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Avalanche:
A mass of sliding snow in mountainous terrain with large snow deposits on slopes of 20 degrees or more (FEMA 1993, 10).

There are about 7,000–10,000 reported avalanche incidents annually in the US, “although only about 1 per cent harm humans or property (Smith 1996, 183).

About 17 people per year are killed in avalanches on average (FEMA 1993, 10), and annual avalanche deaths have been on the increase since the 1950s (Smith 1996, 184, quoting B.R. Armstrong 1984).

The avalanche risk is increasing “due to the greater use of alpine areas for winter recreation and the associated development of ski centers and other holiday resorts” (Smith 1996, 183). In addition, as Smith notes, the development of alpine areas results in the removal of tress, which if left intact, would help stabilize the snow cover.

Drought:
Defined as “any unusual dry period which results in a shortage of water” (Smith 1996, 287).

“The atmospheric processes that initiate drought are not well understood and drought is invariably defined in terms of effects rather than causes” (Smith 1996, 287).

“Although droughts are often associated with low rainfall and semi-arid climates, they also occur in areas that normally enjoy abundant rainfall. In other words, drought and aridity are not the same. This is because humans adapt their activities to the expected moisture environment: a yearly rainfall of 200 mm might be reasonable for a semi-arid pastoralist but could be a disastrous drought for a wheat former accustomed to an average of 500 mm per year.” (Smith 1996, 287-288)

Every State in the U.S. is at risk to drought (FEMA 1993, 14), though “the arid Southwest and the semi-arid Great Plains are the regions of the USA most vulnerable to recurrent drought” (Smith 1996, 295).

“During the last hundred years, major droughts have occurred on the Great Plains roughly every twenty years, the worst being that of the 1930s—the Dust Bowl years. During the droughts of the 1890s and 1910s, widespread reports of deaths due to malnutrition were reported with little done by the authorities to relieve distress.” (Smith 1996, 295)

Droughts as severe as the Dust Bowl of the 1930s occur once or twice a century according to a report by NOAA’s National Geophysical Data Center in Boulder, Colorado.

The National Weather Service estimates an annual economic loss of $934 million from drought (NWS 1996.)

In U.S. municipal water systems about $200 million is spent annually on storage facilities to prevent drought (Wollman and Bonem, 1971; cited by Burton et al. 1993, 51).

Wilhite, Rosenberg, and Glantz. (1986) have identified four requirements for effective governmental drought response:

1. Reliable and timely information on drought conditions and impacts must be developed and disseminated. In particular, this requires near real-time meteorological data relevant to drought assessment.

2. Impact assessment techniques must be improved. New types of analysis are needed to ensure that decision-makers have the means to understand the severity of the drought and its agricultural impacts so that appropriate mitigation actions can be taken.

3. Operational procedures must be centralized under one agency with complete authority to determine the eligibility for relief aid. The criteria for such aid should be established in advance of drought conditions, be adequately publicized and allocated consistently.

4. In order to avoid delays in the allocation of relief, the assistance programs also have to be established well in advance of the event and administered by the recognized lead agency. (Smith 1996, 305)

1930-1931: A major drought caused great damage to millions of people living in 23 southern, mid-western, and northwest states. During the “Year of the Great Drought,” as it was called, voluntary agencies provided assistance to millions who were in need. (FEMA 1998, 2-9)

“The effects of the major drought of the 1930s were compounded by poor farming techniques, poor market prices and a depressed economy. Afterwards, massive state and federal aid resulted in greater control of soil erosion and the development of irrigation, which increased six-fold between the 1930s and 1970s.” (Smith 1996, 295)

1950s: Drought conditions in the Great Plains States led to estimated annual losses to agriculture ranging from $200 million to $1.2 billion (at 1975 prices) (Smith 1996, 295).

1964, May 26: A Presidential Disaster Declaration is declared for extreme drought conditions in Puerto Rico. (FEMA 339, March 1999, p. B1)

1974, August 29: Presidential Disaster Declaration declared for extreme drought conditions in Puerto Rico. (FEMA 339, March 1999, p. B1)

1974-1977: During this period Federal drought relief programs in the form of loans and grants “has been estimated at $7-8 billion. During 1976/7 no less than forty programs were available to provide assistance to the private sector administered by sixteen different federal agencies. Not surprisingly, the exercise was neither efficient nor well coordinated” (Smith 1996, 304-305).

1980, June–September: The Central and Eastern U.S. estimated $20 billion in damage/costs due to drought conditions; and an estimated 10,000 deaths including heat related stress (NOAA/NCDC 1998).

1987-89: Great Plains drought -- 5.1 million acres of forest burned (Baker). The most significant U.S. drought since 1936 (Smith 1996, 291). Contributing factors were a “lack of precipitation and extreme heat in the Midwest” (Smith 1996, 292).

“The U.S. Department of Agriculture reported that the 1988 average corn yield was 31 per cent below the progressive upward trend which is driven by improved technology. This was the largest drop since the mid-1930s…More than one-third of the American corn crops were destroyed, a loss put at $4.7 billion (Donald, 1988). The soybean yield was 17 per cent below trend, the largest decline over the past sixty years, at a cost of at least $3.7 billion. The overall 1988 American grain harvest amounted to no more than 192 million tons, the smallest since 1970, and smaller than the Soviet harvest for the first time in decades” (Smith 1996, 292).

“Some of the worst impacts were recorded over the Mississippi basin and, by June 1988, no less than 83 per cent of this drainage system was experiencing severe drought. These conditions exacerbated existing low flow problems on the Mississippi, Missouri and Ohio rivers. Barge shipments on these rivers represent one of the nation’s major means of hauling bulk commodities like grain, petroleum and coal. By early July 1988 some blockages due to low discharge and sediment deposition existed on the Ohio and Mississippi rivers and navigation could be maintained only by controlled releases of water from federal reservoirs and increased channel dredging. Even so, river traffic was down by 20 percent at one point in the summer and most river ports experienced reduced shipments, especially of grain” (Smith 1996, 291).

1988, Summer: Drought in the Central and Eastern U.S. leads to an estimated $40 billion in damage/costs; and an estimated 5,000 to 10,000 deaths including heat related stress (NOAA/NCDC 1998).

1993, Summer: Drought in the Southeastern U.S. causes an estimated $1 billion in damage/costs; with the death toll undetermined (NOAA/NCDC 1998).

1995, Fall, through the Summer of 1996: Severe drought struck the agricultural regions of the southern plains—Texas and Oklahoma most severely affected. Approximately $5 billion in damages/costs (NOAA/NCDC 1998).

Floods:
Flooding is the most pervasive natural hazard in the U.S. and occurs from a variety of causes, including hurricanes, tornadoes, heavy rains, snow melts, ice jams, landslides, dam failures, and tsunamis. “Atmospheric hazards, especially excessive rainfalls, are the most important cause of floods” (Smith 1996, 263-264).

“The highest intensity rainfall is associated with more localized storms. If the intense convectional cells coincide with small drainage basins, then catastrophic flash floods can result. These floods occur mainly in the summer season…” (Smith 1996, 264).

Flood hazards result from the overflow of land areas, temporary backwater effects in sewers and local drainage channels, creation of unsanitary conditions, deposition of materials in stream channels during flood recession, rise of ground water coincident with increased stream flow, and other problems (State of Kentucky, III-4). 

“Deforestation appears to be a likely cause of increased flood runoff plus an associated decrease in channel capacity due to sediment deposition. In small basins more than four-fold increases in flood peak flows have been monitored together with suspended sediment concentrations as much as 100 times greater than those in rivers draining undisturbed forest land” (Smith 1996, 267).

“Urbanization increases the magnitude and frequency of floods in at least four ways:

1. The creation of highly impermeable surfaces, such as roofs and roads, inhibits infiltration so that a higher proportion of storm rainfall appears as runoff. According to Hollis (1975), small floods may be increased up to ten times by urbanization and the 1:100-year event may be doubled in size by a 30 per cent paving cover of the basin

2. Hydraulically smooth urban surfaces, serviced with a dense network of surface drains and underground sewers, deliver water more rapidly to the channel. This increases the speed of flood onset, perhaps reducing the lag period between storm rainfall and peak flow by half.

3. The natural river channel is often constricted by the intrusion of bridge supports or riverside facilities, thus reducing its carrying capacity. This increases the frequency with which high flows over-top the river banks. For example, successive navigation works on the Mississippi river have reduced the capacity of the natural channel by one-third since 1837 (Belt, 1975). A major flood in 1973 was reported as a 1:200-year event in terms of water level, although the flow had an average recurrence interval of only thirty years.

4. Insufficient stormwater drainage following building development is a major cause of urban flooding. The design capacity of many urban stormwater drainage systems…is for storms with return periods as low as 1:10 to 1:20 years. Many sewerage systems cannot cope with the resulting peak flows and the excess water is delivered to the surface for storage” (Smith 1996, 266-267).

“Economic growth and population redistribution through the twentieth century have produced a great degree of floodplain encroachment in North America. In a study of twenty-six cities, Goddard (1976) found that one-sixth of all urban land in the United States lay within the 1:100-year flood-plain and that more than half of the available floodplain land in the country was developed by 1974. Moreover, urban areas were expanding onto floodplains at the rate of about 2 per cent per year” (Smith 1996, 268).

Every State in the U.S. is at risk from flooding (FEMA 1993, 20), including some 21,000 communities specifically at risk. 

About 10 percent of the U.S. population is at risk to some kind of flood threat, “whether from small gully or major stream” (Burton, Kates, and White 1993, 77; Smith 1996, 257).

Some 20 to 25 percent of the nation’s floodplains are high-risk areas, many with on-going development. (FEMA/USFA 1995, page SM Sim 1-3)

In Puerto Rico, approximately 435,000 people live within a 100-year floodplain. (Interagency Hazard Mitigation Team 1999, 14)

The U.S. experiences approximately 1000 floods annually. (EPN, Sep 1998, 156-160)

Annual deaths from floods averaged 146 from 1973-1993 (FEMA PT, 20).

Annual flood damage is on the order of $3.5 billion (FEMA/NOAA 1996),
 today and has been on a fairly steady increase for at least the last 70 years with one estimate of “about 4 per cent per year in real dollars” (Smith 1996, 260-261).

“…since 1936 the United States government has spent more than $15 billion on structural flood control works” (Smith 1996, 260).

“The fact that flood losses continue to increase, despite growing investment in alleviation schemes, could be attributed to a variety of factors. But, assuming that allowances are made for continuing cost inflation and the increased availability of flood loss data, there are really only two plausible explanations: first, a physically-driven increase in the frequency and magnitude of flood events; and second a human-driven increase in vulnerability caused by greater floodplain occupancy.” (Smith 1996, 261)

Flooding often causes soil erosion, crop damage, contamination, power failure and landslides (FEMA 1993, 20).

The damage potential of flood waters increases exponentially with velocity. The faster the water movement the higher the potential that structural foundations will be undermined. “The physical stresses on structures are raised further, probably by hundreds of times, when rapidly flowing water contains debris such as rock, sediment or ice” (Smith 1996, 266).

Flood hydrology has now developed to the point where storm rainfall and runoff conditions can be modelled to high levels of accuracy. Advances in hydrometerological understanding have been complemented by great strides in flood monitoring and in real-time data handling and communication, which can reduce the lead time for warnings….Quantitative precipitation forecasting, using satellite and radar data, is a key element in current forecasting strategies for all areas where the watershed response time is shorter than that available for effective social mobilization against floods” (Smith 1996, 280).

In 1889 the deadliest flood in U.S. history hit Johnstown, Pennsylvania, when the South Fork Dam on the Conemaugh River burst after an estimated 6-9 inches of rain poured into the river basin over a short period of time—2,209 deaths resulted. (FEMA EMI 1998, p. 2-7)

1927: The Great Mississippi flood inundated more than five million acres of farmland. The American Red Cross set up 154 refugee camps to care for more than 325,000 people (FEMA EMI 1998, p. 2-9). This flood “reclaimed most of the alluvial valley from the Ohio River to the Gulf. Hundreds of levees were breached or overtopped. Some 20,000 square miles of land were inundated, 700,000 people were displaced, over 200 were killed, and 135,000 structures were damaged or destroyed.” (Platt 1998, 38) In the same place Platt notes that this flood “prompted Congress to scrap the ‘levees only’ policy and expand the range of engineering approaches to controlling the river.”

1970, October 12: Presidential Disaster Declaration is granted for Puerto Rico for flooding caused by heavy rains (FEMA 339, March 1999, p. B1). The eastern two-thirds of Puerto Rico was effected, resulting in $68 million in economic damage and 18 deaths – total rainfall at some recording stations over the duration of this six-day storm exceeded 38 inches (Palm and Hodgson 1993, 25).

1972, July: Rapid City, South Dakota had 15 inches of rain in a 5-hour time period, resulting in flooding that took 238 lives and caused $164 million in damages (FEMA/NOAA 1996, III-28).

1974, November 30: Presidential Disaster Declaration issued for severe flooding in Puerto Rico. (FEMA 339, March 1999, p. B1)

1975, September: In Puerto Rico flash and river floods cause 34 deaths, over $125 million in damage, and leave 120,000 temporarily homeless (Palm and Hodgson 1993, 25).

1976, July 31: The Big Thompson Canyon flash flood, northwest of Denver, Colorado, caused the worst natural disaster in Colorado history—at least 139 people died (Smith 1996, 258), 88 were injured, and seven were never found. “Many of the dead were recreationalists with little awareness of the flash flood dangers and the need to escape from the canyon floor” (Smith 1996, 258). The flood destroyed 316 homes, 45 mobile homes, and 52 businesses, and damaged numerous other structures (Natural Hazards Observoer 1997, 4). Caused by 10-12 inches of rain within about 2 hours over the headwaters of the Big Thompson Canyon, which produced a 19-foot wall of water and debris, and about $35.5 million in damages (FEMA/NOAA 1996, III-28). “…60 percent of those who survived…received no official warning” (Smith 1996, 281).

1985, May 31: Presidential Disaster Declaration issued for Puerto Rico due to flooding and mud and landslides from severe storms. (FEMA 339, March 1999, p. B1)

1985, October 10: Presidential Disaster Declaration issued for Puerto Rico due to flooding and mud and landslides from severe storms. (FEMA 339, March 1999, p. B1)
1986, October 6-7: Flash floods cause significant damage and destruction in Puerto Rico (NWS 1992, 20). 

1987, December 17: Presidential Disaster Declaration issued for Puerto Rico for severe storm caused flooding. (FEMA 339, March 1999, p. B1)
1992, January 5: 8-20 inch rainfalls in Puerto Rico result in severe flash and river flooding. Resulted in 23 fatalities, 20 of which involved motor vehicles. “Several of the 23 deaths occurred when residents drove past police and civil defense barricades in an attempt to return home…” (NWS 1992, vii). Estimated damage was $88 million (NWS 1992, vii). “Fatalities occurred prior to the issuance of the first flash flood warning” (NWS 1992, 8). According to a Centers for Disease Control report on the flash flooding, “not one person interviewed—including CD officials, surviving companions, or family members—recalled hearing an official warning over the radio or television during the evening of January 5 or early January 6” (quoted in NWS 1992, 6-7).

“This may be explained by the fact that EBS [Emergency Broadcast System] activation as requested by the San Juan WSFO [Weather Service Forecast Office] was ineffective. The Commonwealth CD [Civil Defense] Emergency Operations Center (EOC) activated the EBS at 9:05 p.m. – 2 hours and 20 minutes after the warning was issued. In addition, the EBS tone was activated for less than the prescribed length of time, thus precluding any recipient from recording the message for retransmission. The EBS tone was considered too short by the media and was essentially ignored….EBS was activated only once by the Commonwealth CD, despite the fact that WSFO San Juan requested EBS activation on ten separate occasions” (NWS 1992, 7).

The 1993 Midwest Floods resulted when thousands of miles of nonfederal levees were breached or overtopped despite heroic sandbagging and levee-saving efforts (Platt 1996, 50). This led to $15-20 billion in losses (mostly agricultural) (U.S. Dept. of Commerce, 1994). The Interagency Floodplain Management Review Committee’s report, Sharing the Challenge: Floodplain Management into the 21st Century—A Blueprint for Change (1994, p. 15), notes a damages range of $12-16 million. Approximately 31,250 square miles were flooded (over 6.6 million acres in 419 counties) (p. 6). Seventy-five towns were submerged (Baker [forthcoming]). Forty-eight deaths were attributed to the flooding (Baker [forthcoming]). The National Weather Service reported “at least 38 deaths” (p. 8). The FEMA/NOAA Hazardous Weather Resource Guide notes 31 deaths (p. III-37). Federal declarations were issued for 9 states (Baker [forthcoming]).
 The federal costs amounted to about $4.2 billion in the 525 counties “declared” in these nine states (Platt 1995, 26). The number of flooded residences given in Sharing the Challenge (p. 17) is between 70,000 and 100,000. Some 54,000 people needed to evacuate from flooded areas (Smith 1996, 256). Fully 80% of private earthen levees in the Mississippi River Basin failed (Pugh 1993, 86). Was the result of ten times normal rainfall in the central U.S. between April 1st and July 31st (Schneider 1995, 4). In the nine-state region affected by the 1993 Midwest floods, “only about 20 percent of the structures in the floodplain were insured, a rate that is typical of the United States as a whole (Interagency Floodplain Management 1994).” “FEMA bought out about 8000 properties in nine states, at a total cost of more than $150 million” (Platt 1998, 50).

During October 1994 torrential rain and thunderstorms caused flooding across much of southeast Texas, approximately $1 billion in damage/costs, and 19 deaths occurred (NOAA/NCDC 1998).

Between January and March 1995 frequent winter storms caused periodic flooding across much of California causing over $3 billion in damage/costs and 27 deaths (NOAA/NCDC 1998).

In 1995, torrential rains, hail, and tornadoes across Texas, Oklahoma, and southeast Louisiana—southern Mississippi caused flooding with Dallas and New Orleans hardest hit; damage estimated at $5-6 billion, and 32 deaths were attributed (NOAA/NCDC 1998).

In February 1996, severe flooding across the Pacific Northwest was caused by very heavy, persistent rains and melting snow over Oregon, Washington, Idaho, and Western Montana; approximately $1 billion in damages and 9 deaths (NOAA/NCDC 1998).

The1996-1997 Northern and Central California floods caused 8 deaths and at least $1.6 billion in damage (Benini 1998).

During March 1997 tornadoes and severe flooding hit the states of AR, MO, MS, TN, IL, IN, KY, OH, and WV; estimated $1 billion in damages with 67 deaths attributed (NOAA/NCDC 1998).

During the 1997 Red River Flood in North Dakota and Minnesota, the river swelled to almost twenty miles from its banks at some locations (Darland 1997, 11). Damage was estimated at $1-2 billion, with most occurring in Grand Forks, North Dakota and East Grand Forks, Minnesota (Pielke 1997, 8). 90% OF Grand Forks’52,500 residents and 100% of East Grand Forks’ 9,000 residents were evacuated. According to FEMA’s Director’s Weekly Update of 17 April 1998 (Grand Forks One Year Update,” p. 2) as of March of 1998, FEMA had paid over $66 million in reimbursements to Federal, State and local agencies responding in North Dakota and over $49 million in Minnesota.

1998, August-November: Tortugo Barrio in Puerto Rico is flooded 4 times. During the first flood, which occurred in less than one hour after an intense localized 4-6 inch downpour, 82 residents lost all their possessions due to water and mud damage and another 21 suffered partial losses (Perez-Lugo 1999).

In spite of risk reduction mitigation efforts for floodplain management, increasing numbers of households are at risk and increased damage is projected for the future (FEMA 1993, 20).

Fog:
Defined as water droplets suspended in the air at the Earth’s surface.

In March 1995, fog caused a 100-car wreck on a 7-mile bridge over Mobile Bay in Alabama, leaving 876 injured and 1 dead (FEMA/NOAA 1996, III-131).

Hail Storms:
Hail consists of ice particles which fall from clouds to the ground (Smith 1996, 219).

“Most hail is produced by thunderstorms in which strong vertical motions are present. These motions give rise to towering cumulonimbus clouds which are often associated with thunder and lightning. Hailstorms result from strong surface heating and are warm season features, although some are produced by cold fronts which wedge under warm, moist air to produce clouds and intense storms.” (Smith 1996, 220)

“The intensity of hailfall depends on the number of particles and the surface windspeed which drives them, but the degree of hazard is also associated with the size of the particles. The most destructive hailstones tend to exceed 20 mm in diameter.” (Smith 1996, 220)

“Few mid-latitude areas are immune from hail but most of the damage is concentrated in the continental interiors proximate to mountains.” (Smith 1996, 220)

“Most places in the United States experience only tow or three hailstorms per year and only one in ten or twenty of these may ever produce seriously damaging hail. However, between April and October crop-damaging hail falls somewhere in the eastern two-thirds of the USA on almost every day. Major loss days (>$1 million) occur about twenty times per year across the nation. These large, but infrequent losses, represent only 5 per cent of the total loss days. On the other hand, they range over fifteen or more states and account for almost 40 per cent of the national losses.” (Smith 1996, 220)

In May 1995, a hail storm in Dallas Texas dropped softball-sized hail, damaging more than 100 planes at the Dallas-Fort Worth Airport and causing $750,000,000 in damages, 510 injuries, and 21 deaths (FEMA/NOAA 1996, III-5).

Heat Wave:
Excessive heat usually occurs as a result of a combination of high temperatures and high humidities. At certain levels, the human body cannot maintain proper internal temperatures and heat stroke may be experienced. (FEMA/NOAA 1996, III-135)

A daytime Heat Index reaching 105 degrees F or above with nighttime lows at or above 80 degrees F for two consecutive days may significantly impact public safety and, therefore, generally requires the issuance of an advisory or warning by local National Weather Service offices. (FEMA/NOAA 1996, III-135)

Those most at risk are those over 65 and people with heart conditions (Smith 1996, 239). In addition, “urban areas pose the greatest risks of thermal stress, partly because of the enhanced heat-island effect and partly because of endemic socioeconomic problems in the inner cities….High risk groups typically comprise the urban poor, especially people who lack domestic air conditioning or who are dependent on alcohol or drugs” (Smith 1996, 240).

The first heat wave of the season, before acclimatization can occur, tends to lead to higher mortality rates (Smith 1996, 239).

About 20,000 people died in the US from 1936-1975 from prolonged heat and humidity (Smith 1996, 239, citing R. Quayle and F. Doehring, “Heat Stress: A Comparison of Indices,” Weatherwise 34, 1981, 120-124). The U.S. Centers for Disease Control estimates that 5,379 people died from excessive heat between 1979 and 1992, averaging 384 deaths per year. (FEMA/NOAA 1996, III-136) 

“In September 1955 a heat wave associated with dry south-easterly winds created 946 excess deaths in Los Angeles, more than twice the mortality recorded in the 1906 San Francisco earthquake and fire” (Smith 1996, 240).

In July 1966 in Illinois a 36 per cent increase in deaths over a 5-day period was attributed to a heat wave, and in the New York-New Jersey metropolitan area during the same time-frame, an estimated 150-200 deaths above the norm in the city core were attributed to heat stress (Smith 1996, 240).

In July 1980, a heat wave hit the Midwestern U.S. In Kansas City and St. Louis alone, 1,448 deaths were attributed to the heat (FEMA/NOAA 1996, III-136).

In July 1995, a heat wave hit the Eastern and Midwestern U.S. Over 475 heat-related deaths occurred in Chicago alone (FEMA/NOAA 1996, III-135).

Hurricanes/Tropical Storms:
A hurricane is a tropical cyclone with torrential rains and sustained winds of 74 miles per hour or greater which blow in a counter-clockwise direction around a center “eye.” A typhoon is the north-west Pacific Ocean version of a hurricane, and “tropical cyclone” is the name for the same type of storm in the Indian Ocean, Bay of Bengal and Australia (Smith 1996, 210).

The radius of maximum winds around the center of a hurricane averages about 15 miles, and “the direct hit zone averages about 50 miles” (Deyle et al. 1998, p. 158; citing Hebert et al., 1993).

A Category 4-5 hurricane on the Saffir-Simpson scale can release “more energy power in one day than the USA uses in a year” (Smith 1996, 213).

Hurricane winds (often spawning tornadoes) and storm surge lead to loss of life, coastal erosion, coastal and inland flooding, structural failure, felled trees, power failure and significant economic disruption (FEMA 1993, 22). “About 30 million people are exposed to hurricane wind hazard, and some 6 million are directly subject to the storm surge arising from a storm, which is more likely to cause loss of life” (Burton, Kates, and White 1993, 82). 

The extent of deaths and damage from hurricanes is affected by a number of variables, including the timing and nature of the forecast, “land-use policies, emergency readiness and preparation, building standards and the location of the population.” (EPN, 8 Dec 98, 225)

The strongest 20 percent of hurricanes cause 80 percent of the damage (Hugh Willoughby, Director of NOAA’s Hurricane Research Division in EPN, 8 Dec 98, 225).

Hurricanes and tropical storms occur seasonally (June through November); August-September are the peak months. (FEMA 1993, 22)

Each year on average, nine to ten named tropical storms develop over the Atlantic Ocean, Caribbean Sea, or Gulf of Mexico—five or six of these become hurricanes, i.e., will attain wind speeds of oat least 74 mph (Category 1 on the Saffir-Simpson Scale).

The average number of hurricanes each year that attain Category III, IV, or V is 2.2. (FEMA, Director’s Weekly Update, March 1, 1999, p. 2).

“About two hurricanes affect the East Coast per year, and from them winds of over 70 kilometers per hour may affect more than 5 million square kilometers of land, or nearly one-quarter of the nation’s territory.” (Burton Kates, and White 1993, 82).

“More storms (54) developed during the years 1995 to 1998 than during any other four-year period since the 1870s.  An historical review of Atlantic hurricanes suggests that there exists a quasi-cycle pattern of extended runs of years with high storm frequencies followed by periods of reduced storm development.  Gray
 and numerous other hurricane experts believe we are moving into a period of elevated activity, when annual storm counts will tend to be above the long-term average.”  (LSU Hurricane Center 1999, 2)

More than 50 million Americans live near hurricane-prone coastlines.

In Louisiana, for example, 40% of the State is “classified as coastal zone; 90% of this zone being near or below sea level; and 70% of Louisiana’s population residing in the coastal zone.”  This includes New Orleans with its 500,000 population at risk, and estimated potential insured losses exceeding $25 billion. (LSU Hurricane Center 1999, 1-2).

The U.S. has averaged $4.8 billion a year in hurricane damages during the 20th century (EPN 9 June 1997, 91).

Drowning is the greatest cause of death related to hurricanes—about nine of ten people killed in hurricanes are victims of the storm surge—a storm surge of 23 feet was recorded in the Bahamas from Hurricane Andrew before it hit South Florida, August 1993 (Rappaport 1993, 6).

1871-1989: 185 hurricanes and tropical storms hit coastal areas from North Carolina to Texas (FEMA 1993, 78). 27 hit Puerto Rico (NRC 1994, 48).

1893: The San Roque hurricane crosses Puerto Rico from the central east to the northwest. (FEMA 339, March 1999, 2-2)

1899, August: The San Ciriaco Hurricane results in a record 24-hour rainfall [23 inches (Oxman 1987, 7)] for Puerto Rico (NRC 1994, 48). Significant coastal and riverine flooding resulted. An estimated 2,184 people were killed and direct damages totaled $35 million (Palm and Hodgson 1993, 24).

1900-1989: More than 13,000 deaths can be attributed to hurricanes, and more than $43 billion in property loss (FEMA 1993, 78).

1900, September 8th: Before hurricanes were named, a hurricane struck Galveston Texas killing 6,000 people (15% of the area’s population)—primarily due to drowning from the storm surge (FEMA/EMI 1998, p. 2-7). “A total of 2,636 houses, nearly half of all the dwellings in the city, were destroyed” (Smith 1996, 212). At the time the highest point in Galveston was less than 10 feet above sea level (Smith 1996, 212).  Category 4 hurricane.

1906:  Unnamed category 2 hurricane hits Southeast Florida leading to 164 deaths.

1906:  Unnamed category 3 hurricane hits Mississippi, Alabama and Pensacola Florida – leads to 134 deaths.

1909:  Unnamed category 4 hurricane hits Grand Isle, LA, leading to 350 deaths.

1909:  Unnamed category 3 hurricane hits Velasco, Texas leading to 41 deaths.

1910:  Unnamed category 3 hurricane hits Southwest Florida leading to 30 deaths.

1915:  Unnamed category 4 hurricane hits New Orleans, LA, leading to 275 deaths.

1915:  Unnamed category 4 hurricane hits Galveston, TX, leading to 275 deaths.

1918:  Unnamed category 3 hurricane hits Southeast LA leading to 34 deaths.

1919:  Unnamed category 4 hurricane leads to 600-900 deaths when it hits Florida and Texas – 3rd largest hurricane-related loss of life in U.S. history (as of 1999).

1926:  Unnamed category 4 hurricane hits Miami, FL, leading to 243 deaths.

1926:  Unnamed category 3 hurricane hits Louisiana leading to 25 deaths.

1928:  San Felipe hurricane traverses Puerto Rico, producing record rainfalls of 25-39 inches for greater-than-24-hour timeframe, and registers peak wind gusts of 160 mph (NRC 1994, 16). A category 5 hurricane on the Saffir-Simpson scale (FEMA 339, March 1999, 2-2). About 300 people were killed, over 83,000 left homeless, and economic losses estimated at $50 to $85 million (Palm and Hodgson 1993, 25).

1928:  Unnamed category 4 hurricane hits Florida causing Lake Okeechobee to flood and leading to 1,836 deaths – 2nd largest hurricane-related loss of live in U.S. history.

1931: Hurricane Nicolas moves through Puerto Rico and by San Juan from the southwest to the northwest. (FEMA 339, March 1999, 2-2)

1932: Hurricane San Ciprian causes great damage and destruction in Puerto Rico, not to be rivaled until Hurricane Georges in 1998. (Interagency Hazard Mitigation Team, 1999, 2) A category 4 hurricane on the Saffir-Simpson scale (FEMA 339, March 1999, 2-2). About 300 people were killed and $30-$50 million in property loss resulted (Palm and Hodgson 1993, 25).

1932:  Unnamed category 4 hurricane hits Freeport, Texas leading to 40 deaths.

1933:  Unnamed category 3 hurricane hits South Texas leading to 40 deaths.

1935:  Unnamed category 5 hurricane hits Florida Keys and leads to 408 deaths – 5th largest hurricane loss of life in U.S. history (as of 1999).

1938:  Unnamed hurricane leads to deaths of 600 on Long Island and New England, “largely because hurricane forecasting was primitive, communications between communities in the path of the storm were knocked out, and because the human and institutional adjustments to such storms were still underdeveloped.” (Birkland 1997, 56)

A category 3 hurricane.

1940:  Unnamed  category 2 hurricane hits GA, SC, and NC leading to 50 deaths.
 

1944:  An unnamed category 3 hurricane hits Northeast U.S. leading to 390 deaths.

1947:  Unnamed category 4 hurricane hits FL, LA and Mississippi, leading to 51 deaths.

1954:  Hazel, a category 4 hurricane, hits SC and NC leading to 95 deaths.

1954:  Carol, a category 3 hurricane, hits Northeast U.S. leading to 60 deaths.

1955:  Rain from Hurricane Diane causes inland flooding in Pennsylvania, New York, and New England resulting in 200 deaths
 and $4.2 billion in damages.    

1955:  Connie, a category 3 hurricane, hits North Carolina leading to 25 deaths.

1956:  Tropical Storm Betsy moves over Puerto Rico from the southeast to the northwest. (FEMA 339, March 1999, 2-2)

1957:  Hurricane Audrey, a category 4 hurricane, hits Louisiana and Texas, leading to 390 deaths.

1960:  Donna, a category 4 hurricane, hits FL and Eastern U.S. leading to 50 deaths.

1961:  Carla, a category 4 hurricane, hits Texas, leading to 46 deaths.

1964:  Hilda, a category 3 hurricane, hits Louisiana leading to 38 deaths.

1965, September 6-10:  Hurricane Betsy hits South Florida measuring 600 miles end to end.  Six-foot storm surge causes flooding in Miami and Fort Lauderdale.  Moves on to Louisiana picking up strength in the Gulf and hits with winds of 135 mph.  Economic damage was $6.5 billion (1990 dollars) and 75 lives lost.
  Category 3 hurricane.

1969, August 17-18: Hurricane Camille, the second strongest Category 5 hurricane in U.S. history, hits the Mississippi Gulf Coast on Sunday night, August 17 and continued into Louisiana and Alabama the early hours of August 18th. With winds in excess of 200 mph and tides of 20 feet, Camille claimed the lives of 256 people and submerged the world’s longest bridge, the 26-mile Pontchartrain Causeway. (FEMA/EMI 1998, 2-10.) 

1972, June 15-23: Hurricane Agnes, struck the U.S. on June 19 when it moved inland near Panama City Florida and soon generated 15 tornadoes in Florida and 2 in Georgia. Downgraded to a tropical storm, Agnes moved northward over the coastal and Appalachian regions, producing very heavy rainfalls in Virginia, New York, Pennsylvania and the New England states. On June 22nd Agnes joined forces with a large system moving southward from Canada. “The result was a tremendous conjunction of rain-producing mechanisms moving westward across New York State and Pennsylvania. In some places, 19 inches fell over a 2-day period…A third of the stream-gauging stations in the Susquehanna Basin were washed out, as were the lines used to report their readings….downtown Harrisburg [PA] was under 3 feet of water…and at many places in the region the streams were running higher than ever before recorded. At Richmond, Virginia, the James River was 2 meters above the record set in 1771….Property damage was estimated to exceed $3.5 billion. At least 118 people had lost their lives. In monetary terms it was the greatest material disaster in the history of the United States….More than 250,000 people in Pennsylvania alone were obliged to leave their homes” (Burton, Kates, and White).  A category 1 hurricane.

1975, September: Tropical Storm Eloise hits Puerto Rico leading to the issuance of a Presidential Disaster Declaration (FEMA 339, March 1999, p. B1). Eloise claimed 34 lives and caused over $125 million in property damages (Palm and Hodgson 1993, 25).

1979: Tropical Storm Claudette in 1979 brought 45 inches of rain to a Texas community, and more than $600 million in damages.

1980: Hurricanes David (September) and Frederic hit Puerto Rico (NWS 1992, 20; FEMA 339, March 1999, p. B1).

1983, August: Hurricane Alicia, a category 3 hurricane, hits Texas causing $3 billion in damage/costs and 21 deaths (NOAA/NCDC 1998).

1985, August-September: Hurricane Elena--a category 3 hurricane causing 4 deaths from Louisiana to Florida and $1.3 billion in damages (NOAA/NCDC 1998).

1985, October: Tropical Storm Isabel dumps up to 22 inches of rain within a 24-hour period in certain regions of Puerto Rico—leads to widespread flooding, landslides and bridge collapse. Approximately 180 people die, including an estimated 127 at the Mameyes landslide, nearly 3000 homes damaged leaving 4400 people temporarily displaced into 44 public shelters. A Presidential Disaster Declaration is issued and FEMA provides $63 million in disaster aid. Eleven water-filtration plants and 13 sewage treatment plants become inoperable leaving 16 municipalities (21% of the island’s total) temporarily without potable water. (Dietz, et al, 1990, pp. 1-2)

1985, October-November: Hurricane Juan, a category 1 hurricane, causes flooding in Louisiana and Southeast U.S., $1.5 billion in damage/costs and 63 deaths (NOAA/NCDC 1998).

1989, September: Hurricane Hugo sweeps through the Caribbean, Puerto Rico, the U.S. Virgin Islands, South Carolina and North Carolina—65 deaths were attributed to Hugo. Over 16,500 homes were destroyed and another 140,000 damaged. (FEMA/EMI 1998, 2-11)

Hugo hit Puerto Rico on September 18, with peak wind gusts of 120 mph (NRC 1994, 87). Hugo was a category 3 hurricane (FEMA 339, March 1999, 2-2). Storm surge along the coast was modest, at 4-6 feet (Interagency Hazard Mitigation Team 1989).

American Red Cross Disaster Services reported 22 indirect deaths (mostly drownings and electrocutions). (NRC 1994, 3) (Most of the electrocution deaths “were public utility Autoridad de Energia Electrica (AEE), workers electrocuted by improperly connected electric generators…” (NRC 1994, 71).) 

Severe water shortages followed, including a nine-day interruption in San Juan when flood water overtopped the El Carraizo Dam and the electric motors in its pumping plant were knocked out of commission (NRC 1994, 3). 

Tens of thousands lost their homes (NRC 1994, 71). “Single-family homes suffered the most severe damage from Hugo in the Caribbean. Many homes were built without regard to existing code requirements, and ‘do-it-yourself’ types of wood construction suffered very extensive damage.” (NRC 1994, 5) 

Flooding was confined primarily to the northeast corner of the island and to some urban San Juan neighborhoods (NRC 1994, 57). 

Approximately 200 landslides were reported in the island’s northeast mountains (NRC 1994, 59). 

Approximately 30,000 people evacuated due to the storm’s threat (NRC 1994, 69), and about 25,000 sought public shelter (NRC 1994, 72).

“Hurricane Hugo caused widespread destruction to lifelines in Puerto Rico and had a significant adverse effect on the economy of the commonwealth. Thirty-five municipalities were left without electric power…The president of Puerto Rico Management and Economic Consultants, Inc., in general agreement with independent estimates provided by commonwealth officials, established the total losses to households, industrial plants, commercial and service establishments, and the government infrastructure at $2 billion…” (NRC 1994, 72)

“In the aftermath of Hurricane Hugo, there was …very little planning for the long-term housing of shelter residents that would permit the prompt reestablishment of schooling throughout the island (El Mundo, October 17, 1989, p.8; and San Juan Star, November 9, 1989, p.24). This lack of planning and programs constituted an enormous problem both for the evacuees and for the school system. Weeks after impact, more than 500 schools were still closed, and more than 150,000 students were affected (El Mundo, September 30, 1989, p.9). Even months after impact, a chronic complaint of parents was that their children could not go back to school because their schools were being used as shelters (El Vocero, October 16, 1989, p.18).” (NRC 1994, 75)

South Carolina:  Hugo generated a 20-foot storm tide in SC. 

24 counties declared.  (FEMA 1999 (Sep 21), 1)

26 deaths. (FEMA 1999 (Sep 21), 1)

750,000 people lost power – 100,000 for at least two weeks. (FEMA 1999 (Sep 21), 1)

42,650 applications for Federal disaster assistance. FEMA 1999 (Sep 21), 1)

74,839  applications for emergency housing for which $31 million was provided. FEMA 1999 (Sep 21), 1)

$10.7 million provided for future hurricane mitigation. (FEMA 1999 (Sep 21), 1)

SBA provided 8,798 loans totaling $200 million. (FEMA 1999 (Sep 21), 2)

Estimated financial losses there were $4.2 billion—the first U.S. disaster to exceed $1 billion. (FEMA/EMI 1998, 2-11)
SC National Guard accumulated a record 48,557 staff days of storm related work. (FEMA 1999 (Sep 21), 2)

North Carolina:  29 counties declared. (FEMA 1999 (Sep 21), 1)

4,494 applications for Federal disaster assistance, including 3,598 applications for emergency housing, for which $1.97 million was provided. (FEMA 1999 (Sep 21), 1)

SBA grants 483 disaster loans totaling $6.47 million. (FEMA 1999 (Sep 21), 1)

$1.9 million approved for future hurricane mitigation efforts. (FEMA 1999 (Sep 21), 1)

General:  Wind gusts up to 160 mph. (FEMA 1999 (Sep 21), 1)

At least 65 deaths. (FEMA 1999 (Sep 21), 1)

16,500 dwellings destroyed, another 140,000 damaged. (FEMA 1999 (Sep 21), 1)

As of September 21, 1999, Hugo was the 2nd costliest hurricane in U.S. history, with destruction and economic loss in all categories reaching $8,5 billion on US mainland and $1 billion on the islands. (FEMA 1999 (Sep 21), 1)

Overall damages were estimated at more than $11 billion. (Schneider 1995, 3)

Federal aid amounted to $1.32 billion. (FEMA 1999 (Sep 21), 2)

More than 258,000 people applied for Federal assistance through FEMA, which disbursed $540 million in individual assistance, $483 million to repair storm damage in the public infrastructure area, and $24 million in mitigation funds to State and local governments. (FEMA 1999 (Sep 21), 2)

1991, August: Hurricane Bob, a category 2 hurricane, hits North Carolina, Long Island, and New England areas; $1.5 billion in damages/costs and 18 deaths (NOAA/NCDC 1998).

1992, August: Hurricane Andrew hit south Florida and then moved on to Louisiana and Mississippi, resulted in $30 billion in damages in Florida and Louisiana. Federal disaster assistance came to about $2 billion, “and the private insurance industry paid about $15.5 billion on 680,000 claims.” (Platt 1998, 53)

Wind gusts of 175 miles per hour were recorded in south Florida and sustained winds of 120-145 miles per hour.
 700,000 people evacuated and 80,000 sheltered in Florida (FEMA 1993).
 Another 1,250,000 evacuated from southeastern and south-central parishes in Louisiana and another 250,000 from Orange and Jefferson Counties in Texas (Rappaport 1993, 8). 26 direct and 39 indirect deaths can be attributed to Andrew in Florida (Rappoport 1993, 7).
 
Andrew cut an 18 mile-wide path across the southern portion of Dade County, FL, creating what one journalist described as “a zone of destruction larger than the city of Chicago, or equal to 12 Manhattan Islands” (Morrow 1997, 4).
 “…the storm’s most powerful winds left a band of destruction 300 blocks wide….Fully nine out of ten homes were damaged in this vast area” (Girard/Peacock 1997, 191).

Roughly 25,000 homes were destroyed, 100,000 damaged (with about half left uninhabitable), (Miami Herald, 24 Aug 1994) and 250,000 people left temporarily homeless (Platt 1998, 53).
 So-called tent cities were established to temporarily provide shelter and support for those most in need—these housed nearly 3,500 people at one time or another (Yelvington 1997, 93). All but nine of the estimated 6,600 trailers or mobile homes in South Dade County were destroyed (Morrow 1997, 6). “Virtually all of the public housing units in South Dade—over 1,600 federally funded and 5,500 state funded units—were destroyed by the hurricane, along with most subsidized (Section 8) rental housing” (Morrow 1997, 11).

About 1.4 million people lost electricity, 150,000 homes lost telephone service, 3,300 miles of power lines went down, and 9,500 traffic signs and signals went down or out of order (Morrow 1997, 3; citing the Governor’s Disaster Planning and Response Review Committee).

Damage, disruption and disorganization were so acute that military forces were called in to assist. At their peak, there were 23,000 military personnel and another 6,000 members of the National Guard directly involved (Yelvington 1997, 92).

Homestead Air Base was so severely damaged that it was never reopened. “It is estimated that the base’s destruction by Andrew caused the disappearance of 8,000 jobs and $405 million in the local economy” (Morrow 1997, 11).

According to Morrow (1997, 6), “…if the storm had crossed 20 miles to the north, a distance described by Bob Sheets as ‘a gnat’s eyelash’ in meteorological conditions and too small to forecast even an hour before landfall, it would have passed over the most populated area of Dade County.” Morrow reminds us that Hurricane Andrew “was relatively small in area, moved quickly, carried little water, and hit the least-populated region of Dade County, home to only 18 per cent of the county’s population (1997, 8).

1992, September 11: Hurricane Iniki caused $1.8 billion in damages on the island of Kauai, Hawaii.  Seven people died and about 100 injured because of Iniki. (NOAA 1993, viii)

1994, July: Tropical Storm Alberto, remnants of slow-moving Alberto brought torrential 10-25 inches of rain causing widespread flooding across parts of Georgia, Alabama, and the panhandle of Florida resulting in $1billion in damages and 32 reported deaths (NOAA/NCDC 1998).

1994, Fall: Hurricane Gordon, results in $60 million in insured losses in Florida (Lecomte and Gahagan, 99).

1995: Hurricane Erin results in $375 million in insured losses in Florida (Lecomte and Gahagan, 99).

1995, September: Hurricane Marilyn, category 2 hurricane, devastates the U.S. Virgin Islands; estimated $2.1 billion in damage/costs, and resulting in 13 deaths (NOAA/NCDC 1998). Puerto Rico was also hit hard on the 16th (FEMA/EMI 1998). Ten municipalities on the mainland were declared disaster areas due to flooding and damage was estimated at $10 million (NWS 1996, 1). 3-7 inches of rain fell, leading to flooding and mudslides, particularly on eastern half of the island (NWS 1996, 16).

1995, October: Hurricane Opal, category 3 hurricane, strikes Florida panhandle, Alabama, western Georgia, eastern Tennessee, and western Carolinas; over $3 billion in damages and 27 deaths resulted (NOAA/NCDC 1998).

1996, September 6: Hurricane Fran made landfall in North Carolina as a category 3 hurricane with an 8-12 foot storm surge, causing 34 deaths (mostly flash flooding related) in the Carolinas, Virginia, West Virginia and Pennsylvania. 4.5 million people in the Carolinas and Virginia lost electric power. $3.2 billion damage estimated. (Mayfield 1996)

1996, September: Hurricane Hortense: Sixty-seven municipalities in Puerto Rico are declared disaster areas in the wake of this category I hurricane. (Interagency Hazard Mitigation Team, 1999, 5; FEMA 339, March 1999, pp. 2-2 and B1)

1998, August: Prior to Hurricane Bonnie’s Carolina landfall, nearly 300,000 residents and 200,000 vacationers were ordered to evacuate 17 coastal counties in North Carolina, with 200,000 ordered to leave threatened areas in South Carolina. Two deaths were attributed to the hurricane, which caused an estimated $1-2 billion in damage in North Carolina, of which the Insurance Information Institute estimated that $375 million was insured damage. (EPN, 1 September 1998, 162)

1998, September 21: Hurricane Georges, a category 2-3 storm, sweeps across the islands of Puerto Rico with maximum sustained winds of 115 mph and gusts to 150 mph. (Interagency Hazard Mitigation Team, 1999, 2)
Puerto Rico:  Georges was the most destructive hurricane to strike Puerto Rico since Hurricane San Ciprian in 1932. Up to 24 inches of rain fell, causing extensive flooding and several tornadoes were spawned (the tornado report is disputed). (Interagency Hazard Mitigation Team, 1999, pp.2-4; FEMA 339, March 1999, p, 3-1)

Georges caused more than 700 landslides. (Interagency Hazard Mitigation Team, 1999, 9)

An estimated 20,000 homes were destroyed, 38,000 suffered major damage, 63,500 minor damage and an additional 48,500 were “affected.”
 (Interagency Hazard Mitigation Team 1999, 6)

Three deaths were directly attributed to Georges and nine others to medical complications. (NOAA 1998; noted in FEMA 339, March 1999, pp. 2-2)

Approximately 31,500 people sought public shelter – two months later 4,766 were still in public shelters. (Interagency Hazard Mitigation Team 1999, 6) 

83% of the island’s 3.8 million population temporarily lost power and water service. (Interagency Hazard Mitigation Team 1999, 10-11; FEMA 339, March 1999, 2-3)

Puerto Rican civil authorities estimated the hurricane’s economic impact on the business sector at $528 million. (Interagency Hazard Mitigation Team 1999, 6) According to the NOAA web-site (1998), 75% of the coffee crop was destroyed, 95% of the plantains, and 65% of chickens.

FEMA provided $371.5 million to the Commonwealth government for public sector repair and clean-up in the areas of debris removal, protective measures, road and bridge repair, water control facility repair, public building and utilities repair. (Interagency Hazard Mitigation Team 1999, 6)

Florida:  Florida sustained damage in 19 counties from the Keys to the Panhandle, received more than $10 million for emergency housing,  $6.2 million in family grants, $58 million assistance to repair damaged public property and $80 million in Small Business Administration loans to repair damaged homes and businesses – for a total of $154 in Federal disaster assistance.  (FEMA 1999 (Sep 22b), 1.)

Mississippi:  Seventeen Mississippi Counties received a total of $131 million in Federal disaster assistance, including $16.9 million for emergency housing, $12 million in family grants for essentials, $75 million in SBA loans, and $27 million to repair or replace damaged public facilities.  (FEMA 1999 (Sep 22b), 2)

Alabama:  Sixteen counties were declared, receiving a total of $83 million in Federal disaster assistance -- $10 million for housing, $7,5 million in family grants, $45 million in SBA loans, and $20.2 million to repair or replace damaged public facilities.  (FEMA 1999 (Sep 22b), 2)

FEMA spent $1.53 billion on Georges-related direct disaster assistance.  (FEMA 1999 (Sep 22b), 2)

1998: During 1998 an estimated 12,000 people were killed by hurricanes, primarily by Hurricane Mitch—the most in more than 200 years. This was the most since an 1780 hurricane killed more than 20,000 people in Martinique and Barbados.

1999, Sep 13.  Hurricane Floyd impacts Eastern Seaboard – 11 States receive Presidential Disaster Declarations or Emergency Assistance:  Connecticut, Delaware, Florida, Georgia, Maryland, New Jersey, New York, North Carolina, Pennsylvania, South Carolina, and Virginia.  

General:  

Over 2 million people were reported to have evacuated from the Florida and Georgia coasts as Floyd approached.  382 shelters were opened, hosting 33,231 people.  (FEMA 1999 (Sep 16c), 1)

More States received disaster declarations than for any other disaster – previous record was nine for the Mid-West floods of 1993. (FEMA 1999 (Sep 24a), 1)

The Federal Flood Insurance Administration expected to pay $300-350 million in flood insurance claims – from Florida to Maine.  (FEMA 1999 (Sep 23a), 1)

A total of 55,819 people had registered for Federal disaster assistance as of September 23rd.  (FEMA 1999 (Sep 23b), 1)

Total reported deaths:  54, with 4 missing and 11 injured.  (FEMA 1999 (Sep 23), 1)

Florida:  Nine counties declared.  (FEMA 1999 (Sep 23b), 2).

899 people went to ARC shelters.  (FEMA 1999 (Sep 16b), 2)

65,000 lost power.  (FEMA 1999 (Sep 17), 1)

Georgia:  71 ARC shelters housed 18,053 people.  (FEMA 1999 (Sep 16b), 2)

Maryland:  September 24th declaration for 11 counties.  (FEMA 1999 (Sep 27), 1)

New Jersey:  3 deaths.  (FEMA 1999 (Sep 24), 1)  

American Red Cross damage assessment:  7,835 houses damaged, 2,103 major damage, 153 destroyed. (FEMA 1999 (Sep 24), 1)

New York:  Five counties declared.  (FEMA 1999 (Sep 27), 1)

North Carolina:  Makes landfall near Cape Fear as a strong Category ii storm with winds around 110 mph on September 16th.  (FEMA 1999 (Sep 16c), 1)

Sixty-six counties declared.  (FEMA 1999 (Sep 16b), 1)

47 deaths and 6 presumed dead.  (FEMA 1999 (Sep 27), 1)

The ARC opened 197 shelters for 37,354 people.  (FE
MA 1999 (Sep 16b), 2)

At least 30,000 houses damaged (FEMA 1999 (Sep 22a), 2); of these 1,461 were destroyed, 2,071 suffered major damage (FEMA 1999 (Sep 28), 1).

At least 1,500 people needed temporary housing.  (FEMA 1999, (Sep 22

As of September 28, about 40,000 applications for housing assistance had been received, with $2.42 million in assistance approved.  (FEMA 1999 (Sep28) 1)

The Salvation Army opened at least 30 mobile kitchens and the Southern Baptist Convention another 8.  (FEMA 1999 (Sep 23b), 2)

About 200 roads were damaged or closed.  (FEMA 1999 (Sep 23b), 1)

More than 40 bridges had to be closed:  (FEMA 1999 (Sep 24a), 2).

NC State Dam Safety Office reported 16 dam failures. (FEMA 1999 (Sep24a), 2)

About 50,000-100,000 hogs and 2.5 million chickens and turkeys killed.  (FEMA 1999 (Sep 22a), 2; and FEMA 1999 (Sep 24a), 2)

Agricultural losses estimated at  $650 million to $1 billion (FEMA 1999 (Sep 23b), 2; and FEMA 1999 (Sep 27) 1).

A Federal disaster mortuary team was activated to identify and re-bury as many as 120 coffins unearthed by floodwaters. (FEMA 1999 (Sep24a), 1)

Pennsylvania:  Two deaths.  (FEMA 1999 (Sep 17), 2)

Estimated 3,216 homes damaged or destroyed.  (FEMA 1999 (Sep 24a), 2)

South Carolina:  27 counties declared.  (FEMA 1999 (Sep 16), 1)

The ARC opened 182 shelters for a peak population of 50,626 people.  (FEMA 1999 (Sep 16b), 2; and FEMA 1999 (Sep 24a), 2)

Up to 300 roads damaged or closed, along with the Charleston port; 128,680 people lost power.  (FEMA 1999 (Sep 17), 1)

Waccamaw River crested at 16-17 feet above flood stage.(FEMA 1999 (Sep 23b), 2)

Virginia:  Four counties and 21 jurisdictions declared.  (FEMA 1999 (Sep 16a), 1), and FEMA 1999 (Sep 23b), 1)

Four confirmed deaths reported.  (FEMA 1999 (Sep 24a), 2)

The American Red Cross opened shelters for at least 4,896 people.  (FEMA 1999 (Sep 23b) 2)

Up to 1,900 homes damaged.  (FEMA 1999 (Sep 22a), 2)

200,000 people lost power.  (FEMA 1999 (Sep 17), 2)

Thunderstorms and Lightning:
Thunderstorms are generated by atmospheric temperature imbalances, bringing heavy precipitation, strong winds, hail, thunder and lightning (FEMA 1993, 28). 

Lightning “occurs when a large positive charge builds up in the upper, often frozen, layers of a cloud and a large negative charge—together with a smaller positive area—forms in the lower cloud. Since the cloud base is negatively charged, there is attraction towards the normally positive earth and the first (leader) stage of the flash brings down negative charge towards the ground. The return stroke is a positive discharge from the ground to the cloud and is seen as lightning. The extreme heating and expansion of air immediately round the lightning path sets up the sound waves heard as thunder (Smith 1996, 220).

An estimated 100,000 thunderstorms occur in the U.S. each year. Most States are vulnerable (FEMA 1993, 28).

Approximately 10,000 of these are severe (Baker). A severe thunderstorm is one with winds of more than 57 miles per hour or one producing hail of 3/4 inch or more in diameter (FEMA 1993, 28).

Thunderstorm activity starts in the Spring, with storms becoming more frequent throughout the Summer (FEMA 1993, 29).

About 93 deaths and 300 injuries per year are caused by lightning—several hundred million in property damage also occurs. 

Another 20-30 deaths per year can be attributed to wind effects (Baker).

On average 140 deaths per year can be attributed to thunderstorm induced flash-flooding.

The temperature along the return lightning stroke is roughly 50,000 degrees Fahrenheit (compared to 11,000 degrees Fahrenheit on the sun’s surface (Baker [forthcoming]).

Thunderstorms can generate winds exceeding 100 miles per hour (FEMA 1993, 29).

Thunderstorm induced hail damage alone averages nearly $1 billion in damage to property and crops annually.

Most western U.S. forest fires are caused by lightning, resulting in $50 million in forest fire damages annually (Baker [forthcoming]).

In July 1982, 146 people were killed in Kenner, Louisiana as a result of a plane crash caused by a thunderstorm downburst (FEMA 1993, 29).

Severe Weather across the Southeastern states during Winter-Spring 1998 lead to numerous accounts of tornadoes and flooding; approximately $1 billion in damage/costs, and 132 deaths have been attributed to these storms (NOAA/NCDC 1998).

Tornadoes:

A tornado is a violently rotating column of air which descends from a thunderstorm cloud system. Tornadoes are the most violent of all winds. They are local storms with cyclonic winds typically sweeping in a counterclockwise rotation about a funnel-like vortex. The extreme winds of this vortex are among the most destructive on earth when they move through populated, developed areas. (State of Kentucky Hazard Mitigation Plan, III-4)

Tornadoes average about 100 meters in diameter (Smith 1996, 218).

Every State is at risk from tornadoes—violently rotating columns of air extending from a thunderstorm cloud to the ground. (Also defined as a small radius cyclonic windstorm (FEMA 1993, 31).

The weather conditions that tend to generate tornadoes are unseasonably warm and humid earth surface air, cold air at middle atmospheric levels and strong upper-level jet stream winds. The instability of weather patterns during the transitional Spring and Fall seasons, when warm and cold air systems often converge violently, make these times of the year particularly dangerous for tornado activity (FEMA 1993, 33)

Tornado winds average 125 MPH, but can exceed 250 MPH.

Tornadoes can occur at any time during the day or night, but are most frequent during the warmest hours of the day (late afternoon into early evening) (State of Kentucky, III 4-5).

The U.S. experiences an average of about 600-1000 tornadoes annually—more than any other country.

Each February tornado danger begins to increase—the center of maximum frequency lies over the central Gulf states. 

In March, the center moves east to the southern Atlantic states, where tornado frequency reaches a peak in April. 

During May, the center of maximum frequency moves to the southern Plains states.

In June, maximum frequency moves northward to the northern plains and the Great Lake areas and as far as western New York state.

42% of tornadoes occur in May and June; 67% between April and July (Baker [forthcoming]).

12% of tornadoes occur between 5 PM and 6 PM; 43% between 2 PM and 6 PM; and 68% between noon and 8 PM (Baker [forthcoming]).

Estimated damages per year—$750 million
 (Baker [forthcoming]).

1,950 homes destroyed annually; 9,200 damaged or destroyed (Baker [forthcoming]).

Central Oklahoma experiences the greatest annual frequency of tornadoes, at 7.9 per 10,000 square miles (Baker [forthcoming]).

The Great Plains, from North Texas through all of Oklahoma, Kansas, Southeast Nebraska, Southwest Iowa, Western Missouri and Arkansas (known as “Tornado alley”), experiences the second greatest occurrence, at 6-7 per 10,000 square miles (Baker [forthcoming]).

On average, 80 deaths and 1,500 injuries per year can be attributed to tornadoes in the U.S. This, however, is an extrapolation from death statistics from 1935 to 1995 wherein average deaths were 120 annually, and more recent years (1986 to 1995) wherein deaths have averaged 42. (Baker [forthcoming]; see also Burton, Kates, and White 1993, 42).

1917, May -- A tornado traveled about 500 km across the Midwest over a 7-hour period (Smith 1996, 218).

1924, March 18 -- Deadliest tornado recorded -- the “Tri-State Tornado,” which traversed Missouri, Illinois, and Indiana (220 mile path, forward speed of 70 mph), and resulted in 689 deaths (Baker [forthcoming]),
 and over 2000 injuries (Smith 1996, 219). Estimated economic losses were $40 million in 1964 dollars (Smith 1996, 219).

1953, May 11 – Tornado cuts five-mile path through Waco, Texas – 114 people killed, 145 were seriously injured, and 952 lightly injured.  An estimated 2,000 families experience some sort of loss – 2000 automobiles were damaged or destroyed, 150 homes destroyed, 250 homes seriously damaged, 480 homes required some repair.  The downtown business district was seriously impacted – 196 structures were demolished or unrepairable and another 396 were declared unsafe.  Total damages were estimated at about $51 million (Perry 1988, 258)  The tornado then plowed a three mile path through San Angolo, leaving 11 dead, 66 serious injuries, 320 homes destroyed, 111 homes in needing serious repair, 88 needing less extensive repair, 1700 persons homeless, 19 small businesses damaged, about 150 automobiles destroyed or damaged $200,000 damage to a local school, and an estimated total damage cost of $3,123,000 (Perry 1988, 258).

1974, April 3-4 -- Greatest outbreak -- 127 tornadoes were reported, affecting 11 States, resulting in more than 300 deaths, and $600 million in property damage (FEMA/NOAA 1996, III-5). 

1980 -- Tornado in the area of Kalamazoo, MI caused an estimated $50 million in damage, killed 5 and injured 70 (Smith 1996, 219).

1985, May 31 -- 41 tornadoes struck in Pennsylvania and Ohio, resulting in 75 deaths, 1,025 injuries, and $450 million in damages (FEMA/NOAA 1996, III-23).

1994, March -- 43 people were killed in an outbreak of tornadoes across the U.S. south-east (Smith 1996, 219; citing R. Brugge 1994).

1998, April -- A mile wide tornado with winds up to 260 mph cut a 20 mile-long swath through the Birmingham Alabama area killing 33 and destroying more than 370 homes, businesses and other structures (EPN 14 April 1998, 63).

Wildfires:

Any instance of uncontrolled burning in grasslands, brush, or woodlands (FEMA 1993, 40).

“In general, high temperatures and drought following an active period of vegetation growth provide the most dangerous conditions” (Smith 1996, 246).

“After a major event, timber and forage may be destroyed, animal habitats disrupted, soil nutrient stores depleted and amenity value greatly reduced for many years. When the burned areas consist of steep canyons, debris flows, hill erosion and floods are likely to follow due to the lack of stabilizing vegetation and the amount of loose ash left by the fires” (Smith 1996, 246-247).

“Of the fires which threaten life and residential areas, the majority—perhaps 80-90 per cent—are due to human actions. The main ignition sources are probably agricultural fires and careless tourists who discard cigarette ends or let campfires get out of control” (Smith 1996, 248). Arson is also a significant cause. In California it has been estimated that “about one-quarter of all wildfires are due to arson…” (Smith 1996, 253).

In the western states “about 90 per cent of the fires are caused by summer lightning…” (Smith 1996, 255).

Every State of the Union is at risk from wildfires, though California and the Northwest are especially vulnerable.

“Over the last decade, wildfires have devastated over 20,000 square miles, consumed more than 6,500 structures, caused losses estimated in excess of $2.5 billion, and resulted in over 40 deaths.” (Deyle, et al. 1998, 160-161)

In October 1871, 1,182 deaths were attributed to a Wisconsin wildfire (FEMA 1993, 41), which burned more than 1.2 million acres (Davis 1988) See also Smith (1996, 248).

In 1933, the Griffith Park fire in Los Angeles, took the lives of 25 firefighters—“the worst fire in the nation’s history for firefighter casualties” (Deyle et al. 1998, 161; citing Davis, 1988).

In late July 1977, strong north-easterly Santa Ana-type winds contributed “to a disastrous wildfire which began in the hills and advanced to within a mile of the downtown area of the city of Santa Barbara. Over 230 homes were destroyed…(Smith 1996, 251; citing N.E. Graham 1977.)

In 1985, wildland fires claimed an area roughly equal in size to the States of Maine, Vermont, and New Hampshire—costing $400 million to fight and $500 million in damages (Davis 1988, 1-4).

The 1985 Palm Coast fire in Florida is an example of a “wildland-urban interface” fire. “The highly intense grassland-crown fire swept into a bordering community subdivision and destroyed 99 homes within just a few hours” (Deyle, et al., 1998, 161; citing Abt et al. 1987).

In 1987, 53,000 fires consumed over 2 million acres (Davis 1988, 1-4):

“During a 5-day period in the late summer of 1987 over 4,500 known lightning strikes ignited nearly 2,000 fires in the western USA, mainly in northern California and south-western Oregon. The US Department of Agriculture estimated that its emergency fire suppression actions cost $100 million and that a further $4-5 million was required for land rehabilitation measures which included the seeding of steep slopes, clearing of sediment from stream channels and the replacement of bridges and culverts” (Smith 1996, 247).

In 1988 the Federal government spent $538 million combating fires in widespread areas of the West where 6,000 soldiers and marines and nearly 4,000 temporary workers assisted the 20,000 professional firefighters on the line (FEMA 1993, 40).

The October 1991 Oakland CA Wildfires resulted in $1.5 billion in damages, 25 deaths, and approximately 3000 homes and apartments destroyed (Baker [forthcoming]).

In October and November 1993, 21 major wildfires in six Southern California counties, fanned by hot, dry Santa Ana winds destroyed 1,171 structures, caused approximately $1 billion in damages and resulted in several deaths (NOAA/NCDC 1998; Smith 1996, 251).

During the Summer-Fall of 1994 a severe fire season in the western states was due to dry weather; approximately $1 billion in damage/costs (NOAA/NCDC, 1998). In one particular fire in South Canyon, Colorado, 14 firefighters died when a cold front moved in and a quickening fire-spread proved too fast to outrun (Smith 1996, 251-2).

1996 was the worst year on record for wildfire damage in the U.S., with about 84,200 fires burning almost 5 million acres. The previous record was 1994 when 79,000 wildfires occurred. 

1998:  Summer-- Florida wildfires caused $550 million in damages and $150 million in fire-fighting expenses (EPN, 1 Sep 1998, 165).

1999, September:  Canyon Fire in Shasta County, CA destroys at least 37 homes, more than 40 other structures  (FEMA 1999 (Sep 28), 1) and 60,000 acres (FEMA 1999 (Sep 27), 1)

1999, September:  Kirk Complex Fire in Los Padres National Forest—more than 3,300 personnel and 27 helicopters involved in fighting this fire. (FEMA 1999 (Sep 28),  1)

Winter Storms:
Defined as an ice storm, blizzard or extreme cold event. Vulnerable areas subject to heavy snowfall, high winds and/or ice (FEMA 1993, 42).

Heavy Snow defined as visibility reduced by falling snow to less than 5/16 miles and an accumulation of 4 inches in 12 hours or 6 inches in 24 hours (normally) (Baker).

Blizzard defined as considerable falling and/or blowing snow for a period of 3 hours or longer with winds of at least 35 MPH and visibility reduced to less than a quarter mile (FEMA/NOAA 1996, III-100).

Severe Blizzard defined as considerable falling and/or blowing snow, winds of at least 45 MPH, and temperatures 10 degree Fahrenheit or lower for several hours.

Every State except Hawaii is at risk (FEMA 1993, 42). The highest annual amounts of snowfall (more than 60 inches per year) occur in the Northeast, along the northern and eastern Great Lakes, Alaska, and in mountainous regions, such as the Rockies and Cascades (Baker [forthcoming]).

“Approximately 60 million persons in the United States live in urban areas of the northern states with a high risk of snowstorms” (Smith 1996, 222-223).

During the winter of 1998/99 the National Weather Service pilot tested “a new system for communicating the impact and severity of winter weather…designed to help residents better understands the impact winter storms are expected to have on their area….The newly designed system categorizes winter weather events on a 5-point scale, from WX1 to WX5:”

Category 1: (WX1) Minor Inconvenience—Occurrence of winter elements (e.g., snow, cold, etc.) considered ‘routine or typical’ to the forecast area. No significant exposure or travel concerns for most people or organizations with normal preparation.

Category 2: (WX2) Inconvenience—The combined effect of the weather elements during a winter storm of this category would probably only adversely impact those directly exposed (i.e., outside). Traffic may be slowed at times, but most importantly, exposure to the weather elements for an extended period of time could be ‘dangerous.’

Category 3: (WX3) Significant Inconvenience—Direct exposure to the elements for a short period of time can be ‘dangerous,’ and for an extended period could be potentially ‘life-threatening.’ On lesser-traveled roads, travel may become impossible due to blowing and drifting snow, accumulated ice, etc. On busier roadways, travel may be significantly slowed by the same elements.

Category 4: (WX4) Potentially Life-Threatening Unless Well-Prepared—Direct exposure to the weather for more than a short period of time could lead to loss of life. Travel on secondary roads could be severely impacted and may become impossible due to excessive drifting snow or ice accumulation. Travel would likely be difficult at best on primary roadways. In some locations, travel may be possible only in specially equipped vehicles (i.e., 4-wheel drive vehicles or cars with chains). Some schools and non-emergency related businesses in the hardest hit areas may choose to close.

Category 5: (WX5) Life-Threatening—Exposure to the weather elements for even short periods could be deadly. Disorientation may result due to ‘white-out conditions.’ Travel would be severely impacted and may not be possible in some areas, even on major roads, for an extended period of time (i.e., 12 hours or more). Additional potential secondary dangers may include the loss of service utilities to homes and businesses (Matthews, Fall 1998, 5).

According to the National Weather Service, average annual winter storm related deaths (snow and ice) between 1988 and 1995 was 48 (NOAA/NWS 1996).

Snow and ice cause approximately $411 million annually in property damage, including damage to immature crops, but not including deterioration of road surfaces (Baker [forthcoming]).

Keeping streets and roads clear of snow and ice (including plowing) costs approximately $2 billion per year (Baker [forthcoming]).

Damages attributed to snow removal and salt damage run to between $800 million and $2.5 billion annually (Baker [forthcoming]).

In 1888, an estimated 800 people died during an East Coast blizzard (FEMA PT, 42).

During 26 December 1947 New York City snowstorm, 26.4 inches of snow fell in 18 hours, causing 10,000 vehicles to be abandoned, 24,000 extra workers hired for snow removal, and budget for snow removal to jump from $1.3 million to $7 million (Baker [forthcoming]).

In December 1983 a severe freeze in central/northern Florida caused an estimated $2 billion in damage to the citrus industry (NOAA/NCDC 1998).

In January 1985 a severe freeze in central/northern Florida caused an estimated $1.2 billion in damage to the citrus industry (NOAA/NCDC 1998).

Nor’easter of December 1992, a slow moving storm battered northeast U.S. coast, New England hit the hardest; $1-2 billion in damage/costs, and 19 deaths attributed (NOAA/NCDC 1998).

In March of 1993 a “Superstorm” dumped massive amounts of snow from the Gulf States northeastward through New England. Many cities experienced record low barometric pressure readings, indicative of a hurricane-force storm. In the South, many areas received record-breaking snowfalls (e.g., Birmingham, Alabama received 13 inches of snow). The volume of water that fell as snow may have been unprecedented—estimated at 44 million acre-feet. At least 243 deaths were attributed to the storm, and 48 persons were lost at sea. For the first time, every major airport on the East Coast was closed at one time or another by the storm. Over 3 million people lost electric power. Wind gusts of 110 MPH were recorded in Florida. Damages were estimated at $2 billion. (FEMA/NOAA 1996, III-102)

“Satellite images, showing storm clouds stretching from Cuba to Canada suggest that the Blizzard of ‘93 may have been one of the biggest storms in history” (Pugh 1993, 85).

An Ice Storm in February 1994 caused extensive damage in portions of TX, OK, AR, LA, MS, AL, TN, GA, SC, NC, and VA; approximately $3 billion in damages and 9 deaths reported (NOAA-NCDC, Internet).

Blizzard of January 1996 dumped heavy snow over the Appalachians, Mid-Atlantic, and Northeast, followed by severe flooding in parts of the same areas due to rain and snowmelt; approximately $3 billion in damage/costs, and 187 deaths were attributed (NOAA/NCDC 1996).
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� This report is in the December 1998 issue of the Bulletin of the American Meteorological Society (More Dust Bowls in Great Plains? Emergency Preparedness News, Vol. 23, No. 1, 5 January 1999, p. 6).





�  Roger Piekle, Jr., of the Environmental and Societal Impacts Group, National Center for Atmospheric Research, noted a figure of “almost $5 billion a year” in flood-related damage in “Meeting the Promise of Flood Forecasting,” Natural Hazards Observer, September 1997, p. 8.


�  The Sharing the Challenge report notes that the 1993 Midwest flood was an “event without precedent in modern times. In terms of precipitation amounts, record river levels, flood duration [five months at some locations (p. 9)], area of flooding, and economic losses, it surpassed all previous floods in the United States.” (p. 8) It also exceeding 100 year flood values at 45 U.S. Geological Survey streamflow gaging stations (p. 9), and met 500-year recurrence interval magnitudes “at many locations” (p. 12).


�  Smith notes “at least 1,250” deaths throughout the U.S. (1996, 239).


� Dr, Bill Gray, hurricane prediction expert at Colorado State University.


� Deadliest U.S. Hurricanes Since 1900.  http://www.disasterrelief.org/Library/WorldDis/wdh1_txt.html
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� According to Deadliest U.S. Hurricanes Since 1900, was a category 1 hurricane and led to 184 deaths. � HYPERLINK http://www.disasterrelief.org/Library/WorldDis/wdh1_txt.html ��http://www.disasterrelief.org/Library/WorldDis/wdh1_txt.html�
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� Bad Betsy Bashes Bahamas, Florida and Gulf Coast.  1999.  http://hamptonroads.digitalcity.com/hurricane/betsy.htm


� Deadliest U.S. Hurricanes Since 1900.  http://www.disasterrelief.org/Library/WorldDis/wdh1_txt.html


� Deadliest U.S. Hurricanes Since 1900.  � HYPERLINK http://www.disasterrelief.org/Library/WorldDis/wdh1_txt.html ��http://www.disasterrelief.org/Library/WorldDis/wdh1_txt.html�  This source cites 122 deaths.





�  Platt (citing the Insurance Institute for Property Loss Reduction, 1995) goes on to note that nine property casualty insurance companies went out of business due to their Andrew payouts.





�  FEMA’s Principal Threats (1993) document notes sustained winds of 120 mph. Morrow (1997, 3) notes sustained winds of at least 45 mph, citing pp. 5-15 of R.C. Sheets Opening Address, in Lessons Learned from Hurricane Andrew: Conference Proceedings, edited by P.H. Mann. Miami: Florida International University (1993).





�  Making Andrew the costliest U.S. disaster. Moreover, when indirect and continuing costs are considered, the total cost for Florida alone could rise to $40 billion according to William E. Bailey, co-director, Hurricane Insurance Information Center (Rappaport 1993). (FEMA/NCDC 1998 (p.2-11) notes $20 billion in Florida damage and $41 billion in damages to buildings and crops in Louisiana and Mississippi.)





�  (FEMA 1993 notes 41 deaths (p.2-11). Morrow (1997, 8) states that “only 15 fatalities [can be] directly associated with the storm, nine of which occurred outdoors or in trailers, campers, or boats.” She cites that U.S. Department of Commerce, NOAA National Survey Report, Hurricane Andrew: South Florida and Louisiana. August 23-26, 1992 (Silver Spring, MD, 1993).





�  Morrow cites R. Gore, p. 15, “Andrew Aftermath,” in National Geographic, 18, no. 4, pp. 2-37, (1993)





�  Platt notes that “Some 75,000 homes and 8,000 businesses in South Florida were destroyed or seriously damaged…” “Planning and Land Use Adjustments in Historical Perspective.” Chapter Two in Cooperating with Nature, Raymond Burby (ed.) (Washington DC: Joseph Henry Press, 1998) p. 53. Morrow (1997, 6), notes more than 180,000 homeless, citing the Governor’s Disaster Planning and Response Review Committee Final Report. Tallahassee, State of Florida, 1993.


�  “Destroyed” means a home is uninhabitable and can not be repaired to make it habitable. “Major” damage means that the home is not habitable and the family must vacate the premises for repairs. “Minor” damage affects the habitability, but does not make the home uninhabitable; residents may stay in the home while repairs are made. “Affected” means the home suffered cosmetic damage which does not affect its habitability, but which does require repair. (Interagency Hazard Mitigation Team, 1999, 6)


�  Burton, Kates, and White (1993, 42) provide an estimate of 600-700. The figure of 800 is from FEMA 1993, p. 31. The figure of 1,000 is from comments of John Kelly, Director on NOAA’s National Weather Service at the 1998 National Tornado Forum and reprinted in EPN, 1 Sep 1998, 159-160.


�  Burton, Kates, and White (1993, 42), note an annual average of about $125 million, and Smith (1996, 219) notes $200 million.





�  Smith (1996, 219), notes an average of 100 deaths per year for the US.





�  Smith (1996, 219), notes 695 deaths.





