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WHAT's HAPPENING IN DISASTER PREPAREDNESS

Note the attached "Spring Streamflow Outlook and Soil Moisture Profile."
While flash floods can occur anywhere, those areas indicated on the map are most
vulnerable this spring. Is your community prepared? Have you approached the
media to promote flash flood/flood safety rules and awareness? How about the
NOAA Weather Radio (NWR) safety tapes? Are Emergency Services aware of the
flood/flash flood potential in your area?

The Central Region has asked us to add estimated wind speeds to the new
4-panel wallet card for spotters. This will delay the printing of the wallet
card until the summer, but we feel it is worth the delay to add an estimated
wind indicator chart. The new suggested card is attached.

When we reprint the new Thunderstorm and Lightning Brochure, NOAA/PA
83001, we will ask for better picture quality which looked considerably faded
on the original printing. Attached is a copy of this new brochure.

The new Tornado Film is now under contract and will be built around the
Wichita Falls, Texas, tornado of 1979. We expect the film during the summer.
We also hope to have a new hurricane film by mid-June based on Hurricane
Alicia. Film and video tapes will be made available of both films.

We had hoped to have a "heat wave" wallet card this summer, but no
agreement has been reached on a "stress index" that could be used along with
the text.

Robert Tibi, MIC, Weather Service Office (WSO) in Parkersburg, West Virginia,
prepared an excellent letter for Hospital Administrators which we have attached
for your information. A good idea for your state or area?

On his return from the Western Pacific Tropical Cyclone Conference in Tokyo,
Japan, February 7-10, 1984, Ric Coleman visited the Pacific Region Headquarters
and met with the staffs of the Weather Service Forecast Office (WSFO) Honolulu and
WSO's Kahului, Lihue, and Hilo. The purposes of these meetings were to discuss
field office concerns and to gain a better insight into disaster preparedness/
awareness activities in Hawaii. He also met with CD directors, mayors, and other
governmental officials and was impressed with the level of coordination between
these officials and our offices in carrying out effective disaster preparedness
and awareness programs.

Attached is an article regarding "Mortality from Flash Flood" which appeared
in the November-December 1983 issue of the U.S. Public Health Services" Public
Health Reports. This is a preliminary report which will be followed by a more
detailed version with mortality statistics from additional sources this fall.

You will note a couple of typo's, such as in the "Synopsis," page 584, next to
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last paragraph, "42" percent of drownings were car-related -- should be "43"
percent. Also, Tucson, Tanque Verde Falls flash flood, bottom of page 585 --
should be "July" 198l.

Note the attached brochure from Burt Goldenburg, Alaska Region Headquarters.
The "Tsunami" brochure is distributed by the Alaska Division of Emergency
Services. Excellent brochure!

Storm Surge and Hurricane Safety with Tracking Chart (NOAA PA 78019) will
be updated this summer to include information on Hurricane/Tropical Storm
Probabilities.

LFTAC Conducts Flash Flood Survey

The NWS Line Forecasters Technical Advisory Committee (LFTAC) conducted a
survey on selected aspects of the NWS Flash Flood Program. The results of the
survey were announced at the LFTAC meeting held in Silver Spring, Maryland,
last month. Here are some highlights of the survey.

1. Do you perceive a problem with using the term "flash flood" in your
area of responsibility? (Given the term flash can be misleading in
flat areas, such as the Gulf Coast, Ed.)

YES NO
163 (40%) 244 (60%)

2. One recommendation coming from the Flash Flood Conference in Tulsa (:i)
was to change the flash flood watch product. Which approach would ;

you prefer?
Results

174 (41%) (a) keep the current flash flood watch, with more emphasis
on the type of flooding expected

135 (32%) (b) keep the current flash flood watch and also introduce
a new product, a flood watch, for flat land areas

45 (11%) (c) replace flash flood watch with a new product, a flood
watch, for flat land areas

67 (16%) (d) abandon watches altogether, and handle the situation
with warnings and statements as it develops

139 It has been suggested that flash flood watches be issued by one
National office, do you...

Agree Disagree

67 (17%) 334 (83%)
NOTE -- The recently published report by the DOC Inspector General recommgnqed -
NSSFC assume the responsibility for issuing flash flood watches. The official Kﬁﬁ)
NWS response strongly recommended a continuation of the current policy, and we -

are happy to report that the IG has backed up the recommendation.
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News from FEMA...

There are over 67,000 dams in the United States. About 10,000 pose a high
risk to the downstream public, and of these over 3,000 have been found unsafe.
The decision-making processes necessary to maximize the return on the limited
rehabilitation funds requires a consistent approach with reproducible results.
Researchers at Stanford University were supported by the Federal Emergency
Management Agency (FEMA) to develop risk-based methodology to improve the
decision making associated with upgrading of the dams. The methodology allows
for the comparison of a group of dams to determine the relative risk to the
public of the structures thus prioritizing the dams for further analyses. The
comparison of the effects of different repairs on the overall risk to the
public, also improves the final decision by the owner.

To disseminate information on these techniques, FEMA is supporting a
series of workshops by Stanford University researchers on "Risk-based Approach
to Dam Assessment." The purpose of the workshop is to introduce engineers and
dam safety managers in government and private practice to risk-based methods
of safety assessment. An overall objective is to encourage the attendees to
develop a familiarity with risk analysis concepts and their application. The
lectures are designed to introduce management personnel with a method to
prioritize dams in a jurisdiction for remedial action. The program also
includes tutorial sessions for attendees to develop hands-on experience through
problem solving. The first workshop was given in Denver, Colorado, by Profs.
Haresh C. Shah, Joseph B. Franzini, Martin W. McCann, and Edward Kavazanjian
of Stanford University. Demand was so high that a followup session will be
offered in April at the same location. Other workshops are already scheduled
for Oklahoma and New Hampshire. Others are being planned. For details on
future sessions, contact Jay Scruggs, FEMA, 202-287-0261.

The failure of Teton Dam in 1976 marked the beginning of a revitalization
of dam safety efforts in this country. Teton, located in Idaho, was a large
Federally designed and constructed dam. Its failure demanded extensive review
and assessment as to why and how the dam failed. It is quite possibly the most
studied and documented failure in the world. The FEMA, as part of its ongoing
effort for the dam safety enhancement program, has acquired the remaining
copies of a three-part assessment and report of the Teton failure. For those
interested in the dam failure process, these volumes will prove most beneficial.

Copies of the set may be obtained by writing William S. Bivins, FEMA,
Washington, D.C., 20472. Copies are free, but limited numbers.

Tornado, flood, flash flood, and TV Public Service Announcements are being
reproduced and distributed by FEMA on 3/4" videocassettes. These NOAA spots
have previously been distributed only on film. The three tornado spots feature
the train, Janet Guthrie and Lorne Greene. The flash flood spot was produced
in 1982 for NOAA flash flood week. If you are interested in placing any of
these 30-second spots with stations, contact Stacey Gerard at 202-287-0318.



News from Red Cross... (::)

The American Red Cross has recently completed location shooting for their
film "Combating the Cold" -- A Lesson Learned. The film features the NWS and
highlights Brian Heckman and staff at the Denver Forecast Office plotting
winter storm systems. The film using both live action and animation will tell
four stories of people who didn't heed winter warnings. The stories were taken
from two storms which hit the Denver area over a Thanksgiving and Christmas
holiday. The victims were from Denver, Ft. Collins, and Colorado Springs. The
film is scheduled for release in June 1984, The film should be a welcome
addition for the training and orientation of both Red Cross and NWS audiences.

The American Red Cross wishes to thank the NWS Denver Forecast Office for
their generous cooperation and assistance in the production of this film.

CALIFORNIA STORMS LED 1983 DISASTER LIST

Last year's severe winter storms and flooding in California were the most
costly natural disasters requiring Federal assistance, the Federal Emergency
Management Agency said in a recent review of 1983. Overall, the year "was
about average in the category of presidentially declared disasters," FEMA said,
with some 60,000 families needing Federal aid.

The year probably did not seem average to the insurance industry, which
paid out record damage claims (see story below). Total Federal obligations
amounted to $1.1 billion, matching recent annual averages. (::)

February storms, flooding, and mudslides in California represented the
worst disaster of the year. Over 17,000 families registered at disaster
assistance centers operated by FEMA and the state, and the total obligation
by the Federal government is estimated at $308 million.

Other Costly Disasters

Flooding in Louisiana forced almost 7,500 families to seek assistance in
April, with various Federal agencies committing $143 million. Spring flooding
also hit Utah, causing Federal claims of almost $150 million. Another $137
million was committed to help more than 18,000 families in Texas when Hurricane
Alicia came ashore in August.

Among Federal agencies, the Federal Highway Administration is expected to
pay more than $180 million to repair storm damage, while the Small Business
Administration will provide loans of $82.4 million for dwellings and $51.5
million for businesses.

Other agencies and their commitments included the Corps of Engineers,
$21.5 million; the Department of Education, $3.5 million; and the Department
of Agriculture, $30.8 million in grants and $65.8 million in farm loans.

FEMA's Federal Insurance Administration saw 69,000 flood loss claims,
amounting to more than $423 million, easily topping 1979's record level of just =
under $400 million. The National Flood Insurance Program paid out $123 million ( i)
more than it took in through premiums. Had those premiums not been increased,
"the amount of taxpayer subsidy for the flood insurance program would have been
more than double at $283 million," FEMA Director Louis Giuffrida noted.
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We have a new contractor for film repair. Films in need of repair should
be sent to: Color Lab., Attn: Jan Perry, 3715 Arundel Avenue, Rockville,
Maryland, 20852. Include a self-addressed, franked mailing label (NOAA Form
61-23) inside each film container.

** Attached (page 24) is an updated list of Disaster Preparedness
Meteorologists (WPM) and WSFO Focal Points throughout the country. The list
does not include all the dedicated meteorologists in charge/officials in charge/
hydrologists in charge and other station personnel who daily enrich their
communities in disaster preparedness/awareness knowledge. We thank you all.
Dick Wood

0 Community Outreach As part of their effort to increase severe weather
awareness in the minority communities, WSO Nashville, MIC Derrel Martin, and
WSFO Memphis, WPM Briam Peters, appeared on the Nashville teTevision show “Black
PuTse.” The 30-minute program is transmitted over cable television to 86 TV
stations in Tennessee and the surrounding states. The appearance was arranged
through the cooperation of the Nashville Urban League.

0 Awareness Week Material  WSFO's Memphis, Jackson, Birmingham, Albany,
Louisville, and Cleveland have sent WSH copies of their mailout materials for
this year's awareness week activities. The quality of the material is
outstanding and illustrates how basic awareness materials can be enhanced by
including local information. Copies have been sent to the Federal Emergency
Management Agency (FEMA).

0 Severe Weather Awareness Week Tennessee, Texas, Louisiana, Oklahoma,
Arkansas, Georgia, Alabama, and Mississippi have completed Tornado and Severe
Weather Awareness weeks and drills. Many Central Region states have already
firmed up dates for Tornado Awareness Week and several others will be finalizing
plans within the next couple weeks. Nebraska, Iowa, Minnesota, Wisconsin, and
Michigan are all gearing up for the week of March 25-31, 1984, with unified
statewide drills on March 29. Missouri and Kansas will combine on the week

of March 11-17 with statewide drills on March 14; South Dakota has selected
April 8-14 with a statewide drill on April 11; and Indiana plans on the week
of March 18 with the drill on March 21. March 4-9 has been chosen as Tornado
Preparedness Week in I11inois with a statewide drill on March 9.

Plans are progressing for various activities to be held during the week
of March 12-19, 1984, designated as "Flood Awareness Week" in New York State.
Governor Cuomo has agreed to issue a proclamation to that effect.

AM/MIC Roland Loffredo, WSFO, Albany, Ken LaPenta, and Tim Scrom (Hydro
Techf are spearheading a cooperative rederal/state effort to bring the message
of flood safety to the forefront of public awareness in New York State.

Ohio will hold its annual Tornado Preparedness Week, March 25-31.

"“Winter Awareness Week" in Wyoming made national news when November 6-12
was declared "Winter Awareness Week" in Wyoming. On November 7 and 8, the
first winter storm of the season hit Wyoming, and in one of the Special Weather
Statements issued by John Daseler, WSFO Cheyenne, he mentioned the coincidence
of the storm with the Awareness Week. 1This was picked up and broadcast by CBS
News in New York and the Brian Gumbel Show on NBC. Nice job and good timing!
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0 Preparedness Workshop A meeting was be held at WSO San Antonio to review
the preparedness initiatives to increase minority communities' awareness of
severe weather. The focus will be upon identifying specific needs of the
minority news media and ways to increase our access to these news sources.
Attendees will include Joe Arellano, WSO BRO; Vince Carreras, CWSU HOU;

Ed Young, CWSU HOU; Larry Eblen, WSFO SAT; and Larry Mooney, SRH.

0 Shreveport Preparedness A summary of the preparedness activities by
Efnesg Ethridge, OIC, WSO Shreveport has been received at WSH. In addition to
highlighting the accomplishments at SHV, the report clearly illustrates the

importance and significant impact of the preparedness program at the WSO level.
Great work Ernie!

0 Hurricane Alicia A draft of the NOAA Disaster Survey Report on Hurricane

Alicia has been completed. As expected, the report is highly complimentary of
the performance of WSO's Houston and Galveston.

0 Steve Schurr at WSFO Topeka came up with an innovative idea. Through a
local contact he had a 2-hour long VHS tape made up which included the films,
“Tornado, A Spotter's Guide," "Day of the Killer Tornado," "Flash Flood," and
“Tornado at Pleasant Hill," plus the 2-sided series "Winter Storms, The
Deceptive Killers" and "When Lightning Strikes" with audio dubbed in. Steve

has advertised the availability of this film in education newsletters in Kansas.
He has four tapes and has offered to lend these tapes to the educational
community to copy for their own use as they see fit.

(

0 Meridian OIC Becomes Guest Newspaper Columnist The Meridian Star ::)
newspaper 1ncludes a section called "Here's my View." In the January 11, 1984,
edition, the contributing columnist was OIC, Dale Eubanks. His article was
entitled "Weather Poses Hazards to Health." "The tragic and senseless loss of
five lives in Lauderdale County (Meridian) during the late December cold
weather continues to trouble me," Dale commented. "More people in the county
lost their lives due to the cold December 1983 weather than had been lost due
to tornadoes in the last 50 years. With such affluence in our midst, there is
no rational justification for lost lives in our climate. Each of us should
take a few minutes each day during extreme cold weather outbreaks to check on
elderly neighbors, especially those living alone, to make sure their homes
offer sufficient heat to prevent hypothermia, the silent killer," said Dale.

In the remainder of the article, he stressed the upcoming severe weather
season, urged the development of school/home/business storm preparedness plans,
emphasized the dissemination of weather information by Weather Radio, CATV,

and briefly went over several important safety rules and weather phenomena
definitions. He also expressed the NWS's appreciation for the assistance and
cooperation from all segments of society which provide valuable feedback

during severe weather episodes. With everyone working together and becoming
"weatherwise," lives can be saved. Nice job, Dale! Our thanks also to The
Meridian Star for their public service efforts.

0 Convection in Tropical Storms and Hurricanes One of the agenda items
Southern Region introduced at the Tast NOAA Hurricane Conference dealt with the
misinterpretation of the location of convection with the center of the storm »ﬁj
itself. During Hurricane Barry, much of the convection occurred to the i
southwest of the center. Richard Hagan, MIC, WSO Brownsville, noted that =
televised views of Hurricane Barry from satellite and radar imagery left the

public confused as to the true location of the storm. In the future, this

{,—’"“\
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association of the storm center with areas of convection could compromise
preparedness efforts.

During the conference, it was concluded that the regions should encourage
offices issuing radar summaries to highlight those instances when convection
would give a false indication of the actual storm center. This May, both
Eastern and Southern Regions will issue a joint memorandum on this subject.

0 Bruce Zimmerman, 0IC, WSO La Crosse, Wisconsin, reports that in December
1983, a NOAA Weather Radio receiver and display board was installed in the
lobby of the downtown Post Office Building in La Crosse.

The display was made possible by a combination of interested organizations,
the La Crosse Office of the National Weather Service, the U.S. Postal Service,
and the La Crosse Amateur Radio Emergency Services Organization. He provided the
design and materials, including the weather radio receiver. The amateur radio
organization provided an electronic timer and wiring and the Post Office provided
space and installation. This participation kept the cost minimal.

The Supervisory Postmaster of western Wisconsin, requested that the
La Crosse Post Office monitor the amount of usage of this service, and if it
were successful, future plans may call for installing this type of display at
other Post Offices within the broadcast range of a transmitter in western
Wisconsin. It appears that it is averaging 75 to 100 plays per day, but the
jury is still out on further installations.

The board is 20" x 40" and has a speaker mounted, the actual receiver is
behind the wall with the volume control adjusted at a continuous level. On the
display board are the logos from the contributing organizations as well as a NOAA
Weather Radio pamphlet and safety rules for Severe Weather. It is operated by
a push button that allows play for 3-1/2 minutes, then automatically cuts off.

To help publicize this new service, both the local television stations in
La Crosse provided news coverage. A small article also appeared in the local
newspaper.

Others may like to try something like this in their area. I have suggested
that the NWS contact the U.S. Postmaster General to look into shared costs and
installing these around the country in high traffic Post Offices.

0 WSO0's Macon and Daytona Beach Promote NWR OIC Dave Livingston, MCN,
wasn't satisfied with the results of a recent NWR survey conducted by the WSO
which indicated that the station may not have as many listeners as he
anticipated. So, he got busy and arranged for interviews about NWR on two
local TV stations, had a picture and article run in the Macon Telegraph and
News, with editorials promised to appear in the Daily Sun and Macon

Courier.

In Florida, Daytona Beach MIC, Dow Boykin, "frustrated" by continuing
references in the media and from citizens' comments about "surprise" storms,
presented the NWS side of the story in a newspaper article. Dow stated that the
NWS worked hard to develop an early warning system for violent weather, but most
people don't take advantage of it. The storm damage that caused the most recent
comments occurred about 1:30 p.m. on Sunday, November 20, 1983. A Tornado Watch
for the area had first been issued at 5:30 a.m. -- a full 8 hours before the
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damage occurred. "The biggest help to residents concerned about making prep- (::)
arations in advance of severe weather is to listen to the NOAA Weather Radio,"

said Dow. Severe Weather Statements were issued at 6:20, 6:45, 7:30, 8:30, 9:30,

10:30, 11:25, and 11:45 a.m., and a Severe Thunderstorm Warning at 12:40 p.m.

“Nobody is going door to door to let people know about bad weather," he said,

and urged residents to invest in an NWR warning receiver. Another demonstrated

instance where the opportunity is given to turn lemons into lemonade.

o Claire Jensen, AM/MIC WSFO Phoenix, informed us that Phoenix took part in
the Annual Arizona Boat Show, January 25-29, 1984. WSFO personnel manned a
weather display throughout the entire show. This was possible only through the
cooperation of many of our staff members who voluntarily spent their free time
working at the display, answering questions on VHF, weather for boating, and
weather for Arizona in general.

Our newly enlarged portable weather display was used at the event along
with our newly constructed table. Pictures and posters were again utilized to
advertise our mission. The display looked very professional, and was well
done.

Approximately 35,000 people visited the show and marketing statistics
persons estimate that 95 percent of them, or 33,250, passed by our display.
The response, in general, was very positive and most of the criticism,
constructive. I feel a couple of things came up that we can work towards to
improve our services to boaters. These items will be discussed locally, as
well as with Western Region Headquarters for possible resolution. (::)

Disaster Preparedness Specialists, Mike Franjevic and Brenda Graham, were
project leaders of this program and did an excellent job of organizing,
promoting, and coordinating the whole thing. As a result, we got great TV
coverage as well as visitor coverage.

THIRTEEN WORDS IN ONE SENTENCE ARE THE MOST THE AVERAGE LISTENER

CAN MASTER: From an article in a German publication, we have some food for
thought.

“A good half of all adults are incapable of following a spoken sentence
containing more than thirteen words; 7-year-olds reach the auditory ceiling
after only eight words. These are some of the results arrived at after 8 years
of experiments by the Cybernetics Institute affiliated with the University of
Paderborn (North Rhine-Westphalia). Television and radio news announcers,
school teachers and public speakers should lend an ear to these findings and
correspondingly modify their oratorical habits, says Dr. Siegfried Lehrl, Vice
Director of the Paderborn Research Institute. Approximately one-third of the
adult subjects tended to forget the beginning of a sentence after the 1llth
consecutive word had been uttered, and fancy phrases formed by 18 or more
words were comprehended by only 15 percent, reports Lehrl. In any case, the
cyberneticist recommends that all speakers respect a "speech limit" of 2.5 words
per second, to help prevent the message aimed at one ear from going out the
listener's other ear just as fast."

Tom McGuire, Deputy MIC, WSFO Boston, forwarded the above article to us {i:)
noting that the concept couTd be widely applied in the NWS. Many of our NWR )
broadcasts and weather statements and forecasts could benefit from short,
concise sentences. Apparently, limiting the number of spoken words would
enhance the message and keep the listener tuned in and well informed.
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U.S.. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL WEATHER SERVICE Office

--| Parkersburg, West Virginia 26101

November 9,1983

Hospital Administrator

Dear Sir:

A special responsibility lies upon the shoulders of administrators of institutions
such as hospitals and nursing homes. "In times of ecergency, this responsibility is
particularly heavy, for those who are too young, too old, or too infirm to help
themselves must still be helped. Frequently you must make decesions based on tae
weather vwhich affect tne safety and health of these persons. Often these decesions
are made more difficult by conflicting weather forecasts through the various media;
or you ‘may not be able to wait until the radio or television forecaster comes on
before making a decesion,

NOAA Weather Radio may be the answer to many of your weather problems. Broadcasting
continuously 24 hours a day, up-to-the minute vieather information is available to
you at the flip of a button whether at home or at the hospital. Ho need to wait for
critical weather reports - it's there whenever you need it, the latest forecasts and
warning information for your area of West Virginia.

Patient evacuation to shelter or special prepﬁrations (standby power generaticn,
additional supplies or personnel) during forecast periods of natural hazards suca
as floods or csevere winter weather ~ NOAA Veather Radio can help.

iI:CAA Weather fadio can also help during severe weatier season - severe thunderstorms o
even tornados do occur in West Virginia, Using a tons alert available on many radio

receivers, you can be alerted to the possibility of severe w2ather and take precautio
to protect the safety of your patients and staff,

Why don't you tzke the time to investigate NO&A Weather Radio? I have enclosed a
brochure describing the NJOAA Weather Radio Program., In 2d3ition, I have enclosed
awareness and preparedness literature on tornzdo csafety and flood hkazard awareness
for use in your institutes safety and preparedress programs.

For rore informaticn on NOAA Weather Radio or disaster Freparedness planning, contact

one of the following National Weather Cervice personnel at the weather service office
in your area: :

Doyle Cook, Charleston (304) 3K2-7771
William Cain, Beckley (304) 252-0791
Marvin Hill, Elkins (304) 635-1200
Richard Westergard, Huntington (304) 522-3338
Aobert Tibi, Parkersburg (304) 1[22-36£1
Sincerely,

Robert ¥, Tibi
#IC, W30 Farkersburg
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Mortality from Flash Floods:
a Review of National Weather
Service Reports, 1969-81

JEAN FRENCH, DrPH

ROY ING, MD

STEPHEN VON ALLMEN, MA
RICHARD WOOD

Dr. French was formerly a Health Scientist with the
Chronic Diseases Division, Center for Environmental
Health, Centers for Disease Control, and is now a Senior
Scientist with the National Institute for Occupational Safety
and Health. Dr. Ing is the Chief of the Surveillance Sec-
tion, and Mr. Von Allmen is a Program Analyst with the
Special Studies Branch, Chronic Diseases Division. Mr. Wood
is the Disaster Preparedness Program Leader, Severe
Weather Branch, National Weatner Service.

Tearsheet requests to Dr. French, Office of the Director,
National Institute for Occupational Safety and Health, Cen-
ters for Disease Control, Bldg. 1, Rm. 3041, Atlanta, Ga.
30333,

SYNOPSIS . ... .. .. . . . ...

Of all weather-related disasters that occur in the
United States, floods are the main cause of death,
and most flood-related deaths are attributed to flash
floods. Whenever a weather-related disaster involves

30 or more deaths or more than $100 million in
property damage, the National Weather Service
(NWS) forms a survey team to investigate the dis-
aster and write a report of findings. All NWS survey
reports on flash floods issued during 1969-81 were
reviewed to determine the mortality resulting from
such floods, the effect of warnings on mortality, and
the circumstances contributing to death.

A total of 1,185 deaths were associated with 32
flash floods, an average of 37 deaths per flash flood.
The highest average number of deaths per event was
associated with the four flash floods in which dams
broke after heavy rains. Although there were 18
flash floods in 1977-81 and only 14 in 1969-76,
the number of deaths was 2V2 times greater during
the earlier period. More than twice as many deaths
were associated with flash floods for which the sur-
vey team considered the warnings inadequate than
with those with warnings considered adequate.

Ninety-three percent of the deaths were due to
drowning and 42 percent of these drownings were
car related. The other drownings occurred in homes,
at campsites, or when persons were crossing bridges
and streams.

The need for monitoring dams during periods of
heavy rainfall is highlighted.

OF ALL THE WEATHER-RELATED DISASTERS that
occur in the United States, floods are the main cause
of death, and most flood-related deaths are attributed
to flash floods (1). Flash floods are due to the fast
runoff of water from heavy rains in a relatively short
time, and runoff is accelerated in mountainous and
narrow valley terrain. For example, the runoff from

584 Public Health Reports

heavy rainfall in a mountainous area near Tucson,
Ariz., in July 1981 flooded a recreational area.
Eight persons died when an 8-foot wall of water
rushed down a canyon where 150 people were
camping.

Limited information is available on the number
of deaths that occur each year as a result of flash

O
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floods. Recently, the National Weather Service
(NWS) of the National Oceanic and Atmospheric
Administration asked the Centers for Disease Con-
trol (CDC) to assist in obtaining an estimate of
mortality associated with flash floods and to identify
factors that increase the risk of death and injury
from such events. Two sources of information on
flood-related injuries and deaths are NWS survey
reports and storm reports.

Whenever a weather-related disaster involves 30
or more deaths or more than $100 million in prop-
erty damage, NWS forms a survey team to investi-
gate the disaster. The survey team writes a report
of findings, along with recommendations for correct-
ing any deficiencies which may have hampered ap-
propriate warnings to the general public.

Methods

All NWS survey reports thought to be associated
with flash floods were reviewed to determine the
number of events that met the NWS working defini-
tion of a flash flood (heavy rainfall within a 12-hour
period that leads to the issuance of a flash flood
warning). Thirty-four reports covering 1969-81
met those criteria. Using those reports, we reviewed
the mortality resulting from such floods and the
effect of warnings on mortality and tried to enumer-
ate the circumstances contributing to death and

injury.
Results

Of the 34 reports on events meeting the criteria of
a flash flood, 32 (94 percent) gave the number of
deaths associated with the flood and were the source
of the data in tables 1-4. Only three reports, how-
ever, provided information on injuries. With so few
reports on injuries, we could not attempt in this re-
view to assess injuries related to flash floods.

11

Mortality. A total of 1,185 deaths were associated
with the 32 flash floods, an average of 37 deaths per
flood (table 1). Although there were 18 flash floods
in the S-year period of 1977-81 compared with 14
in the previous 8-year period of 1969-76, the num-
ber of deaths was 2'% times greater during the
earlier period.

Flash flood characteristics. Descriptive information,
including the number of deaths, location, circum-
stances, and date, for each of the 32 flash floods
with fatalities reported is listed in table 2 by State.
The highest number of flash floods per State oc-
curred in Arizona, Texas, and Pennsylvania (four
each). Of these States, Pennsylvania had the highest
average number of deaths per flood. However, the
one flood resulting in the most deaths occurred in
Rapid City, S. Dak., where 236 people died after a

Table 1. Deaths associated with flash floods, by year,
1969-811
Number of Number ot Deaths

Year events deaths per event
1969 ................ 1 100 100
1970 ................ 2 36 15
19710 0 S A 2 34 15
19720 iz L = 5 536 107
1873 1 13 13
1974 ... ... ... 1 9 9
19751 05 el 1 4 4
UCTAS oaliia o oo B o 1 135 135
977 iisans amee o oo v ve s 3 136 45
1978 ... ... 4 78 19
1979 .5 o e 5 55 11
1980 ................ 4 32 8
1981 ... ... 2 21 10

Total .......... 32 1,185

AVEFage . ..........5....en. e oniae o suimms 37

' 2 flash flood reports were excluded because they did not provide
information on deaths.

Table 2. Flash fioods investigated by the National Weather Service survey team, by geographic location, 1969 to 19811
Number of

Fiood location Date deaths Description
Alabama-2

Gainesville, Demopolis ..... April 1979 5 20 inches of rain in 3 days

Moblle .................. September 1979 5 5-9 inches of rain in 24 hours, associated with Hurricane Frederick
Arkansas—1

Little Rock area ........... September 1978 11 4.5 inches of rain in 6 hours, associated with a tropical storm
Arizona—4

Maricopa County ..........
Region not given . .........
Phoenix, Oak Creek Canyon.
Tucson, Tenque Verde Falls .

September 1970 23
December 1978 10
February 1980 3
April 1981 8

11.4 inches of rain in 24 hours in narrow canyon

No information

16 inches of rain in 9 days

No rain in area of flash fiood but in upper mountains
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Table 2. Flash floods investigated by the National Weather Service survey team, by geographic location, 19G9 to
1981 '—Continued

Number of
Flood location Date deaths Description
Calitornia=2
Los Angeles Basin (San
Luis Obispo, Santa )
Barbara) ............... February 1978 20 6.2 inches of rain in 12 hours foilowed by a dam break in canyon
Los Angeies, Orange County,
San Bernardino, San )
DIgQO .- February 1980 18 3 inches of rain in 9 days, associated with a tropical storm
Colorado-1
Big Thompson ............ July 1976 135 12 inches of rain in 4.5 hours in river canyon
Florida=1
Pensacola, Panama City .... September 1975 4 6 inches of rain, associated with a hurricane
Georgia-1
TOCCOA .- cvvvvesierneeess November 1977 38 5.7 inches of rain in 4 days, accompanied by a dam break
Kansas—1
Kansas City .............. September 1972 25 16 inches of rain in 24 hours
Kentucky-1
Pike County .............. July 1979 3 7 inches of rain in 3 hours
Maryland-1
Baltimore, Hartford ........ September 1971 16 12 inches of rain in 8 hours, associated with a hurricane
Mississippi—1
Choctaw County, Winston
County, Oktibbeha County April 1979 4 20 inches of rain in 3 days
Nevada-1
Lake Mohave, El Dorado ... September 1974 9 7 inches of rain in %2 hour in narrow channel in a recreation area
New Jersey-1
Trenton .................. September 1971 4 12 inches of rain in 5 days {i)
L
North Carolina-1 3
AsheCounty .............. May 1973 13 12 inches of rain in mountains
North Dakota-1
Bismarck, Fargo ........... March 1979 1 Heavy rains combined with melting snow
Pennsylvania—4
Chester .................. September 1971 14 12 inches of rain in § days
Not given ................ June 1972 118 19 inches of rain associated with hurricane
Johnstown, Harrisburg,
Indiana, Buford, Somerset. July 1977 76 11 inches of rain
Armstrong, Butler, Clarion .. August 1980 9 S inches of rain in 2 days in a narrow valley
Puerto Rico-1
Not given ................ August 1979 37 Heavy rains associated with a hurricane and dam overflow
South Dakota-1
Rapid City ............... June 1972 236 15 inches of rain in 6 hours accompanied by a dam break
Tennessee-1
Not given ................ April 1977 22 15 inches of rain in § hours
Texas—4
Corpus Christi ............ August 1970 13 Heavy rain associated with a hurricane
South Central area ........ May 1972 18 16.5 inches of rain in 2 hours
Hili 90umry, Big County .... September 1978 33 28 inches of rain in 12 hours associated with a tropical storm
Austin ................... May 1981 13 10 inches of rain in 4 hours
Virginia-1
St. James Basin .......... September 1969 100 12 inches of rain in 8 hours in mountainous area
West Virginia~2
Buﬂglo Creek ............. February 1972 ° 139 4 inches of rain in 2 days accompanied by a dam break
Harrison County ........... August 1980 2 3.5 inches of rain in 1 hour associated with a tropical storm

' 2 flash flood reports were excluded because they did not provide information on deaths.
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dam broke. Of the 34 floods, most occurred during
the summer (July-September), with September hav-
ing the most floods.

Number of

Month reports
January ................ ceEeeEtce . o . 0
| S T RTE 7 o 60 010 5 50 D0 e T U ST 0 4
WAEYTH] 50000000006 00060 0 et a0 8 O 1
Aprill ...l SR AT - e . 2
May ... .. ... ARG . e . 3
JIDE 000006000060 00000 0660 etams s S eiiia 6 o 2
July oL e, o 5
August ... 4
September ...... ... ... . ... ... ... 11
October, .[......... ... . =cuessiens. . o 0
November ............ ... 1
December ............. ... ... ... . ..., 1

Total . e e s 34

A review of the meteorologic and topographic
factors contributing to flash floods in NWS survey
reports showed that most were due to heavy rainfall
alone (table 3). The highest average number of
deaths per event, however, was associated with the
four flash floods in which dams broke after heavy
rains.

Wamings. The types of warning given and the num-
ber of deaths associated with each event are shown
in table 4. Although warnings were issued for heavy
rains and flash flooding, no warnings were issued for
potential dam failures in the four events involving
dam breaks. More than twice as many deaths were
associated with flash floods for which the survey
team considered the warnings inadequate than with
those with warnings considered adequate. Warn-
ings deemed inadequate were largely heavy rain and
flash flood warnings issued for a region within a
broad time frame such as the next day rather than
for a flash flood in a specific area and time frame.
The 20 deaths associated with those three flash
floods when no warning was given occurred in re-
mote recreational areas where the population con-
sidered at risk was small.

Causes of death. Causes of death were given in 16
of the 32 reports. They covered only 190 (15 per-
cent) of the deaths; all such information was in-
complete. Of these 190 deaths, 177 (93 percent)
were due to drowning. A large portion (42 percent)
of these drownings were car related; for example,
victims had been in cars that were driven into low
areas, across flooded bridges, or off the road into
deep water. The other drownings occurred in the
home, at a campsite, or when persons were crossing

Table 3. Meteorologic and topographic factors contribut-
ing to flash floods surveyed, 1969-811

Meteorologlc and Number of Number of Deaths
topographic factors evants deaths per event
Heavy rainfall not associated
with tropical storms,
hurricanes, dam breaks .. 12 221 18
Heavy rain associated with
hurricane or tropicai storm 9 241 26
Heavy rains associated with
topographical factors
(canyon, mountains,
arroyo) ..., 7 297 43
Heavy rain contributed to
dam break ............. 4 426 107
Total ..... ......... 32 1,185
AVErage ..........c.cuiiiiiiainiaa. 37

' 2 flash flood reports were excluded because they did not provide
information on deaths.

Tabie 4. Type of warning given and number of deaths in

flash floods, 1969-811

Number ot Number of Deaths
Type of warning events deaths per event
No warning given at ail (of
rain, floods, etc.) ........ 23 20 7
Warning for heavy rains
without flash flood warning 1 16 16
Warning for flash flood in
region, but with time-space
limitations .............. 10 448 44
Warning for flash floods in
areas where flash fiooding
occurred ............... 14 275 19
Warning given for heavy rain
and flash flood, but no
warning for dam breaks .. 4 426 106
Total .............. 32 1,185
AVerage .............cciiiiamii e 37

' 2 flash flood reports were excluded because they did not provide
information on deaths.

2 These flash floods occurred in remote recreational areas where
population at risk was small.

bridges and streams (table 5). Only a few reports
contained information on the age and sex of flash
flood victims.

Discussion

From these data, we cannot draw conclusive in-
ferences for all flash floods; the floods that the
NWS staff surveyed are not representative of all
flash floods. The lack of a systematic method for
collecting data, particularly the circumstances sur-
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