The Presidents Day Snowstorm
February 19, 1979:
An Overview
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The Presidents’ Day Snowstorm of 18-19 February 1979: A Subsynoptic-Scale Event

Lanck F. BosarT!
Department of Atmospheric Science, State University of New York at Albany, Albany, NY 12222
(M: ipt ived 4 Sep 1980, in final form 20 March 1981)

ABSTRACT

On 18-19 February 1979 a major east coast cyclone dep ited a record-breaking vfall on the Middle
Atlantic States. The storm is noteworthy because of the failure of the opeuuomipmdmmn models to
signal the intensity of the event. The life cycle of the cyclone is reviewed with is on the synop!
and mesoscale features and their possible linkage.

Pm\nocynlosemmﬂnsympmpamnmnnunmwemldmu:ycbmmuﬂnﬁmukm
with a broad b from Texas d to the Atlantic coast. A region of enhanced
lower ic i jops along the Carolina coastal strip in response to significant
oceanic senstbl:nndlutenthearﬂuxeswhnhwm, moisten and destabilize the boundary layer. Cyclo-
genesis is initiated along the coastal front as the result of lower tropospheric warm advection. The
mmnunf&emml&nmuﬂmateﬁemuﬁmuthecysbuwﬂmmhmmﬂwﬂklw
the coast such that it y phase ing with respect 1o a
vigorous short-wave trough moving mtwmi from the Ohio Valley by IZN GMT 19 February.

Explosive deepening takes place in the ensuing 6 h coincident with the outbreak of convection near
the storm center. By 1800 GMT, satellite pictures reveal a closed, clear storm eye while surface ship and
drilling nsdamdmhsetlnmumefmmm hurricane force winds, primarily in the porthern semi-
circle of the storm. Unlike a hurricane, h , the is asy with respect to the
vortex, bem;conoemmd mﬂleregumufsuonusl surface winds.

‘The major operational model errors stem from poor sea level and
Evldeuce is presemd that initial unulyus deﬁcnmcmoouplodmm amdequatebnnndary

precip physics lud I model forecast in this case.

layer and

VoLuME 109

1. Introduction

This is a paper about the memorable snowstorm
of 18-19 February 1979 in the Middle Atlantic
States. Storm snowfalls totaled in the vicinity of 60
cm in portions of eastern Virginia, Maryland and
Delaware with a number of localities reporting re-
cord 24 h snowfalls and total amount on the ground.
Additional details and a description of the larger
scale circulation regimes are found in Dickson
(1979).

An equally interesting facet of this cyclonic event
was the failure of the operational Limited Fine
Mesh (LFM-1I) and Seven-Layer Primitive Equa-
tion (TLPE) models in use at the National Meteo-
rological Center (NMC) to adequately predict the
cyclogenesis. Numerical weather prediction has
made tremendous strides in the last 25 years, a
point eloquently made by Reed (1977), and con-
firmed by the spectacular success of the LFM
model in providing early warning of the famous
Boston blizzard of February 1978 (Brown and Ol-
son, 1978). Consequently, the failure of the LFM-

‘Work Imllll.ld whlle the author was on sabbatical leave at
the W of Technol for the 1978-79 ac-
ademic year.

0027-0644/81/071542-25$10.25
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II to predict major cyclogenesis over the conter-
minous United States and vicinity must be viewed
as a rather rare event that is worthy of research.

Cyclogenesis was initiated along a Carolina coastal
front of the type described by Bosart et al. (1972)
and Bosart (1975). Cyclog is then p ded at
a more rapid rate in response to the approach of a
short wave from the Ohio Valley. The explosive
deepening phase of the cyclone coincided with the
outbreak of convection near the storm center, a sit-
uation not unlike the development of a major
oceanic cyclone which battered the Queen Eliza-
beth IT in September 1978 as described by Gyakum
(1980).2

This paper will describe the cyclone development
in detail with emphasis on some important meso-
scale features. Sections 2 and 3 contain a synoptic
overview and quasi-geostrophic diagnosis, respec-
tively. A mesoscale description of the coastal front
is contained in Section 4 with supporting radar ob-
servations given in Section 5. Coastal frontogenesis
is described in Section 6. Evidence for convective

* Gyakum, J. R., 1980 On the evolution of the QE I storm.
Preprints Eighth Conf. Weather Forecasting and Analysis, Den-
ver, Amer. Meteor. Soc., 23-28.
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The Presidents’ Day Cyclone of 18-19 February 1979: Synoptic Overview and Analysis
of the Subtropical Jet Streak Influencing the Pre-Cyclogenetic Period

Louis W. UCCELLINIL, PAUL J. KOCIN AND RALPH A. PETERSEN
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ABSTRACT

The Presidents’ Day cyclone of 18-19 February 1979 was an intense and rapidly developing storm which
produced heavy snowfall along the East Coast of the United States. An analysis of the cyclone is presented
which isolates three jet streaks that appear 1o have played i roles in the of two separate
areas of heavy snow. One area of heavy snow developed prior to cyclogenesis and is linked, in pan, to an
jet streak (STJ) and a nolnoeably aiocsl:mphic low-level jet. The second

area of h:l\'}' snow ped in with the expi off the East Coast as a polar jet
streak and mid ic trough agated toward the coasta] region from the noﬂh-ﬂemﬂl United States.
This paper enmmes the STJ in detail. The i wind s iated with the ST) increased by

peeds
1510 20 m 57" between 1200 GMT 17 and 1200 GMT 18 February 1979 as the jet propagated from the
south-central tmni the nmm Ummd Sm:s Dunng thc 24 h pznod the flow in the STJ became increasingly
and nd speeds increased to greater than 30 m 5™,
with a significant cross-contour component dumcled toward Iaw:r values of the Monigomery ummfunuwn
as the flow along the STJ became increasingly divergent with time. The increased wind speed, ageostrophic
flow, and divergence along the axis of the STJ are linked to the in the region
of the jet streak and the decreasing wavelength of the trough-ridge system in which the jet streak was embedded.
The upper level divergence and upward vertical motion near the axis of the STJ along with the moisture
transport associated with the LLJ are found to be important factors in the development of the first area of

heavy snow.

1. Introduction

On 18-19 February 1979, a very intense cyclone
developed along the Middle Atlantic Coast which pro-
duced 45 to 60 cm of snow from Virginia to southern
New Jersey, including the greatest 24 h snowfall ac-
cumulation in Washington, D.C., in over 50 years
(Foster and Leffler, 1979). The storm, referred to as
the Presidents’ Day cyclone, is of particular interest
b of its i ity, the app: contribution of
many physical processes to its rapid development on
19 February 1979, and the failure of the National Me-
teorological Center's (NMC) operational Limited Area
Fine Mesh model (LFM-II) to forecast accurately the
cyclogenesis and heavy snowfall.

In an analysis of the Presidents’ Day storm, Bosart
(1981) places particular emphasis on describing the
coastal frontogenesis observed prior to cyclone devel-
opment and the extent to which boundary-layer pro-
cesses and diabatic processes contributed to the rapid

© 1984 American Meteorological Society

cyclogenesis. Nevertheless, other studies have shown
that jet streaks' often play an important role in the
development of cyclones (e.g., Newton, 1956; Reiter,
1969; Hovanec and Horn, 1975). The intent of this
paper is to determine the role of upper- and lower-
tropospheric jets before and during the period of rapid
cyclogenesis.

The specific purposes of this paper are: 1) to present
a synoptic overview of the Presidents’ Day cyclone
that isolates two distinct periods of heavy snow, 2) to
identify the subtropical, polar, and low-level jet streaks
which appear to have influenced the development of
the cyclone, and 3) to focus on the subtropical jet
streak (STJ) and its role in the development of the
first area of heavy snow in the southeastern United
States during the pre-cyclogenetic period. In Section

' Palmén and Newton (1969, p. 199) define jet streaks as the
regions of isotach maxima embedded within the jet stream.
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On the anniversary of Lance’s 30
years of teachings.....A reminiscence on
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“....For the record, I counted 108 cTichs in that
class, m’h a daily record of 12 in the last class of
the semester,

in which Lance was dissecting the Uccellini President's

Day Storm papers with a [T eat C I eaver. «

AH....a fond memory!!!!!
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Folding on Rapid Cyclogenesis
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1. Introduction
On 18-19 February 1979, a major snowstorm

ious aspects of this storm, known as the Presidents’
Day cyclone, have been described by Bosart (1981),
Uccellini et al. (1983, 1984) and Bosart and Lin
(1984). Bosart's (I9Il) study provides a_detailed
analysis of the coastal frontogenesis that played an
important role in concentrating low-level baroclinicity

layer immediately off the East Coast.

Uccellini er al. (1984) study describes the increase in

upper-level divergence associated with a significantly

ic subtropical jet streak (STJ) and an is

tense and highly ageostrophic low-level jet (LLJ),

both of which mmtmbly influenced the develop-
during

mmmfhmy precyclogenetic

‘The synoptic overviews by Bosart (1981) aind Uceellini
et al. (1984) also indicate that the explosive devel-
opment phase of the Presidents’ Day cyclone com:
menced as an eastward propagating polar jet ﬂ’l)—
trough system moved across the central United States
and overtook the coastal ﬁ-omm 19 February. er¢1-
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e East Coast Cyclogenesis: Numerical Expenmenhﬁon
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(Manuscript received 7 November 1988, in final form 5 May 1989)
ABSTRACT

mentation of explosive East Coast cyclogenesis is performed using the Florida State University

udel (FSUGSM). The three cases examined here are the Presidents’ Day storm of 18-19

the North Atlantic and Pacific bombs of 18-20 January 1979 which formed off the cast

' States and Japan respectively. The use of a global model provides a framework for studying
aeast
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1. Introduction Observatic

On 18-19 February 1979, a very intense cyclone  guonloomen,

developed along the Middle Atlantic coast, producing  heayy snowfs
‘heavy snow and high winds from North Carolina t©  front'and iny
southeasiern New York and extreme southern New  Eepruary, an
England. This storm, known as the Presidents’ Day  glong the Mi
storm, is a classic case of a rapidly developing coastal produced the
cyclone and is of particular interest because of its apid  New York €

A series of

*Laboratory for Aimmpﬁm NASA/Goddard Space Flight Center, Greenbelt, MD 20771
General

of a Low-Level Jet and a Secondary Coastal Cyclone

Lours W. UCCELLINI,* RALPH A. PETERSEN,* K.E]TH F. BriLL,'
PAUL J. KOCIN® AND JAMES J. TUCCILLO!

Sciences Corporation, Laurel, MD 20707
**Development Division, National Metearological Center, Washingion, DC 20233

(Manuscript received 26 February 1986, in final form 14 March 1987)

ABSTRACT
numerical simulations is presented for the February 1979 Presidents’ Day in order 10

cyclone
understand more fully the roles played by upper-level jet streaks, the oceanic planetary boundary layer (PBL),

along the coast during the precyclogenetic period on intensification and heavy snowfall, which were i
W“:""‘ vorticty s poorly conserved, NOWSVER, 40 1§ February. Bosart also emphasizes & possible con- L et al (1984) a tropopause fold forecast by operational models poerty imoposliodo and latent heat release in the development of a low-level jet (LLJ) and secondary cyclogenesis along the East
""';m "“""‘I."” y“"“i bel and maistent - Dection between 2 line of convection near the uemcr (Reed, 1955; Reed and Dmeum ;g_gg) developed 119213 Bos Coast of the United States. Mesoscale model simulations with and without scnsiblc and latent heating show
'ﬂlﬂ“ e e iranmos 48P of the storm and the onset of explosive in the central United States Fﬁbruuy 1979, (158, the diabatic processes, along with the jet streak circulation patterns, contribute 10 the enhancement of the
waters of th mnﬂlﬂmﬂ‘*"‘mﬂﬂmv, which began afier 1200 GMT 19 Fel ma "The 1500 to 2000 km upstream of the East Coast and 12 — (1985). The low-level winds and the initial development of the coastal cyclone. However, none of the mechanisms acting
moistening in conjunction with sensible heating o Corresponding author address:  Dr. Louis W, Uccellini, 5,,,,c (1985) establ alane is sufficient to yield a msfmary simulation of the 1L and secondary cyclogenesis. Furthermore, the
southern Apy Mounains, The observed ‘Branch, Laboratory for Atmosphercs, NASA,/Goddard folding assoc model-based diagnostic analyses indicate that a synergistic interaction must exist among these processes. o
vlllm the la flow contributes to froatolysis. X ‘ I" Fiight Center, Code 612, Greenbelt, MD 20771. upper tropos account for the substantial increase in the magnitude of the low-level winds and the decrease in the sea level
of kinematic, qu and vertical motions reveals that the pressure that mark the secondary eyclogenesis for this case.

Ium:mm: method best captures the structure in the lower indicative of the importance of ing sequence is derived from the model diagnostic study: 1) Temporally increasing divergence:
boundary layer convergence. The semigeostrophic vertical motions are superior to the quasi-geostrophic axis of an upper-t jet streak located near the crest of an upper-level ridge is associated.
vertical motions in depicting a sloping updraft and a closer separation of the ascent-descent dipole. Solution MONTHLY WEATHER REVIEW VOLUME 122 wnm the development of an indirect circulation that spans the ntire depth of the troposphere and mdupllwd

of the semi vertical circulation equation from Hoskins and Draghici lends some support to the the jet. Th of the indirect circulation appears to extend northwestw
finding of Uccellini and others that the flow around the subtropical jet streak was unbalanced. fom the oscanic PEL up sloping lentsopic utfaces Lowasd 700 b over (e Appalachian Mountaims. 2)
Finally, kinetic energy export from the storm environment is balanced by a positive residual and generation Sensible heating and moisture flux within the oceanic PBL warm and moisten the lower branch of
by both the divergent and nondivergent components of the wind in a manner suggestive of an anticyclone the indirect circulation, enhancing precipitation rates and latent heat release west of the coastline. 3) The

region. combination of a shallow direct circulation associated with 3 front, soping
isentropic surfaces just 0 the west of the coastline, and latent ical dis
bt dithin the lower branch 4)T‘..= i
heric_ e Exch Presidents’ “the parcels in a (in which the pr with Imzh[)mulls in
St Trop ic Mass during the Pr Day Storm the rapid increase in the magnitude of the ageostrophic wind and associated uabalanced flow. This imbalance
1. Introduction a direct bearing on the storm deepening rate h. contributes 1o parcel acceleration, resulting in the formation of a 1LY in the lower branch of the indirect
i i i PAUL SPAETE circulation over a 2 to 4 h period. 5) The increasing wind speed moum with the developing LLJ is, in turn,
been ascertained and will not be discussed here the horizontal mass fl in the LLJ. The increase
Bosart (1981) d.acnbed the mmrd}?%y l‘;fF“: Uccellini et al. (1934) have shown that pt Space Science and Engineering Center, University of Wisconsin—Madison, Madison, Wisconsin i the mass fux divergence in the lower troposphere. layer
Day ol 18-15 kel rapid the i level i hi

ruary 1979 in the Middle Atlantic States. Evidence
was presented, based on the anxlys’u of surface obser-
vauom, whu:h su!gmod that me mc:punt cyclone

|hufmmednlon"(:amhmewwﬁmu Differential

acterized by an mplll'ylng. unbalanced sulm
Jet streak. They hywﬂ:mzed unt the therma

Sh‘uk lesu.hed in 2 more flvumbl: environme
through

heating, moistening and roughness between land and

caastal d diver
aloft. In their view, the lower level

DoNALD R. JOHNSON the coast.
Space Science and Engineering Center f A heric and Oceanic Sciences,
University of s —Madison, Madison, Wisconsin
1. Introduction

Topp K. SCHAACK

by bou

sea in n with cold air d ng 10 the east wumbedd.edinllmindimdeilmﬂltiunlm
of the Appalach a licated a5 with the ical jet and i
physical ﬂm d the layer and diabatic processes.

incipient cyclogenesis and allowed significant precip-
itation to develop along the coastal plain. The shallow
cyclone then tracked north. parallel to

The purpose of this paper is to extend and qu
the earlier work of Bosart (1981). Boundary

the coast. Rapid deepening ensued when this cyclone
came under the favorable southwesterly flow ahead
of a prominent upper tropospheric trough moving
eastward from the Ohio Valley. Convection occurred
in the vicinity, and to the north, of the rapidly
intensifying storm. Whether this convection (e.g., see
Sanders and Gyakum, 1980; Gyakum, 1983a,b) had

© 1984 American Meteorological Society

relevant to coastal frontogenesis and
muu will be emphasized. The cyclone spinu
s is investigated through a kinetic energy, vo
potential vorticity and vertical motion diagnos
2. Synoptic overview and vertical motion analy
Objective analyses of temperature, height and
are presented for the surface, 700 and 300 mb

St S and Center, University of Wisconsin—Madison, Madison, Wisconsin

(Manuscript received 23 Febrary 1993, in final form 10 September 1993)

ABSTRACT

Using data generated from a model simulation, the exchange of mass between the stratosphere and the tro-
posphere is estimated for the Presidents’ Day storm during a 24-h period beginning at 1500 UTC 18 February
1979, This 24-h interval coincided with a strongly developed tropopause. depression and lllwnselof upw:wc

is, The initial part of the stud: I vorticity

(IPV) to represent the tropopause. The 3,0-1PV-unit surface is chosen since the pressure mmbuxmn on this

surface closely matches the tropopause pressures reported by radiosonde stations, The [PV surface portrays the

‘of the tropopause asseciated with the polar-front jet and trough system accompanying the baroclinic
amplification of the Presidents’ Day storm.

Using a quasi-1 transport model, ic mass exchange is estimated for
the tegion (ncluding snd adjacent to the b ion. The estimated mass transport
from the st

{osphere 10 the tropasphore for the 2d- perfod et kg. The transport from the tropo-
sphere to e stratosphere is 2 X 10' kg yiclding a net transport across the tropopause of 3 X 10™ kg from
the stratosphere to the troposphere. These results sre confirmed by a second, independent model
simulation.

The mass transport from stratosphere o troposphere across the 3.0-IPV surface coincides with descend-
ing air, often referred to as the “‘dry airsiream,” arcing counterclockwise around the polar-front jet and
trough system from northwest to east. Reverse transpoft from the troposphere to the stratosphere occurs
northeast of the depression and agrees wiih trajectories of air parcels within the end region of rising
“‘conveyer belts.”*

In a recent study of major snowstorms along the
East Coast of the United States, Kocin and Uccellini
(1985a,b) find that a significant number of the coastal

are iated with ! i

near the coastline as a primary system weakens west
of the Appalachian Mountains. The forecast problems
associated with secondary cyclogenesis (labeled a type
B cyclone by Miller, 1946) are well known and include
specifying the timing and location of the redevelopment
of the surface low along the coast. Kocin and Uccellini
also show that the coastal cyclogenesis is often marked
by an enhancement of the 850 mb wind field, which
usually takes the form ofahw-lcvelJel(LLl) The LLY
dewvelops either as secondary

ial fthe ¥ along

or as a coastal front/inverted trough forms prior to
cyclogenesis. Maximum wind speeds can exceed 30 m
s~ in the core of the LLJ and are typically directed
from the south, southeast, or east toward the area of
heavy precipitation associated with the cyclone. The
LLJ acts to increase the moisture transport toward the
region of heavy precipitation. The strong warm air ad-
vection associated with large wind speeds and thermal
gradients along the coast may also be an important
factor in the occurrence of secondary cyclogenesis.

In the analyses of the Presidents” Day cyclone of 18
and 19 Fel:ruary 1979, Uccellini E’l al. (1984) descnbc

ofani

LLI on 18 February, during the period in which a
coastal front and inverted trough formed along the

@ 1987 American Meteorological Society

Coast. The sea-level pressure as-
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