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1. INTRODUCTION
The Local 4ros mos Program (LAmp) (Glahn,
1980) isg under development at the Techniques
TO provide short range
The guidance is to
be produced with Fodel Statistics (Mos)
(Glahn ang Lowry, 1972a) based Partly on simple
numerical weather Prediction models which can be
run locally on nminicomputers similar to those
used in AFQS
Services). can be run at any hoyp
With the initial field deriveq from surface
hourly observationg and radar data, The output
from these models can be usged with the centrally
produced MOS guidance to form a }og update
forecass.

The need tfor LAMP arises because today's
guidance ig anchored to the
which UPDer air data are available
(0000 ang 1200 cur), Often, forecasts must be
issued baseg upon guidance which ig up to 12
hours o014, In addition, the information from
these numerical modelg often does not contain
Sufficient detail for the time ang Space scalesg
needed to provide usety] very shorg range
forecasts, designed Primarily fop
making forecasts of Is and beyond, smooth
Oor eliminate much of the fine-scale detail frop
the initia) observations needed for making
shorter range forecasts,

. By being able to operate the
locally, the forecaster @ill have
over the product and can eXamine,
forecasts op in analysig qip desired.

system
more control

in detaii, the
This

the ntumerical modelg
with core

To be run on statign,
had to be ag Simpie
Storage and zhe number tions required
for execution kept to a minimum. Two modeis
which metg thisg requirement were adapted frop a
System known ag the Subsynoptic Advection Model

i (SAM) (Clahn and Lowry, 1972n) which rap
' Operationally a¢ the Nationa] Meteorological
Center (M4C) from 1968 SAM consisteq
model developed hy
LmReFom(lQS}) and the sLyy moisture model.Anamed
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initials of jtg developers,

Frederick Sanders, Jerrold LaRue, Russell]

Younkin,
19650 “Thass
NMC's PE mode]
were initialigzeq

The performance of the

reviewed here, ang their
the most recent
(Gerriﬁy, 1977)

afforded by the

2. THE sLp MODET,
2.1 Qverview

%eswiwwl

Potential vorticigy equation
upper level forecast pProvided
The 1000-mb heights are adjusted o

conserve botenzia] vorticity

determineqd by an

mated

and John Hovermaie (Younkin e
models were driven by output frop
(Shuman anqg Hovermaie, 1968) anq
With datga derived from the most
Tecent surface observations.

from hourly observationg of

pressure mode] uses g

at 1000 py with an
by a g riving

Sea leve]

Pressure with the simple linear relation shown

in'Bq, (1),

z = {P = 1000)
CES AR e

where 20 i3 the 1000-mb height in metars,

P is the gea level pressure
Because of this very simple
Reed mode] is usually
Pressure modej,

2.2 The Basic Model
—————°=7¢ Tlodel

—~
~—

and
in millibars,
relationship,

referred o ag A sea level

With many simplifying assumptions, a

Potential vorticity 2quation can be

to the form shown in Eq. (2

fd

= iu
L (ao - b,zs + M -g)

Here,
terrain term, ¢ ig g term

latitude, and b

Z5 is the 500-mb

is a constanc.
indicates the term isg to be

transformed

- (—b,ZS + M- c)fd(z)

height, M isg g

which depends on

The
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trajectory, while the Superscript "fd" refers to

the values at the forecast downstream end of the Two changes were made to the original Reed

trajectory. Derivation of this equation can be model to adapt it for LAMNP (Unger, 1982). The

found in Reed (1963) or Glahn and Lowry (1972b). first change was made to the terrain term to
reduce the amount of orographic detail in moun-

The trajectory ig calculated from an equiv- tainous regions. The terrain was greatly

alent advecting wind defined by the 500-mb smoothed, especially for the higher elevations.

height field and the terrain rield as shown in The terrain term in the development equation was

Eq. (3). also reduced to one half the value used by Reed

(M = .20% PG in Eq. (2) but retains its value of
+405 in Eq. (3)).

Vo=kx & ooz - (3)
E f 25
i 45 The other change was made in an attempt to
Vg is the vector advecting wind, T45 is alleviate the tendency of the SLP model to move
the coriolis parameter at 450 latitude, g is systems too rapidly in regions of strong 500-mb
the acceleration due to gravity, %25 is a winds. This was done by reducing the 500-mb
smoothed 500-mb height field, and bs is a winds greater than 41 kt (see Unger, 1982, for

details). About 20% of the gridpoints were
. affected in the cool season, and very few in the
Reed defined the terms in Eqs. (2) and (3) warm season.
as followss

constant.

2.4 Verification Procedures

b, = b, = .55;

M1= a 56, where a is a constant set at Although the model will eventually be run
+405 (m/mb) and PG is the average locally, its testing and development of MoS
surface pressure in mb; and equations requires NOAA's large computers. For

G =¢ sin2¢, where ¢ is a constant equal testing, the forecast area includes the entire

United States rather than regional sections to

to 163 m, and ¢ is the latitude.
be used when it is run locally.,

The model predicts over the grid shown in

Fi?' lf Tergrid spacing,ngown i Fhe ~oNer The SLP model was tuned with 16 cases from
lf.t’ ;s ?SQZEhkm tiue a; fO fﬁ g;ls grid is January through March 1979 and 14 cases from the
Aripred wiy Vs ee o e M. summer of 1979. Fourteen cases from the winter

of 1977-1978 were selected as independent data.
Some of the cases were selected at random, while
others were chosen to examine the model's
handling of Systems in particular regions of the
country. 3
Verification scores used to test the
accuracy of the forecasts were the Sl score
(Teweles and Wobus, 1954) and the mean absolute
error (MAE). Scores were computed on the grid
on which LFM data are available; these points
coincide with alternate grid points on the SLP
model's computational grid. Verifying values
were 1000-mb heights which were determined
from sea level pressure analyses by Eq. (1).

The S1 score is a measure of the accuracy
of the gradient forecasts and is independent of
the mean error. A low score represents a better
forecast, with scores below 30 generally
regarded as highly accurate and those above 80
regarded as valueless (Badner, 1966),

Figure 1. Area over which the SLP and SLYH

modg%g :r:v;ntiﬁgatigilezh:rgzr?::?g:t:ge The (MAE) measures the overall magnitude of
;erl 1? P, ,S‘ ) ; l. errors. It is notg entirely reliable as an
The grid Spacing is shown in the lower eft., indicator of the pressure pattern forecast;

rather, it indicates how close the predicted

000-mb height to th d .
The SLP model uses a Lagrangian method of l Bl elghts are to PhOtsedved diigs

;’;;ifzzﬁig: ”iihufezlgggfsg g;;;\‘i ’;Z‘r‘gmig e SLP model forecasts intialized at 0800 Gy
: % ; e A M - casts ini-
fodh ST T T foreste, il v comoare o T Tovomy ndiL % 1 €
sach & hours,.are }nterpolqtcd L bimg by 4 for which the LFM forecasts are available were
ggség Fgéy?giég;sgétfgi %sﬁi: Squgres t°3gheat chosen for verification, so a 4-h rorecast from
7 ;i R haime 4 the SLP model was compared to a 12-h LFM fore-
every gridp01?t to obtain va%ues for each hour. cast valid at 1200 GMT. Simarly, 10+, 16-, and
| The 500-mb ?elghtg are then interpolated to the 22-h SLP model forecasts were compared to 18-,
f higher density grid used in LAMP. . :24-, and 30-h LFN forecasts valid at 1800, 0000,

‘and 0600 GMT, respectively (see Fig. 2).
:Verification statistics were computed by
i
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season. TForecasts for October through March
were grouped into the cool season (winter); the

Minasering ey
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remainder of the year was designated as the warnm

season.
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Figure 2. Relationship between inivialization

time, projection hour, and verification -
time of the LFM, SLP, and SLYH models.,
Dashed vertical lines indicate ini-
tialization timeg. :

2.5 Results

There were no significant differences
between verification statistics for the
independent and the dependent sample, so
verification results from both data sets were
combined. TFigs. 3 ang 4 compare the S1 score
and the MAE of the SLP, LFM, and persistence
forecasts for the 30 winter cases,
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Figure 3. S1 scores over the verification

region for SLP model and persisctence
1000-mb height forecasts initialized at
0800 GMT and for LFM forecasts initialized
‘at 0000 GMT. S1 8cores are from an average
of 30 cases from winter 1977-78 and winter
1978-79.

: Figure 3 shows that persistence was the
. best forecast in terms of the 51 score up to
8 hours, with the SLP model best from 8 to
. 14 hours, and the LFM best beyond that, The
£..1000-mb height patterns obtained from the SLP . .
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Figure 4. Same as Fig. 3 except for mean

absolute error,

model forecasts initialized at 0800 GMT were, on
the average, more accurate than the LFM's
through 2200 g, Persistence scores so well
due to local and highly persistent orcgraphic
effects over the western U.S. These effects are
largely due to pressure reduction.

The 1000-mb height forecasts from the SLP
model gave the lowess MAE for the entire 22-h
forecast period. The persistence MAE was better
than that of the LFY for 9 hours, aithough it
rapidly deteriorated throughout the forecast
period.

Summer results were largely similar, except
for slightly better scores by persistence. This
reflects the generally weaker synoptic systems
and stronger local features of the summer season,

An example of a forecast is ghown in
Figs. 5-8., The initial map from March 10, 1979,
at 0800 GMT is shown in Fig. 5, with the
smoothed 16-h SLP model forecast valid atv 0000
GMT March 11, 1979, shown in Fig. 6. The 24-h
LFM forecast valid at the same time is shown in
Fig. 7, and cthe verifying analysis in Fig. 8.
This sample was chosen because cf its fairly
typical scores and sharpliy defined pressure
systems.

The SLP model overbuilt the high pressure
system in the plains, as did cthe LFM to a lesser
extent. The pattern in the mountain states was
not predicted particulariy well by either model,
although the SLP model's 31 scores were slighuly
benter over the West. Pressures over the
eastern United States were well-predicted by
both models. There, the LFM was very slightly
fast; however, due to its better placement ot
the high, it's s1 score was slightly better.

The S1 score for the SLP model's forecast was
60.2 over the verification area, with the LFM'g
at 57.2. The MAR was 19.0 meters for the ILP
model, and 20.4 for the LFNM.




Figure 9% Initig) analysig of 1000-np heights,
in meters, valid at¢ 0800 GMT, March 10,
1979,

M) ]
Soamc ettt SRR
P model Smootheqd forecasy
8, in meters, valid ag

0000 GMT, March 11, 1979,

3. Hp MOISTURR MODRY,

2% Overview
= View

Figure 7. The 24-h LFM forecasy of 1000~-mb
heights, in meters, valid g¢ G000 GNT,
March 11, 1979,

Figure 85 Verifying Analygig of 1000~
heighcs, in meters, fop 0000 GHT, March 11,
1979, 4

values less than 120 m £eneral]y indicaze con-
Siderable cloudiness Or overcaggy conditions, and
an sd 8reater thayp 400 n indicareg a very dry
atmosphere,

The 84 is defined a8 zero gt those Stationg
reporcing any form of precipitation in the
hourly observation. At those Stations nog
reporting precipitacion, Sd is eStimatgeq by a
regression €quation based op c¢lementg in ghe
hourly observation and . [,fy relative humidity
forecnsts. Occanionnlly the regression €quation
€stimateg gq <0 ag Stationg pog reporting
precipitation?.for those cases, g Smajj POsSitive
value jg used for ghe Saturatiop deficig, These
Sd €3timateg are made fop all Stations fop which
hourly Teporty apg available, and are then
analyzed with g CPessman-type analysig o
8ridpointg (Glahn et al., 1969), The analygzeq

d ig altered by the insertion of a gmay]
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Positive Number g4 gridpoints 4t which the 3.3 Mode] Revisions B LT
Manual ]y digitizeq radarp (MDR) reportg indicate T ———IiSlong
4 radar echo apq the sq is nog Zero, 4 Sma]] . The SLYy model yqgq tuned op 15 caseg fronm
Positiye valuye, Father thap 0, is inserteq g0 the winger of 1978-1979. Thege ¥ere chogep from
that tpe analygig will lndicate preCLpltation the same ample gq4 used fop the SLp mode], One
°nly when S Observeq g, 4 Station gpq yeg Change g4 Made to ¢, SLYH moge) 1mprove ¢,
Ndicate that S&turacjop S very negp At.g COHSIStency between the 10itig] py 1d ang th
8Tridpointg where g4 radar ecp, is Teporteq, mode Predictigy,, h Change wag necessary

The sryy Mode] Predicrg changes ip the caused initjq) inconsistencies betweey the
Saturatigy deficjy baseq upon the 4Ssumprigp Saturagjq, deficjy tendency, forecagy from
that the amount op Moistyre 1n the 4tmosphere is Eq. (4) and the Served dagg,

reflects th%s prlnclple is nm lpulateq With the To improve thig situarion, the sq is
aid of Varioug 4Ssumptigng based op climatology‘ Tequireq ¢, Surpagg 4 thresho]g value bepgpg
Lo obtaip the relatjop Pressed j, Eq. (4) (see pPec1pitat10n 18 endeq by the model, 4. a
Younkip et a], 1965) &ridpojiny where g4 - at the beglnnlnv of g
’ tlmestep and ¢he mode ] Predicrg 1t to 1ncreage
sqfd _ sqiu _ 2(nliu 2% hf‘d) + (pgiu _ MAfd) (4) it ig Constrajpeq L0 remajp “8ro unjegg it jig
5 5 forecagy to be higher an sope threshojq
The SUperserjpig in gq, (4) denote’"forecsst value.‘ 8 proc dure'empneslzes “he inigi,)
; ; pre01p1tatlon observatlon in relatiogp TO the

downstregy and
Ea. (2) pop the s1p model, term hg ;o the

1000-50¢ mb thicknegg Obtaineq from the 1000-n}, i S 3
heightg of the grp mode] Predictigy, and the . The thFEShOId.Val“e» 1nitial]y, Quite large,
00-np heightg the Ly obta in the same 1S redyceq in Mmagniyde as the forecagy Pbro-

: 8resseg uncjij] afzer ] hourg when j¢ is

trajectorles °8 identjoq) . that rop the srp as wel
mode] excepg tha the ¥inds, ¥ ' _3re foung
from 4 Combinat oy of 1000- "ang’s504 b 3.4 Yerificayion Procedures
€0stpg hic wingd v dv r €Cctive]
Snown 15 Eq (s)o' s 7" Tespec Vel LAMpP'g SLYH mode] ygq used o Predict gphe
occurrence by prec1p1tstion and yag Compareq to
i : 7. + .5 7 - Orecastg from the LFM, “fe b6-h gg iOrecagyg
WAL AT R 10, () "hich endeq 5, 1800, 0000, 4nq 0600 GHp ppop the
(4) indicateg the Saturatigy deficiy 34 9800 gy ervationg e compare? o th
modifieq , ng a trajectory, Vi KO affenyo 9900w Precipitagioy T (Paur) Horax
Changeg forecast thlckness nd Changeg in the ~A8E8 Por e fne Periodg The 1200"1800 G
terrajin heights SLyy mod in Lamp forecast Périod jgq Teferreq 0 as g firsy
Predictg Sd wigp thig fqQuatigp on the Same grig Periog, the 1800-00 O Gur Period g he Second,
83 useq oy the SLp modey shown 1, - P A and th; 0000-0600 GHT pe 10d as gpe third (gee
3 Rt it .
Fig, » * The forec STs were vnterpolated to 437
5 ts,
1-h tlmestep '8 used ¥0 make Fag forecas - Stationg dlstPlbuted throughout he Stateg
; The SLYy mode] Indicateg preclp1tat1on at g 4nd were Ompareq 5 nlig e prec1p1tet10n
Particyjg, 8rid pojing when jq forecagyy Sd < ¢ amountg TéPoried g those SEQt10”7' For the
8t the end of g timestep This Means the qacunt SLYy Sd, g b1qundrut1c 1nterpolatlon was ugeq
of Moisture in the layer between 1000 and 50q mb s & ?Oﬁat?ve ?d fina Station conSl?ePEd % be
is jip eXcess of the amonng necessunv to initiate 4 prec;p}atlon lorecasz;A :or “he SFHHPAMTﬁ 14
precipilntiun for the forecast thickness. At 9pecig nterpo SEion e ‘puts t'e, “=to e
the eng of each timestep any negatjye Sd's are abouy halr ¥ay between i €rldposng Yith FAMD B
adjusteq o Zero. mpg decreage Tepresentg g net and one yjgp PANT > 0 was ygeq and ap Inter.
loss of Moistyre in the form of precipitation. Polateq P 2 +005 n (.13 ) was onsidered
In theory, there is direct relationshi ¥ be 4 preclpltatlon forecast.
between the precipitation a@moung jp a timestep s oe
and the magni tuge of the negative sd. These predlctlons were glg, COmpareq to
) precipitaion forecasts Produceq by Oonly aq..
The amount op "precipitstion" which occurg Vection of the initjq) Sd field with the windg
Lty b1 Lol Tange . than one used in SLyy (ie., forecag g made iy a SLyy
2hg grldpotn ik e A mode] With po development termg) It wag foung

Saturatigp deflcltc At the end or e tlmesteps ) ? : ; ; T
Within the Perioqd, Thi termeq th inateq by 1nterpolet10ns.(small POsitive Numberg
accumulatgg Saturagi, deficji¢ (4s4). For encroach 1Nto the Precipj tion areas),
consistency the Agzq: for 8ridpointg at which COmpensgg g the s thresho] g which denoteg
the Saturatjoy deficitg do nog fall beloy zero pP901p1tat10n Va8 ser 1o g Sma]] Positiye

' 1n any timestep ithin ¢y Period gpq Set equa] value, . phig Made the advectjop Orecagyg more

i Tegarded gq 1-h asq valye

ko . T ——
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the threat score (TS)' Prefigurénce <PREF); bbs£>“w f;ble 2.‘ Verificacion'scores for 34 forecasts
:i?::::n: (POST), and bias. The scores are from the winter of 1978-1979 and Otober 1977.
S

H ' H H F Period
TS = ——, PREF = 1 POST = -, BIAS = -
F+S-H’ St F’ s’ Model Score
where H is the number of stations at which 1 2 3
precipitation was correctly predicted, F ig the
number of stations ag which precipitation was TS -4l 37 .38
forecast, and S the number of stations which SLYH PREF -64 -64 -68
reported precipitacion, Prefiguration is also POST 33 ik +45
known as the probability of detection, and post g 1.21 Le35 =)
agreement is equivalent to one minus the false
alarm ratio. . = hyids 37 ]
LFM PREF .63 .67 .65
Table 1 shows results of 15 forecasts from ggig 1:32 l:ig ; l:ig

the winter sample. It is noteworthy that the
scores for cthe SLYH model and LF{ remain nearly
constant for the three periods, while the
advection forecasts show a clear decline in h b3 R red th
quality. This indicates that both the SLYH ang The author subjectively Compgred-tlis
LFM are capable of dynamic development of forecasts from the SLYH and LFM models for the
essentially the sa the LFM i T . i

# % il o takd thieg the first period. The suthor judged SLYH to be

P Lotn lon Shag B0 LA superior on 21 forecasts, with the LFN superior

m < in 8, and 5 about the same. A comparison based

;aﬁégpl. ozgeat?::ssn:co;géTTséngr:f;Su;sgce, on the threat score showed SLYH to be superior
ek g 4 : on 22 days and the LFM produced a better threat

forecasts of measurable precipitation in 6-h
periods at 437 stations within the U.S. The
SLYH and advection models are initialized at
0800 GMT and the LFM is initialized at 0000

score on 12 days.

Figure 9 shows an example of a first period
forecast from the SLYK model initialized atg 0800

gfg;erng ig;g_i;$9from 1> forecasts from the GMT on March 10, 1979. The precipitation is
associated with a cold front (see Figs. 5-8 for
= = the 1000-mb height analysis and the SLP and LFN
Model model 1000-mb height forecasts). The areas of
Score observed and forecast precipitation are
LFM SLYH Advection outlined. The shaded areas indicate successful
Precipitation forecasts. Figure 10 shows the
Period 1 pPrecipitation forecast from the LFM model
forecast from 0000 GMT.
TS .42 .43 <33
PREF .65 .71 .59
POST .54 .53 44
BIAS 1.19 1.36 1.33
Period 2
TS +38 .39 .21
PREF 72 .72 41
POST <45 .46 <31
BIAS 1.59 1.54 1.33
‘Period 3
TS .41 .42 .18
PREF o713 .78 34
POST .49 .48 27
BIAS 1.49 1.64 1.27 Figure 9. The SLYH model forecast, initialized
at 0800 GMT, of measurable precipitation in
the 6-h period fronm 1200 to 1800 GNT on
March 10, 1979. fhe observed precipitation
Table 2 shows the results from the 15-case areas are outlined by the solid line with
winter sample combined with 19 cases from the forecast areas outlined by the dashed
October 1977. There are about 13000 individual line. Regions of correctly forecasted
forecasts in thig sample, with approximately precipitation are shaded.

. 1650 precipitation observations. SLYH outscores
; the LFM in the first period and is about the

! same in the second and the third periods. It is well within each model's capabilities

to forecast the general pattern of precipitation

1
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at this projection. Fach model occasionally
misses areas of precipitation, as well as
predicts areas of precipitation that do not
verify. Frequently, as in the example shown,
the LFM and SLYH models both incorrectly
forecast areas of precipitation in a similar
fashion. This may indicate sudden development
or dissipation of precipitation which is not
detected by either model, or, since SLYH is
driven in part by the LFM 500-mb height
forecasts, errors in the LFM 500-mb height
predictions may adversly affect both models in
similar ways.. )

Same as Figure 9 except for the LFM
forecast initialized at 0000 GMT.

Figure 10.

4. CONCLUSIONS

The SLP and SLYH models in LAMP initialized
at 0800 GMT show some improvement over central
guidance forecasts in the very short range.
These 0800 GMT forecasts can conceivably be used
to update guidance for the early morning
forecast.

The SLP model showed clear advantage over
the equivalent forecasts from the LFM for up to
10 hours after 0800 GHT and some advantage
through nearly 16 hours.

Results from the SLYNH model show that the
6-h precipitation forecasts are better than the
LF! through 10 hours, and are of similar qualicy
through 22 hours after 0800 GMT. Since much of
the advantage from LAMP will come from its
ability to more accurately determine the timing
of significant weather changes such as the onset
of precipitation, the 6-h precipitation
forecasts may cover too long a period to show
the full advantage of LAMP, Thus, we feel that
the results presented here only partly
illustrate the value of the SLYH model.
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