


Q
e

- Og
&g
w15V

mul""lh .

1V

NQj

‘ NATIONAL
-

)
%

Q
O,
e

|

O
£
3
B

U.S. DEPARTMENT OF COMMERCE
Maurice H. Stans, Secretary

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
Robert M. White, Administrator

NATURAL DISASTER SURVEY REPORT 71-2

Mississippi Delta Tornadoes
of February 21, 1971

A Report to the Administrator

ROCKVILLE, MD.
JULY 1971




FOREWORD

The morning after the disastrous tornadoes swept
through northeast Louisiana, northwest Mississippi, and
southwest Tennessee, a survey team was dispatched by the
National Oceanic and Atmospheric Administration to the
devastated areas to review the effectiveness of NOAA's
tornado warning services. This report—Mississippi Delta
Tornadoes of February 21, 197 1—presents the findings and
recommendations of the survey team.

Donald F. Moore
Assistant Administrator for Plans and Programs




PREFACE

The NOAA Natural Disaster Survey Team that in-
vestigated the Mississippi Delta tornadoes of February 21,
1971, consisted of Arthur C. Peterson, Senior Program
Analyst, and Alexander F. Sadowski, Program Analyst, of the
Office of Plans and Programs; Harry P. Foltz, Chief, Weather
Analysis and Prediction Division, Office of Meteorological
Operations, National Weather Service; George A. Baker,
Office of Public Information; Carl M. Reber, User Services
Representative, and Harold S. McCrabb, Service Operations
Evaluation Meteorologist, of the National Weather Service
Southern Region. The team arrived at Jackson, Miss., on
February 22, 1971—the Southern Region members early in
the afternoon, and the Washington contingent late the same
day.

The survey team, in its effort to assess the effective-
ness of NOAA’s tornado warning system preceding and dur-
ing the tornado outbreak, found the following problems to be
particularly troublesome at the onset of the field survey.

e The extensiveness and the dispersion of the tornado
occurrences, from eastern Texas and Arkansas east-
ward through Louisiana, Mississippi, and southwestern
Tennessee—which made it necessary to concentrate
the survey on those areas that would be most mean-
ingful;

e The exceptionally large number of reports of sightings
of tornadoes, over 50 in the -Mississippi Delta area
alone—which made it necessary to identify quickly
those reports which related to the same tornado; and

e The large toll of lives and injuries suffered in spite of
the issuance of timely warnings for nearly all areas
where casualties occurred—which raised serious ques-
tions as to the effectiveness of the warnings.

The first problem was resolved by concentrating the
field survey efforts in areas where casualties and destruction
were greatest. This confined the study area to northeastern
Louisiana, central and northern Mississippi, and extreme
southwestern Tennessee. For convenience this area is re-
ferred to as the Mississippi Delta Area. The second prob-



lem—that of sorting out just how many tornadoes occurred
and along what tracks they traveled—was largely resolved
by conducting a visual low-level aerial survey at the first
opportunity to identify the tracks of the major storms. The
third problem was solved early in the survey, when it became
readily apparent that—without storm cellars or basements
and with relatively few ditches, culverts, or bridges to offer
protection—in all too many instances there simply was no
nearby place for the individual to find safety.

The survey team is indebted to many people within
NOAA, officials of the States of Louisiana, Mississippi, and
Tennessee, and representatives of the news media for their
contributions to this report. The team is particularly in-
debted to the Mississippi Highway Safety Patrol for provid-
ing access to its records of severe weather reports and warn-
ings handled through its districts throughout the State, and
to the National Aeronautics and Space Administration for
conducting an independent aerial survey of the storm tracks.
A special word of thanks is extended to Don Munro and the
staff at the National Weather Service Office at Jackson, and
to Mrs. M. H. Lewis, John H. Lentz, Walter A. Schulz, Jr.,
and Leonard A. Waas for their assistance and contributions
to the survey.
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EXECUTIVE SUMMARY

At 11:45 am. CST Sunday, February 21, 1971,
the Police Department of Cleveland, Miss., re-
ported to the Jackson, Miss., National Weather
Service Office that a tornado had been spotted
southwest of Cleveland. Between the time of this
first sighting and the time of lifting all Tornado
Watches and Warnings just before midnight,
more than 50 sightings of tornadoes and funnel
clouds were reported to NOAA Weather Service
Offices at Shreveport, La., Jackson, Miss., and
Memphis, Tenn.—the stations directly respon-
sible for tornado warnings for the areas affected
by the Mississippi Delta Tornadoes.

Three great tornadoes of this outbreak of
severe storms took by far the greatest toll of lives.
The first had a continuous ground path 102
miles long. The second moved along a track
parallel to the first storm for a distance of 159
miles on the ground. The third great tornado
moved parallel to the other two and remained
on the ground for 69 miles. These three tor-
nadoes traveled a total distance of 330 miles, at
speeds on the order of 55 m.p.h., making individ-
ual swaths of one-quarter to one-half mile across.
A fourth tornado had a track of about 10 miles.
There were other tornadoes of brief duration,
but these four were the most significant.

Many cities and towns in the path of these
storms suffered major damage, and the com-
munities of Delta City, Inverness, Cary, Pugh
City, and Little Yazoo, Miss., were virtually
leveled.

Preliminary Civil Defense and Red Cross sta-
tistics indicate that in the three-State area affected
by the tornadoes—Louisiana, Mississippi and
Tennessee—113 persons were killed, 2,003 per-
sons were injured, and 611 homes were destroyed.
Total property loss was estimated to be §$19,-
000,000.

That the death toll was not greater can be
attributed to the vigilance of the National Severe
Storms Forecast Center (NSSFC) at Kansas City,
prompt action by the National Weather Service
Offices at Shreveport, Jackson, and Memphis,
and the response of public safety authorities and
radio and television stations that serve the dis-
aster area. Findings and recommendations of
the survey team follow.

Findings

1. Advance preparedness planning for alerting
public safety officials and news media to
the development of severe local storms and
tornadoes proved very effective; Community
Warning Centers were activated promptly
and Watches and Warnings were broadcast
without delay. Consequently, essentially all
people in the affected area had some ad-
vance warning. Predetermined plans of ac-
tion were carried out from the onset of the
situation and sustained effectively through
the time of issuing all-clears for the areas
involved. Reports of tornadoes and tornado
damage were quickly communicated back
through the system to Weather Service
Offices and others, which helped greatly in
keeping abreast of the situation.

2. Advance preparedness planning was effec-
tive in achieving a public awareness of what
places of shelter or protection to seek in the
event of an approaching tornado. Unfortu-
natetly, the geography and the general
character of building construction in the
affected areas were such that there were few
nearby places to find protection. Also, too
many people waited too long to seek safety.

3. All NOAA basic data collection and com-
munications systems performed satisfactor-




ily. There were no significant interruptions
in NOAA communications services.

The Severe Weather Preparedness Program
places special emphasis on enlisting storm
spotters. Special note is taken of the fact
that most actual tornado sightings were re-
ported by Mississippi Highway Safety Patrol
officers whose prompt reports made possible
the issuances of timely Tornado Warnings.
The Jackson WSO provides a thorough
training course in storm spotting, plus a
refresher course, at the Safety Patrol Acad-
emy each year.

Three massive tornadoes remained in con-
tact with the ground for periods in excess
of 1 hour and for distances averaging 110
miles. The survey team believes that if some
real-time, remote-sensing method had been
available to identify the location and move-
ment of individual thunderstorm cells (some
of which were associated with tornadoes)
on a minute-by-minute basis, the warning
service could have been further improved.
By using a method similar to the digital
weather radar individual storm-tracking
technique, being developed at the National
Severe Storms Laboratory (ESSA Technical
Memorandum ERLTM-NSSL 46, June
1970), warnings to the public could have
been more localized and specific than was
possible with existing facilities. As things
turned out in the Mississippi Delta disaster,
53 counties were warned and 22 of these
were actually struck by tornadoes.

The series of tornadoes that struck Missis-
sippi were directly associated with the same
weather system that produced severe weather
and tornadoes earlier in northeast Louisiana
—in the warning responsibility area of the
Shreveport Weather Service Office. The Na-
tional Weather Service radar at Shreveport
is a modified World War II surplus airborne
unit that is still retained in service as a
local-use radar. The staff at Shreveport did
an outstanding job of maintaining this ob-
solete equipment at peak performance and
of interpreting the radar scope returns.

The National Meteorological Center (at
Suitland, Md.) products satisfactorily de-
picted the significant large-scale features of

10.

the circulation and accurately forecast move-
ment of a squall line, accompanied by show-
ers and thunderstorms, through Louisiana
into Mississippi and Tennessee on February
21, 1971.

NSSFC issued Tornado Watch Bulletins
well in advance of all tornado occurrences
in Louisiana, Mississippi, and Tennessee.
The Watch lead times were exceptionally
good, ranging from 1 to 11 hours and aver-
aging 6 hours for the areas where all the
fatalities and most injuries occurred.

The operation of NOAA’s National Weather
Service was most effective in warning the
public and keeping them informed of im-
pending tornadoes because the responsible
National Weather Service Offices had the
tools (radar, excellent communications, and
action plans) and the professional com-
petence to act promptly and responsibly
upon recognizing a developing hazardous
situation. The staffs exercised skill and
judgment in their warnings and statements
throughout the day and evening of Feb-
ruary 21. This was particularly true of the
Jackson WSO, which bore the brunt of the
task of issuing warnings and in every re-
spect discharged its responsibilities in an
outstanding manner. The average lead time
of specific Warnings for areas where the
most deaths, injuries, and damage occurred
was about 50 minutes.

The NOAA Weather Wire Service for Mis-
sissippi  effectively disseminated weather
warnings and other weather information of
immediate importance to the public. Par-
ticipation of broadcasting media through
direct connection to the NOAA Weather
Wire Service is below that considered de-
sirable. This is attributable, in part, to the
relatively high cost of teletypewriter rentals.
Participation included seven out of eight
commercial VHF TV stations, but only 26
percent of the full-time AM radio stations
and 9 percent of the daytime AM radio sta-
tions. Both Associated Press and United
Press International are connected to the
NOAA Weather Wire at Jackson. Practically
all commercial radio and TV broadcast
facilities in Mississippi are connected to at
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least one of the news wire services over
which National Weather Service Watches
and Warnings are transmitted.

The overall task of receiving, diagnosing,
and synthesizing the voluminous amount of
incoming information—radar weather re-
ports; information received via National
Warning System (NAWAS) on sightings,
damage, and power and communications
outages; radar report and warning coordina-
tion circuit (RAWARC) information; and
miscellaneous reports—and concurrently up-
dating and disseminating Watch and Warn-
ing bulletins on proper circuits is next to
impossible to achieve effectively at the fast-
moving pace required, particularly when
multiple storm outbreaks occur. Techno-
logically, much of this work could be auto-
mated through the use of message composi-
tors and automatic call-up and transmission
of messages on NOAA circuits.

During the field investigation of the Missis-
sippi Delta Tornadoes it was virtually im-
possible to determine accurately, from re-
ports of tornado sightings, the actual number
of tornadoes and the track they followed.
This aspect of the field investigation was
greatly facilitated by an aerial survey in
advance of ground surveys, particularly
determining the major tornadoes, their
paths, and times. This information was then
used as a basis for evaluating the timeliness
and effectiveness of the tornado watches and
warnings.

Many cities and towns in tornado-prone
sections of the country use fire sirens to
attract the public’s attention to tornadoes.
During this outbreak of tornadoes, sirens
were used at Jackson and Greenwood, Miss.,
but apparently not at other locations, A
common complaint is that in the larger
cities people are accustomed to hearing
sirens at all times of the day and night. In
large cities, and often in smaller cities, un-
less persons are in some way conditioned to
anticipate a siren-type warning of severe
weather, they are more inclined to relate
the warning signals to fires or accidents. One
possibility would be to develop a siren
which would be accessory to existing sirens
and which would provide a distinctive beat

14.

note. Such a locally-controlled audible warn-
ing signal operated by a responsible official
from a vantage point of constant watch
would serve to tell the local populace em-
phatically that the time for waiting is over
and that they must take cover immediately
in order to save themselves!

The success of the overall warning system in
saving lives was greatly diminished by the
circumstances of generally old and inade-
quately constructed houses and other build-
ings, and the lack of community shelters.

Recommendations

1.

NOAA’s National Weather Service should
continue its vigorous support and assistance
in preparing community preparedness plans.
Each State in tornado-prone regions should
assure the availability of a statewide corps
of trained tornado spotters and should pro-
vide a refresher course at least annually.
Remote-sensing studies should be accelerated
to develop an automated technique of detect-
ing and tracking severe storms and tornadoes.
The Federal Plan for Weather Radars and
Remote Displays should be reviewed to assure
that those National Weather Service offices
that have tornado warning responsibilities
be furnished with the tools essential to fulfill-
ing their mission.

NOAA’s National Weather Service should
continue to encourage additional news media
to participate in the NOAA Weather Wire
Service.

Aids and techniques should be developed to
automate the composition and dissemination
of Watch and Warning bulletins to the great-
est possible extent.

The field investigation of all major tornadoes
should include an early aerial reconnaissance
survey to determine storm paths more accu-
rately.

Public safety authorities should be encour-
aged to develop distinctive, audible, warning
signals to warn of approaching tornadoes,
and particularly to warn of immediate need
to take cover. '

Public authorities should be encouraged to
establish a system of suitably designed com-
munity shelters, particularly in areas where
the construction of basements is impractical.
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CHAPTER 1

The Mississippi Delta Tornadoes

The Delta Country along the Mississippi River
is, for the most part, a flat expanse of fertile
land that stretches unbroken, except for occa-
sional clusters of trees, from horizon to horizon.
The water table, throughout most of the Delta
Country, lies only a few feet below the surface.
In the small communities along the east side
of the river homes are built either on concrete
slabs or on pilings. The lack of basements and
other suitable shelters weighed heavily in ac-
counting for the large number of fatalities and
other casualties during the tornadoes of Sunday
afternoon and evening, February 21, 1971.

Early Sunday morning, local radios carried
news of a crippling snowstorm and several tor-
nadoes in Texas. There were no other indica-
tions of bad weather in the offing to disturb
the peaceful Sunday-morning routine in Delta
Country. This calm was short-lived when at
9:55 a.m. CST the National Severe Storms Fore-
cast Center (NSSFC) at Kansas City—where
concern was growing over the intensification and
rapid eastward movement of the Texas disturb-
ance—issued a Tornado Watch for northern
Mississippi. The Watch was immediately re-
issued over the NOAA Weather Wire Service by
the Jackson, Miss., Weather Service Office (WSO).
News of the Tornado Watch spread quickly
through the countryside where the people have
learned from bitter experience to suspect the
black storm clouds that move in from the west
each spring.

Apprehension mounted when—shortly before
11 am.—the Jackson WSO issued a Severe
Thunderstorm Warning for the counties of Sun-
HSower, Tallahatchie, Quitman, and Panola,
which lie along a north-south line in northwest
Mississippi.

At 11:45 a.m. the Police Department of Cleve-

land, Miss. (Bolivar Co. near Sunflower Co. line)
reported to the Jackson WSO that a tornado had
been spotted 6 miles southwest of town. The
Severe Thunderstorm Watch was changed to a
Tornado Warning, which documented the be-
ginning of a day of tragedy and destruction in
Mississippi Delta Country. Between the time of
the first sighting and the lifting of all Watches
and Warnings just before mdnight more than
50 reports of tornado and funnel cloud sightings
were received.

During the outbreak of severe storms, by far
the greatest toll in lost lives was taken by three
major tornadoes (fig. 1). At 3:10 p.m. the first

tornado of the deadly trio touched down east of
Delhi, La. It moved northeastward across the
river into Mississippi on a continuous path 102
miles long and lifted into the parent cloud just
south of the small town of Schlater, Miss. One
hour later, at 4:10 p.m., the second tornado
funnel struck a few miles southwest of Cary,
Miss.,, moved northeastward a distance of 159
miles, on a track parallel to the first tornado,
and reached a point just east of the town of
Abbeville, Miss. At 5:15 p.m., the third great
tornado began its course due south of Bovina,
Miss., followed the same northeastward direc-
tion, remained on the ground for 69 miles, and
lifted south of Lexington, Miss. The three tor-
nadoes raked individual paths that varied from
one-quarter to one-half mile across, traveled a
total distance of 330 miles, and moved at speeds
on the order of 55 m.p.h. A fourth tornado fol-
lowed a ground track for about 10 miles and
skirted the edges of the towns of Parchman,
Rome, and Tutwiler, Miss. There were other
tornadoes of brief duration, but these four were
the most significant.

In the paths of these storms scores of cities




FIGURE 1. Tracks of Mississippi Delta
Tornadoes, February 21, 1971,




Delta

and towns suffered major damage, and the com-
munities of Delta City, Inverness, Cary, Pugh
City, and Little Yazoo, Miss., were virtually
destroyed.

As evening approached, isolated tornadoes
continued to develop and strike on both sides
of the Mississippi-Tennessee border, leaving a
trail of more destruction.

Frequent comments, made to the disaster sur-
vey team members, were: “We heard the warn-
ings—everyone knew they were coming.” From
the widely scattered homes of the rural country-
side, people dived into drainage ditches to pro-
tect themselves, and most of them made it in
time. In the towns and cities, there were no
cellars and few ditches in which to hide. Many
sought safety under beds, in bathtubs, or lying
flat against inside walls. Some tried to outrace
the funnels, some took cover under bridges, and
some sought refuge in the sturdiest buildings.
Also, there were “fatalists” who decided to take
the chance and remain in their homes.

In the three-State disaster area, 113 persons
were killed, 2,003 were injured, and 611 homes
were destroyed. The total cost in property loss
was estimated to be about $19,000,000.

That the death toll was not considerably
higher can be attributed to the vigilance of the
National Severe Storms Forecast Center, prompt
action by the National Weather Service Offices
at Shreveport, Jackson, and Memphis, and the
responsiveness of public safety authorities and
radio and television stations serving the disaster
area. During the Mississippi Delta outbreak,
all tornadoes were within the areas and times
specified in Tornado Watch Bulletins issued by
NSSFC. Lead times of Tornado Watch Bulletins
for counties affected by tornadoes ranged from
a minimum of 1 hour to a maximum of 11
hours—an average of 6 hours.

1The figures given are preliminary and subject to

change. They were obtained from Civil Defense authorities
and the American Red Cross.

Lead times of Tornado Warnings, issued by
the responsible NWS offices, for the 22 affected
counties averaged 0.9 hour; however, 5 of these
counties had no Tornado Warnings and the lead
time for the other 17 counties average 1.2 hours.

Knowledge of tornado safety precautions was
widespread in this storm-prone area and most
people reacted promptly to save themselves. The
real tragedy was that in spite of known precau-
tions and timely warnings many died needlessly,
looking in vain for safety.

Times of Tornado Watches and Warnings in
the communities suffering greatest loss of life
are given in table 1.

Table 1.—Tornado Watch and Warning times (CST)
relating to communities suffering the greatest
loss of life

Time of Time of
watch warning  Time of

Community issuance issuance tornado Deaths
*Cary, Miss. 1400 1520 1610 14
(Sharkey Co.)
*Delta City, Miss. 1400 1520 1610 8
(Sharkey Co.)
Gooden Lake, Miss. 1000 1520 1630 11

(10 mi WSW Belzoni)
(Humphreys Co.)

*Inverness, Miss. 1000 1615 1640 19
(Sunflower Co.)

*Little Yazoo, Miss. 1400 1615 1750 9
(Yazoo Co.)

*Pugh City, Miss. 1000 1537 1656 22

(Joe Regh Plantation)
(Leflore Co.)

3 mi E of Delhi, La. 1400 1520 1510 10
(Madison Parish)

* The four small Mississippi communities of Delta City, Inverness,
Little Yazoo, and Pugh City were virtually destroyed.




CHAPTER 2

Summary of Preparedness Action

The effectiveness of actions following the
receipt of a warning depends upon the prepara-
tions made beforehand. Advance preparation is
almost as important as the warning itself. Plan-
ning for effective community and individual
actions when a tornado strikes is a major concern
of NOAA National Weather Service Offices
throughout every tornado-prone area of the
Nation.

Before the commencement of the tornado sea-
son, which peaks in February in the Gulf States,
officials in charge of those NOAA National
Weather Service Offices that are responsible for
relaying Tornado Watches and issuing Tornado
Warnings hold preparedness sessions with local
officials to establish and to update plans for com-
munity preparedness. These meetings are at-
tended by mayors; civil defense, law enforce-
ment, utility, and engineering officials, super-
intendents of schools; hospital administrators;
representatives of State government departments
and local public works; radio, television, and
newspaper officials; and others.

The Mississippi Delta Tornadoes of February
21, 1971, involved three States—Louisiana, Mis-
sissippi, and Tennessee—and three National
Weather Service Offices—Shreveport, La., Jack-
son, Miss., and Memphis, Tenn. Each of these
offices holds preparedness meetings and helps
with the development of community prepared-
ness plans on a continuing basis throughout its
area of responsibility. Although the frequency
of tornadoes in the south central States is great-
est in the month of February, it is necessary to
promote community preparedness planning on
essentially a year-round basis because the tor-
nado “season” in this part of the country extends
from November through May.

In the February 21 storms, most of the storm-
track distance and most of the casualties and
damage occurred in Mississippi. For this reason
the postdisaster survey was concentrated there,
and dealt mostly with the community prepared-
ness activities of the Jackson WSO.

The Jackson WSO has a 57-county area of re-
sponsibility (fig. 2). The educational program
is designed to encourage the organization of
Community Warning Centers (where they are
not already established), to assure strong coop-
erative storm reporting networks (see chapter
3), and to develop reporting networks where
they do not exist, making full use of the best
available communications facilities.

The Jackson WSO helps and encourages com-
munity preparedness planning in its area of re-
sponsibility, primarily through periodic con-
ferences and special meetings with the news
media, NOAA Weather Wire Service subscrib-
ers, and public officials. More than 40 such con-
ferences were held throughout the State by the
Jackson WSO over the years 1969 and 1970 (see
appendix A).

The center of the Mississippi Office of Civil
Defense in Jackson is activated whenever a Tor-
nado Watch or Tornado Warning is issued. Civil
Defense has drops on the NOAA Weather Serv-
icc and on the National Warning System
(NAWAS), and the Radio Amateur Civil Emer-
gency Service (RACES) is available.

In cooperation with the State Civil Defense,
which is called the Mississippi Civil Defense
Council (CDC), the Jackson WSO prepares
Tornado Warning Plans for individual coun-
ties. On Sunday February 21, the Mississippi CDC

FIGURE 2. Areas of warning responsibility p»

for National Weather Service Offices.
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received Tornado Watch No. 37 at 10:00 a.m.
CST, and immediately notified county Civil De-
fense units in the Watch areas. Each county Civil
Defense unit acted in accordance with its pre-
pared plan. As each center was activated, it in-
formed the State Emergency Operation Center
(EOC) of the CDC.

As an example of Civil Defense operation at
the local level in the area of tornado occurrences,
the Civil Defense Director in Greenwood, Miss.,
manned the Emergency Operation Center. He
took information directly from NAWAS and for-
warded it to radio station WGRM in Green-
wood by direct radio link and simultaneous
broadcast to keep the public informed.

In Jackson, the center is activated by the Jack-
son (City)—Hinds County Civil Defense Office
whenever a Tornado Watch or Warning is issued
by the National Weather Service Office. During
normal hours of operation, Mr. Charles E. Wil-
kinson, the Director of the Civil Defense Office,
obtains notification via NOAA Weather Wire.
During evenings and over weekends, the Jack-
son WSO notifies the Director by telephone. The
Jackson-Hinds County Civil Defense has a com-
prehensive “Natural Disaster Plan.” Upon re-
ceipt of a Tornado Watch or Tornado Warning,
it notifies the mayor, city commissioners, school
superintendents, police, fire department, hos-
pitals, and severe weather spotters who are lo-
cated at selected fire stations throughout the city.

Upon receipt of notification the mayor comes
to the Civil Defense office to keep a close watch
on developments. Communications in the Civil
Defense offices consist of a drop on NOAA
Weather Wire Service, NAWAS, and a radio that
monitors continuously all government frequen-
cies in the area. If a tornado or a severe storm
is reported on any of these frequencies, but was
not transmitted over NAWAS to the National
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Weather Service Office, the members of the
center notify the WSO.

Findings and Conclusions
The survey team findings with respect to pre-

paredness action lead to the following conclu-
sions.

(1) Advance preparedness planning for alerting
public safety officials and news media to the
development of severe local storms and tor-
nadoes proved very effective. Community
Warning Centers were activated promptly
and Watches and Warnings were broadcast
without delay. Consequetnly, essentially all
people in the affected area had some ad-
vance warning. Predetermined plans of ac-
tion were carried out from the onset of the
situation and sustained effectively through
the time of issuing all-clears for areas in-
volved. Reports of tornadoes and tornado
damage were quickly communicated back to
Weather Service Offices and others, which
helped greatly in keeping abreast of the
situation.

(2) Advance preparedness planning also was
effective in achieving a public awareness of
what places of shelter or protection to seek
in the event of an approaching tornado.
Unfortunately, the geography and the gen-
eral character of building construction in
the area was such that there were very few
convenient places to find protection. Also,
many people waited too long to seek safety.
Recommendations pertaining to community
shelters are presented in chapter 5.

Recommendation

NOAA'’s National Weather Service should con-
tinue its vigorous support and assistance in pre-
paring community preparedness plans.
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CHAPTER 3

Data Collection and Communications

Surface Observations

The national surface observational networks
of the Federal meteorological system and the
related data collection systems provide basic in-
formation for many uses, both immediate and
long range. In the case of the Mississippi Delta
Tornadoes these networks operated effectively
without interruption of any significance through-
out the storm period. The existing networks of
surface observing stations (in Mississippi and
adjacent States) that report weather conditions
each hour throughout the 24-hour day, or more
often, are shown in figure 3.

Through the SKYWARN program, which
enlists the aid of Civil Defense, law enforcement,
and various other State and municipal officials,
as well as interested private citizens, there is a
vast but unnumbered observational network of
sources for reports of visual sightings. Standard
practice is to request reports of severe weather
to be directed to the nearest law enforcement
office for relay to the National Weather Service
(NWS) through the NAWAS hot-line telephone
system. The Jackson WSO also maintains a spe-
cial telephone that is listed “to report severe
weather only,” which is accessible to the public
for that purpose.

In implementing SKYWARN the Jackson
WSO developed excellent working arrangements
with the Mississippi Highway Safety Patrol. The
Jackson WSO uses NAWAS to notify the com-
munications center at the Headquarters of the
Mississippi Highway Safety Patrol (in Jackson)
of the Tornado Watches and Warnings. In turn,
the communication center starts a cascade of tele-
phone calls to notify the communication centers
in the nine districts shown in figure 4. While
theses centers are being informed, the notifica-
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tion is received simultaneously over the NAWAS
line by sheriff’s offices, police, and Civil Defense
personnel in the counties. This alert sets into
action a large observing network. The most
highly trained tornado spotters are the patrol-
men of the Mississippi Highway Safety Patrol.
More than 400 members have received training
in the recognition of tornadoes and in tornado
safety rules during their 3-month course at the
Safety Patrol Academy. Each year they complete
a refresher training course. Therefore, it is not
surprising that most reports of actual tornado
sightings were from patrolmen.

Upper Air Observations

Upper air observations include rawinsondes—
measurements of upper level winds, pressures,
temperatures, and relative humidity—and pilot
balloons, which measure only upper level winds.
The geographic spacing of these stations in and
about Mississippi satisfy NWS network require-
ments (fig. 3). During the storm period, all
scheduled observations were made on time, met
established standards of accuracy, and were util-
ized in the usual manner as required by actual
and expected severe weather conditions. There
were no breakdowns in the communication of
information.

Radar Observations

Weather radar was a primary tool in detecting
and tracking the severe thunderstorm cells which
spawned the tornadoes in Mississippi and ad-
jacent portions of Louisiana and Tennessee.
Locations of existing radar facilities are shown
in figure 5.

Within the past two years the National
Weather Service has installed and commissioned
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network.

a new WSR-57M weather search radar at Jack-
son. This radar is the latest version of the
standard radar adopted some years earlier by
NWS and has been updated technically from
time to time. The radar is well situated on
Jackson’s Allen C. Thompson Field, is free of
obstructions that would hinder detection of
storms in any direction, and has an independent
standby electric power generating plant. This
power plant can be activated and monitored
from the quarters of the Jackson WSO and
also can provide power to operate all other
essential weather equipment at the station, in-
cluding lighting, air conditioning and ventila-
tion, and communication facilities.

The Jackson radar equipment functioned sat-
isfactorily throughout the storm period of
February 21. An electronics technician was made
available full time to handle any maintenance
requirement which might develop. The radar
was manned by a competent staff. Members were
well-trained and experienced in use of the set
and their reports were frequent, timely, and
complete.

During the storm period of February 21, the
entire State of Mississippi and the immediate ad-
jacent area was under continuous radar weather
surveillance. The recently activated WSR-57 ra-
dar at Memphis, which formerly was operated by
the Navy, supplemented the Jackson radar cov-
erage in northern Mississippi. Excellent supple-
mental radar coverage also was provided by the
WSR 57 radars at Centerville, Ala., and New
Orleans, La. The communications facilities for
these radars functioned properly and made radar
reports available to the Jackson WSO, to the
National Severe Storms Forecast Center (NSSFC)
at Kansas City, and to other offices without
delay.

At Shreveport, La., there is a type WSR-1
radar, converted from World War II surplus air-
borne radar equipment, which has been in serv-
ice since the early 1950’s. Parts for this set are no
longer available commercially. Special arrange-
ments must be made for manufacture of com-
ponents unique to the set, and, in general, it is
difficult and expensive to keep this radar in oper-
ational readiness.

At Meridian, Miss., there is a similar WSR-1/3
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type radar, which is no longer used as a network
tool.

Experience in recent years has shown re-
peatedly that it is most important for Weather
Service Offices, which have severe local storm
warning responsibility, to have a weather radar
capability that enables them to maintain a close
watch on storm developments in their areas of
responsibility. At Weather Service Offices which
are more than 75 miles from a WSR-57 or other
synoptic network radar, NWS policy is to pro-
vide a modern local use radar. This policy is fol-
lowed because the capability of providing neces-
sary detail on remote displays is inversely related
to the distance from the radar. At those Weather
Service Offices not having, but within 75 miles of
a synoptic network radar, a remote display from
that radar and a hot-line for warning coordina-
tion is to be provided. Although the use of re-
mote displays as a source of radar information
for warning purposes has not been completely
evaluated, limited experience seems to indicate
that they will satisfy this requirement.

According to The Federal Plan for Weather
Radars and Remote Displays (Fiscal years 1969-
73) , the WSR-1 radar at Shreveport, La. is to be
replaced with a remote display from the FPS-77
radar at Barksdale AFB, La. If it is ascertained
that the remote display is not sufficient to enable
Shreveport (or any other station similarly
equipped) to measure and track storm cells to
the degree needed to carry out its storm warn-
ing responsibilities, then that station should be
equipped with a local-use radar.

Environmental Satellite Data

Pictures were taken by NASA’s Applications
Technology Satellite (ATS-3) geostationary
spacecraft about every 12 minutes from sunrise
until late afternoon on February 21, 1971. These
pictures were not received at the National Severe
Storms Forecast Center (NSSFC) in Kansas City,
Mo., because the satellite picture processing team
that was responsible for developing new tech-
niques for use of ATS-8 data and related com-
munications support was not scheduled for acti-
vation until March 1. This in no way impaired
the capability of NSSFC in this situation. The
pictures show the movement of three separate
squall lines through the area in which the tor-




nadoes occurred. The thunderstorms making up
these squall lines are believed to be the storms
which spawned the tornadoes.

Upon activation of the ATS-3 team and com-
munications support at NSSFC, ATS-3 pictures
will be available to NSSFC on a realtime basis.
In practice the pictures are acquired by the Na-
tional Environmental Satellite Service (NESS)
read-out station at Wallops Island, Va. The in-
formation is sent immediately to Kansas City
over a special circuit, is received there on high
quality recorders, and then is given further
photographic processing. The time interval be-
tween the actual ATS-3 picture and the time the
picture is available for meteorological analysis at
NSSFC is 40 to 45 minutes.

Communications

Basic meteorological communications at Jack-
son, Miss., Memphis, Tenn., and Shreveport, La.,
are the standard Service C, Service A, and
RAWARC teletypewriter circuits, and the Na-
tional Facsimile Circuit.
Teletypewriter Systems

Services A and C teletypewriter networks serve
to collect and distribute hourly and special sur-
face weather reports and upper air data in sup-
port of National Weather Service functions. The
Radar Report and Warning Coordination
(RAWARC) teletypewriter network is an in-
ternal NWS system that collects and distributes
weather radar reports; severe local storm and
hurricane watches, warnings, and bulletins issued
by the NWS; and such miscellaneous informa-
tion as observations from substations, spotter
networks, and citizen reports of severe weather.

The NOAA Weather Wire Service (NWWS)
teletypewriter system serves as the primary means
for disseminating weather information to local
safety officials, radio, TV, and newspapers. Trans-
mission of warning traffic on NWWS has priority
over all other teletypewriter systems. The infor-
mation transmitted includes routine weather
data and forecasts; severe weather watches, warn-
ings, and statements; local radar weather reports;
and spotter reports of severe weather. Figure 6
shows the offices and news media served by the
NOAA Weather Wire Service in Mississippi.
Telephone Systems

The Jackson WSO telephone service consists
of: One unlisted line for receiving weather re-
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ports, providing weather briefings, and com-
municating with news media; one unlisted line
designated for receiving severe weather reports;
one line with recorder for radar, travelers, and
recreation weather; two lines in rotary providing
recorded weather information; and an adminis-
trative line normally answered only during reg-
ular business hours.

Findings and Conclusions

The survey team findings with respect to data
collection and communications lead to the fol-
lowing conclusions.

1. All of the NOAA basic data collection and
communication systems performed satisfacto-
rily. There were no significant interruptions
in NOAA communications services.

2. The Severe Weather Preparedness Program
places special emphasis on enlisting storm
spotters. Special note is taken of the fact that
most actual tornado sightings were reported
by Mississippi Highway Safety Patrol officers,
whose prompt reports made possible the issu-
ances of timely Tornado Warnings. The Jack-
son WSO provides a thorough training course
in storm spotting, plus a refresher course, at
the Safety Patrol Academy each year.

3. Three massive tornadoes remained in con-
tact with the ground for periods in excess of
1 hour and for distances averaging 110 miles.
The survey team believes that if some real-
time, remote-sensing method had been avail-
able to identify the location and movement
of individual thunderstorm cells (some of
which were associated with tornadoes) on a
minute by minute basis, the warning service
could have been further improved. By using a
method similar to the digital weather radai
individual storm-tracking technique, being de
veloped at the National Severe Storms Labo
ratory (ESSA Technical Memorandum
ERLTM-NSSL 46, June 1970), warnings tc
the public could have been more localized
and specific than was possible with existing
facilities. As things turned out in the Missis.
sippi Delta disaster, 53 counties were warned
and 22 of these were actually struck by tor-
nadoes.

4. The tornadoes that struck Mississippi were
directly associated with the same weather sys-
tem that produced severe weather earlier in
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northeast Louisiana—in the warning respon-
sibility area of the Shreveport Weather Office.
The National Weather Service radar at
Shreveport is a modified World War II sur-
plus airborne unit that is still retained in
service as a local use radar. The staff at
Shreveport did an outstanding job of main-
taining this obsolete equipment at peak per-
formance and of interpreting the radar scope
returns.

Recommendations

Each state in tornado-prone regions should
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assure the availability of a statewide corps of
trained tornado spotters and should provide
a refresher course at least annually.

Remote-sensing studies should be accelerated
to develop an automated technique of detect-
ing and tracking severe storms and tornadoes.
The Federal Plan for Weather Radars and
Remote Displays should be reviewed care-
fully to assure that those National Weather
Service offices that have tornado warning re-
sponsibilities be furnished with the tools es-
sential to fulfilling their mission.

Cotton gin destroyed at Nitta Yuma, Miss.
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CHAPTER 4

Analysis, Prediction, and Dissemination

Analysis and Prediction

The analysis, prediction, and warning of tor-
nadoes is essentially a three-echelon system within
the National Weather Service (NWS). The first
echelon involves the analysis and prediction of
large-scale weather patterns. These are prepared
and distributed by the National Meteorological
Center (NMC) at Suitland, Md. The basic guid-
ance material from this first echelon is prepared
largely through computerized operations, covers
the conterminous States, and extends for periods
out to 72 hours in advance. The centralized pro-
cessing of data, analyses, and predictions at
NMC is designed to eliminate most local require-
ments for charting by hand and independent
meteorological analysis at NWS Offices. NMGC
products are transmitted to forecast centers and
field offices over the National Facsimile System.
The products issued for February 21, 1971, satis-
factorily depicted the significant large-scale fea-
tures of the circulation, including the squall line
accompanied by showers and thunderstorms that
moved across Louisiana into Mississippi and
Tennessee during the day.

The second echelon, the National Severe
Storms Forecast Center (NSSFC) at Kansas City,
constantly analyzes atmospheric conditions over
the 48 conterminous States. The Severe Local
Storms (SELS) Unit of NSSFC is responsible
for preparing and releasing forecasts of expected
severe local storms, including tornadoes. These
forecasts, called Watches, are released in two
forms: (1) for public use—the Tornado Watch
or Severe Thunderstorm Watch; and (2) for
aviation services—the Aviation Severe Weather
Watch. Watches are released immediately—when-
ever conditions indicate a high probability of
severe weather occurrence—over national tele-
typewriter systems to local National Weather
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Service Offices for public dissemination. SELS
also prepares and issues twice-daily assessments
of the possibility of severe local storm develop-
ment up to 24 hours in advance. It is issued to
local NWS Offices over the national teletype-
writer and facsimile system.

On February 21, 1971, the NSSFC Severe
Weather Outlook Narrative (AC) issued at
3:00 a.m. CST stated that a few severe thunder-
storms were expected during the afternoon in
eastern Texas, western Louisiana, and south-
western Arkansas, and during the evening and
night in Louisiana, southern Arkansas, Missis-
sippi, and western Alabama. This outlook was
depicted in the Severe Weather Outlook trans-
mitted on the National Weather Facsimile Net-
work at 5:01 a.m. The outlook issued at 9:00
a.m. stated that a few severe thunderstorms were
expected in eastern Texas, Louisiana, south and
central Arkansas, Mississippi, west and middle
Tennessee, and northwest Alabama. The first
Tornado Watch Bulletin for the area of the four
major tornadoes was issued by NSSFC (Bulletin
number 37) at 9:55 a.m., well in advance of con-
firmed tornado occurrences in Louisiana, Missis-
sippi, and Tennessee. Bulletin 37 and subsequent
Tornado Watch Bulletins pertaining to the area
of concern, numbers 39 to 42, are plotted by
counties in figure 7a-e. Watch and Warning lead
times for counties struck by tornadoes are given
in Table 2.

The Third echelon, Weather Service Forecast
Offices (WSFOs) and Weather Service Offices
(WSOs) serve specific areas, release the Watches
to the public in a more specific form, and name
the counties affected by the Watch. The respon-
sible NWS Office issues the vital Tornado Warn-
ing when a tornado is sighted or when there is
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an indication of probable tornado activity on
radar. Local National Weather Service Offices
use the basic guidance from NMC, the Watch
Bulletins from NSSFC, and realtime data from
weather radar, surface reporting stations, and
spotters. These offices constitute the focal point
of the program, and office personnel must main-
tain continuous surveillance over assigned geo-
graphic areas of responsibility, often tens of
thousands of square miles. Success or failure of
the entire program depends on how well the
small staffs at Weather Service Offices do their
jobs of interpreting the guidance from NMC
and NSSFC, monitoring conditions in their geo-

graphic area of warning responsibility, and issu-
ing Warnings. A chronological listing of signifi-
cant events, actions taken, and messages issued
by National Weather Service Offices in the re-
gion of the Mississippi Delta tornadoes is given
in appendix B.

The Shreveport WSO, because of persistent
thunderstorms during the night of February
20-21, b;gan issuing hourly severe weather state-
ments -early Sunday morning and called addi-
tional personnel to the station. The storm-warn-
ing area for which Shreveport is responsible is
shown in figure 2. Upon receipt of Tornado
Watch Bulletin number 37 at 9:55 a.m. CST,

Table 2.—Tornado Watch and Warning lead times for counties struck by
Mississippi Delta tornadoes of February 21, 1971

County or Parish Tornado occurrence Tornado Watch Tornado Warning
struck by Effective Minimum lead Effective Lead time 3
tornado T.me CST ! Track 2 period CST time (hours) period CST (hr:min)
Louisiana
East Carroll 1523-1543 1 1400-2000 1 None 0
Madison 1508-1523 1 1400-2000 1 1520-1600 0
Mississippi
Benton 2105 1000-2330 11 1930 1:35
Grenada 1733-1743 2 1000-2400 7Y, 1537-2000 1:56
Hinds 1712-1715 3 1400-1800 3y, 1723-2000 0
Holmes 1806-1816 3 1000-1800 8 1700-2000 1:06
Humphreys 1627-1632 1 1000-1800 6Y, 1520-1830 1:.07
1635-1655 2 1000-1800 61, 1520-1830 1:15
Issaquena 1543-1600 1 1400-1800 134 1520-1830 0:23
Lafayette 1823-1853 2 1000-2300 81, 1930 0
Leflore 1656-1710 1 1000-1800 7 1537-1830 1:19
1655-1733 2 1000-1800 7 1537-1830 1:18
Marshall After 1840 1000-2330 9 1435-1530
1655-1800 1:45
Pontotoc 2050 1000-2330 11 2005-2130 0:45
Sharkey 1600-1615 1 1400-1800 2 1520-1830 0:40
1606-1635 2 1400-1800 2 1520-1830 0:46
Sunflower 1632-1653 1 1000-1800 61/, 1155-1300
1615-1830 0:17
1625-1650 2 1000-1800 6, 1155-1300
1615-1830 0:10
1610-1615 4 1000-1800 6 1155-1300
1615-1830 0
Tallachatchie 1743-1753 2 1000-2330 7% 1155-1300
1537-1830 2:06
Tippah 2105 1000-2330 11 1930-2130 1:35
Warren 1706-1728 3 1400-1800 3 1615-1730 0:51
Washington 1615-1627 1 1000-1800 6 1530-1830 0:45
Yalobusha 1758-1823 2 1000-2400 8 1537-1830 2:21
Yazoo 1728-1806 3 1400-2400 3Y, 1615-2000 1:13
Tennessee
Hardeman 2020 1000-0200 10 None 0
McNairy 2135 1000-0200 11, 2155-2330 0

1 From time tornado touched down or entered county to time of lifting off ground or leaving county.

2 Tornado track number as indicated on figure 11.

3Time elapsed from beginning of tornado warning to time when tornado touched down or entered county.
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Shreveport released it immediately to the public.
It affected only a small portion of extreme north-
eastern Louisiana. The issuance of Topnado
Watch Bulletin number 38, at 11:05 a.m. for
portions of northwestern Louisiana imposed a
second area over which Shreveport was required
to maintain vigilance for possible tornadoes.
This second area was upwind from, and at the
western edge of, the Shreveport WSO area of
responsibility, whereas the first Watch area was
at the eastern extremity and downwind from the
main area of Shreveport WSO responsibility. As
a consequence, the Shreveport staff had to devote
greater attention to the new tornado threat in
the west. Nevertheless, as activity developed in
northeastern Louisiana, the Shreveport WSO
issued a Severe Thunderstorm Warning at 1:30
pm. for six parishes, including specifically
named Madison Parish where the first long
tornado track began. About 3:05 p.m. an intense
echo appeared on the radar scope at Shreveport.
WSO used the NAWAS line to call the Louisiana
State Police at Monroe and requested a check
on the storm in the Delhi area. About 7 minutes
later, the State Police called back on NAWAS
to report that a tornado occurred at 3:10 p.m.,
3 miles east of Delhi, and just then was north, or
northwest, of Tallulah. At 3:20 p.m., a Tornado
Warning was issued for downwind areas in
Madison Parish.

It is noted that the Shreveport staff’s ability
to recognize the strong radar echo—associated
with severe weather at a distance of about 130
miles (Shreveport to Delhi)—with an obsolete
radar unit attests to the skill of the Shreveport
personnel in applying local-use radar, as well as
to their proficiency in maintaining an obsolete
unit in a condition of peak performance.

The Jackson WSO began receiving indications
of severe weather in its area of warning respon-
sibility (fig. 2) early Sunday morning. At 12:30
am. CST, there were reports of a funnel cloud
and strong gusty winds west of Jackson. Radar
was already showing a few very strong echoes
with tops above 50,000 feet and individual cells
moving from the southwest at 45 knots. Before
the day was over there were frequent and wide-
spread radar indications of echo tops penetrating
well above 40,000 feet and individual cell move-
ments of up to 60 knots. At 1:00 a.m. a Severe
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Thunderstorm Warning was issued for 11 coun-
ties in west-central Mississippi. Much of this area
was raked later by vicious tornadoes. After this
warning, at least hourly severe weather state-
ments and radar summaries were issued and the
WSO received reports of strong winds and some
hail from the area. At 4:00 a.m., thundershowers
wereindicated in the State forecast for Mississippi,
and at 5:00 a.m. thundershowers were indicated
in all Mississippi Zone Forecasts. At 9:55 a.m.
Tornado Watch number 37 was issued for most
of the northern half of Mississippi as shown in
figure 7a. At 10:50 a.m., a severe thunderstorm
warning was issued for Sunflower, Tallahatchie,
Quitman, and Panola Counties based on a severe
thunderstorm indicated by radar at 10:45 a.m.
just west of Cleveland. The Mississippi Zone
Forecasts issued at 11:00 a.m. headlined the
Tornado Watch for those areas the Watch af-
fected. At 11:55 a.m., a Tornado Warning was
issued for northern Sunflower, Tallahatchie, and
Quitman Counties. This tornado warning was
based on a tornado reported 5 miles northeast
of Cleveland and a hook echo observed on radar
at about 12 miles south of Clarksdale. A chron-
ology of events and releases by Weather Service
Offices is given in appendix B.

The Jackson WSO called in an extra man to
work from 6:00 a.m. to 2:00 p.m. to handle the
anticipated heavy workload, and an extra radar
man at 11:00 a.m. Several other persons were
called Sunday afternoon to provide extra help
for most shifts. The Meteorologist-in-Charge and
Principal Assistant arrived at the office late Sun-
day afternoon.

The Memphis WSFO began increased activity
with the receipt of Tornado Watch Bulletin
number 37 at about 10:00 a.m. CST. In addition
to transmitting the information over teletype-
writer network (NWWS) and over telephones
(commercial and NAWAS), the Memphis WSFO
radioed the information to the American Red
Cross. Frequent releases were made throughout
the afternoon and evening, disseminating watches,
warnings, severe weather bulletins, statements,
and radar summaries. Reports of storms were
received within 10 to 15 minutes of occurrence

Homes destroyed at Pugh City, Miss. (NASA P

Earth Resources Laboratory)
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via Tennessee Highway Patrol in accordance
with the West Tennessee Severe Weather Plan.
Extra personnel were called on duty as early as
8:30 a.m. to help with the increased workload
and to assure the issuance of effective warnings.

In summary, between 11:55 a.m. and 9:30 p.m.,
16 tornado warnings—one by Shreveport WSO,
eleven by Jackson WSO, and four by the Memphis
Weather Service Forecast Office (WSFO)—were
issued. Lead times of Tornado Warnings for the
counties struck by tornadoes are given in table
2. Many counties received three and a few as
many as four Tornado Warnings. The later
Warnings usually extended the valid times.

Determining Storm Tracks

The accounts in preceding sections of this re-
port indicate many reports of severe storm ac-
tivity were received from the established surface
and radar reporting systems and from SKY-
WARN observers. One could easily assume that

the responsible NWS$ offices were kept currently
informed on the number of tornadoes, their
location, and how they were moving. Valuable
as these reports were to the 'NWS offices, con-
siderable difficulty was experienced by forecasters
in analyzing with confidence just what was hap-
pening from place to place and from time to
time.

Figure 8 shows a plot of all severe storm re-
ports received at Jackson WSO during the day of

February 21, 1971. Figure 9 shows the weather
echoes as observed by radar at the Jackson WSO
at 4:20 p.m. and at 5:32 p.m. Figure 10 shows a
plot of radar weather hook echoes reported by
the Jackson Radar Weather Unit on February
21. Together, these figures illustrate the problem
facing NWS offices in presenting a coherent pic-
ture of what is happening at any time and in
extrapolating future events. It was virtually im-
possible for NWS personnel to fit together in

Inverness, Miss.
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FIGURE 8. Tornado reports received at
Jackson WSO on February 21, 1971. (Cen-
tral Standard Time)




FIGURE 9. Radar scope pictures at Jackson WSO. (a) 4:20 p.m.; (b) 5:32 p.m.

logical order the sequences of events as they
were taking place. Part of the difficulty results
from the method of collecting information,
which must pass through several hands before it
reaches the NWS office. Times of communica-
tions become confused with times of occurrences
and times of occurrences are best estimates and
not very precise. Often the same occurrence is
reported from two different sources that specify
different times. This reporting difficulty, together
with rapid movement of the storm, creates the
impression that more storms are occurring than
is actually the case.

Even during the post-tornado investigation, the
survey team encountered considerable difficulty
in fitting the individual reports into a coherent
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picture. Consequently, the survey team decided
to make an aerial survey of the damage paths in
order to resolve many apparent discrepancies in
reports of tornado locations and times. The four
major tornado tracks confirmed by the aerial
survey are shown in figure 11. Both aerial and
ground surveys of the storm tracks are discussed
in appendix C.

Disseminating Watches and Warnings

Radio and TV listening habits of the general
public are usually much less routine on Sunday,
and broadcast stations and wire services operate

FIGURE 10. Radar hook echoes reported
by Jackson weather radar unit on February
21, 1971. (Central Standard Time)
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FIGURE 11. Reconstruction of tornado
tracks based on ground and visual aerial
surveys. (Central Standard Time)




with only skeleton crews. Even with these handi-
caps the dissemination of the Tornado Watch
and Warning messages achieved almost total
saturation of the Mississippi Delta communities
that were subjected to the tornado outbreaks of
February 21, 1971.

The NOAA Weather Wire Service (NWWS)
is a land-line teletypewriter system configured
on an intrastate basis. The NWWS network in
Mississippi is shown in figure 6. NWWS is the
“output” arm of the communications systems.
All copy is in plain language suitable for direct
broadcast to the public. The National Weather
Service pays the cost of the long-line connection
to any city where a daily newspaper, commercial
radio station, or commercial television station
desires to connect. The subscriber is responsible
for leasing directly from the local telephone
company the necessary teletypewriter machine
and for supplying paper. There is no charge by
the National Weather Service and no contractual
agreement. All NOAA Weather Wire Service
circuits operate at 75 words per minute and use
conventional, commercial types of equipment. A
special “overlay” circuit interconnects adjacent
States to facilitate rapid dissemination of weather
information to the public.

The National Warning System (NAWAS) com-
munications system of the Civil Defense also
serves a fundamental function in the dissemina-
tion of Watches and Warnings as well as the
exchange of vital information. Each State Civil
Defense has its own NAWAS circuit contained
within the State. The NAWAS networks for
Louisiana, Mississippi and western Tennessee are
shown in figure 12.

In northeast Louisiana, at Monroe, radio sta-
tion KNOE (AM and FM) and TV station
KNOE (Channel 8) subscribe to the Louisiana
NWWS. In Mississippi there are 15 locations
throughout the State where radio and TV sta-
tions subscribe to NWWS, including Brook-
haven, Greenville, Greenwood, Clarksdale, Marks,
and Pontotoc. In Jackson there are three TV
and two radio stations in addition to the Jackson-
Hinds Civil Defense, Mississippi Civil Defense,
Mississippi Highway Safety Patrol, and the As-
sociated Press and United Press International
news wire services. The AP and UPI services at
Jackson usually are closed part of the day on
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Sunday, on holidays, and at night. The Jackson
WSO has a standing arrangement to notify AP
in New Orleans, and UPI in Atlanta, when AP
and UPI offices are closed in Jackson to make
sure they know about Watches and Warnings
for Mississippi and to alert them for possible
opening of their Jackson offices. The Jackson
WSO also calls the Jackson AP and UPI offices
when they are open to make sure they have
received any Watches and Warnings on the
Mississippi NWWS.

The Associated Press office in Jackson had no
one on duty until 2:30 p.m. CST on February
21, but news origination was handled through
the New Orleans headquarters until the office in
Jackson was staffed. Copies of AP releases were
not available in Jackson, but interviews with
radio station personnel indicated that the cover-
age was timely and thorough, and the AP line
was split whenever weather bulletins were re-
ceived from the Jackson or New Orleans Weather
Service Offices.

The United Press International office in Jack-
son was open Sunday morning and reports from
the Jackson WSO and NWWS were taped, be-
ginning with a Tornado Watch at 10:33 am,
and repeated at 10:43 a.m. Subsequent informa-
tion on the storms was re-taped from NWWS
and cleared on the UPI wire throughout the
day, with bulletins on the 1j4-hour split.

Radio and television coverage of the emer-
gency weather situation in Jackson was exemp-
lary, despite some Sunday staffing problems.
Station WJDX (the Emergency Broadcast System
monitoring station for the area) gave constant
coverage on both AM and FM from 10:00 a.m.
CST until 1:30 a.m. Monday, February 22.
W]DX-FM coverage reaches all but extreme
northern counties in the State. Safety rules were
broadcast, and amplified to meet local conditions
in the Delta area. Commercial programming was
cancelled almost entirely during the day. The
station reported that its AM signal was subject
to heavy static from lightning interference.

WLBT-TV, which is affiliated with W]JDX
Radio, used WJDX news reports, and the sta-
tion’s radar images were shown almost con-
stantly, until midnight.

W]JTV, Jackson, was on the air with bulletins
and weather information from 2:00 p.m. until
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(NAWAS) Networks.
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10:30 p.m., and the sister station, WSLI-Radio,
gave similar coverage with bulletins at least
every quarter hour during the same period.
WJTV subscribes to NWWS and shares the wire
service with WSLI. Other Jaskson radio stations
that subscribe to NWWS are WJQS and WRBC.

The Jackson WSO used NAWAS to contact
police and highway facilities throughout the
State.

Radio stations and TV outlets are sparsely
scattered throughout the small communities of
the Mississippi Delta area. In Yazoo City, ap-
proximately 45 miles north of Jackson, Station
WAZF does not subscribe to NWWS, but relied
on AP wire reports to give warnings.

The Jackson WSO used the standard severe
weather forms and made three copies of all
Warnings and other bulletins. These were trans-
mitted about the same time on the Mississippi
NWWS, on NAWAS, and over the Emergency
Broadcast System (EBS) of Radio Station
WJDX in Jackson. Warnings and severe storm
reports also were transmitted on RAWARC
together with some severe weather statements.
There is a microphone in the Jackson WSO to
Radio Station WJDX on which all Warnings
were broadcast, The announcer, when keyed by
the Jackson WSO, taped the message and broad-
cast them over FM, which other stations monitor.
On February 21 all Warnings and most indica-
tions of radar hook echoes were broadcast to
WJDX. Jackson personnel made approximately
65 direct radio broadcasts for dissemination by
radio stations on EBS that day. Radio Station
WJDX is on the NWWS circuit and receives
hard copy of all weather information for Miss-
issippi.

The Mississippi Highway Safety Patrol broad-
cast Watches, Warnings, and other bulletins to
their 10 field offices in Mississippi.

The timely functioning of the dissemination
system on February 21 is indicated by the follow-
ing sequence of events. At 5:05 p.m. CST, Jack-
son WSO observed a hook echo on radar and
issued a Severe Weather Statement and radar
report that a tornado was indicated by radar 20
miles southwest of Greenwood, Miss.,, and was
moving northeast at 40 to 45 mph. The sirens
were sounded at Greenwood at 5:15 p.m. Be-
tween about 5:08 p.m. and 5:25 p.m., the tor-
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nado passed about 2 miles west of Greenwood,
causing considerable damage.

In Jackson the sirens were sounded at 6:25
p-m. on instructions from the mayor, who was
at the Hinds-Jackson Civil Defense Office. In
Hinds County, which contains the City of Jack-
son, there was a Tornado Warning from 5:23
p-m. to 8:00 p.m., an extension of the first Warn-
ing being issued at 6:25 p.m. The sirens, which
consisted of a steady blast for 3 to 5 minutes,
were sounded when 2 or 3 funnels were sighted,
one over the Robinson Street Baptist Church by
personnel of the sheriff’s office. The Civil De-
fense had been in personal contact with the
Jackson WSO and sounded the sirens on their
own initiative. Seventeen fire station spotters also
report to the Hinds County-Jackson Civil De-
fense Office. The February 21 sounding of the
siren for tornadoes was the second in Jackson
in 1971 and the third sounding since the system
was inaugurated.

At 7:29 p.m. the Jackson WSO, located in the
airport terminal building at Thompson Field,
notified the people at the airport of imminent
tornado danger and recommended they go into
the basement. Nearly everyone but the WSO
personnel took shelter for about 10 minutes.
This action was based on hook echoes observed
on the Jackson WSR-57 radar, one about 11
miles south and another about 4 miles south-
southwest of the airport, moving northward. It
is believed that minor damage to buildings and
timber in areas near these hook echoes was
caused by brief touchdowns of two tornadoes.
Rankin County, in which Thompson Field is
located, was under a tornado warning from 6:25
p-m. until 8:00 p.m.

NOAA weather service wire, NAWAS, tele-
phones, and all other communication equipment
stayed in operation at the Jackson WSO with
the exception of the NWWS Overlay Circuit,
which was out for a few minutes sometime
between 6:30 p.m. and 8:05 p.m. This failure
did not affect the operation of the Severe
Weather Program at Jackson.

Findings and Conclusions

Findings with respect to analysis and predic-
tion of severe weather and dissemination of
statements, Watches, and Warnings lead the
survey team to the following conclusions.




The National Meteorological Center (at Suit-
land, Md.) products satisfactorily depicted
the significant large-scale features of the
circulation and accurately forecast movement
of a squall line, accompanied by showers and
thunderstorms, through Louisiana into Miss-
issippi and Tennessee on February 21, 1971.

NSSFC issued Tornado Watch Bulletins well
in advance of all tornado occurrences in
Louisiana, Mississippi, and Tennessee. The
Watch lead times were exceptionally good,
ranging from 1 to 11 hours and averaging 6
hours for areas where all the fatalities and
most injuries occurred.

The operation of the National Weather Ser-
vice was most effective in warning the public

and keeping them informed of impending
tornadoes, because the responsible National
Weather Service Offices had the tools (radar,
excellent communications, and action plans)
and the professional competence to act
promptly and responsibly upon recognizing
a developing hazardous situation. The staffs
exercised skill and judgment in their warn-
ings and statements throughout the day and
evening of February 21. This was particularly
true of the Jackson WSO, which bore the
brunt of the task of issuing warnings and in
every respect discharged its re$ponsibilities
in an outstanding manner. The average
lead time of the specific Warnings for areas
where the most deaths, injuries, and damage
occured was about 50 minutes.

Ground view of Inverness, Miss.
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Aerial view of destruction at Inverness,
Miss. (NASA Earth Resources Laboratory)
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4. The NOAA Weather Wire Service for Miss-

issippi effectively disseminated weather warn-
ings and other weather information of im-
mediate importance to the public. Participa-
tion of broadcasting media through direct
connection to the NOAA Weather Wire Ser-
vice is below that considered desirable. This
is attributed, in part, to the relatively high
cost of teletypewriter rentals. Participation
included seven out of eight commercial VHF
TV stations, but only 26 percent of the full-
time AM radio stations and 9 percent of the
daytime AM radio stations. Both Associated
Press and United Press International are
connected to the NOAA Weather Wire at
Jackson. Practically all commercial radio and
TV broadcast facilities in Mississippi are
connected to at least one of the news wire
services over which National Weather Ser-
vice Watches and Warnings are transmitted.

The overall task of receiving, diagnosing, and
synthesizing the voluminous amount of in-
coming information—radar weather reports;
information received via National Warning
System (NAWAS) on sightings, damage, and
power and communications outages; radar
report and warning coordination circuit
(RAWARC) information; and miscellaneous
reports—and concurrently updating and dis-
seminated Watch and Warning bulletins
on proper circuits is next to impossible to
achieve effectively at the fast pace required,
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particularly when multiple storm outbreaks
occur. Technologically, much of this work
could be automated through the use of mes-
sage compositors and automatic call-up and
transmission of messages on NOAA circuits.

During the field investigation of the Mississ-
ippi Delta Tornadoes it was virtually im-
possible to determine accurately, from reports
of tornado sightings, the actual number of
tornadoes and the tracks they followed. This
aspect of the field investigation was greatly
facilitated by an aerial survey in advance of
the ground surveys, particularly determining
the major tornadoes, their paths, and times.
This information was then used as a basis for
evaluating the timeliness and effectiveness
of the tornado watches and warnings.

Recommendations

1.

NOAA’s National Weather Service should
continue to encourage additional news media
to participate in the NOAA Weather Wire
Service.

Aids and techniques should be developed to
automate the composition and dissemination
of Watch and Warning bulletins to the great-
est possible extent.

The field investigation of all major tornado
disasters should include an early aerial re-
connaissance survey to determine storm paths
more accurately.

- ——————— e
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CHAPTER 5

User Response and Service Benefits

The U.S. Weather Bureau (now the National
Weather Service) began the tornado warning
service in 1952. Since then much emphasis has
been placed upon the preparation and distribu-
tion of educational material to increase public
awareness about the warning service, tornado
safety rules, and individual and community
preparedness. Special efforts have been made to
inform both urban and rural populations in
tornado-prone regions.

User Response
Survey team members interviewed numerous

people in the disaster area to learn if they were
aware of the Tornado Watches and Warnings,
understood the implications of the bulletins, and
were informed as to safety precautions. Most
people were aware of the bulletins, which, for
the most part, they heard by radio. With few
exceptions, the interviewed individuals knew
the different implications of Watches and Warn-
ings—that in a Watch situation they were to
maintain normal activities, but watch for threat-
ening weather and listen to radio and television
for further severe weather announcements. They
also knew that when a Warning is received,
persons close to the storm should take cover
immediately, and persons farther away from the
storm should be prepared to take cover if threat-
ening conditions are sighted.

The actions taken by persons during the tor-
nado outbreaks indicate that, although they were
familiar with safety precautions, there was little
they could do to find adequate nearby shelter.
Houses did not have basements. Ditches were
sometimes a long distance from houses, and some
ditches were filled with water. For many, the
best options were to seek shelter in open ditches,
culverts, and under road overpasses. Others did
not have these options. Mayor Roy Gerrard of
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Carey, Miss., tried to evacuate people to a school
house several miles away, but could not per-
suade any of them to leave their homes—17 were
lost. Many stayed at home and did not seek cover
until the tornado was actually sighted by a mem-
ber of the household. Many took shelter inside
houses that offered little protection when the
tornado struck.

The safety actions that were taken by residents
of the disaster area saved many lives, but it is
clear that people must be better informed about
the implications of Tornado Watch and Warn-
ing Bulletins and public officials and action
groups must intensify their efforts to assure that
tornado safety precautions include adequate pro-
vision of shelters in all areas. In the Mississippi
Delta area, suitably designed above-ground shel-
ters are needed in all communities, and in rural
areas, if tornado safety precaution measures are
to be effective.

Evaluation of Service Benefits

The effectiveness of the tornado warning ser-
vice can be measured, in part by comparing the
number of tornadoes and tornad<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>