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ALISTRAM

A series of forecast oxporimonts mis eonduoted to assess the accivacy of

the GLAS model's prediction of the Mid-Atlantic States cyclone of 18-19 Febrilary

1979, and to detormino tile iqx)rtanco of largo-scale dynamical procc,4ssos and

dialxttic heating to the cyclogollosis. Illo GLAS model Tormast from 
tile 

CYLAS

analysis a ,t 0000 GAIT 18 1-bbruary correctly predicted Intense mistal cyclo-

genesis and heavy precipiW4on. When this foxwmst Mts repeated withotit sur-

face beat and imi8ture f1mos, tile wodol failed 
to 

predict any cyclone dovolop-

ment. An extended-range forecast from 0000 OW 16 libbroary as mill its a fore-

east from 'tile NNIC analysis mt 0000 GMT 18 10bruary intorIx)latext to the WAS

grid and a forecast Xmi ' gilt? 	 analysis at. 0000 GNIT 18 Ribruary with the

surface imisture flux oxcludod peodicted Nkv)aIc coastal low doveloptiont.

F,'xamination of these forecasts shows that 0 1 * Ixt ,tic heating resulting

from ocounic Tuxes significantly contributM to the generation of low level

cyclonic vorticity and 'tile intensification and slow rate 
of 

mveliunt of all

'Lipper :level, 	 over the wistorn Atlantic.. As 
all 

upper level short-wave

trough approached this ridge, (WILVItic heating associatod with tho reloase 0^

l4tOnt 110ftt intorlSiXiOd, tend the gradient of vorticity, vortiolty advmtic4i mic!

upper:` level divorgonem in advance of tile troogh wore greedy inermis M. j rroviding

strong large-scale forcing for 'tile stirl'aco ovillogenesis.V
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1. INTRODUCTION

In recent years numerical weather prediction (NWP) models have demon-

strated considerable success in the prediction of extratropical cyclone develop-

ment and displacement. However, notable exceptions occasionally occur in

which there are 'large errors in the predicted location or intensity of cyclo-

genesis, or the displacement of existing or newly developed cyclones. These

errors may be due to a variety of reasons; the most important of which are

poor specification of the initial state, numerical errors and inaccurate physical,

parameterizations. In addition, when cyclogenesis occurs over oceanic regions,

the description of the sequence of processes leading to the observed development

may be difficult and the exact mechanism of cyclogenesis poorly understood.

A considerable discussion and controversy has developed regarding the

development of the Mid-Atlantic States cyclone of 18-19 February 1979. This

storm, also referred to as the Presidents' Day cyclone, is significant because

of the severity of the weather it produced and the failure of the operational

models in use at the National Meteorological Center (NMC) to adequately predict

the intensity of cyclogenesis. Excellent reviews of the synoptic situation

and development of this storm, have been provided by Bosart (1981) and Uccellini

et al. (1981). Both articles also suggested hypotheses for the poor numerical

prediction, based on subsynoptic scale phenomena not well represented by the

operational models. Bosart emphasized the development of a coae+,l front and

the importance of boundary layer processes to the cyclogenesis, while Uccellini

et a1. stressed the complex interactions associated with a propagating jet

streak. NMC has also conducted experiments relating to this case (J. Newell,

personal communication). These experiments show improved short-range (24 h)

predictions with a model having higher vertical resolution than the one applied

operationally at NMC.
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The objective of this paper is to explore 
the 

dovelopment of this evyclono

its predicted by the GIAS ge-neral circulation
model.
	 Forecasts from 0000 GMT 16

Yebruary and 18 Fobruary 1079 were perlorox--d using diffoxxnit initial analyses

and physical parameterizations, 13ased oil these forecasts, the systems and pro-

vessos which appear to 
be 

important to 
the 

intensity of c-yelogenesis in this

caso will be discussed.

800tions 2 and 3 pr(-zent i) brief review of the synoptic sitwation and NNIC

model forecusts for this case. Doscriptive results from the GI AS model forecasts

aro prosonted in section 4. Oonclusions follow in section 5.

8YNOPTTC SITUATION

IX)tailod descriptions of the synoptic situation for this 
ease 

have been

pr'-07-0011ted 113* lam; sart and Uccollini Lit &It liliorofore only a brief summry 
of 

the

nxtin synoptic features will 
be 

given hor-A.

Figs. I to 5 present the National Weathor A rvice l s surface, 850 tob and

5r 00 nib analyses at 12 h intervals for the poriod 0000 (;MIT 18 ^Vlbruary to 0000

GMIr 20 1"obruary 1979. At 0000 GMT 18 February (Fig. 1), a massive high pressure

systot	 m was comtored over the Great Lakes. Associated with this system were

oxtroirely cold temperatures over the northeast United States and an unusually

;-,trong flow of cold dry air over the warm waters adjacent to the vast coast.

A cold front extended westward from tho southern edge of this cold air outbreak

to tho Gulf of Mexico, while a	 inverted trough extended northward from

this front to Kentucky . Wool; wave formation was occurring in the Gulf of

Mexico  in conjunction with moderate cold advoction in that area.

At 850 nib, it strong baroclinic zone extended northward from the surface

cold front. A.-?arly zonal flow was present at 500 mb abovo this zone and a

distinct; short-wave trough was located over the Great Plains. Light to moderate
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snow was occurring beneath and slightly in advance of this tipper level trough

while primarily drizzle and rain was falling in the vicinity of the surface

inverted trough.

During the next 12 h (Fig. 2), the surface high moved slowly eastward,

the inverted trough extondiiig northward from the Gulf of Mexico intensified,

€►, weak low appeared along the frontal wave in the Gulf, and a coastal front

(not evident in the synoptic sea!,-:% analysis of available conventional data)

developed along the sj,utheast coast. `1'he strong cold advection which had

been prevalent at 850 mb along nearly the entire east coast ended in that

area due to the eastward movement of the high. This was replaced by strong

warn advection along 'the South Carolina coast where 50 knot winds from the

southeast were reported at the 850 mb level. At 500 mb, the short-wave trough

deepened and moved slowly eastward. A shallow ridge, downstream from this

trough moved over the eastern United Mates accompanied by west-northwesterly

flow over the east coast and adjacent waters. Precipitation, primarily in

the form of snow at 1200 GMT 18 February covered most of the southeast and

extended northwestward to the Great plains.

By 0000 GMT 10 February (Fig. 3), a new surface low with a central pres-

sure of approximately 1017 mb formed along the coastal front, while a much

weaker pressure minimum appeared over Kentucky within the inverted trough to

its northwest. These systems were separated by a shallow wedge of cold air 	 )^

which had moved southward along the lee side of the Appalachian mountains

}
	 during the preceding 12 h. At 850 mb, a low pressure center was located

along the Illinois-Indiana border ,just slightly to the west of the weak

surface low in Kentucky, while warm advection was occurring above and slightly

to the north of the coastal low. At 500 mb, the short-wave trough had continued

to move eastward and was located directly above the 850 mb low, and nearly
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straight west--southwesterly flow was present above the coastal low. At this

time, mderate to heavy snow was occurring in portions of Virginia and North

Carolina, while light to moderate snow extended to the northwest of this area.

During the next 9 ho the low previously over Kentucky moved northeastward

to Ohio without substantially changing in intensity, while the coastal low

moved northward to Chpe Hatteras and deepened slightly. Following 0900 04T 19

February, explosive cyclone development began to the north of Cape Hatteras in

conjunction with the movement of the upper level shvrt-wave trough toward this

area and the shortening of the half-wavelength between this trough and the

offshore ridge. At 1200 GMT 19 Febr-,iary (Fig. 4), an intense surface low with

a central pressure of approximately 1006 mb was located due east of Virginia

wider the diffluent flow in advance of the 500 mb trough. A strong cyclonic

circulation was also present at 850 mb, with the low pressure center at this

level located slightly to the west of the surface low. A baroclinic thermal

structure is evident with the low located between an upstream thermal trough

and downstream thermal ridge. Heavy snow was occurring from Virginia to south-

east New York at this time

The surface low moved slowly to the east-northeast and continued to deepen

rapidly for the next 6 11 but underwent little change in intensity thereafter.

BY 0000 GMT 20 February (Fig. 5), the intense cyclone and the 500 mb short-wave

trough had moved well offshore and snow had ended -along the entire east coast.

3. MC MODEL FORECASTS

In recent years, MC's primitive equation models have shown outstanding success

in the prediction of intense win-ter storms (Cressman, 1978). In addition,

while the Barotropic model is not capable of directly forecasting cyclogenesis,

it can and often does provide strong indications that cyclone development will
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occur. This is usually apparent as the shortening of the half-wavelength

between a trough and downstream ridge or by the amplification of a trough with

attendant increased positive vorticity advection over a surface baroclinic

zone (Staff, National Weather Analysis Center, 1960).

The Baxotropic model, Limited-area Fine Mesh model (LEM-11) , and Seven-

level primitive Equation models in use at the National Meteorological Center

in February 1979, all failed to provide accurate prognostic guidance for the

intensity of cyclone development that occurred on 19 February.

Fig. 6 shows the Barotropic model's. initial analysis of 500 mb geopotential

height and absolute vorticity on 0000 GMT 18 February, its 36 h forecast from

this initial condition, and the verifying barotropie analysis for 1200 GMT 19

February. Comparison of these figures reveals that the Barotropic model did

not predict the intensification of the short-wave trough or the development of

an offshore ridge. As a result it greatly underesti g uted tie gradient of

vorticity and the vorticity advection in the region of cyclone development.

Figs. 7 and 8 show the LFM-II's 12 h, 24 h, and 36 h forecasts of sea-

level pressure and 500 geopotential height and absolute vorticity valid at

1200 WT 19 February as well as the verifying analyses for that time. Comparison

of the sea-level pressure predictions (Fig. 7) with the verification shows a

considerable improvement in forecast accuracy with time but reveals serious

deficiencies in all of the forecasts. The 12 h :forecast correctly predicted

that cyclogenesis would occur but significantly underestimated the intensity

of cyclone development and incorrectly indicated the position of the low too

far south. The 24 h forecast also predicted cyclone development but indicated

an even weaker cyclonic circulation; the 36 h forecast predicted only an inverted

trough along the east coast.
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Part 
of 

the explanation for the errors at sea level is evident from the

IN-Il l s  500 mb height and vorticity prognoses (Ig. 81. Wmparison of these

forecasts with the verification shows that althodgh the prediction of the

amplitude of the short-wave trough and associated vorticity maximum improves

with titro and is significantly bet-tor than the Barotropic model's prediction,

all of the forecasts substantially underestimto the doveloyxront of the

offshore ridge. 
As 

a result, the gradient of vorticity, vorticity advection

and upper level divergence in advance of the trough are also underestimated•

4. GLAS MOD BL FORECASTS

The objectives of our experiments were to assess the accuracy of the

GLAS model's prediction and determine the importance of large-scale processes

and diabatic heating to the development. In this section, GLAS irodol fore-

sts frani 0000 Q91T 16 February and 18 February 1979, will 
be 

presented.

Initial conditions for the forecasts were provided by either the GIAS NOSAT

assimilation cycle (described in detail by [W.em et al., 1982) which began

on 5 January and continued through 5 March 1979, or by an interpolation of

the NMC analysis to the GUS grid.

In the GIAS objective analysis scheme (Balser Pt al., 1981), zonal and

w.ridional wind components, Seopotential height and relative humidity are ana-

lyzed on mandatory pressure surfaces. The 6 h model forecast provides a first

guess for these fields at 300 mb and at sea level, where pressure and tempera_

turn are also analyzed. The first guess for the other levels is obtained

from the model first guess, modified by a vertical interpolation between

the two closest completed analyses. Vertical consistency is maintained through

static stability constraints. The analysis at each level is performed with a

successive correction method (Cressiran, 1959) modified to account for differences

in the data density and the statistical estimates of the error structure of the

observations.
-6-



The model used in the assimilation and to generate the forecasts is the

fourth order global atmospheric model describe" Uy Nalnay -Rivas et al,. (1977) ,

Kainay-Rivas and Eioitsma (1979) and tialem et al, (.1032). It has nine ver-

tical layers, equally spaced in sigma, and a rather coarse horizontal resolu-

tion of 4° latitude by 00 longitude, which is compensated by the use of accurate

horizontal differences. With the exception of the computation of longwave radia-

tion (Wu, 1980), and a slight change to the calculation of surface temperature

and surface fluxes (5ud and Abeles, 1981), the par#wterization of physical

processes is essentially the same as in the second order model of Somerville

et al.(1974).

Table 1 summarizes the forecast experiments that were performed. Complete

model physics was used in all but two of t ,e forecasts. In one of the experiments

sensible and latent heat 91,4xes from the earth's surface to the atmosphere were

eliminated; in the other experiment, only the latent heat flux was removed.

a. Forecasts from 0000 GMT 18 February 1979.

Figs. 9 and 10 present the sea-level pressure, 1000-500 mb thickness,

850 mb geopotential height and temperature and 500 mb geopotential height and

temperature fields from the GLAS NOSAT analysis and the NMC analysis inter-

polated to the GLASS grid at 0000 GMT 18 February 1979. Comparison of these

figures shows little difference in >le representation of the anticyclone

over the northeast, the baroclinic zone along the east coast or the inverted

trough extending northward from the Gulf of Mexico. However, at 500 mb the

GLAS NOSAT analysis portrays a somewhat stronger short-wave trough along

1000 W than does the interpolated NMC analysis.
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k(WC19T bO,  THE' GLAS ANALYSIS

Figs. 11 to 14 show the 12 h to 48 h forecasts of sea level pressure)

1000-500 mb thickness, 850 mb geopotential height and temperature and 500 mb

geopotential height and temperature from the GL,AS NOSAT analysis at 0000 GMT

18 February 1979 at 12 h intervals. During the first 12 h of the forecast

(Fig. 11), the anticyclone initially over the Great Lakes as well as the in-

verted trough extending; northward from the Gulf of Mexico are predicted to

move slowly eastward, and a now inverted trough begins to develop along the

southeast cost of the United States. At 850 mb, strong cold adveetion ands

along; most of the cast coast as a ridge moves over this area. At 500 mb,

the short wave trough moves slowly eastward and a ridge moves over the eastern

United States.

Over the next 12 h, the offshore inverted trough at the surface intensi-

fies and general eastward propogation of the 500 mb trough and ridge, the sur-

facu anticyclone and the inverted trough over the southeast continues. The

forecast for 0000 GMT 19 February (,Fig. 12) shows the surface anticyclone to

be over the northeast and a single bread inverted trough along the east coast.

At 850 mb a moderate cyclonic circulation is centered over the Ohio Valley

directly beneath the 500 mb short-wave trough. A shallow 500 mb ridge is

located along the Past coast.

Weak surface cyclogenesis and moderate precipitation (not shown) begins

within the inverted trough along the cast coast during the next 3 h and

dramatically intensifies 3 h to 6 h later with the approach of the upper

level trough toward this area. The forecast for 1200 GMT 19 February (F`i.g.

13) shows an intense surface cyclone; with a central contour value of 1012 nt

located just offshore from the Virginia-North Carolina coast. The surface

low pressure center is located slightly upstream from the 1000-500 mb thickness

-8-



ridge in a region of positive ormal vorticity advection. At 850 mb, there

is a strong cyclonic circulation centered .slightly to the west of the surface

low and also upstream from the thermal ridge. At 500 mb, the short-wave

trough is located over the Appalachian mountains while the3 ridge at this

level is to the east of the surface cyclone. The half-wavelength between

the trough and downstream ridge has been predicted to decrease slightly and

diffluen"r flow from the southwe6t exists over the intensifying low. Heavy

precipitation (not shown) was predicted to occur along the mid-Atlantic coast

from Virginia to Now York at this time.

During the next 12 h of the forecast (Fig. 14), the 500 mb trough moves

to the east coast and the surface cyclone moves to the northeast while continuing

to intensify. At 9000 GMT 20 February the surface low is predicted to have

a central contour value of 1004 mb and to now be located within the 1000-500

mb thickness ridge. The 850 mb low is also pre3dictued to have a wa-rimcore

structure at this time.

FORECASTS FROM THE GY.AS ANALYSIS WITHOUT SURFACE HEAT AND/Ulf, MOISTURE FLUXES

Figs. 15 to 18 present the 12 h, 24 h, 36 h and 48 h forecasts from the

GLAaS analysis at 0000 GMT 18 February in which surface sensible and latent

heat fluxes were eliminated from the model. The 17 h forecast (Fig. 15)

shows the slow eastward movement of the surface anticyclone, the 850 mb ridge

and the 500 mb short-wave trough and ridge but does not indicate the develop-

ment of an inverted trough at the surface along the southeast coast. Instead

the surface high becomes well established over the coastal waters.

During the next 24 h (figs. 16 and 17), the invert-;d trough extending

northward from the Gulf of Mexico is forecast to decrease in amplitude and

remain quasi-stationary despite the movement of the surface high offshore.

At 850 mb a moderately strong cyclonic circulation is forecast to develop

-9-
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over the midwost and m)vo eastward. At 1300, ir►  the short-wave trough is

forecast to 
move 

over the eastern United States as the ridge at this level

weakens slightly and moves well offshore. The half-wavelength between the

trough and downstream ridge is predicted to increase and surfaco cyclogenesis

does not occur. Over the next 12 h, (Fig. 18) the surface high continues to

move eastward leaving a weak pressure gradient over the east coast, and the

850 mb and 500 mb 'troughs weaken and move offshore.

Figs. 19-22 show the 12 h to 48 h 'orecasts from 
the 

ULAS analysis at

0000 GN1T 18 February in which only the surface latent heat flux was eliminated

from the model. This forecast is sitC,.̀ cLr to the preceding C-149 model predic-

tions at 850 mb and 500 mb during the first 24 h, but differs at the surface in

its devoloi ► w.nt of a sowwhat weaker inverted trough along the southeast coast

than is present in the forecast which included both sensible and latent heat

fluxes. From 24 h to 36 h, the surface inverted trough amplifies markedly,

but cyclogonusis does not occur as the upper level trough approaches the cast

coast and the half-wavelength between this trough and the weakening ridge

increases slightly. During the last 12 h of the forecast a weak low with a

central contour value of 1024 mb is predicted to develop within the inverted

trough at the surface.

R)RECAST FROM THE NMC ANALYSIS

Figs. 23•25 show the 12 h, 24 h and 36 11 forecasts from the interpolated

WC analysis. During the iirst 24 h of the forecast (Figs. 23 and 24), a

broad inverted trough, which is slightly weaker than in the corresponding fore-

cast from the GLAS analysis, form at the surface over the southeast United

States and adjacent waters as an eastward 
moving 

inverted trough merges with

a developing coastal trough. The short-wave trough at 500 mb is predicted

to move to the Ohio Valley and weaken while a shallow ridge at this level moves

-le-



over the east coast. As the upper level trough approaches the east coast,

cyclogenesis is predicted to occur within the inverted trough, such that by

1200 GMT 19 February (Fig. 25) a surface cyclone wit!) a central contour value

of 1020 mb is forecast to the east of the North Carolina coast. A closed

low pressure center was not predicted to form at 850 mb, although a moderately

strong cyclonic circulation with favorable baroclinic thermal structure is

indicated.

b. Forecast from the GLAS analysis at 0000 GMT Iij February 1979.

Figs. 26-29 present the 48 h to 84 h forecasts of sea-level pressure, 1000-500

mb thickness, 850 mb geopotential height and temperature and 500 mb height and

temperature from 0000 GMT 16 February 1979 at 12 h intervals. The 48 h forecast

(Fig. 26) correctly shows tho massive anticyclone which dominated the northeast

United States, the strong cold air outbreak along nearly the entire east coast

and the inverted trough extending northward from the Gulf of Mexico. However,

at 500 mb a very serious error is present as the model has predicted only very

shallow troughing over the central plains. Over the next 24 h (Vigs. 27 and

28) the surface high rmves slowly eastward and a broad inverted trough develops

over the east coast under nearly straight west-northwesterly flow aloft. Weak

cyclogenesis is predicted to occur within this inverted trough during the next

12 h as the shallow upper-level trough m3ves toward the east coast. By 1200

GMT 19 February (Fig. 29) a surface cyclone with a central contour value of

1024 mb is located east of Maryland, slightly north of the observed cyclone's

position. Only weak troughing is present above and to the west of the surface

low at the 850 mb and 500 mb levels.
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o. Analysis of cyclogenetic forcing

Examination of the GJAS model forecasts presented in this section shows

that substantial differences in the prediction of cyclogenesis resulted from

the use of different initial conditions as well as the exclusion of sensible

and latent heat fluxes. The results of these fore-asts suggest that the

major factors contributing to the intensity -if cyclogenesis in this case

were the heating of the atmosphere above the warm coastal waters adjacent to

the east coast and the strong upper level trough moving toward this area.

1k) further understand the role of these processes, we present in Figs.

30-33 vertical cross sections of temperature, absolute vorticity, vorticity

advection, and divergence along latitute 38 0 N for the four 36 h GJAS model

forecasts from 0000 OAT 18 Febraury 1979. Comparison of the forecasts with

-1O	 V"- QO)and without surfaco sensible heat and/or moisture fluxes (Figs. V 

shows 
the 

role of those fluxes in contributing to the generation of low

lovel cyclonic vorticity and upper level anticyclonic vorticity from 70-75 0 W.

Significant diabatic heating resulting from these fluxes is evident from the

surfaco to 500 mb. As a result, the 'Lipper-level gradient of vorticity, vorticity

advoction, and divergence, and low level vorticity production by convergence

are greatly increased 
in 

advance 
of 

the upper level trough.

Wilparison of the forecasts from the GLAS and WC analyses (Figs. 30 and

:33) as well as the forecast from 0000 GMT 16 Yebruary (not shown) shows the

importance of the intensity of the upper-level trough and to a lesser extent

tho intensity of diabatic heating to the predicted cyclogenesis. The result

of the weaker upper-level trough and slightly weaker diabatic heating in the

forecast from the interpolatod KNIC analysis is also to give a weaker upper-level

gradient of vorticity, vorticity advection, and divergence and hence less

cyclonic developirent at tile surface.
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5 . C ONCLUS IONS

On 15-19 February 1970, an intense cyclone dev`4oped along the east coast

of the United States and produced vary heavy snowfall from Virginia to southeast

Kew York. The Barotropic model in use at the National Meteorolgical Center

did not provide any indication of strong upper-air forcing for this storm,

while the Seven-Level Primitive Ekluation Model and L-4-I1 greatly underestiiTated

the strong positive vorticity advection along the east coast on 19 February as

well as the surface cyclogenesis.

A series of forecast experiments was conducted to assess the accuracy of

of the GLAS model's prediction of this storm and the importance of large-scale

dynamical processes and diabatic heating to the cyclogenesis. The GLAS model

forecast from the GLAS analysis at 0000 GMT 18 February correctly predicted

intense coastal cyclogenesis and heavy precipitation. An extended-range fore-

cast from 0000 GMT 16 February as well as a forecast from the NMC analysis

interpolated to the GLAS grid predicted only weak coastal low development. A

forecast with surface heat and moisture fluxes eliminated failed to predict

any cyclogenesis while a similar forecast with only the surface moisture flux

excluded showed weak development. Detailed examination of these forecasts shows

that diabatic heating resulting from oceanic fluxes significantly contributed

to the generation of low level cyclonic vorticity and the intensification an-,,,

slow rate of movement of ,in upper level ridge over the western Atlantic. As

an upper level short-wave trough approached this midge, diabatic heating asso-

ciated with the release of latent heat intensified and the gradient of vorticity,

vorticity advection and upper level.divergence in advance of the trough were

greatly increased, providing strong large-scale forcing for the surface cyclo-

genesis and heavy precipitation.
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In attempting to explain the intense cyclone development that occurred on

19 February and the reasons for the poor NMC model predictions, Bosart (1981)

and Uccellini et al. (1981) emphasized subsynoptic processes and the inter-

action of synoptic and subsynoptic scales. However the GLAS model forecast

from 0000 GMT 18 February which included sensible and latent heat fluxes was

remrkably accurate in its prediction of cyclogenesis on 19 February and the

subsequent movement and further intensification of this storm, even though it

could not resolve either the coastal front discussed by Bosart, or the magnitude

of the jot streak processes discussed rye Uccellini ems. It is clearly not

possible to study the specific effects of subsynoptic processes on the observed

cyclone development with a coarse model and such .:jtfects probably did play a

role in the details of the storm's evolution. The results presented here

indicate, however, that strong large-scale forcing for cyclogenesis was present

in this case. The model's simulation 
of 

this forcing and its parameterization

of subgrid scale processes seemed sufficient to nake an accurate prediction

of the storm.
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Table 1 description of Experiments

Experiment Forecast Model Initial, Conditions

1 GLAS GCM GLAS Analysis at 0000 GMT 18 Feb.

Z Sanie as 1 but GLAS Analysis at 0000 GMT 18 Feb.
without surface
sensible heat and
moisture fluxes

3 Same as l but
without surface GLAS Analysis at 0000 GMT 18 Feb.
maisture flux

4 Same as 1 MC Analysis at 0000 GMT l8 Feb.

5 ►̂ aRk', as 1Same GLASuLn^a A	 nl. siscu"laa ^g d^7 at^... t OrOv-16 GMT 16 F
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PRECEDING PAGE BLANK NOT FILMED

FIGURE CAPTIONS

Fig. 1 National Weather Service 500 mb (top) 850 mb (middle) and surface
(bottom) analyses for 0000 GMT 18 February 1979.

Fig. 2 Same as Fig. 1 for 1200 GfAT 18 February 1979.

Fig. 3 Sams as Fig. l for 0000 GMT 19 February 1979.

Fig. 4 Same as Fig. 1 for 1200. 	 GMT 19 February 1979.

Fig. 5 Same as Fig. 1 for 0000 GMT 20 February 1979.

Fig. 6 Barotropic model 0000 GMT 1.8 February 1979 analysis (top), 36 h forecast
valid at 1200 GMT 19 February 1979 (middle), and 1200 GMT 19 February
1979 (bottom) analysis of 500 mb geopotential height (solid lines) and
absolute vorvicity (dashed lines).

Fig. 7 Sea-level pressure analysis and LFM-II 12 h, 24 h, and 36 h sea-level
pressure (solid lines) and 1000-500 mb thickness (dashed lines) forecasts
valid at 1200 GMT 19 February 1979 (after Uccellini et a1., 1981).

Fig. 8 Same as Fig. 7 for 500 mb geopotential height and absolute vorticity.

Fig. 9 GLAS analysis of 500 mb geopotential height and temperature (top) 9-50
mb geopotential height wnd temperature (middle), and sea-level pressure
and 1000-500 mb thickness (bottom) at 0000 GMT 18 February 1979.

Fig. 10 Same as Fig. 9 for NMC analysis interpolated to the GLAS grid.

Fig. 11 Same as Fig. 9 for 12 h GLAS model forecast from the GLAS analysis at
0000 GMT 18 February 1979.

Fig. 12 Same as Fig. 9 for 24 h GLAS model forecast from the GLAS analysis at
0000 GMT 18 February 1979.

Fig. 13 Sam as Fig. 9 for 36 h GLAS model forecast from the GLAS analysis at
0000 GMT 18 February 1979.

Fig. 14 Same as Fig. 9 for 48 h GLAS model forecast from the GLAS analysis at
0000 GMT 18 February 1979.

Fig. 15 Same as Fig. 9 for 12 h GLAS model forecast without surface heat
and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979.

Fig. 16 Same as Fig. 9 for 24 h GLAS model forecast without surface heat
and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979.

Fig. 17 Sam as Fig. 9 for 36 h GLAS model forecast without surface heat
and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979.

Fig. 18 Same as Fig. 9 for 48 h GLAS model forecast without surface heat
and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979.

-19-

s;



Fig. 10 Samo as rid;. 9 for 12 h GIA9 mr,del forecast without surface moiocure
flux from the GLA.S analysis at 0000 GMT 18 February 1979.

Fig. 20 Sam as Fig. 0 for 24 h GLAS mod ial forecast without surface moisture
flux from the GI.,A,S analysis at 0000 GMT 18 February 1979.

Fig. 21 Same as Fig. 9 for 36 h GLAS model forecast without surface moisture
flux from the GLAS analysis at 0000 GMT 18 February 1979.

Fig. 22 Same as Fig. 9 for 48 h GLAS model forecast without surface moisture
flux from the GLAS analysis at 0000 GMT 18 February 1979.

Fig. 23 Sara as Fig. 9 for 12 h GLAS model forecast from the NMC analysis
at 0000 GMT 18 February 1979.

Fig. 24 Same as Fig. 9 for 24 h GRAS model forecast from the NMC analysis
at 0000 GMT 18 February 1979.

Fig. 25 Same as Fig. 9 for 36 h GLAS model forecast from the NMC analysis
at 0000 GMT 18 February 1979.

Fig. 26 Same as Fig. 9 for 48 h GLAS model forecast from the GLAS analysis
at 0000 16 February 1979.

Fig. 27 Sara as Fig. 9 for 60 h GLASSmm-de forecast from the GT, AS analysis
at 0000 GMT 16 February 1979.

Fig. 28 Same as Fig. 9 for 72 h GLAS model forecast from the GLAS analysis
at 0000 GMT 16 February 1979.

Fig. 29 Same as Fig. 9 for 84 h GLAS model forecast front the GLAS analysis
at 0000 GMT 18 February 1979.

Fig. 30 Vertical cross sections of temperature, absolute vorticity, vorticity
advection, and divergence along latitude 38 0 N for the 36 h GLAS model
forecast from the GI AS analysis at 0000 GMT 18 February 1979.

Fig. 31 Same as Fig. 30 for 36 h forecast without surface sensible heat and
;noisture fluxes.

Fig. 32 Same as Fig. 30 for 36 h forecast without surface evaporation.

Fig. 33 Sams as Fig. 30 for 36 h forecast from the I`MC analysis.
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Fig. 1 National Weather Service 500 mb (top) 850 mb (middle) and surface
(bottom) analyses for 0000 GMT 18 February 1979.
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Fig. 2	 Same as Fig. 1 for 1200 GMT 13 February 1979.
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Fig. 5 Same as Fig. 1 for 0000 GMT 20 February 1979.
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Fig. 24 Same as Fig. 9 for 24 h GLAS model forecast from the NMC analysis
at 0000 GMT 18 February 1979.
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Fig. 25 Same as F;g. 9 for 36 h GLAS model forecast from the NMC analysis
at 0000 GMT 18 February 1979.
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Fig. 26 Same as Fig. 9 for 48 h GLAS model forecast from the GLAS analysis

at 0000 16 February 1979.
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at 0000 GMT 16 February 1979.
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Fig. 28 Same as Fig. 9 for 72 h GLAS model forecast from the GLAS analysis
at 0000 GMT 16 February 1979.
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at 0000 GMT 18 February 1979.
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