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A Comparison of Forecast Guidance Derived from Isentropic
and Sigma Coordinate Regional Models

Abstract

Forecasts from an isentropic coordinate model employing a sigma coordinate
subdomain are compared with those from two of the Mational Weather Service's
operational models, the LFM II and the NGM. Five significant weather events
are considered with attention given to those predicted guantities most
important to each case. While the isentropic model forecasts displayed
various strengths, the most notable was the superior description of water
vapor transport in the vicinity of frontal convection, a characteristic
suggesting potential applications toward improved severe weather and pre-

cipitation prediction.

1. Introduction

Throughout the history of numericai weather prediction, pressure or
pressure-related guantities have been favored as the vertical coordinate in
model atmospheres. Charney, et al. (1950) produced the first successful
dynamical-numerical prediction using an equivalent barotropic model, essentially
describing conditions at the 500 mb level. Phillips (1957) realized the
advantage of normalizing the pressure coordinate and his proposed sigma system
has achieved widespread use. The linearity of both the pressure gradient
force and the continuity equation provide the mathematical advantage of
isobaric coordinates while the terrain-following nature of sigma coordinates
removes major problems associated with lower boundary conditions.

Although potential temperature (0) as the wvertical coordinate enjoys
less popularity than the pressure-based systems, isentropic coordinates

continue to attract attention due to their physically useful dscription of



motion and stability. BAbove the lower boundary a sigma surface reflects
nothing of the physiéal nature of atmospheric motion. In contrast an isen-
tropic surface describes the locus of trajectories of all parcels which
initially possess a given potential temperature and which move under adiabatic,
frictionless conditions. On the synoptic scale this renders motion virtually
two~dimensional thereby reducing truncation errors and isolating the generally
small diabatic and frictional effects. 1In addition, enhanced vertical
resolution in B-space exists in regions of large static stability through
Poisson's relation. While the utility of 6B-coordinates in objective analysis
has been realized for decades {Rossby, et al., 1937; Danielsen, 1959; Shapiro
and Hastings, 1973; Petersen, 1979), their introduction to prediction models
has been more recent. Since the first successful integration of the primitive
equations in isentropic coordinates by Eliassen and Raustein (1968), such
prediction models havé been used in frontogenesis studies (e.g. Shapiro,
1975; Macpherson, et al., 1980; Buzzi, et al., 1981) and in the related area
of numerical simulation of jet streak circulations (Gall and Johnson, 1977;
Uccellini and Johnson, 1979; Black, 1984). Subsequent to the work of Eliassen
and Raustein, additional but limited development of more general isentropic
coordinate forecast models has taken place (Bleck, 1974, 1977; Deaven, 1976).
This paper will summarize results from an experimental primitive equation
model constructed as an isentropic coordinate analog to the National Weather
Service's sigma coordinate Limited Area Fine Mesh Model (LFM II). In order
to determine if the theoretical advantages of e—coordinatés might manifest
themselves as significant improvements in forecast fields, five test runs
from the isentropic model will be compared with identical runs from the LFM,
and in four of the cases, from the sigma coordinate Nested Grid Model {(NGM) ,

the prediction component of the National Weather Service's Regional Analysis



and ForecastvSystem. ‘After a brief éeécfigéioﬁuof the isentropic model,
résults.ftoﬁ>£he series of:forécésts generated by the models will be compared.
A vafiety of significant wéathér'eVénts'was éelected which inciﬁdg: Two”
springﬁime severe weather outbreaks (CaSes‘l and 2); a late summer,isolated
convective éluster (Case 3);.aﬁ'early wiﬁter afctic cold surge (Case‘4);
explosiVe‘late winter East Coast cyclogénésis in the President's Day stbrmv
(Case 5). 'NGM.forecasts were available in'Cases,Z through 5. The intention

of tﬁe'follpwing‘discussions is‘not‘to present formal case sﬁudies:but to

- assess the qﬁality of tﬁe guidancg offered 5y the predictién models -through

" the forecast fields most important‘to the particular event being considered.

2. Charaéteristiés of the Isentropic Model

Twovméjof prbblems associated with‘isentropic coordinates concern condi-
tions péar or af_the lo&er boundary. Isentrbpicvsurfacés ténd to intersect
vthe ground even more‘éteeply than isobaiic sﬁrfaées and in regions of sfrong
surface heéting iséﬁtropes often fold thefeby destroying vertiéal monotonidity.
One method of ameliorating these difficultiés is use of a hybrid épproach
(Deaven,51976}yG#ll ana Johnson, 1977) énd involves insertion of a Sigma
coofdinate sub@omain benéath the iseﬂtropic‘coordinate doﬁain s0 és to preclude
intersecﬁion‘of coordinafe‘sufféces with the ground, allow for easier handling
of compiex terrain, and locate low level superadiébatic regions within a
coordinate domain_where such conditions can bé‘described. In the model,
sigma is definéd as . ..

P-p 1
p*

g =
where p} represents the pressure on the uppgimost sigma surface and p* is the
constant difference between surfaceipxeSSuré and‘théf onﬂthe3uppermost sigma

surface.



A vertical cross section of the domain is seen in Fig. 1. The sigma
coordinate subdomain consists of two predicﬁive.surfaces located 50 mb and
lOQ mb above the ground.. The remaihder of the domain is described by ten
isen;ropic cqordinate surfacés reaéhing from the upperhost sigma surface to
420K.  Above this levellis an assumed barotropic region with no vertical

windshear. The initial conditions determine the vertical resolution in the

~ troposphere (A0pr) through an equal division of the difference between

345K and the mean potential temperature on the uppermost sigma surface along
an east-west row in the middle of the domain. Typically Afpz is about 10K.
In the stratosphere where the static stability is greater, the vertical

resolution Afgnq equals 25K for all cases. The horizontal domain is a polar

‘steféographic projection covering North America and adjacent waters and is

identical to that of the LFM.. There are 45 by 53 grid points at a 190.5 km

resolution. Spatial derivatives are approximated using the semi-momentum

_method of Shuman (1962), a modified central difference technigue which

‘conserves momentum and suppresses nonlinear instability. An explicit diffusion

term of -the form,KVzn is included in the prediction of primary gquantities.

:Horizontal boundary conditions at time t are determined precisely as in the

LFM, that is, from the pfedicted tendencies in the hemispheric spectral model
for time t-12 hours. Integration is centerediin time with A=300s. The
initiai condi#ipns.are derived froﬁ the LFM analysis‘by interpolation from
the mandatory ﬁrésSuré levels onté 0 and B-coordinate surfaces. A direct
isentropic analysis has also been tgied but the férecaSts appear relatively
iﬁéensitive to the type ofvanalysis used.

Precipitation calculations include both large scale ana subgrid algorithms.
fhe subgrid scheme produces rainfall if there is moisture éonvergence, if the

relative_humidity exceeds 75%, and if the environment is sufficiently unstable.



The resultant latent heat is released in the layer ahoVe aithough there is no
exchange/of water vapor between layers in this routine. Bulk evaporation of
.fallingprain is‘permitted on large scale precipitation only. ‘Vertical
vtranSpOrt‘of sensibie heat and moisture is described,overfthe ocean's surface -

but ignored over land.

3.  Test Forecasts
fhe date and hour heading on each of the following cases refers to the
lnltlal time of the model forecasts., Because of the frequency and 1mpact of
intense frontal—related convection, both Cases 1l and 2 Will involve this type »
~of act1v1ty; In suoh an event moisture is a key variable to both the researcher
due to dynamic and thermodynamic implicationsland to the public through
prec1pitatlon forecasts. While only the mOisture forecasts from the 36~hour
forecasts (COinCiding ‘with the period of peak activ1ty) will be displayed in
these twovcases, other Significant differences between the models which may
haue occurred will alsovbe pointed’out. |
4. case 1¢ 127 May:‘lyo, 1985

At the beginning of thelforécaSt'period a co1d-front reached south—
westuard from a 992 mb low‘in Labrador becoming stationary over Upper Michigan
- and - extending through two weak low pressure centers in South Dakota and
“southern Utah.‘ After 24 hours the.surfacellow:infSouth.Dakota had hecome
'dominant -and moved slowly into the eastern%part of . the state trailing a: cold
front through eastern Nebraska and down through the Texas panhandle.‘ A 500 mb_
trough had noved'rapidly eastward‘and now posseSSed_a voriticyumaximum of
18x10f5:sf1 over northeast Coloradof

By:OOZ.May 12, the 500 mb trough had lifted to thevnortheast and its‘

associated vorticityvmaximum of 18x10'S s'l_was located~oVer northeast

Nebraska. 'The surface low in South Dakota had moved only slightly to the east



; and the trailing cold front was now pﬁshiﬁg,into western Iowa. VSeveral hours
‘earlier at apprdximatély‘ZOZ'a §&;§iL£iiﬁé formed»east of the front along the
Strong moisture gradient in cenf;alvlowé'and moved eaétwa;d producing.severe'
thunderstqrms with damaging‘wiﬁds and several tornadoes.‘ While surface
pressure ana thickness‘fields were relativeiy»wéll forécast by both models,
the LFM predicted a broader, less intense vorticity ma#imum in North Dakota
 much further nbrth‘than énélyzed thle.the‘isentropic model accurately fqrecast
a Vorticity maximum of>18x1045 in eastern-Nébraska.

"Vertical:velocity ié qua££ified in.the.isentropic_model 6n1y in
tefms_of K s~1 ana not mb s~! thus an-indireét approach waS'used,to judge
vertical moﬁion forecaéﬁ?.k Sincé,from'a qﬁasi-geostrophic viéWpoiht‘upward
motion,resulting from posiﬁivé differential vorticity advection could have
-played é role in peruéihg an envifonméﬁt cdnduéive to the formation and
ﬁaintenaﬁce.of the‘intense cohvectioﬁ, thé Vorticity'advections derived from
the 500 mb and 360’mbfanaiy2ed andiforeCQSt wind fields at OOZ‘May 12 ﬁere
inspected. The results-indicate;a PVA maximﬁm at 500 mb of roﬁghly 2.5%10~2
s72 éver south central Iowa.as determined from the analyzed winds. The LFM-
‘aééurately produced much weakef PVAiovef Iowa with a maxiﬁum ofionly 0.5%x10~2
5"2 located over central Wisconsin. 'Winds.forecast by the isentropic model
yielded PVA over all of Iowa with a 2.0x10‘v'9 572 maximum over the central
part of ﬁhe state. At 300 mb the centérs of vorticity advectibn were over
nearlfrthe same 1ocation§ with»vélﬁes of 4.0x10‘9, -2.0x10f§, and"2.5x10"9
for the anaiyzed, LFM;.and isentropic model winds, respectively. Such
diagnostic suggest‘tﬁat the iséﬁtrdpic;model may have more écéurately described
synoptic scale upward'motioﬁ‘in the*region of activity ahead of the advancing

cold front.



Moisture forecasts at the 36-hour time period indicated that same
contrasts between the models that had‘occurred at 24 hours. The mean relative
humidities depicted in Fig. 2 show a remarkable similarity betwéen the analyzed
and isentropic model fields, best exemplified perhaps by the location of the
50% and 70% isopleths. Note the southward extensioﬁ of 50% RH»into eastern
Texas and of 70% RH into Illinois and Indianaf In contras£ the LFM predicted
anomalously dry‘aif over the bhio Valley and into the upper mi@atlantic-
states. The analyzed specific humidity at 850 mb (Fig.”3ai agéin‘reveals the
moisture tongue ahead of the cold front and shows a broadéﬁing to the'eéét.
The LFM (Fig. 3b) still faiied to describe thé étrong frontai gradient and
produced values too dry over most of the eastern U.S. Theﬁisentrobic model -
(Fig. 3c) did show the frontal gradient and except for an incorrect maximﬁm.
of 12g kg‘l in northwest Wisconsin, produced a relatively accuratéﬁdeséfiption
of water vapor east of the front.

Fig. 4 shows the observédfand forecaéf‘éreciéitation fields for 24
hours ending 00Z May 1l2. Observations clearlyvshow‘the heavier amdunts in
southeast Iowa associated with the squall line and the bfo;d area of rainfall
in North Dakota and Minnesota associated with the low pressure center. The
LFM succeeded in describing much of the large scale precipitation to the
north and even predicted a small local maximum ovgr southern Iowa (not seen
in Fig. 4 due to the contour interval). ‘Rainfall around the low was also
predicted by the isentropic model but it,occurred‘t§o far north and east in
southern Manitoba and Ontario. No maximumkassociated with the convection in
Iowa was indicated.

b. Case 2: 127 May 30, 1985
In this second test involving'intenSe convection all forecast fields

were also available‘from the NGM. At the initial time of the model forecasts



two low preséuré centerS»sééaratéd by a stationary front were located in
upper Miéhiéan and,wéstern South Dakota, thé fofmé;vﬁith a leading warm front
across eastérn Michigan into Ohio aﬁd‘the latﬁef Wifh a‘£réiling céld front
across western Nebraska;_QQlQrado; and'Utah;;-Affér 24‘hoﬁ¥é the Michigan low
had moved into southe£n‘gugbec'and'weakénéd ﬁhilé'the étﬁéf'center'héd ‘
intensifiea and movéd into'no;tﬁép#vWisconsin wi;h:an’aésociated—cold front,f”
stretchiné intojlﬁdiangnaﬁd éouthérnﬁillinois théﬁ»sguﬁhw¢é£‘i;£§'the Téxa$ 
panhandle._' |

| By'36 hours- the primary 1ow ﬁad movgd inté ééstern Ontario and the
"cold front héd reached northwest Pennsylyania. At approximafely this‘tiﬁe
severe thunderétormslﬁere.oc¢uriing acrbséfWQéterﬁ Pennsylvania accémpanied
by'numefous tornadoes,"Thé mean rélativé humiditiés inJFig. 5 depict tﬁe
saﬁé‘relationships bétween anélysis‘and forécésts as at 24 hours. = Whereas
- the isént;opic model.fqrecast captures a region of RH>70% alohé the East Coasﬁ
;reasonahly.similarftd}that analyzed although -again extending it too far south,
the‘only iqdication of such as‘areé in the LFM forecast is é slight:dip in
the 76% line into‘MassadhuSetts and'the‘SD% line ihto Tennéssee. The NGM did
somewhét bet#e; than the»LFM:iﬁ tﬁat the 50% RH‘isopleth'eXtended as far
south ésitﬁe_Florida péphaﬁdle althdugh thé'70% line barely reached into
Connectiduﬁ. “The 850 mb speéific humidity fields at 36 hours are shown in
Fig. 6. A broaa aréé of i2g kg"1;é£fetches froﬁ Arkansas northeastward to
New Ydrkfﬁith a 14g‘kgf1 region”lying between central Tennessee and Marylaﬁd.
The LFM prédiCted a‘field'oriented more meridionally ahead of the front and
thelééeCifie humidity values iﬁ the key'areavof'éctivityrin Pennsylvénia were
about iOg’kg“l or roﬁ§hly 39 ké‘;’less‘than‘iﬁ the anaiyéis. The NGM showed
_ a:véfY?similér region bf magnitudes gréatgr'than 10g kg"l; Thebisentropic
model bredictéd values >12g kg’1nover'éﬁ.extensive regién‘iq advancé:of the_ '

“cold front similar to that analyZed'with‘almost identical values iﬁ Penthivania.



Observed and‘forecast 24-hourdrainfall ending 00Z June 1 are shown in
Fig. 7. The actual precipitatioa‘assooiated with the severe weather istseen
'in northeast West Virginia and extending across western Pennsylvania.= While
the'tFM did not c1ear1y indicate tbe relatitely localized areas of heavyk
rainfall, small local ﬁaxima not see in Fig. 7b were predicted over'southern
Ohio and western Peaﬁsyltania._‘The NGM missed the. severe convection.butvdid
accurateiy place maxima‘in eastern North Dakota and eastern Michigan.. Although
the isentropic model was the only one to-predict amounts. exceeding oné .inch,
the‘region over the Great Lakes‘in which it did so included none of the
locations where such amounts Were observed.

:o. ‘Casek3: 127 September 28, 1983

At the~time of'initialization of the_foreoast models, a cold front_”
associated with low pressure ceaters in central and northern Canada was moving
‘across tﬁe Great Plains While a secondary,low‘was forming in Colorado.
»Aithough-advahcing rapidly'eastward in Canada;'tﬁe froht proceeded slowly
across ﬁebraska reaohihg tﬁe-vicinity of Omaha.zé hours after the. initial
time. Thls case is somewhat unlque in that the synoptlc scale features were
predlcted quite accurately by all. three models. - The primary challenge in
-this forecast,was providing. guidance for'a major preeipitation event in south
-oentral Nebraska the magnitude of thch can'be seen‘in the 24-hour observed
rainfall amounts endiag 122 Septeﬁber 28 shown ia-Fig. 8a. ~The national
‘_radarlsummary indicating oonditioas aear the end of the'24—hour forecast
'period is presented in Fig. 8b. A nearly stationary cluster of heavy thunder-
storms formlng early in the perlod was. respots1b1e for the- heavy precxpltatlon.

Flgs. 9 and 10 show the two consecutlve 12-hour rainfall forecasts.
?The.LFM-lndlcated no precipitation whatsoever in Nebraska or Kansas during

the first period. In faetﬁthat,model's predicted mean RH field had a minimum
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of <50% in southwest Nebraska. In gontfast the NGM did predict an area of
light precipitation with‘a very sméll'local maximum of 0.05 inches at precisely
the correct location (not seen in Fig. éb). An extensive area of light
precipitation along the entire length of the cold front was prédicted by the
isentriopic model although a maximum of 0.15 incheé was indicated in east
centralkNebraska. Fig. 8b shows that at the end of the secohd‘lz;hour period
the primary activity was still located near the Nebraéka;Kansas border withi
weaker cells along the front in nofthwest Towa and south central Minnesofa.
The forecasts for this period (Fig. 10) showxﬁhat the only maximumvnear the
front in the LFM was found in nérthwest Wiéconsin; The NGM had only very
light rain in southern Nebraska and had moved its heaviést precipitation inteo
southwest Minnesota. As in the LFM, the‘isent;opic model produced light rain
all along the front but still maintained a magiﬁum in central Nebraska,.
relatively close to the actual éonvection.

As stated previously the synépticrscale pressufe,.wind, and moisture
fields were with few exceptions Very‘similar in all three model forecasts
implying that differences between the precipitation routines and subgrid
scale paraméterizations were likely impoitant for the variations in the
predictions. However, a difference that occurred in the upper level divergence
fieids may partly expiain the isentropic modei's maintaining a larger rainfall
maximum in Nebraska. Fig. 11 shoﬁs the velocity divergence at 300 mb for the
analyzed and forecast winds. The analysis shows é maximum divergence of over
2.0x10"3 s~1 over northern Nebraska. "The LFM produced a maximum of ~ 1.5x10-5
s—1 oﬁer North Dakota whiie the NGM indicated a region with values‘>0.5x10‘5
s~ coinciding fairly closely with‘the-pdéition of the front. The isentropic_

model though produced a divergence maximum of ~ 1.8x1072 s~1 at nearly the

same location as in the analysis. Through continuity the stronger velocity
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divergence aloft could enhance or sustain the upward motion occurring below
and thus augment precipitation formation.
d. Case 4: 12Z December 22, 1983

While previous cases have focused on moisture and precipitation, the
primary forecast problem in this case is that of properly predicting the
surface pressure pattern associated with a major outbreak of arctic air. The
models did not differ markedly in their forecasts of a strong baroclinic zone
aloft initially oriented zonally across the central U.S. and developing a
western ridge and eastern trough by the end of the 2-day forecast period. At
the time of model initialization a strong surface ridge was already building
southward into Texas from a 1052 mb center in the Yukon. By 12%Z December 23
the ridge was also building eastward across the Ohio Valley and the Virginias
(Fig. 1l2a). The 24-hour forecasts (Fig. 12b-d) show that the LFM significantly
overbuilds the eastern branch of the ridge producing far too little development
into Texas. 1In contrast the NGM at this time predicted building of the ridge
that was too strong both to the east and south. Whereas the 1028 mb isobar
verified as far east as extreme western Ohio and as far south as central
Oklahoma, the NGM.placed it in central West Virginia to the east and slightly
to the south of Brownsville. The isentropic model produced the best forecast
as seen by noting the very close proximify of the predicted and analyzed
locations of the 1032, 1028, and 1024 mb isobars across the plains and the
Ohio Valley.

By 12Z December 24 the massive ridge was pushing largely southward
from a 1060 mb center in eastern Montana (Fig. 13a). The LFM is finally
showing more southward development of the ridge yet the intensity and extent
of the entire high pressure system are understated. Although the ridging

over the Ohio Valley is still exaggerated in both the NGM and isentropic



model forecasts whlle the pressures in Texas ‘are: too low, they more, accurately
descrlbe the overall 1ntru51on of cold alr than does the LFM. The NéM‘48—
hour'forecast was superlor 1n.1ts predlctlon'df the-hich's.central pressure
and of the strong pressure gradlent aloné the rldge s western edge Wthh’
'reached from Texas to southern British Columbla.‘ |
e.-'Case h: 127 February 18, 1979
The nature and 1nteract10n of processes‘respon51ble for the exp1051vef
development ofnthe President's Day cyclone and associated heavy snowfall havev
been dlscussed in con51derable detall (Bosart, 1981 Bosart and Lin, 1984;
*vacelllnl, et al.,_1983,.1984).‘ The‘storm‘arose through the establishing of
‘a low level cyclogenetlc env;ronnent from a comblnatlon of cold‘alr dammlng
”~ east of the Appalachlans concomltant‘w1th 51gn1f1cant shoreward flow of
~oceanlc m01sture and heat followed by rapld splnup due to the approach of
pronounced upper level posrtlve vorticity advectlon and a mld and- upper
level potentlal vortlc1ty maximum. Prec1p1tatlon‘rates were enhanced by the
presence of" a’low level‘Jet coupled w1th the indirect c1rculatlon of a strong
subtroplcal jet streak. The_rapidity and complexity ofﬁthis event make’it a
unique crucible for,any numerical model. |
| | ';The ohjective analysiS'of surface pressure by Bosartvand Lln (1984)
. for l2Z'Februaryil9 and the corresponding 24—hour:forecasts are shown in Fig.-
1l4. By this tlme, what was a weak 1020 mb low only 12 hours earller had.
moved northeast to a p01nt Just east of the Vlrglnla coast and had spun up
bdramatlcally produ01ng a central pressure of 1006 mb. The LFM prog showed a
-much weaker 1015 mb 1ow located east southeast of Cape Hatteras. The NGM in
a study by Guo and Hoke (1985)‘predicted the correctelocation of the low with
a central pressure-only four miilihars greater‘than obseryed.. The isentropic
model also captured'the»rapid cyclogenesis by.predicting the low's central.

pressure to within about one millibar of that analyzed but placed it slightly
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too fer offshore. As expeoted the latter tWo ﬁodels also better described
the amplitude of the thermallridge than did the LFM.

The 12-hour cumulative precipitation fields verifying at 12%
February 19 (Fig. 15) show thet the NGM produced the best forecast with the
0.5 inch isopleth agreeing fairly well with that of the observations. The
‘LfM predicted no half inch totals but did pléce a 0.3 inch maximum in northern
Virgioia near the actual heaviest snowfall. Although the isentropic model
produced a more accﬁrate water equiﬁalent maximum of 0.8 inches, it was
located too far south and east. That both theklow pressure center and
precipitation maximum in the isentropic model's forecast were predicted too
far seaward may partlg be due to use of.climétological rather than observed
sea_surface‘temperatures.‘ The. latter were not readily available but would
likely have exhibited a stronger zonal gradient nearer to shore.

Given the marked-contrast in surface conditions, the LFM's and
isentropic model's.winds aloft were surpfisingly gimilar. Windspeed maxima
at 700 mb and 300 mb were‘5‘to 10 m s™1 too slow while the cyclonic curvature
over the North Carolina and Virginia coasts was too small, although more so
iﬁ»the LFM; The fact that forecast winds aloft were relatively similar
suggests the importance of the models' treatmentkof processes within' the
lowest region of the etmosphere. While the isenttopic model posSesses two 50
mb sigma levels and generally four to seven predictive isentropic levels in
the troposphere and the version of the NGM usearin this case has eight such
troposphieric levels. (the curreﬂt'operational version has twelve), the LFM hes
a 50 mb boundary layer with only three additional tropospheric prediction
lklevels. This difference in reeolution in the lower region of the domains
could have been a significant factor in the differing surface forecasts.

Bosart (1981) previously suggested the potential importance of greater
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vertical resolution in the troposphere for an event such as this, an idea
supported by the numerical experiments of Nappi and Warner (1983) and Uccellini,

‘et al. (1983).

4. >Summary‘

A hybfid isenﬁropic—sigma cooxdinate forecast model with a domain and
numerical téchniques very similar”to those of the LFM II was used to generate
forecasts §f five divérse signifiéant weather events for comparison with
| éqﬁivaient“predidtions by thé‘LFM and NGM. Thé primary results of the
experiments>werebas follows:

(i) In both cases involving springtime prefrontal convection, thé
most notable'differepce between model forecasts was in the low level moisture
fields with the isentropic model consistentlf predicting the quantity, areal
extent, and ﬁorizontal gradient of moisture more accurately than did the LFM
or NGM. In that proper description of the water vapor field is essential’
to good precipitation forecasfs, the fact that the LFM and NGM ultimately
produced better rainfall predictions for these events was somewhat surpfising.

(2) Both the NGM and isentropic model indicated small 12-hour rainfall
maxima near a stationary coﬁvective cluster that was totally missed by thé'
LFM. In the 24-hour forecasts, thé NGM indicated rainfall considerably
further north than observed while the isentropic model maintained a maximum
relatively near the actualvconvection.

(3) Very strong surface ridging due to a major arctic cold surge was
‘most acéurately described by the isentropic model in the 24-h§ur forecast.

By 48 hours all three models‘indicaﬁea the exﬁent of the ridge with some
degree of accuracy although the actual surface pressures Were best predicted

by the NGM. .
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(4) The LFM'failedltd:prgﬂict the @oéf:c?;tical aspect of the
President's Day stérm, i,ej;;ﬁhé Veryt¥épid2Aééeléﬁmeni of £he:surfac¢ cyclone
off the Eést Coast,: The pOsiti§;lahdiintensify of the low were forecast well
by the NGM as Qés;thé preéipité£ioﬁ,é Whi1e thétéentra1 pressure was almost
" exactly cérfecﬁ in'thefisehtt;pic @ﬁdé;yforecast; the iow'sip;sition and
assodiated preciéitation weré too'fé£ offshqre.; |

Any conqlusiohs drawn~cqncerning the qualigy of a regional’forécast
model that a£é based on five cases areé necessarily very preliﬁinary. HdWever,
these eveﬁts-ﬁére-the‘first;five chosen for testing of the iéénﬁfépic model,
the oniy ériteria for selection being di&érsity ana a degree of challenge as
forecast pfoblems.f The resuits suggest that improﬁements in pressure and
moisture forecasts may be étéained‘in at 1ea§t some circumstances by describing
mass,‘momentum, and water vapor transport in isenfropic coordinates. More
accurate moisture predictidn would‘be pérticularly siénificant since develop-
ment of models with this capability will be é necessary step toward improved

severe weather and precipitation forecasts.
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Fig. 1 Vertical cross section of isentropic model domain.
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. Fig. 3 The 850 mwb specific humidity (g/kg) at 00Z 12 May 1985:

(a) LFM analysis; (b) LFM forecast; (c) isentropic fore
cast.



Fig. 4 Cumulative precipitation for 24-~hou
. 12 May 1985: (a) observed amounts exceeding one inch;

(b) LFM forecast: (c) isentropic forecast. Units are
inches in (a) and 0.01 inches in (b) and (c).

r period ending 00Z



Fig. 5 Mean 1000-500 mb relative humidity at 00Z 1 June 1985: (a) LFM analysis;

(b) LFM forecast; (c) NGM forecast; (d) isentropic forecast. Values are
tenths of saturation.
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Fig. 7 Cumulative precipitation for 24-hour period ending 00Z 1 June 1985: (a) observed
amounts exceeding one inch; (b) LFM forecast; (c) NGM forecast; (d) isentropic
forecast. Units are inches in (a) and 0.01 inches in (b)-(d).



Fig. 8 (a) Observed cumulative precipitation (inches) for 24-hour

period ending 12Z 29 September 1983. (b) Radar sSummary
for 1135Z 29 September 1983.



. Fig. 9 VForecasts of cumulative precipitation (0.0l inches) for
12-hour period ending 00Z 29 September 1983: (a) LFM;
(b) NGM; (c) isentropic model.



Fig. 10 Same as Fig. 9 except for 12-hour period ending 12Z 29
o September 1983.



R L

-

) at 00Z 29 September 1983: (a) LFM

11 The 300 mb velocity divergence (10 °s
(c) NGM forecast; (d) isentropic forecast.

Fig.
analysis; (b) LFM forecast;



Fig.

12

Surface pressure (mb) and 1000-500 mb thickness (dam) at 12Z 23 December 1983:
(a) LFM analysis; (b) LFM forecast; (c) NGM forecast; (d) isentropic forecast.
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Fig. 14 Surface pressure (mb) and 1000-500 mb thickness (dam) at 12Z 19 February 1979:
(a) objective analysis from Bosart and Lin (1984); (b) LFM forecast; (¢) NGM
forecast from Guo and Hoke (1985); (d) isentropic forecast.



Fig.
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Cumulative precipitation (0.01 inches) for 1

ary 1979: (a) observed
(1985); (4d) isentropic

i (b) LFM forecast;
forecast.

2-hour period ending 12Z 19 Febru-
(c) NGM forecast from Guo and Hoke



