energy to drive a specified split
spoon sampler into the soil, has for many 
years been the widely adopted test for 
in situ soil conditions in Anchorage. 
Liquefaction susceptibility studies still 
use SPT values as a baseline even though 
the test clearly has standardization and 
calibration shortcomings. 

ADGGS first used the electric cone 
penetration test (CPT) in Anchorage about 
three years ago. This test involves using a 
hydraulic ram with a 20-ton reaction force 
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A cyclic triaxial testing apparatus used for large-strain dynamic 
testing of Anchorage soils. (Apparatus from University of Cali

. fornia-Los Angeles engineering laboratory.) 

A scanning electron micrograph of sensitive 
facias of the Bootlegger Cove formation. Note 
the open framework of clay plates with inter
spersed "boulders" of silt-size particles. The bed
ding is from upper left to lower right; distance 
between white dots= 1 JJm. 

to drive a probe instrumented with a strain 
gauge into the ground at a constant pene
tration rate. Continuous measurements of 
end bearing and friction resistance are digi
tally recorded, then later analyzed by com
puters for soil property characterization. 
Calibration between SPT and CPT tech
niques now exists for major Anchorage 
soils, and liquefaction susceptibility of 
area soils has been assessed. The CPT is 
gaining wider use on major engineering 
projects in the region. 

Geophysical methods of in situ testing 
are primarily limited to the geophysical 
logging techniques used by hydrologists 
to define density, saturation, and porosity, 
and to measure shear wave velocity. The 
last method has recently been used on 
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A large-diameter Shelby tube containing an undisturbed sample 
of Bootlegger Cove formation soil, as recovered from a hollow
stem auger borehole. 
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A strain-gauge-instrumented electric cone penetrometer used to measure the in situ strength proper
ties of Anchorage soils_ The probe is forced into the soil at a constant rate using a hydraulic ram 
with a reaction force of up to 20 tons_ (Earth Technology Corporation CPT system_) 

both basic research and applied projects 
in Anchorage where the shear modulus 
and damping ratio of soils must be known 
for seismic modeling of soil response 
spectra. At least two local engineering 
firms currently offer this capability. 
Other methods of measuring in situ prop
erties, including the pressuremeter and 
field shear vane, are being tested, but 
research data are still insufficient. 

Field Mapping 

ADGGS is conducting two distinct 
mapping programs in cooperation with 
the USGS. The first focusses on the Border 
Ranges fault zone and includes detailed 
mapping of both bedrock and surficial 
deposits at a 1 :25,000 scale, along the 
west front of the Chugach Mountains. 
The objective of this program is to 
produce a complete series of geologic 
quadrangle maps from the Knik River 
valley on the north, through Eklutna, 
Peters Creek, Eagle River, and east Anchor
age, to Turnagain Arm on the south. In 
addition to locating all faults and assessing 
their activity along the mountain front, 
other geologic hazards and constraints 
such as landslides, avalanches, and flooda 
ing will be identified and assessed. 

Detailed mapping of both bedrock and 
surficial deposits is providing added insight 
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into the tectonic history of the Chugach 
Mountains, as well as into the glacial his
tory of the mountains and adjacent popu
lated lowlands. The mapping also produces 
additional information on the location 
of economic minerals and construction 
materials (sand, gravel, quarry stone). 

The second mapping program is com
mitted to describing and graphically por
traying in three dimensions the geology 
and associated engineering properties 
underlying Anchorage. This objective re
quires the accumulation of hundreds of 
geotechnical borehole and water well logs 
which are inventoried on a data retrieval 
system. Once stratigraphic units are identi
fied and mapped in the subsurface from 
logs or at the surface from exposures, the 
known suite of engineering test data for 
that unit can be applied so that the map
ping not only elucidates the geology of the 
region but also the variability of geotech
nical properties. Maps of these data are 
becoming fundamental documents for 
planning and zoning, seismic risk assess
ment, emergency response planning, and 
hazard mitigation. The mapping north of 
Ship Creek (including the port area and 
Government Hill) and for southwest 
Anchorage (including International Air
port, Turnagain Heights, and Campbell 
Lake) is complete, and mapping of the 
downtown-midtown segment south to 

Dowling Road is currently underway, 
Colored maps and cross sections are the 
basic products of these efforts. Defining 
and recording the distribution, thickness, 
and current physical properties of the 
sensitive and liquefiable soils in the area 
are primary objectives of the mapping ef
fort. The mapping work has established 
that both types of soils are widespread and 
are responsible for numerous landslides 
throughout history. A much clearer under
standing of the geologic record of the 
Anchorage region is also emerging. 

FUTURE RESEARCH NEEDS 

Our current understanding of seismic 
sources, particularly the Castle Mountain 
and Border Ranges faults, is at best sim
plistic. We do not yet know how active 
these and other faults in the Anchorage 
area are. How often might a major earth
quake occur on one of them? The detailed 
mapping of both faults with an emphasis 
toward determining Holocene movements 
is a first and basic step. 

These efforts will need to be augmented 
with subsurface exploration which will 
eventually include excavations across the 
fault traces, seismic refraction and reflec
tion profiles, and other geophysical meth
ods including gravity and magnetic surveys. 
These investigations must keep open the 
distinct possibility of finding additional ac
tive faults within the Chugach Mountains 
and beneath the Cook Inlet lowlands. 

We are far from fully understanding the 
diverse behavior of Anchorage area soils. 
Advanced methods of in situ geotechnical 
testing used in the contiguous U.S. must 
be brought to Alaska. The economic pres
sures to make greater use of tidal flats and 
stream floodplains raise the issue of deter
mining the liquefaction susceptibility of 
soils that a few years ago were considered 
unsuitable for construction. In situ testing 
of these soils as well as the Bootlegger 
Cove formation must be emphasized in 
future geotechnical research. ADGGS has 
made the first steps toward a municipality-
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wide rapid-access geotechnical data bank, 
in cooperation with private industry, the 
USGS, and the Municipality of Anchorage. 
This data bank should be computerized 
and made easily accessible for industry and 
government agencies, as well as for future 
research. 

Beyond the issues of seismically induced 
ground failure in the Anchorage area, 
ground acceleration-the kind of motion 
that shakes structures during an earth
quake-is poorly understood in the muni
cipality due to the complexly varied 
geology. It can be addressed only by direct
ly combining three-dimensional geologic 
mapping with data provided by a carefully 
deployed network of strong motion accel
erometer stations in and around Anchor
age; long-term data collection will be 
necessary to establish the actua I strong 
motion behavior of various areas in the 
region. 

It is highly likely that the population of 
the greater Anchorage area will continue 
to grow, with concomitant growth in the 
diversity and vulnerability of structures. 
It is nearly certain that the Aleutian mega
thrust will continue to subduct beneath 
Anchorage, causing more earthquakes and 
affecting more people. Only through the 
cooperative efforts of local, state, and 
federal agencies, and private industry can 
the full scope of Anchorage earthquake 
risks be analyzed and eventually reduced. 

REFERENCE 
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Anchorage is not the only place with soils sus
ceptible to failure during seismic events; this car 
was left straddling a fissure in Valdez after the 
1964 earthquake. (College Observatory collec
tion photo, AEPA.) 
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The Importance of Monitoring 

INTRODUCTION 

Recent studies by the Federal Emer
gency Management Agency (FEMA) indi
cate that dollar losses for damage caused 
by large-magnitude earthquakes in the 
San Francisco Bay and Los Angeles re
gions would be severe. Direct property 
losses for an event of Richter magnitude 
7.5 on the Hayward fault and a similarly 
sized event on the Newport-Inglewood 
fault are estimated to be $43.9 billion and 
$62.2 billion, respectively.1 These esti
mates do not include damages to com
munication and transportation systems, 
dams, military installations, and conse
quent losses of employment, taxes, and 
automobiles; nor do they include the 
costs outside that state, for example, in 
lost wages and profits when factories 
shut down for lack of supplies from 
California. Pilot studies in the Palmdale 
region of California indicate these secon
dary losses could be on the order of 7 to 
15 times higher than direct property 
damage. 2 Given these scenarios for 
California, it is clear that the economic 
impact in Alaska would be equally severe, 
expressed as a percent of the economic 
base, should a large-magnitude event 
severely affect the developed regions of 
the state. 

The great losses expected from large
magnitude earthquakes near developed 
areas of the United States strongly under
score the importance of continually 
monitoring and studying earthquake-

An offscale response: a wall of the Cordova 
Building after the 1964 earthquake in Anchorage. 
(U.S. Bureau of Land Management photo,AEPA.) 

Christopher Rojahn, one of the Californians at the Earthquake Hazard Reduction symposium, is a lecturer in civil engineering at 
Stanford University, a member of the California Seismic Safety Commission's advisory panel for the strong-motion instrumentation 
program, and executive director of the Applied Technology Council (A TC). Before joining A TC, Mr. Rojahn served as a research civil 
engineer for the seismic engineering branch of the U.S. Geological Survey, where he helped develop methods for instrumenting 
buildings and bridges to obtain strong-motion data; to date, more than 70 buildings worldwide have been instrumented in accord
ance with the techniques he developed. 
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Strong Ground Shaking and Structural Response 
in Alaska's Earthquakes 

by Christopher Rojahn 

induced strong ground shaking and the 
response of buildings and other structures 
to these motions. It is only through such 
programs that engineers and earth scien
tists can acquire the data necessary to 
improve engineering design codes and 
practice, and to predict on a quantitative 
basis the physical character of strong 
ground shaking (amplitude, frequency 
content, and duration). 

STRONG MOTION 

The term "strong motion" refers 
to earthquake- induced vibrations of the 
ground.or a structure which are of suffi
cient amplitude to be readily felt by 
humans and animals; often the term 
implies vibrations large enough to cause 
damage to structures near the location of 
an earthquake. The actual level above 
which motions are "strong" is not well 
defined. Typically, ground motions with 
a peak acceleration greater than 0.05 g 
(g =gravitational acceleration at the sur
face of the earth = 980 em I sec2

) are of 
interest to the structural engineer, and 
those greater than 0.20 g are currently 
considered to be potentially damaging. 

A record of strong motion is defined as 
the record of ground motion or structural 
response caused by a relatively large earth
quake. It may be recorded in a number of 
ways: as a light trace on film, a line on a 
strip of paper, or an analog or digital sig
nal on magnetic tape. In all cases, the 
motion is recorded as a function of time 
for a point moving along a single axis, and 
it may have dimensions of displacement, 
velocity, or acceleration, although most 
often acceleration is what is recorded. 
The motion is recorded as an electrically 
or mechanically generated signal that is 
proportional to the motion within some 
acceptable error. 

The adjective "strong" is included to 
differentiate such motions from those 
recorded by seismographs that are used to 
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determine magnitudes, epicentral loca
tions, and other earthquake parameters. 
Such seismographs are capable of detecting 
earthquakes almost anywhere in the world, 
and are necessarily very sensitive. Strong 
motions would cause these seismograph 
recordings to be off scale. 

In the United States, strong motion 
records are normally made with analog or 
digital accelerographs. The analog instru
ment records on light-sensitive film, 
paper, or magnetic tape; the digital 
instrument records in digital form on 
magnetic tape. Both instrument types 
are powered by batteries and are triggered 
into operation by the strong motion itself 
(i.e., motion having an acceleration equal 
to or greater than a preset triggering level, 
commonly 0.01 gin the vertical direction). 

A typical film record from a three
component accelerograph is shown in 
Figure 1. The record contains time 
marks, one fixed trace, three acceler
ation data traces and a WWVB (broadcast 
by the National Bureau of Standards) time 
code. The time marks denote film speed 
and normally appear every half second; 
the fixed trace is a reference, used to 
extract long-period errors from the data 

BEGINNING OF RECORD 
0.34g 

due to film distortion or the film drive 
mechanism; and the WWVB time code is 
used to identify the precise standard time 
when the event occurred. The most impor
tant elements of the record, the accelera
tion data traces, have amplitudes that are 
approximately proportional to real ac
celeration values. For most instruments 
presently in use, the sensitivity of the 
acceleration traces is about 1.90 em/g. 

Strong motion data from instrumented 
structures are essential to the improve
ment of building design and construction 
practice. Using these data, it is possible to 
study the influence of the supporting 
soil and foundation on building response 
(soil-structure interaction) as well as the 
response of the building superstructure, 
particularly in the range at and above that 
at which damage occurs. Specific objec
tives of these studies might include: 
(1) the identification or verification of a 
mathematical model of the structure; 
(2) the quantification of actual force 
levels, story shears, overturning moments, 
relative displacements, and other para
meters describing structural response; and 
(3) the identification of the mechanisms 
of structural failure, should such failure 

Figure 1. Copy of a typical three-component strong-motion accelerograph record. 
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Figure 2. View northward of the east end of the 
Imperial County Services Building, showing the 
row of columns (far right) that failed during the 
October 15, 1979, main shock. 
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Figure 3. One of the four damaged reinforced
concrete columns along the east end of the 
Imperial County Services Building between the 
ground and second floors. Damage to the other 
three columns was similar. 

occur. From such studies, structural en
gineers can evaluate both a building's per
formance and the code under which that 
building was designed. The studies would 
then form the basis for making improve
ments in design and construction practice. 

-' l East-west cross section 

Perhaps the most notable of all building 
strong motion records is that obtained 
during a magnitude 6.5 earthquake on 
October 15, 1979, from the extensively 
instrumented Imperial County Services 
Building, a six-story reinforced concrete 
frame and shear-wall building located in 
El Centro, California. Designed in 1968 
to meet most of the requirements of the 
1967 Uniform Building Code3 and located 
7.6 km southwest of the nearest point on 
the ruptured Imperial fault, this $1.87-
million building sustained structural dam
age severe enough to warrant demolition 
(Figs. 2 and 3). Nonstructural compon
ents, building equipment, and building 
contents were also damaged, but there 
were no fatalities or serious injuries to the 
occupants. 

Instrumentation at the building site 
consisted of a 13-channel accelerograph 
with accelerometers located at the ground 
level, second floor, fourth floor, and roof, 
plus a "free-field" triaxial accelerograph 
located on the ground approximately 110m 
(340 ft) east of the building (Fig. 4). The 

strong motion record of the building's 
response clearly shows the initiation of 
damage (Fig. 5, Time A) and the time at 
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EXPLANATION 
~ FBA accelerometer-Corresponding record 
\V trace number shown in adjacent circle. 

Arrow, direction of orientation 

accelerograph 

Figure 4. Locations of FBA accelerometers (arrows with numbers) and a SMA-1 accelerograph in the Imperial County Services Building and adjacent 
free-field site. 5 The arrows denote the direction of positive acceleration on the trace. 
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which the first-story columns at the east 
end of the building began to collapse 
(Fig. 5, Time B). As a result of the exten
sive instrumentation and its successful 
operation in the structure, earthquake 
and structural engineers nationwide have 
had the opportunity to study in detail the 
real response of a severely damaged 
building. Moreover, the results of those 
studies have led to changes in the Cali
fornia building codes. 

STRONG MOTION 
INSTRUMENTATION 
IN ALASKA 

Currently there are 80 accelerograph 
installations located in Alaska (Table 1 ). 

TRACE 
1 

5 

9 

10 

1 1 

12 

13 

Approximately 20 percent of them are 
in Anchorage, with the remainder scat
tered throughout the state. The various 
agencies and institutions that operate these 
networks have had different objectives 
and are subjected to different constraints. 
Organizations such as the U.S. Geological 
Survey, University of Alaska, and Lamont
Doherty Geological Observatory at Col
umbia University have research programs 
directed toward the understanding of 
basic problems in engineering seismology, 
whereas the U.S. Army Corps of Engineers' 
program involves a regulatory function 
intended to provide a basis for decisions 
regarding the continued operation of 
facilities following strong ground motion 
(shaking). 

_____________________________________________________ 
2 4 6 8 10 12 14 

TIME, IN SECONDS 

Figure 5. A copy of a portion of the October 15, 1979, accelerogram recorded in the Imperial 
County Services Building. The vertical lines denote times at which damage was initiated (AI and 
the columns began to collapse (B). 
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Most of the accelerographs in Alaska 
are located at ground sites intended to 
provide data on ground motion. Vastly 
lower in number are sites for recording 
building response (two in Anchorage). 
bridge response (the Sitka Harbor bridge). 
and dam motion (the Snettisham and 
Moose Creek dam sites). The greater num
ber of ground sites as opposed to structure 
sites reflects the importance that earlier 
planners placed on recording ground 
motion. At this time, however, the small 
number of instrumented structures in the 
state indicates that the network is woefully 
deficient. 

Of the five structures currently instru
mented within Alaska, only the Sitka 
Harbor bridge has instrumentation com
parable to that installed in the Imperial 
County Services Building, i.e., sufficiently 
extensive to provide data for studies to 
improve engineering design practice. 
Instrumentation in the two buildings in 
Alaska and at the two dam sites instru
mented by the U.S. Army Corps of En
gineers was installed to evaluate the safety 
of the facilities following an earthquake 
and therefore will not provide adequate 
data for studies to improve engineering 
design practice. What is required in each 
structure are systems containing enough 
accelerometers to record all important 
motions of structural response (two 
horizontal translations, rotation about a 
vertical axis, vertical translation, and 
in-plane bending) at critical locations and 
elements of the structure. Guidelines on 
how to instrument a structure properly 
to obtain information for rigorous 
engineering studies (to improve the design) 
are contained in several publications. s-a 

THE PROGRAM ALASKA NEEDS 

The strong motion network now in 
place in Alaska is woefully inadequate in 
some respects and marginally adequate in 
others. The most serious inadequacy is that 
involving the amount of instrumentation 
in buildings, bridges, dams, and other 
structures, including components of the 
oil industry. Sitka Harbor bridge, a cable
stay design not representative of bridges 
throughout the remainder of the state, is 
the only structure in Alaska instrumented 
to provide data sufficiently complete to 
describe the overall response of the struc
ture and thereby provide a basis for making 
improvements in engineering design prac
tice. In addition, although there are many 
isolated ground motion stations sufficient 
for obtaining general quantitative infor
mation on ground shaking in particular 
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regions, there are no closely spaced net
works or dense arrays of the sort that are 
much more useful for engineering and 
seismological research on earthquake 
hazard reduction.9 

Strong motion instrumentation net
works within California were similarly 
inadequate through the early 1970s. 
Following the damaging 1971 San Fer
nando earthquake, the California Legis
lature established a statewide strong 
motion program for the purpose of 
instrumenting representative geologic 
sites and representative structures 
throughout the state.1° Coupled with the 
national strong motion program of the 
U.S. Coast and Geodetic Survey (later to 
be integrated into the U.S. Geological 
Survey). the state program provided the 
funding and management structure neces
sary for a scientifically sound strong 
motion program. 

The California Strong Motion I nstru
mentation Program (CSMIP) provides an 
ideal model for the State of Alaska to 
emulate. The legislation stipulated that 
the program was to be organized and 
managed by the California Division of 
Mines and Geology (CDMG) with an ad
visory board consisting of engineers and 
scientists having technical competence 
in engineering seismology, and of repre
sentatives of local government, state, and 
federal agencies. The law also_ stipulated 
that funding was to be provided by an 
assessment collected by local governments 
of 0.007 percent (7 cents per $1,000) of 
the estimated building costs as determined 
at the time the building permits are 
issued. This tax on all new construction 
presently provides about $1.5 million per 
year for the CSM I P. Cities that had already 
adopted ordinances requ1rmg strong 
motion instruments in buildings were 
exempted from compliance with the 
original law, but a subsequent amendment 
permitted those cities to join the program 
by negotiating a suitable agreement with 
the State Geologist. The original legislation 
also was later amended to require that the 
CDMG process and interpret data collected 
under the program. More than 400 sites, 
including ground stations, buildings, dams, 
bridges, and other lifeline structures, have 
been instrumented under the program 
since it was established in 1971. Of the 
more than 60 buildings selected by the 
CSMJP advisory board for inclusion in the 
data collection program, all have been 
instrumented to provide data for improv
ing engineering design practice. 

If the State of Alaska should elect to 
establish a program similar to that now 
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Table 1. Strong-Motion Accelerograph Stations in Alaska 

Location 

Ground Sites 
Anchorage 
Anchorage 
Bancas Point 
Big Koniuji 
Bradley Lake 
Cantwell 
Cape Yakataga 
Chernabura 
Cold Bay 
Cordova 
Deer Island 
Dolgoi 
Dutch Harbor 
Fairbanks 
Fairbanks 
Guyot Hills 
Homer 
Icy Bay 
Ivanoff Bay 
Juneau 
Kayak Island 
Kodiak 
Middleton Island 
Mount Baldy 
Mount Hamilton 
Munday Creek 
Nagai 
Pelican 
Pinnacle Mountain 

No. of Stations 

8 
9 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
8 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Responsible Agency 

U.S. Geological Survey 
Municipality of Anchorage 
U.S. Geological Survey 
Lamont- Doherty Geological Observatory 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
Lamont- Doherty Geological Observatory 
Lamont-Doherty Geological Observatory 
U.S. Geological Survey 
Lamont-Doherty Geological Observatory 
Lamont-Doherty Geological Observatory 
Lamont-Doherty Geological Observatory 
University of Alaska 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
Lamont-Doherty Geological Observatory 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
Lamont-Doherty Geological Observatory 
U.S. Geological Survey 
University of Alaska (continued) 

A need for instrumentation: some of the steel members of this building in Seward failed in the 1964 
earthquake, but some held firm. (U.S. Army Corps of Engineers photo, AEPA.) 
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Table 1. Continued 

Location 

Pirate Shake 
San Diego Bay 
Sanak 
Sand Point 
Seldovia 
Seward 
Sherman Glacier 
Simeonof Island 
Sitka 
Sitkinak Island 
Slana 
Suckling Hills 
Sunshine Point 
Talkeetna 
Trims Camp 
Tsina 
Valdez 
Waxell 
Whittier 
Yakutat 

Bridges 
Sitka 

Buildings 
Anchorage 

Dams 
Moose Creek Dam 
Snettisham Dam 

No. of Stations 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 

2 

Responsible Agency 

Lamont-Doherty Geological Observatory 
Lamont-Doherty Geological Observatory 
Lamont-Doherty Geological Observatory 
Lamont-Doherty Geological Observatory 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
Lamont-Doherty Geological Observatory 
U.S. Federal Highway Administration 
University of Alaska 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
U.S. Geological Survey 
Lamont- Doherty Geological Observatory 

U.S. Federal Highway Administration 

U.S. Geological Survey 

U.S. Army Corps of Engineers 
U.S. Army Corps of Engineers 

Note: Listing accurate as of December 31, 1984. 
Source: J. Switzer, U.S. Geological Survey, Menlo Park, CA. 

Bridges need instrumentation too. The Copper River's "Million Dollar Bridge" parted from its piers 
during the 1964 earthquake. (Gil Mull photo, AEPA.) 
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in place in California, it is recommended 
that any such program be ( 1) funded on a 
long-term indefinite basis; (2) housed 
within an organization (e.g., a state 
agency) that has experience in the man
agement of engineering or earth science 
programs; (3) charged with the respon
sibilities of network planning and oper
ations, data acquisition and analysis, and 
data interpretation; and (4) guided by 
an advisory panel with substantial ex
perience in engineering seismology and 
strong motion data acquisition. Should the 
program include these elements, there is 
every reason to believe it will provide the 
information necessary for substantially 
reducing earthquake hazards in Alaska. 
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THE ANCHORAGE 
GEOTECHNICAL ADVISORY COMMISSION 

Mitigating Seismic Risk 
through Local Zoning Ordinances and Siting Criteria 

The Anchorage Geotechnical Advisory 
Commission (GAC) was created by ordi
nance on January 27, 1976, to act in 
an advisory capacity to the assembly, the 
mayor, heads of executive departments, 
and the Planning and Zoning Commis
sion. The purpose of the GAC is to 
provide professional-level advice and 
recommendations on geotechnical mat
ters. The comm.ission is composed of nine 
members appointed by the mayor, with 
terms of appointment varying from one 
to three years. The commission currently 
includes four geotechnical engineers, 
three geologists, one structural engineer, 
and one architect. Past members have 
included hydrologists, developers, and 
contractors. It is the intent of the current 
administration to have a cross section of 
the professional community on the 
commission, so that recommendations 
from the commission include comments 
and contributions from various disci
plines. 

The GAC holds a formal public meet
ing once a month. However, the various 
subcommittees usually meet informally 
several times a month to work on specific 
projects. The commission also holds 
workshops periodically for the admin
istration, the assembly, and other boards 
and commissions. 

It is an advisory commission, not a 
design review agency. That function is the 
responsibility of the building and safety 
department. Any review of specific proj-

No exit. Though doorways are often the safest 
portions of a building during an earthquake, 
there are no guarantees. This exit from the Cor
dova Building in Anchorage failed during the 
great earthquake of 1964. (U.S. Bureau of Land 
Management photo, AEPA.) 

by David Cole 

ects that the commission may be called 
upon to perform is limited to assessing 
the general concepts and procedures used 
for design insofar as the project relates to 

the site to be developed. For example, if 
the GAC were asked to review and com
ment on a proposed development in a 
wetlands area, we members-probably on 

David Cole is an associate with DOWL Engineers and is the current chairperson of the Geotechnical Advisory Commission, 
Community Planning Department, Municipality of Anchorage. 
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a subcommittee-might check the develop
ment scheme to verify that adequate site 
drainage is provided, but we would not 
review design calculations for specific 
flow requirements. Another example 
might be the planned construction of a 
building on a bluff: in that situation we 
would review the development scheme to 
see that slope stability had been ad
dressed and that the method of analysis 
and the results were reasonable and com
patible with the intended development of 
the site. The commission would not review 
the specific details of analysis; again, that 
function is the responsibility of the build
ing department. 

From time to time the commission has 
presented unsolicited recommendations 
to the assembly and the mayor regarding 
geotechnical matters that continually 
come to our attention as practicing pro
fessional engineers within the commun
ity. For the most part, those concerns 
have related to siting and land use guide
lines regarding geotechnical hazards. One 
result of our efforts on the GAC is the 
recent adoption by local ordinance of a 
modified version of the 1982 uniform 
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building code requirement for strong 
motion instrumentation of major struc
tures. The ordinance will be implemented 
by a unique cooperative effort among the 
private sector, the Municipality of Anch
orage, and the state and federal govern
ments. We believe this program will sup
ply much-needed information about local 
earthquake ground shaking and building 
response and will be technically effective 
and cost efficient. 

The commission is formulating a pro
posal to the municipality to evaluate the 
seismic risk within its boundaries using a 
balanced risk approach. We hope the re
sults of that study will provide decision 
makers in both the private and the public 
sectors with a tool to assess their cur
rent and future planning directions and 
land-use guidelines on a rational basis, 
one which actually quantifies the risks 
associated with the various geotechnical 
hazards identified throughout the munici
pality. It should be recognized that al
though real geotechnical hazards may 
exist in our community, the risks asso
ciated with those hazards may be accept
able in some instances. As a commission, 

Tumbled cement blocks 
and broken windows on 
the Hillside Apartments 
building in Anchorage 
attest to the force of the 
1964 quake. (Photo by 
David R. Knapp, AEPA.l 

we believe the bal
anced- risk approach 
will provide a power
ful tool with which 
all who are involved 
with the safe develop
ment of our commu
nity can formulate 
rationally justifiable 
decisions. 

In 1978 the GAC helped the Munici
pal Planning Department prepare a study 
to identify the geotechnical hazards with
in the· Municipality of Anchorage. The 
study was prompted by the federal 
Coastal Zone Management Act, which 
in part required coastal communities 
throughout the country to identify areas 
within their communities that were sus
ceptible to geologic hazards. Some of the 
hazards to be identified were those asso
ciated with high winds, flooding, ava
lanches, and unstable ground. The Coastal 
Zone Management Act also mandated 
that local communities prepare and carry 
out plans to mitigate those hazards. 

Serving as geotechnical engineering 
consultants, the firm of Harding-Lawson 
Associates identified the hazardous lands 
within the Anchorage municipality and, 
in 1979, the municipality published are
port of their findings (Geotechnical Haz
ards Assessment Study) along with a series 
of maps delineating the hazardous areas.1 

These maps were published again by the 
municipality in expanded format in 1980 
in the Anchorage Coastal Resource Atlas.2 

A simplified section from one of these 
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A map of the Anchor· 
age area showing the 
relative susceptibility 
of different areas to 
ground failure in case 
of strong shaking gan· 
erated by earthquakes. 
(Redrawn from the 
Anchorage Coastal Re
sources Atlas,2 after 
Plate2A inthaHardi~
Lawson report, 1979. ) 

.. --
Lowest ground failure susceptibility 

Moderately low ground failure susceptibility 

Moderate ground failure susceptibility - High ground failure susceptibility ---- Very high ground failure susceptibility 

Approximate location of Border Ranges Fault 

...--- 1964 subsidence contours (feet) 

Harding· Lawson maps (above) illustrates 
clearly the relevant soils information. 

Based on the area's exposure to seismic 
risks, and on the performance of its 
surficial geologic structure during the 
1964 earthquake, the Municipality of An· 
chorage has been "microzoned" into 
areas with various degrees of susceptibili· 
ty to ground failure. Recommended guide· 
lines for siting structures and development 
within those zones were presented in the 
1979 Harding-Lawson report (Table 1). 

RISK AND BALANCE 
An underlying premise of the 1979 re· 

port was that land-use planning decisions 
should be made under circumstances in 
which the responsible people have the 
best possible information about the risks 
from geotechnical hazards-those innate 
to the physical processes of the earth but 
whose effects on humankind may be 
ameliorated by applying scientific meth· 
ods and engineering principles. The basic 
risks involved are those to life, to prop· 
erty, and to social and economic stability. 
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Public agencies clearly must do what 
they can to protect people from injury or 
death, and they have a definite role in pre· 
venting property damage; their respon· 
sibility is especially acute for public 
buildings. The Harding-Lawson report 
set forth several guiding principles, based 
on what had proved effective elsewhere, 
to help Anchorage municipal agencies 
identify the level of acceptable risk in the 
face of geotechnical hazards: 

• The level at which a risk is judged 
acceptable should be reasonable in terms 
of the costs of achieving that level. The 
costs may be either direct (potential dam· 
age to property or loss of life) or indirect 
(removing hazardous lands from the tax 
rolls and zoning them for open space). 
The endeavor to minimize risk may in· 
crease costs. At some point, it becomes 
too costly to reduce the risk further and 
the level of risk may be considered ac· 
ceptable. 

• There should be an explicit differen· 
tiation between voluntary risk and in· 

voluntary risk. Because use of certain 
public buildings is not voluntary, a per· 
son has no choice whether to submit to 
a given degree of risk. Thus, the level of 
acceptable risk associated with land or 
building uses of involuntary public oc· 
cupancy should be quite low. 

• The difference between unknown 
risks and known risks must be explicit. It 
is the proper function of public agencies 
to provide information that will make the 
public fully aware of the risks associated 
with all the geotechnical hazards. This 
can be accomplished with the use of haz· 
ard maps, public hearings, adoption of 
high·risk development zones, etc. 

• The acceptable risk level must be com· 
mensurate with the benefits accrued. For 
a given site use, the public should not be 
exposed to a level of risk that exceeds the 
corresponding benefits from the use se· 
lected. 

• The balancing of risk should not be 
limited to planning decisions but should 
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also include the evaluation of risks asso
ciated with existing land uses and struc
tures. 

• The municipality's evaluation of geo
technical hazards and risk levels must be 
based on the technical judgment of ap
propriate professionals. 

The last point has a further significant 
ramification: for technical judgments to 
be useful, they must be based on ade
quate data, and the collection of that 
data should proceed continuously. 

Municipal Policies 

The following policies, stemming from 
the points noted above, underlie and 
shape the character and orientation of 
the seismic risk reduction programs that 
have proved successful elsewhere: 

Policy 1. Evaluate the potential geo-
technical hazards carefully before 
approving public or private develop
ment proposals. 

Policy 2. Develop procedures for main
taining and disseminating information 

Table 1. Site Investigation Requirements 

Land Use and Building Type 

Public, High Occupancy, and 
Critical Use, including, but 
not limited to: 

Hospitals 
Fire and police stations 
Communication facilities 
Schools 
Auditoriums, theaters 
Penal institutions 
High-rise hotels, office and 

apartment buildings 
(over 3 stories) 

Major utility facilities 
Structures used to manufacture 

or store large amounts of 
toxic substances 

Low Occupancy, including: 

Low-rise commercial and office 
buildings (1 to 3 stories) 

Restaurants (except in high-rise 
category) 

Residential (over 8 attached units 
and less than 3 stories) 

Residential (less than 8 attached 
units) and Manufacturing 
and Storage /Warehouses 
(except where highly toxic 
substances are involved) 

(lowest) 

8 

A 

A 

Hazard Zone 
(ground failure susceptibility) 

2 3 
(m. low) (moderate) 

c c 

8 c 

A A 

4 
(high) 

D 

D 

c 

5 
(very high) 

D 

D 

c 

Notes: Site investigation requirements: documentation by a civil engineer licensed in the State 
of Alaska in compliance with the paragraphs listed below shall be submitted to the building official 
for approval. The hazard zone assumed in the design must be identified. 
A. Current building code requirements must be met, as well as other applicable state and local 

ordinances and regulations. 

B. In addition to the above, a sufficient geotechnical investigation and structural analysis must be 
performed to verify the structure's suitability to the site in terms of its proposed use. It may be 
necessary to extend the investigation beyond the immediate site boundaries in order to evaluate 
all of the applicable hazards. All sites used for critical structures require a detailed subsurface 
investigation. 

C. In addition to the above, there must be sufficient surface and subsurface investigation and 
analyses to evaluate liquefaction potential and/or ground failure. 

D. In addition to the above, the need for positive stabilization measures must be assessed before 
structures for human occupancy can be considered. In general, public and especially emergency 
facilities should not be considered. 
Source: Winterhalder et al.1 
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to the public regarding geotechnical 
hazards. 

Policy 3. Prepare programs of action for 
use in the event of a natural disaster, 
and attempt to reduce the extent of 
damage to the public from the recur
rence of such disasters. 

Implementation 

The best way to reduce the risk of geo
technical hazards in the long term is to 
begin regulating new development effec
tively. Because the Anchorage area con
fronts strong development pressures, the 
thrust of a risk reduction program should 
be toward improving decisions on land 
use. In the recently developed parts of 
high risk areas, the only practical means 
of lowering the existing risk may be 
adequate disaster programs and better 
evacuation routes. In the older developed 
areas, redevelopment and structural hazard 
abatement, where necessary, may be the 
most practical means of reducing risk. 

THE PRESENT SITUATION 

As noted earlier, since the Harding
Lawson report appeared, the GAC has 
vigorously recommended that a some
what modified version of those siting and 
development criteria be incorporated into 
the local building ordinances. We have 
further recommended that the munici
pality develop uniform risk criteria, or 
an acceptable level of risk, that would be 
appropriate for selecting sites for struc
tures in the various zones. The hazards 
map currently represents extreme event 
consequences which may or may not be 
realistic for all structures in each zone. 
We are currently preparing a proposal to 
perform an area-wide risk evaluation 
tied to these guidelines and maps. 

In summary, then, the Geotechnical 
Advisory Commission believes that the 
Municipality of Anchorage should devel
op guidelines for the siting of struc
tures throughout its jurisdiction that 
are rationally developed and based on a 
prudent and uniform level of acceptable 
risk to the life and property of its 
citizens. 

REFERENCES 
1Winterhalder, E.C., T.L. Williams, and J.M. 

England (Harding- Lawson Associates). 1979. 
Geotechnical Hazards Assessment, Munici
pality of Anchorage. Report H- LA Job No. 
5502,009.08, Municipality of Anchorage, 
Pouch 6-650, Anchorage, AK. 

2 Municipality of Anchorage. 1980. Anchorage 
Coastal Resources Atlas. Vol. I, The Anchor
age Bowl. + 
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HAZARD MITIGATION IN ALASKA 

Where Do We Begin? 

High-rise and other high-occupancy buildings continue to be built on unstable soils in and near 
downtown Anchorage. The bluff (mid-photo, left to right) marks the approximate position of the L 

Street slide, one of four massive ground failures in Anchorage triggered by the 1964 earthquake (photo taken May 22, 1982). Inset photo (taken in 
1964) shows an Anchorage apartment building damaged by the L Street graben during the Good Friday earthquake (Gil Mull photo, AEPA). 

by Rod Combellick 

36 

Although significant improvements 
have been made in disaster response and 
relief in Alaska since the great earthquake 
of 1964, there has been little correspond
ing improvement in hazard mitigation 
(measures to reduce the disaster potential 

of natural hazards}_ The Alaska Disaster 
Act of 1977 established the Division of 
Emergency Services and gave it broad 
responsibilities for disaster-preparedness 
planning, administering the governor's 
disaster-relief fund, and coordinating 

Rod Combellick is a geologist with the Alaska Division of Geological and Geophysical 
Surveys where he has been employed since September 1981. From 1977 to 1981, he 
was a project manager for geologic hazards studies in the federal Outer Continental Shelf 
Environmental Assessment Program for Alaska. He gave this paper in the plenary session 
of the 35th Alaska Science Conference in Anchorage. 
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disaster response at the state and local 
levels. However, with the exception of 
state participation in the federal flood
plain insurance program, there has been 
little development of meaningful state 
policy to reduce the risks to people and 
property from natural hazards and, 
consequently, reduce dependence on 
disaster relief. 

During the 21 years since the 1964 
earthquake, development in Alaska-the 
most rapidly growing state in the country 
-has begun to expand into areas where 
major events that formerly were inconse
quential now have greater disaster poten
tial. In Anchorage, high-rise and other high
occupancy buildings continue to be built 
on and near the 4th Avenue and L Street 
slides that were triggered by the 1964 
earthquake (Fig. 1 ). The few existing state 
hazards-related programs are widely dis
persed among numerous agencies, lack co
ordination, and are insufficiently funded. 
With the demise of the Alaska Council on 
Science and Technology, scientists and 
engineers now have much less voice in 
state policy, particularly in this subject 
area. Only recently, with the emplacement 
of strong-motion seismographs in commer
cial buildings in Anchorage and the incor
poration of hazards-related risk analyses 
into plans for revising the Anchorage 
municipal zoning ordinance, has a local 
government in Alaska begun to take posi
tive steps in hazard mitigation. Ironically, 
the great Alaska earthquake of 1964 did 
more to inspire significant developments 
in hazard-mitigation policy in California 
than it did in Alaska. 

It is difficult to understand why there 
has been so little progress in hazard miti
gation in Alaska, especially considering 
the strong recommendations that were 
made by several reputable public and pri
vate groups after the 1964 earthquake. 
The scientific and engineering community 
is, no doubt, partially to blame for failing 
to communicate scientific information 
adequately to policy makers and to the 
public. Many people still believe that the 
effects of catastrophic events, as acts of 
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God, cannot be prevented or diminished. 
There is a general attitude that hazard 
mitigation is too costly and requires un
reasonable regulation at the expense of 
personal freedoms. Because most of 
Alaska is still sparsely populated, there is 
a lack of urgency for taking steps now to 
reduce hazards to future development. 
Clearly one of the most important tasks 
facing scientists and engineers is to demon
strate that most natural threats to public 
safety can be identified and sufficiently 
understood with present technology, and 
that actions can be taken to reduce risks 
to future development in ways that are 
less costly over the long term and do not 
require unreasonable regulation. 

After reviewing hazard-mitigation poli
cies in Alaska and comparing them with 
some apparently successful policies in 
other states, I believe I have identified 
the major deficiencies: 

• Lack of adequate state policy and fi
nancial support for hazard mitigation; 

• Lack of basic technical information on 
hazards in Alaska in a form useful for land
use planning and building design; 

• Lack of present means of continuing 
many federally funded hazards studies in 
Alaska; 

• Lack of incentives or guidelines for 
consideration of geologic hazards in local 
land-use plans and ordinances; and 

• Lack of state requirements for consid
eration of geologic hazards in locating, 
designing, and building most critical and 
pub I ic- use facilities. 

Hazard mitigation involves two princi
pal tasks. The first task, risk assessment, 
includes the identification and physical 
description of hazards and the assessment 
of associated risks to people and property. 
The second task, risk reduction, applies 
this knowledge to decisions about where 
and how to build facilities in ways that 
avoid or reduce the risks. Alaska state law 

addresses the first task by requiring the 
Division of Geological and Geophysical 
Surveys (DGGS) to 

conduct geological and geophysical 
surveys to determine ... the poten
tial geologic hazards to buildings, 
roads, bridges and other installations 
and structures, ... collect, record, 
evaluate, archive and distribute data 
on seismic events and engineering 
geology of Alaska; identify potential 
seismic hazards which might affect 
development of Alaska; and inform 
public officials and industry about 
potential seismic hazards .... 

These studies have received such low fund
ing priority in the legislature and state 
administration that the statutory require
ment cannot be fulfilled. Furthermore, 
state policies do not adequately address 
the second task of using results of these 
studies for reducing risks to public safety, 
for example, in locating and designing 
critical facilities such as hospitals, schools, 
and other high-occupancy buildings. 

HAZARD MITIGATION 
IN OTHER STATES 

Policies for reducing the harmful effects 
of natural catastrophes have been in force 
in several other states for some time. In 
California, regulation of the construction 
of high-occupancy buildings in the interest 
of seismic safety began with the Field Act 
of 1933, which applies to all public schools. 
This law has proven to be successful in sub
stantially reducing property damage and 
injury during the numerous earthquakes 
that have occurred since it was first enact
ed. As a result, the Field Act and similar 
state policies in California have improved 
awareness and understanding of natural 
hazards and have developed strong public 
support for hazard-mitigation programs. 

Until the early 1970s, most of the haz
ard-mitigation legislation in California was 
enacted in response to major natural events 
that caused substantial damag,e to particu-
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lar types of facilities. The resulting policies 
were effective, but were mostly facility 
specific (for example, schools, hospitals, 
and dams). In 1971 and 1972, comprehen
sive, long-range hazards-safety laws were 
enacted for the first time in California. 
These laws included a requirement that all 
local governments address the issue of seis
mic safety in their land-use plans, and in
cluded a program for ensuring safe con
struction along active faults. 

Since the early 1970s, most of the ma
jor hazards-related legislation in California 
has been strongly influenced by state-level 
advisory boards with input from state and 
local agencies and the public. The great 
Alaska earthquake of 1964 prompted the 
governor and the legislature of California 
to initiate two advisory groups, the legisla
ture's Joint Committee on Seismic Safety 
and the governor's Earthquake Council, 
which remained active through the early 
1970s. The functions of these two bodies 
were combined to form the Seismic Safety 
Commission (SSC) in 1974. The overall 
purposes of sse are to provide consistent 
policy advice to the governor and legisla
ture on matters relating to earthquake 
safety and to help coordinate earthquake
related programs of agencies at all levels 
of government. In addition to these advis
ory and coordination roles, sse conducts 
public hearings, develops public education 
programs, reviews postearthquake recon
struction practices, and sponsors research 
programs. 

The California SSC has helped coordi
nate over 30 seismic safety programs 
among 52 agencies. It has reviewed exist
ing and proposed legislation, resulting in 
many improvements and eliminating dupli
cation. After destructive earthquakes, SSC 
sponsors site visits to obtain information 
for improving seismic safety. sse has ini
tiated many new programs, including local 
earthquake-preparedness projects, a com
mittee for developing guidelines to reduce 
seismic hazards to existing buildings, and a 
statewide earthquake education program, 
all of which are still active. The commis
sion was instrumental in initiating a state 
review of two federal dam projects and in 
establishing memoranda of understanding 
with federal agencies for future dam re
views. 

Because of the success ofthe California 
sse and public support it has gained since 
it was established in 1974, the California 
legislature has continued to expand its re
sponsibilities and powers by transferring 
to it the seismic safety functions of other 
boards and agencies. Last year, the legis-
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Unable to withstand the force of the 1964 Alaska earthquake, the Cordova Building in 
Anchorage suffered major damage. (College Observatory collection photo, AEPA.) 

lature removed the sunset clause on SSC's 
enabling legislation, effectively making it 
a permanent commission. 

A similar body, the Utah Seismic Safety 
Advisory Council (SSAC), was established 
in 1977 and charged with developing seis
mic safety policy recommendations for 
the governor and legislature. As more was 
learned about the active Wasatch fault, 
which bisects Salt Lake City, serious con
cern that much of Utah was sitting on a 
seismic time bomb prompted formation of 
the SSAC. In contrast with the California 
SSC, the Utah SSAC was given a finite peri
od of four years to develop its recommen
dations and was not given responsibility 
for coordinating agency programs. The 
final report of the SSAC included 18 rec
ommendations, many of which may be 
applicable to Alaska. Examples include: 

• Legislation requiring site evaluations 
of geologic hazards for critical and public
use facilities; 

• Improvement of regulatory measures to 
ensure that new schools and health-care 
facilities meet appropriate earthquake
safety standards; 

• Legislation requiring compliance with 
earthquake provisions of the building 
codes, especially for critical and public-use 
facilities; 

• Legislation providing explicit authority 
for local governments to take actions to 
improve earthquake safety; 

• Establishment of seismic standards and 
review procedures for dams; 

• Acceleration of the state seismic-risk 
mapping program; 

• Establishment of a statewide earth
quake strong - motion instrumentation 
program to obtain needed information 
about earthquake-induced ground motions; 
and 

• Establishment of a permanent earth
quake-safety office for providing overall 
coordination and policy direction for 
earthquake safety. 

Very little has been done by the Utah 
legislature to implement the recommen
dations of SSAC. One reason is that the 
key legislators who initiated the work 
of the council are no longer in office to 
argue for the passage of bills that would 
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give the recommended improvements the 
force of law. Another reason is that the 
council no longer exists to advise and 
assist the legislature in developing cost· 
effective programs. 

A STARTING POINT FOR ALASKA 

As we begin to take action to reduce 
risks to public safety from natural hazards 
in Alaska, there are many lessons that can 
be learned from the successes and failures 
of other states. We can avoid sporadic, 
after-the-fact development of facility
specific programs that must be rede
veloped for other facilities after future 
disasters. Instead, we can set up com
prehensive, well-planned programs that 
anticipate future problems. We can im
prove prospects for implementing and 
maintaining long-range solutions by devel
oping a consistent policy framework that 
transcends the semiannual turnover in the 
state legislature. 

Considering the complexity of issues to 
be addressed, the potential number of 
public agencies involved, and the variety 
of approaches available, I believe that the 
best way to begin providing consistent 
policy guidance and effective program co
ordination is through a state-level advisory 
body. I propose establishing a Natural 

\ ,_ 
advise, 

propose legislation 

\ 

Hazards Safety Commission (NHSC) in 
Alaska that is similar to the California SSC 
but with responsibilities in all types of 
natural hazards, not just earthquakes. Al
though the NHSC should be considered a 
permanent commission, it would be sub
ject to the sunset-review provision in Alas
ka law that requires all state boards and 
commissions to expire after four years, 
after which they must be reviewed and 
formally reestablished by the legislature. 

The primary purposes of the NHSC 
would be to provide policy guidance on 
hazard mitigation and disaster prepared
ness and to help coordinate agency pro
grams at all levels of government and with 
the private sector. The NHSC would be 
administratively under the Office of the 
Governor but would advise both the gov
ernor and legislature and would interact 
with all appropriate state, federal, and 
local agencies and the public to assist in 
coord i nation. 

I propose that the NHSC consist of nine 
members, seven appointed by the gover
nor and the remaining two appointed by 
the leaders of each house of the legislature. 
Members appointed by the governor 
would represent the fields of geology, 
seismology, hydrology, geotechnical engi
neering, structural engineering, emergency 

Governor 

/ I 
advise l 

I 
I 
I 
I 
I 
I 

/ administer 
/ , I 

I 

I 
I 

policy 

Natural Hazards 
Safety 

Commission 
I 

advise , 

Other 
agencies 

Federal 

government 

\ 
advise 

\ 

Geophys. Surveys 

Local 
government 

How the proposed Natural Hazards Safety Commission would interact with 
local, state, and federal governments and other agencies. 
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services, and planning. A maximum of 
three members could be selected from 
state or federal government, including the 
University of Alaska system, and one 
would be selected from local government. 
The remaining members would be selected 
from the private sector. The members 
would have staggered three-year terms, 
and their only compensation for service 
would be limited to funds for travel and 
per diem. 

Specific responsibilities of the NHSC 
should include recommending goals, pri
orities, and policy for hazard mitigation 
in the public and private sectors; develop
ing and reviewing proposed legislation; dis
seminating public information; helping to 
coordinate hazard-mitigation activities at 
all levels of government; recommending 
needed research, mapping, and monitoring 
programs; and evaluating and issuing haz
ard warnings. To fulfill these responsibili
ties, the commission should have the 
authority to review policies and programs, 
recommend changes, review state and 
legislative proposals, conduct public hear
ings, and appoint internal and external 
working committees. 

There is no doubt that hazard mitigation 
involves costs to the public for hazards 
mapping and monitoring, development of 
public policies, reviewing designs, and en
forcing land-use and building regulations. 
Hazard mitigation also involves costs to 
developers for complying with building 
codes and zoning ordinances. The NHSC 
would have a major role in demonstrating 
that a modest expenditure of public funds 
for hazard mitigation will substantially re
duce future expenditures for disaster relief 
and recovery, and that sensible practices 
for locating and designing structures are 
the best insurance against property damage 
and injuries from natural calamities. The 
NHSC would offer the opportunity for 
direct private-sector involvement inthefor
mulation of public policy on hazard miti
gation through service on the commission 
and participation in its public hearings. 
Most important, the NHSC would pro
vide the broad perspective and representa
tion necessary to coordinate the numerous 
agencies involved in hazard mitigation, re
duce duplication of effort, and focus pro
grams within consistent policy. 

The opinions expressed in this article 
are those of the author and do not neces
sarily represent the positions of the Alaska 
Division of Geological and Geophysical 
Surveys or the Department of Natural Re
sources. + 
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Remote Sensing in the North 
FINDING FAULTS IN WESTERN ALASKA 
by Kenneson G. Dean 

0 

Locations of Alaskan earthquakes with magnitudes of 4.5 and greater (Espinosa, 1984, USGS). 

Maps of Alaska that show earthquake 
epicenters leave the state's southern coasts 
and the Aleutians nearly black with loca
tion dots. The western mainland portion 
of Alaska looks almost pristine by com
parison. Yet by standards ofthe rest ofthe 
world, western Alaska is very active seis
mically: 122 earthquakes of H ichter 
magnitude 4 or more occurred there 
between 1970 and 1976. The strongest 
recorded earthquake struck in 1958 near 
the village of Huslia in the Koyukuk 
River basin; it had a magnitude of 7.3. 
Offshore earthquakes occur under the 
neighboring Chukchi Sea as well, with the 
strongest recorded so far (in 1929) meas
uring 6.9. 1 Earthquakes of these magni
tudes can severely damage structures and 

are hazardous to mineral and petroleum 
development in western Alaska. 

The subduction of the Pacific plate 
seems to be the chief cause of earthquakes 
in southwest Alaska, resulting in a region 
of compressional stress along the Aleutian 
Islands and the Alaska Peninsula that ex
tends into southcentral Alaska._ In con
trast, available seismic data and geologic 
models imply that the Seward Peninsula 
and other sections of western Alaska 
comprise a region of tensional stress that 
results from tectonic movement in sur
rounding areas. The strain energy built 
up by this stress is released primarily by 
what seismologists call normal faulting. 

Faults can be classified according to 
the direction of bedrock movement along 

each side of the fault. Thrust faults result 
when bedrock along one side of the fault 
is pushed over the other side, normal 
faults result when bedrock along one side 
of the fault moves vertically down, and 
strike-slip faults result when bedrock 
along one side of the fault moves to the 
left or right. 

If one section of a fault, or system 
of faults, yields to accumulated strain, 
another section is I ikely to do so in the 
future. Crustal earthquakes thus seem to 
migrate over time along a fault system. 
Finding the faults is therefore an impor
tant element in understanding where 
earthquakes are likely to occur. Satellite 
imagery can be a potentially useful tool 
in helping to identify the faults. 

Kenneson G. Dean is a Remote Sensing Geologist for the Geophysical Institute, University of Alaska-Fairbanks. He received his 
master's degree in geology from the University of Alaska and presently is using remote sensing data to study landforms and arctic 
phenomena. 
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Figure 1. Below, a winter Landsat image of the 
Seward Peninsula, Alaska, reveals numerous photo· 
lineaments (arrows), some of which are known 
faults. Many of these lineaments can be seen due to 
variations in topographic relief and aligned or ab· 
rupt changes in stream courses. Identification of 
lineament A is based on the alignment of small vol· 
canic cones that can be seen on the image. Feature 
8 is the remnant of a thrust block produced by a 
thrust fault. Typically, there is no distinct linear 
feature associated with a thrust fault compared to 
a normal fault such as the Kigluaik. Notice that 
feature 8 is delineated due to differences in the 
angularity of the surrounding mountains and hence 
bedrock. 

SATELLITES SERVING SEISMOLOGY 

If faults extend to the surface of the 
earth, they can often be recognized on 
images or photographs acquired from 
satellites and aircraft. The term "photo
lineament" is used to distinguish linear 
features observed on images or photo
graphs from faults observed on the 
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ground where movement has occurred. 
Many photo-lineaments do not corre
spond to active or inactive faults; they 
often result from the contact of different 
geological formations or surficial proc
esses such as glacial scouring. Therefore it 
is important to try to develop criteria 
which would aid in identifying those 

Figure 2. Above, a winter Landsat image of east 
central Alaska reveals numerous faults and photo
lineaments, as well as many other unmark8d linear 
features; prominent identified faults are marked by 
arrows. 

photo-lineaments that are likely to be 
associated with active faults. 

Linear features that are fault-related 
are typically produced by tonal differ
ences in bedrock due to changes in rock 
types on either side of a fault or to the 
fractured natureofthe rock in the vicinity 
of a fault, patterns in vegetation due to 
changes in the hydrologic regime in the 
vicinity of a fault, abrupt changes in 
stream courses, offsets in features that 
cross faults, or differences in elevation 
between the sides of a fault. Some of 
these features are more easily identified 
by analysts working with satellite imagery 
or aerial photographs than they are by 
geologists working on the ground; others 
are more subtle and "ground truth" pro
vides better evidence. 

Thrust faults usually do not have a dis
tinct linear expression along their front; 
thus they are difficult to spot (Fig. 1) on 
remotely sensed images. However, normal 
and strike-slip faults (Fig. 2) usually have 
distinct linear surface expressions. Earth
quake epicenters often lie along or near 
the surface expression of a normal or 
strike-slip fault, making the association 
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between linear trends on seismicity maps 
with those on remote sensing imagery 
fairly easy, or so one would think. In the 
case of thrust faults, earthquake epi
centers may lie anywhere along the 
zone that incorporates overriding crustal 
sheets. Photo-interpretation is not very 
helpful for associating linear trend epi
centers with thrust faults even when 
the fault areas can be located. 

CONCLUSIONS 

Theoretically, correlations between epi
centers and normal and strike-slip faults 
should be quite good. However, epi
centers may not be located along the 
surface expression of these faults, since 
faults tend to dip with depth. Also, 
there are too few seismic stations in 
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Alaska to record the kind of data needed 
to locate an epicenter precisely. 

Often the number of lineaments 
mapped by photo-interpreters is signifi
cantly larger than the number of faults 
mapped by seismologists and geologists; 
this can cause some confusion if the 
distinction between the two is not main
tained. Associating high-resolution seis
mographic data with photo-interpreted 
lineament maps can help distinguish 
active faults from inactive ones or from 
structures not related to faults; at the 
same time, this two-pronged approach 
can help identify the cause of earth
quakes in many regions. 

As the satellite images accompanying 
this article show, remote-sensing data can 
help elucidate the tectonic regime of 

Mosaic of Landsat im
ages of northwest Alas
ka. Numerous geologic 
structures are evident 
(arrows); many of these 
terminate along the 
west coast. (Mosaic of 
summer images assam
bled by K. Martz.) 

western Alaska. Studies done to date in
dicate that regime is complex,2 but be
cause normal faulting is the principal 
mode of strain energy release in the area 
and-as noted above-because this kind of 
fault is the most easily detected, satellite 
imagery should play a significant role in 
improving our ability to predict where 
earthquakes are likely to occur in western 
Alaska. 

REFERENCES 
1Meyers, H. 1976. A historical summary of earth

quake epicenters in and near Alaska. National 
Oceanic and Atmospheric Administration 
Technical Memorandum EDS NDSDG-1. 

2 Biswas, N., J. Pujol, G. Tytgat and K. Dean. 
1984. Synthesis of Seismicity Studies for 
Western Alaska. Final Report, National 
Oceanic and Atmospheric Administration 
Contract No. NA 81-RAC00112. 69 pp. + 
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enoted 
Since we relied extensively on them for 

illustrating this issue, it seems only fair to 
review here the work of the Alaska Earth
quake Photograph Archives. Formally be· 
gun with a grant from the Alaska state 
library system in 1982, the AEPA is a joint 
project of the Alaska Division of Geological 
and Geophysical Surveys and the Geo
physical Institute. The Archives holdings, 
now at about 1300 color and black and 
white still photographs, are housed in the 
Institute under the care of librarian Julia 
Triplehorn. 

The main intent of the AEPA project 
is to provide documentary material for 
engineers, architects, geologists-anyone 
professionally interested in the damage 
earthquakes can do to the human and the 
natural environments. The material is avail
able to the public for viewing, however, 
and copies can be provided at cost. The 
archives also has access to lists of other 
sources of photographs of earthquake 
damage. 

The AEPA is still seeking more photos, 
especially records of damage done by 
Alaska earthquakes other than the great 
one of 1964. The archives do not include 
videotapes or films, and depend on the 
generosity of photographers and collec
tors for their materials: they have no 
funds to purchase archival items. 

**** 

eletter 
Rain by any other name ... 

Also worth noting, given the content 
of this issue, was a report early this year 
(7 Feb. 85) on the National Public Radio 
network: Anchorage property owners have 
been hit with a significant increase in the 
cost of insurance for earthquake damage. 
NPR 's reporter said that the cost had gone 
from 5e per $100 of insured value-not 
cheap to start with-up to 25e per $100. 
A company executive interviewed on the 
program stated that the move was "part 
of industrywide rate increases" rather than 
an indication that national insurance firms 
expect Anchorage to be shaken soon. He 
also mentioned that the number of build
ings without earthquake coverage was 
increasing. 

**** 

The mail sometimes brings wonderful 
stuff across the desk, oddities embedded 
in the tides of useful or possibly useful in
formation. For example, from Texas we 
have learned of what must be the ultimate 
prefabricated house: a gingerbread man
sion. We're not talking carpenter-gothic, 
Victorian-geegaw here-we mean the real, 
edible thing. Thanks to the folksatNeiman
Marcus, you too could own a 5'10" wide 
by 5'10" high by 7'2" long house made of 
330 lbs. of gingerbread, 200 lbs. of frost
ing, 70 lbs. of chocolate, 851bs. of assorted 
candies, and 1 0 I bs. of cookies. The $5500 

price tag includes delivery and the services 
of a chef to assemble and decorate the 
structure. 

Oh, well. In case of earthquake damage, 
one could always eat the rubble. But
does anyone out there know the R-value 
of gingerbread? 

emeeting 

Subtitle for this year's Arctic Science 
Conference, which is also the 36th Alaska 
Science Conference, is "Technology and 
the Scientist." Appropriately, special sym
posia will include such topics as biological 
engineering and technological advances in 
wildlife research-and in this office, at 
least, we found it marvellously apt that the 
special session on "science and technology 
in the media" is snugly fit on the program 
with symposia entitled "integrated pest 
management" and "assessment of mental 
health needs in Alaska." Technical sessions 
will include engineering, atmospheric sci
ences, snow, ice, and permafrost, and 
others of probable interest to TNE readers. 

The Science Conference will be held in 
Fairbanks on 27·29 September 1985. Con
ference chairman this year, and the person 
to contact for more details, is Dr. Robert 
G. White, 311 Irving Building, Institute of 
Arctic Biology, University of Alaska-Fair
banks, Fairbanks, Alaska 99775. 

Dear Dr. Thompson (and other TNE readers). 

now looks more likely that the abrupt onset in Fairbanks is due 
to the start of the thunderstorm season, and its timing is probably 
controlled by the disappearance of snow from the Tanana- Yukon 
Uplands. And yes, Alaska does have thunderstorms- perhaps not 
in the Texas category, but still capable of dumping quite a lot of 
water if they decide to stay over one spot, as reference the Great 
Geophysical Institute Flood of a few years back. We were wading 
up to our knees in the Institute basement while people a mile 
away sat out in the sun. 

In response to your letter (TNE 16:3). no, I wasn't using 
"monsoon" in its technical sense in "The Fairbanks Monsoon"
if I had been, the editors would have made me define it. I used 
the word in the colloquial sense of a rainy season, especially one 
with an abrupt onset and sometimes equally abrupt end, which 
occurs almost every summer. At the time I wrote the article, 
I thought we might have an analogy with the Indian monsoon 
in another way-that our rainy season might be due to a "jump" 
of a jet stream to a position north of a mountain range; but it 

The Northern Engineer, Vol. 16, No. 4 

As for more articles on the Alaskan climate: well, you asked 
for it! One will appear in the next issue, and I have ideas for 
many more. 

Sincerely, 
Sue Ann Bowling 
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