JUNE 1994

The Value of NDBC Observations during March 1993’s “Storm of the Century”

NOTES AND CORRESPONDENCE

NOTES AND CORRESPONDENCE

DAvID B. GILHOUSEN
National Data Buoy Center, Stennis Space Center, Mississippi
10 August 1993 and 6 January 1994

ABSTRACT

National Data Buoy Center (NDBC) observations from the western Gulf of Mexico provided several early
indications of more rapid cyclogenesis on 12 March 1993 than was forecast by numerical weather prediction
(NWP) models. Observations demonstrated a closed circulation with gale-force winds shortly after the storm
entered the Gulf of Mexico. Pressure measurements at two buoys off the Texas coast were 4-6 hPa lower than
the 12-h NWP forecasts, a significant forecast error. Observations from NDBC’s moored buoys and Coastal-
Marine Automated Network stations revealed that the developing storm was significantly deeper than was
indicated on the National Meteorological Center’s automated surface analyses.

Ocean wave observations reveal some of the steepest waves NDBC has ever measured, indicating phenomenal
wave growth and a high potential for damage to vessels and structures. A warm eddy caused sea surface tem-
peratures (SST) to be several degrees above normal under the track of the storm, creating a strong SST gradient
to the north. This provided ample energy and strengthened the baroclinicity. NDBC observations showed the
eddy to be somewhat larger and warmer than indicated by the most recent National Hurricane Center analysis.
This event demonstrates the tremendous value of NDBC marine observations for accurately detecting the
occurrence and strength of coastal cyclogenesis events.
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1. Introduction

Beginning 8 March 1993, numerical weather pre-
diction (NWP) models consistently predicted a deep
winter storm for the eastern United States on 13 March.
These NWP models gave excellent advance notice and
produced accurate forecasts of the storm track location.
However, the model runs of 12 March considerably
underforecast the deepening of the storm in the north-
east Gulf of Mexico. For example, the 36-h Nested
Grid Model (NGM) forecast of central pressure valid
at 1200 UTC on 13 March (when the storm center
was predicted to be in southwest Georgia) was 21 hPa
too high! A comparison of various models’ central
pressure forecasts is shown in Fig. 1. Except for the
Limited-Area Fine-Mesh Model (LFM), the models
run at 0000 UTC on 12 March deepened the storm
between 36 and 48 h when the storm was farther north.
Though not shown in Fig. 1, these errors did not result
from pressure errors at initialization. The models ini-
tialized at 1200 UTC 12 March did a better job, but
the 24-h forecasts were still 6-8 hPa high.

Many deficiencies in public and marine forecasts
resulted from these guidance errors. Though a coastal
flood watch was issued for the Apalachee Bay of north-
west Florida, it was not upgraded to a warning until a
significant storm surge was in progress. This 11-ft surge
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resulted in 10 deaths in this remote coastal area. Gale
warnings were not upgraded to storm warnings for the
central and eastern gulf until the early afternoon of 12
March, about an hour before an oil rig at South Marsh
Island, Louisiana (28.3°N, 92.0°W), reported sus-
tained winds of 81 kt (42 m s™!) at 2100 UTC. Over
land, snow accumulated on bridges and overpasses as
far south as the Mississippi Gulf Coast and the western
Florida Panhandle in the storm’s wake when public
forecasts mentioned snowfall only in interior sections
of the South. Finally, snowfall amounts were much
greater than predicted across northern Alabama, east-
ern Tennessee, and western North Carolina, though
this fact may have been of less practical significance
since heavy snow was forecast and almost any accu-
mulation can paralyze this region.

Figure 2 shows a map of the National Data Buoy
Center (NDBC) stations in the Gulf of Mexico. Also
plotted is the storm track and central pressures, which
were taken from the National Meteorological Center’s
(NMC’s) surface analyses as received on digital fac-
simile (DIFAX ). These stations provided the vast ma-
jority of real-time observations in the Gulf of Mexico
during this event. Note there is a dearth of stations in
the northeastern Gulf of Mexico where the storm was
deepest. However, there are more stations in the west-
ern Gulf of Mexico because of the Minerals Manage-
ment Service’s funding of buoy stations 42019 and
42020, and Shell Oil’s station on the Bullwinkle Plat-
form, BUSLI.
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FiG. |. Acomparison ofthe 12 March 1993 central pressure forecasts
from the LFM, NGM, and Aviation (AVN) models with analyzed
pressures.

The 17-hPa fall in central pressure observed in the
18 h covered in Fig. 1 easily qualifies this storm as a
meteorological “bomb.” At 28° latitude, Sanders and
Gyakum (1980) define a bomb as an extratropical low
with a central pressure fall of at least 13 hPa in 24 h.
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This was the first bomb observed in the Gulf of Mexico
since 1983 (Johnson et al. 1984).

The author will demonstrate that NDBC observa-
tions from the western gulf gave several early warning
signs of deeper cyclogenesis than was anticipated. In
particular, the most revealing reports came from sta-
tions 42019 and 42020 and the Coastal-Marine Au-
tomated Network (C-MAN) station at Port Aransas,
Texas, PTAT2. The following sections identify impor-
tant wind, sea level pressure, and sea surface temper-
ature measurements available from these automated
stations that depicted the evolution of the storm lo-
cation and intensity. Comparisons are made between
these observations and the real-time analyses and fore-
cast model outputs from NMC.

2. Wind observations

Figure 3 shows a series of hourly plots of stations
42019, 42020, and PTAT?2 between 1000 and 1600
UTC on 12 March. The plot shows that a vigorous
circulation center was already in existence as it passed
between the stations from 1200 to 1500 UTC. Evi-
dently, cyclogenesis had taken place in the coastal wa-
ters of south Texas. This center is farther north than
indicated by both the analysis positions shown in Fig,
2 and the 12-h NGM forecast shown in Fig. 4. Strongly
convergent winds at both 1200 and 1300 UTC indicate
further strengthening. Sustained wind speeds of 35 kt
(18 m s™!) reported by the buoys starting with the 1400
UTC observations are impressive because of the low,
5-m anemometer height on these small, 3-m diameter
buoys (Hamilton 1988). These speeds are equivalent
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FIG. 2. A map showing NDBC station locations in the Gulf of Mexic

Markers along the track indicate the storm center and central
The storm center and pressures reflect the manual modificati

0 and the storm track taken from North American surface analyses.

pressure in hPa at 3-h intervals beginning with 12Z (1200 UTC) on 12 March.
on after the automated analysis.
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FiG. 3. A series of hourly plots of winds, air temperatures, and
pressures measured by stations 42019, 42020, and PTAT2 during 12
March. An “L” indicates the position of the storm center in each
frame. '

to 45 kt (23 m s™!') when extrapolated to a 50-m oil
platform height using a logarithmic profile.

Because the winds veered with time at 42020 and
the air temperature remained warm at 1200 UTC, the
storm center tracked slightly to the north of this station.
In contrast, the NMC analysis for 1200 UTC, shown
in Fig. 5a, placed the storm some 70 miles southeast
of 42020, thereby creating a system that looked less
developed. Indeed, the satellite imagery shown in Fig.
6 offers no indication of the circulation detected by
the NDBC stations. The NMC analysis used the 1100
UTC observation from 42020 because the 1200 UTC
pressure was missing due to transmission errors that
occurred between the buoy and the satellite. Perhaps
this was partially responsible for the poor analysis.

The winds at 42020 appear credible because Fig. 7
shows that these winds generally track within 30° and
5kt (2.6 m s~!) of the winds at 42019 before and after
the storm’s passage. These types of comparisons are
routinely used as a quality control tool by NDBC (Gil-
housen 1988). The buoy winds were sampled once
every | sand averaged for 8 min (Meindl and Hamilton
1992). Because of this longer averaging time, the winds
are more likely to reflect the synoptic-scale winds rather
than short-lived squalls from convective activity. Field
evaluations establishing the quality of buoy wind ob-
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servations are given by Gilhousen (1987). Buoy reports
are generally superior to ship reports because they are
more reliable, from a stationary platform, and available
much more frequently (Pierson 1990).

The C-MAN winds that were plotted are the most
recent 10-min average. Because of these longer aver-
aging times, the winds represent large mesoscale or
synoptic-scale features better than regular surface ob-
servations (Powell 1993). These 10-min average winds
are transmitted in the national section (after the “555”
designator) of the World Meteorological Organization’s
FM 13-IX SHIP code used for real-time transmissions.
They are available for many Gulf of Mexico and East
Coast stations.

3. Pressure observations

Figure 8 shows time series plots of the hourly pres-
sure measurements at 42019 and 42020. The 1200
UTC sea level pressure at 42020 was obtained by post-
analysis of the raw message. Also plotted are the 12-h
NGM and Aviation (AVN) model pressure forecasts
for the buoy locations. Forecasts from both models
valid at both buoys were 4-6 hPa too high. These are
sizable errors considering they are short-range forecasts
and the buoys are quite close to the U.S. coast.

Several studies help to assess the significance of these
errors. Sanders (1986) analyzed LFM pressure errors
for 36 North Atlantic bombs. He found a 3.8-hPa mean

Valid 12Z March 12
12.Hour NGM Surface Forecast SFC Pressure

FIG. 4. The 12-h NGM sea level pressure forecast
valid at 1200 UTC 12 March 1993.
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FIG. 5. (a) The 1200 UTC NMC surface analysis as transmitted on DIFAX. (b) The 1500 UTC analysis. (c) The 1800 UTC analysis.

error in the 12-h pressure forecasts at the time of max-
imum deepening. More recently, Grumm ( 1993) gives
the mean 12-h AVN error as 0.06 hPa and the root-
mean-square error as 1.93 hPa for March-May 1991
over the Northern Hemisphere. Assuming the errors
are normally distributed, less than 2.5% of the errors
should be greater than 4 hPa. These 4-6 hPa errors,
therefore, are quite significant and, coupled with the
large pressure falls, attest to deeper development much
earlier than was anticipated by the models.

Also, these pressure errors are more important at
this latitude than farther north. A given pressure error
produces a greater wind speed error in the Gulf of
Mexico than in the Great Lakes because the horizontal
Coriolis parameter is less at a lower latitude.

Another interesting aspect of the pressure observa-
tions is the way that they were consistently misanalyzed

on the automated NMC surface analyses. Figures 5b
and ¢ show the 1500 and 1800 UTC analyses. Note
that the 42020 observation of 1003.5 hPa is placed
halfway between the 04 and 08 isobars. Even worse is
BUSL1, with a pressure of 1003.8 hPa, which is placed
just outside the 08 isobar. Again, on the 1800 UTC
analysis, BUSLI, with a pressure of 999.4 hPa, is placed
between the 04 and 08 isobars.

Clearly, the automated analyses were too smooth
and placed the storm too far to the south. Because the
gradient was tighter than analyzed, the central pressures
were undoubtedly lower than the automated analysis
at these two times. In addition, the manually annotated
central pressures appeared too high at 1800 UTC.
These pressures fell slowly from 1000 hPa at 1200 UTC
to 998 hPa at 1500 UTC, stayed the same at 1800
UTC, then suddenly dropped 9 hPa to 989 hPa with
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the 2100 UTC analysis—an unlikely pattern. Fore-
casters who did not take time to reanalyze the obser-
vations could have been misled.

4. Wave observations

Civil engineers and naval architects have observed
that small-vessel capsizing and marine structure dam-
age is caused by waves that are both high and steep
(Myrhaug and Kjedisen 1986). On the other hand,
meteorologists almost exclusively focus on wave heights
in marine forecasts. Because the entire time series wave
record is 100 long to transmit through the Geostation-
ary Orbiting Earth Satellite, NDBC buoys do not record
individual wave heights or steepnesses. However, a
measure of steepness over the 20-min sampling period
can be obtained through plotting the significant wave

height versus dominant wave period. For a given height,
a shorter period means a smaller wavelength and
therefore a steeper wave.

Figure 9 shows a plot of these two parameters from
selected NDBC wave observations during this storm.
Also plotted is a curve of maximum wave steepness
determined by Buckley (1988), who reviewed the entire
archive of NDBC data for all stations looking for ex-
treme events. He empirically fit the function that de-
scribes steepness from linear wave theory to these ex-
treme events to obtain the curve,

H1/3 = 000776gT12,, (1)

where H,; is the significant wave height in meters, g
is gravity, and 7T, is the dominant wave period in sec-
onds. Though most points typically lie well to the right
of this curve, wave measurements during rapidly deep-
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ening storms approach, and, on rare occasions, reach
this boundary. Note, however, that some observations
transmitted by 42019 and 42020 during the morning
of 12 March lie to the left of this curve. Probably, these
waves are the steepest NDBC has ever measured for
these wave heights and indicate phenomenal wave
growth. These steep wave measurements confirm the
presence of strong winds and a rapidly deepening
storm. Their steepness also portends the type of wide-
spread maritime calamity that followed. The Coast
Guard conducted 111 search and rescue efforts from
Texas to Apalachee Bay (McCraw 1993).

It is also interesting to compare these measurements
with forecasts from NMC’s Ocean Product Center Gulf
of Mexico Wave Model. The 1600 UTC significant
wave height observations of 4.1 m at 42020 and 4.5 m
at 42019 were already much higher than the 24-h fore-
cast of 2.4 m valid at 0000 UTC on 13 March. The

significant wave height at 42019 reached 5.8 m at 2000
UTC and was 4.8 m at 0000 UTC. Again, these 1600
UTC observations can be viewed as “early warning”
indicators of significantly higher waves than expected.
Farther east, the significant wave height at 42001
reached 9.1 m at 1200 UTC on 13 March—a record
height for this buoy station. This was considerably
higher than the 6.1-m 36-h forecast and the 6.7-m 24-
h forecast valid at this time.

5. Sea surface temperature observations

Walker (1993) shows an infrared image depicting
SSTs just before the storm. This image shows a large,
23°C warm eddy centered about 120 miles east-south-
east of Corpus Christi, Texas. Oceanographers named
it “Eddy Vasquez” when they observed it break off
from the Loop Current in the eastern gulf in October









