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Range Weather Forecasting
Final Report, NASA Grant No. NSG-5162

Abstract

This report summarizes conclusions of this study, including an evaiuation of
progress on this problem since the completion of this project five years ago.

it is concluded that overwhelming evidence has been deveioped in @ number of
studies of satellite data impact on numerical weather prediction that it is
unrealistic to expect satellite temperature soundings to improve detailed
regional numerical weather prediction. '

it is likely that satellite data over the United States would substantially
impact resoscale dynamical predictions if the effort were made to develop a
composite moisture analysis system. The horizontal variabiiity of moisture,
most clearly depicted in images from satellite water vapor channeis, would

not be determined from conventional rawinsondes even if that network were
increased by a doubling of both the number of sites and the time frequency.
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Summary of Results.

The purpose of this project was to determine the usefulness of satellite
sounding data in a research regional numerical weather prediction model. 1t
was soon recognized that considerable experimentation and diagnosis would
be required ard that the bulk of the work would be in development of a quality
software system. This erfort was completed with development of the
Limited-Area and Mesoscale Prediction System, LAMPS. The tests with
satellite data included simuiations of a cycionic storm originally off the
West Coast of the United States, 1200 GMT, 18 August, 1975.

The resuits of the tests comparing fine-mesh (140-km grid) simulations with
and without the satellite sounding data showed relatively small impact with
little benefit or harm. The signal to noise problem was highlighted when the
differences between Goddard and Wisconsin retrievalshad as large an impact
as the difference between either of the above and the no satellite data case.
when these results were presented in a seminar at Goddard Space Fight
Center, it was suggested that the sounding data we got from Goddard must
have used an obsolete retrieval system,

This conclusion is characteristic of most satellite data impact studies over
the past 25 years. Any negative findings are based on obsolete techniques, by
definition. Naturally, it always is hoped that the next test or the next
retrieval system or the next satellite observing system wili result in clear
improvernents {n numerical weather prediction.

In any case, the computer software system did succeed and continues to serve
the needs of many researchers at several institutions on several NASA
projects (see Appendix A).

Current Status.

There have been extensive tests of many numerical modeis and many satellite
data sets. There is no question that satellite data are of substantial help in
large regions devoid of conventional sounding data. However, it is becoming
practical to extend the conventional sounding data coverage to inciude most
of the Northern Hemisphere oceans. It can be expected that continued
advances is satellite data systems will result in their continued usefulness
to suppiement the ship-board sounding systems that are just now being .
implemented. The balance of this discussion will focus on the use of
satellites in regions that have conventional sounding data.

(1)

LT TR ot o E i bz S vt e

= Tt s S Pl - o
- e P T e T N

T F 4

“me aeme g
TaITLAE



Detailed numerica) weather predicion models (regional and mesoscale models)
have been in use by the research community for ten years. Nevertheless, it
remains £o be shown that mesh sizes less than about 80 km are worthwhile
for operational weather prediction. The problem is that the phenamena that
are really important to predict in detail cannot yet be predicted reliably. Our
experience with LAMPS is in agreement with findings of other investigators.

The failure of mesoscale numerical weather prediction to reach operational
weather prediction status can no longer be attributed to inadequate computer
power. Whether it is inadequate initial data or inadequate model physics is
still subject to debate, but our experfence indicates that we are data limited.
This conclusion is based on several cases of extremely good forecasts along
with several cases of extremely poor forecasts. Since we don't know which
forecasts to believe ahead of time ali forecasts are unreliable and
operationally useless.

Much of our research into the problem of operational prediction, as opposed to
scientific studies of weather system simulation, have dealt with heavy local
rains or severe weather. In these situations it is critical to the users that
the location of the event be determined within 100 km even though the timing
of the threat is not that critical. The reliabtlity of a forecast of hazardous
weather should achieve at least one correct forecast for every two false
alarms. Much of the damage from local fleoding requires 12 hour advance
notice. Many lives can be saved with much less notice if and only if an
emergency response system is in place prior to the event, a requirement that
is not practical if the events are too rare.

Substantial improvement in weather prediction during the past several
decades have been directly related to improvements in numerical weather
prediction made possible by the supercomputers now in use in &ll major
prediction centers. Satellite data have been critical to success only for
improvements beyond 36 hours and as a replacement for the weather ships
and the reconnaisance aircraft in use 20 years ago. Geostationary sateilite
data are an integeral part of severe convective storm forecasting but skill in
this area stilt lags requirements by an unacceptabie amount.

The challenge remains to effectively utilize satellites to improve
short-range detailed prediction of hazardous weather in the United States,
which in our experience is data limited. The key question is: are current
satellite data systems adequate or must we wait for advanced satellite
systems, including microwave sounders and lidar wind systems.

(2)
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Our experience suggests that substantial gains in this problem area will not
come from satellite tempersature data but rather from satellite information
on atmospheric moisture,

To date, little effort has been devoted to analysts of atmospheric moisture on
the scales that are important to detailed numerical weather prediction. Such

~ analyses would have to use geostationary fmages, VAS soundings, radar data

and conventional surface and rawinsonde data in conjunction with a dynamical
mesoscale prediction model with substantial moist physics. A man-machine
four-dimensional data assimilation system would be required to perform the
composite analysis.

The impact of moisture data is obvious in the sense that low-level
atmospheric moisture limits many rainstorms. Also, clouds depend on
moisture and clouds have a tremendous impact on boundary layer temperature
and surface evaporation. However there is another impact that is both
dramatic and unexpected. Precipitation is substantially enhanced when
observedhorizontal variations in water vapor are preserved, rather than
smoothed, in the analysis stage even if the area-average water vapor fs not
changed. This phenomena was discovered by an experiment in which
horizontal variations were artificially imposed but it was recently confirmed
by an experiment in which realistic horizontal variations were removed by
smoothing (see Appendix B).

Conclusion.

It is unrealistic to expect satellite termperature soundings to improve
detailed weather prediction. It is likely that sateliite data over the United
States would substantially impact mesoscale dynamical predictions if the
effort were made to develop a composite moisture analysis system. The
horizontal variability of moisture, most clearly depicted in images from
satellite water vapor channels, coutd not be determined from conventionai
rawinsondes even if that network were increased Lty a doubling of both the
number of sites and the time frequency.
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1. INTRODUCTION

An  often noted and lamented charac—
terigtic of nuwmerleal weather prediction models
is that they require several hours to generate
non~convective preciplicatlon frem a  dry,
synoptic-scale initial atate. This “opln=up”
time can be o serious dravback for limited-area
rmeroscale models which are run for relatively
short time periods (<24 h)}. Thuw, a slguifieant
portion (2 to & h) of a alpulation may be con-
auned walting for the model to generate inter~
nally ceunslsiett distributions of vapor water
(q), cloud water (c), raln water (r) and ver-
ticul motlon (w). Furthermore, because of the
ghort time ocaled agnociated with menoscale pro-
cennes, after o vodel does flnally genergte pre-
cipltation [n a given arca, that precipltation
fs 1lkely to be our of phase with ruallry, This
sltuacion, limite the uywelulness of mcnoscale
elmulations for west oparational purposes.

The purpone of this stwly 1a to {nveati-~
* gute the relative {mportance of the intrial ape-
cification of 4, ¢, v and w for meeodcale
prectplentinn forecasting. Thene four pareme-—
tern were chosen becauwe of thele Lihely wigni=
ficance and obvious relationabip to preclpica-
tion. Melated infctalization atudies by others
have also focused on wome of these varlables
(Perkay, 19767 Torbell, 1979; Puerkey, 1980;
Woleott and Warner, 1981).

2. _ MODEL DESCRIPTION

The model employed for this etudy was
the Drexel Untversity LAMPS  (Liuwtted Area
Meaoscale Predictlon Syster) model (Pernoy,
1976; Chang ¢t al., 1981; Maddox et al., LY81),
The LAMPS model fs n 15«]level, fully motst, pri-
mitive equatlon model with optinns [or eutlous
grid spacling, oand porasitlc nestlng of flner
resolution ailmularions within coarser regulution
aimulationa. A terraln followdng usignma-helpht
coordinnte Lo wsed (n tho vercteal with levels
at 0.0, 0.M2%, 0.37%, 0.750, 1,25, 2.0, 3.0,
4.5, 6.0, 7.5, 9.0, 10,5, 12.0, 14,0 and 16,0
k.

Thie prognont le model  varlables  (ne lude
wind compunents u and v, virtusl potentlal tum—
perature 0 0 an well as 4, ¢ and r, and the
modifled Exuer fusctlonw which is predicted at
the mudel top and diagnosed lydrostatically at
all lower levels. The wertlenl velovelety s
diagneged from the continulty equatlion which is
subject to the conutraint that !t equal zero at
the model top and 18 determined by the terraln
slope at the bhoctom. Rorlzontal space Jlf-
fereneing la fourth=order occurate. Time dlf=
Ferencing 1s second=order leaplrog with a weak
time flleer applled tu avold the lfoheientl cowe
putnti{onal mnde. A fourth-ordec difluslon term
Lo applied to prognostic variables to ellminate
features not resolveble by the modal prid. The
diffuataon caoefficlent s ipcreasrd near the
lateral boundartes. Sponge boundary cundlitions
ara ceed in chis atudy.

The planetary boundary layer ts modeled
with K-theory. . Fluxea of muelstutre, heat and
momentum through the purface layer are hanmdled
with Monin~Obukhov simiiartty. Preciplitution 1s
partitloned {nto grid resolved and parameterized
moden which incorparate Kessler type parameteri-
zntion for mleraphyqtenl converninag amany g, ©
and r. Only the grld-scale precipliatlion pro=
coAsco were Invoked for thils Btudy.

Model simulations were pertormed on @
7U-km mesh over an area hounded by 107° und HO®
W longitude and 23.625° and 41.625° N latltude.
In diagnostic portions of thig paper we will
focus on n aubset of thls domatn.

3. EXPER IMENTAL NESIGN

The baslc experimental scratepy can be
anmmarized s A four step procoss. First, a
control  Inlilal  stace 15 derived lrom o«
"reference slmnbatlon” which alreeady cantains
algnificant mesoncale structure and preclplta-
tlon (set bolow for discussion of the reference
sluulation). Second, a control sloulation ind-
tiallzed wich the eontrul {nitlul state Is run.
Third, varloun senultlvity sboulatluns, each
Inttiallzed with a diftecent degraded vorsilon of
the canrrol infilal cstate, are. run. Finally,

!Seventh Conference on Numerical Weather Prediction, Preprint vaolume,
June 17-20, 1985, Montreal, American Meteorological Sociely, pp 520-527.




"JF PU'\.J:{ ‘t‘n,r., b |1 

cnacluslons are dravn banod upon the depree to
uhich each senaltivity olwulation reproduces the
control. Differences between the gensitivicy
and control asloulationu are attributed to apeci-
flc alcerations of the contrnl i{oltial atate.
The experiasntal daosign Is shovn echematically
in Plgure 1.

The reference oaimulation wvams a 16=h
LAMPS alaulation beglaning at 1200 CMT 6 Harch
1982, It was lnitialized wich zero cloud snd
rain water and with nono~divergent windg
prescribed from a non-linaar balance equation;
thus, {infitial vertical mocion wne zero. The
reference osilmulation bserves as surrogate or
laboratory anolog to the real atmoophere. Even
though all conclualons are Jdrawn within the con—
text of a numerical model representation of tha
atmaaphere, a highly verifiable reference alau-
lation (eus Section & below) lendy eredibilicy
to projecting reoults of this study to the real
varld, Internally and dynamically conalatent

fields of u, v, @y, *, q, ¢ and v eight hours’

{20000 @MT) Llato thia veference almulation were
selected as the aesoscale control inltial atace.
Although other variables like pressure tendem
ciea and diabatic heating rares were availahle,
only the saven baolc varlables lioted pbove wers
used since, with the exception of l[igquld vater
variablea, they represent the variables chat ace
moasured by synoptic=gcale conwventlonal
obaerving notvorks and are traditionally uned tao
tnitlalize numerlical wodels.

Thin control intetal atate in
ftaterpreted as correaponding to a “perfect”
mesoecale specification of the atandurd meteoro—
logical variablea (u, v, T, q end p) am well na
c and r uhich have been addud. for these experi-
wents. Becoune the wind and mass fleldn are
dynamically consistent with cthe model represen—
tation, the simulations initialized ac 2000 CMT
do mnot expetience deleterious effects from
geostrophic adjustment processes. The control
and senelcivity gimulatiine ended at Q400 GMT 7
March, their length being limlced bechaure the
zodel pracipltation, the main focun of thip
otudy, begon te wove out of the model dowuln,
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Figure |, Schematic summary of oodel simula=
tions. Experiments are listed verctically
along with the state of the inftial variables,
The duration for ench asimulation {6 indicated by
horizontal time lines. An overbar suparucriac
denotes emoothing. An "R" Buperscript indicates
moioture flelds which have been reduced to be
sub-saturared. *
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" Pigure 2. Intttal (2000 GMT) vertical motion

fields at 4.5 Km tesulting from unsmoothed
{upper panel) and ameuthed {(lower panel) hort-
zontal wind fleldn. The contour {nterval in
0.25 em 8-}, .

Only the control simulation and flve of
1S geapitivity simulations are described in this
paper. Taitial comdtcinona for Simulatlons A
theough ¥ are gusnarlzed o Fipguee L. The
control simulatton {8 dealgnated A.  The lnlclal
astate for Simulatlon B was identlcal to A execept
that eloud ond roln water were initlalized to
ZOro. In npddltton te ¢ = Q0 and r = 0 In
Simulatlon C, the horfzontal wind flelds were
sonoathed to reduce the vertlcal veluclitlen Lo
thoge that could he cenusldered representative of
synoptic~acnle vertleal motiong. In Sluulatlon
D the initial aspeclfic humidley {ield, q, was
also mmoothed such that small-scale structure
wos reduced while congerving the total precipl-
tublie water wichin the domaln. Simulation E (a
the same as D except thar the specliic hanidity
wap .reduced in areas where rcelarive humidity
exceeded 90X, The relatlve hunddity and sub-
sequently the q fleld were slceced acceurdliog Lo
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igure 3, Inttial samoothed and unsmoothed vpeci-
fic humidity flolds at 2 Ka. Unite are gm Kg=!.

RH* = RH ~ (RH - 90)/2

Thun, areas of 100X RH were reduced to 952,
Simulation E in a more severe constraint on the
water vopor discributlion than Siwulatlon D.
This siwulation was puggested by the common
occur rence that un objective analysls of Rl at a
glven point, belng a welghted pum of surrounding
obsaervatlona, may produce an RH value well below
100X when only one or two obuservatlons over o
large dowaln {indlcate saturatlon. While che
Control Simulation A represents a perfect
mepoycale inlegfallzation, Stmulation E ¥
{ntended o correspond to model reasults obtained
uslng standard, large~scale Inltialization daca
and procedurgw. In Stmulatton F, humidlcy wag
reduced  but  no  smoethiog  wan  perioraed.
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Figure 4, Rain and clowl water ut 4.9 Kn Ln the
control fnitial state st 2000 GMT. Unltg are g
Kg~! wich a contour interval of U.i,

Fipures 2 and 3 (llugtrate the effects
of smpothlng the horirontal wind flelds on the
resulting vertical motion fleld and of swoothing
the mpoclfle  lwmldity  fletd  that  vcomprise
§imulattons B through E. Fipure & shows e
distributions of cloud amd raln water present o
the control ifulelal state.

4, COMPARISON OF
TO ORSERVAT [OHS

'ME REFERENCE S IMULATPON

To  eutablish  eredibility far thie
reference almglatlon feom which all fnttial data
woere derbved, those tegultd are compared brieily
to ohaervat bans. L Flpures 5 and & 500-wmb
beight flelds at the beglonlug and end of the

glnuldcion show the correct changes (o trouph

locat loan amd oelentations,  Dilterences o the

Indt il model and obierved 00wl height Telids
» - p—




are prilaarily because tha observed fleld wan
hand-drawn based on asvailable radiononda dnta
while the model faltial [(lold wan bavmd on tho
same radiosonde dats, but ahlectively enalyzed
uvaing LFH analyses for firvt guews [lelda.

Satallite IR imogew (Flgure 7) deplet
prinary cloud/precipitation areaw for tho cade
study period. The (msgos have beon enhanced go
that white oreaw corrcopond to cloud ctop tem-
peraturca leas than 232 K. Tha three-hourly
sequance etarte at 1200 CHT & Harch and ends at
0300 GMT 7 Harch close to the wead tise of the
model #imulation. There are a number of Impor-
tant fentures to be noted. Firwe, the foiptal
weasogcale cloud pattern la donlnated by o SW to
NE band axtending from caotern Texas to Miswourl
and by a large precipltation arca in [llinols
and -Indiana. This band travelled gastward and
became a naecondary feature, glving wiy to o
ropldly developing cloud/preciplitation nyatem on
the Loulslana coast betwean 1500 and 1800 oHT.
Thia developing arca expanded capldly northward
as it propagated toward the cast-northeaat.
During this pertod che 500-km wide oaystem
engulfed mont of Miaoigaippl, then Alahamn and
then Caorgia by 0300 CMT. Notlce that by 0000
T another band hae developed 1in  eastern

—
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Figure 5. Hodel S00 nb geoputential helpht ana-
lyses for the reference simulation initial acate
und twelve hours later, Contourd are lahellad
La dekaweters.

Lowfatana and Arkoneay and aoved notthuagtward
ruaching Tndtana and Olhile by 09200 HT (nat
shown),

All of the above [leaturvd wore wpeun to
yvolvé [n the model olgulaction. Because spacae
does not poralt lengehy map nequeacus vnly Lhrew
figurees are ahown to highllight the model evolu=-
tion and verificatlun, The altiul (forwation
of acgueate clowle and prucipitation patterns
did net occur until about LBUD CMT and were
firat avideat an dishatic (latent) heallng ratew
(Figury Ba). The corcespondunce of this (lgucy
to the 1200 CMT aatelllite images lu excellent;
however, the model wan nvarly 6 h lale Ln pro=
ducing Lltquid water. Thua, the relerence almu-
laclon {8 4 perfect exsnple of the time delay
between precipitation Inftiatlon In wowoscnle
wodnla and reality discukged (n the Introduc—
tion, By 2100 CHT rain had reached the surface
ond procipitation rate flelds (Flguru 8b) show
the development of the precipltation area on the
Louwlulana connc, This (leld showa wuxcelleut
carrespondunca to the 1800 CHT [R i{mage, o that
the modol appears to Le "making up” for the tnl-
tial delay. Dy 010D (MT raln water ot 4.5 ke
(Figure 8c) shown that model precipicaction han
nearly caught up with obaervations. In par=-
ticular, nuate the corvespondence of the main

Figure 6, flbuerved 500 wmb geopotential heipht
analyges corrvesposding te the model analyses In
Figuce 9.




pracipltatlon arca over Alabama and development
of the wecond preciplieation band aver eantern
Louisfana with the 0000 (MT eutelllte fmage,
Tha moduel aecondury bund propagatied towsrd the
northeast av obwerved. .

Biased upon this brief comparison betweun
aajor aevoscale precipitation structures In
tho model and observations, the rulervnce glao—
latlon appears to provide a4 reagunable aod
sccurate anslog to the evolutlon of the real
ataogphere for 6=7 Hacech, 1942.
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SURFACE PRECIP RATE_ 2100 GMT

Flgure 7. Tlme¢ dnequence of opatellite infrared
images corresponding to the period covered {n
the wmodel reference simulation. Images wore
enhanced no chat brightness temperatureu  leun
thun 232 K appuar white,

3. RESULTS OF THE SENSITIVITY SIMULATIUNS

in this sectlon precipitation for

Siaulattens A through F avd compared, ALl

calevlations were made for a aubaet or “winduuw”

of cthe wodel lnteyratlon domain. This window

encompasses the maln preclpication nreas at all

times {the window boundaries are 28° to 42° W, |

' 82° to 98° W). Total precipitacion valuoes, ‘MATER4 KM 0100 GMY
plotted againust time In Figure 9, were calcu-
lated by integraclog half~hourly surfdre accomn-

. tatiens (mm) at all geld palnts within cthe Flpure fl. Floldn of ‘,) dlahatle loating rates
window. The Control Siwulatfon A produced, the {units to=% 0 K=l s=ly, b} surface prectplta-
mogt preciplration at  nearly  all ctimes. tlon rates (wafts L% ma s=1) and ) raln witer
Neglecting c and r (Simulatlon ) reducred tho aL 4.5 Km Cunlts pgo Kg™l) o oat several times e

total aren integrated preclplitation by only a
few parcent by the end of the atmulationg
huwever, wore wignlflcanly, negleceing ¢ and ¢
covsed a delay In the appedrance of signfl{cant

the refercnce simpulatton,  ‘Thoye are to be cow-
pared wich aotellfte lmwages In Flgure 7.
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surface precipitation (defined by totsl precipi-
tation >100 mm) by about | 1/2 h relative to the
conteol. Smoathing the wind floldu (Simulattion
C) mxtended thig delay by an additlonal 1/2 n
and alightly reduced the total precipitatlon
below that ia Siaulation B.

Tho moet critical factor wae the repre=-
sentatfon of the Iniclal wmolnture analysis
{(esnslrivicy wimulstions D chrough F). The
degree of wooothing iIndicacud by Flgure 3
rosultad [n a 441 reduction an compared to tha
contval at 0400 T (curve A versus D).
Ensuring nanuaturat ion belore ascothlog
(Slaulativa E) netted a 59X rwductlon in total
precipltacion and a 2 1/2 h delay before algni-
flecant peeclpitatlion occurred. Notlee chat
Slaulations D and E, both of ulilch unud amocthoed
Initial woluture fleldn, conclnuoudly diverge
(rom the control curve indicating that model
pracipiracion waa unable to recover frowm changus
tacroduced by the moisture amoothing, Thia
lapsct may be rolated wtrungly to the ssount of
dotall {n the Inltlal otatu (K vaersus F),

Prow Slmulatlona D dnd B alene tt ia noc
possible to aosess the relative ({mpact of
emoothing vursus reduclng saturated areau to 952
Ri. Smoothing not only eliminates small-gcale
acructure but alse roduces the ausount of area
expariencing tnirtal saturation; thus,
Slmulations D and E are not mutually exclusive
in thelir speclfication of molsture.

Slouletion F reduced the relative humi-
dity but performed ano smoothing. Thua, the
degres to which F producea lews prucipltacion
tha., € 18 because the [nlttal sgtate {a unsa-
turated. The influence of smoothlng le anscansed
by the difference hetwoen F gnd B. Simulacion D
oliows the ceffect of smoothing wilthout pegard to
waturation in cthe tnitial stace.

A

1800 )
I ;

2 1600 ¢
400 j

F

1200

AREA INTEGRATED PRECIPITATION

TIME GMI

Figure 9. Area f{ntegrated precipication ar a
function of time for the cantrol and genaicivity
aimlations, Line A correspondn to a “pecfect”
megosenis inteialtzacion while line E represents
model Initiallzatlon from conveantional synopcic
scale obuervatiovas,

% AREA COVERAGE BY PRECIF

20 1 23 21 Q0 OF gi 03 04
TIME GmT

Figure 10, Peccent arcal of modol dumaln window
rucelving preclpitation at the surfuce lor the
samy coaued av in Flguce 2.

Percent aveal coverage of precipltatlion
within the window Lo displayed as a function of
time in Figure 10. Uslng 10X coveruge as o
referuence polot, Lt e suen that, agala | 1/2 b
ta requlired for the dry (ne llguid water)
Slmulaciod B to reach the same level as the
control slmulatlon. For 20% coverape the delay
{a 2 1/2 bh. Smoathlng the (nicial hunidlicy omd
vortical wation flelds aw  {n Slwolatlen [
contributeo another 1 :/2 h to the delay forc
10Z. Degeading the representatlons of q, ¢, ¢
and w all result in reduction in the totul ares
affected by precipttacion, and all remaln 10 to
15X below the control simulation showing no evi-
dence of recovery buyond the folefal esplo-up
period.

Flgures 21 and 12 compare diatributions
of rain wnter at 4.5 km and total surfoce accu-
sulatlena for Stoutat lows A ol 1 oal 00 HH) (M,
tedpectlvely,  Those alanlations were cvhosen to
ceprudent oppoasbte ends of  the spectrum  for
wegoscala injtiallzation of g, ¢, r and w. [n
the control s{wvlation, the large precipltstion
aren had three distlact centers: one  over
southensst Alabosa, one over ceuntral Teuncssey
and a weak ooe ovee purtheastern Kentuehky.  The
degraded Slwmulatlon £ wshows wne rals water
(Flgure 11) wmaxlaum In ceatral Alabawa with the
largeat value befug 1.62 3 kg~! canpaced to 3.4b
g kg~! for the concrol,

Both wlmmlations ahow the same pattern
foar tatal acruvsaliacton 4lchouph the maximum for
the concrel ta almost four Clmes ayg large a4
that for Stamtactan €. Part of thin JIfference
muat be due to the several hour spia-up time for
peecipltatlon in B, Slwllar maps for the other
glmulations inditated that degradation ot the
tnttlal ¢, r and w Elelds rennlted o only mbinae
changrd 1n precipitatlon patceras and dvcwaula-
ttonoa, l.e., thess aluoulations converged toward
thu canceol slowlaclon 4o suppested bn Flgure 9
for area {rnteprated preclipleation.  Thus, again
the largest effeets tedulted from degradutlon of
the q fleld.
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Figure Ll., Diotribution of 4.5 Km raia wataer at
0300 MT for the contcol almulation A (upper
panel) and simulation E (lower Panecl}. Contour
interval ts 0,1 gm Kg~l,

6. CONCLUS [ONS

This atudy attemptod to eatimate che
degree “to which the aynoptic-pcale (an opposud
to a mesopcale) inictal astate limits the
accuracy of mescscale numerical model wtmula-
tions of precipitation. Renults from theae
simulations with the LAMPS wmeanncule model for
ono  case Buggest that failure cto provide
accurate mescscle infctal [lelds of water vapor
and vertical motlon, and inftial clouwd and ratn
water {lelds cawsce substantial modificatlon to
both the nareal coverage und total rcalonfall
amounte calculacted by the mesngrale model. Hls-
apecificatlon of theoe key parsmeters {8 suf-
ficlent to account for the several hours
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Flgure 12, Hodel aurface precipitation accumula-
tiond threaph 0J00 (T tar the contend olmula=
tlon A (upper panel}) and slavlation E (lower
panel).  Contour fotecval i 2.0 mo.

commonly requlred to apin up precipication In
oegancale numeclcal aimulations. Recall that
the inltinl mesoscale tempurature and presouru
diatributions were not wodlfled in thewe slaula-
tiono.

It win found that, although c¢loud and
ralp waoter were not wssentlal fotr reproducing
the total amoint of surlace precipltatfon after
the flrer weveral hourn, negleeting ¢ and ¢ in
tha (nlelal state did rvesult (n o 2=h delay 1a
geneeatinp basle prectiplratlon patterna, The
primpry eflect of loftlablztlog the model with
sysuptic=acale  vartical motfons  (Inutend  of
mesoagole) wad to {nerease this tlse delay bet-
ween model Inttialization and Inicial penerarion
of surface preclpicatlon.




Alteratlon of the owsoncale inltial
mofeturv  flelds had cha  greatwat lapact.
Smoothing the nnlsture fleld renulted (n sanller
total accumulatlan und areal coverage of preci-
pitatlon. The affev*e of amuothing were two-
fold, About llfl of the omiel Japact  wis
because savothing reduced the aruas experiencing
saturation, The other hall rcedulted from the
eliminatton of epall-scala satructure Ia  the
nointure fleld. The latter lo conolstent with
LAMPS  exporviments whown hy JPorkey (1980) I
vhich randow portutrbations were ndded to a
smooth (nitinl oolscura analysis whille coo-
asarving the total amount of water vapor. In
that atudy it vou found that the model penoecale
precipitatlon structure and characterintica wore
ighty wenatltive to the moount of detall ta the
initial muloture anulyylw. The preaont atudy
corruburutue  thowe cunclusicus  but  le  wore
poignant In that the initlal atateo did not rely
on & atatlaclcally porturbed moloture fleld but
vera dotemuiniatle and could bo linked to real
meooncale precipltation eplovdes.

It muot be umphaoized that the degraded
fnitial atatee of Slmylationm B through F ara
only wuperflciolly analogous to aynoptlc-ncale
conditione because the udsual dJdifficultios with
data sampling, measurament srror, and ohjeccive
apalysies arror have bern weliminated {n thows
idealired nipulationa. Since tho mesoncale tem-
peraturae and pruegeure [leldns werwv retained, this
suggestn that the prusen. wetudy probadly etill
overustimates curreant capabllities for produclng
accurate mesoncale preclpitation forecaste utl-~
liring conventional data sourceu.
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