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Hazouid im Hoik

• Seismic Risk
• The expected 

consequences of a 
future seismic event

• Seismic Hazard
• The expected 

occurrence of a 
future seismic event

modetne earthquake Loan Pried. CA (1989) 
damage (S billionj)
loss of life
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Cause of Damage

Tsunami 
Ground Failure 

Ground Rupture 
Ground Shaking

STR UC TU R AL DESIGN CONCEPTS

Tsunami
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A n ch o rag e

S ta tio n s

B lack  - L 'S G S  N S M P  s ites

DPDA Consists o f 6 
boreholes and one 
surface
accelerometers.
The deepest sensor is 
located in a g lacia l t ill 
fo rm ation  w ith  shear 
wave ve locity > 900m 
Is, corresponding to 
engineering bedrock. 
The sensors are 
arranged such a way 
so that characteristic: 
o f m ajor fo rm ations 
can be studied.
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"Quake Cabin''
• Quake Cabin increases tsunami and 

earthquake focused outreach initiatives 
throughout Alaska

• Distribute outreach materials

• Teach mitigation methods

• Simulates 5.0 magnitude

• Used at public and private events

• Schools & businesses

• State fairs & safety events
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An educated and aware public 
with a plan of_ action will have 

the ability to adapt to the 
situation and respond

accordingly.
.
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Hazards / Threats
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• Earthquakes
• Floods
• Volcanoes
• HAZMAT
• Severe Storms

• Tsunamis
• Wildland Fires
• Avalanches
• Terrorism
• Pandemic Flu
• Other
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A L A S K A
ACTIVE FAULTS AND VOLCANOES

■ Known fault with activity in the past 11,000 years 
Known fault with activity in the past 2.6 million years

Historic earthquake rupture area, year, and 
magnitude of most recent event
Volcano with activity in historic time (since 1700) 
Volcano with activity in the past 11,000 years 
Volcano with activity in the past 2.6 million years 
Main roads 
Railroad
Trans-Alaska Pipeline System

NOTE: There are probably many more active faults 
in Alaska that have not yet been geologically mapped. 
Fault and volcano data shown for Canada are'Tncomplete.

Alaska Earthquake Information Center, University of Alaska Fairbanks 
http://www.aeic.ataska.edu 

Alaska Volcano Observatory, httpiAvww.avo.alaska.ertu/volcanoes/ 
Gulick and others. 2007, Geophysical insights into the Transition fault 
debate: Geology, v.35, no. 8, p. 763-766 

Haeussler, P J „  and Ptafker. G., 2003, Earthquakes in Alaska:
U.S. Geological Survey Open-Fite Report 95-624 

Plafker, G., Gilpin. L.M.. and Lahr, J.C., 1994, Neotectonic map 
of Alaska, in Geology of Alaska. Decade of North American 
Geology: Geological Society of America 

U.S. Geological Survey Historic Earthquakes Catalog 
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A C T IV E  FA U LT S  AND V O L C A N O E S  IN A LA S K A

Eleven percent of the world’s recorded earthquakes have occurred in Alaska, including seven of the ten largest 
in the United States and three of the ten largest in the world. About 2,000 earthquakes are recorded in Alaska 
every month.

Since 1900, Alaska has had an average of:

• A “great" earthquake (magnitude 8 or larger) every 13 to 15 years
• A magnitude 7 to 8 earthquake every 1 to 2 years
• About 6 magnitude 6 to 7 earthquakes per year
• About 50 magnitude 5 to 6 earthquakes per year
• About 340 magnitude 4 to 5 earthquakes per year

This map shows faults that have been active in historic time or show geologic evidence of activity during the 
past 11,000 years (Holocene), and faults that show evidence of activity during approximately the preceding 2.6 
million years (Pleistocene). Rupture area boundaries delineate the approximate extent of the initial epicenter 
and aftershocks of large earthquakes recorded since 1900. Considering the high rate of seismicity in Alaska, 
with earthquakes oc-’curring in most areas of the state, there are probably many more active faults that have not 
yet been geologically mapped.

Alaska has more than 50 volcanoes that have been active during historic time (since about 1700). These volca­
noes in Alaska make up well over three-quarters of U.S. volcanoes that have erupted in the past two hundred 
years. An additional ~90 volcanoes in Alaska show evidence of activity during the Holocene or Pleistocene 
epochs.

DGGS- and University of Alaska-affiliated web sites about earthquake and volcano hazards in Alaska:

Alaska Seism ic Hazards Safety Com m ission
http://seismic.alaska.gov

Alaska Volcano Observatory
http-J/a vo. alaska. edu

Alaska Earthquake Inform ation Center
http://www. aeic. alaska.edu
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Tsunami inundation maps of Seward and 
northern Resurrection Bay, Alaska

by
E.N. Suleim ani1, D.J. N icolsky1, D.A. W est1, R.A. Com bellick2, and R.A. H ansen1

Abstract
The purpose of this study is to evaluate tsunami hazard for the community of Seward and northern 

Resurrection Bay area, Alaska. This report will provide guidance to local emergency managers in tsunami 
hazard assessment. We used a numerical modeling method to estimate the extent of inundation by tsunami 
waves generated from earthquake and landslide sources. Our tsunami scenarios included a repeat of the 
tsunami of the 1964 Great Alaska Earthquake, as well as tsunami waves generated by two hypothetical 
Yakataga Gap earthquakes in northeastern Gulf of Alaska, hypothetical earthquakes in Prince William Sound 
and Kodiak asperities of the 1964 rupture, and local underwater landslides in Resurrection Bay. Results of 
numerical modeling combined with historical observations in the region are intended to help local emergency 
officials with evacuation planning and public education for reducing future tsunami risk.

INTRODUCTION_____________________
A laska has the g rea test earthquake and tsunam i 

potential am ong the U.S. states. Figure 1 shows one o f  
the m ost seism ically active regions o f  the state, where 
the Pacific Plate is subducting under the North American 
Plate. This subduction zone, known as the A laska-A leu- 
tian m egathrust zone, m akes the adjacent coastal areas 
especially hazardous w ith regard to tsunami exposure. 
The coseism ic crustal m ovem ents that characterize this 
area have a high potential for producing vertical sea 
floor displacem ents, w hich are highly tsunam igenic. 
H istoric tsunam is that w ere generated by earthquakes 
on the A laska-A leu tian  subduction zone have resulted 
in w idespread dam age and loss o f  life along the A las­
kan Pacific coast and other exposed locations around 
the Pacific Ocean. Large seism ic events occurring in 
the vicinity o f  the A laska Peninsula, A leutian Islands, 
and G u lf o f  A laska have a very high potential for gen­
erating both local and Pacific-wide tsunamis. Tsunamis 
originating in A laska can travel across the Pacific Ocean 
and im pact coastal areas hours after they are generated. 
However, these waves are considered to be a near-field 
hazard for A laska, and can reach Alaskan coastal com ­
munities w ithin m inutes o f  the earthquake. Therefore, 
saving lives and property depends on how well a com ­
m unity is prepared, which m akes it essential to estimate 
the potential flooding o f  the coastal zone in the case o f 
a local or distant tsunami.

On M arch 27, 1964, the Prince W illiam Sound area 
o f  A laska was struck by the largest earthquake ever 
recorded in N orth  A m erica. This m agnitude M w9.2 
m egathrust earthquake generated the most destructive 
historic tsunam i in A laska and, farther south, im pacted

the w est coast o f  the United States and Canada. O f the 
131 fatalities associated with this earthquake, 122 were 
caused by  tsunam i w aves (Lander, 1996). A lthough 
tragic, the num ber o f  deaths w as fortunately far smaller 
than in the case o f  the 2004 Indian Ocean tsunami due 
to low population density on the A laska coast. In addi­
tion to the m ajor tectonic tsunam i that was generated by 
displacem ent o f  the ocean floor between the trench and 
the coastline, more than 20 local tsunamis were gener­
ated by subm arine and subaerial landslides in coastal 
Alaska. Local tsunamis caused m ost o f  the dam age and 
accounted for 76 percent o f  tsunami fatalities. Also, they 
arrived alm ost im m ediately after the shaking w as felt, 
leaving no time for warning or evacuation. The com ­
m unity o f  Seward in Resurrection Bay (fig. 2) suffered 
from  the com bined effects o f  local landslide-generated 
waves and the m ajor tectonic tsunam i that propagated 
from  the m ain earthquake rupture zone in the G ulf o f  
Alaska. The earthquake triggered a series o f  slope fail­
ures offshore o f  Seward, which resulted in landsliding 
o f  part o f  the coastline into the water, along with the loss 
o f  the port facilities. The town sustained great damage, 
and 12 people perished due to the tsunam is. During a 
future earthquake, underw ater slides could be triggered 
alm ost instantaneously and tsunam i waves could arrive 
w ithout warning, as they did in 1964. Local tsunamis 
w ere responsible for m ost o f  the dam age in Sew ard 
during the 1964 earthquake, thus the future potential 
o f  sim ilar events m ust be evaluated for com prehensive 
inundation m apping.

To help m itigate the risk that earthquakes and tsu­
nam is pose to A laska coastal com m unities, the A laska
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Tsunami M apping Team (ATMT) was created. It consists 
o f personnel w ith the G eophysical Institute (GI) o f  the 
University o f  A laska Fairbanks and the A laska Division 
o f  G eological & G eophysical Surveys (DGGS). The 
ATMT participates in the N ational Tsunam i H azard 
M itigation Program  (NTHM P) by evaluating and m ap­
ping potential inundation o f  selected parts o f  the A laska 
coastline using num erical m odeling o f  tsunami wave 
dynamics. The com m unities are selected for inundation 
modeling in coordination with the A laska Division o f  
Homeland Security and Em ergency M anagem ent (DH- 
SEM) w ith consideration for location, infrastructure, 
availability and quality o f  bathym etric and topographic 
data, and com m unity involvement.

The production o f  tsunam i evacuation maps con­
sists o f  several stages. First, we construct hypothetical 
tsunam i scenarios on the basis o f  the param eters o f  
potential underw ater earthquakes and landslides. Next, 
we perform model simulations for each o f  the source sce­
narios. The results are com pared w ith any observations 
from historical tsunamis in the region, if  such data exist. 
Finally, numerical results and historical observations are 
com bined to develop a realistic “worst case” inundation
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line for every com munity on a map. This inundation line 
encom passes the m axim um  extent o f  flooding based on 
m odel sim ulations o f  all source scenarios and histori­
cal observations, and becomes a basis for local tsunami 
hazard planning and creation o f  evacuation maps.

The Seward and Resurrection Bay tsunam i inunda­
tion maps described in this report represent the results 
o f  the ongoing effort o f  state and federal agencies to 
p roduce inundation  m aps for m any A laska  coasta l 
com munities.

In this report, we generally provide both metric and 
English units o f  measure. However, where we quote 
existing data, we report the data in the original units o f 
m easure w ithout conversion. To convert kilom eters to 
m iles, m ultiply by 0.6214.

PROJECT BACKGROUND: REGIONAL
AND HISTORICAL CONTEXT_________
SETTING

The town o f  Seward is near the northw estern com er 
o f  Resurrection Bay, about 200 km  south o f  Anchorage 
(fig. 2). During the construction o f  the A laska Railroad

Figure 1. M ap o fsou thcen tra l A laska with rupture zone o f  the 1964 Great A laska Earthquake and  segm ents o f  the 
A laska-A leutian  megathrust: the Prince William Sound  (PWS), the K odiak Island  (Kl) a n d  the Yakataga-Ya- 
kutat (YY) segments. Stars indicate epicenters o f  two earthquakes o f  Septem ber 1899.
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F igure 2. Location o f  Sew ard in Resurrection Bay. S tar indicates initial epicenter o f  the 1964 Great A laska E arth­
quake.

betw een 1915 and 1923, Seward becam e an ocean termi­
nus and supply center for interior Alaska. The economy 
o f  Seward has long been dom inated by transportation 
and supply services. A t the tim e o f  the 1964 earthquake, 
the econom y o f  Sew ard was based on shipping, and was 
heavily  dependent on the c ity ’s railroad, harbor, and 
port operations. Sew ard was severely im pacted by the 
1964 earthquake and tsunam i waves. The loss o f  harbor 
facilities from  the earthquake and resultant offshore 
slope failures near the Seward w aterfront devastated the 
econom ic base o f  the town (Lem ke, 1967).

S ew ard has g row n considerab ly  since the 1964 
earthquake. Its economy is more diversified and includes 
tourism , com mercial fishing, and fish processing, as well 
as oil and gas developm ent. Still, m uch o f  the economic 
activity and infrastructure is located on or near the coast, 
ports, and harbors. As an ice-free harbor, Seward is an 
im portant supply center for Interior A laska and a port 
for the state ferry system. Every year, more than 320,000 
cruise ship passengers visit the port city (Alaska D ivi­
sion o f  Com m unity Advocacy, 2005). Figure 3 presents 
a sequence o f  Seward photos, taken before and after the 
1964 tsunami, and then recently, in 2005. The red line in­
dicates the m axim um  extent o f  inundation caused by the 
1964 tsunami waves. The bottom  im age makes it clear 
that m uch o f the econom ic and industrial base has been 
rebuilt in the area inundated by the 1964 tsunami.

Seward is built m ostly on the alluvial fan o f  Lowell 
Creek. Lowell Point, Tonsina Point, and the area at the

m outh o f  Fourth o f  July Creek (fig. 4) are also alluvial 
fans that extend into the bay as fan deltas (Lemke, 1967). 
The entire head o f  Resurrection Bay is a fjord-head delta, 
form ed by R esurrection River. Flaeussler and others 
(2007) use the term ‘bathtub’ to describe a flat depression 
in the m iddle o f  the bay extending north to south (fig. 4). 
The deepest part o f  the bathtub is approxim ately 300 m 
below sea level. Prior to the 1964 earthquake, the average 
offshore slopes in the vicinity o f  Seward ranged from 
10 to 20 degrees, decreasing to 5 degrees at the depth o f 
about 200 m (Lemke, 1967). Today, that same area has 
an average slope o f  about 25 degrees (Lee and others, 
2006). A natural barrier form ed by Caines Head and a 
glacial sill divide the bay into two deep basins, separated 
by a narrow  ‘neck’ with maxim um  depth above the sill 
at 195 m. This sill inhibits sedim ent transport by tidal 
currents to the southern part o f  the bay (Haeussler and 
others, 2007). O ur study focuses on the northern basin 
o f  Resurrection Bay, north o f  the sill area (fig. 4).

TSUNAMI WAVES IN RESURRECTION 
BAY, ALASKA, ON MARCH 27, 1964

The M w9.2 A laska earthquake o f  M arch 27 ,1964 , at 
Seward was characterized by strong ground m otion that 
lasted 3—4 m inutes. During the shaking, a section o f  the 
waterfront slid into the bay, taking with it docks and other 
harbor facilities. A t the sam e time, fuel tanks fractured 
and oil ignited. Both local, landslide-generated waves
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and distant, tectonically  generated w aves inundated 
the Sew ard shoreline and caused trem endous dam ­
age (Lemke, 1967). Dam age from  the strong ground 
m otion alone was m inor com pared to tsunam i-related 
destruction. As a result o f  regional tectonic deform a­
tion, the Resurrection Bay area subsided about 3.5 feet 
(1.1 m), w hich resulted in low-lying coastal areas be­
ing inundated at high tide. Thirteen people were killed 
and five injured in Seward as a com bined result o f  the 
earthquake and tsunam i waves. Eighty-six houses were 
totally destroyed and 269 were heavily damaged. A c­
cording to Lemke (1967), the total cost to repair public 
and private facilities was estim ated at S22 million ($153 
m illion in 2009 dollars).

Several types o f  waves were observed in Resurrec­
tion Bay on M arch 27,1964: landslide-generated waves, 
a tectonic tsunam i w ave train, and probably seiches

(Wilson andTorum , 1968), all resulting in a com plicated 
wave pattern. The Seward tide gauge was positioned on 
a dock that collapsed into the bay as a result o f m assive 
subm arine slope failures. The instrum ent was heavily 
damaged, and the record was lost. Although the sequence 
o f  waves was reconstructed from  observations provided 
by eyewitnesses, there are uncertainties in the tim e es­
timates o f  wave arrivals (W ilson and Torum , 1968). An 
initial draw dow n o f w ater was observed at the Seward 
waterfront about 30 seconds after the ground started to 
shake. A t the same time, fuel tanks ruptured, leaked, and 
subsequently exploded; the tanks slid into the bay, and 
the receding w ater was covered w ith burning oil. The 
highest w ave at Seward was about 6 -8  m  high, observed 
about 1.5-2 minutes after the shaking began. The tec­
tonic tsunami wave, covered w ith burning oil, cam e into 
the bay about 25 m inutes after the earthquake, spanning
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Figure 3. Im agery o f  downtown Seward: top -  aeria l pho to  taken before the earthquake o f  March 27, 1964 (photo 
by the U.S. A rm y Corps o f  Engineers, m osaic by the USGS); m iddle - aerial photo taken one day a fter the 
earthquake o f  M arch 27, 1964 (photo by the U.S. A rm y Corps o f  Engineers, mosaic by the USGS); bottom  -  a 
recent satellite im age o f  Sew ard (D igital Globe, 2005). R ed  line indicates the maximum extent o f  inundation  
caused by the 1964 tsunam i waves.
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Figure 4. Bathymetry o f  Resurrection Bay, show ing m ajor fa n  deltas and  creeks.
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the entire w idth o f  the bay (W ilson and Torum , 1968). 
This w ave was sim ilar in height to the initial landslide­
generated waves but extended farther inland toward the 
river delta at the head o f  the bay than the local waves. 
Lem ke (1967) summ arized results o f  geologic investiga­
tions that were conducted in the Resurrection Bay area 
follow ing the earthquake, and delineated the m aximum 
observed tsunami inundation in downtown Seward and 
at the head o f  Resurrection Bay (fig. 5). The m axim um  
inundation  line at the city o f  Sew ard represents the 
com bined effects from both the local landslide-gener­
ated w aves and the m ajor tectonic tsunami, while the 
observations o f  m axim um  runup at the head o f  the bay 
delineate the area that was flooded only by seismically 
generated waves.

Several researchers conducted geologic investi­
gations in  the R esurrection Bay area right afte r the 
earthquake (Lemke, 1967; W ilson and Torum , 1968; 
P lafker and others, 1969; Shannon and H ilts, 1973). 
From  these studies, it was concluded that strong ground 
m otion during the earthquake caused several submarine 
slope failures along the Seward w aterfront and other 
areas in upper Resurrection Bay. Ham pton and others
(2002) described the triggering m echanism  as dynamic 
forces imposed by large seismic accelerations that added 
to the downslope com ponent o f  the gravitational force 
on the steep slopes o f  the Lowell Creek and Resurrection 
R iver deltas. Hampton and others (2002) note that the 
stability o f  the sedim ent was also decreased by the low 
tidal level at the tim e o f  the earthquake, and by the rapid 
draw dow n o f  w ater following the initial slope failure, 
w hich prevented the pore w ater from draining from  the 
sedim ent quickly enough to m aintain hydrostatic stabil­
ity. The underwater slope failures generated large waves 
that w ere observed during ground shaking (W ilson and 
Torum , 1968). The m ajor factors that contributed to the 
total volum e and aerial extent o f  the slide m aterial were 
the long duration o f  ground m otion (3 to 4 m in), the con­
figuration o f  underwater slopes, and the type o f  sediment 
form ing these slopes— unconsolidated and fine-grained 
m aterials (Lemke, 1967). Ham pton and others (1996) 
added that high artesian pressure w ithin aquifers o f  the 
delta, com bined with the extra load caused by waterfront 
artificial fill and shoreline development, also contributed 
to the slope failures. The authors sum m arized all the 
environm ental loads in Resurrection Bay and concluded 
that although it was a unique com bination o f  conditions, 
m ost o f  them had been docum ented separately during 
slope failures in other fjords.

REGIONAL SEISMOTECTONICS
R esurrection  Bay occupies an area o f  very high 

seism ic activity in southcentral A laska (fig. 1). Tectonic 
regim e is dom inated by the convergence o f  the Pacific 
and N orth A m erican plates, w hich interact along the

A leutian  M egath rust (Page and others, 1991). The 
convergence rate is approxim ately 56 m m /yr (2.2 in/yr) 
(DeM ets and others, 1990). Resurrection Bay is close 
to the northeast end o f  the A leutian M egathrust, where 
the m egathrust is strongly coupled and has a shallow dip 
angle o f  about 7 degrees. This zone has the potential to 
produce some o f the largest earthquakes in the world, 
as dem onstrated by  the m agnitude M w9.2 Great A laska 
Earthquake o f  1964 (fig. 1). These plate m otions also 
have the potential to drive significant seism icity in both 
the overriding plate and the subducting slab (Doser and 
Brown, 2001).

Freym ueller and others (2000) used GPS m easure­
m ents o f  the crustal motions to study the deformation 
o f  the region and m odel the plate interactions. They 
found that under the eastern portion o f  the Kenai Penin­
sula and in Prince W illiam Sound, the plates are nearly 
com pletely locked, while under the w estern portion o f 
the Kenai Peninsula the plates are freely slipping. This 
correlates w ith Doser and B row n’s (2001) findings that 
the central and southern Kenai Peninsula has been seis­
m ically quiet at the Mw > 5 level since the 1964 event, 
while the Prince W illiam  Sound area has continued to 
have seismic activity sim ilar to that occurring before 
the 1964 earthquake.

Figure 6 plots seismicity in southcentral A laska with 
locations taken from  the A laska Earthquake Information 
Center catalog. The events w ith mom ent m agnitude less 
than 6 are shown as small dots and color-coded accord­
ing to  depth, and the red box indicates the location o f 
the region o f  interest. Prior to  installation o f  the seismic 
network in A laska in the early 1970s, only relatively 
larger events were reliably located (M > ®6). After in­
stallation o f  the network, events o f  m uch sm aller sizes 
were regularly located.

Shennan and others (2008) presented geologic evi­
dence o f  six prehistoric great earthquakes in the Kenai 
Peninsula area o f  southcentral A laska in the past 4,000 
years (seven including 1964), based on radiocarbon ages 
o f  tidal m arsh deposits at G irdwood. Their evidence 
indicates that recurrence intervals for great earthquakes 
in this area range from  a m inim um  o f  180-720 years 
to a m axim um  o f  790-920 years. On the basis o f  all 
published  paleoseism ic data for the reg ion , C arver 
and Plafker (2008) calculated that the average median 
recurrence interval for great earthquakes in the Prince 
W illiam Sound segm ent o f the eastern A leutian seismic 
zone over this period is 589 years.

A ccording to the segm entation model o f  Nishenko 
and Jacob (1990), southcentral A laska includes three 
segments o f the megathrust: the Yakataga-Yakutat (YY), 
Prince W illiam Sound (PW S), and K odiak Island (KI) 
segments (fig. 1). The YY segm ent at the eastern end 
o f  the m egathrust represents a com plex collision zone 
where the Yakutat m icroplate moves northw est toward
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Figure 5. M aximum observed tsunami runup in downtown Sew ard and  at the head  o f  Resurrection Bay in 1964 
(from Lemke, 1967).
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central A laska at 48 m m /yr (Carver and Plafker, 2008). 
This segm ent translates the predom inantly strike-slip 
m otion east o f  it to  shallow -dipping  subduction  to 
the w est (Nishenko and Jacob, 1990). The interaction 
between the Yakutat block and the Pacific and North 
American plates is com plex and not well characterized. 
The southern and eastern boundaries o f  the Yakutat block 
are w ell defined, but a collection o f  distributed fold 
and thrust zones, splay faults, and regions o f  m ountain

building com plicates the northern and w estern edges o f 
the block. Plafker and Thatcher (2008) reevaluated the 
m echanism s o f  the two great Yakutat B ay earthquakes 
o f  Septem ber 1899 (fig. 1) and showed that coseism ic 
deform ation was m ostly uplift and onshore, which ex­
plained the absence o f  tsunami in the G u lf o f  Alaska. 
There w ere several local tsunam is observed in bays 
and fjords that were triggered by subm arine slides and 
collapses o f  glacier walls. Plafker and Thatcher (2008)
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Figure 6. Earthquakes in southcentral Alaska, fro m  the A laska Earthquake Inform ation Center catalog. The red  
rectangle delineates the com putational g r id  o f  8-arc-second resolution surrounding Resurrection Bay. Sm all 
dots correspond to earthquakes with m agnitude less than 5. Large circles show  significant earthquakes (mag­
nitude 5 and  greater) before (purple) and  after (light blue) the Great A laska Earthquake o f  M arch 27, 1964. 
The main shock and  aftershocks o f  this event are not included in the plot.
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concluded that the 1899 earthquake sequence most likely 
did not fill the offshore portion o f  the Yakataga seismic 
gap between the 1964 rupture area and the focal area o f  
the 1899 earthquakes. This finding suggests that the YY 
segm ent has a  high potential for a future tsunam igenic 
earthquake.

In the paleoseism ic study o f  regional land subsid­
ence at Kenai Peninsula sites, H am ilton and Shennan 
(2005) estim ated coseism ic subsidence during the 1964 
earthquake and two earlier events. It was shown that the 
earthquake dated to ~1500-1400  cal. y r BP produced 
m ore than tw o tim es the subsidence caused by the 1964 
earthquake. By comparing the Kenai Peninsula sites with 
other sites around Cook Inlet, the authors found that each 
o f  the three great earthquakes in the study had a unique 
pattern o f  coseismic subsidence. This result demonstrates 
that understanding the most recent great earthquake in 
the area is not sufficient for com prehensive tsunam i 
hazard assessm ent in southcentral Alaska, and detailed 
studies o f  m ultiple great earthquakes are required. The 
recent w ork by Shennan and others (2008) tests the 
hypothesis that in som e seismic cycles m egathrust seg­
m ents can com bine, as proposed in the segm entation 
m odel by N ishenko and Jacob (1990), and produce 
earthquakes greater than any in the recorded history. The 
paper presents paleoseism ic evidence that earthquakes 
-9 0 0  and -1 ,5 0 0  yr BP sim ultaneously ruptured three 
adjacent segm ents o f  the A leutian M egathrust: the PW S 
and KI segm ents, and the Yakutat m icroplate (the YY 
segm ent). The rupture area o f  these earthquakes was 
calculated to be 23,000 km 2 greater than that o f  the 
1964 earthquake, w ith a 15 percent increase in seismic 
m om ent. The authors suggested that increase in seismic 
m om ent is less significant than increased tsunam i po­
tential o f  this m ulti-segm ent rupture, due to coseism ic 
uplift over a large area o f  shallow  continental she lf o ff  
the Yakataga coast. We built a  hypothetical tsunam i 
source function for the extended rupture and perform ed 
a num erical m odeling experim ent to estimate the impact 
o f  tsunami waves generated by this event at Seward. The 
source function and m odeling results are described in 
section 4 o f  “M ethodology and data.”

LANDSLIDE TSUNAMI HAZARD IN 
RESURRECTION BAY

Resurrection Bay is a deep glacial fjord, typical o f  
m any in southcentral and southeastern Alaska. Kulikov 
and  others (1998) analyzed tsunam i catalog data for 
the North Pacific coast and show ed that this region has 
a long recorded history o f  tsunam i waves generated by 
subm arine and subaerial landslides, avalanches, and 
rockfalls. The authors also found that, in the majority 
o f  cases, tectonic tsunam is that arrive in bays and fjords 
from  the open ocean have relatively small am plitudes,

but a great number o f  local landslide-generated tsunamis 
have m uch larger w ave am plitudes. For exam ple, as a 
result o f the 1964 earthquake, about 20 local subm a­
rine and subaerial landslide tsunam is were generated 
in A laska (Lander, 1996). Follow ing the earthquake, 
Seward was the only place hit by both landslide-gener­
ated tsunamis and a m ajor tectonic tsunam i (Haeussler 
and others, 2007), w hile several other com m unities 
experienced only locally generated waves (Plafker and 
others, 1969). K ulikov and others (1998) also noted 
that, due to the sparse population o f the area, the ac­
tual num ber o f  historical landslide tsunam i events is 
unknown, and probably m uch greater than the num ber 
o f  events observed or recorded. B om hold and others 
(2001) addressed the problem  o f  estim ation o f  hazard 
from landslide-generated tsunam i waves for the coast 
o f  Alaska and British Colum bia. They outlined specific 
features o f  long-term prediction o f  landslide-generated 
tsunamis at selected sites, and developed an approach 
for estim ating tsunami hazard. The long-term approach 
consists o f  two steps: (1) analysis o f  historical events 
and verification o f  model results with runup observations 
at the site, and (2) num erical sim ulation o f  hypothetical 
tsunami scenarios. A lthough for m any com m unities his­
torical observations do not exist, Seward is an exception. 
The effects o f  the 1964 earthquake and tsunami waves 
in Resurrection Bay, including w ave am plitudes and ex­
tent o f  inundation, are well docum ented (Lemke, 1967; 
W ilson and forum , 1968) and are ideal for numerical 
modeling studies.

Tsunamis caused by subm arine slope failures are a 
serious hazard in glacial fjords o f  coastal A laska where 
rapidly deposited sedim ents accum ulate on steep under­
water slopes (Lee and others, 2006). Bom hold and others 
(2001) identify earthquakes, extrem e low tides, and 
construction activities in ports and harbors as the most 
common triggering m echanism s for underwater slope 
failures. Estimation o f  landslide tsunami risk for a coastal 
com m unity requires assessm ent o f  locations o f  potential 
underw ater failures using high-resolution bathymetry, 
actual physical param eters o f  the underw ater materials, 
and an adequate num erical model. The m ost probable 
locations o f  unstable sedim ent bodies in Resurrection 
Bay are the underwater slopes o f  the Resurrection River 
delta, and abnorm ally steep subm arine slopes located 
elsewhere in the bay (Lee and others, 2006).

Engineering studies conducted after the 1964 earth­
quake (Lemke, 1967; C oulter and M igliaccio, 1966; 
Shannon and Hilts, 1973) showed that additional on­
shore and subm arine landslides can be expected along 
the Sew ard w aterfront in the event o f  another large 
earthquake, and that sedim ent from  the Resurrection 
River and sm aller creeks w ill continue to accum ulate 
on underwater slopes o f  Resurrection Bay. These studies 
also concluded that underw ater slope failures have not
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im proved slope stability, m eaning that the same slopes 
could fail again during a large earthquake. M oreover, 
some o f the streams draining into Resurrection Bay, such 
as Lowell Creek and Fourth o f  July Creek, have been 
rerouted by humans. These creeks are now depositing 
sedim ents in new  locations, w hich m ay lead to new 
unstable sedim ent accum ulations and future submarine 
slides.

The recent results o f  sedim ent chem istry monitoring 
in Port Valdez, located in a glacial fjord setting sim ilar 
to that o f  Resurrection Bay (fig. 2), dem onstrated high 
sedim ent accum ulation rates o f  about 1.5 cm /yr at the 
head o f  the fjord (Savoie and others, 2006). Sediment 
could be released not only by the ground shaking due 
to an earthquake, but also by other triggering events, 
such as extrem e low tide conditions and construction 
activities. Because short-term  prediction o f  landslide 
tsunamis is not practical for tsunam i hazard assessm ent 
(B om hold and others, 2001), we will use the long-term 
approach for estimating local tsunam i hazard at Seward. 
The most essential com ponents o f  this approach are nu­
merical m odeling o f  historical landslide tsunami events, 
and sim ulation o f  future hypothetical underw ater slope 
failures.

METHODOLOGY AND DATA_________
GRID DEVELOPMENT AND DATA 
SOURCES

To support inundation m odeling o f  coastal areas in 
Alaska, we use a series o f  nested telescoping grids, or 
digital elevation models (DEM s), as input layers for 
tsunami inundation m odeling and mapping. These grids 
o f  increasing resolution allow us to propagate waves, 
generated by both distant and local sources, to Resur­
rection Bay. In order to propagate a wave from its source 
to various coastal locations we use em bedded grids, 
placing a large, coarse grid in deep w ater and coupling 
it w ith smaller, finer grids in shallow  w ater areas. This 
em bedding technique allows us to dram atically increase 
resolution in the area where inundation calculations are

perform ed, and save com putational resources by using 
lower resolution grids in the deep ocean region. The 
extent o f  each grid used for Seward m apping is shown 
in figure 7 and table 1. The coarsest resolution 2-arc- 
m inute grid (see table 1 for grid  spacing) spans the 
G ulf o f  A laska, while the highest resolution 15 m grid 
is restricted to upper Resurrection Bay. This grid is used 
for Seward inundation mapping; it also includes Lowell 
Point and Fourth o f  July Point (fig. 4). In this grid, the 
seamlessly com bined bathymetric and topographic data 
allow for calculation o f  tsunami inundation o f  previ­
ously dry land.

The grids used for m odeling w ere gathered from  
three sources:

15-m Grid: This “high resolution” grid contains bathy­
metric and topographic data m erged into one DEM. It 
was developed by Labay and H aeussler (2008) from  the 
following input surveys:

• Low-altitude LIDAR (Light Detection and Rang­
ing) topography collected for the Kenai W atershed 
Forum  in 2006

•U .S. Arm y Corps o f  Engineers (USACE) harbor 
soundings for the Seward City M arina and surround­
ings collected in 2006

• M ultibeam  bathym etric surveys o f  R esurrection 
Bay, conducted by NOAA’s National Ocean Service 
(NOS) in 2001

Survey data w ere first adjusted to a com mon M ean 
High W ater vertical datum before being com bined into 
one ESRI point feature class. W here available, the more 
recent U SACE harbor data were used in place o f  2001 
NOS survey data to represent the significant reconstruc­
tion o f  the harbor infrastructure between 2001 and 2006. 
Significant gaps between the survey areas w ere then 
filled in using interpolation routines. Topographic data 
in this grid are a combination o f  the 2006 LIDAR collec­
tion in the northern part o f  the bay, and the 10-m USGS 
DEM  in the rest o f  the area, w hich w as not covered by

Table 1. N ested  grids used in the m odel to com pute propagation o f  tsunam i waves generated  in the G u lf o f  A laska  
to the city o f  Seward. The 15-m g r id  is used to compute the inundation.

Resolution Spacing along Spacing along W est-East North-South
longitude at 60°N latitude boundaries boundaries

2 arc-m inutes 1,850 m 3,700 m 138°00’W  -  169°00’W 52°00’N -  63°00’N
24 arc-seconds 370.5 m 741 m 147°00’W  -  155°00’W 55°00’N -  62°00’N
8 arc-seconds 123.5 m 247 m 149°00’W  -  150°00’W 59°30’N -  60°10’N
3 arc-seconds 48.5 m 97 m 149°14’W -  149°37’W 59°42’N  -  60°10’N
15 m eters 15 m 15 m 149°16’W  -  149°27’W 59°57’N -  60°09’N
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Figure 7. Telescoping em bedded num erical grids fo r  calculation o f  tsunam i propagation a n d  runup.

LIDAR. The northern section o f  the bay contains the 
m ost significant population and infrastructure centers. 
The resulting seamless dataset was exported and deliv­
ered in ESRI digital raster and ASCII xyz form at with 
15 m  resolution.

3 -A rc -S ec o n d , 8 -A rc -S e c o n d  a n d  2 4 -A rc -S e c o n d  
Grids: Angie Venturato o f  the Pacific M arine Environ­
mental Laboratory, National Oceanic & Atm ospheric 
A dm inistration (PM EL/NOAA) constructed these grids 
using bathym etry collected from NOS survey and chart 
data as well as shoreline data from  US ACE and Alaska 
Railroad surveys. These input surveys represent a variety 
o f  collection m ethods over a wide tim escale from  1972 
to 2004. Root m ean squared error (RM SE) applies to 
system atic and random  errors in the dataset and is used 
to define the vertical accuracy o f  these grids. The ac­
curacy o f  bathym etric soundings is generally expected 
to be within 2 percent o f  depth.

The surveys w ere first converted into ESRI-compat- 
ible point data form ats before depths were adjusted to

M ean H igh W ater from  their respective origin vertical 
datums. The surveys were then clipped to a standard 
shoreline v ec to r befo re  being  m erged  th rough  the 
creation o f  a triangular irregular network (TIN). This 
com piled TIN  dataset was used to export directly from 
Arc View 3.2 software into ASCII xyz format.

2-A rc-M inu te Grid: This grid was created by Robert 
K am phaus o f  PM EL/NOAA. Bathym etry for the G ulf 
o f  A laska level extent was extracted directly from  the 
publicly available E T 0 P 0 2  data set (NOAA, National 
G eophysical D ata Center).

One o f  the challenges in near-field m odeling o f  
tsunami waves generated by a historic earthquake is to 
account for coseism ic and post-seism ic tectonic land 
changes, and also for a difference between the datum  
o f the num erical grid and the stage o f  tide at the tim e o f  
the earthquake. The high-resolution num erical grid o f 
combined bathymetry and topography data for Resurrec­
tion Bay by  Labay and Haeussler (2008) was referenced 
to the tidal datum o f  M ean High Water (M HW ). Accord­
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ing to observations (Lemke, 1967), tide was low at the 
time o f  the m ain shock. Low tide was one o f  the m ajor 
factors that contributed to the large scale o f  landslid- 
ing, but at the same time helped to lessen the am ount o f  
dam age from  the first tectonic wave that arrived on low 
tide. Figure 8 is a  predicted water-level plot at Seward 
on the day o f  the earthquake, obtained from  N O A A  
tide calculator. It shows that the first tectonic wave ar­
rived on the local m inim um  o f  the tidal curve, w hich 
corresponds to 0.175 m below M ean Lower Low W ater 
(MLLW ). The tim e m ark 20:00 actually corresponds to 
7 pm local tim e in Seward on M arch 27 ,1964, since the 
State o f  A laska moved to a different time zone in 1983 
(one hour ahead).

D ifferent tidal datum s and tectonic land changes 
at Seward are dem onstrated in figure 9. We call tidal 
range (TR) the difference between M HW  and MLLW, 
and ‘tide’ is the sea level at the tim e o f  the earthquake. 
The landm ass in the Seward area experienced coseism ic 
subsidence (CS) o f  about 1.15 m (Lemke, 1967); as a 
result, many areas that were never flooded by tides before 
the earthquake are now under water. Larsen and others
(2003) analyzed relative sea level changes from  tide 
gauge records at 15 sites along the Pacific—N orth Ameri- 
can plate boundary in southcentral A laska, to determ ine 
vertical crustal motions in the period from 1937 to 2001. 
In several years im m ediately following the earthquake, 
the Seward site showed oscillatory uplift, and then uplift 
rates increased steadily thereafter. From their analysis,

the total postseism ic uplift (PU) at Sew ard could be 
estim ated at about 20 cm. The following equation there­
fore provides the relationship between the w ater depth 
in Resurrection Bay at the tim e o f  the earthquake, H Eq, 

and the present w ater depth, H now, w hich was m easured 
in 2001 by N O AA  m ultibeam  bathym etry survey:

H eq = H now - T R - t i d e - C S  + P U

By using the adjusted vertical datum  in the bathym ­
etry grid, the num erical model w ill reproduce the effects 
o f  tsunami inundation occurring at Seward under condi­
tions close to those that were present at the tim e o f  the 
1964 earthquake.

NUMERICAL MODEL OF TSUNAMI 
WAVE PROPAGATION AND RUNUP

Recently, NOAA published a technical memorandum 
that outlines m ajor requirem ents for num erical models 
used in inundation mapping and tsunami forecasting, and 
describes a procedure for model evaluation (Synolakis 
and others, 2007). There are two m ajor com ponents in 
this process. The first is model validation, which is ensur­
ing that the model solves equations o f  motion correctly 
by com paring model results w ith know n solutions. This 
is achieved through analytical and laboratory bench­
marking. The second com ponent is model verification, 
which is testing the model, using observations o f  real 
events through field data benchmarking. The numerical
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Figure 9. A diagram that re­
lates different tidal datums 
and  vertical tectonic land  
changes during and  after 
the 1964 earthquake.

model currently used by A EIC for tsunami inundation 
m apping has been validated through a set o f  analytical 
benchm arks, and tested against laboratory and field data 
(Nicolsky and others, in press). The model solves non­
linear shallow w ater equations using a finite-difference 
m ethod on a staggered grid. For any coarse-fine pair o f  
computational grids, we apply an explicit-in-time numer­
ical schem e as follows. First, we com pute the w ater flux 
(W F) in a coarse-resolution grid. These values o f  W F are 
used to define the W F on a boundary o f  the fine-resolu- 
tion grid. Consequently, the sea surface height (SSH) 
and then the W F are calculated in the fine-resolution 
grid. Finally, the SSH com puted in the fine-resolution 
grid is used to define the SSH w ithin the area o f  the 
coarse-resolution grid that coincides with the fine grid. 
D espite the fact that developed nested grids decrease 
the total num ber o f  grid cells and preserve an accuracy 
o f  com putations w ithin certain regions o f  interest, real 
life simulations are still prohibitive if  parallel com puting 
is not implemented. We use Portable Extensible Toolkit 
for Scientific com putation (PETSc) w hich provides sets 
o f  tools for the parallel num erical solution o f  shallow- 
w ater equations. In particular, each com putational grid 
listed in table 1 can be subdivided between an arbitrary 
num ber o f  processors. The above-m entioned passing 
o f  inform ation betw een W F and SSH is implemented 
efficiently using PETSc subroutines.

We assess hazard related to tectonic and landslide­
generated tsunam is in Resurrection Bay by perform ing 
m odel sim ulations for each hypothetical earthquake and 
landslide source scenario. In the output o f  the num eri­
cal m odel, each o f  the grid points has either a value o f

0 where no inundation occurs or 1 if  seawater reaches 
the grid point at any time. The inundation line approxi­
mately follows the 0.5 contour between these 0 and 1 
point values but was adjusted visually to accom m odate 
obstacles or local variations in topography that are not 
represented by the DEM. A lthough the location o f  the 
inundation line has an accuracy o f  approxim ately plus 
or m inus 15 m  horizontally relative to the grid spacing, 
the true location accuracy is unknown because the lines 
are the result o f  a com plex m odeling process w hose ac­
curacy depends on many factors. These factors include 
suitability o f  the earthquake source model, accuracy o f  
the bathym etric and topographic data, and the adequacy 
o f  the num erical model in representing the generation, 
propagation, and run-up o f  tsunami waves. We did not 
attem pt to adjust the m odeled inundation limits to ac­
count for these uncertainty factors.

There are several limitations o f  the model. It does not 
take into account the periodic change o f  sea level due 
to tides. We conducted all m odel runs using bathym et­
ric data that correspond to M ean High W ater (M HW ), 
with the exception o f  num erical m odeling o f  the 1964 
tsunami for the purpose o f  model validation. Those runs 
were conducted using the stage o f  tide at the tim e o f  
the earthquake, approxim ately M ean Low Water. For 
the generation m echanism , we m odeled earthquakes 
and landslides as potential sources o f  tsunam i waves. 
In this region it was im portant to include landslide 
tsunam i sources, because underw ater landslides and 
the resulting tsunamis caused a significant portion o f 
the dam age in Resurrection Bay during the 1964 Great 
A laska Earthquake.
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NUMERICAL MODEL OF LANDSLIDE­
GENERATED TSUNAMI WAVES

To simulate tsunami waves produced by multiple un­
derwater slope failures in Resurrection Bay on March 27, 
1964, we used a three-dimensional numerical model of a 
viscous underwater slide with full interactions between 
the deforming slide and the water waves that it generates. 
This model was initially proposed by Jiang and LeBlond 
(1992). Fine and others (1998) improved the model by 
including realistic bathymetry, and by correcting errors 
in the governing equations. The model’s assumptions 
and applicability in simulating underwater mudflows 
are discussed by Jiang and LeBlond (1992, 1994) in 
their formulation of the viscous slide model. The model 
uses long-wave approximation for water waves and the 
deforming slide, which means that the wavelength is 
much greater than the local water depth, and the slide 
thickness is much smaller than the characteristic length 
of the slide along the slope (Jiang and LeBlond, 1994). 
Assier-Rzadkiewicz and others (1997) argued that 
the long-wave approximation could be inaccurate for 
steep slopes, which are slopes greater than 10 degrees. 
Rabinovich and others (2003) studied the validity of the 
long-wave approximation for slopes greater than 10 de­
grees and found that for a slope of 16 degrees the possible 
error was 8 percent, and for the maximum slope in their 
study (23 degrees), the possible error was 15 percent. 
Based on this analysis, for the average pre-earthquake 
offshore slopes that ranged from 10 to 20 degrees in the 
vicinity of Seward, the possible error introduced by a 
slide moving down these higher gradient slopes could 
be around 10 percent.

The advantage of this vertically integrated model, 
which includes two horizontal dimension effects, is its 
ability to simulate real landslide tsunami events using 
high-resolution numerical grids based on multibeam 
bathymetry data. Although model runs require the use of 
high-performance computing, the computational times 
are still reasonable. This model was successfully applied 
to simulate tsunami waves in Skagway Harbor, Alaska, 
generated by a submarine landslide on November 3,1994 
(Fine and others, 1998; Thomson and others, 2001). The 
results of numerical simulations were in good agreement 
with the tide gauge record in Skagway Harbor, one of 
the numerous fjords in southeastern Alaska. Rabinovich 
and others (2003) simulated potential underwater land­
slides in British Columbia f j o r d s  with settings similar 
to Resurrection Bay, and demonstrated that this model 
can be used for tsunami-hazard assessment.

TECTONIC TSUNAMI SOURCES 
SOURCE FUNCTIONS OF THE 1964 TSUNAMI

The 1964 Great Alaska Earthquake generated one of 
the most destructive tsunamis ever observed in Alaska 
and the northwestern Pacific coast. This major tectonic

tsunami was generated in the trench and upper plate fold 
and thrust belt area of the subduction zone (Plafker and 
others, 2000) and affected many communities in Alaska. 
Both the Prince William Sound and the Kodiak Island 
segments ruptured in the 1964 earthquake, producing 
the area of surface deformation of about 285,000 km2 
(Plafker, 1969). Christensen and Beck (1994) dem­
onstrated that there were two areas of high moment 
release, representing the two major asperities of the 1964 
rupture zone: the PWS asperity with an average slip of 
18 m, and the K I asperity with an average slip of 10 m. 
Analysis of historical earthquake data in PWS and KI 
segments (Nishenko and Jacob, 1990) showed that the 
K I segment produced both large and great earthquakes 
more frequently and also independently of the PWS 
segment.

The 1964 tsunami was studied in depth by several 
investigators (Plafker, 1967; Wilson and Torum, 1968; 
Lemke, 1967); observed inundation patterns for a 
number of Alaska communities are available for model 
calibration. We use a displacement of the ocean surface 
that results from an underwater earthquake as the ini­
tial condition for calculation of tsunami propagation. 
The amplitude of this initial disturbance is one of the 
major factors that affect the runup amplitudes along the 
shoreline. The fault parameters required to compute sea 
floor deformation are location of the epicenter, area, 
dip, rake, strike, and amount of slip on the fault. In all 
model runs, the initial topography was modified to ac­
count for residual seismic deformation of land due to 
the earthquake. We assumed that the initial displacement 
of the ocean surface from the equilibrium position was 
equal to vertical displacement of the ocean floor due 
to the earthquake rupture process. The model does not 
take into account the propagation of the moving rup­
ture along the fault. We assumed here that the bottom 
movement was instantaneous. The model propagates 
the initial sea surface displacement from the source to 
coastal locations through a set of embedded grids of 
increasing resolution.

In this study we used two coseismic deformation 
models of the 1964 earthquake (Johnson and others, 
1996; Suito and Freymueller, 2009) to generate the initial 
sea surface disturbance caused by vertical displacements 
of the sea floor during the earthquake. The following 
abbreviations will be referenced throughout this report: 
JDM , for deformation model by Johnson and others 
(1996) and SDM, for deformation model by Suito and 
Freymueller (2009).

A  detailed analysis of the 1964 rupture zone was 
presented by Johnson and others (1996) through joint 
inversion of far-field tsunami waveforms and geodetic 
data. The authors derived a detailed slip distribution for 
the 1964 earthquake, which has eight subfaults represent­
ing the Kodiak asperity and nine subfaults in the Prince



Tsunami inundation maps o f  Seward and northern Resurrection Bay, Alaska 15

William Sound asperity. One subfault was assigned to 
represent the Patton Bay fault, although contribution of 
this fault to the far-field tsunami waveforms was negli­
gible. We used the equations of Okada (1985) to calculate 
distribution of coseismic uplift and subsidence resulting 
from this slip distribution. Then we used the derived 
surface deformation (fig. 10) as the initial condition for 
the tsunami propagation model. The source function 
based on JDM  was previously applied to calculation of 
1964 tsunami inundation in Kodiak and Kachemak Bay 
communities. The results are described in Suleimani and 
others (2002, 2005).

Plafker (1967) gives a detailed description of the mo­
tion observed on the Patton Bay fault during the Great 
Alaska Earthquake of 1964. He provides a full report 
of surface rupture and fault motion, as well as several 
pieces of evidence suggesting that the fault continues on 
the ocean floor well past the region where it is currently 
mapped. Holdahl and Sauber (1994) applied Plafker’s 
description to construct their model of the Patton Bay 
fault, which was used in an inversion of geodetic data. 
Johnson and others (1996) used the results of Holdahl 
and Sauber to augment their joint inversion of geo­
detic and tsunami data. These two studies used only 
the mapped extent of the fault, approximately 72 km,

despite significant evidence that the fault may extend 
much farther to the southwest.

Suito and Freymueller (2009) developed a new 
coseismic deformation model of the 1964 earthquake, 
which is based on a three-dimensional viscoelastic 
model, incorporating a realistic geometry with an elastic 
slab having very low dip angle. This coseismic model is 
not based on an inversion, but it resembles the recently 
published inversion model (Ichinose and others, 2007) 
and past proposed models (Holdahl and Sauber, 1994; 
Johnson and others, 1996; Santini and others, 2003). 
The main difference between JD M  and SDM  is that the 
SDM  predicts slightly higher slip near the downdip end 
of the rupture to explain horizontal displacements. Ad­
ditionally, the rupture in the SDM  is assumed to occur 
at greater depths than in the JDM . As a result, the deeper 
subfaults in the SDM  produce smoother variations of 
sea floor deformation than in the JDM . Both models 
use the Patton Bay fault to explain the excessive uplift 
at Montague Island (Plafker, 1967). It is assumed in the 
JD M  that the extent of the splay fault was not much 
larger than its subaerial outcrop on Montague Island. 
In contrast, the SDM  assumes that the Patton Bay splay 
fault extended much farther to the west than previously 
assumed by Holdahl and Sauber (1994) and Johnson

Vertical Coseismic 
Displacement (m) 
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Figure 10. Source function o f  the 1964 tsunami based on Johnson and others (1996) (JDM).
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and others (1996). Although the Patton Bay fault slipped 
approximately 10 m at the southwestern tip of Montague 
Island, there have been no comprehensive submarine 
surveys documenting the extent of that splay fault. Suito 
and Freymueller (2009), however, found that they could 
not fit all the GPS data accurately unless they extended 
the fault past the end of the Kenai Peninsula.

Results of numerical modeling of Seward inundation 
using the JDM  source function vastly overestimate the 
observed 1964 inundation (see “Modeling results”, sec­
tion 1), therefore we use SDM  in the tsunami scenarios 
that represent the 1964 event.

EXTENDED 1964 RUPTURE
A  recent study by Shennan and others (2008) presents 

geologic evidence that the Prince William Sound and 
Kodiak Island segments of the 1964 rupture area and a 
portion of the Yakutat microplate may rupture simulta­
neously (see discussion in “Regional seismotectonics”). 
In order to evaluate whether this event would make a 
plausible future tsunami scenario for Seward, we have 
constructed a source function of the extended 1964 
rupture. We applied the following constraints based 
on the hypothetical earthquake model of Shennan and 
others (2008):

•The extended source function includes three seg­
ments of the Aleutian Megathrust: the PWS, KI, 
and Y Y  segments (fig. 1);

•The rupture area is about 23,000 km2 greater than 
that of the 1964 earthquake;

• The total seismic moment is 15 percent greater than 
that of the 1964 earthquake;

• The new source function produces coseismic vertical 
uplifts along the Gulf of Alaska coastline segment 
between the Copper River basin and Yakataga, to 
match the coseismic deformation pattern to paleo- 
seismic data (Shennan and others, 2008).

We have constructed a rupture model for the Yakata­
ga-Yakutat segment using the constraints described 
above. The model consists of four subfaults with the fault 
parameters listed in table 2. We calculated coseismic 
deformations produced by this segment using Okada’s 
algorithm (Okada, 1985), and then superposed them

with the 1964 coseismic deformations produced by the 
SDM. The resulting coseismic deformation pattern for 
the extended 1964 rupture is shown in figure 11.

Results of numerical modeling of Seward inundation 
using the extended 1964 rupture model are not different 
from the inundation caused by the 1964 deformation 
model. Waves generated by the uplift of the sea floor 
in the area of Yakutat block arrive at Resurrection Bay 
much later than the wave generated in the PWS segment 
that arrives first and produces the maximum inundation 
zone.

TECTONIC TSUNAMI SCENARIOS 
Scenario 1. Repeat of the 1964 event: Source function 
based on coseismic deformation model by Suito and 
Freymueller (2009) (SDM ).

This source function represents the entire rupture 
area of the 1964 earthquake, with vertical coseismic 
deformations derived from the SDM  (fig. 12).

Christensen and Beck (1994) demonstrated that there 
were two areas of high moment release, representing 
the two major asperities of the 1964 rupture zone: the 
Prince William Sound asperity with an average slip 
of 18 m, and the Kodiak asperity with an average slip 
of 10 m. The results of joint inversion of tsunami and 
geodetic data from the 1964 earthquake (Johnson and 
others, 1996) support the division of the rupture zone 
into two different segments, the Kodiak block and the 
Prince William Sound (PWS) block. These zones have 
different recurrence intervals, with estimates of the re­
currence interval for the Kodiak segment being as low 
as 60 years (Johnson and others, 1996). Therefore we 
consider these two segments of the 1964 rupture area 
to be separate hypothetical tsunami source scenarios. 
We also consider a third hypothetical event involving 
the rupture of the Pamplona deformation zone, which 
represents another source of tsunami waves capable of 
reaching Resurrection Bay.

Scenario 2. Modified 1964 event: Prince William Sound 
asperity of the SDM.

This source function represents the Prince William 
Sound asperity from the deformation model by Suito and 
Freymueller (2009). Vertical coseismic deformations for 
this scenario are shown in figure 13.

Table 2. Fault parameters fo r  the Yakataga-Yakutat segment

Lat Lon Depth Length Width Strike Dip Rake Slip
[deg. N] [deg. W] [km] [km| [km] [deg.] [deg.] [deg.] [m]

59.17 144.12 1 50.1 190 256 12 90 15
59.36 143.23 3 51.1 141 250.4 10 90 15
59.54 142.42 5 47.8 114.8 245.8 6 90 15
59.94 141.21 5 79.7 99.6 237.8 8 90 15
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Figure 11. Vertical coseismic displacements fo r  the extended 1964 rupture model.

Figure 12. Scenario 1. Source function o f  the 1964 tsunami based on Suito and Freymueller (2008) (SDM).
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Scenario 3. Modified 1964 event: Kodiak asperity of 
the SDM.

This source function represents the Kodiak asperity 
from the deformation model by Suito and Freymueller 
(2009). Vertical coseismic deformations for this scenario 
are shown in figure 14.

Scenario 4. Hypothetical event: Rupture of the Pam­
plona zone between the Yakutat block and the North 
American Plate.

This is a hypothetical earthquake that ruptures the 
Pamplona zone between the Malaspina fault and the 
Aleutian megathrust at the northwestern edge of the 
Yakutat block in a thrust event (fig. 15).

The Pamplona zone is a region of distributed fold 
and thrust features near the northwestern edge of the 
Yakutat block (fig. 15). There is a trend of moderate to 
strong historic seismicity in the area between the location 
of the 1979 M w7.2 St. Elias earthquake and the end of 
the 1964 rupture zone (shown in fig. 16). This seismic 
zone is aligned with the Malaspina thrust fault and is 
well oriented to accommodate convergence between

the Yakutat block and North American plate. Sauber and 
others (1997) identified this as the region most likely to 
rupture and fill the Yakataga seismic gap. Sauber and 
Molnia (2004) showed that the retreat of glaciers in the 
Wrangell Mountains increases the likelihood of seismic 
release on thrust faults in the region. We consider a hy­
pothetical M w ~8.8 event with fault parameters detailed 
in table 3. The vertical coseismic deformations for this 
scenario are shown in figure 17.

The Kodiak inundation mapping study (Suleimani 
and others, 2002) includes a scenario that represents a 
distant tsunami source, the Cascadia subduction zone 
rupture. The results of numerical modeling demon­
strated that the major part of the tsunami energy will 
be directed west and southwest, toward Hawaii, and a 
very limited amount toward coastlines of Alaska. In this 
study, we performed numerical simulation of tsunami 
waves generated by a M w9.2 earthquake in the Casca­
dia subduction zone. The results were consistent with 
those in the Kodiak report. Since this scenario produced 
negligible inundation at Seward, we did not include it 
in the list of tectonic scenarios.

Vertical Coseismic 
Displacement (m) 

Scenario  #2

Figure 13. Scenario 2. Prince William Sound asperity o f  SDM.
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Vertical Coseismic 
Displacement (m)

Scenario #3

Figure 14. Scenario 3. Kodiak asperity o f  SDM.

P r i n c e

W i l l i a m

S o u n d

Yakutat Block

Expls nation

Terrane-bounding thrust faults 

Neogene :hrust faults 

Approxin-|ately located faults 

Inferred c r concealed faults

Terrane-bounding strike-slip 
faults showing sense of slip 

Pamplona zone rupture 

Yakutat terrane

Figure 15. Geologic setting o f  the Yakutat block with major faults, from  Plafker and Thatcher (2008). 
The hypothetical Pamplona zone rupture (Scenario 4) is shown by a purple line; Malaspina fau lt is 
indicated by “MF.”
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145 W 140 W

Background Seismicity, Depth 7 & up 6-6.9 5-5.9

• 0-33 km • 75-125 km © © © Before 3/27/1964

• 33-75 km • 12 5 + km • • 9 After 1/1/1965

Figure 16. Earthquakes in the vicinity o f  the Yakutat block, from  the Alaska Earthquake Information Center cata­
log. Major faults are shown by red lines; areas shaded in beige are rupture zones o f  the 1964 Great Alaska 
Earthquake and the 1979 earthquake. Small dots correspond to earthquakes with magnitude greater than 1 
and less than 5. Large circles show significant earthquakes (magnitude 5 and greater) before (purple) and  
after (light blue) the great Alaska earthquake o f  March 27, 1964. The main shock and aftershocks o f  this event 
are not included in the plot.
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Lat Lon Depth Length Width Strike Dip Rake Slip
[deg. N] [deg. W) [km] [km[ [kmj [deg.] [deg.[ [deg.] [m[

60.05 140.83 5 410 175 255 12 90 10

LANDSLIDE TSUNAMI SOURCES 
M ULTIPLE SUBM ARINE SLOPE FAILURES  
IN RESURRECTION BAY DURING THE 1964 
EARTHQUAKE

Studies by Lee and others (2006) and Haeussler and 
others (2007) provided analysis of pre- and post-earth­
quake bathymetric data and high-resolution sub-bottom 
profiles of Resurrection Bay and showed convincing evi­
dence of massive submarine landsliding during the 1964 
earthquake. They utilized a 2001 NOAAhigh-resolution 
multibeam bathymetric survey of Resurrection Bay to 
study the morphology and depth changes of the fjord 
bottom. A  shaded relief map derived from this bathy­
metric data shows a variety of seafloor features related 
to submarine slides. Lee and others (2006) identified 
remains of the Seward waterfront that failed in 1964 
as a result of strong ground shaking. These remains are 
visible as blocky debris extending offshore from Seward

for about 750 m (fig. 18). The authors also identified 
dispersed debris flows that correspond to failures of 
the Resurrection River delta, and they concluded that 
the 1964 earthquake could potentially have triggered 
different failure types simultaneously. Haeussler and 
others (2007) concluded that several failures initiated 
along the fjord walls at relatively shallow depths, and 
the mass flows produced by these failures transported 
most of the material as far as 6 to 13 km into the bath­
tub (see fig. 4), covering the entire basin with a flow 
deposit. The authors created a bathymetric difference 
grid that shows depth changes in the bay resulting from 
the 1964 slope failures. The estimated total volume of 
slide material is 211 million cubic meters. A  map of the 
slide thickness, derived from the bathymetric difference 
grid, is shown in figure 19. The first numerical modeling 
study of local tsunamis in Resurrection Bay (Suleimani 
and others, 2009) utilized these findings and concluded

Vertical Coseismic 
Displacement (m) 

S ce na rio  #4

Figure 17. Scenario 4. Pamplona zone deformation model.
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that the waves observed at the Seward waterfront and 
in several other locations in Resurrection Bay resulted 
from multiple submarine slope failures. Suleimani and 
others (2009) conducted a numerical experiment to in­
vestigate how individual underwater slides contributed 
to observed tsunami amplitudes in the bay. They showed 
that slides in the northern part of the bay were the major 
contributors to the tsunami amplitudes at Seward, and 
that the contribution from other slide complexes was 
negligible.

LANDSLIDE TSUNAMI SCENARIOS
Scenario 5. Waves generated by three major underwa­
ter slide complexes of the 1964 earthquake -  Seward 
downtown slide, Lowell Point slide, and Fourth of July 
slide.

Figure 20 shows three slide complexes in the upper 
bay that were the major contributors to the locally gener­
ated waves that inundated Seward (Suleimani and others, 
2009). The slide thicknesses were derived by Flaeussler 
and others (2007) from the bathymetric difference grid. 
This distribution of the slide material serves as an initial

condition for tsunami simulation. The total volume for 
these three slide complexes was approximately 80.6 
million cubic meters.

Scenario 6. Hypothetical event: Simultaneous under­
water slope failures at four locations where sediment 
accumulated since 1964.

The bathymetric difference grid derived by Haeussler 
and others (2007) shows four major areas in upper 
Resurrection Bay where sediment accumulated since 
1964: (1) a new location of sediment deposition from the 
rerouted Lowell Creek; (2) and (3) accumulation areas 
at the fjord head delta; and (4) a new location of sedi­
ment deposition from the rerouted Fourth of July Creek 
(fig. 21). The total volume of sediments in all locations 
is approximated at 6.5 million cubic meters. We assume 
that the slope failures occur at the same time, and that 
the failure surfaces correspond to the post-earthquake 
bottom of Resurrection Bay. This means that the volume 
of the failed material will be equal to the volume of sedi­
ments accumulated after the 1964 earthquake.

Figure 18. Oblique image o f  Seward downtown, with offshore shaded-relief bathymetry. Dashed white lines indi­
cates the approximate margin o f  debris resulting from  a submarine landslide that was triggered by the 1964 
earthquake.
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Figure 19. Distribution o f  initial thickness o f  the sliding mass.
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Scenario  7. Hypothetical event: Simultaneous under­
water slope failures at four locations where sediment 
accumulated since 1964, with added sediment vol­
umes.

Recent coring surveys conducted in Resurrection 
Bay (Clark Alexander, oral commun.) provide informa­
tion on morphology of slide deposits and on sediment 
accumulation rates in the fjord. One of the cores was

taken offshore at the fjord head delta front (fig. 21), and 
its Pb-210 and Cs-137 isotope profiles suggest that this 
area did not fail during the 1964 earthquake. This core 
also shows the highest accumulation rate among other 
cores in Resurrection Bay, about 2 cm per year. We base 
this second hypothetical landslide scenario on the same 
areas of sediment accumulation shown in figure 21, 
with an addition of extra volume of sediments that will

' f f f p >Yi v
Resurrection  
River Delta

149°26W 149°25W 149°24W 149*231/7_______ 149°22W

Landslide Thickness 
in the upper Bay(m)

Scenario #5

149°27W 149*261/7 149*251/7 149*241/7 149*231/7 149°22W

0 250 500 1,000

149*211/7 149*201/7

149*211/7

Meters

Figure 20. Scenario 5. The three major slides o f  the 1964 earthquake-triggered massive slope failures in Resur­
rection Bay, which produced the greatest contribution to tsunami amplitudes at Seward. Other submarine 
landslides triggered in Resurrection Bay in 1964 produced negligible effects.
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be accumulated over decades. Also, future earthquakes 
can release lower layers of sediment that remained intact 
during the 1964 earthquake. Since it is not possible to 
predict potential failure surfaces without comprehensive 
slope stability analysis, we account for that additional 
failing mass by adding extra volume to the existing ac­
cumulated volume. This hypothetical scenario includes 
four slides, with the total volume approximately 100 
million cubic meters.

MODELING RESULTS________________
NUMERICAL MODELING OF THE 
1964 TSUNAMI IN RESURRECTION 
BAY: MODEL VERIFICATION

In this section, we compare results of inundation 
modeling of the 1964 tsunami in Resurrection Bay with 
observations collected shortly after the event. Because 
the source of local waves in Resurrection Bay ceased at 
the end of ground shaking (Wilson and Torum, 1968),

Seward

149°27W 149*261/1/ 149*251/1/
«4i aw

149*241/V 149*231/1/ 149*221/1/ 149*211/1/
—

Thickness of 
Accumulated 
Sediment (m)

Scenario #6

■ o
Jf  Core Location

Meters 

0 250 500 1,000

149*271/1/ 149*261/1/ 149*251/1/ 149*241/1/ 149*231/V 149*221/1/ 149*21 W 149*201/1/

Figure 21. Scenario 6. Accumulation areas with thicknesses and location o f  the S2G1 core studied by Clark Alex­
ander (oral commun.). Brown areas indicates the original positions o f  landslide masses released during the 
1964 earthquake.
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about 20 minutes before the arrival of the tectonic tsu­
nami, we can assume that these events are independent 
and model them separately. The union of inundation 
areas computed independently for tectonic and land­
slide-generated waves will be compared to the observed 
composite inundation pattern.

The numerical grid used in inundation modeling cov­
ers the northern part of Resurrection Bay (fig. 20). We 
assume that the slides were initially at rest, then triggered 
by ground shaking at t = 0, and moved thereafter only 
under the force of gravity. At the southern open boundary 
of the grid, we specify the radiation boundary condition 
for the water waves. The boundary condition for the slide 
mass allows the slide to leave the computational domain 
without reflection. The moving boundary condition at the 
shoreline allows for wetting and drying of land. Shannon 
and Hilts (1973) conducted a subsurface geotechnical 
investigation of materials that failed in Resurrection Bay 
during the 1964 earthquake. They found that the density 
of the slide material ranged from 2.0g/cm3 to 2.1 lg/cm3. 
We do not have any measurements of the slide viscosity, 
but sensitivity studies by Rabinovich and others (2003) 
demonstrated that the influence of kinematic viscosity on 
tsunami wave heights is small. We assume slide density 
of p = 2.0g/cm3 and slide viscosity of p = 0.05m2/s. The 
upper and lower surfaces of the slide mass are defined 
by the initial slide thickness distribution (fig. 20). The 
slide thicknesses are added to the bathymetry values in 
order to define the pre-earthquake depths in Resurrec­
tion Bay. Although it is possible that individual slides 
were triggered at different times after the initial ground 
shaking, there is no independent evidence to support this 
hypothesis. Therefore we assume in the model that all 
slides start moving at the same time.

The recent numerical study by Suleimani and others 
(2009) confirms the observations that Seward was inun­
dated by locally generated waves within 5 minutes of the 
main shock. We run numerical simulation of landslide 
tsunamis for 5 minutes of physical time with a time step 
At = 0.01 seconds. The yellow line in figure 22 delineates 
the observed inundation area at Seward downtown. The 
inundation line was digitized from the U.S. Army Corps 
of Engineers aerial photo of Seward that was taken one 
day after the earthquake (Lemke, 1967). The maximum 
observed extent of inundation at the head of the bay is 
shown by a yellow line in figure 23. This line, digitized 
from a geologic map (Plate 1, Lemke, 1967), documents 
the maximum runup from one or more waves, therefore 
representing the composite inundation pattern. Green 
lines in figures 22 and 23 show calculated extent of 
inundation from 1964 local landslide-generated tsunami 
waves at Seward and at the head of the bay, respectively. 
The results show little inundation in the delta area at the 
head of the bay, and significant inundation in downtown

Seward. This can be explained by directionality of the 
waves that were induced by the slides (fig. 20), and by 
topographic changes that have occurred since 1964. 
Suleimani and others (2009) showed that the highest 
observed wave at the Seward waterfront was generated 
by the Fourth of July Creek slope failure. The same 
wave traveled as an edge wave at the head of the bay. 
Simulated locally generated waves did not cause much 
inundation in the harbor area, because the topographic 
data reflect the present conditions. There were signifi­
cant changes to the harbor area since 1964, and the new 
topographic data set includes breakwaters that did not 
exist in 1964.

Figures 22 and 23 also show calculated extent of 
inundation from a tectonic tsunami. The blue line cor­
responds to the tectonic wave that was modeled using 
JDM , and the purple line corresponds to the wave mod­
eled using SDM. The tectonic wave produced by JDM  
penetrates deeper inland and completely inundates the 
airport. These results vastly overestimate inundation of 
the airport area after the 1964 Great Alaska Earthquake 
(fig. 23). The wave associated with SDM  produces an 
inundation zone that matches observations very well. In 
Seward downtown, the wave associated with JDM  also 
penetrates deeper inland than the wave associated with 
SDM  (fig. 22). The landslide-generated waves travel 
farther inland in the downtown area than the SDM-pro- 
duced waves, but do not produce much inundation in the 
harbor area. This can be explained by the fact that the 
harbor area has substantially changed since 1964, and 
this primarily affected the modeling results for shorter 
wave lengths, that is, for landslide-generated waves. 
The union of inundation areas computed independently 
for tectonic and landslide-generated waves is in good 
agreement with observations.

RESULTS OF HYPOTHETICAL 
TSUNAMI SCENARIOS

We performed numerical calculations for all sce­
narios described above. In every case, the initial water 
disturbance propagated through the set of embedded 
grids of increasing resolution. In a final grid of 15m 
resolution, where bathymetric and topographic data are 
combined in a continuous data set, we computed the ex­
tent of inundation using a moving boundary condition.

Sheet 1 shows inundation limits for all tectonic sce­
narios. Scenarios 1 and 2 (SDM  and the Prince William 
Sound asperity of SD M ) represent a source model of 
the 1964 earthquake and both predict high inundation. 
The inundation area that corresponds to the entire 1964 
rupture zone coincides almost entirely with the inunda­
tion zone that corresponds to the Prince William Sound 
asperity alone. That allows us to conclude that the largest 
tectonic waves of the 1964 Alaska tsunami observed at
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M eters

Observed 1964 inundation (from Lemke, 1967) 
q  Inundation from tectonic wave, SDM 

O  Inundation from tectonic wave, JDM 

q  Inundation from landslide-generated wave

Figure 22. Observed 1964 inundation line (from Lemke, 1967) and calculated inundation lines from  tectonic and 
landslide sources at Seward.
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Seward were generated by sea floor displacements above 
the Prince William Sound asperity of the 1964 rupture. 
The numerical results for Scenarios 3 and 4 (the Kodiak 
asperity of SDM  and the Pamplona zone rupture) predict 
only moderate inundation, with the Pamplona inundation 
zone being larger than the Kodiak zone.

Sheet 2 displays inundation lines calculated for the 
hypothetical landslide scenarios 5-7. The largest inunda­
tion area corresponds to a scenario that involves three 
major slide complexes of the 1964 slope failure. This 
scenario was calculated using M H W  datum.

Sheet 3 shows the maximum composite calculated 
extent of inundation for all scenarios, and the maximum 
composite flow depths over dry land. For easier visual 
reference, on the scale for flow depths we indicated the 
values of 0.5 m, which approximately corresponds to 
knee height, and 2 m, which is just above the average 
person’s body height. In several areas in the northeastern 
section of the tidal flats, the mapped 1964 inundation 
limit (Lemke, 1967) extends beyond the maximum 
estimated inundation. We did not adjust the maximum 
calculated inundation extent in these areas to match the 
1964 limit, because the observed inundation line there 
obviously was not georeferenced well, crossing areas of 
very high elevations.

TIME SERIES AND OTHER 
NUMERICAL RESULTS

To provide more accurate assessment of tsunami 
hazard for any particular community, we have supple­
mented the inundation maps with information about 
the calculated time history of the tsunami wave action 
in the region. The time of arrival of the first wave, the 
maximum wave amplitude, and duration of the wave 
action are important factors that should be considered by 
emergency managers during evacuation planning.

Appendix 1 contains plots of sea level and velocity 
time series for all scenarios at a number of locations 
in Resurrection Bay, shown in figure A l-1 . The zero 
time corresponds to the epicenter origin time, and zero 
water level corresponds to the post-earthquake M H W  
level. Since velocity magnitude is calculated as water 
flux divided by water depth, the velocity value becomes 
physically meaningless when water depth is less than 10 
cm. Therefore, we plot velocity values only for water 
depths greater than 10 cm. Also, for each scenario we 
provide plots of maximum flow depths in inundation 
areas and plots of maximum drag force. A t each grid 
point that corresponds to initially dry land, the flow 
depth is computed at every time step during the tsunami 
propagation time interval (8 hours), and the maximum 
value is kept.

Tsunami flow depth is one of the important indica­
tors of potential damage, and must be differentiated 
from runup height (Synolakis and Bernard, 2006). For

use in engineering applications, the flow depths must be 
supplemented with the momentum flux, which is propor­
tional to the drag force (Yeh, 2006). We calculate drag 
force as a product of water depth and velocity squared. 
The plot of maximum drag force for Scenario 1 (repeat 
of 1964 tectonic waves, SD M ) is shown in figure 24. 
The maximum values occur during the drawdown of 
the long tectonic wave, mostly affecting the boat harbor 
area between the jetties, and the shallow intertidal zone. 
Figure 25 shows drag force for Scenario 5 (repeat of 
1964 landslide-generated waves). Because landslide­
generated waves are shorter than tectonic waves, the 
maximum values occur in the generation area, where 
the slide starts moving down the slope.

SOURCES OF ERRORS AND 
UNCERTAINTIES

The hydrodynamic model that was used to calculate 
tsunami propagation and runup is a nonlinear flux-for­
mulated shallow water model (Nicolsky and others, in 
press). It passed the major analytical, laboratory and 
field benchmarks that are required for models used in 
production of tsunami inundation maps (Synolakis and 
others, 2007).

The source mechanism remains the biggest un­
known in the problem of tsunami modeling. Since the 
initial condition for the modeling is determined by the 
displacement of the ocean bottom, the largest source 
of errors is the earthquake model. When the tsunami is 
generated in the vicinity of the coast, the direction of the 
incoming waves, their amplitudes, and times of arrival 
are determined by the initial displacements of the ocean 
surface in the source area, because the distance to the 
shore is too small for the waves to disperse. Therefore, 
the near-field inundation modeling results are especially 
sensitive to the fine structure of the tsunami source. The 
modeling process is subject to many more errors when 
the complexity of the source function is combined with 
the proximity of the coastal zone.

The 15-m resolution of the inundation modeling is 
limited by the resolution of the topographic and bathy­
metric data used for the grid construction. This resolution 
is high enough to describe major relief features, seawalls, 
jetties, and other marine structures, although very small 
topographic features, buildings, and other facilities can­
not be accurately resolved by the existing model.

SUMMARY
We present the results of numerical modeling of 

earthquake-generated tsunami waves for the Seward area 
and northern Resurrection Bay, Alaska. We considered 
several tectonic and landslide scenarios and provided 
an estimate of maximum credible tsunami inundation. 
These results are useful for state and local emergency 
managers to identify areas that should be evacuated in
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Figure 24. Maximum calculated  drag fo rce  in the areas o f  Seward downtown, harbor, and airport fo r
Scenario 1.
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Figure 25. M aximum calculated drag fo rce  in the areas o f  Seward downtown, harbor, and  airport fo r
Scenario 5.
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the event of a major tsunamigenic earthquake. Because 
of the uncertainties inherent in this type of modeling, 
these results are not intended for land-use regulation.
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Figure A l-1 . Locations o f  time series points.
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Are you 
the next big

What to do during and after an earthquake  

How to prepare for an earthquake  

Assessing your risk from earthquakes 

Preparing for tsunamis 

Earthquakes in Alaska  

O ther souces of information

in Alaska?
B y  t a k i n g  a c t i o n  n o w  w e  c a n  

s i g n i f i c a n t l y  r e d u c e  f u t u r e  l o s s e s



Alaska has changed significantly since the damaging 1964 
earthquake, and the population has more than doubled. Many 
new buildings are designed to withstand intense shaking, some 

older buildings have been reinforced, and development has 
been discouraged in some particularly hazardous areas.

Despite these precautions, future earthquakes may still 

cause damage to buildings, displace items within buildings, 
and disrupt the basic utilities that we take for granted. We 

must take every reasonable action to prepare for damaging 

earthquakes in order to lower these risks.

Scientists have long recognized that Alaska 
has more earthquakes than any other region of 
the United States and is, in fact, one of the most 
seismically active areas of the world. The sec­
ond-largest earthquake ever recorded shook the 
heart of southern Alaska on March 27th, 1964.

The largest strike-slip slip earthquake in 
North America in almost 150 years occurred on 
the Denali Fault in central Alaska on November 
3rd, 2002. “Great” earthquakes (larger than 
magnitude 8) have rocked the state on an aver­
age of once every 13 years since 1900. It is only 
a matter of time before another major earthquake 
will impact a large number of Alaskans.

1
#

Preparedness for earthquakes and other natural disasters is both a collective and an individual responsibility. As a society we have 

created agencies and organizations to assess, monitor, and respond to various threats from natural disasters. The Alaska Division 
of Homeland Security and Emergency Management (DHS&EM) is responsible for providing Alaskans with earthquake 
preparedness information and training. The office of the Alaska State Seismologist and the Alaska Earthquake Information 
Center (AEIC), the UAF Geophysical Institute (UAF-GI), the U.S. Geological Survey (USGS), the Alaska Division 
of Geological & Geophysical Surveys (ADGGS), and the NOAA West Coast/Alaska Tsunami Warning Center 
(WC/ATWC) work together to provide data and information to the public and to local, state, and federal authorities for use in 
earthquake hazard mitigation and response. This alliance of agencies carries out our collective effort to understand and prepare for 
earthquake disasters.

As individuals, we must also take steps to prepare for earthquakes in order to protect ourselves, our loved ones and our property. 

By identifying the greatest hazards to our personal safety, we can set priorities for using our resources in the most effective way to reduce 

possible damage. By becoming aware of the hazards posed by earthquakes and by taking appropriate actions, such as those described in 
this pamphlet, we can drastically reduce the loss of life and property, and make Alaska a safer place to live . . .  the choice is ours.
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What to do during and after an earthquake

._J If you are indoors, drop to the floor 

and take cover under a sturdy desk, table or 

other furniture. Hold on to it and be prepared 
to move with it. Hold the position until the 

ground stops shaking and it is safe to move. 

Stay clear of windows, heavy wall hangings, 
fireplaces, woodstoves, and heavy furniture or 
appliances that may fall over. Stay inside to 
avoid being injured by falling glass or build­

ing parts. It is difficult to stand up in a large 

earthquake and trying to walk would be even 
more difficult. Do not try  to run out of the 

structure but instead drop, cover, and hold. 

Crouching against a sturdy wall with nothing 
above you and no windows nearby is an alter­
native if there is not a table to get under. If you 

are in a crowded area, take cover where you 
are. Stay calm and encourage others to do 
likewise.

J  If you are outside, get into the open, 
away from buildings and power lines.

_j If you are driving, stop if it is safe but 
stay inside your car. Stay away from bridges, 
overpasses and tunnels. Move your car as far 

out of the normal traffic pattern as possible. If 
possible, avoid stopping under trees, light 
posts, power lines, or signs.

If you are in a mountainous area,
or near unstable slopes or cliffs, be alert for 
falling rock, snow, and other debris that could 

be loosened by the earthquake.

If you are near the ocean, move 
quickly to higher ground or move several hun­
dred yards inland.

The first reaction many people have dur­
ing an earthquake is to run out of a building. 
This increases the likelihood that you will be 

hit by falling objects. Most earthquake related 
injuries in the United States occur in this way. 
In a large quake, falling objects can become

D R O P

D O N 'T  RUN OUTSIDE

projectiles that are difficult to avoid. The most serious injury sustained during 
the November 2002 Denali fault earthquake, occurred when a woman slipped and 
broke her arm while exiting her home.

In the past it was recommended that you stand in a doorway 
during an earthquake. This is not the best place to go because only 
one person can fit in a doorway, and you won’t be protected from 
falling and flying objects. A woman was trapped in a doorway during the 
Denali fault earthquake when the door slammed shut on her hand. This not only 
injured her but also stopped her from taking cover from falling objects.

—

H O L D

C O V E R



S a fety  check. Check fo r  the following hazards

Children 
and
Earthquakes

Earthquakes are traumatic events for 
all o f us, but they are especially frightening 
for children who may be forced to leave 
their homes and everything that is familiar 
to them. A  child does not usually under­
stand such events and feels anxious, con­
fused, andfrightened. Fear is a normal re­
action to any danger which threatens life 
or well-being. After an earthquake, a child’s 
fears are those o f recurrence, injury, death, 
or o f being alone and separated from the 
rest of the family. Aftershocks can increase 
these fears.

Parents sometimes ignore the emo­
tional needs o f a child once assured o f their 
physical safety. A  child’s persistent fears 
may generate disruptive behavior, surpris­
ing andfrustrating a parent who is trying 
to continue with the daily family routine.

How a parent can help:
Keep the family together. This provides 

immediate reassurance to a child; fears of being 
abandoned and unprotected are alleviated.

Reassure children with words as well as 
actions. Emphasize the positive: “We are all to­
gether and nothing has happened to us,” or “You 
don’t have to worry, we will look after you.”

Encourage the child to talk. It can also be 
helpful to include other family members, neigh­
bors, and their children in a conversation about 
our reactions to the earthquake.

Include the child in family activities. 
There will be important concerns and things to 
do after an earthquake, such as checking on the 
damage and cleaning up broken glass and fallen 
furniture. Whenever possible, a child can and 
should be included in these activities.

At bedtime, a child may have difficulty fall­
ing asleep. They may wake up during the night or 
have nightmares for weeks or months after the 
earthquake. These situations may be dealt with by 
allowing the child to move into a room with an­
other child or to sleep on a mattress in the parents’ 
room, or simply by a parent spending a little extra 
time in the child’s room giving reassurance.

Check for injuries: Do not move a 

seriously injured person unless they are 

in immediate danger of further injuries.

Gas leaks: Shut off the main gas valve 

only if a leak is suspected or identified 
by the odor of natural gas. Wait for the 
gas company to turn it back on after 

the damage is repaired.

Oil or propane tanks: If you have 
one, check that the supports are intact 

and that connecting pipes and hoses are 

not broken.

Downed or damaged chimneys:
Approach chimneys with caution. They 
may be weakened and could topple dur­
ing an aftershock.

Damaged electrical wiring:
Shut off power at the distribution panel 

or breaker box.

Downed or damaged utility lines:
Stay away from downed lines even if 

power appears to be off.

Fallen objects in closets and cup­
boards: Displaced objects may fall 
when you open the door.

Check your telephone: Make sure 
each phone is on its receiver. Telephones 

that are off the hook tie up the telephone 
network unnecessarily.

Clean up: Clean up potentially hazard­

ous materials and/or medicines which 

may have spilled.

Tsunami hazard: If you live along the coast, be alert for news of tsunami warnings 
issued by the Tsunami W arning Center or local community officials. If you experience a 
strong earthquake, there may not be time for a warning to be issued. Move to higher 

ground as soon as you can, and stay there until the authorities issue an “all clear.” 
Expect aftershocks: The only time that we know earthquakes will occur is after an ­

other large earthquake. Most aftershocks are smaller than the main earthquake. Some 
may be large enough to do additional damage to weakened structures.

Use flashlights or battery-powered lanterns.
Do not use lighters, matches, candles, or lanterns until 
you are sure that there are no gas, propane or oil leaks.

Use your telephone only in the event of 
life-threatening emergencies.

Turn on a battery or crank-powered radio for 
information, damage reports, and for information 
on volunteering your assistance.

Keep streets clear for emergency vehicles.
Cooperate with public safety officials.



How to prepare for an earthquake

Most people in Alaska will survive the next big earthquake with little loss. 
Some people may be severely affected. Actions you take now can reduce how 
much you and yourfamily will lose.

Practice “drop, cover, and hold” 
drills at home with your family, 
and at work.
□  Injuries and deaths during earth­
quakes are caused by falling objects 

and collapsing structures. Knowing how 

to protect yourself when the shaking 
starts may save your life. Show children 
safe areas to drop, cover and hold.
□  Practice counting to sixty seconds. 

Most earthquakes do not last that long, 
and it will help you to keep calm when 
a real earthquake strikes.

Develop an earthquake plan at 
home, in your neighborhood, at 
school, and at work.
□  Determine the safest places in your 

home and at work. These should be

away from heavy furniture or appliances, woodstoves, fireplaces, open shelves and book­

cases, and large panes of glass, pictures, or mirrors.

□  If the earthquake hits during the day, family 
members may be separated from several hours to 
several days. Plan ahead and select a safe place 
where you can reunite after the earthquake. Con­

sider your family’s possible needs, and also select 
alternative locations to meet near places of work or 

school.

□  Designate an out-of-the-area telephone contact. Select a 
relative or friend to act as a clearinghouse for information 
about your family. Family members should call this contact 

person to report their condition and location. Make sure 

family members carry this number with them at all times, 
and that the number is known by other friends and 

relatives.

□  The most common cause of earthquake-related fires is 

broken gas lines. Everyone should know how to turn off the 

gas supply at the meter in case they smell gas after a large 
earthquake. Buy a special wrench that fits your gas turnoff 

valve and fasten it next to the valve.

□  Find out the policy of your local school 

concerning the release of children after 
an earthquake. Arrange with neigh­
bors to watch out for your family and 
property in case you are not at home.

□  Make plans with your family, your 
neighbors, and your co-workers. Every 

business should have an emergency re­

sponse plan.

Pick two places to meet.

(1) Right outside your home.
(2) Outside your neighborhood in case 
you are not able to return home. Everyone 

must know the address and telephone 
number.

Ask an out-of-state friend to be your 
“family contact.”

□  After a disaster, it’s often easier to 

place a long distance telephone call than 
a local one. O ther family members should 
call this person and tell them where they 
are. Everyone must know your contact’s 

phone number.

Fill out, copy, and distribute to all family members

Family Disaster Plan

Emergency M eeting Place

M eeting Place
outside yo u r neighborhood

outside y o u r home

Phone

Address

Family Contact 

P hone! ) —
day

P hone( )
evening
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Emergency Broadcasts 
after an Earthquake

Emergency supplies list

Keep enough supplies in your home to meet your needs fo r  at least 
seven days. Store these items in sturdy, easy-to-carry containers such 
as backpacks, duffel bags, or covered trash containers. These are the 
basics to have on handfor any emergency:

Flashlights with spare batteries: Keep a flashlight 
beside your bed. Do not use matches or candles after an 

earthquake until you are certain no gas leaks exist.

Hand-crank or battery-operated radio with spare batteries:
Most telephones will be out of order or in use for emergency purposes, so radios 
will be your best source of information. An automobile radio is a good substitute.

First aid kit and first aid knowledge: Have a first aid 

book such as Standard First A id  &  Personal Safety by 

the American Red Cross. Have members of your household 
take basic Red Cross first aid and CPR courses.

f l

Fire extinguisher: Keep a fire extinguisher handy for small fires. 
Some extinguishers are only good for certain types of fires-electrical, 
grease, or gas. Class ABC extinguishers are designed to be used safely on 
any type of fire.

Food: It’s a practical idea to keep a supply of non-perishable food on hand that 
can be rotated into your diet and replenished on a regular basis. Have a supply of 
canned or dehydrated food, powdered milk, and canned juices that is sufficient for 
at least seven days.

Water: Water should be stored in airtight containers and replaced every six 

months. Store at least three gallons per person. For water not treated by a com­
mercial facility, add 16 drops or 1/4 teaspoon of household bleach per gallon of 

water. Stir and let stand for 30 minutes. Use bleach which has 5.25% hypochlorite 

as the only active ingredient, with no fragrance and soap additives. Do not store in 
used plastic milk containers because bacteria may be present.

Warm clothes and blankets: Have enough warm clothes, blankets, and 
sleeping bags to survive sub-zero winter temperatures. If possible store these items 
outside of the home so they will be accessible after a rapid evacuation.

Special items: Keep at least one week’s supply of medications and special foods 
on hand that are needed for infants or for those on limited diets.

Tools: Have a pipe wrench and an adjustable wrench for turning 
off gas and water mains.

Waiting for the dissemination of infor­

mation after a disaster takes time and can 

prove frustrating when we want, and have 

come to expect, immediate and complete in­

formation. Search the radio and television 

channels to find stations that are able to pro­

vide information. Remember that initial news 

reports may be inaccurate. Don’t believe ev­

erything you hear. Pay particular attention to 

information from a governmental source.

The first information about a large local 

earthquake may come from the Alaska 
Earthquake Information Center, the 

USGS, the State o f  Alaska Deptartment 
o f  Geological & Geophysical Surveys 
or from the West Coast/Alaska Tsunami 
Warning Center (web links printed on 

page 23). Initial estimates of location and 

magnitude of an earthquake are likely to be 

revised as more information is analyzed.

Initial reports of damage, based primar­

ily on eyewitness accounts, may be mislead­

ing and cause speculation. Local news-gather­

ing capabilities may be severely hindered by 

the disaster, because the news media’s power 

may be off or their news staff may be unable 

to communicate with their broadcast station.



Falling objects and toppling furniture present the greatest physical danger 
and the biggest potential financial loss fo r  most people. Imagine all o f the 
contents o f  your kitchen cabinetsfalling to thefloor or on your head! A t  home, 
at work, and in schools, building contents should be secured.

Foundation | | |

M odified fro m  a 

McClcitchy New s Service Diagram

□  Be sure that no heavy items, such as pic­

tures or mirrors, can fall on your bed, where 

you typically spend a third of each day.

□  Secure tall furniture and bookcases to 
the wall. Add lips to shelves to prevent 
costly items from sliding off. Be sure that 

adjustable shelves cannot slide off their 

supports.

□  Put strong latches on cabinet doors at 
home in your kitchen and at work in labora­
tories. Fasten heavy or precious items to 
shelves or tables. Secure hie cabinets, com­

puters, televisions, and machinery that may 
overturn during an earthquake.

□  Store potentially hazardous materials 
such as cleaners, fertilizers, chemicals, and 
petroleum products in appropriate contain­
ers in sturdy cabinets that are fastened to 

the wall or floor.

□  In your office, be sure heavy objects are 

fastened to the building structure and not 

just to a movable wall. Ask a carpenter or 
an electrician to check light fixtures and 
modular ceiling systems.

□  Be sure your water heater is fastened to 

the wall studs and that all gas heaters and 

appliances are connected to the gas pipe 
through flexible tubing. If you use propane 

or heating oil, be sure the storage tank is 
secured against overturning and sliding.

□  Secure your woodstove to wall or floor 

studs. Make sure you have a fire extin­
guisher close at hand.

Wrap a DA” wide, 16-gauge-thick metal 
strap (A) around the top o f the water 
heater and bolt the ends together. Do the 
same about 1/3 o f the way up the side o f 
the water heater. Take four lengths o f 
EM T electrical conduit, each no longer 
than 30”. Flatten the ends. Bolt one end 
to the metal strap (B). Screw the other 
end to a 2” by 4” stud in the wall using a 
5/16” by 3” lag screw. Be sure a flexible 
pipe (C) is used to connect the gas supply 
to the heater.

□  Check with your school officials to be 
sure they have taken similar precautions in 

your childrens’ school buildings.

Many specialty earthquake fasteners are 
commercially produced. Check with your 
hardware store for products, or ask your 
local emergency management office for 
the names of products and vendors. Search­
ing the Internet for “earthquake fasteners” 
will also yield many results. The web site 
of the Federal Emergency Manage­
ment Agency, www.fema.gov, con­
tains much information about preparing 
for earthquakes. Go to the “Preparation 
and Prevention” section of the Library.

http://www.fema.gov


Fuel tank supports and earthquakes

The use o f raisedfuel tanks, to provide gravity flow  to oil heaters, is common throughout Alaska. During the De­
nali Fault earthquake on November 3rd, 2002, several 300 gallon fu e l tanks tipped o ff or slid from their supports, 
demonstrating their vulnerability. By strengthening fu e l tank supports and connectors to withstand ground shaking, the

risk o f damage, hazardous spills, and the loss o f heating oil can be reduced. Once the 
structure is built, regular inspection is recommended to ensure structural integrity.

Cradle Support
□  A timber cradle support is a safe and 
affordable wood support option. Strength 

and stability are provided by the broad 
base and the criss-cross stacking fashion of 
the timbers. The timbers need to be pres­
sure treated and should be 6-inches by 6- 

inches or larger. Each layer is spiked to the 
one below with large spikes, pins, or bolts 

that are driven into pre-drilled holes to 
prevent splitting. The tank is strapped to 
the cradle with two steel bands (a special 
banding tool is required).

M eta l S trapp ing to  
a ttach tank  to  stand

Spikes, bo lts  
o r p ins ¥

WIT-6" X 6" o r la rger pressure trea ted  t im b e rs  o r ra ilroad  ties

This diagram illustrates how to build a wood cradle that is likely to withstand 
large earthquakes. The design uses commonly available items and can be built 
by most people. This stand is designed to support the average size fu e l tank 
(300 gallons) a t a typical height o f 4 ’.

A wood support is vulnerable to damage due to deterioration or inadequate cross-bracing and 

fastening. It should be inspected for rot damage, and any deteriorating wood supports should 

be replaced. Existing wood supports with cross-bracing, or insufficient bracing, should have 

diagonal bracing and gussets added to strengthen the support. Utilizing wood-to-wood con­

necting plates, bolts, lag screws, and nails can help to reduce vulnerability, but their effective­

ness is limited by the tendency of wood fibers to split and tear when subjected to large loads.

Steel Support
□  A steel support system is available 
when purchasing a tank from a fuel com­

pany. The steel support’s angle iron con­
struction and welded joints provide rigidity 
and strength to resist gravity loads and 

mild shaking. Steel supports with a wide 

footprint will have increased stability. 
Some steel supports may not have adequate 

diagonal bracing. Retrofitting may be 
needed to withstand strong lateral motion 

during an earthquake. Stability can also 

be improved by securely bolting the steel 
support to 6-inch by 6-inch pressure treated 
wood timbers or railroad ties on the ground. 
Steel banding to tie the tank to the support 
is another im portant retrofit.

This diagram illustrates how a steel tank support can be improved to with­
stand large earthquakes. These supports are commercially fabricated using 
welded angle iron, and they typically support 300 gallon tanks a t heights o f  
3 ’ to 5 ’. A wider base, and bolting the support to pressure treated timbers, 
provides more stability.



Propane Tanks

Many residents in rural areas o f Alaska use above-ground propane tanks. 
These tanks may move, slide, or topple during strong ground shaking. Gas 
leaks are frequently the cause o f earthquake-relatedfires. The following recom­
mendations can be followed to reduce the post-earthquake fire hazard associ­
ated with propane tanks.

Mount the tank on a continuous concrete pad and 
bolt the four legs to the pad.

□  Install flexible hose connections between the tank, supply line, and the 
entrance to your home or business.
□  Clear the area of tall or heavy objects which can fall and rupture the tank 
or supply line.

□  Keep a wrench tied on a cord near the shut-off valve and make sure that 
family members or employees know how to use it.
□  For large tanks, seismic shut-off valves are available.

M ount the tank on a 6” thick concrete 
pad (A) using four 1 /2” diameter bolts 
(B) imbedded a m inimum o f 3 ” into the 
concrete. Install a flexible hose connec­
tion (C) between the tank and the rigid 
supply line.

Free-standing wood-burning stoves 
pose an additional risk to many in 
Alaska, especially in bush communi­
ties. Heavy objects such as stoves are 
actually more likely to move during 
strong ground shaking than are lighter 
objects. Fire codes dictate that stoves 
must be unsupported on all four sides,

Wood-Burning Stoves

and therefore they are more vulnerable 
to sliding or overturning during an 
earthquake. I f  a stove were to tip and/ 
or separate from the stove pipe, cinders 
or sparks might easily cause a fire in 
the home. To reduce the potential fire  
hazard following an earthquake, the 
stove should be anchored to the floor

and stove-pipe sections should be se­
cured. It is important that the seismic 
anchors or braces do not conduct heat 

from the stove into the floor. Although 
there are many types o f stoves in use, 
the recommendations here can be used 

for most installations:

Stoves resting on a brick hearth can be anchored using 
bricks and mortar.

□  Woodstoves resting on a concrete slab on grade can be anchored 
directly to the concrete.

□  Stove pipes should be anchored to the flue exit, and each of the 
stove-pipe segments should be securely together.

□  Mobile home approved units come with predrilled holes in the pedestals 

or legs and can be safely anchored to the underlying floor framing.

For a stove on a brick hearth, anchor the legs with a 3 /8 ” diameter 
bolt (A) through a 1 /2” hole to a new brick (B). Ground the new brick 
(B) to the hearth with 1” o f new grout (C). Alternatively, build an 8 ” 
square brick pad  with a grout pocket (D) a t each leg. Provide a t least 
1” o f space around each leg and fill  the pocket completely with grout. 
Install sheet metal screws (E) a t the flue  exit and between the 
stovepipe sections. Install a radiation shield with a pipe clamp (F) 
braced to a wall using two tension ties (G) attached to a wall stud  
with 3 /8 ” by 3 ” lag screws.



our risk from earthquakes

Earthquakes are a hazard that create risks to life and property that we 
must accept as part o f living in Alaska. We face many other hazards in our 
lives and we routinely take precautions to reduce our losses from  them, or to 
lower our risk. For example, we wear seat belts to lower the risk o f injury 
during an automobile accident. This is an action that most people have come 
to accept as a reasonable precaution. Earthquake risk can also be reduced sig­
nificantly by individuals, businesses, and governments when appropriate ac­
tions are taken. The basic actions described in these pages are reasonable pre­
cautions that should be taken by all residents o f Alaska. Other actions such as 
strengthening or replacing a dangerous building, or even choosing to live in a 
safer building or in a safer part o f your city may involve significant expense 
and disruption. Yet, damage to buildings and other structures is the primary 
cause o f death, injury, andfinancial loss during large earthquakes.

To decide how much action is required for protection from earthquake hazards, you 

must estimate your risk. Earthquake risk varies from location to location, from structure 

to structure, and from person to person.

What causes Damage during an Earthquake?

Duration o f  shaking. Duration depends 
on how the fault breaks during the earthquake, 
on the distance from the rupture, and on the 
types and thicknesses of soils underlying the 
site. The strongest shaking during the 1964 
earthquake lasted 3 to 4 minutes. During a mag­
nitude 7 earthquake, the shaking may last 30 to 
40 seconds. The longer buildings shake, the 
greater the damage.

Strength o f  shaking. Many damaging 
earthquakes occur within 15 miles of the Earth’s 
surface. In this case, shaking decreases rapidly 
with increasing distance from the fault that pro­
duced the earthquake. In Alaska, these earth­
quakes are most common in central and southeast­
ern Alaska. Deeper earthquakes are common 
beneath southern Alaska and the Aleutian Islands. 
Because of their greater depth, the shaking di­
rectly above such shocks is reduced, and the shak­
ing decreases gradually with increasing distance 
from the epicenter of the earthquake.

Type o f  soil. Strength of shaking is greater 
on soft, thick, and wet soils. In certain soils the 
ground surface may settle or slide. Damage is 
typically less in buildings located on bedrock.

Buildings with a natural shaking frequency that 
“resonates” with the ground motion will suffer 
the most damage. Houses and short buildings 
have high resonant frequencies of shaking (1 to 
several shakes per second), tall buildings have 
low resonant frequencies (up to several seconds 
per shake). Thus it is possible, as occurred in 
Mexico City during a 1985 earthquake, for mid­
height buildings to suffer great damage during a 
medium-frequency earthquake, while short and 
tall buildings survive with little or no damage.

Type o f  construction. Some existing 
buildings are not resistant enough to the side-to- 
side and up-and-down shaking common during 
earthquakes. Un-reinforced masonry buildings 
are usually the most deadly.

Frequency o f  shaking. Shallow earth­
quakes, such as those that typically occur in cen­
tral and southeastern Alaska, produce more rapid 
shaking than deeper earthquakes, such as those 
in southern Alaska and the Aleutian Islands.

□  Is there a risk of serious injury or even 
death for occupants of a specific building?

□  W hat would be the cost of repairing or 
replacing a building after a large earth­

quake?

□  W hat would be the cost of not being 
able to use a building after a large earth­

quake?

□  W hat are the odds that time and money 

spent on preventive action today will prove 
cost-effective within your lifetime, and 
within the lifetimes of existing structures?

□  If a structure will be replaced by nor­
mal development within 10 years, is 

strengthening it to resist earthquake dam­
age cost-effective?

□  Is such strengthening required by a 
governmental agency, is it economically 
reasonable, or is it morally necessary?

Estimate your Risk

The Uniform or 
International Building Code

Modern criteria for seismic design and con­
struction have been included in the Uniform 
Building Code since 1973. The 2000 and later 
editions are termed the International Building 
Code, and have the most up-to-date require­
ments. Most large communities in Alaska have 
adopted either the International Building Code 
or the Uniform Building Code. The codes re­
quire greater strength for essential facilities 
and for sites on soft soil where shaking inten­
sity is increased. The codes set minimum re­
quirements that assure life safety but allow 
earthquake damage and loss of function. Own­
ers who desire less potential damage and con­
tinued use of the building after severe earth­
quakes should insist on higher standards for 
design, construction, and inspection. Discuss 
with an architect or a civil or structural engi­
neer what level of damage will be acceptable 
(references on page 24).
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The November 3, 2002 
magnitude (M) 7.9 Denali Fault 
earthquake was the strongest ever 
recorded in interior Alaska. The 
earthquake began in the central 
Alaska Range and ruptured east­
ward a t a speed averaging about 
6700 miles per hour. The M7.9 
earthquake was followed by thou­
sands o f aftershocks that occurred 
all along the rupture zone. The 
main shock and aftershocks were 
located with high precision using 
a network o f temporary seismic 
stations that was deployed by the 
AEICfollowing the M 6.7Nenana 
Mountain earthquake that occur­
red on October 23, 2002.

For more information, go online to www.aeic.alaska.edu,www.dggs.dnr.state.ak.us and earthquake.usgs.gov

USGS/AEIC ShakeMap

ShakeMaps show ground 
motion and shaking intensity 
in significant earthquakes. This 
ShakeMap was produced after 
the November 3rd, 2002, Denali 
Fault earthquake and it shows 
tha t ground shaking was strong 
along the Denali fau lt. Similar 
maps will be m ade in the fu tu re  
fo r  Anchorage and Fairbanks. 
M aps like this one can be made  
fo r  any major earthquake. They 
are used by federal, state, and 
local authorities fo r  earthquake 
response and recovery, to inform 
the public about risk, and for  
preparedness exercises and dis­
aster planning. For more infor­
mation, go online to 
earthquake.usgs .gov/shakemap /
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Determine the safety o f your home and school

Most people in Alaska are safe at home i f  they live in a one or two-story wood-frame building. These buildings are 
not likely to collapse during earthquakes. The most common damage is light cracking o f interior walls, cracking o f 
masonry chimneys, and cracking and possible collapse o f brick or masonry veneer on exterior walls. A  cracked chimney 
should be inspected by a qualified professional before the woodstove or fireplace is used.

Unfortunately, some one- or two-story 

wood-frame buildings can be hazardous. 
Buildings that are not adequately bolted to 
their foundation may fail at or near ground 

level. Adding foundation bolts and bracing 
cripple walls found in some older homes, 

can vastly reduce the earthquake risk (see 

page 14). Correcting these problems will 
vastly reduce the earthquake risk for most 

residents. For many homes, additional brac­

ing of water heaters, propane tanks, or oil 
tanks is an important retrofit that should 
be completed (see pages 5, 6, and 7). Mod­

ern elementary and high school buildings 
have generally performed well during 
earthquakes, with the exceptions of the 
Government Hill School and West High 
School in Anchorage in the 1964 earth­

quake. The old Government Hill School 
was built on unstable soils and probably 
could not have been engineered to survive 
the massive landslide that occurred in

Buildings designed and constructed ac­
cording to modern codes have generally 

performed very well during earthquakes. 
However, certain types of buildings, espe­

cially older ones, are potentially hazardous. 

Unreinforced brick buildings pose a particu­
lar hazard even in moderate earthquakes. 
Unbraced railings and walls inadequately 

anchored to the floors and roof can topple 
onto sidewalks or adjacent buildings.

Major damage often occurs in build­
ings with a “soft” first story. Usually, soft 
stories consist of an open space with stand­
alone columns rather than interior walls 

supporting the building above. Such spaces 
are usually used as garages, stores, or large

1964. The new Government Hill School is 
built on more stable soils farther from the 
bluff. Knowledge about proper seismic de­

sign and where to locate buildings has in ­

creased dramatically since 1964, however, 

older school buildings may need to be reas­
sessed in light of modern building codes. 
Mobile homes, portable classrooms, and

offices. The first floor does not have enough 
strength to resist the horizontal shaking 

force of the upper parts of the building. 
Similarly, rooms added over garages of 
private homes or older split-level homes 

may not be adequately supported.
Damage to all of these types of build­

ings poses a threat to both life and property 
during earthquakes. These losses can be 
significantly reduced by strengthening 

structures before an earthquake. Investment 

in strengthening offices and commercial 
buildings will reduce structural and non- 
structural damage and may allow continua­

tion of business after severe earthquakes.

modular buildings can slide or bounce off 
their foundations during earthquakes. 

Their supports need to be braced to resist 
vertical and horizontal forces. If portable 
classrooms are used at your local school, 

you should ask school officials whether 
they are properly braced.

The J.C. Penny building in downtown 
Anchorage was heavily damaged during  
the 1964 Good Friday earthquake.

| Determine the safety o f  other buildings you use



How do you locate a professional to advise you on the resistance o f your building to earthquake shaking?

Civil and structural engineers and architects are 
trained and licensed to provide such information 
about structures. Geologists, foundation engineers, 
and geotechnical engineers are trained and licensed 
to evaluate the soil conditions and recommend ap­
propriate action.

When hiring such a consultant, you are asking 
an experienced professional to review a potential 
problem and possibly to provide plans and specifica­
tions for correcting the problem. The amount of 
work required is not known when you hire the con­
sultant, and thus it is important to select someone 
you trust, and to develop a scope of work as you 
proceed. A good place to start is to call a profes­
sional organization (refer to the Other Sources of 
Information section at the back of this pamphlet) 
and ask for information about the different types of 
work that might be required, for information about

how to select an engineer, geologist, or architect, 
and for a list of members in your area. Contact sev­
eral firms or individuals to determine if they do the 
different types of work you need. Ask for information 
that explains the type of firms they are and that 
identifies others whom they have served. Check to 
see how satisfied other clients were. Recognize that 
the quality of the advice given and of the work per­
formed, as well as the price you pay, may depend 
critically on the care you take in making a selection.

Become informed. Even if you do not understand 
the technical details, ask enough questions to un­
derstand the concepts and relative importance of 
the issues involved. Do not be afraid to ask ques­
tions that you fear might appear foolish. Your money 
is going to be expended and your life and belongings 
are at risk, so you have a right to understand what 
needs to be done and why.

For projects more complex than inspecting a single­
family home, you should meet with the selected firm 
and discuss the options. In almost every case, there 
will be a number of approaches for solving any given 
problem. Get the consultant to explain the pros and 
cons of each, as well as the dollars and risks in­
volved. Once this is done, you will have defined the 
work the consultant will do for you. Then a fee can 
be set and you can discuss how changing the work 
would change the fee.

State and federal agencies do not inspect individ­
ual buildings. Your local building department may 
be willing to inspect your building, but they are not 
authorized to recommend actions to be taken.

If you believe a structure that you or 
your family uses is hazardous and you would 

like to find out more or determine who you 
can consult, refer to the Other Sources of 
Information section at the back of this pam­
phlet. Ask the building owner what consid­

eration has been given to seismic design and 
strengthening. Many civil and structural 

engineers and architects are trained and li­
censed to investigate the strength of a struc­
ture and to recommend appropriate action to 
reduce earthquake risk.

An un-reinforced masonry building in 
Anchorage collapsed during the 1964 
Good Friday earthquake.

For single-family homes, ask a licensed 
engineer or architect to look at your home 

while you are present and to discuss the 
seismic issues with you. A written report, 
or plans and specifications for corrective 
action, may involve more time. You may 

want to ask for a seismic inspection before 
buying a new home.

Earthquake Insurance
Standard homeowners insurance does not 

cover damage and destruction that happens as 
a result of an earthquake. Many people are 
unaware that their existing fire insurance does 
not cover fires caused by earthquakes. The 
1989 Loma Prieta earthquake in California 
caused over 6 billion dollars in damage, but 
insured property damage accounted for only 
16% of this loss. In Alaska, about 1 in 3 home­
owners have purchased earthquake insurance. 
The most common type of earthquake insur­
ance is normally added as an endorsement on 
a standard homeowner’s insurance policy. 
Typically, there is a deductible of 10 percent of 
the value of the home. This means that for a 
home currently insured at $200,000 you would 
have to pay $20,000 in damages before the 
insurance company would pay anything. Sepa­
rate deductibles may apply to the contents of 
the house and the structure. Another impor­
tant coverage is temporary living expense, 
which pays for motel and meals if you have to 
move out of your home. There is usually no 
deductible on this coverage. The yearly cost of 
residential earthquake insurance is normally 
about $3.00 per $1,000 of coverage on a con­
ventional frame home. However the rate may 
rise to $13 per $1,000 of coverage on structures 
with brick or masonry veneer on the outside. 
Clearly, the insurance industry considers 
homes with brick or masonry to be a greater 
risk in an earthquake. Thus far, homeowners 
insurance carriers do not consider whether the 
soils you live on are potentially dangerous. To 
find out more about earthquake insurance, ask 
your insurance agent.



Earthquakes in Alaska
Earthquake risk is high in much of 
the southern half of Alaska, but it is 
not the same everywhere. This map 
shows the overall geologic setting in 
Alaska that produces earthquakes. The 
Pacific plate is sliding northwestward 
past southeastern Alaska and then 
dives beneath the North American 
plate in southern Alaska, the Alaska 
Peninsula, and the Aleutian Islands. 
Most earthquakes are produced where 
these plates come into contact and slide 
past each other. Major earthquakes 
also occur throughout much of interior 
Alaska as a result of collision of a piece 
of crust with the southern margin.

This map is modified from 
“Earthquakes in Alaska” 

hy Peter Haeussler and George Plafker,
U.S. Geological Survey Open File Report 95-624 
http://geopubs.wr.usgs.gov/open-file/of95-624/
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The 1964 earthquake was the second 
largest ever recorded in the world. 
The area within this yellow patch 
slipped seaward up to 66 feet.

\ C

The Queen Charlotte-Fairweather fault 
presents the greatest earthquake hazard 
to residents o f southeast Alaska.
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D eterm ine i f  you  live or work in hazardous areas

Earthquake damage is typically 
concentrated in areas that can be iden­
tified in advance. The amount o f 
shaking experienced in an earthquake 
can be very different in locations less 
than a hundred yards apart. Deter­
mine fo r  yourself i f  the places where 
you live and work are particularly 
dangerous. Asking the questions on 
the following pages, and seeking the 
answers, is an excellent start.

Do you live where the ground can 
settle, slide, or shake violently?

Landslides are likely to be triggered by 
significant earthquakes, especially on steep 
slopes and in areas underlain by soft 

ground. During the 1964 Alaskan earth­
quake, much of the Turnagain Heights area 
of Anchorage slid toward Knik Arm because 

the area is underlain by a kind of soft, wet 
clay that is prone to sliding if shaken vio­

lently. The clay in the Anchorage area and 

other types of soft ground can also intensify 
the shaking of an earthquake.

Fortunately, most areas that can settle, 
slide, or shake violently can be identified 
before the next major earthquake. Even rea­

sonably detailed maps give only an overview 
of the potential for shaking, liquefaction, 

landslides, faulting, and damage. To investi­
gate a particular building site, you should 
consult an engineering geologist, geotechni- 
cal engineer, or a foundation engineer.

Securing your home to 
your foundation

Bolting the wood frame of an older house to its 
concrete foundation can significantly reduce 
earthquake damage. Specialty foundation bolts 
that glue in place with epoxy are available for 
securing walls to foundations. These work best 
with older foundations since old concrete tends 
to be very brittle. Conventional expansion bolts 
may crack older concrete. Follow the manufac­
turer’s instructions for installation.

About 75 homes in the Turnagain Heights area o f Anchorage were destroyed in 
1964 by a massive landslide. This area is underlain by soil that flows like water 
when it is shaken.

This is a map o f the Anchorage area showing the relative chances o f earthquake- 
induced groundfailure in different locations. I f  the ground “fails" during an earthquake, 
it will probably shake excessively, cracks may open up on the surface, and the area 
may be involved in a landslide. Buildings on areas with high ground-failure 
susceptibility may be severely damaged in fu tu re  earthquakes. This map is not 
intended as a substitute fo r  on-site investigations by a professional geologist or 
geotechnical engineer. Source: Anchorage Coastal Resources Atlas, v. 1, Anchorage 
Bowl available a t local libraries, or online at

www.dggs.dnr.state.ak.us (Publication MP32)

Cook Inlet

Explanation
Lowest ground failure susceptibility 

iHH Moderaterly low ground-failure susceptibility 
I Moderate gound-failure susceptibility 

i High gound-failure susceptibility 
■ H  Very high gound-failure susceptibility 

Coastal mudflats

http://www.dggs.dnr.state.ak.us


Soil Liquefaction
W hen loosely packed and wet sand is shaken during an earthquake, it may 

flow like liquid. This is called liquefaction. Anyone who has walked on a beach may 

have seen a small-scale version of this process. Stamp your foot in the sand near the 

water’s edge and suddenly the area of your footprint vibrates like gelatin.

Earthquake-induced liquefaction is often accompanied by cracks in the ground 
surface and small eruptions of sand and water called sandblows. During the 2002 
Denali Fault earthquake, people in Northway watched sand erupting 4 feet out of the 

ground. W hen a soil liquefies, it is unable to support the weight of the ground or any 
structures above it. Bridges and buildings may settle and tilt even though they with­
stood strong ground shaking. If the liquefied area is on a slope, massive landslides 

may result.

The Bootlegger Cove Formation is the name of a soil that underlies much of 
Anchorage. Liquefaction of a part of the Bootlegger Cove Formation caused much of 
the destruction in  the Anchorage area during the 1964 earthquake, and it causes 

people to feel earthquakes more strongly in western Anchorage. Soils that liquefy 
are not limited to the Anchorage area, but are present in many low-lying parts of 
Alaska where soil near the surface is saturated with water.

A sandblow tha t occurred in the central Alaska Range as a result o f soil 
liquefaction from  ground shaking during the November 3rd, 2002 Denali 
Fault Earthquake.

If you took two books, put them side- 

by-side, and then slid one of the books past 
the other, you would be imitating the pro­
cess that makes earthquakes. The surface 

along which the two books slipped past 
each other is called a fault. In the E arth’s 
crust, huge blocks of rock can move past 

each other along faults. W hen these blocks 
slip suddenly, an earthquake is produced. 
Faults are common in the E arth’s crust, but 
only some will produce earthquakes. These 
are called “active faults.”

Severe damage is particularly likely 

wherever structures are built directly on 

top of active faults. The 2002 Denali fault 
earthquake in central Alaska displaced the 

ground up to 29 feet from side to side. Al­

though the earthquake offset the Trans 
Alaska Pipeline about 19 feet, design engi­
neers had anticipated what would happen 

in such an earthquake and the pipeline 
survived without a single drop of oil being 
spilled. The location of active faults can 
often be determined before a major earth­

quake. Buildings that sit on top of, or very 
close to these features should be considered 

especially dangerous.

Many earthquake-producing faults in 

Alaska lie far beneath the Earth’s surface. 
In fact, most residents of southern coastal 

Alaska live above a huge fault called the 

“Aleutian Megathrust” (see pages 12,13 and 
21). The 1964 Good Friday earthquake, and 
most major earthquakes in southern Alaska, 

are related to movement along this fault. 

Ground shaking caused by earthquakes on 

these deep faults is a more widespread haz­
ard than the ground shaking caused by shal­

low faults. Nevertheless, a small earthquake 

close by can be just as destructive as a big 
earthquake farther away.

Do you live on a fault?



Tsunami basics

Tsunamis are ocean waves produced by earthquakes. The word comes from  
the Japanese language and means “harbor wave,” because o f the devastating 
effects these waves have had on low-lying Japanese coastal communities. Tsu­
namis are often incorrectly referred to as “tidal waves.” N ot all earthquakes 
produce tsunamis, but when they do, the waves may sweep ashore causing 
damage both locally and at places thousands o f miles from  the earthquake 
epicenter. More than 90 percent o f the deaths from the 1964 earthquake were 
the result o f tsunamis. One hundred and six Alaskans died from  these waves 
and an additional 16 people died from  tsunamis that reached California and 
Oregon after the event.

Tsunamis consist of a series of waves 

with periods (the time between wave crests) 
from several minutes to an hour. These 
long periods cause the waves to behave dif­
ferently than shorter period, wind-generat­

ed waves. W hereas wind-generated waves 

will break and diffuse energy offshore, 
tsunamis normally do not break, and ar­

rive as a flooding wave with strong cur­

rents. For this reason, even tsunamis in the 
range of 3 to 6 feet in height can produce 
damage along shorelines. Tsunamis are not 
dangerous in deep water and they are 

rarely noticed by ships at sea. In the deep 
ocean, tsunamis travel at approximately 
500 mph and may be only inches high. 
However, the same wave will slow down

and gain height dramatically as it enters 
shallow coastal water.

Tsunamis are produced in several 
ways. One way is by sudden regional uplift 

or subsidence of the seafloor during an 
earthquake. Tsunamis begun in this way 
can travel long distances and cause destruc­

tion thousands of miles from where the 
wave was generated. Underwater land­
slides, called slumps, are another cause of 
tsunamis. Destruction in Seward, W hittier, 
Valdez and other places in 1964 was caused 

by waves triggered by underwater land­
slides. These tsunamis are normally local­
ized, but they are deadly because they reach 
the shoreline very quickly. Above-water 

landslides can also cause local tsunamis if

Tsunami Inundation Mapping for Alaskan Communities

The Alaska Earthquake Information Center helps Alaskan 
coastal communities to mitigate the risk from tsunamis by 
mapping the potential inundation zones for each communi­
ty. This project is a part of the National Tsunami Hazard 
Mitigation Program, a cooperative effort of NOAA, the USGS, 
and the western coastal states of Alaska (AEIC, DHS&EM, ADGGS)
Washington, Oregon, California, and Hawaii. This process involves iden­
tifying likely tsunami sources for each coastal community, calculating potential 
areas of inundation using a detailed computer model, and creating a hazard map 
and report. These products are used by local emergency managers to create evacuation 
plans, and for public education about tsunami risk and other hazard mitigation efforts.

Many of Alaska’s coastal communities have the highest tsunami hazard found anywhere in the 
United States. Mapping is planned for all coastal communities with significant risk. The DHS&EM 
prioritizes communities for inundation mapping based on historical tsunami hazard, population and in 
frastructure at risk, availability of bathymetric and topographic data, and the level of community commit­
ment to hazard mitigation. High-risk communities such as Kodiak, Homer, Seward, and Sitka have taken top 
priority. Work will continue until all communities meeting DHS&EM criteria are accurately mapped.

they enter a body of water. On July 9,1958, 

in Lituya Bay, Alaska, a large earthquake 
started a giant landslide that ran into the 

head of the bay and generated a tsunami. 

The wave ran up a mountainside on the 
opposite side of the bay to a height of more 
than 1,720 feet. Two fishing vessels an­
chored in the bay sank and two people died. 

Volcanic eruptions are also capable of initi­
ating tsunamis, especially in parts of 

Alaska where active volcanoes are located 
close to the sea. If volcanic mass flows, such 
as debris avalanches, lahars, or pyroclastic 
flows are large enough, they may initiate 

waves as they pass into the ocean. Although 
tsunami generation by these processes is 
relatively uncommon, under certain condi­
tions large and damaging tsunamis can re­

sult and they do pose a threat to coastal 
communities in some areas of the Alaska 
Peninsula, the Aleutian Islands and south­

ern Cook Inlet.

W hite areas indicate tsusami crests and  
dark blue areas indicate depression o f  
sea level. Tsuami simulations like this 
one are used to create inundation  
maps fo r  A laska’s coastal communities. 
Seismic events tha t occur within the 
Alaska-Aleutian subduction zone have 
a high potentia l fo r  generating both 
local and Pacific-wide tsunamis. These 
three snapshots show a computer sim­

ulation o f the tsunami generated by 
the 1964 earthquake a t different 

time intervals. Kodiak Island is 
in the center o f the frame.



Reducing Tsunami Damage and Danger

Fortunately, tsunami damage can be minimized through land use planning, preparation, and evacuation. Tsunamis 
tend to impact the same localities over and over again. Therefore, i f  tsunamis have damaged an area before, they are 
likely to do so again. One choice is to avoid living in or using areas with significant tsunami hazard. Alternatively, com­
munities can review land use in these areas so that no critical facilities, such as hospitals and police stations, or high oc­
cupancy buildings, such as auditoriums or schools, or petroleum-storage tanks are located where there is tsunami hazard.

Following the shaking of the 1964 

earthquake, Alaskans in coastal areas who 
did not feel the earthquake had little or no 
warning that a tsunami was on its way. As 
a result, the West Coast/Alaska Tsunami 

W arning Center was established. The W C/ 
ATWC rapidly determines whether an 
earthquake in coastal Alaska may generate 
a tsunami, and issues a warning if neces­
sary. After a warning is issued, people in 

the threatened area should immediately 

evacuate inland or to high ground. The 
WC/ATWC will issue a warning within 10 

minutes after an earthquake occurs, but 

that is not a fast enough warning if there is 
a local tsunami. People near shore who feel 
an earthquake for 15-20 seconds or longer 

should heed nature’s warning and quickly 
move to higher ground. A good rule of 
thumb is to move to 100’ above sea level or 

1 mile inland. People who are already on 
boats when an earthquake occurs should 
understand that the safest place to be is in 

deep water where wave energy is diffuse.
Tsunami warnings issued by the W C/ 

ATWC are disseminated to local emergency 

officials and the public in Alaska by several 
different methods: FEMA’s National W arn­
ing System, the State of Alaska Division of 

Homeland Security and Emergency Man­
agement, the U.S Coast Guard, National 
Weather Service, the Emergency Alert Sys­

tem, NOAA Weather Radio, the Federal 
Aviation Administration, and the W C/ 
ATWC web site -  wcatwc.arh.noaa.gov/mes- 
sage.shtml. During tsunami warnings, local 

emergency managers are responsible for 
conducting evacuations and notifying resi­
dents. In the event of a large tsunami, the 
local emergency managers are also respon­

sible for issuing the all clear notice.
The National W eather Service 

has developed a program known as 
TsunamiReady. This program pro­
vides communities with a set of guide­
lines to follow which enhances tsuna­

mi preparedness. If a community 
satisfies all the program’s criteria, 

they are designated TsunamiReady 
by the NWS and the State DHS&EM. 
Several communities in Alaska and
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along the U.S. west coast have already 

been certified as TsunamiReady. Tsu­
nami inundation maps are available for 

some coastal communities showing the ar­

eas that are at risk from tsunami waves. 
On the basis of these maps, emergency 

planners can develop evacuation plans and 

maps that indicate what areas should be 
avoided and evacuated after a major earth­
quake, and the routes that people should 
follow to reach safe ground.

Top: Following the 1964 earthquake, 
tsunamis a t Kodiak washed away most 
buildings within two blocks o f the water 
and deposited fishing boats hundreds o f 
fe e t inland. 158 houses in Kodiak were 
destroyed by the tsunami. Bottom: In 
Seward, an Alaska Railroad locomotive 
was overturned and swept up to 100' 
inland by the tsunami.



□  A strong earthquake felt in a low-lying 
coastal area is a natural warning of possible 
immediate danger. Keep calm and quickly 
move to higher ground, away from the coast.

□  Not all large earthquakes cause tsuna­

mis, but many do. If the quake is located 
near or directly under the ocean, the prob­

ability of a tsunami increases. W hen you 

hear that an earthquake has occurred in 
the ocean or coastal region, prepare for a 
tsunami emergency.

□  A tsunami is not a single wave, but a se­
ries of waves. The first wave is not necessar­
ily the largest. Stay out of danger until an “all 

clear” is issued by a competent authority.

□  Approaching tsunamis are sometimes 

heralded by a noticeable rise or fall of 
coastal water. This is nature’s tsunami 
warning and should be heeded.

□  A small tsunami at one beach can be a 

giant a few miles away. Don’t let the modest 
size of one make you lose respect for all.
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Damage in Sewardfollowing the 1964 earthquake. The waterfront area, railroad 
yard, and petroleum storage tank facilities were devastated by the tsunami.

□  Sooner or later, tsunamis visit every 
coastline in the Pacific. All tsunamis, like 
hurricanes, are potentially dangerous even 

though they may not damage every coast­

line they strike.

□  Never go down to the shore to watch 
for a tsunami. W hen you can see the wave 

you are too close to escape.

□  During a tsunami emergency, your lo­
cal emergency management office, police 
force, and other emergency organizations 

will work to protect your life and property. 

Give them your fullest cooperation.

□  Stay tuned to your radio, marine radio, 
NOAA W eather Radio, or television sta­
tions during a tsunami emergency. Bulle­

tins issued through your local emergency 
management office and the National 
W eather Service offices can save your life.

W hen a large earthquake occurs near the coastline of the northern Pacific Ocean, an automated system at the West Coast/Alaska 
Tsunami W arning Center rapidly determines its location (epicenter) and magnitude. If the earthquake is located offshore and has a 

magnitude of 7 or larger it is considered large enough to generate a tsunami. A tsunami warning is then issued for a limited area near 

the epicenter of the earthquake. This warning is issued in Alaska through the military, Coast Guard, National W eather Service, Alaska 
Division of Homeland Security and Emergency Management, Federal Aviation Administration and other federal agencies. A tsunami 
watch is issued to adjacent areas of Alaska, Canada, and West Coast states as appropriate, alerting them to a possible tsunami threat.

If a significant tsunami is detected by instruments that measure tides near the epicenter of the earthquake, the warning will be 
expanded to the entire coastline of the region. If no wave was generated, the warning will be canceled. Although this will occasionally 
cause a warning to be issued when no wave is present, the alternative of leaving communities unaware of a potential disaster is undesir­
able. The West Coast/Alaska Tsunami W arning Center works closely with the other tsunami warning centers because tsunamis gener­
ated in distant parts of the Pacific Ocean, such as Japan or Chile, have also reached Alaska. A tsunami from northern Japan would take 

4 hours to reach Adak Island and 8 hours to reach Kodiak, which allows Alaskans time to prepare if a watch has been issued. A tsunami 

travels from Peru or Chile to Kodiak in 16 to 18 hours.
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Measuring an earthquake

The energy suddenly released during 

an earthquake can produce a terrifying ex­
perience. The energy of the 1964 Alaska 

earthquake was equal to that of 63,000 Hi- 

roshima-size atomic bombs. The size of an 
earthquake is commonly stated in terms of 

its magnitude, and the effects of an earth­

quake are measured by its intensity.
There are several ways that earthquake 

magnitude is expressed. The most famous 
was devised in 1934 by the late Dr. Charles 
F. Richter. On the Richter scale, and other 

magnitude scales, each whole number step 
represents a tenfold increase in the size of 
seismic waves measured on a seismograph- 

a machine that measures how much the 

ground moves in an earthquake. However, a 
single step on the Richter scale corresponds 
to a thirty fold increase in the amount of 
energy released in an earthquake. The news 

media usually refer to the size of an earth­

quake as having been measured on the 
Richter scale. However, a number of differ­

ent scales are in common use. For example, 
the “moment” magnitude is now the stan­
dard for measuring large quakes. Since the 

late 1970s, scientists have determined that 
Richter magnitudes can underestimate the 
energy released by the largest earthquakes. 
As a result, the magnitude of the 1964 
earthquake in Alaska, which was initially 
assigned a Richter magnitude of 8.4, is now 

considered to have had a magnitude of 9.2. 
The intensity of an earthquake is not mea­
sured using seismographs like Richter-scale 

magnitudes are, but is based upon earth­

quakes’ effects on man-made structures. 

The intensity of an earthquake can be very 
different in places only a hundred feet apart 
because the amount of shaking, and there­
fore the damage, depends upon the kind of 

soil or rock beneath a particular location.

A modified version of the Mercalli in­

tensity scale, developed in 1902 by an Ital­
ian geologist, is often used to measure 
earthquake intensity. This scale ranges be­
tween Roman numerals “I,” which is rarely 

felt, to “XII,” which results in damage to 

nearly all structures. The scale is outlined 
in the table below.

Most residents in earthquake-prone 

parts of Alaska have experienced intensities 
up to IV. In the 1964 Alaska earthquake, 

there were Mercalli intensities of X near the 
epicenter of the quake in Prince William 
Sound; there were intensity VII effects in 
Kodiak, Homer, Seward, Valdez, Cordova, 

and Anchorage; there were intensity V to VI 
effects in Fairbanks, Fort Yukon, Yakutat, 
and Sitka. Regardless of how the magnitude 

or intensity of an earthquake is measured, 
any earthquake is significant if it impacts 
you, your family, or your community.

Earthquake Magnitude and Intensity Scales Compared

Earthquake
Magnitude

Equivalent Energy in 
Weight of TNT

Equivalent Energy in Hiroshima- 
size Atomic Bombs

Mercalli Intensity Near 
the Epicenter

Human Observations

4 15 tons 1/1000 inn Feels like vibration from a 
nearby truck.

5 477 tons 3/100 IV-V Small objects are upset, 
sleepers awaken.

6 15,095 tons 1 VI-VII Difficult to stand, damage 
to masonry.

7 477,335 tons 32 vn-vm Widespread panic, some 
walls fall.

8 15,094,673 tons 1006 IX-XI Wholesale destruction, large 
landslides.

9 477,335,482 tons 31,822 xi-xn Total damage, waves seen on 
ground surface.



History o f  earthquakes in Alaska

Written records o f earthquakes in Alaska extend hack only to 1788, 
however, studies o f more ancient earthquakes can give a better understand­
ing o f where they occur, how often they occur, and how large they are. Stud­
ies o f recent marine and river sediment layers, buried forests and soils can 
reveal a record o f subsidence or uplift related to major earthquakes. Past 
tsunamis sometimes leave recognizable sand deposits. In certain cases, tree 
rings can be used to estimate when an ancient earthquake occurred. Carbon 
14 dating o f sedimentary layers that have been offset by faults, or submerged 
in coastal areas during large earthquakes, can help to determine when an­
cient earthquakes occurred. The oral history o f Alaska Natives includes 
legends and stories that may relate to prehistoric earthquakes.

In Alaska, the study of ancient earth ­

quakes, or paleoseismology, indicates that 
the last earthquake of comparable size to 
the 1964 Good Friday earthquake oc­

curred 600 to 800 years ago. Some may 
conclude that because there was a major 
earthquake just 40 years ago that there is 
no longer much earthquake hazard in 
parts of southern Alaska. However, large 

earthquakes, on the order of magnitude 7 

to 8, occur much more often and can be 
extremely devastating if they are close to 

population centers.
Looking at the geology of Alaska can 

help us to understand why there are earth­

quakes and where they occur.

Why there are Earthquakes 
in Alaska

The surface of the Earth, also known 
as the crust, is made up of a dozen or so 

large fragments called “plates.” Most of 
these plates are more than a thousand 

miles across and more than 40 miles thick. 
The E arth’s crust has been composed of 

moving plates for at least four billion years, 
and these plates will continue to shift in 
the future. The movement of the plates oc­
curs because it is hot in the middle of the 

Earth, and relatively cold at the surface. 
The Earth cools off by convecting hot 
mantle to the surface and releasing heat at 
the mid-ocean ridges where the crust is

thinnest. Hot mantle spreads away from 

the mid-ocean ridges and eventually cools 
and sinks back toward the middle of the 

Earth, where it is reheated before rising to 
the surface again. This convection cycle 

causes the plates to move steadily, but 

slowly, away from the mid-ocean ridges 
and past each other at rates up to 4 inches 

per year. Most earthquakes occur at the 

plate boundaries where pieces of the crust 
are sliding past each other, and some 
earthquakes are internal to plates.

These immense plates move at a steady 
rate, but at their edges the sliding motion is 

neither smooth nor constant. The motion of 
the plates strains or deforms the rocks at 
their boundaries because of friction with 

the neighboring plate until the rocks can 
no longer w ithstand the stress. Then, a sud­
den slip along a fault releases energy that 

causes earthquake shaking. W hen the 
plates are not slipping by each other, but 
are “locked” together, no earthquakes oc­

cur. Eventually enough strain will build up 

to cause the locked section to break and the 
two plates will slide past each other, caus­
ing an earthquake. The making of earth­

quakes is a bit like pulling a concrete block 

across a rough surface with a bungee cord. 

At first you pull on the bungee cord, it 
stretches out, and the block does not move. 
Eventually, the pull on the cord is strong 
enough to get the block moving, it slides

Alaska Earthquake Statistics
Each year about 12,000 earthquakes shake 
the state of Alaska. That’s an average of more 
than 30 each day!

□  Alaska has 11 percent of the world’s
recorded earthquakes.

□  Alaska has more earthquakes than the
rest of the United States combined.

□  Three of the six largest earthquakes in
the world were in Alaska.

□  Seven of the ten largest earthquakes in
the United States were in Alaska.

Since 1900, Alaska has had an average of:

□  One magnitude 8 or larger earthquake
every 13 years.

□  One magnitude 7 to 8 earthquake
every year.

□  Six magnitude 6 to 7 earthquakes
per year.

□  Fortyfive magnitude 5 to 6 earthquakes
per year.

□  Threehundred and twenty magnitude 4
to 5 earthquakes per year.

□  An average of a 1,000 earthquakes are
located in Alaska each month.

forward with a jerk, and then stops. If you 

keep pulling, the cycle repeats itself, just 
like the earthquake cycle. There are a 
number of different regions that produce 

earthquakes in Alaska, and all are the 
result of the sliding of the Pacific plate 
toward the northwest, past southeastern 

Alaska and beneath southern Alaska.
The next two figures shows where 

earthquakes occur in southern Alaska. The 

Pacific plate is located beneath the Pacific 
Ocean and slides past southeastern Alaska 
at a rate of about 2 inches per year. The 
main fault near southeastern Alaska, along 

which the plates slide past each other, is 
called the Queen Charlotte-Fairweather 

fault. It is essentially a northern continua­
tion of the more famous San Andreas fault 
in California. The Queen Charlotte-Fair­

weather fault is a right-lateral strike-slip

------
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Above: This map shows the combined seismic hazard in much o f Alaska. The highest 
seismic hazard is shown in red, the lowest in green. The highest hazard lies along the 
plate margins, along the margins o f the Yakutat terrane, and in zones where the Yakutat 
terrane collision is affecting interior Alaska. The Yakutat terrane collision is ultimately 
pushing up M t. McKinley (Denali). Note: this hazard map does not portray local 
variations in earthquake hazard due to soil conditions. Below: This map shows that the 
plate tectonic setting o f southern Alaska consists o f the Pacific plate sliding past 
southeastern Alaska and beneath southern Alaska. The Pacific plate can be thought o f  
as a conveyor belt. Riding on the Pacific plate is the Yakutat terrane (YAK), which is a 
buoyant piece o f crust that is colliding with the southern Alaska margin. Interior Alaska 
is also being squeezed because o f the collision o f the Yakutat Terrane. Earthquakes 
occur along plate boundaries and in interior Alaska where it is being squeezed.

fault, which means that if you were looking across the fault at another 
person, they would move to your right during an earthquake.

There was a magnitude 7.8 earthquake on this fault in 
1958. The entire southern Alaska-Aleutian mar­

gin is a subduction zone where the Pacific 
plate is sliding to the northwest beneath 
the crust of southern Alaska, down into 

the Earth’s mantle. Subduction zones 
produce the world’s largest earthquakes, 

and most earthquakes felt in the Anchor­
age area are subduction zone earthquakes.
There are several kinds of subduction zone 

earthquakes. The 1964 earthquake was a ‘mega­
thrust’ earthquake related to sliding along the shallow­
est part of the subduction zone. Farther down the subduc­

tion zone, the Pacific plate bends downward into the mantle.
The bending process cracks the Pacific plate in the same way as 
if you were bending a candy bar, and this causes earthquakes. By far 

the most commonly felt earthquakes in southcentral Alaska are related

to the sliding and bending of the Pacific 

plate between 18 and 60 miles beneath the 
earth ’s surface. These are called ‘intraplate’ 
earthquakes, and they can approach mag­

nitude 7.5. The magnitude 6.8 Nisqually 
earthquake in Washington State in 2001 
was an intraplate earthquake that caused 

an estimated 2 billion dollars in damage. 

Earthquakes in interior Alaska are caused 
by the collision of a piece of crust into the 

edge of southern Alaska. The collision is 

occurring near Yakutat, and thus the piece 
of crust is called the Yakutat terrane. The 

Yakutat terrane is moving quickly, at al­
most 2 inches per year. Earthquakes are 
generated at the margins of the Yakutat ter­

rane, and further inland where the crust of 
Alaska is breaking in response to being 
shoved northward. The Denali fault is the 

largest of the faults in interior Alaska and 
it moves in response to the Yakutat terrane 
collision. On November 3rd, 2002, a mag­
nitude 7.9 earthquake on the Denali fault 

caused more than 40 million dollars in 
damage. There are other faults on both 
sides of the Alaska Range, and in the Cook 

Inlet region, that may have infre­

quent shallow, and damaging 

earthquakes.
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Seismic monitoring in Alaska

Geophysical Institute, UAF

Alaska Earthquake
Seismic monitoring in Alaska is conducted for a variety o f [ " 1 1  .Information Center
reasons. Foremost is the need to provide timely information 
to the public about the location and magnitude o f significant 
earthquakes that may threaten life and property. Monitoring 
is also carried out to gather information used to improve the engineering and design o f buildings fo r  better resistance to 
earthquake damage. Seismic activity can also be an indication o f tsunami generation (described on page 17) or volcanic 
activity. Monitoring is carried out on 25 o f Alaska’s volcanoes by the Alaska Volcano Observatory in order to detect 
eruptions that may pose a threat to the public.

The Alaska Earthquake Information Center (AEIC: a partnership between the Sate of 

Alaska/UAF, USGS, and NOAA) collects all available seismic data into a single statewide 

network and serves as the Regional Data Center for the state. The AEIC records and 
processes data from a network of more than 400 seismic stations distributed across Alaska, 

which transm it seismic data in near-real-time to the AEIC laboratory at the Geophysical 

Institute in Fairbanks.

Above: Technician Ed Clark perform­
ing maintenance a t the Chaix Hills 
seismic station near Icy Bay. Left: The 
statewide network o f seismic monitor­
ing stations processed by the AEIC.
Far Left: The seismic signal generated 
by the November 3rd, 2002 Denali Fault 
earthquake, recorded in Fairbanks.

The size and location of every earthquake in Alaska (of magnitude 1.5 and larger in the 
mainland and magnitude 4 and larger in the Aleutian Chain) is cataloged and archived 

at the AEIC and made available as information releases to federal and state agencies, 

news organizations, and the public through the AEIC and USGS web sites. AEIC person­
nel analyze and report roughly 12,000 earthquakes each year and notify local, state and 

federal officials of the location and size of every significant earthquake 

(magnitude 3.5 and larger in the mainland and magnitude 5 and larger 
in the Aleutian Chain) within 30 minutes of occurrence. The earthquake 
data cataloged by the AEIC and USGS are used by scientists and govern­
ment officials for a variety of purposes including research into the active 
tectonics of Alaska, determination of regional seismicity, and mapping of 

seismic hazard zones within the state.

Alaska State Seismologist Roger Hansen 
analyzing seismic signals being recorded 
a t the AEIC.



Other Sources of Information
Additional Web Links

Petroleum storagefacilities at Valdez burn 
out o f  control following the 1964 Good 
Friday earthquake and tsunami.

Your local library is a good place to start. Ask for the material referenced below. 
Many valuable information resources are available on the World Wide Web.

Internet addresses are provided in the sections below.
Look at the “Earthquake Safety Information”in the introductory pages 

of most telephone directories.
Ask your local chapter of the American Red Cross for pamphlets on 

preparedness and survival.

Agencies & Organizations:

Alaska Earthquake Information Center, www.aeic.alaska.edu,
Geophysical Institute, University of Alaska Fairbanks, 903 Koyukuk Dr., P.O. Box 757320, Fairbanks, AK 
99775-7320, (907) 474-7320. Provides seismic monitoringfor the State of Alaska andhas compilations 
of location, magnitude, and depth of Alaskan earthquakes.

Alaska Division of Geological & Geophysical Surveys, www.dggs.dnr.state.ak.us, 3354 
College Road, Fairbanks, AK 99709, (907) 451-5010. Technical publications and maps about energy 
and mineral resources, geologic hazards, and water resources.

West Coast/Alaska Tsunami Warning Center, wcatwc.arh.noaa.gov, Palmer, AK, (907) 
745-4212. Provides tsunami bulletins to coastal residents of Alaska, B. C., and the U. S. west coastfor 
potentially tsunami-generating earthquakes in the Pacific basin.

Applied Technology Council, www.atcouncil.org, 555 Twin Dolphin Dr., #550, Redwood City, 
CA 94065, (650) 595-1542. Provides technical publications for engineers, architects, and other people 
interested in the details ofdesign for reducing earthquake damage to buildings and their contents.

Alaska Division of Homeland Security and Emergency Management. 
www.ak-prepared.com, P.O. Box 5750, Fort Richardson, AK 99505-5750, (907) 428-7000 or (800) 
478-2337. Conducts preparedness and mitigation programs and workshops. Materials available 
upon request.

Earthquake Engineering Research Institute, www.eeri.org, 499 14th St. #320, Oakland, CA 
94612-1934, (510) 451-0905, eeri@eeri.org. Technical information o f most interest to engineers, re­
searchers, and practicing professionals. Videotapes, annotated slide sets, and reconnaissance reports 
about earthquake hazard mitigation and the response of 
buildings, lifelines, and bridges during major earth­
quakes around the world. Free catalog.

Federal Emergency Management Agency. 
www.fema.gov, Region 10 (includes Alaska),
130 228th Street, SW, Bothell, WA 98021-9796,
(425) 487-4604.

www.aeic.alaska.edu/cgi-bin/release_info.pl 
Alaska Earthquake Information Center web­
site with list of most recent earthquakes in 
Alaska.

earthquake.usgs.gov - Main web page of 
USGS earthquake hazards program, with in­
formation about recent large earthquakes 
around the world.

geopubs.wr.usgs.gov/open-hle/of95-624/ 
“Earthquakes in Alaska” poster of centerfold 
of this pamphlet.

pasadena.wr.usgs.gov/shake/ak - “Did You 
Feel It?” Web site to report felt earthquakes.

earthquake.usgs.gov/shakemap - ShakeMap 
website, which will have a link to Alaska 
when it becomes available.

www.fema.gov/kids - “FEMA for Kids” web­
site, current disaster information, prepared­
ness, facts and figures, disaster experiences 
related by children, games & quizzes.

www.fema.gov/hazards/earthquakes - Earth­
quake safety and preparedness information.

www.prh.noaa.gov/pr/ptwc/ - Main web page 
of the Pacific Tsunami Warning Center

wcatwc.arh.noaa.gov/tsunamiready/tready. 
htm - The “TsunamiReady” program of the 
National Weather Service

Municipality of Anchorage. Building Safety 
Division, www.muni.org/bsd/mainpage.cfm,
P.O. Box 196650, Anchorage, AK 99519-6650, (907) 343- 
8211. Conducts and provides training for post-earth- 
quake building safety evaluations.

U.S. Geological Survey, www.usgs.gov, 4200 Uni­
versity Dr., Anchorage, AK 99567-4667, (907) 786 7011. 
Publications and maps concerning earthquake haz­
ards, faults, volcanoes, and permafrost.

http://www.aeic.alaska.edu
http://www.dggs.dnr.state.ak.us
http://www.atcouncil.org
http://www.ak-prepared.com
http://www.eeri.org
mailto:eeri@eeri.org
http://www.fema.gov
http://www.aeic.alaska.edu/cgi-bin/release_info.pl
http://www.fema.gov/kids
http://www.fema.gov/hazards/earthquakes
http://www.prh.noaa.gov/pr/ptwc/
http://www.muni.org/bsd/mainpage.cfm
http://www.usgs.gov


American Red Cross

Anchorage Fairbanks
(907) 646-5400 (907) 456-5937

Juneau Soldotna
(907) 463-5713 (907)262-4541

Wasilla (907) 357-6060

Local Emergency 
Management Offices

Anchorage 
(907)343-1400 

Current Emergency Information: 
(907) 343-4701 

24 hour number through 
Anchorage Fire Dispatch: 

(907) 267-4950

Fairbanks
(907) 459-1481 

24 hour number:
(907) 474-7721

Kenai
(907) 262-4910

Mat-Su Valley
(907) 373-8800

Books and Materials for Children. 
Parents and Teachers

Age 3- 8:
We Shake in a Quake. By Hannah Gelman 
Givon, Illustrations by David Uttal, Ten Speed 
Press, Berkeley, 2000,32 pages, ISBN: 1582460221

Age 9-12:
Earthquake Games: Earthquakes and Vol­
canoes Explained by Games and Experiments. 
By Matthys Levy and Christina Blatt, Illustra­
tions by Mario George Salvadori, Marget K. 
McElderry (publisher), 1997, ISBN: 0689813678.

All Ages:
Movers & Shakers (Earthquake prepared­
ness kit w/ video for K-12 classrooms, lesson 
plans for all grade levels). Free to schools, send 
to: Movers & Shakers, State Farm Insurance 
Co., Public Relations Dept. (E-8), One State 
Farm Plaza, Bloomington, IL 61710-0001. 
www.statefarm.com/educate/moveshk.htm

Books on Geological Hazards

Earthquakes. By Bruce Bolt, W.H. Freeman, New York, 2003, 320 pages, ISBN: 0716719096, 
$45.05

The Citizens’ Guide to Geologic Elazards. Edward B. Nuhfer, Richard J. Proctor, and Paul 
H. Moser, A.I.P.G., 1993, 134 pages, ISBN: 0933637101. $24.00, A.I.P.G., 8730 Yates Dr. #200, 
Westminster, CO 80031-3681, (303) 412-6205.

Earth in Turmoil: Earthquakes, Volcanoes, and Their Impact on Humankind, by
Kerry E. Sieh and Simon LeVay, W.H. Freeman, New York, 1998,275 pages, ISBN: 0716736519

Engineering and Architecture Professional Societies

Society of Professional Engineers, ASPE Alaska Chapter, www.myeterra.com/aspe/

American Institute of Architects, AIA Alaska Chapter, P.O. Box 10-3563, Anchorage, AK 
99510-3563 (907) 276-2834. www.aiaak.org

ASFE, The Association of Engineering Firms Practicing in the Geosciences,
8811 Colesville Road, Suite G106, Silver Spring, MD 20910 (301) 565-2733. www.asfe.org

Technical Reports on Regional Planning to Reduce Earthquake Risk

Thefollowing documents are all technical in nature and are of most interest to regional plan­
ners and residents interested in regionalplanning.

Earthquake Alaska; Are we prepared? Edited by R. Combellick, R. Head, and R. Updike, 
1994,192 pages, U.S.G.S. Open File Report 94-218. pubs.er.usgs.gov/pubs/ofr/ofr94218

Probabilistic seismic hazard maps for Alaska. By R. Wesson, A. Frankel, C. Mueller, and 
S. Harmsen, 1999, Probabilistic Seismic Hazard Maps of Alaska: U.S.G.S. Open-File Report 99-36. 
pubs.er.usgs.gov/pubs/ofr/ofr9936 Updates available at: eqhazmaps.usgs.gov

Geologic-hazards mitigation in Alaska:
A review of federal, state, and local policies.
By R.A. Combellick, 1985, Alaska Division 
of Geological and Geophysical Surveys 
Special Report 35,70 pages, $3.00. 
www.dggs.dnr.state.ak.us/pubseries.html

A workshop on “Evaluation of 
regional and urban earthquake 
hazards and risk in Alaska.” Edit­
ed by W. Hayes and P. Gori, 1986, 386 
pages, U.S.G.S. Open-File Report 86-79. 
pubs.er.usgs.gov/pubs/ofr/ofr8679

Anchorage Coastal Resources 
Atlas. Atlas has maps of geologic haz­
ards in the Municipality of Anchorage, 
including the frequently used Gound- 
Failure Susceptibility Map. Municipality 
of Anchorage, 1981-1982, v. 1-4. 
Available at libraries and online at: 
www.dggs.dnr.state.ak.us 
(Publication MP32)

http://www.statefarm.com/educate/moveshk.htm
http://www.myeterra.com/aspe/
http://www.aiaak.org
http://www.asfe.org
http://www.dggs.dnr.state.ak.us/pubseries.html
http://www.dggs.dnr.state.ak.us


Credits:
This pamphlet is based on a pamphlet that originally appeared in the Anchorage Daily News in 

1994 on the 30th anniversary of the Good Friday earthquake. The concept for that booklet and 

much of the text came from a similar publication about the earthquake threat in San Francisco, 

entitled The Next Big Earthquake in the Bay Area May Come Sooner Than You Think, by Peter 

Ward, USGS. Additional material came from On Shaky Ground: Living with Earthquakes on 

the North Coast, by Lori Dengler and Kathy Moley, Humboldt State University.

This pamphlet was prepared by the Alaska Earthquake Information Center (AEIC), 
the University of Alaska Fairbanks Geophysical Institute (GI-UAF), and the U.S. 
Geological Survey (USGS), Department of the Interior, in cooperation with the Alaska 
Department o f Homeland Security and Emergency Management (DHS&EM), 
Alaska Division o f Geological & Geophysical Surveys (ADGGS), NOAA West 
Coast/Alaska Tsunami Warning Center (WC/ATWC), and the Federal Emer­
gency Management Agency (FEMA), Department of Homeland Security.

Additional funding provided by the Conoco Philips Company.

The pamphlet was written and compiled by Peter Haeussler (USGS), Roger Hansen (AEIC), 

Rod Combellick (ADGGS), Paul Whitmore (WC/ATWC), and Tom Smayda (DHS&EM).

Layout and design by Deborah Coccia Manning, Digital Design Center, GI-UAF.

Editing by James Roush, AEIC.

Photographs from the Karl V. Steinbrugge Collection of the Earthquake Engineering Research 

Center are provided courtesy of the National Information Service for Earthquake Engineer­

ing, University of California Berkeley. This pamphlet is meant to be instruc­
tional and to provide information that will 

help you understand and reduce your risk 
from earthquakes. The information in this 
publication is believed to be accurate at the 

time of publication. The agencies and indi­
viduals involved in the preparation and 
distribution of this information assume no 
responsibility for any damage that arises 
from any action that is based on informa­

tion found here. Any use of trade, product, 
or firm names is for descriptive purposes 
only and does not imply endorsement by 

the U.S. Government, the State of Alaska, 
or any cooperating institution.

This publication was released by the Alaska Earthquake Information Center, the United States Geological Survey, the Federal Emergency 

Management Agency, the Alaska Division of Homeland Security and Emergency Management, the Alaska Division of Geological & Geophysi­

cal Surveys, and the West Coast/Alaska Tsunami Warning Center at a cost of $ 0.17 per copy to provide the public with information regarding 

earthquake preparedness. This publication was printed in Anchorage, Alaska by AT Publishing & Printing Inc.



science for a changing world

Additional copies can be obtained from the Alaska Division of Homeland Security and 
Emergency Management, the Alaska Earthquake Information Center, the U.S. Geological 
Survey, and the Alaska Division of Geological & Geophysical Surveys.
This publication is also available online at www.aeic.alaska.edu.
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BackCover: Road damage from the Nov. 3rd, 2002 Denali Fault earthquake (top and middle). 
GI-UAF graduate student Kelly Kore installing a temporary seismic station to monitor aftershocks from 
the Denali Fault earthquake (bottom).
Front Cover: Map of earthquakes in Alaska from 1898 to November2003 (upper right).
Earthquake depths: blue 0-33 km, green 33-75 km, orange 75-125 km and red 125+ km.
Photograph (lower left) of damage to the Anchorage J.C. Penny building after the 1964 
Good Friday earthquake.

UAF is an a ffirm ative  a ctio n /eq u a l opp o rtu n ity  em ployer and educational institu tion ,
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Government Hill School in Anchorage was destroyed by a landslide triggered by the 1964 great Alaska 
earthquake. Because the earthquake occurred at 5:36p.m. on Good Friday, no students were in the 
school and no injuries resulted. School seismic safety is a centerpiece o f the Commission’s policy 
recommendations. Photo from USGS Photo Archive.

ASHSC Alaska Seismic Hazards
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ALASKA SEISMIC HAZARDS SAFETY COMMISSION
Report to the Governor and Legislature 

FEBRUARY 2011

EXECUTIVE SUMMARY

This annual report to the Governor and Legislature from the Alaska Seismic Hazards Safety 
Commission (ASHSC) reiterates the priority issues and goals o f  the Commission and identifies its 2010 
accomplishments. The report updates the history and status o f  the Commission, identifies the current 
membership, lists the accomplishments to date, describes various committee functions, and presents 
the Commission’s recommendations to improve seismic safety in Alaska.

The Federal Emergency Management Agency (FEMA) has estimated in FEMA 366-HAZUS MH  
Estimated Annualized Earthquake Losses in the United States that with its present infrastructure and 
policies, Alaska will have the second highest average annualized earthquake-loss ratio (ratio o f  average 
losses to infrastructure) in the country. Reducing these losses requires public commitment to earthquake­
conscious siting, design, and construction. The Seismic Hazards Safety Commission is committed 
to addressing these issues. Earthquake-risk mitigation measures developed by similar commissions 
in other states have prevented hundreds o f millions o f  dollars in losses and significant reductions in 
casualties when compared to other seismically active areas o f the world that do not implement effective 
mitigation measures.

The Commission operates under the powers and duties prescribed by its enacting legislation (Appendix A) 
and is guided by its Charter (Appendix B) which provides a clear understanding o f the Commission’s 
roles and expectations, empowers Commission members, and provides operating guidelines agreed to 
by all members.

During the past year the Commission has invited numerous governmental and private organizations to 
give presentations describing their approaches to seismic risk mitigation. These briefings have provided 
the members o f the Commission with opportunities to gain an understanding o f current programs and 
various approaches to seismic risk mitigation, to identify areas o f  concern, and to focus initial mitigation 
efforts in these areas. Most o f these briefings are available for viewing on the Commission website 
fhttD://www.seismic.alaska.aovY

The Commission’s efforts in 2010 have reinforced its belief that seismic risk mitigation issues can be 
addressed in an economical way that will result in improving the quality o f  life and public safety in 
Alaska. The Commission presents the following policy recommendations:

Policy Recommendation 1:
Given that schools in Alaska serve not only as educational facilities but also as gathering places for  
the general public, and that many are designated as emergency shelters in case o f a natural disaster, 
the Commission recommends that the State appropriate the resources necessary to identify those school 
facilities most at risk from earthquakes.

Policy Recommendation 2:
The Commission recommends that all future school design, construction, and major renovation project 

funding include monies allottedfor seismic risk mitigation tasks, to include:
• Seismic design by a structural engineer proficient in the design and detailing required for 

earthquake engineering tasks.

http://www.seismic.alaska.aovY


•  An independent peer review o f seismic design calculations and detailing by a qualified structural 
engineer.

•  On-site observation o f as-constructed earthquake engineering details during construction by a 
qualified inspector to ensure they are constructed in accordance with the contract documents.

These and other policy recommendations continue to be addressed through the following Commission 
Standing Committees:

• Insurance
•  Schools
•  Earthquake Scenarios
•  Education and Outreach
•  Hazards Identification
• Response and Recovery
• Partnership

The 2010 activities o f these committees are described in more detail in subsequent paragraphs.

Our basic public-policy goal areas remain unchanged from the 2008 Commission report:
• Education
•  Guidance
• Assistance
• Implementation

INTRODUCTION

The Alaska Seismic Hazards Safety Commission (“the Commission”) is charged by statute (AS 44.37.067; 
Appendix A) to recommend goals and priorities for seismic hazard mitigation to the public and private 
sectors; recommend policies to the Governor and the Legislature, including needed research, mapping, 
and monitoring programs; review the practices for recovery and reconstruction after a major earthquake; 
recommend improvements to mitigate losses from similar future events; and to gather, analyze, and 
disseminate information o f general interest on seismic hazard mitigation, among other duties, to reduce 
the state’s vulnerability to damage from earthquakes.

The Commission consists o f eleven members appointed by the Governor from the public and private sectors 
for three-year terms. It is administered by the Department o f Natural Resources, Division o f Geological & 
Geophysical Surveys (DGGS).

Commission members include: A  representative from the University o f  Alaska, three representatives from 
local government; a representative from the Department o f Natural Resources; a representative o f  the 
Division o f Homeland Security and Emergency Management; a representative from an appropriate federal 
agency; a representative o f  the insurance industry; and three members o f the public who are experts in 
the fields o f  geology, seismology, hydrology, geotechnical engineering, structural engineering, emergency 
services, or planning. Six members constitute a quorum. The Commission membership elects its own 
chair and vice-chair. There is no executive director, although DGGS provides administrative, travel, and 
publication support.

2 Alaska Seismic Hazards Safety Commission Report to the Governor and State Legislature



HISTORY AND STATUS OF THE COMMISSION

In 2002, the 22nd Alaska Legislature passed, and the Governor signed into law, House Bill 53 establishing 
the Alaska Seismic Hazards Safety Commission with nine members. The legislation originally placed 
the Commission in the Office o f the Governor, but in January 2003, Governor Frank Murkowski issued 
Executive Order Number 105 transferring the Commission to the Department o f Natural Resources. Governor 
Murkowski appointed the first nine members to the Commission in 2005.

In 2005, the Alaska House o f  Representatives passed House Bill 83 (HB 83) to extend the Commission 
to June 30, 2008, add tsunami risks to its purview, and provide two additional Commission positions 
representing local government. In 2006, the Senate passed a substitute version o f HB 83 including the two 
additional local government positions but omitting specific mention o f tsunamis in the Commission’s powers 
and duties. The Senate bill extended the Commission through June 30, 2012. The House concurred with 
the Senate version and Governor Murkowski signed the bill into law at a Commission meeting on June 16, 
2006. Although the revised statute does not specifically include tsunami hazards in the Commission’s powers 
and duties, the definitions in AS 44.37.069 include tsunami inundation as a seismic hazard. Consequently, 
the Commission addresses tsunamis in its discussions and recommendations. As a result o f  passage o f HB 
83, the Commission currently has 11 members.

The Commission first met on October 28,2005, at which time it elected a Chair and Vice Chair, listened to 
briefings from the California Seismic Safety Commission and various state and local agencies in Alaska with 
responsibilities in earthquake-risk mitigation, and began developing goals and priorities for its activities. 
There were 12 meetings o f  the Commission through December 2006, six o f  which were via teleconference. 
Since 2006, the Commission has held eight to ten meetings annually, generally all but two o f which have 
been via teleconference. Two-day, face-to-face meetings are held twice annually, normally in Anchorage.

The Commission published its first annual report to the Governor and Legislature on April 18, 2006, and 
has since published reports annually during the state Legislative sessions. A Commission website posts 
basic information about its mission, earthquake risk in Alaska, meeting agendas, minutes, presentations, 
and appropriate links. The website address is:

http://www.seism ic.alaska.aov

COMMISSION MEMBERSHIP

Name

John L. Aho

Gary A. Carver

Representation

Chair,
Public member

Public member

Contact information

CH2M HILL
949 East 36th Ave, Suite 500 
Anchorage, AK 99508 
Phone (907) 230-2432 
John.Aho@ ch2m .com

Carver Geologic, Inc.
P.O. Box 52 
Kodiak, AK 99615 
Phone: (907) 487-4551 
cqeol@acsalaska.net
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Gay O. Dunham

Roger A. Hansen

Laura W. Kelly

Richard D. Koehler

Daniel Mahalak

David E. Miller

Mark Roberts

Robert L. (Buzz) Scher

Local government

University o f  Alaska

Vice-chair; 
Federal agency

Alaska Department o f  
Natural Resources

Local government

Local government

Alaska Department o f  
Military & Veterans Affairs

Public member

City o f  Valdez 
P.O. Box 2975 
Valdez, AK 99686 
Phone: (907) 835-2339 
runninahorse@cvinternet.net

UAF, Geophysical Institute 
P.O. Box 757320 
Fairbanks, AK 99709 
Phone: (907) 474-5533 
roaer@ qiseis.a laska.edu

U.S. Coast Guard 
P.O. Box 195025 
Kodiak, AK 99619-5025 
Phone: (907) 487-5320 
laura.w .kellv@ usca.m il

Div. o f  Geological & Geophysical Surveys 
3354 College Rd.
Fairbanks, AK 99709-3707 
P h o n e : (907) 451-5006 
rich.koehler@ alaska.aov

Kenai Peninsula Borough 
Water Resources Manager 
P.O. Box 2646 
Seward, AK 99664-2646 
Phone: (907) 224-9515 
dm ahalak@ borouah.kenai.ak.us

City and Borough o f  Sitka 
839 Lincoln Street 
Sitka, AK 99835 
Phone: (907) 738-6890 
davem @ citvofsitka.com

Division o f  Homeland Security & 
Emergency Management 
P.O. Box 5750 
Fort Richardson, AK 99505 
Phone: (907) 428-7016 
m ark.roberts@ alaska.aov

R&M Consultants, Inc.
9101 Vanguard Drive 
Anchorage, AK 99507 
Phone: (907) 522-1707 
bscher@ rm consult.com
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Gayle L. White Insurance industry State Farm Insurance Co.
3340 Spinnaker Drive 
Anchorage, AK 99516 
Phone: 907-261-3871 
qavle.white.cpnv@ .statefarm.com

EARTHQUAKE RISK IN ALASKA

Alaska has more earthquakes than any other region o f the United States and is, in fact, one o f  the most 
seismically active areas o f  the world. The devastating January 2010 earthquake in Haiti is a grim reminder 
o f what can happen when a society is not prepared for the furies o f  nature. The second largest earthquake 
ever recorded occurred on the Prince William Sound portion o f  the Alaska-Aleutian megathrust in southern 
Alaska on March 27th, 1964, with a moment magnitude o f  9.2. The largest on-land earthquake in North 
America in almost 150 years occurred on the Denali fault in central Alaska on November 3rd, 2002, with a 
magnitude o f  7.9. In February through October, 2010, the Alaska Earthquake Information Center recorded 
26,077 earthquakes, for an average o f  2,900 monthly, including 270 events with magnitude 4.0 or greater, 
35 events o f  magnitude 5.0 or greater and 8 events o f  magnitude 6.0 or greater. It is not possible to predict 
the time and location o f  the next big earthquake, but the active geology o f  Alaska guarantees that major, 
potentially damaging earthquakes will continue to occur. The risks to public safety and infrastructure from 
these future events can be greatly reduced through proper planning, design, and construction.

Alaska has changed significantly since the great 1964 earthquake. The population has more than doubled, 
but many new buildings are designed to prevent collapse during intense shaking. Some older buildings 
have been reinforced, and development has been discouraged in some particularly hazardous areas. 
However, despite these improvements, and because practices to reduce vulnerability to damage from 
earthquakes and tsunamis are not applied uniformly in regions o f  high risk, future earthquakes may still 
cause life-threatening damage to buildings, cause items within buildings to be dangerously tossed about, 
and disrupt the basic utilities and critical facilities that we take for granted.

In addition to the 1964 and 2002 ruptures, there are other sources o f  potentially damaging earthquakes 
in Alaska. These include the Castle Mountain fault in the lower Matanuska-Susitna valley, the Wadati- 
Benioff zone beneath Anchorage, the active belt o f faulting and folding in northern Cook Inlet, the 
Fairbanks seismic zone, and the Yakataga seismic gap near Yakutat, among others. While the seismic 
provisions o f  current Alaska building codes are largely geared toward preventing collapse from the types 
o f shaking that occurred in 1964, earthquakes on these other sources may affect structures differently, in 
ways that may or may not be ameliorated by the current codes.

Earthquakes o f  magnitudes that could cause major structural damage and injury to residents continue to 
occur in Alaska. The interested reader is directed to Appendix C for additional information concerning 
Alaska earthquake activity in 2010.

SOME ADDITIONAL EARTHQUAKE STATISTICS FOR ALASKA

•  Eleven percent o f  the world’s recorded earthquakes have occurred in Alaska.
•  Alaska has more frequent earthquakes than the rest o f  the United States combined.
•  Three o f the eight largest earthquakes in the world were in Alaska.
•  Seven o f  the ten largest earthquakes in the United States were in Alaska.

February 2011 5



Since 1900, Alaska has had an average of:

• One “great” (magnitude 8 or larger) earthquake every 13 years.
• One magnitude 7 to 8 earthquake every two years.
• Six magnitude 6 to 7 earthquakes per year.
•  Fifty magnitude 5 to 6 earthquakes per year.
•  Three hundred magnitude 4 to 5 earthquakes per year.
• Approximately 2,000 earthquakes recorded in Alaska each month.

It is not possible to predict the time and location o f  the next big earthquake, but the active geology o f  
Alaska guarantees that major potentially damaging earthquakes will continue to occur. Scientists generally 
know where large earthquakes are most likely to occur, and have mapped the probable levels o f  ground 
shaking to be expected in the state (see centerfold map). With this information, as well as information on 
soil properties and landslide potential, it is possible to estimate earthquake risks in any given area. It is also 
possible to estimate the potential for earthquakes to generate tsunamis, and to model the extent to which 
tsunamis will inundate coastal areas.

COMMISSION ACCOMPLISHMENTS IN 2010

The Commission’s standing committees continued to be active in 2010. Sam Kito from the Alaska 
Department o f  Education and Early Development continued to assist the Schools Committee and Joanne 
Bennett from the Alaska Division o f  Insurance has been an active participant on the Insurance Committee. 
Both o f  these individuals bring a wealth o f experience to committee activities.

2010 accomplishments include:

1. Held five telephonic and two face-to-face (two day) meetings o f the Commission.
2. Participated in the following briefings on seismic risk mitigation from the following agencies and 

discussed the Commission’s activities as they relate to work being accomplished elsewhere:
a. United States Geological Survey (USGS) Advanced National Seismic System (ANSS)

(1) Up-to-date Synopsis o f Alaska Seismic Network Issues—Bill Leath/USGS
(2) Future o f  the Strong Motion Program in Alaska— Erol Kalkan/USGS

b. Alyeska Pipeline Service Company and Alaska Earthquake Information Center (AEIC)
(1) Seismic Monitoring o f the Alyeska Pipeline— Jim Roddick/Alyeska, Roger Hansen/AEIC

c. Alaska Division o f Geological & Geophysical Surveys (ADGGS)
(1) Active Fault Identification in Alaska and Haiti Earthquake Briefing— Rich Koehler/ADGGS

d. Oregon Department o f  Geology and Mineral Industries (DOGAMI)
(1) Seismic Risk Mitigation in Oregon Schools— Yumei Wang/DOGAMI

e. California Earthquake Authority (CEA)
(1) Earthquake Insurance— Glenn Pomeroy/CEA

f. West Coast and Alaska Tsunami Warning Center (WCATWC)
(1) Update o f  WCAWTCActivities— Bill Knight/WTCTWA

g. United States Geological Survey (USGS)
(1) Earthquake Hazards Work in Alaska— Peter Haeussler/USGS

h. Alaska Department o f Natural Resources (ADNR)
(1) Proposed Underground Natural Gas Storage Facility Permitting— Tom Crafford/ADNR

i. Chugach Electric Association (CEA)
(I) Utilities Seismic Risk Mitigation Activities— Kevin Dunham/CEA
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3. The Commission sponsored, in conjunction with the Earthquake Engineering Research Institute 
and the University o f  Alaska Anchorage School o f  Engineering, the Joyner Lecture presented by 
Art Frankel/USGS, titled Progress and Controversy in Seismic Hazard Mapping.

4. The Commission Chair gave 1-hour earthquake briefing presentations to each o f  the following 
organizations:
a. Alaska Partnership for Infrastructure Protection (APIP)
b. Chugach Electric Association (CEA)
c. Pioneers o f  Alaska Igloos 4 and 15
d. Alaskan Command and Joint Task Force-Elmendorf AFB

5. The Commission Chair prepared the training material for a 2-day Commission-sponsored course 
on Post-disaster Safety Assessment o f  Facilities, for presentation February 23-24,2011.

6. The Commission Chair developed and facilitated a meeting o f other state seismic risk mitigation 
agency members at the 2010 annual meeting o f  the Western States Seismic Policy Council (WSSPC) 
in Denver, Colorado. Attendees included representatives from Alaska, California, Colorado, Hawaii, 
Nevada, Oregon, Utah, Washington, the Federal Emergency Management Agency (FEMA), and 
the Western States Seismic Policy Council (WSSPC).

7. Developed and published the fifth annual report to the Governor and Legislature in January 2010.
8. The Commission began discussions with the Kodiak Island Borough concerning developing an 

earthquake planning scenario to be used as a tool for developing seismic risk mitigation policies 
and response plans.

9. Collaborated with the Alaska Board o f  Education and Early Development (ADEED) in developing 
a new capital improvement project application form for districts that specifically addresses seismic 
issues. Continued working with ADEED to prioritize the identification o f schools at greatest seismic 
risk.

10. Communicated with other state seismic hazard safety commissions, including Oregon’s, to identify 
best means for improving the seismic safety o f  schools. Topics included legislation, identification, 
prioritization, funding, and retrofit.

11. Established a link with the Division o f  Insurance to their publication: 2009 Homeowners Insurance 
Guide, which includes a section on earthquake insurance.

12. Established a liaison with the Division o f Insurance to develop a relationship to facilitate pursuit 
o f Insurance Committee goals.

13. Exercised the procedure for convening the Commission rapidly in the event o f  a significant seismic 
event in the State to provide immediate advice to the Governor during the incident response and 
recovery phase. The procedure was successfully exercised during the Statewide Tsunami Warning 
test on March 24, 2010, and during the Statewide Alaska Shield/Northern Edge Exercise the week 
o f April 26-30, 2010.

14. Reviewed and sent forward to the entire Commission for comment, the seismic sections o f the draft 
State Hazard Mitigation Plan 2010 update. The seismic hazard descriptions, goals, and objectives 
were reviewed and revised by the entire Commission and forwarded to the State Division o f  
Homeland Security and Emergency Management for inclusion in the FEMA-approved State plan.

15. Provided an opportunity for the Commission to review the seismic sections o f community Emergency 
Operations Plans as requested.

16. Provided an opportunity for Commissioners to enroll in and complete the National Incident 
Management System (NIMS) training in Incident Command System course 100 (ICS 100) in a step 
to bring the Commission into accreditation with federal and State NIMS requirements.

17. Co-sponsored a training course on hospital structural and non-structural earthquake mitigation for 
the primary healthcare providers in Southcentral Alaska.

18. Continued to support Commission representation on the State Hazard Mitigation Advisory Committee 
(SHMAC) that advises the Governor’s Disaster Policy Cabinet on use o f State mitigation funds, 
policy, and planning.
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COMMITTEE ACTIVITIES 
Schools Committee

Assessing and minimizing loss due to structural instability o f  critical facilities in the event o f  a major 
seismic incident is a major priority o f the Commission. Critical facilities o f concern are schools, hospitals, 
clinics; fire, rescue, and police stations; plus jails and detention facilities. Other important infrastructure 
at potential risk also includes military bases, airports, college complexes, harbors, and utility systems 
(communications, electric, oil, transportation, water, and wastewater). Schools remain a major focus, 
however, due to the number o f  facilities within the state, their high occupancies, and common designation 
as emergency shelters (see centerfold map).

In an effort to begin mitigating earthquake risk to critical facilities, the following approaches for addressing 
the issue include:

• Assist in prioritizing the identification and mitigation o f at-risk facilities; initially focusing on 
schools, due to high occupancies and common use as emergency shelters.

• Develop work plan(s) in collaboration with state and local agencies/governments.
• Advocate cost-benefit analyses for both existing and new construction.
• Identify current legislation/programs, including those adopted by other states/countries. Foster 

contacts with successful proponents.
• Identify pertinent code and construction requirements and potential limitations.
• Recommend improvements including policy changes, legislation, and public outreach.

The Commission believes that focusing on schools will provide the greatest potential cost/benefit to the 
State. Schools, especially in smaller communities, tend to be some o f the most important and most heavily 
occupied structures. Collapse during an earthquake would not only be devastating to the occupants, but also 
to the recovery o f  a community if  the structure could no longer be used for emergency shelter in Alaska’s 
harsh climate and isolated communities. Globally, schools are becoming the main focus for prioritizing 
structural mitigation, especially given widespread collapses during recent earthquakes in China (2008) and 
Haiti (2010). Even damage to schools during past smaller U.S. earthquakes, such as the 2001 Nisqually 
(Seattle) Earthquake, have highlighted the need.

Schools Committee Activities in 2010:

• Collaborated with the Alaska Department o f  Education and Early Development (ADEED) in 
developing a new capital improvement project application form for districts that specifically 
addresses seismic issues. Requirements were added to include costs to professionally assess seismic 
hazards, and mitigate seismic risk via investigation, design, and special construction inspections 
for any major project involving a school facility. The recommended changes are scheduled for 
implementation in 2012.

• Continued working with ADEED to prioritize identifying schools at greatest seismic risk.
• Communicated with other state seismic hazard safety commissions, including Oregon’s, to identify 

best means for improving the seismic safety o f  schools. Topics included legislation, identification, 
prioritization, funding, and retrofit.

• Arranged for Yumei Wang, Geotechnical Engineer, Oregon Department o f  Geology and Mineral 
Industries, to speak to the Commission about Oregon’s public schools and emergency facilities 
seismic-risk mitigation program.
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Schools Committee Plan for 2011 (see pages 16-17 for map showing public schools and earthquake 
hazards in Alaska):

• Continue work with ADEED to identify existing at-risk school structures and prioritize seismic 
mitigation.

• Maintain and foster relationships with other organizations and commissions involved with improving 
school seismic safety.

• Further review state policies and procedures related to constructing and maintaining critical facilities 
and infrastructure, with a focus on identifying and improving resiliency in the event o f  a major 
earthquake.

• Continue to seek funding to identify and retrofit critical structures at risk o f damage or collapse 
during a major seismic event.

• Continue to advocate policy changes, legislation, and public outreach that mitigates earthquake risk.

Insurance Committee

As part o f  the Alaska Seismic Hazard Safety Commission’s Charter, the Insurance Committee seeks to bring 
awareness o f  issues concerning availability and its importance to Alaskans through ongoing education. The 
committee set three goals at the outset o f the year. These were:

1. Provide basic information on the ASHSC website that is easily accessible to the above audience 
concerning earthquake exposures, insurance availability, and personal safety measures. Consider 
links to other State o f  Alaska sites.

2. Publish an informational brochure for the public about earthquake and tsunami risks, insurance, 
and choice. Find venues for distributing this information.

3. Work with the Division o f  Insurance to provide information on hazards throughout the state, define 
steps that can mitigate those hazards, and assist as needed to attract additional carriers to the Alaska 
market who will provide affordable earthquake insurance to citizens throughout the state.

In working toward these goals, the committee this year accomplished the following:

•  Presented to the ASHSC a video interview o f the Division o f  Insurance Commissioner about 
earthquake insurance in Alaska.

•  Facilitated a presentation from Glenn Pomeroy, CEO o f the California Earthquake Authority, about 
their unique system and how it might be adapted for Alaska.

•  Established a link with the Division o f Insurance to their publication, 2009 Homeowners Insurance 
Guide, which includes a section on earthquake insurance.

• Established a liaison with the Division o f  Insurance to develop a relationship through which to 
pursue goals 2 and 3 in the next year.

The white paper originally written for the ASHSC website in 2006 was updated with current information 
about insurance in Alaska as well as effects felt from the most recent global events.

Earthquake Scenario Committee

An earthquake scenario is a planning tool that helps people understand earthquakes and plan for the future. 
Earthquake scenarios have been used successfully in several areas o f  the U.S. to identify weaknesses in the
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built environment as well as vulnerable interdependencies among utility and transportation systems that 
could result in multiple or cascading failures even i f  only one system fails. Communities, state and federal 
agencies, private industry, and emergency response organizations use scenarios as tools to increase public 
awareness, develop risk-reduction strategies, and plan for response and mitigation. The Western States 
Seismic Policy Council, in its adopted Policy Recommendation 09-1, recommends “that each member 
state, province, and territory establish an active program to produce Earthquake Planning Scenarios for 
areas with high risk o f  earthquake losses.”

Projected Annualized Earthquake Loss Ratio (AELR) by State from FEMA 366 report.

Earthquake scenarios begin by defining a hypothetical but geologically realistic earthquake suitable for 
the purpose o f  the scenario. Depending on the complexity and desired results, a scenario may describe the 
types and severity o f shaking and ground breakage likely to result; the likely impacts to facilities, including 
types and extent o f  damage to buildings according to building type and age; and disruptions to utilities and 
transportation systems. A  scenario may also describe secondary effects such as tsunamis, fire, and toxic 
materials release; estimate the numbers o f  deaths, injuries, and dollar value o f losses by building type; and 
estimate the long-term business losses and socioeconomic consequences. The resulting information provides 
the basis for planning earthquake-response exercises, prioritizing and pre-locating response resources, and 
developing mitigating measures for reducing vulnerability to future earthquakes.

Developing an earthquake scenario requires assembling pertinent geologic and seismologic data for a 
realistic event, compiling and updating building and utility system inventory information for the affected 
region, assigning seismic fragilities to the building stock, and assembling current data on population 
demographics. Loss-estimation technology such as FEMA’s HAZUS software is often used to model the 
event, incorporating all the compiled data. The results are then documented in one or more reports and 
presentations to all interested groups. If done effectively, a scenario helps decision makers visualize specific 
impacts that are based on currently accepted scientific and engineering knowledge, providing a powerful 
tool for private industry, government officials, and the general public to develop effective mitigation policies 
and programs.
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Scenario Committee Activities in 2010

The Earthquake Scenario committee is working on ways to promote the development o f  scenarios that help 
identify and mitigate seismic risk in Alaska. During 2010, the committee performed the following tasks:

•  Following its plan for 2010 as stated in the Commission’s 2009 annual report, the committee 
worked toward promoting earthquake scenarios. In view o f the limited resources likely available, 
the committee decided to start with relatively small, community-based scenarios that are limited 
in scope, such as by focusing on certain types o f  facilities or small areas.

•  In recognition o f community interest, recent successful work on school seismic safety, and support 
from the U.S. Coast Guard, the committee decided to promote and, to the extent possible, support 
development o f  a HAZUS Level 2 scenario for the Kodiak area.

•  The committee drafted a letter, which was signed and sent by the Commission chair to the Community 
Development director for the Kodiak Island Borough, offering to help coordinate and oversee 
development o f  a scenario as described above.

•  FEMA offered to run the HAZUS Level 2 loss estimation for Kodiak once the input data, such as 
earthquake source model, building inventory, and demographic data, are provided. The committee 
contacted FEMA to indicate its interest in helping to develop the scenario and to make it clear that 
the Commission will take an active role in monitoring the process and reviewing the draft products.

Scenario Committee Plan for 2011

The scenario committee will help coordinate a community approach to development o f  an earthquake 
scenario for Kodiak, involving scientists, engineers, policy makers, and emergency managers, and soliciting 
as much volunteer support as possible. The committee will work with the Kodiak Island Borough, U.S. 
Coast Guard, City o f  Kodiak, FEMA, and other interested parties to develop the input data needed for 
a HAZUS Level 2 loss estimation for Kodiak and surrounding area including the Coast Guard base. In 
moving forward, a significant portion o f  the effort will be to generate interest and solicit involvement by 
community organizations, local professionals, and businesses. The committee will consider submitting 
proposals to the National Earthquake Hazard Reduction Program and Earthquake Engineering Research 
Institute for support in developing this scenario.

Hazards Identification Committee

Seismic hazards include a number o f physical phenomena generated by earthquakes that have the potential 
to cause damage to the state’s infrastructure and compromise the safety o f  Alaska’s residents and visitors. 
The most common and widespread seismic hazard is strong ground motion. Surface fault rupture, seismically 
triggered landslides and snow avalanches, ground failure including liquefaction, ground settlement, and 
subsidence, and seiches and tsunamis are also significant seismic hazards in many regions o f the state. 
Identification and characterization o f seismic hazards is fundamental to developing mitigation strategies 
and reducing losses from earthquakes.

The Hazards Identification committee was established to provide guidance through the Commission to 
the Governor, the Legislature, and the public regarding location and characteristic o f  the state’s seismic 
hazards. The committee includes commission members with expertise in earthquake geology, seismicity, 
engineering, and seismic hazard mitigation.
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The goals o f  the Hazards Identification Committee are to promote:
• Identification and characterization o f seismic hazards in Alaska
•  Definition and description o f seismic risks
• Seismic risk and hazard research
•  Dissemination o f seismic hazard and risk information to the state and local governments, the public, 

business and industry, and the scientific and professional communities.

Hazards Identification Committee Activities in 2010

In 2010 the Hazards Identification Committee focused its efforts on improving the understanding o f  Alaska’s 
seismic hazards and the state’s seismic risks. This effort included gathering information and continuing the 
discussion o f  the present state o f  knowledge regarding seismic sources. This effort is directed toward the 
development o f a comprehensive overview o f the seismic hazards and risks in Alaska and an approach to 
effectively communicate this information to private and public users.

One o f the primary goals o f  the ASHSC is reduction o f future earthquake losses in Alaska. In 2008 the 
commission recognized the urgent need to better understand sources o f potentially damaging earthquakes 
in Alaska to meet this goal. In 2009 the Hazards 
Identification Committee encouraged the State 
G eologist to resurrect a previously initiated 
program by the Alaska Division o f Geological 
and Geophysical Surveys (ADGGS) to develop an 
inventory and database o f  active and potentially 
active faults in the state and to initiate a field 
program aimed at evaluating fault hazards 
affecting infrastructure development. These 
efforts are now being addressed by ADGGS 
with the addition o f  a new  position to their 
professional staff. This new addition to ADGGS’s 
professional staff is to complete the database of 
active and potentially active faults in Alaska in 
2011. Committee members were also active in 
preparing for the Association o f Environmental 
and Engineering G eologists (AEG) annual 
national meeting to be held in Anchorage in 
September 2011.

Hazards Identification Committee Plan for 2011

To further address its goals the committee has started the development o f a comprehensive white paper 
summarizing the present state o f  knowledge o f the state’s seismic hazards and risks. A  draft o f this paper is 
in progress and partially completed. Completion o f  the white paper will be one o f  the principal objectives 
o f the committee in the coming year.

The chair o f  the Hazards Identification Committee, in collaboration with the newly hired ADGGS 
paleoseismologist, plan to sponsor and co-chair a technical session and symposium on seismic hazards and 
risks in Alaska at the Association o f Environmental and Engineering Geologists (AEG) annual national 
meeting in Anchorage in September 2011.

Denali fault displacement on Canwell Glacier.
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One o f the principal challenges to seismic hazard identification and risk definition in Alaska is the limited 
database and lack o f a comprehensive inventory o f  information concerning seismic sources and their 
characteristics. The size o f  Alaska, the limited access in much o f the state, and the very small community 
o f earthquake scientists and engineers working in the state also present a significant challenge to meeting 
the goals o f  the ASHSC Hazards Identification Committee.

Response and Recovery Committee 

Committee Activities in 2010:

•  Exercised the procedure for convening the Commission rapidly in the event o f  a significant seismic 
event in the state to provide immediate advice to the Governor during the incident response and 
recovery phase. The procedure was successfully exercised during the Statewide Tsunami Warning 
test on March 24, 2010, and during the Statewide Alaska Shield/Northern Edge Exercise the week 
o f April 26-30, 2010. A  two-thirds Commission quorum was achieved in both exercise tests. The 
Committee also hosted a discussion o f  the Commission’s role in the month following a significant 
seismic event including draft proposed legislation and policy recommendations.

Hazards Identification Committee Challenges
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Denali fault earthquake schedule for response team investigations (photo by 
John Aho).

• Reviewed and sent forward to the entire Commission for comment, the seismic sections o f the draft 
State Hazard Mitigation Plan 2010 update. The seismic hazard descriptions, goals, and objectives 
were reviewed and revised by the entire Commission and forwarded to the State Division o f  
Homeland Security and Emergency Management for inclusion in the FEMA-approved State plan.

•  Provided an opportunity for the Commission to review the seismic sections o f community Emergency 
Operations Plans as requested.
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• Participated in the curriculum revision and training schedule for the State Post Disaster Damage 
Assessment (PDDA) program.

• Provided an opportunity for Commissioners to enroll in and complete the National Incident 
Management System (NIMS) training in Incident Command System course 100 (ICS 100) in a step 
to bring the Commission into accreditation with federal and State NIMS requirements.

• Co-sponsored a training course on hospital structural and non-structural earthquake risk mitigation 
for the primary healthcare providers in south-central Alaska.

•  Continued support for Commission representation on the State Hazard Mitigation Advisory 
Committee (SHMAC) that advises the Governor’s Disaster Policy Cabinet on use o f State mitigation 
funds, policy, and planning.

•  Continued support for Commission representation on the Alaska Partnership for Infrastructure 
Protection (APIP), an Alaska Emergency Management-private sector stakeholder partnership.

Planned Committee Activities in 2011:

•  Refine the Commission’s role one month and six months following a significant seismic event in 
the state, including draft legislation and policy recommendations that can be proposed.

•  Draft a “Continuity o f  Operations” (COOP) plan to provide for continuing critical Commission 
functions in the event o f an interruption o f standard Commission operation.

•  Provide an annual review o f the seismic sections o f the State Hazard Mitigation Plan goals that 
related to the Seismic Safety Hazards Commission.

• Co-sponsor Post Disaster Damage Assessment (PDDA) training in Anchorage in 2011.
•  Co-sponsor earthquake structural and non-structural mitigation training in Fairbanks in 2011.
•  Co-sponsor PDDA training in Fairbanks in 2011.
•  Support planning for the 2014 anniversary o f  the 1964 great Alaska earthquake to include training 

and outreach on earthquake and tsunami emergency response.
•  Continue the Commission’s availability for review o f seismic sections o f  community emergency 

operations plans.
•  Continue the Commission’s availability for consultation on emergency response exercises to seismic 

events.
•  See all Commissioners successfully complete the Incident Command System (ICS) 100 course.
•  Develop a post earthquake data clearinghouse process that sets in place a procedure, structure, and 

organization to capture— for Alaska State use— all data, photos, records, and notes produced from 
post earthquake investigations conducted in Alaska following a significant seismic event.

•  Test the Commission’s significant earthquake incident procedure during the March 2011 tsunami 
warning “live code” test during Tsunami Awareness week— the week o f the anniversary o f  the 1964 
great Alaska earthquake.

Education and Outreach Committee

The committee continues to focus on developing information for the Governor’s office, Legislators, 
administrative agencies, local governments, local emergency planning groups, and industry groups. 
Activities were somewhat limited due to the Committee Chair spending much o f  his time outside o f Alaska 
as a member o f  the Gulf Oil Spill cleanup advisory team.
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Education and Outreach Committee Activities in 2010

Activities included:

•  Working with the University o f Alaska Anchorage School o f  Engineering, the Earthquake Engineering 
Research Institute and Art Frankel o f the USGS to have the 2010 Joyner Lecture— Progress and 
Controversy in Seismic Hazard Mapping— presented in Anchorage.

•  Delivered earthquake briefing presentations to several public, private, and Federal agencies.
•  Continued to work with the Earthquake Engineering Research Institute on sponsorship o f the 2014 

National Conference on Earthquake Engineering to be held in Anchorage, Alaska.

One o f the Denali fault earthquake 
response teams in Mentasta, Alaska (photo 
by John Aho).

Committee Plan for 2011

The committee will continue to address the following items:

•  Complete development o f the Post Disaster Safety Assessment Training Program
• Present training for individuals interested in the training program noted above.
•  Continue to have briefings from outside interests that are concerned with seismic risk mitigation 

issues.
•  Continue to present earthquake briefings as requested.
•  Develop an informative brochure that describes the Commission and its activities.
•  Develop an Alaska Seismic Hazards Safety Commission (ASHSC) Glossary o f Terms
•  Work with the University o f  Alaska Anchorage and the Earthquake Engineering Research Institute 

to invite the 2011 Joyner Lecturer to Anchorage for their presentation.

Partnership Committee

The Commission’s enacting legislation charges them to “establish and maintain necessary working 
relationships with other public and private agencies.” The purpose o f  the ASHSC Partnership Committee 
is to investigate potential relationships.
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The basic goals o f developing partnerships are to:

•  Promote combined efforts to reduce the loss o f life and property
•  Conduct education efforts to motivate key decision makers to reduce risks associated with earthquakes
•  Foster productive connections between scientists, critical infrastructure providers, businesses, and 

government agencies to improve the viability o f communities after an earthquake event.

Partnership Committee Activities in 2010

The committee was involved in the following activities:

•  The ASHSC Chair developed the agenda and facilitated a meeting o f  seismic commission and 
agency individuals at the Western States Seismic Policy Council (WSSPC) annual meeting in 
Denver, Colorado

•  Continued to address planning aspects for the 2014 National Conference on Earthquake Engineering.
•  Became actively involved in the Alaska Partnership for Infrastructure Protection (APIP).
•  Through involvement in APIP, the ASHSC Chair was asked to give several earthquake briefing 

presentations during 2010.

Partnership Plan for 2011

The following tasks will be addressed in 2011:

•  Will continue to seek partnership opportunities with organizations, agencies, and public entities.
•  Will make formal contact with seismic safety commissions in other areas o f the United States as a 

follow-up to the Denver meeting identified above.
• Work will continue on the 2014 National Conference on Earthquake Engineering, expected to draw 

1,000-1,500 professionals to Anchorage from around the world.
• Continue to develop relationships within the Alaska Partnership for Infrastructure Protection (APIP).

SEISMIC-RISK ISSUES BEING ADDRESSED BY THE ALASKA SEISMIC 
HAZARDS SAFETY COMMISSION

The following issues relating to seismic risk mitigation have served as a guide to developing the path 
forward for the Commission and for the formation o f standing committees.

1. Assess the Structural Stability of Critical Facilities

Description of the Issue: Some existing critical buildings in the state may not be constructed in a 
manner to withstand future earthquake and tsunami events. A  specific concern is school buildings. 
Hospitals, clinics, and fire, rescue, and police stations across the state are also vulnerable to failure. 
Also at possible risk are large Federal, State, and private complexes such as military bases, Coast Guard 
stations, airports, college campuses, harbors, power-generating stations, communication centers, water 
and waste-water treatment facilities, jails and detention facilities, pipelines, and highways and bridges.

Imnnrtance of the Issue: If attention is not brought to bear on this issue before a damaging earthquake or 
tsunami, communities in the state could see massive structural failure o f  important community facilities,
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resulting in human casualties, economic loss, and environmental damage. Furthermore, Alaska’s remote 
nature and extreme weather conditions can cause delays in response efforts and put displaced building 
occupants at severe risk from exposure. Adequate preparedness is imperative to timely rapid response 
and recovery from a significant seismic event.

Benefits of Addressing the Issue: Some private and public entities have taken important steps to 
improve the seismic resistance o f  key facilities and infrastructure. For example, prior to constructing the 
Trans-Alaska Pipeline System, Alyeska hired geologists and engineers to specifically address seismic 
hazards. The resulting design and earthquake-resistant construction prevented the spillage o f  any oil 
during the magnitude 7.9 Denali fault earthquake o f  November 3, 2002. The Alaska Department o f 
Transportation & Public Facilities is undertaking a seismic retrofit program for State-owned bridges, 
and is focusing on upgrading bridges that provide critical access to communities. Some boroughs and 
cities across the State have taken the initiative to identify and begin retrofitting seismically vulnerable 
school buildings and other essential facilities.

Despite the newness o f most construction in Alaska and implementation o f modem building codes, many 
buildings and key parts o f  our infrastructure remain vulnerable due to proximity to seismic hazards, 
some o f which are known and others o f which are poorly understood. Building codes continue to change 
and have been significantly upgraded in the period between 1976 and 1997. The Federal Emergency 
Management Agency (FEMA) and earthquake consortia such as the Cascadia Regional Earthquake 
Workgroup (CREW) in the Pacific Northwest have long recognized that addressing the problems prior 
to a catastrophic event can have longstanding benefits in the future. However, building codes are often 
inadequately implemented and recommendations o f  advisory bodies are often ignored.

How the Commission Can/Will Address the Issue: The Commission will encourage mitigation efforts 
by presenting information about earthquake hazards and risk and suggesting approaches to addressing the 
strengthening o f at-risk critical facilities. Public education must include the correct mix o f information 
on potential damage and suggestions o f effective actions to be taken.

2. Address the Importance of Earthquake Insurance

Descrintion of the Issue: Catastrophic natural perils, particularly earthquakes, are unpredictable, 
relatively infrequent, and can be financially disastrous. Earthquake risk is especially difficult to insure 
against because insurers are unable to accumulate adequate reserves for losses o f  such high severity 
and low frequency.

Importance of the Issue: Insurers are unwilling to provide insurance in a market where premium rates 
are inadequate to create the reserves necessary to pay for damages in the event o f  a major earthquake. 
This can create a severe deficiency in availability o f insurance as existing insurers withdraw from the 
market and new insurers are unwilling to enter.

Benefits of Addressing the Issue: Improved pre-loss mitigation efforts, such as retrofitting existing 
structures; emergency planning to speed post-loss recovery; and actuarially sound earthquake insurance 
rates encourage additional insurers to enter the market. This in turn improves availability o f  insurance 
products and results in more competitive premiums.
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How the Commission Can/Will Address the Issue: The Commission can encourage development 
o f public-private partnerships that provide education and mitigate the potential impact o f  future 
events. We will examine the seismic-hazard information needs o f  the insurance industry and provide 
recommendations for improvement.

3. Approaches to Seismic Risk Mitigation in Future Building Construction

Description of the Issue: Sustainable development entails maintaining environmental quality, improving 
a community’s quality o f life, and fostering social equity while maintaining a healthy economy. Therefore, 
sustainable development includes incorporating disaster resilience and mitigation into a community’s 
decisions and actions. Building codes normally have a performance goal o f life safety, which is considered 
a minimum safety level, but are typically the maximum level to which buildings are designed. Codes 
do not appropriately address the effects o f  ground failure or ground-shaking amplification, or provide 
guidance to designers and construction contractors.

Importance of the Issue: Communities need to know the potential earthquake risk and impacts at a 
structure site and should implement appropriate standards to mitigate the identified risk so new buildings 
are not subjected to the effects o f  massive ground failure and strong ground shaking.

Benefits of Addressing the Issue: The results o f  addressing the issue are more effective mitigation 
and an assurance that countermeasures are not only adequate but that the cost o f  implementation is not 
prohibitive.

How the Commission Can/Will Address the Issue: The Commission will encourage continued Federal, 
State, and private partnerships in updating ground-failure susceptibility mapping o f Anchorage, ground 
shaking characterization in high-risk Alaskan communities, and determination o f structural response 
o f buildings and bridges. We will work with the technical community and the construction industry to 
inform, educate, and work with communities to provide guidance to improve building and land-use codes.

4. Response and Recovery Practices to Mitigate Future Seismic Risk

Description of the Issue: Communities don’t have a good understanding o f the costs and resources 
needed for response and recovery. First responders to a damaging earthquake in one o f Alaska’s major 
cities will be overwhelmed in the initial hours following the event. Damage to transportation systems 
will make movement o f people and goods difficult. Demand for emergency shelter, food, and water 
will strain a community’s resources. Disruptions to lifeline systems will complicate recovery.

Importance of the Issue: An understanding o f  response and recovery issues is critical to assessing the 
impacts to State and local resources.

Benefits of Addressing the Issue: Implementing effective response and recovery practices will reduce 
economic and social costs o f recovery and will help mitigate risks from future events.

How the Commission Can/Will Address the Issue; The Commission will promote and assist in 
the development and use o f  “earthquake planning scenarios” to define the impact o f  future damaging 
earthquakes and will communicate lessons learned from past events to provide guidance to communities 
on recovery planning and preparation.
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5. Hazard Identification and Public Education

Description of the Issue: A damaging earthquake has not affected a major population region in Alaska 
since 1964. The majority o f the population is unaware o f  the consequences o f  a major seismic event. 
The 2002 Denali fault earthquake resulted in relatively minor damage to smaller rural communities 
but had little effect in larger communities such as Anchorage and Fairbanks. It was evident, during 
damage-assessment evaluations after the Denali fault event, that the residents o f  the smaller at-risk 
communities had little understanding o f  the earthquake hazard, had not implemented measures to 
mitigate damage, and were unprepared to respond to the consequences o f damage. It is important that 
the population o f Alaska be aware o f  the earthquake hazard and be informed o f the measures that can 
be taken to mitigate risk.

Importance of the Issue; There is a high probability that Alaskans will experience the results o f  a 
damaging earthquake in the future. All Alaskans will be better prepared to take preventive measures 
ahead o f  time to reduce losses and casualties and to respond to the event if  they are informed of, and 
truly understand, the hazard and the resultant risk.

Benefits of Addressing the Issue; An educated public has a greater potential o f responding appropriately 
before, during, and after a damaging earthquake. Improved knowledge and public awareness o f hazard 
and risk can change behavior and lead to more cost-effective mitigation.

How the Commission Can/Will Address the Issue: The Commission will examine the need for greater 
public investment in identification and assessment o f earthquake hazards, and the most effective ways o f  
communicating this information to the public. The Commission will examine and promote the concept 
o f seismic resilience o f  communities, addressing reduced failure probabilities, reduced consequences 
o f failure, and reduced time to recovery.

6. Recommended Public-policy Goals of the Commission

a. Education
• Develop an effective public education and outreach program.
• Convey scientific and technical information from credible authorities.
• Communicate information in a manner that is understandable by the public.

b. Guidance
• Provide advice on seismic risk mitigation and recommend policies to improve preparedness.
• Recommend goals and priorities for risk mitigation to public and private sectors.
• Recommend needed research, mapping, and monitoring programs.
• Offer advice on coordinating disaster preparedness and seismic risk mitigation.

c. Assistance
• Review seismic- and tsunami-hazard notifications and recommend appropriate response.
• Review predictions and warnings and suggest appropriate responses.

d. Implementation
• Establish and maintain working relationships with other private and public agencies.
• Gather, analyze, and disseminate information.
• Conduct public hearings.
• Appoint committees from Commission membership and/or external advisory committees to 

address risk mitigation issues.
• Accept grants, contributions, and appropriations.
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APPENDIX A

Alaska Seismic Hazards Safety Commission statute

Sec. 44.37.065. Commission established; membership.
(a) The Alaska Seismic Hazards Safety Commission is established in the Department o f  

Natural Resources. The Department o f Natural Resources shall provide staff support to the 
commission.

(b) The commission is composed o f  11 members appointed by the governor for terms o f three 
years. A  vacancy is filled for the unexpired term.

(c) The governor shall appoint to the commission
(1) a representative from the University o f Alaska;
(2) three representatives, each from a local government in a separate seismically active 

region o f  the state;
(3) a representative from the Department o f Natural Resources;
(4) a representative from the Department o f Military and Veterans’ Affairs;
(5) a representative from an appropriate federal agency;
(6) a representative o f  the insurance industry; and
(7) three members from members o f  the public who are expert in the fields o f  geology, 

seismology, hydrology, geotechnical engineering, structural engineering, emergency 
services, or planning.

(d) The commission shall elect annually from its members a chair and vice-chair. A  majority o f  
the commission may vote to replace an officer o f the commission.

(e) Six members constitute a quorum.
(f) Members o f  the Alaska Seismic Hazards Safety Commission serve without compensation but 

are entitled to per diem and travel expenses authorized for boards and commissions under AS 
39.20.180.

Sec. 44.37.067. Powers and duties.
(a) The commission shall

(1) recommend goals and priorities for seismic hazard mitigation to the public and private 
sectors;

(2) recommend policies to the governor and the legislature, including needed research, 
mapping, and monitoring programs;

(3) offer advice on coordinating disaster preparedness and seismic hazard mitigation 
activities o f  government at all levels, review the practices for recovery and reconstruction 
after a major earthquake, and recommend improvements to mitigate losses from similar 
future events;

(4) gather, analyze, and disseminate information o f general interest on seismic hazard 
mitigation;

(5) establish and maintain necessary working relationships with other public and private 
agencies;

(6) review predictions and warnings issued by the federal government, research institutions, 
and other organizations and persons and suggest appropriate responses at the state and 
local levels; and

(7) review proposed seismic hazard notifications and supporting information from state 
agencies, evaluate possible socioeconomic consequences, recommend that the governor
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issue formal seismic hazard notifications when appropriate, and advise state and local 
agencies o f appropriate responses.

(b) The commission may
(1) advise the governor and the legislature on disaster preparedness and seismic hazard 

mitigation and on budgets for those activities and may recommend legislation or policies to 
improve disaster preparedness or seismic hazard mitigation;

(2) conduct public hearings;
(3) appoint committees from its membership and appoint external advisory committees o f  ex­

officio members; and
(4) accept grants, contributions, and appropriations from public agencies, private foundations, 

and individuals.

Sec. 44.37.069. Definitions.
In AS 44.37.065-44.37.069,

(1) “commission” means the Alaska Seismic Hazards Safety Commission;
(2) “disaster preparedness” means establishing plans and programs for responding to and 

distributing funds to alleviate losses from a disaster as defined in AS 26.23.900 ;
(3) “seismic hazard” means an earthquake-induced geologic condition that is a potential danger 

to life and property; in this paragraph, “geologic condition” includes strong ground shaking, 
landslide, avalanche, liquefaction, tsunami inundation, fault displacement, and subsidence;

(4) “seismic hazard mitigation” or “mitigation” mean activities that prevent or alleviate the 
harmful effects o f seismic hazards to persons and property, including identification and 
evaluation o f  the seismic hazards, assessment o f the risks, and implementation o f measures to 
reduce potential losses before a damaging event occurs;

(5) “tsunami” means a large ocean wave produced by an earthquake, landslide, or volcanic 
eruption.
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Key Success Factors and Measures of Success
Success Factor Measure

Stakeholder Satisfaction • Facilitate Governor and Legislature understanding of 
seismic risk mitigation issues;

• Meet or exceed SOA expectations;
• Advice is sought;
• Advice is accepted;
• SOA endorsement; and;
• Positive feedback from staff.

Advocate of Risk Mitigation • Provide advocacy for seismic risk mitigation programs;
• Create opportunities for seismic risk mitigation advocacy;
• Become familiar with current existing programs; and
• Develop stakeholder support.

Advocate Public Outreach Programs • Encourage social environment where seismic risk mitigation 
is accepted;

• Examine existing programs within the State; and
• Be available for public education presentations.

Promote Development of Earthquake 
Scenarios

• Complete earthquake scenarios for realistic events in high- 
risk areas;

• Use scenario results to reduce earthquake risk; and
• Seek community involvement in scenario development and 

application of results.
Facilitate Partnerships for Seismic risk 
Reduction

• Identify potential partners to assist in addressing 
Commission goals; and

• Involve Federal, State, municipal, and private sector in 
addressing goals.

Critical Facilities Earthquake Risk 
Reduction

• Assist in prioritizing, identifying, and mitigating risks in 
facilities with life safety issues;

• Develop work plans in collaboration with State and local 
agencies/governments;

• Identify current legislation/programs adopted by other 
states/countries;

• Foster contacts with proponents who have had seismic risk 
mitigation successes;

• Identify pertinent code and construction requirements and 
potential limitations; and

• Recommend improvements including policy changes, 
legislation, and public outreach.

Earthquake Insurance in Alaska • Review current trends and provide advice;
• Review existing “white paper” and update as appropriate; 

and
• Develop “pros and cons” brochure describing earthquake 

insurance issues.
Promote Seismic Hazard Identification • Identification and characterization of seismic risk hazards;

• Definition and description of seismic risks;
• Seismic risk and hazard research; and
• Dissemination of seismic risk and hazard information to 

State and local governments, the public, and industry and 
scientific and professional community.
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APPENDIX B 
JANUARY 2010

A 0 I I C  p  Alaska Seismic Hazards 
n i J l l J l /  Safety Commission .

Charter
Purpose

To provide a vehicle through which statewide seismic risk issues can be addressed and solutions 
can be proposed that will reduce life and property losses from a future damaging earthquake.

Vision
Eliminate losses from future earthquakes and tsunamis. Promote public and government 
awareness o f Alaska's seismic hazards and seismic risk mitigation.

Mission
Make recommendations to the governor and legislature for reducing the State's vulnerability to 
seismic hazards. Advise the public and private sectors on approaches for mitigating earthquake 
and tsunami risk.
Act in an Advisory Capacity

Advise the Governor, the Legislature, and the public on Alaska's seismic hazards and risk 
mitigation.

Provide information and Technical Guidance
Recommend studies, policies, and programs that will mitigate the risks associated with 
seismic hazards.

Recommend Educational Programs
Recommend and participate in programs that will disseminate information to 
government agencies and the public.

Encourage Seismic Hazards Risk Mitigation Efforts
Encourage efforts to address issues related to seismic hazards risk mitigation.

By achieving this mission, we create an opportunity to be an effective body in 
mitigating the potential damaging effects of major seismic events.

Core Values
•  Honesty
• Integrity
• Trust
• Diligence
• Service to the State
•  Responsibility for One's Own work
•  Support to Other Commission Members
• Commitment to Complete Accepted Assignments
•  Provide Value to Stakeholders
•  Be Objective and Reasonable
• Advocate for Seismic Risk Mitigation Efforts
•  Recognize Exemplary Seismic Risk Mitigation Efforts
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ENDORSEMENT
W e, the m em bers of the Alaska Seism ic H azards Safety C om m ission, enthusiastically and fu lly  
endorse this C om m ission  Charter for gu id in g  and enhancing efforts in  natural hazards risk  
m itigation.

John Aho/Chair_____________________________________________________________________
Laura K elly/V ice Chair______________________________________________________________
Gary Carver________________________________________________________________________
D avid  Cole_________________________________________________________________________
Rod Com bellick____________________________________________________________________
Gay Dunham _______________________________________________________________________
Roger H ansen______________________________________________________________________
D avid  M iller_______________________________________________________________________
Mark Roberts_______________________________________________________________________
G ayle W hite________________________________________________________________________
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APPENDIX C

Summary Statistics for Regional/Urban Seismic Network (see figure C l)

•  Total number o f  stations operated and/or recorded: 540
•  Total number o f  channels recorded: 1,325
•  Number o f  short-period (SP) stations: 283
•  Number o f  broadband (BB) stations: 154
•  Number o f  stations maintained and operated by network: 540
•  Number o f  stations maintained and operated as part o f  ANSS: 130
•  Total data volume archived (MBytes/day) 9,000

EARTH Q U AK E A C T IV IT Y  IN 2010
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Figure C l. Seismic stations in Alaska.
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Additional Information

From February 1, 2010, through October 31, 2010, the Alaska Earthquake Information Center (AEIC) 
reported a total o f26,077 events within the combined seismic network (figure C2). The events range in depth 
from 0 to 260 km, with the deepest earthquakes located in the central Aleutian arc. The magnitude range 
o f  reported events is between -0.2 and 6.7. There were 270 events with magnitude 4 .0-4 .9  (~30 events per 
month on average); 35 events had magnitude 5.0-5.9 (~4 events per month on average); and eight events 
had magnitude 6.0 or above. The largest earthquakes (magnitude 6.7) occurred on July 18, 2010, in the 
Fox Islands region o f the Aleutian Islands. The magnitude o f  completeness o f the AEIC earthquake catalog 
for the reported time period is estimated to be 1.4 for the authoritative region and 2.5 for the Aleutians.

Figure C2. AEIC reported earthquakes between February 1 and October 31, 2010. The 
box outlines AEIC’s authoritative region for earthquake submissions.

The Alaska Earthquake Information Center recorded an unusual sequence o f  earthquakes about 260 km (160 
miles) west o f  St. Matthew Island that began on April 30,2010 (figure C3). The mainshock, magnitude 6.5, 
occurred on April 30 at 23:11:44 UTC. It was preceded by a magnitude 4.3 foreshock, 1 minute earlier, and 
followed by a magnitude 6.3 aftershock, 5 minutes later. Due to the offshore location o f  these earthquakes, 
only larger events (magnitude 3.5 and greater) can be located. The nearest seismic stations are about 350 
miles away, at Gambell and St. Paul. As o f  May 5, 2010, only 10 aftershocks have been located by AEIC. 
All have large location uncertainties. Both the mainshock and largest aftershock are strike-slip earthquakes.

The faulting can be associated either with the right-lateral motion on the southwest—northeast-trending 
fault or the left-lateral motion on the southeast-northwest-trending fault. The central region o f the Bering

30 Alaska Seismic Hazards Safety Commission Report to the Governor and State Legislature

Depth: Size:

170 W 160 W_______



Figure C3. April 30, 2010, M6.5 and M6.3 Bering Sea earthquakes 
yellow circles - background seismicity 
small orange stars - past M4.0-4.9 events 
medium orange stars - past M5.0-5.9 events 
large orange stars - past M6.0-6.9 events 
red stars - April 2010 events

Sea is virtually aseismic. In the north a wide, diffuse zone o f seismicity extends from western Alaska 
across the Bering Strait into eastern Russia. This zone is believed to mark the northern boundary o f  the 
Bering microplate. The southern edge o f  the Bering Sea is marked by the Aleutian Arc, where seismicity 
is associated with the ongoing subduction processes. In 1991, a magnitude 6.6 earthquake occurred about 
210 km (150 miles) to the southeast o f the April 30, 2010, earthquakes. The 1991 and 2010 earthquakes 
indicate north-south extension and east-west compression o f  the crust. The source area o f  the April 30, 
2010, event might be structurally linked to the graben-like structure that underlies the headwall area o f  the 
Zhemchug Canyon, which is the largest submarine canyon (by volume) in the world. The structural grain o f  
the headwall structures is northwest-southeast, parallel to the left-lateral nodal plane o f the April 30 events. 
The right-lateral nodal plane is parallel to the crustal fabric o f the hypothetical offshore continuation o f the 
great family o f northeast-southwest-trending strike-slip faults o f western Alaska (Kaltag, Kobuk, Denali, 
etc.). I f these crustal structures continue offshore, they may be the source o f  the April 30 earthquakes. There 
were no ‘felt reports’ for these earthquakes.
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A magnitude 6.7 earthquake occurred on Saturday, July 18, 2010, at 9:56 pm AKDT (July 18, 05:56 
am UTC) in the Fox Islands region o f  Alaska (red star farthest to left on figure C4; remaining red stars 
denote largest aftershocks). It was located 60 km (38 miles) west-southwest o f Nikolski and 248 km (155 
miles) west-southwest o f  Dutch Harbor. It was preceded by a magnitude 4 foreshock on July 17 at 14:44 
UTC. AEIC located nearly 3,200 aftershocks through the end o f July, including about 60 aftershocks with 
magnitudes 4.0 or greater. The largest aftershock, o f magnitude 6.0, occurred on July 18 at 19:48. This is 
the largest event to occur in the region since the magnitude 6.5 earthquake on October 13,2009 (yellow  
star). Magnitude 6.4 earthquakes occurred in the region on May 10,2006, and December 26,2007 (yellow  
stars). The 2006,2007, and 2009 earthquakes occurred on a convergent boundary between the subducting 
Pacific and overriding North American crustal plates. This region, where the Pacific plate is being forced 
beneath the North American plate, is one o f  the world’s most active seismic zones. In 1957, a magnitude 
8.6 Andreanof Islands earthquake ruptured a ~600-km-long portion o f  the plate boundary in the central 
Aleutian Islands. The current sequence o f  earthquakes is above the ruptured portion o f the megathrust. 
The earthquake depths are shallow, indicating that they occurred in the crust o f the North American plate.

Based on the waveform modeling, the mainshock and largest aftershocks are characterized by normal 
faulting on a north-northwest-south-southeast-oriented fault plane. The magnitude 6.7 earthquake was 
reported felt in Unalaska (intensity IV, light) and Dutch Harbor (intensity II, weak).
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Figure C4. July 18, 2010 M6. 7 Fox Islands earthquake.
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