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1. Introduction

The attention of many meteorologists has been directed to the Presidents’
Day snowstorm of 18-19 February 1979. Not only was the storm very severe, but
also the National Meteorological Center's (NMC's) operational model, the Limited-

area Fine-mesh Model (LFM), failed to forecast the storm adequately.

On 18-19 February 1979, an intense cyclone developed along the mid-Atlantic
coast and produced heavy snowféll there. The storm brought up to 24 inches of
snow from Virginia to southern New Jersey. Snowfall rates of 1 inch per hour
were common. Rates up to 4 inches per hour in the Washington D.C. area were

the heaviest in over 50 years.

Using mesoscale synoptic analysis, Bosart (1981) described the feaﬁures
and processes contributingktO‘cyclone intensification and heavy snowfall. The
upper-level divergence aéséciated with an amplifyving subtropical jet streak
(STJ) played an important rdle‘in lowering the surface pressure and increasing
the magnifude of low=~level winds. Also, an intense iow—level jet (LLJ) trans-
ported enough moisture into the region of heavy snowfall and the increased
thermal advection associated with the LLJ contributed to the development of
the thermal ridge and surface pressure falls along the East Coast. The develop-
ment of the coastal freont andylargeéscale theimal ridge was the important
factor in establishing conditions favorable for rapid cyclogenesis and in
moving the cyclone north—northeastwérd pargllel to thé coast. Therefore phasing
was favorable for deepening with respect to the vigorous short-wave trough

moving eastward through the Ohio River Valley.

Uccellini et.al. (1983) made some numerical simulations of this snowstorm

with a mesoscale model containing 14 layers and a grid spacing of 52 km. They



found that the high~-resolution boundary iayer of the model, combined with the
significant-~level radiosonde data, contributed to a better forecast. Additionally,
both dynamic and thermodynamic processes were needed for the development of

the ‘coastal inverted trough and the LLJ, which significantly influenced the

development of the snowstorm.

Nappi and Warner's (1983) experiments on a mesoscale model (15 layers, 60-km
grid spacing) supported the above conclusions, and emphasized that the greatest
improvement resulted from an increase in model vertical resolution associated

with the use of a high~resolution planetary boundary-layer parameterization.

Because of the great scientific interest and extensive documentation, the
Presidents' Day storm was selected as a casé to’evaluate the performance of the
Nested Grid Model (NGM) and to provide insight into thé impbrtance of the
parameterization of various physical pfocesses in accurately forecasting
precipitation for this significant weather event. The results are shown and

discussed in this paper.

2. Numerical Model -- the NGM

The NGM has been running on a dnily basis at NMC since June 1984, with
formal opefational status beginning on 27 March 1985. The model forecasts on a
polar—snereégraphic hemispheric grid and several interior rectangular grids,
each of sucéessively smaller area and finer horizontal resolution (Phillips,
1979). The nnmber of grids, vértical regolution, and horizontal resolution
are flexible. At the time of this study a 12~layer, three-grid version was in
use. The horizontal grid increment of thé finest grid was about 98 km at 45N.

In contrast, the currently operational version has 16 layers with a grid incre-

ment of 84 km at 45N.



.‘ LI ‘ A“ re}.ativelf simple.»formulati;n,,of the.boundafy layer was géed. .."I_'he,
boundéij‘iéyer,:defined'as ﬁhe bottom}iaYerfof,the model; had a thicknessiof_
0.075“in the sigma cébidinatérsy§tem;.équbﬁlent exchange §f>m§mentum,'heat,_
Iand ﬁoisture-was bermitted1£etwéen model iéyéfs. Sﬁrface'momentuﬁ fluxes over

© . land and.water were céicﬁlétéd bf é bulk aéroaynamic formulatibn,'as werevheét
-'and moisture fluxes. to éﬁd'fréﬁ“the ocean. The rdutine NMC énaiysié of ocean
ﬁemperature Was used, with the saturatéd‘spécifid humidity at the ocean surfaceﬁb'

derived fromythaéﬁ
The method of Philliﬁs (i981)'Was used td.determine‘gridfscale‘precipitation

with associated latent heating. . In this method, the speciﬁié_hﬁmidity q around

a grid point i$ assumed to bé‘evenly distributed between the limitngivén by .
L@ (-8 < q < q (144),
where g is. the value of specific:humidity at the grid point, ahd Ais a experi-

" ‘mental CoeffiCientQ which was .0.05 for these experiments. The percentage of

_the area with supersaturation around the grid point, therefore, can be shown -

to Be :

T (1+4) - g

£ = —_—
2 q A

kCieafly, CbhdenSation'bccurs‘completely (£ = 1) when qés=fg,(1—A), and no
Vcondensation,éccﬁrs (f = 0) when g4 = E (1+4). All condensed waﬁer,vapor
vfell»immediatelygto,thé ground; neither‘evaporatiOn-ofvfalliﬁg drops nor ‘cloud

‘storage were included. -

. ‘ A modified Kuo (1965) foimt;ll_étidn*of o_rganizeducuinulus‘convéction was .

applied forvmoistfconvective déﬁustment. Cloud temperatureS'Werevcalculatéd from



the warmest equivalent potential temperature in the lowest four layers for each

grid point. The convective condensate was allowed to fall subject to the condi-
tion that it evaporated until each layer through which it fell had reached

about 90% relative humidity.

3. Numerical Experiments

After making the control NGM forecast with all the physical processes
mentionediabove, forecasts (without moist convective adjustment, without latent
heat release, without fluxes of heat and moisture from the sea surface) were run
to test the impact of the sensible and latent heating on the development of the
snowstorm. Each forecast began from the same initial conditions of 12 GMT 18'

February 1979 just before the storm intensified rapidly.
a. Experiment 1:. Forecast with all physical processes

Both the movement and’intehsificétion of the cyclone and the quantity of
precipitation were forecast very well by the NGM. Fig. 1 illustrates 24-h
forecasts of mean-sea-level pressure and 12-h accumulated precipitation. The
corresponding observations are shown in Fig. 2. The forecast position of the
cyclone was coincident with the observations. The deepening of the cyclone was
close to the observed situation, with the forecast central'pressure (1010 mb)

4 mb higher than that’observed. mIn addition, with respect to the intensifying
éyclone, there was a warm tongue at 850 mb that extended northward along the
East Coast (Fig. 3). Most of the precipitation associated with this dyclone
‘occurred over the ocean. Over land the forecast and observed areas of precipi-

tatiqn greater than 0.5 inches agree closely.



b. Experiment 2: Forecast without moist convective adjustment

In terms of the mean-sea-level pressure<field,there’w3s very little differ-

~ence between this forecast and the control. forecast containing moist convective

adjustment, with the most obvious differencé'being in the precipitation fields. -

~Theﬂprecipitation difference‘field shown in Fig. 4 indicates that cutting off.
" the moist convective adjustment actually increased the amount of précipitation

- most.places. :The result was npt unexpectéd. A functibnjof the parameterization

of moist conyective adjustment is to remove moist convective instability.
Withbﬁtjthé«parameterization, convective instabilities are alleviated through

grid—scalé'prgcipitation/ which in general releases latent. heat at lower levels

_in’the'Verticai than the moist convective adjustment; This lower release of

latent heat is more conduCive to development of more intense, smaller-scale

systems.
c. Experiment 3: Forecast without latent,heat releasge

The’forecast'in‘this case (Fig. 5$‘was significantly different from Experi—‘
ment 1. The center of the éycloneuat'thé eartﬂ;s surface and the cdtfespchding‘
trough at 706 mb were fprécast to tﬁe west of the positiéns in Exéefimént?1'by
several degrees longitﬁde. 'Cenfral pressure at mean sea level‘was'10 mb'higher
than obéerﬁed. The thermal ridge at 856 mb Wés cérféqundiﬁgly_much Qeake:, |

and the'témperature at the cyclone ceﬁtét was colder by 7°.

Fig. 6 shows that the mean-sea-level pressure was ovef 12 mb. lower just

: éast*of the observed storm center in Experiment 1 than Experiment‘3;"The
- region of this majdr‘difference coincided closely“with the ‘area of heavy precipi-
tation in Expefiment 1, as shown in Fig. 6. Certainly in this case latent

~ heating feedback was. important.



. 'd. Experiment 4: Forecast without heatfluxfrom the ocean .

,.Theiiﬁpéé; of‘neglectiﬁg‘thg flux‘df'heét fféﬁ thé‘sgé surf%cé Qés éméli.
jThe'reQion‘éfiréinfall over théuocean, hqweQé;,IWas enlaxged,_althouéﬁ:the‘

o amouhté'in this ﬁéw berimetgr'areaFWéré };ghﬁ;”;Excluding thé‘sﬁrfade'heat:
fiux.resulﬁedvin‘coolergfghpéf;turés‘in ﬁhe bOtﬁomtmodel 1éyers above-tﬁé‘ﬁx
bcean;‘so;thatvthe séturatiéﬁ‘séécifié humidiiy was&iess. ‘BécéuSe:eQaporation

" from the chéﬁ COﬂtinued héré, sa£urati0n‘in thé_low lévels waé mérevlik;;y{;n‘h

than in a‘forécast"with the heat flux.
1e;, Expefiment15: Forédast,withoﬁt_moisture fluX‘frqm the.oceaﬁ 

: In_cpﬁparison*ié the fbreca§£ wi£h £ﬁ11 mbde; physicg;,précipitatioﬁ_QésF'
markediy feduéea'by e#cluding the.ﬁoistﬁré flux f?om tﬁe{ééa; )Decreases uﬁ ﬁo
' about‘1.5 i£ches in 1é—h:acgumglated’brecipitgtion fo'the‘Caroliné coast are -
indidatéd.iﬁ~Fig;v7. Iﬁ additién,‘the movemen£ and infeﬁéifiéé;ioh of‘fhg'
‘cyélone weréfaifferent;frdm ﬁxperiment’1.,‘Ih‘the curiehf‘egpériﬁeﬁﬁ the cycléne
" track was more.ﬁo the Qest»oﬁef'iaﬁd wi£h é Ceﬁ£fa1(pres§u£e‘3‘mb"sﬂallowef‘

(at 1013 mb) 24 h into the Fforecast (Fig. 8).
4. . Discussion

'A,number.of~con¢1usioh§ éanxbe_éréwn_fr§ﬁ this Séﬁ,Qf experimentsifér this,,,f
one dgtafcaée foflﬁﬁis‘épeéific}forecast'moge;y'ﬁhe NGM. ”foieﬁoét might bef
the impoftanQe;of the relatibnéhip betweehi#he evapdratipnéfgémzthgzqcéan aﬁd
the,re1e§5é.§£ 1atentjheat;b'ﬁjaporaﬁiOnvéréﬁidéd thé:éﬁérgyveéséqti%i f6r‘the
'forécas; model;to intensify thé stéfm_siénif;ﬁéﬁflﬁ;-.Thg'stérﬁ?Was ﬁué£ wé§kér iﬁ
_térms of ci%culatidn“and.precipitaﬁi;ﬁ withog£!tﬁ; evap6rati6n; vﬁlﬁhbuéﬁ;eQép—

.oration was a necessary condition for forecasting significant intensification, it



o Wasanot~sufficient. The latent energy:had_to be released through the precipitation

- mechanisms of the model to get deepening similar to what was observed in nature.

The experiments illnstrated the role of the moistvconveotive adjustmentvin

stabilizing the model_atmosphere;"We'haVe’seen thisvin other;data'caSes'With

the NGM, as well as in‘f0recasts'with tbebbFMa(Deaven;kbersonal comnnnication).m
More precipitation.is:normaily forecasted’by;tbe model for‘organizedlweather
systems;when‘the'moist convectiyegparameteriéation'is notvinciudedi'in wbich
cases the’érid—Scale precipitation §rooess nust take‘over thébabi;t convectrve
stabilization”function; .It doesrso in ableSSbefficient,manner'than tne ﬁoist
convective parameteriaation through the tnermodynamicsravailabieyin‘the.primitive

equations.

" Several other observations,can be made from this study.  For this limited

istudy the flux of sensible heat from the ocean surface was.insignificant in the

modelfs ability tO\forecast intensification of the;Presidentsi Day storm.' Also,

if the Nested Grid Model had been prov1d1ng operatlonal guldance in February

1979 - field forecasters ‘would have been well alerted to the pOSSlblllty of a

s1gn1flcant East Coast snowstorm - the Pre31dents' Day storm.
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(a)

24-h forecasts for Experiment 1 valid at 12 GMT 19 February 1979: :
mean-sea~level pressure (solid line; contour interval: 4 mb) and ‘
1000/500-mb thickness (dashed line; units: dekameters; contour
interval: 6 dekameters).




) BIN WWB4D2. NGM FIELD
{ 24HR FCST

- Fig. 1 (b) Accunulated precipitation from 12-24 h (solid line; units:
. contour interval:

contour interval:

0.01 in; L
0.50 in) and vertical velocity (dashed line; L

2x10~3 mb/s, positive for upward motion) for
Experiment 1 ending at 12 GMT 19 February 1979.







Observed accumulated 12~h precipitation (solid line; units: inches;
contour interval: 0.50 inches) ending 12 GMT 19 Feb 1979, and
corresponding forecast from Experiment 1 (dashed line; contour
interval: 0.50 inches).
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Fig. 3 24-h forecasts for Experiment 1 valid at 12 GMT 19 February 1979: 850-
‘ mb height (solid line; units: dekameters; contour interval: 3 deka- ;
. meters) and 850-mb temperature (dashed line; units: ©°C; contour
interval: 5°C).
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The influence of moist convective adjustment: accumulated precipitation
from 12-24 h (solid line; units: 0.01 inches; contour interval: 0.50
inches) for Experiment 2 ending at 12 GMT 19 February 1979, and the dif-
ference (Experiment 2 minus Experiment 1; dashed line; units: 0.01
inches; contour interval: 0.25 inches) for 12-24 h accumulated pre-
cipitation ending at 12 GMT 19 February 1979.
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Fig. 5 The influence of the feedback of latent heating: 24~h forecasts for
. Experiment 3 valid at 12 GMT 19 February 1979 for mean-sea—-level pressure
I (solid line; contour interval: 4 mb), and 1000/500-mb thickness (dashed
| line; units: dekameters; contour interval: 6 dekameters) .
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The influence of the feedback of latent heating on mean-sea-level
pressure: 24-h forecast of mean-sea-level pressure (solid line; contour
interval: 4 mb) valid at 12 GMT 19 February 1979; difference of the 24-h
forecast of mean-sea-level pressure {Experiment 1 minus Experiment 3;
dashed line; units: mb; contour interval: 4 mb); and 12-24 h precipi-
tation area (stippled) as forecast in Experiment 1.




| Fig. 7 The influence of moisture flux from the ocean: accumulated precipitation

* from 12-24 h (solid line; units: 0.01 inches; contour interval: 0.25
inches) from Experiment 5 ending at 12 GMT 19 February 1979 and the

. difference (Experiment 5 minus Experiment 1; dashed line; units: 0.01

inches; contour interval: 0.25 inches) for 12-24 h accumulated precipita=-

tion ending at 12 GMT 19 February 1979. |
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The influence of moisture flux from the ocean: 24-h forecasts of mean-

sea~level pressure (solid line; contour interval:

4 mb) and 10

thickness (dashed line; units: dekameters; contour interval:
meters) for Experiment 5 valid at 12 GMT 19 February 1979.
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