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Abstract

An intense winter storm deepened rapidly to maturity off
the Mid-Atlantic coast and brought record amounts of snow
to southeastern New England. The development, which was
not the typical development of a Cape Hatteras storm into a
“northeaster,” was predicted 33 days in advance by the National
Meteorological Center’s seven-layer primitive equation (7LPE)
model. The NMC’s limited area fine mesh (LFM) model
consistently forecast details of the cyclogenesis 24 h ahead.
The success of the models in forecasting the cyclogenesis re-
sulted in excellent forecasts of precipitation amounts and
heavy snow. The total performance of NMC was probably
the very best possible with the current models.

1. Introduction

The record-breaking winter storm in the northeastern
United States of 6-7 February 1978 first appeared at
sea level as a weak extratropical cyclone off the South
Carolina coast on the afternoon of 5 February (Fig. 1).
At that time, the potential for a sneak storm existed as
the low was not the typical Cape Hatteras low with an
earlier track through the southeastern states. The low
had formed deep in the cold air mass as the polar front
lay west to east through the Bahamas and the arctic
front was along the Appalachians (Fig. 2a). The low and
several lows on the arctic front were associated with a
500 mb trough that extended from the Great Lakes to
the Bahamas (Fig. 4a). In the trough a cold low was
positioned over northern Lake Huron.

During the night and the following day (6 February)
the 500 mb low plunged southeastward to the Virginia
Capes and the sea level low concomitantly moved rapidly
northward and deepened 28 mb to its minimum pressure
of 984 mb (Fig. 1). Early on 6 February the sea level low
bad developed as a frontal wave (Fig. 2b) that occluded
tapidly thereafter to maturity (Fig. 2c). Careful exami-
nation of the track of the surface low (Fig. 1) will reveal
that the position for 1200 GMT, 6 February, is ~100
n mi west-northwest of the operational analysis (Fig. 2b).
This was based on reanalysis of later data, and the
possibility exists that the low was even closer to the
coast. '

Editor’s note: Because this article discusses a group of
operationally produced maps and charts, it was decided to
retain the original units that are used operationally at NMC
instead of converting to SI units ordinarily required in
BULLETIN articles (see August 1974 BULLETIN). It is hoped
that this will facilitate any comparisons that readers may
want to make with their operational charts.

562

The intense storm decelerated greatly as the sea level
center came under the 500 mb low (Fig. 1). The sea level
center appears to have made a small complete loop to
its left as it came under the low aloft. Thereafter, the
sea level and 500mb low centers moved east-
northeastward together. The mature storm moved very
slowly while south of New England on the night of 6-7
February and the sea level central pressure filled to
989 mb.

Strong winds and heavy snow accompanied this major
storm development and the slow movement of the
storm. On the morning of 7 February, winds in excess
of hurricane force with peak wind gusts of 83 mph at
Boston and 92 mph at Cape Cod were observed. One
to three feet of snow fell from Delaware to Massachu-
setts. A total of 27 inches of snowfall was recorded at
Providence and at Boston. The Boston amount was the
greatest since the beginning of records in 1870. The
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Fic. 1. Observed 500 mb low positions (circles) at 12h in-
tervals beginning 0000 GMT, 6 February 1978; observed sea
level low positions (dots) at 6h intervals beginning 1800
GMT, 5 February 1978; and observed central pressure (in
millibars).
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snow blown by the strong winds lowered visibility to
near zero and produced blizzard conditions for much
of New England. The gale force and greater easterly
winds produced a strong storm surge, which resulted in
serious coastal flooding and beach erosion in New Jersey
and from Rhode Island to Maine. Troops from the U.S.
Army and from the National Guard were sent to help
find victims stranded in 9{t drifts and to otherwise
help in the recovery operations.

2. Short-range prognoses
a. Sample of the limited area fine mesh (LFM) prognoses

The current version of the National Meteorological Cen-
ter’'s (NMC) LFM model (denoted as LFMZ2 on the
figures) became operational on 31 August 1977. Its grid
spacing is two-thirds that of the old LFM, which it re-
placed (Howcroft et al., 1971). Prognoses from the new
LFM valid throughout the 2-day storm period consis-
tently predicted details of the development. The prog-
noses made from initial data for 1200 GMT, 5 February
1978, constitute a representative sample, as will be
shown.

The sea level prognoses projected through 48 h are
shown in Fig. 3, and the analyses for verification, in Fig.
2. The 12 h prognosis (Fig. 3a) did forecast the initial
cyclogenesis off the South Carolina coast but the position
was south of the observed on Fig. 2a. Although the fore-
cast pressures were generally low in the eastern United
States, except for the central value of the low, three
isobars were forecast and observed between North Caro-
lina and New England. The 24h and 36 h prognoses
(Figs. 3b and 3c) forecast both the northward move-
ment of the sea level low and its intensification. Be-
tween 24 and 36 h the model forecast a steepening of
the pressure gradient in New England. However, the
predicted development lagged behind that of the atmo-
sphere. The 36 h forecast low position was ~120 n mi
south of the observed position on Fig. 2c and the fore-
cast central pressure of 991 mb was 7 mb higher than
observed. At 48 h the LFM no longer lagged behind as
the forecast low position was ahead of the observed; i.e.,
the position on Fig. 3d was ~120 n mi east-northeast of
the observed position on Fig. 2d. Over the entire north-
eastern United States the forecast sea level circulation
closely resembled the observed.

The 500 mb prognoses extended through 48 h (Fig.
5) and successfully forecast the plunge of the cold low
to eastern Virginia and the subsequent turn toward the
east-northeast. The 36 h 500 mb low position in Virginia
(Fig. 5¢) was only 60 nmi west of the observed position
on Fig. 4c. The predicted vorticity maximum of >26 X
10°s™, although less than the observed value of 32 X
10°s™, did indicate a large increase for the 36 h period.
The forecast 48 h low position (Fig. 5d) was within the
limits of accuracy of the analysis (Fig. 4d).

The LFM forecasts for occurrence of measurable pre-
cipitation for 12 h periods (Fig. 7) were as successful as
the circulation prognoses. Forecasts of both the break
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out of precipitation in the Mid-Atlantic states and the
spread of precipitation into New England were timely.
The 12-24h area of forecast precipitation valid 1200
GMT, 6 February (Fig. 7b), indicates an increase in the
Mid-Atlantic region from the 0-12h forecast (Fig. 7a).
However, the model was slow at this time in indicating
the spread of precipitation into New England as ob-
served (Fig. 6b) and as might be expected from the lag
noted in the sea level prognoses. The northern limit of
precipitation was accurately indicated by the 24-36h
forecast (Fig. 7c). At 48 h (Fig. 7d) and throughout the
2-day period the LFM forecast a premature ending of
precipitation in the lee of the Great Lakes and on the
western slopes of the Appalachians (Fig. 6d). The prog-
noses in the sample were not better than LFM prog-
noses made from different initial times. For example,
the 48 h sea level prognoses valid at the same time (0000
GMT, 6 February; not shown) as the 12 h in the sample
also forecast the new low formation off the South Caro-
lina coast.

b. Consistency of LFM prognoses

LFM prognoses made from successive initial analyses and
valid for the days of the storm were consistent through-
out. Forecast positions of the sea level low from succes-
sive 24h prognoses and the analyzed positions are
plotted together in Fig. 8a. As can be seen, the difference
between forecast and observed positions was ~90 n mi
for all four forecasts. The directions of the differences
changed with the evolution of the storm; while the storm
intensified, the forecast position was south of the ob-
served and when the storm matured, the forecast posi-
tions were east of the observed. Corresponding forecasts
and analyzed positions of the 500 mb low are shown in
Fig. 8b. The differences between forecast and observed
positions were greater than at sea level and varied from
60 to 120 n mi. The 24 h forecast from the sample is the
first forecast in Fig. 8 and valid for 1200 GMT, 6 Febru-
ary. Thus, the sample is representative of all four suc-
cessive prognoses.

The consistency of the LFM series for the storm and
also the little improvement that occurred with decreasing
forecast projection are illustrated in Table 1. The sea
level pressure at 45°N, 70°W, minus that at 41°N, 70°W,
is a2 measure of the easterly flow. The forecast strength

TaBLE 1. Sea level pressure (in millibars) at 45°N, 70°W,

minus sea level pressure at 41°N, 70°W.

LFM Forecast

Valid Time Observed 12h 24h 36h 48h
0000 GMT, 6 Feb. 2 4 NA 3 3
1200 GMT, 6 Feb. 10 8 11 NA 12
0000 GMT, 7 Feb. 29 24 24 23 NA
1200 GMT, 7 Feb. 16 21 18 14 13
0000 GMT, 8 Feb. 12 13 8 8 3

NA, not available.
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Fic. 2. Observed sea level isobars (in millibars) and fronts at 12 h intervals (a—d) beginning
0000 GMT, 6 February 1978.



Bulletin American Meteorological Society 565

A b L ,
\ A \sF 12/)/%02 ~ 2 —vour B \SF.2 \ )
12 ~HOUR ~\. nz.ﬁ. -~ &O z /7 :;zis PR % © /

s . e
VALID 0000 GMT . ‘ VALID 1200 GMT =% <7
) 6() / Vi \ ,-()” (‘3\/"

rad )
\FEBRUARY 6 1978 [ (], X/ /  FEBRUARY 6 1978 "7}

D

ss-nour © \J » 48 — HOUR
VALID 0000 GMT P » VALID 1200 GMT
FEBRUARY 7 1978 -~ 7~~~ FEBRUARY 7 1978

Fic. 3. LFM prognostic (from 1200 GMT, 5 February 1978) sea level isobars (in millibars)
and 1000-500 mb thickness contours (in dekameters) at 12h intervals (a—d). Verification charts
in Fig. 2 are identified by corresponding letters.
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Fi1c. 4. Observed 500 mb contours (in dekameters) at 12 h intervals (a-d) beginning 0000 GMT,
6 February 1978, and vorticity (10-°s7%),






