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Earthquake:
An Earthquake is a shaking or vibrating of the earth’s crust. These seismic waves are generated by the breaching of the rock in the earth’s crust. 

“The earth’s crust is divided into more than fifteen lithospheric plates…These plates move across the globe…carried along by convection currents in the mantle. Most of the world’s earthquakes and volcanoes occur along the tectonically active margins of these major plates but they can also occur at weak points within plates.” (Smith 1996, 123)

“Damaging earthquakes are caused by sudden movements along a zone of pre-existing weakness, called a fault, comparatively near to the earth’s surface. Movements are preceded by the slow build-up of tectonic strain which progressively deforms the crustal rocks and produces stored elastic energy. When the imposed stresses exceed the strength of the fault, it fractures. This sudden rupture releases the stored strain energy and produces seismic waves which radiate outwards in ever-widening spheres around the fault.” (Smith 1996, 125)

“The world’s greatest earthquakes…have occurred in subduction zones…. where one tectonic plate is sliding at the rate of several inches per year beneath another tectonic plate.” (Hays and Gori, 1985, 3)

While scientists are able to measure the amount of energy that is building beneath the earth’s surface, they are not able to predict when an earthquake will occur. Therefore, earthquakes are unpredictable and can strike without warning. 

“One problem in making probability assessments arises from the fact that fault lines move in many different ways. For example, the San Andreas fault…is known to consist of both locked segments and creeping segments. Locked segments allow sufficient strain to build up to cause major earthquakes. Creeping segments are characterised by continuous sliding…which results in thousands of small vibrations only. Such creep appears to result from the presence of finely crushed rock and clay within the fault zone. This has a low frictional resistance, especially if saturated, and limits the build-up of tectonic strain.” (Smith 1996, 148)

“The point of rupture, known as the hypocenter, can occur anywhere between the earth’s surface and a depth of 700 km. Shallow-focus earthquakes (<40 km below the surface) are the most damaging events, accounting for about three-quarters of the global seismic energy release.” (Smith 1996, 126)

“The source point for earthquake measurement is the epicenter, which lies on the earth’s surface directly above the hypocenter.” (Smith 1996, 126)

Earthquakes can either occur as a single event or in a series over a period of several days—they are almost always accompanied by aftershocks which can be as destructive as the original earthquake.

Earthquakes range in intensity from slight tremors to great shocks and last from a few seconds to as much as five minutes. 

Earthquake severity is generally described in two ways. The magnitude of an earthquake, as expressed by the Richter Magnitude Scale, is a relative measure that depends on the maximum trace amplitude of ground motion registered on a seismograph at a normalized distance of 100 km from the source (Smith 1996, 124).   The Richter scale measures the release of energy, often miles below the surface, rather than damage effects. 

The Modified Mercalli Scale measures shaking on the ground and utilizes personal observation to rate the magnitude. The two scales are used in conjunction to describe the earthquake’s magnitude and effects. (State of Kentucky, III-6)

“Today, a commonly used Richter scale is known as the local magnitude (Ml) scale which incorporates various modifications, including those for modern recording equipment and local and regional conditions, so that it may be employed worldwide….Because the Ml scale is logarithmic, each whole number represents a potential ground-shaking at the seismograph site which is ten times greater than the next lower number. An Ml = 7 earthquake produces about ten times more ground-shaking than an Ml = 6 event and around 1,000 times more ground-shaking than an Ml = 4 event…approximate energy-magnitude relationships show that, as the magnitude increases by one whole unit, the total energy released increases by 31.6 times. Thus, compared to the energy released by an Ml = 5 earthquake, an Ml = 6 event releases over thirty times more energy, an Ml = 7 event about 1,000 times more energy and an Ml = 8 event over 30,000 times more energy.” (Smith 1996, 124)

Every State in the U.S. is at risk from earthquakes, with the risk running from minor, through moderate and strong, to severe—39 States have a moderate to severe risk. California is generally thought of as the most earthquake prone State—even so, only about one in five California households has earthquake insurance. (Burby 1998, 7)

Puerto Rico earthquake risk: “Puerto Rico is located in a subduction zone where the North American tectonic plate is sliding under the Caribbean tectonic plate. About 4 million Puerto Ricans live, work, and play in a locale surrounded and underlain by active faults, each capable of producing strong (M=6, 7, or 8) potentially damaging earthquakes. Current scientific knowledge…indicates that large earthquakes of magnitude 7.5 are expected to recur, on the average, about once every 80 years.” (Hays and Gori, 1985, 10) Eight seismic zones are within 150 kilometers of the island and its seismic hazard is comparable to that of California. (Interagency Hazard Mitigation Team 1999, 15) The Seismic Network of the Department of Geology, University of Puerto Rico in Mayaguez detected and located more than 5,500 earthquakes between 1990 and 1998, including approximately 40 minor tremors per month in Puerto Rico. (Interagency Hazard Mitigation Team 1999, 16)

Each year, there are thousands of earthquakes in the U.S.—most too small (microearthquakes of 2.0 or less) to be noticed by local public (FEMA 1993, 16, 19). Tens of quakes usually occur in the 5 or greater Richter scale category (FEMA 1993, 18).

“…most shallow earthquakes need to attain a magnitude of at least Ml = 5.5 before a major disaster occurs. Although earthquakes of this size, and greater, account for little over 1 per cent of all events, they are responsible for well over 90 per cent of all the seismic energy which is released.” (Smith 1996, 124)

While the greatest damage from earthquakes is the result of horizontal ground movements (ground-shaking) “…earthquake losses depend on many other factors such as the distance from the epicentre to the damage area, rock and soil conditions, population density and the nature of building construction” (Smith 1996, 125, 128).

“Local site conditions have important effects on ground motion. Significant amplifications occur in steep topography, especially on ridge crests. Ground motions in soil are enhanced in both amplitude and duration, compared to those recorded in rock. This agrees with the general observation that structural damage is usually more severe for buildings founded on unconsolidated material rather than rock.” (Smith 1996, 129)

Soil liquefaction “is the process by which water-saturated sediments can temporarily lose strength, because of strong shaking, and behave as a fluid. Water-saturated, cohesionless, granular sediment situated at depths less than 10 m below the surface is the principal medium” (Smith 1996, 129-130).

“All unreinforced masonry structures are at risk in earthquakes but the most vulnerable buildings are constructed from adobe or sunbaked clay bricks” (Smith 1996, 138).

“A catastrophic earthquake is probably the greatest natural hazard faced by the USA with an estimated 70 million Americans exposed to severe risk and an additional 120 million exposed to moderate risk….There is a real possibility that the USA might experience a major earthquake within the next decade with costs exceeding $100 billion.” (Smith 1996, 136)

The most frequent earthquakes are along the West Coast, although historically the most violent have occurred in the central U.S. (FEMA PT, 16).

It is estimated that the probability of a greater than 6.7 earthquake in the Southern California region in the next 30 years is in the range of 5% to 10% per year. (Aurelius 1994, Executive Summary, 2) The Working Group on California Earthquake Probabilities has estimated an 80 to 90 percent probability of an earthquake exceeding magnitude 7.0 in southern California before 2024 (USGS 1995), and a previous working group estimated a 67 percent probability of an earthquake exceeding magnitude 7.0 in the San Francisco Bay region by 2020 (Deyle, et al., 1998, pp. 140-141).

The majority of California’s population lives within 30 kilometers of an active fault zone (Comerio et at. 1996). Yet, “it has been estimated that less than 5 per cent of the Californian property insured against fire is also insured against earthquake” (Smith 1996, 136).

The San Andreas fault system has historically experienced a large earthquake every 170 years—the last (the Fort Tejon quake) was in 1857 (FEMA 1997, 1).

“The New Madrid seismic zone can expect a magnitude 6.0 earthquake every 70 years, magnitude 7.6 every 254 years, and magnitude 8.3 every 550 years. The last magnitude 6.0 was in 1895. The last magnitude 8.0 in 1812.” (Deyle et al. 1998, 140)

As reported in Jay Bakers forthcoming course, Living in a Hazardous Environment, average earthquake damage is increasing:

Between 1900–1996, $ 389 million per year

1946–1996, $ 700 million per year

1976–1996, $ 1.64 billion per year


1986–1996, $ 3.28 billion per year

Worst case scenarios have been constructed which estimate as many as 23,000 deaths from a large earthquake in Los Angeles.

Most earthquake casualties occur from falling debris and structural collapse.

1670: Puerto Rico experiences a major destructive earthquake. (Interagency Hazard Mitigation Team 1999, 16)

1787: All of Puerto Rico, except the south coast) receives damage from large Caribbean quake (Hays, 1985, 48). McCann notes that this large earthquake (probable 8-8.25 magnitude) appears to have originated in the Puerto Rico Trench, 50-100 kilometers to the north of the island (McCann, 1985, 69)

1811-1812: New Madrid, Missouri earthquakes (1,875 between 16 December 1811 and 15 March 1812—with four of the largest measuring 7.8–8.3) caused visible ground surface waves, eruptions of earth up to 40 feet in height, and affected an area roughly 7 times the area affected by the 1906 San Francisco quake. (Baker Forthcoming, 18-19)

1867, November 18: Puerto Rico: A large (estimated 7.5 magnitude) earthquake strikes the island and was accompanied by a tsunami (Molinilli, 1985, 211).

1886, August 31: Charleston, South Carolina 7.7 earthquake lasted a full minute, caused 60 deaths, and damaged or destroyed 90% of the buildings in Charleston (Baker [forthcoming] 18-19).

1906, April 18: San Francisco earthquake (estimated at 8.25 magnitude) caused 700 deaths (FEMA 1993, 17)
. Was felt from Oregon to Los Angeles-- 750 miles (Baker, forthcoming). 

Approximately 490 city blocks covering about 3,000 acres were destroyed by the earthquake and resulting fire—about six times the area burned by the 1,666 Great Fire of London and about half again as much territory as the 1871 Chicago fire.
 (Platt 1998, 33) 

Approximately 250,000 people were left homeless (FEMA EMI 1998, 2-8), due to the destruction of three-fifths of the city’s homes (Platt 1998, 33). The resulting property loss has been estimated at $53 million in 1995 dollars (Baker [forthcoming], ).4
1918, October 11: Puerto Rico; 7.3-7.5 magnitude earthquake occurs 9 miles offshore killing at least 116 people (40 as a result of the tsunami), causing approximately $4 million in damages in 1918 dollars, and causing a locally destructive tsunami producing 19-20 foot waves on the island’s northwest coast (Hays and Gori 1985, 10-11; Hays 1985, 48; FEMA 339, March 1999, 2-7; Palm and Hodgson, 1993, 24).

1943: Largest earthquake of the 20th century (7.75 magnitude) in the Caribbean strikes northwest of Puerto Rico in the Puerto Rico trench (Hays, 1985, 48).

1964, March 27: Anchorage/Prince William Sound Alaska 8.6 earthquake (the strongest to hit in North America and equivalent to 5,000 times the energy released by the 1994 Northridge quake), lasted for 3-4 minutes, caused the earth to permanently rise up to 38 feet, caused 75,000 square miles of vertical displacement and generated a tsunami which killed 122 people, in addition to 9 deaths attributed directly to the quake.
   The resulting property loss has been estimated at over $300 million (Bolin/Stanford 1998, 11).

The February 9, 1971 San Fernando Valley, CA 6.6 quake (near the municipality of Sylmar) caused 58 fatalities and about 2,000 injuries.
 Though a moderate-range quake, much damage resulted “because it occurred only 13 km below the surface and was on the margin of a highly urbanized area…” (Smith 1996, 126). Direct damage to buildings and other structures exceeded $500 million (Aurelius 1994, 3).
 Only about $32 million of this was covered by insurance (Smith 1996, 136).
 Caused partial collapse of the lower Van Norman dam north of Los Angeles and 80,000 people had to be evacuated until the water level could be drawn down to a safe level. (Baker [forthcoming])

Damage to hospitals, most notably a Veterans Administration Hospital, highlighted the vulnerability of these vital facilities to earthquakes. Federal law passed soon after the earthquake provided aid to private hospitals damaged by the San Fernando earthquake and other natural disasters, while the State of California began a program to reinforce highway overpasses against the shaking of future earthquakes (Gates 1972). The San Fernando earthquake also began a process that culminated in the National Earthquake Hazards Reduction Act of 1977 (Birkland 1997, 27; see, also, R.Olson, C. Holland, H. Miller, W. Lambright, H. Lagoria, and C. Treseder, To Save Lives and Protect Property: A Policy Assessment of Federal Earthquake Activities, 1964-1987. (Sacramento, CA: VSP Associates, 1988).

The October 17, 1989 Loma Prieta 7.1 earthquake on the San Andreas Fault resulted in 62-63 deaths, over 3700 injuries, over 12,000 homeless.

 Damages were estimated in the $6 to$10 billion range.

 Severe damage was reported within a hundred-mile radius around the quake’s epicenter, northeast of Santa Cruz, and tremors were felt several hundred miles beyond that in all directions (Schneider 1995, 3). 

A 1.5 mile double-deck section of a major commuter freeway collapsed trapping hundreds of cars and accounted for 41 of the 62 earthquake attributable deaths (Platt 1998, 35-36).

January 17, 1994: the Northridge (32 km NW of Los Angeles, CA) 6.7 earthquake on an unknown blind fault, followed by nine M5+ aftershocks (Bolin/Stanford 1998, 83). 

An estimated 6.6 million people in a tri-county area experienced the effects of a magnitude 6 or higher quake on the Modified Mercalli Intensity scale (Bolin/Stanford 1998, 131; citing OES 1997).

Resulted in 57 deaths, more than 1,500 injuries

Moderate to severe damage was reported for about 12,500 structures, including the collapse of 11 overpasses on some of the busiest freeways in Los Angeles and the San Fernando Valley.
 “More than 56,000 residential units (mostly apartments) were heavily damaged or destroyed…More than 19,000 single-family homes sustained damages in excess of $10,000 (Comerio 1995)” (Bolin/Stanford 1998, 83). 

An estimated 28,500 people sought refuge in 45 American Red Cross shelters and another 20,000 sought refuge in “tent cities” erected in LA County parks (Bolin/Stanford 1998, 98).
 

More than 15,000 volunteers became involved, principally with the American Red Cross and the Salvation Army (Bolin/Stanford 1998, 134). 

Damages amounted to at least $21 billion (Baker [forthcoming]).

“The earthquake prompted the largest federal expenditure for a disaster in US history, more than $12 billion in grants and loans by 1996 (FEMA 1996)
. Insured losses for residential and commercial structures are currently at $12 billion making private insurance the single largest source of reconstruction funds (Comerio et al. 1996)….Uninsured and uncompensated losses are now estimated to push total direct losses to as much as $44 billion (OES 1997)….” (Bolin/Stanford 1998, 83 and 86). Bolin/Stanford also note (p. 96) that by mid-February “more than 300,000 applications for federal and state assistance had been received.” By 20 January 1995, applications for Individual Assistance were up to 681,117 (Bolin/Stanford 1998, 131). FEMA provided rental assistance to nearly 119,000 victims at a rate of $1.150 per month based upon estimates of regional rental rates (Bolin/Stanford 1998, 134).

At the height of the disaster response, combined personnel resources brought in by FEMA and the California Office of Emergency Services came to approximately 5,000 (Bolin/Stanford 1998, 90).

1998: Puerto Rico experiences 622 earthquakes. (Interagency Hazard Mitigation Team 1999, 16)

Landslides:
A downward and outward movement of slope-forming materials composed of natural rock, soils, artificial fills or combinations thereof (FEMA 1993, 25).

Every State is vulnerable to landsliding (FEMA PT map, 26). As Smith notes (1996, 182), “…it is an under-recognized threat because the impacts tend to be frequent and small-scale, whilst the process itself is often attributed to other hazards, such as earthquakes and rainstorms” (Smith 1996, 182). Another cause of landslides is construction-related. Smith (1996, 192) notes one study which concluded that approximately 25-30 percent of Southern California’s landslides are related to construction activity.

Puerto Rico’s vulnerability to landsliding is high and landslides are common: “During the last thirty-one years, an average of 1.2 storms per year have occurred in the central mountains of Puerto Rico with sufficient rainfall intensity and/or duration to cause tens to hundreds of landslides.” (Interagency Hazard Mitigation Team, 1999, 13) Jibson (1987, 183) has described Puerto Rico as “one of the most landslide-prone areas in the United States” due to its steep mountainous terrain and tropical climate (quoted in Palm and Hodgson 1993, 25).

Cause 25 deaths on average annually (FEMA 1993, 25). [Smith cites a range of 25-50 (1996, 183).]

Some 22 percent of the U.S. population is exposed to “high-hazard” landslide risk, “while another 20 per cent are exposed to moderate hazard conditions” (Smith 1996, 183; citing W.J. Petak 1984).

Annual economic loss is estimated at $1 to $2 billion (FEMA 1993, 25), with the concentration of losses in the Appalachian, Rocky Mountain and Pacific Coast regions (Smith 1996, 183). Smith notes that “in each year of heavy storms, it is estimated that landslide damage averages $500 million in the Los Angeles area alone” (1996, 183).

1982, January: After three days of heavy rain in the San Francisco Bay area 26 people were killed by landslides, most in their homes in that the slides took place during the night (Smith 1996, 191).

1985, October 7: Mameyes, Puerto Rico landslide. This slide “carried most of the Mameyes hillside residential community (population of about 1,500) into the canyon below and covered part of it with debris 40 to 60 feet thick. One hundred nineteen homes were destroyed and about 130 people were killed. The death toll is the largest ever from a single landslide in the United States.” (Hays and Gori 1985, 8) The landslide was a byproduct of tropical storm Isabel which dumped up to 22 inches of rain into the area in a 24-hour period. Mameyes was a poor squatter community in the city of Ponce. (Dietz, et al., 1990, pp. 164-165)

Subsidence and Sinkholes:

A subsidence is a vertical displacement or downward movement of a generally level ground surface.

“Subsidence and surface collapse result from a combination of natural factors and human activity (Griggs and Gilchrist, 1983). The major causes of subsidence and collapse include withdrawal of large volumes of fluids such as petroleum or water, drainage of wetland areas (often to convert them into agricultural land or residential settlement), removal of subsurface materials (in underground mining), application of heavy loads on a subsurface that cannot bear these loads (in dense construction), creation of new land through artificial fill, and the settling of that land” (Palm and Hodgson 1993, 26)

In Puerto Rico an additional cause is due to rainfall that filters through limestone formations creating cavities that eventually become underground streams, rivers and canyons, which sometimes lose their roof (Palm and Hodgson 1993, 26)

“More than 40,000 square kilometers of the United States in 38 states is slowly sinking because of human activities, of which recent sinkholes in Florida and Ohio are only dramatic manifestations.  In fact, structural damage done by expansive soils cost about six billion dollars a year in America alone”  (Quarantelli 1987, 10).

The estimated annual loss from subsidence incidents exceeds $125 million annually. 

Tsunami:
A water wave or waves created by off-shore underwater disturbances (FEMA 1993, 35). The term is Japanese and means “harbor wave.” Sometimes called a tidal wave, though incorrectly since tsunamis are not caused by the tidal action of the moon or sun (FEMA 1993, 37; Smith 1996, 131).

Tsunami waves triggered by an earthquake or volcano travel outward in all directions from the generating area, traveling at speeds of 300 to 600 miles per hour in the deep and open ocean. The distance between successive crests can be as much as 300 to 400 miles. In deep water, the height of the waves may be no more than 1-2 feet and may pass a surface vessel unnoticed. However, upon reaching shallower waters around islands or on a continental shelf, the speed of the advancing wave diminishes, its length decreases and its height increases greatly (possibly to more than 60 feet) as the water piles up along the shoreline, sweeping all before it, sometimes beaching boats and ships thousands of feet inland (FEMA 1993, 37).

Between 1900 and 1990, U.S. coasts have been struck by 151 confirmed tsunamis, for an average frequency of 1.67 per year (FEMA 1993, 35). Primarily at risk are Hawaii, Alaska, Washington, Oregon, and Northern California and Puerto Rico.

“During the present century over 350 people have been killed in the USA with some $500 million in property damage…” (Smith 1996, 133).

Hawaii, the highest risk area, averages a tsunami a year, with a damaging occurrence every 7 years (FEMA 1993, 35).

1867: A destructive tsunami spawned by a Caribbean earthquake “ravaged the coast of southeastern Puerto Rico and various parts of the Virgin Islands…” (McCann 1985, 54)

1946, April 1: A tsunami with wave heights of 55 feet above sea level struck Hawaii, killing 159 people and causing property damage estimated at $26 million. (Generated by an earthquake near the Aleutian Islands in Alaska, the tsunami had a wave length of about 100 miles and traveled at 490 miles per hour. Deaths were also recorded in Alaska and the West Coast (FEMA 1993, 36). In the Aleutian Islands a local tsunami 100 feet high destroyed a concrete, steel-reinforced lighthouse, whose base was 46 feet above sea level, killing 5 people (Baker [forthcoming]).

In 1960 a tsunami from an earthquake in Chili killed 61 people in Hawaii, after killing more than 1000 in Chile and another 185 in Japan (Baker [forthcoming]).

In 1964, as result of Prince William Sound, Alaska earthquake, 122 people drowned in Alaska, Washington, Oregon, California and Hawaii (FEMA 1993, 4). The fifth of five tsunami to reach Crescent City, California, went 1500 feet inland, killing 12 people and flooding 30 city blocks (Baker [forthcoming]). Economic losses were estimated at over $100 million (FEMA/NOAA 1996, III-89).

Volcanoes:
Eruptions from the earth’s interior producing lava flows or violent explosions issuing rock, gases and debris (FEMA 1993, 38).

“Traditionally, volcanoes have been classified as active, dormant or extinct but in 1951 Mount Lamington erupted in Papua New Guinea killing 5,000 people although considered extinct….To be prudent, all volcanoes which have erupted within the last 25,000 years should be regarded as at least potentially active.” (Smith 1996, 155)

“Like earthquakes, the distribution and behavior of volcanoes is controlled by the global geometry of plate tectonics and active volcanoes exist in every major continental landmass, except Australia” (Smith 1996, 155).

“Volcanoes are found in three tectonic settings. First, they are heavily concentrated at the interplate margins. About 80 per cent of the world’s active volcanoes are located in the subduction zones where one tectonic plate is thrust and consumed beneath another. Subduction volcanoes are the most explosive type. The predominant form of subduction volcanoes is the stratovolcano, or composite cone, composed of alternating layers of ash and lava….Many of the world’s most famous volcanoes—Fujiyama in Japan, Mayon in the Philippines, Mt Hood in Oregon and Mt Vesuvius in Italy—are of this type. Second, rift volcanoes occur where tectonic plates are diverging. They are generally less explosive and more effusive, especially when they occur on the deep ocean floor. Third, hot spot volcanoes are located in the middle of tectonic plates where a crustal weakness allows molten material to penetrate from the earth’s interior. The Hawaiian islands in the middle of the Pacific plate are a good example.” (Smith 1996, 155)

“All volcanoes are formed from the molten material within the earth’s crust, called magma. This is a complex mixture of silicates which contain dissolved gasses and, often, crystallized minerals in suspension. As the magma works upwards towards the surface, the pressure decreases and the dissolved gases come out of solution to form bubbles. As the bubbles expand, they drive the magma further into the volcanic vent until it ultimately breaks through weaknesses in the earth’s crust.” (Smith 1996, 156)

“Major volcanic eruptions do not occur spontaneously. They are preceded by a variety of environmental changes which accompany the rise of magma towards the surface…” including earthquake activity, ground deformation, temperature increase in nearby water, increased heat and gas emission (Smith 1996, 176-177).

“Most volcano-related deaths are associated with highly explosive eruptions involving pyroclastic flows, lahars [mudflows], flooding and tsunamis. Lahars…account for at least 10 percent of all fatalities…effusive eruptions of molten lava and ashfalls…are likely to be a greater threat to property. For example, only one person has been killed so far this century by a volcanic eruption in Hawaii despite the fact that…some 5 per cent of the island has been covered by new lava flows” (Smith 1996, 159; citing R.W. Decker 1986, 267-291).

“Unlike the situation with earthquakes, there is no agreed international scale against which to measure the size of individual volcanic eruptions….Newhall and Self (1982) drew up a semi-quantitative volcanic explosivity index (VEI) which combines the total volume of ejected products, the height of the eruption cloud, the duration of the main eruptive phase and several other items into a basic 0-8 scale of increasing hazard.” (Smith 1996, 156)

The most active volcano areas of the U.S. are in Hawaii, with other primary areas in the Pacific Rim States of Alaska, Washington (e.g. Mount Baker), Oregon and California (FEMA 1993, 38).

Typically, a 20-mile danger radius surrounds a volcano.

The Mount St. Helen’s volcano erupted in 1980, after being dormant for 123 years. Superheated gases and debris were blasted outward at 250 mph, scorching, smothering, and devastating over 200 sq. miles (Baker forthcoming]). Resulted in 82 deaths and $1.5 billion in damages.
 Volcanic ash was spread over thousands of square miles, and massive flooding and mudflows were caused in the immediate vicinity.

“Within six hours of the comparatively modest eruption of Mount St Helens…ash clouds had drifted 400 km downwind. The ash cloud was sufficiently dense to screen out most sunlight and the street lights remained on all day in the darkened towns of Yakima and Spokane. People expressed breathing difficulties. Road traffic was halted. This was partly because of the poor visibility and partly because the air filters on car engines became choked with fine dust. Radio communication was lost for a time, with serious implications for emergency response, because of atmospheric interference.” (Smith 1996, 161)

Smith notes that even with active monitoring of Mt. St. Helens, it still “took authorities partly by surprise…because the main explosion was not immediately preceded by any specially abnormal phenomena and the explosive blast was directed laterally rather than vertically….Although the surrounding area was sparsely populated, it has been estimated that perhaps as many as 1,000 lives might have been lost if totally free access had been allowed to residents and tourists.” (Smith 1996, 178)

In 1983, Mount Kilauea in Hawaii began spewing gases and lava and has continued to be active since, releasing an average of 343 million cubic feet of lava per month, covering 30 square miles (Baker [forthcoming]).
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�  Bolin/Stanford project for a M7.0 earthquake “on the Newport-Inglewood fault…total economic losses…at between $120 and $180 billion…[with] projected death tolls—between 2,000 and 5,000.”





� Baker notes in his forthcoming Living in a Hazardous Environment that there were up to 2,500 deaths in San Francisco alone and possibly 5,000 altogether. Platt (1998) puts it at 500 (p. 33).





�  Platt cites William Bronson, The Earth Shook:  The Sky Burned (San Francisco:  Chronicle Books, 1986).  Smith notes (1996, 121) that more than 80 percent of the total property damage was due to fire.





�  Bolin/Stanford project a much higher figure: “For a repeat of the 1906…San Francisco earthquake…total economic losses are projected at more than U.S. $115 billion. Death tolls, depending on the ime of the day the main shock occurs are projected at between 2,000 and 6,000.” (1998, 18). They also note another projection of $40 billion in property losses in W. Petak and A. Atkinson’s “Natural Hazard Losses in the United States: A Public Problem” (1985).





�  The earthquake had a magnitude of 9.2 in The Role of Voluntary Agencies in Emergency Management, p. 2-10. Burton, Kates, and White note that intensity estimates for this earthquake range from 8.3 to 8.75 on the Richter scale, a difference of some 4.7 times in energy release (p. 38). The FEMA document also puts the number of deaths at 115.





�  Or about $1.13 billion in 1995 dollars.  Tobin and Montz note $235 million in damage to public property and $77 million in damage to real estate (1997, 9).





�  Bolin/Stanford (1998, 79) note this as an M6.4 earthquake, as does Smith (1996, 126). Baker, in Living in a Hazardous Environment (forthcoming), notes 65 fatalities. Bolin and Stanford (1998, 79) note 64 deaths.





�  Bolin/Stanford (1998, 79) note that this translates into about $1.8 billion in 1997 dollars.





�  Smith cites J.M. Hudson and W.J. Petak. 1981.





�  Baker, in the Living in a Hazardous Environment Higher Education Course, has a fatality figure of 63 and 3,757 injuries. Platt 1998 (p. 35) notes 3,757 injuries.





�  Platt notes “over $6 billion in property damage…” (p. 35).  The Principal Threats document notes $10 billion in damages (p.17).  Baker notes a damage estimate of $11.8 billion.


�  Baker notes 61 deaths and 9,000 injuries. Kimberly Shoaf et al. note reported fatalities ranged from a low of 33, counting “only those deaths from physical trauma that could be either directly in indirectly attributed to the earthquake,” to a high 73, which included heart attacks, strokes and other “difficult to attribute…[to the earthquake] medical conditions.” From “Injuries as a Result of California Earthquakes in the Past Decade,” in Disasters (22, no. 3, September 1998): 219.





�  It is noteworthy that a number of bridges had been retrofitted prior to the earthquake and these “sustained little or no damage” (Concrete Reinforcing Steel Institute 1994). Bolin/Stanford 1998 (86), however, notes that “two bridges retrofitted after 1971 collapsed during Northridge…” and cite the Seismic Safety Commission Report (No. 95-01), Northridge Earthquake: Turning Loss to Gain. Sacramento CA, SSC, 1995, p. 88.





�  According to the EQE Northridge Earthquake Summary Report, “Residential Buildings section, “82% of all structures rendered uninhabitable by the earthquake were residential. Of these, 77% were apartments and condominiums, and the remaining 23% were single-family dwellings. A week after the earthquake, approximately 14,600 dwelling units were deemed uninhabitable” (p. 1). “In Santa Clarita, located approximately 25 km northeast of the epicenter, almost half of the 3,000 mobile homes shook off of their pedestal foundations” (p. 3). As the EQE report notes, “because the earthquake occurred in the early morning and on a holiday, its effects were dramatically reduced from what they could have been. Any of several building collapses each could have caused hundreds of fatalities at a different time of day” (p. 2). Bolin and Stanford note that there may by some overlap in these numbers in that some of these “tent citites” may well have moved into shelters.





�  In “Getting Organized Pays Off for Disaster Response,” Journal of Contingencies and Crisis Management, (6, no. 1, (March 1998), pp. 61-63), Janet Bradford Benini notes the damage at $24 billion (p. 61). Saundra Schneider, in Flirting with Disaster, notes an estimate of “more than $30 billion” (p. 5). Bolin and Stanford note “direct losses of at least U.S. $25 billion, and estimated losses now approaching $44 billion (OES 1997)” (1998, 1).


�  References to the sources cited in this quote can be found in the references section at the end of the unit.





�  Smith (1996, 168) notes 57 deaths and $1 billion in damages.





