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Front Cover: National Weather Service, Operations Training
Facility's classroom at Norman, Oklahoma (circa 1994) where students
are taught theoretical and operational aspects of the NWS doppler
radar, Weather Surveillance Radar-88D.
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influenced actions during the West Lafayette event.

A Severe Thunderstorm Warning was in effect for portions of Warren
and Benton counties (immediately west and northwest of Tippecanoe
County), until 12:15 a.m. A Severe Thunderstorm Warning was issued
for Tippecanoce County at 12:04 a.m. valid until 12:30 a.m. A
Tornado Warning was issued for Tippecanoe County at 12:12 a.m. EST
valid until 12:45 a.m. The Severe Thunderstorm Warning for
Tippecanoe County was based on a mesocyclone signature detected by
the non-commissioned Indianapolis WSR-88D Doppler radar (KIND) and
storm history. The Tornado Warning was based a telephone report of
an observed tornado from the FAA contract weather observer at the
Lafayette Airport, subsequent KIND signatures and incoming damage
reports.

SERVICES

The National Severe Storms Forecast Center (NSSFC), located in
Kansas City, Missouri, has responsibility for providing outlooks
and watches for severe thunderstorms and tornadoes for the
continental United States. The Convective Outlook issued during
the morning of April 26, 1994 indicated a moderate risk of severe
thunderstorms for "...today and early tonight..." over an area
which included the northern half of Indiana. During the early
afternoon, the Convective Outlook was updated and called for a
moderate risk of severe thunderstorms for "...the remainder of this
afternoon and tonight..." over northern portions of Indiana
including Tippecanoe County. NSSFC issued Tornado Watch #135,
valid until 3:00 a.m. EST (Indiana does not observe Daylight
Savings Time) for a large part of Indiana as well as parts of east-
central Illinois and a small part of Ohio. Tornado Watch #135,
which included Tippecanoe and adjacent Indiana counties, remained
in effect throughout the event.

WSFO IND has warning responsibility for most of central Indiana
including Tippecanoe and adjacent Indiana counties. WSFO IND
issued 26 Severe Thunderstorm and 2 Tornado Warnings between 9:38
p.m. (4-26) and 2:37 a.m. (4-27). Twenty-four of the 28 warnings
(84%) issued by WSFO IND verified.

A Severe Thunderstorm Warning for Tippecanoe County was issued at

12:04 a.m. valid until 12:30 a.m. on April 27. The Severe-

Thunderstorm Warning was based on WSR-88D Doppler radar imagery.
A Tornado Warning was issued for Tippecanoe County at 12:12 a.m.
valid until 12:45 a.m. on April 27.

The community preparedness operation developed and nurtured by the
coordinated efforts of WSFO IND and the 1Indiana Emergency
Management Agency (EMA) functioned very effectively. At 9:45 p.m.,
spotter networks were activated across that portion of Indiana
affected by Tornado Watch #135. Two amateur radio operators
reported to the WSFO to establish a base station. Also at 9:45
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The cooperative relationship between the WSFO IND staff and the
Indiana emergency preparedness community is exemplary. The
preparedness community, state and Lafayette County, responded
quickly to available storm information from established spotter
networks as well as statements and warnings issued by WSFO
Indianapolis.

The WSFO IND meteorologists' interpretation of the KIND WSR-88D
velocity imagery yielded a mesocyclone rotational velocity of 30-35
kts associated with the West Lafayette storm and 37 kts with the
earlier-warned storm in Jasper County.

Survey Team review of the West Lafayette storm indicated a
rotational velocity of 37 kts. The OSF-established guideline for
a strong mesocyclone is 40 kts or greater. The fact that the
Indianapolis meteorologists issued a warning on the Jasper County
storm (37 kts rotational velocity) indicates that they did not
solely depend upon the OSF guidelines for warning determination.

Considering OSF guidelines, and the thought that the Jasper County
storm (greater observed rotational velocities) did not produce a
tornado, the decision to warn for severe thunderstorm rather than
tornado became a judgment call. The Survey Team has concluded, at
least initially, that signature guidelines established for
supercell mesocyclones may be higher than guidelines for tornadoes
associated with strong lires and bow echo configurations. Some
adjustment in guidelines may be necessary for storms in
geographical locations outside the Great Plains to account for
differences in storm structure and type. It is certain that
research-derived warning guidelines must be complemented by other
types of input, e.g., spotter reports, antecedent weather
observations, etc. Establishment and nurturing of an effective
spotter network and an efficient community preparedness team is
essential to warning success.

The training and learning process must mature. This maturing
process must occur at every level from the OSF to the field site.
The OSF should expedite research efforts to establish working
guidelines for line and bow echo tornado-producing storm systems.
The SO0, with support from the OSF and their Regional Headquarters,
should wutilize every training opportunity to refine the
meteorologists' interpretative skills.
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RECOMMENDATION: Regional SSDs should seek ways to
expedite the maturing process, utilizing the SO0 program.
As an example, the SO0 and the WSR-88D Focal Point should
fully utilize every ©possible hands-on training
opportunity, including data collected by other WSR-88D
sites having experience with similar severe weather
events. This should be a high priority focus of the
national SOO program.

FINDING #4:

At the time of the event, WSFO IND was not staffed at the

Stage I level. The Hydrometeorological Technician (HMT) staff had
been selected but continued to support a split operation, i.e.,
24-hour coverage maintained at the IND WSO in addition to WSFO
operations. Due to this less-than-optimal staffing scenario, the
meteorologists working the event were required to assume some HMT
functions, e.g., three NWR consoles, in addition to warning and
forecast responsibilities. During this severe weather event, the
meteorologists often worked multiple concurrent warnings.

RECOMMENDATION: The value of the HMT staff is crucial to
the success of the warning function. Regional
Headquarters should make every effort to reach Stage I
staffing as soon as possible and eliminate split
operational scenarios as soon as possible. In addition
to a full complement of HMTs, staffing during significant
severe weather scenarios at WSFOs requires a minimum of
5 meteorologists. Each severe weather scenario is
unique. Only the severe weather coordinator is in a
position to match staffing with warning and forecast
demands. However, it is the position of the survey team
that two meteorologists should be dedicated to activities
associated with PUP interpretation and the decision to
warn.

FINDING #5:

WSFO Indianapolis issued a Severe Thunderstorm Warning for
portions of Benton and Warren counties valid from 11:41 p.m.
until 12:15 a.m. referencing a severe thunderstorm located near
Pine Village, Indiana moving northeast at 45 mph. Based upon

the information contained in the warning and the WSR-88D storm
track algorithm estimate of 55 mph movement at 11:30 p.m., the
storm would have entered northwestern portions of Tippecanoe County
before midnight. Based on the forward speed of the storm, WSFO IND
should have included portions of Tippecanoe County in the 11:41
p.m. Severe Thunderstorm Warning.

RECOMMENDATION: In the preparation of severe weather
warnings for convective events, WSFOs should fully
consider the storm's forward speed of movement.

6
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FINDING #9:

Numerous Special Weather Statements were issued by WSFO IND prior
to the onset of convection, reaffirming the threat of severe
thunderstorms and the possibility of tornadoes. Severe
Thunderstorm Warnings issued by the WSFO reaffirmed the
possibility of tornadoes.

RECOMMENDATION: Regional Headquarters should
re-emphasize the importance of including the possibility
of tornadoes in the text of Severe Thunderstorm Warnings,
Severe Weather Statements and Special Weather Statements.

FINDING #10:

The Severe Thunderstorm Warning issued at 12:04 a.m. and the
Tornado Warning issued at 12:12 a.m. were coded correctly and
technically error-free. Path-casting, i.e., the mention of cities
in the path of the storm, was not used by WSFO IND.

RECOMMENDATION: : Per established Central Region
instructions, path-casting should be used in the text of
all warnings.

FINDING #11:

Tornado Watch #135 was posted at 9:45 pP.m. EST. The Indiana zone
forecasts were promptly updated to reflect the issuance of

the Tornado Watch. Within the text of the watched zones, the
threat of severe weather was included; rain chances remained at
40%.

RECOMMENDATION: Even though the chances of rain may have
remained at 40%, it is the conclusion of the Survey Team
that removing the mention of probabilities altogether may
have more effectively conveyed the perception of threat.

FINDING #12:

At 11:20 p.m. EST, WSFO Indianapolis determined that NWR station
WXK-74, serving Tippecanoe County, was inoperative. Based on
established procedures, it was determined that the outage was a
telephone line problem. The outage was immediately reported to the
telephone company. The WSFO NWR programmer continued to operate
the radio as if the NWR system were "up" even though he assumed
that the system was "down". It was discovered, well past the
event, that radio service had been restored almost immediately and
well before the tornado event.
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Chapter Il

Data Collection and Communications

A. Surface Observation Networks

The surface observing networks provide basic
data for a multiplicity of uses. In general, the
networks are divided into two classes: (1) sta-
tions that provide data for immediate opera-
tional use and for record purposes; and (2)
substations that provide data primarily for
record purposes. Included in the substation
group, class (2), are stations which also re-
port rainfall amounts and river stages for im-
mediate use under certain conditions.

The regular reporting stations in the storm
area of West Virginia and Virginia are tab-

ulated in Table I and shown in Figure 4. To
describe adequately the phenomena associated
with storms the size of the remnants of Ca-
mille, the spacing between stations in West
Virginia and Virginia should not be more than
65 to 70 miles. A significant gap exists in the
area where the storm intensified in West Vir-
ginia and Virginia, especially during the night
when several of the stations cease reporting.
Some substations record only precipitation
data. These substations are distributed around
selected watersheds in support of civil and
military hydrological projects to provide basic

TABLE |

HOURLY REPORTING STATIONS

WEST-CENTRAL VIRGINIA AND SOUTHERN WEST VIRGINIA
(Precipitation reported every 6 hours)

HOURS OF
LOCATION OPERATION TRANSMITTED ON REMARKS

Charlottesville, Va. 24 hrs. Service A

Lynchburg, Va. 6 a.m.-Midnight Service A Supplementary reports as required by
airline Midnight-6 a.m. not transmitted.

Blackstone, Va. 6 a.m.-10 p.m. Service A

Roanoke, Va. 24 hrs. Service A

Richmond, Va. 24 hrs. Service A

Danville, Va. 24 hrs. Service A

Pulaski, Va. 7 a.m.-T p.m. Service A Supplementary reports by airline.

Hot Springs, Va. 8 a.m.-9 p.m.

Staunton, Va. 6 a.m.-8 p.m.

Beckley, W. Va. 24 hrs.

Charleston, W. Va. 24 hrs.

Bluefield, W. Va. 24 hrs.

Elkins, W. Va, 5:30 a.m.-9:30 p.m.

White Sulpur Springs, 7 am-6 p.m.
W. Va.

Airline circuit only.

Airline circuit only.

Supplementary reports by airline.
Supplementary reports by airline.
Service A

Service A
Service A

Service A

Service A
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Given the instability, the strong shear is supportive of the
formation of thunderstorms with rotating updrafts. The 60 kt
magnitude of the low-level winds also indicates the possibility of
strong thunderstorm outflow if the momentum is brought to the
surface by storm downdrafts.
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caused it to interact with the updraft region of the northeastern
storm, producing enhanced convergence which might have helped spawn
the tornado.

The base data at 0507 UTC (Figure 3.3 and 3.4) are the only
velocity data and the only high-resolution images which can be
expanded (zoomed) to see detail. The images are centered on a
rectangular county (Tippecanoe) with Lafayette in the north-central
portion of the county. The reflectivity image shows a hook shape
to the echo in northern Tippecanoe County with a bow configuration
further south in the county. Spiralling weak echo notches are seen
in the leading-edge inflow (northeast of Lafayette) and the rear
inflow (southwest of Lafayette). Maximum reflectivities are 53 dBZ
with the hook-like feature and 58 dBZ with the bow echo.
Perceptions of circulation from the reflectivity data are confirmed
by the velocity image. Radial velocities are toward the radar
(green/blue) over western Tippecanoe County and away from the radar
(orange/red) over northeastern Tippecanoe County. KIND is located
two counties to the right and two counties below Tippecanoe County
(off the display area). Embedded within the larger circulation
signature is a smaller high-shear region (green adjacent to red,
noted as "A" in Fig 3.3) which appears to be situated over the
northern portion of Lafayette. Based on size (diameter three to
four mi), the smaller signature is the thunderstorm-scale
mesocyclone and the larger signature is the mesolow (20 mi
diameter) forming in association with the bow echo. The rotational
velocity of the mesolow is 44 kt and the rotational velocity of the
mesocyclone is 37 kt.

Mesocyclone algorithm performance: The sparsity of data precludes
a definitive answer. The shears seen at 0507 UTC, if sustained on
a higher elevation angle, are sufficient for a detection by the
algorithm. The Indianapolis staff, however, does not remember a
mesocyclone algorithm detection for the Lafayette storm.

Operator use of velocity data: The sparsity of data again
precludes a definite answer. The rotational velocity of the
mesocyclone at 0507 UTC (37 kt) is below the 40 kt guideline
recommended by the OSF Operations Training Branch for a Tornado
Warning without consultation of any other type of input (spotter
report, antecedent weather observations, etc.). There is a
suggestion that rotational velocities for some storm types that
produce tornadoes are less than the current guidelines. The OSF,
with lead from the Applications Branch, is actively pursuing
analysis of WSR-88D Doppler from all parts of the country as new
data are collected in order to better adapt the guidelines to
conditions likely to be seen in different local areas. Everyone
should remember that it is the data integration skills of the
meteorologist operator that will allow for the most success in the
NWS warning program.

The good judgement of the warning meteorologist should supersede
any predetermined guidelines.
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INDSVRSBN Severe Thunderstorm Warning South Bend, IN W
INDFFWEVV ~ Flash Flood Warning Evansville, IN A
AFOS

Product AFOS
Identifier Product Console
INDFFWFWA Flash Flood Warning Fort Wayne, IN A
INDFFWIND Flash Flood Warning Indianapolis, IN Cc
INDFFWSBN Flash Flood Warning South Bend, IN w
CHITORCHI Tornado Warning Chicago, IL W
CHITORSPI Tornado Warning Springfield, IL A
CHISVRCHI Severe Thunderstorm Warning Chicago, IL W
CHISVRSPI Severe Thunderstorm Warning Springfield, IL A
CHISVSCHI  Severe Weather Statement Chicago, IL B
CHISVSSPI Severe Weather Statement Springfield, IL B
CHIFFWCHI Flash Flood Warning Chicago, IL W
CHIFFWSPI Flash Flood Warning Springfield, IL A

- Public AFOS Console
Aviation AFOS Console
- HMT AFOS Console

= Public and HMT Console

KEY:

TOwp
'

The Chicago and Springfield, Illinois offices have the county
warning responsibility for the counties immediately adjacent and
west of the WSFO Indianapolis' counties of warning responsibility.
These two offices were also at a stage of alert and issuing
warnings prior to the West Lafayette tornado.

TIPPECANOE COUNTY:

The Tippecanoce County Emergency Management Director (EMD), had a
staff of trained volunteer severe weather spotters on duty the
night of the West Lafayette tornado. The spotter training had been
provided by WSFO Indianapolis staff members, on March 16, 1994. 1In
the fall of 1993, the Tippecanoe County EMD had attended the WSFO
Indianapolis' new facility "Open House", and was briefed on the
capabilities of the new WSR-88D equipment. The Indiana State
Emergency Management Agency's Emergency Operations Center in
Indianapolis, was activated and staffed by trained severe weather
and communication technicians at 9:45 p.m. EST on April 26, 1994
when tornado watch number 135 was issued by the National Severe
Storms Forecast Center (NSSFC).

The Tippecanoe County Emergency Management Director, after
receiving two damage reports, 11:58 to 11:59 p.m. EST, activated
the county's 24-siren system, a cable television all-channel
override system for public access, and the Emergency Broadcast
System at the Common Program Control Station, WAFK AM/FM. The two
damage reports were; 1) the downing of high-power electric lines at
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At the RPG, the diagnostic tests for the Micro3200
computer, and the VME communications system were run; all
diagnostic tests passed as specified.

The self-test for all the wideband and narrowband
communication 1line controllers passed as did the
communications line status at the UCP. There were no
error messages or alarms at the UCP terminal to indicate
a problem with the RPG or the RDA. '

At the PUP, the diagnostic test for the Micro3200
computer, the VME communications system, and the graphics
processor passed per the technical manual, except for the
graphics diagnostic test 14, test 9 and 10. These two
tests have software problems within the VME systen.
Neither the PUP applications terminal or the systems
terminal indicated any error messages or alarms.

The KIND WSR-88D seems to have been operating as specified per
technical manuals on April 26-27, 1994. Running tests at the RDA,
the RPG, and the PUP indicated normal system operation. There were
no alarms or error messages to indicate hardware problems with the
systemn.

Problems with the PUP. system hanging before the severe weather
event seem to be software related. The application program was
restarted by rebooting the PUP software. The necessary information
to determine the software status was unavailable.
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11:24 PM EST

11:41 PM EST

11:58 PM EST

11:59 PM EST

12:00-01 AaM

12:01 AM to
12:04 AM EST

12:01 AM

The WSR-74C radar operator made his last detailed
map overlay. This practice was not continued by
the mid shift person. The radar operator did not
attempt to contact the WSFO, he assumed that the
people operating the WSR-88D had the situation
under control as the storms pProgressed to the
northeast from Benton and Warren counties into
Tippecanoe County. The WSR-74C radar operator was
taking the 0500 UTC surface observation 11:45 -
11:50 PM EST.

Severe Thunderstorm Warning issued for southeast
portions of Benton County and northern portions of
Warren County. The basis for this warning is the
KIND WSR-88D. The warning was in effect until 1215
a.m. EST.

Volunteer spotter reported to the EOC that he has
just seen the downing of high-power electrical
transmissions lines at an intersection southwest of
Pemerbly Apartments.

A public call, 911 to the Tippecanoe County EMA,
reported windows being blown out of an apartment at
Pemerbly Apartments.

County sirens activated by Tippecanoe County EMA.
The county has a system of 24 sirens. Locations of
sirens are more than 1.5 miles east and southeast
of the initial tornado touchdown and location of
the most severe damage as well as where the three
deaths occurred.

Tippecanoe Emergency Management did access the
local cable TV station's (Dimension Cable) all-
channel cable override, and relayed emergency
message concerning the storm's progress. The EM
director also activated the Emergency Broadcast
System (EBS) through WAFK AM/FM, EBS Common Program
Control Station (CPCS-1) radio station.

Contract weather observer 1located at the West
Lafayette, Indiana ACTC (airport tower) observes
and logs a tornado located northwest of his site
with an unknown movement. The observation is
telephoned to the AFSS 1located in Terre Haute,
Indiana. The observation transmitted by standard
FAA communications system read "Funnel Cloud N LAF
TWR".
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12:05 AM

12:05 AM

12:07 AM

12:12 AM to
12:15 AM

12:16 AM

WLFI, TV Channel 18, broadcasts the SVR, with
supplemental information. This station received
the warning initially via its Associated Press wire
service. The TV station also monitors NOAA Weather
Radio (NWR), yet the NWR broadcast for this warning
is not accomplished until 12:07 a.m. EST.

Station is located % mile south of initial tornado
touchdown. They recorded 60 mph winds at the TV
station's weather instruments. TV station
employees did not hear sirens.

State Police tower, 300 foot and fully guyed, blown
down, tower location north of West Lafayette.

SVR for Tippecanoe County initial broadcast on NWR
WXK-74 with the 1050 Hz tone alarm. NOTE, status
of the NWR - still believed to be out of service by
the WSFO's staff, but NWR operator continues to
function as if the NWR was still operative. The
Midwest Agricultural Weather Service Center's
(MAWSC) Meteorologist in Charge confirmed that the
NWR was operational. The TV Channel 18 morning
meteorologist also heard the NWR broadcast.

Enhanced bow echo configuration, i.e. comma head
development, spurs TOR issuance for Tippecanoe
County effective until 12:45 a.m. EST.

TOR - Quality of Product Comment. SRWARN 6.0 was
used to generate the warning. A forecaster, other
then the PUP operator generated the warning. The
warning was technically encoded correctly, i.e. UGC
and county identification. The basis of the
warning described accurately what the warning was
based on, yet did not have the "path casting"
element that Central Region expects to be included
in the warning.

NWR WXK-74, Tippecanoe's TOR is broadcast. The NWR

transmitter is operative, based upon MAWSC MIC's
report.
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TIME COUNTY TYPE VERIFIED WITH BASIS (R,S.L

19. 12:47AM- 1:15AM Owen Severe F? tornado R
20. 1:26AM- 2:00AM Marion Severe meas. 68 mph ]
21. 1:41AM- 2:15AM Hancock Severe barn down R
22. 1:41AM- 2:15AM N. Shelby Severe trees, power lines R
23. 1:55AM- 2:30AM Henry Severe trees on house, barn R
24. 1:55AM- 2:30AM S.Madison Severe trees down R
25. 2:20AM- 3:00AM Fayette Severe trees, power lines R
26. 2:37AM- 3:15AM Randolph Severe trees down R
27. 2:37AM- 3:15AM Union Severe . trees R
28. 2:37AM- 3:15AM Wayne Severe trees R

BASIS...R=RADAR (WSR-88D), S=SPOTTER, L=LAW ENFORCEMENT
COUNTIES WARNED=28; VERIFIED=24...86%

Counties with damage but no warnings....
Hendricks

Johnson

Rush

Pulaski
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