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1. INTRODUCTION

The Local AWIPS MOS Program (LAMP) under
development in the Techniques Development Labora-
tory (TDL) provides detailed, short range staci{sti-
cal weacther forecasts for projections from 1 to
20 hours. The forecasts are produced by regression
equacions that blend the most recent information
from hourly weather observations, locally run
advective models, and radar data with the central
Model Ouctput Statistics (MOS) guidance. LAHP
produces update forecasts that are dominaced by the
observations at the early hours and approach the
cencral MOS ac 20 hours. Forecasts reflect a near-
optimum blend of the two plus other regional and
local information at the mid-range hours. LAMP
forecasts will be available {n the Advanced Weather

Interaccive Processing System (AWIPS) era for most '

observation sites within a forecast office’s area
of responsibility, and can-be generated at any hour
to support any forecast release tine. Such a
system s undergoing testing at offices In Topeka,
Kansas, and Norman, Oklahoma. Glahn and Unger
(1986) and Unger et al. (1989) provide detafled
descripcions of LAMP.

In preparation for a planned new organiza-
tional and forecast structure within the MNational
Weather Service, TDL is developing the Interactive
Computer Worded Forecasct (ICWF) program. The ICWF
provides an interactive compucer graphics {nterface
that allows the meteorologist to enter and modify
forecast information in a digital database from
which officlal forecast products can be automati-
cally formacted. 1In the AWIPS era, LAMP guidance
will be used along with other information to
Inic{alize this forecast database, and, cthus,
assist {n the preparation of short range public and
aviacion forecasts,

Presently, one part of the ICWF uses an
Explicit WYeather Algorichm (EWA) to {nfer mixed
preciplication events from the central MOS tempera-
ture and probabllity of precipication type (PoPT)
guidance. This’ approach provides criterfa for
seleccing precipitation ctypes within the ICUF;
hovever, a scaciscical assimilation of this {nfor-
mactlon would Likely produce more reliable resulcts.

The cenctral MOS system has produced condi-
tlonal PoPT forecascs based on output from cthe
Limiced-area Flpe Mesh (LFM) model (Gerricy, 1977)
since the fall of 1982 (Bocchier{ and Maglaras,
1983). Thils PoPT system glves condlcional

probability forecasts for three mutually exclusive
precipitation type categories: snow or ice pellets,
freezing rain or freezing drizzle, and rain (liquid
precipitation). Insufficienc developmental samples
or lack of skill at longer projections has prevent-
ed any attempts by the central MOS system to
resolve the mixed precipitation events now needed
by the ICW As a result, mixed rain and snow has
been classified as a rain event, while any mix with
freezing precipitacion has been classified as. a
freezing event,

The best regression-based stat{stical mechod
to provide mixed precipltation forecasts would be
to derive probabilities for each of the mixed
precipitation types. However, as i{n the central
MOS system, insufficlenc samples of these events in
many areas of the country generally preclude this
approach as a viable solution. In this paper,, we
describe the development and testing of a LAMP

‘conditional PoPT system which uses an alternacive

approach to provide mixed precipitation forecasts.
This system not only updates the three central MOS
precipitation type probabilicies, but provides
addicional categorical forecasts for m{xed rain and
snow, and mixed freezing rain and snow or lce
pellec events. We atcempt to statistically "mimic"
the current EWA procedures by producing these
categorical forecasts using only the three LAMP
precipitation ‘type probabllity statemencs. In
addf{tion, LAMP temperature and dew point forecasts
have been included as predictors In the LAMP PoPT
equations. Verification results and a case study
to fllustrate the spatial and temporal consistency
of the LAMP PoPT forecascts are presented {n this

paper.
2. LAMP PoPT FORECAST SYSTEM DEVELOPMENT

2.1 [he Predictand

We divided the observations of precipitation
type for each Fforecast projection [nto three
mutually exlusive categories. These categories are
consistenc with the soon to be {mplemenced Nested
Grid Hodel-based cencral MOS system described by
Erickson (1992): reezing rain/drizzle, snow mixed
with freezing rain/drizzle, or lce pellecs (called
FREEZING); snow (called FROZEN); and rain or railn
mixed with snow (called LIQUID). As {n the cencral
system, the LAMP PoPT forecasts are cond{tional on
the occurrence of precipitation. All prediccands
are binary such that they take on the value of one
(zero) when the event s (Ls not) observed.



The pradictors used in the development of
the LAMP PoPT forecast equations are defined and
listed in Table 1. These represent the top

Section 2.3) in seven regions (Flg. 1) for 20 fore-
cast projections. The centralized MOS PoPT fore-
casts (Bocchieri and Maglaras, 1983) were obtained
from operational equations specific to the 1200 uTC
LM run. We used the HOS probabilities boch in
their raw form and as two types of "interactive®
predictors. The first involved an interaccion
between MOS probabilities. These predictors are

for non-linear predictor-predictand relationships
that may exist during these situations. The second
involved an interaction between observed precipita-
tion and the indicated MOS probabilicies. As
explained in detail by Glahn (1986), these predic-
tors are "i{ndicacor variables" which simulacte
stratification of cthe developmental sample into
cases when precipitation is or is not initially
occurring,

Figure 1. The seven LaMP PoPT development regions.

Surface observations of current precipita-
tion at stations were also used as predictors. We
coded these predictors to indicate whether precipi-
tation was observed at the LAMP Initializacion
time, and if so, the type of precipitation. Thesae
predictors are binary, taking on a value of one

- not) observed.

(zero) if a specific type of precipitacion Is (is
Note thac we discinguish mixed
precipitacion type observacions from other precip{-
tation types.

We also included freezing and frozen precip-
itation type forecasts from the LAMP advection
model. ' Unger et al. (1989) and Glahn and Unger
(1986) give a description of this model, Briefly,
observed; binary, gridpoinc fields of freezing and
frozen precipitation are each analyzed. The mode]
then advects these fields with a combination of the
1000- and 500-mb geostrophic winds. The actual
value of the resultant precipitation type predictor
ranges between zero and one, Iinclusive, depending
on the location within the initial analyzed field
of the beginning point of the advection trajectory.
These predictors provide information about the
upstream conditions at the forecast infrializacion

time,

In addition to the advection model fore-
casts, regression-based LAMP temperature and dew
point forecasts at LAMP stations were also used as
predictors. These forecasts, henceforth called
predictors, are based on the same 2000 UTC LAMP
initialization time as the LAMP PoPT development,
and incorporate pertinent temperature and dew point
information from the central MOS, latest observa-
tions, and LAMP model forecasts, We converted
these predictors into binaries by breaking them
into categories and glving a new dummy variable the
value of one (zero) when the value of the tempera-
ture or dew point predictor is (is not) in that
category. As shown in Table 1, cthese binary
predictors are used directly, as well as interac-
tively with the observed precipication type predic-
tors previously discussed. These interactive
predictors prevent non-liquid precipitation obser-
vations from influencing the PoPT forecasts whenev-
er the LAMP forecast temperatures exceed 45 degrees
Fahrenheit.

2.3 Equation Development Procedures

We used screening regression in a statisti-
cal technique known as Regression Estimation of
Event Probabilities (Miller, 1964) to develop the
LAMP PoPT equations. The regression equations are
for hourly Projections from 1 to 20 hours from a
2000 UTC initial daca time. The developmental
sample consisted of the 8 winter seasons (October

Table 1. Predlcters used ln the davelepment of the 2000 UTC LAMP PoPT ferecast equations.

Clase Predictors

Deflinttien

MOS P(ZR)
MOS P(SM)

Centrallized MOS Predictocs

(MOS P(ZR))X(OBS PRIC)
(MOS P(SM))X(OBS PREC)

@

(08S ZIR)X(LP T < 43)
Surface Observations (0BS SH)X(LP T ¢ 43)
(OBS MXZR)X(LP T 3 43)

(085 FORMIX(LP T § 43)

FREZ PreClP

LAMP and Advectlve Model Predletocs FROZ PrECIP
' LP T3 x
LP 1d s x

(MOS P(ZR))X(MOS P(SN))
(MOS P(RN))X(MOS P(sSN))

Mos pro‘babill:r of freetlng forecasts (POZR)

MOS probabllity of frosen focecascs (POF)

MOS POZR multtiplied by MOS POF

MOS probebility of liquld (POL) sulctiplted by the MOS POF
MOS POZR when precipleatlien vas Ilnttlally observed

MOS POF when precipitatlion vas Inltlally observed

Observed IR wvhen LAMP focecast TP 5 4§
Observed snov vhen LANP locecase TDP £ o8

Obsecved mixes vith IR end [P vhen LAMP focecare TENP ¢ 5
Observed raln and snov mined vhen LAMP forecase TP S 4§

ClAM model feeering precipltacion forecascs

CLAM model [croten peecipitecion forecants

LAMP forecast tempecature vhere X £ 28,32,34,36,30 degrees
LAI® fecrecasc dev potnt whers X ¢ 23,29,)2 degrees




carougn March) of 1980-81 through 1987.gg. Data
from the 1988-.89 ang 1989-90 vinter seasons vere
reserved for independenc data testing,

Procedures presenced here are those used
during a nationwide LAMP PoPT development. aAll
predictors were interpolated (if Necessary) to
staction locations. For scacions or projections
vhere central MOS PoPT forecasts ware unavaflable,
MOS forecasts were interpolated in both space and
time as described in Unger et al. (1989). All
candidate predictors (not  shown) vere firse
screened i{n each of seven development regions
throughout the United States (Flg. 1) to determine
a "master" set of predictors (Table 1). Once
determined, we included these predictors {n each
equation for each predictand, projection, and
region. Data from all stacions within a develop-
ment region were combined in 4 manner consistent
with the generalized operator approach. Unless
otherwise noted, all results presented in this
paper are based on the equations developed for
regions 4 and 5 (Flg. 1) with data from 169 and
68 stations respectively,

2.4 Categorical Selection Procedures

We developed a classification strategy that
‘pProcesses the three LAMP precipitation type proba-
bilities to produce on any given case one of five
categorical forecasts: freezing rain, snow, rain,
mixed rain and snow (called mixed liquid), and
mixed freezing rain and snow or ice pellets (called
mixed freezing). 1In this way, we distinguish mixed
freezing and mixed liquid precipitation from pure
freezing rain and rain respectively. The clags{fi-
cation strategy uses probability thresholds to
determine the category to select. We ysed the
Adaptive Threshold Estimation Procedure (ATEP),
described i{n detall by Unger (1992), to compute the
thresholds, When applied to the probabilities,
these thresholds pProduce categorical foracasts with
approximately a unit bias (an equal number of
forecast and observed events) .

Specifically, the classification procedure
first determines three thresholds that-produce near
unit blas forecasts for each of the FREEZING,
FROZEN, and LIQUID  categories defined {np
Section 2.1. On any given case, each of these
three categorical probabilicties is compared to its
corresponding threshold probability. The category

with the highest probability to threshold ratio {s
: Unger (1992) refers to this threshold
application as the "ratio method.” If on any given
case the ratio method with these three categories
chooses FROZEN, it becomes the LAMP PoPT categori-
cal forecast. If, however, FROZEN {s not chosen,
we use the LAMP probability of FROZEN (POF) precip-
itation to determine two additional thresholds for
the mixed precipitacion categories. For example,
if che ratio method chooses the FREEZING (LIQUID)
precipitation category {n the firse step, we assign
the POF to the mixed freezing (mixed liquid)
category. The mixed 1liquid (mixed freezing)
category in these cases {s assigned a value of Q.
We then use these assigned POF values to determine
thresholds that produce near unit b{as forecasts of
mixed freezing (mi{xed liquid) precipitacion types
given that the FREEZING (LIQUID) category would
have otherwise been forecasc,

Thus, this Strategy produces mixed precipl-
Cation forecasts when the POF {s as high as pos-
sible without having cthe ratio method selecet the
FROZEN category. Thls [s reasonable since mosC of

the mixed precipitation events {n boch the FREEZING
and LIQUID categories {nvolve snow. Vhile we apply
the thresholds in two steps, the ATEP tuneg the
five probability thresholds simultaneously. We
Cuned all thresholds used {n this study with three
passes through the dependent data sample.

8. DISCUSSION OF RESULTS

3.1  LAMP Temperature and Dew Point Predicrors

To see how the LANP Cemperature and dew
point predictors influence the LAMP PoPT forecasts
on independent data, we developed a test set of
equations, replacing all LAMP temperature and dew
point binary predictors with identical observed
temperature and dew point predictors. All ocher
predictors remained the same in both equations. we
will refer to the equations with the LAMP tempera-
ture and dew point prediccors as WTEMP, and the
test equations as NTEMP. all verification samples
presented in this paper were matching.

P-scores (Brier, 1950) were calculated for
the FREEZING, FROZEN, and LIQUID categories com-
bined for both equation sets and are shown by
projection in Fig. 2. The WTEMP equations consis-
tently showed improvement in the P-score over the
NTEMP  equations beyond the 2-h projection,
Figure 3 shows the percent improvement of the WTEMP
forecasts over the NTEMP forecasts. The LAMP
Cemperature and dew point predictors provide a
5 percent improvement over the NTEMP forecasts for
projections beyond S5 hours. This additional
information is likely due to the ability of the
single-station (data only from a particular station
is used {n the equation development) LAMP tempera-
ture and dew point forecasts to incorporate local
effects within the regionalized LAMP PoPT equa-
tions.

0.123

0.11

0.09

o] 2 4 6 ] 20 12 14 18 18 zo0

Projection (Ch)
® yrro + YTIIP

Figure 2. Independent data P-scores for the NTEMP
and WTEMP equations. Scores represent the
combined scores from regions 4 and §,

In addition to producing consistencly better
P-scores, the WTEMP equations promoted consistenc:
bectween the LAMP temperature and PoPT forecasts.
Table 2 shows a composite of all the {ndependent
dacta & through 20-h rain and freezing rafn categor-
fcal forecascs with the corresponding Lsx?
temperature forecasts. We divided the temperacture;
into ranges cto highlight the events where {ncon-
sistent forecasts occur. For example, we define an
inconsistent forecasc as one for rafn at Cempera-
tures below 32 degrees or for freezing rain atc
temperatures above 33 degrees. The categorical
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Figure 3. Independent data percent improvement in

P-score of WIEMP over NTEMP for regions 4 and 5.

forecasts in this {llustration represent forecasts
of pure rain (RN) and of freezing rain (ZR) and
were obtained with the strategy described in
Section 2.4. The WIEMP system made far fewer
inconsistent forecasts.
system produced 3.3 times as many inconsistent rain
forecasts and 2 times as many inconsistent freezing
rain forecasts as the WTEMP system.

Taﬁle‘Z..'iAMPbrainnAndmfr;;;ing rain_;acegofiéal
forecasts within various LAMP temperature fore-
cast ranges.

Lamp Forecast Temperature
Fest. [Eqn. ['<"28 [28-29[30-31]32-33]34-35]35-36]> 3¢
RN INTEMP | 152 236 666| 1473| 2489[ 3140 -

WTEMP | 19 38| 264| 1347) 2713] 3267| -
ZR NTEMP [ eoll 821 383 318 223 190
WTEMP - 783 1111 591} 199 103| 61
3.2 o a ore

Since the LAMP categorical classification
strategy only produces a mixed freezing (mixed
liquid) precipitation forecast after first select-
ing the FREEZING (LIQUID) category, the LAMP PoPT
system can always maintain the skill of a system
that does not attempt to isolate the mixed events.
To determine this level of skill, as well as the
degree to which these forecasts are better than the
currently operational LFM MOS forecasts, we compar-
atively verified forecasts from both systems on the
independent data sample. We included only data

from the 93 MOS stations in our test region. Since '

the predictand definitions for the LAMP and LFM-
based central MOS PoPT systems are slightly differ-
ent, we verified both systems with their appro-
priately coded observations.

Figure 4 shows the Heidke skill scores for

each system. While both systems have substantial
skill, the LAMP PoPT forecasts consistently show
significant improvement over the central MOS at all
projections. Because the central MOS system only
produces forecasts for the &4-, 10-, and 16-h LAMP
projections, intermediate hour MOS forecasts are
the result of linear time interpolation. This
explains why the central MOS skill is less between
those projections.

Heidke skill scores were also computed for
the LAMP mixed precipitation forecasts alone
(Fig. 5). Because mixed precipitation is a rare
event, we Include here both independent and
dependent data results for comparison. While the

Specifically, the NTEMP
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Figure 4. Independent data Heldke skill scores for
both LAMP and LFM MOS PoPTs. Scores were comput-
ed for only region 4 and 5 MOS stations.
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Figure 5. Independent and dependent data Heidke

skill scores for LAMP mixed precipitation fore-
casts in regilons 4 and 5.

skill is not great, the independent data mixed
precipitation forecasts, in general, maintain the
skill observed on the dependent data sample. The
influence of the observations is evident during the
first few projections.

The mixed precipitation forecast bias for
each projection {s shown in Fig. 6. These indepen-
dent data results indicate that LAMP, on average,
produces mixed precipitation forecasts about as
often as the event occurs. This {s {important
because the bias partly controls the temporal and
spatial scale of the mixed precipitation forecasts.
For example, if we increased the mixed precipita-
tion forecast bias, we would increase both the
spatial extent and temporal duration of the mixed
precipitation forecasts. To date, the temporal and
spatial scales of mixed precipitation have been
undefined by guidance.

]

Figure 7 shows the independent data results
in the form of a contingency table of the LAMP 16-h
forecasts. Biases of all forecast categories are
within acceptable limits, ranging from 0.87 for the
freezing rain category to 1.19 for the mixed liquid
category. While the number of correct forecasts in
the mixed liquid and mixed freezing categories was
low, 6 and 14 percent respectively, the LAMP mixed
forecasts did appear to accurately identify tl:.:
proper transition zones of precipitation type. Foru
example, when the mixed liquid category was fore-
cast and not observed, rain or snow predominated
vith nearly equal likelihood, 28 and 32 times
respectively. Similarly, an {incorrect mixed
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FORECAST CATEGORY

" 1 2 3 4 5 Total
§ 1| 84 | 74 | 50 | 2 | 25 |z205
t‘—: 2| 52 |3365| 157 | 32 | 43 |3640
g 3| 48 | 76 |1900| 28 | 10 |2062
lg 4 2 22 31 4 o 59
g 5| 22 | 45 | 21 | 3 13 | 104
Total 178 3582 2159 69 91 6079

Bias .87 098 1.05 1.19 c.87

Figure 7. Contingency table of LAMP 16-h PoPT
categorical forecasts. Categories are coded as
follows: freezing rain (1), snow (2), rain (3),
mixed liquid (4), and mixed freezing (5).

freezing forecast was more than four times as
likely to wverify as snow than rain, while an
incorrect freezing rain forecast verified as snow
and rain with equal likelihood.

3.3 An_Example Forecast - March 3. 1989

We selected an example independent data
forecast to i{llustrate the spatial and temporal
coherency of the LAMP precipitation type forecasts.
Daily Weather Maps lssued by the Climate Analysis
Center for the two winter seasons 1988-89 and
1989-90 were perused for potential mixed precipita-
tion events in the scudy region. We selected the
March 3, 1989, case without any prior knowledge
about the LAMP PoPT forecast system performance.

On March 2, 1989, arctic high pressure was
located over Minnesota; a stationary front streched
southeastward from northeastern Colorado to central
Oklahoma. As a vigorous 500-mb trough began to
develop over the western half of the United States,
a low pressure system formed over southeastern
Colorado. This low produced widespread overrunning
precipitacion {n the forecast area throughout the
LAMP forecast period.

Figures 8, 9, 10, and 11 show the forecast
and observed precipitacion types for the LAMP
4- and 16-h projections over the study area. Note
the forecast and observed areas of freezing and

Figure 8. LAMP 4-h projection categorical fore-
casts valid 0000 UTC March 3, 1989. The forecast
codes are the same a&s in Fig. 7.

figure 9. Observed- precipitation types wvalid
0000 UTC March 3, 1989.

mixed freezing precipitation located over eastern
Nebraska at 0000 UTC March 3, 1989. At the same
time, a widespread area of both forecast and
observed snow existed to the north and east. By
1200 UTC March 3, 1989, the LAMP guidance indicated
that, if precipitation occurred, a very narrow band
of mixed freezing precipitation would develop over
northern Indiana eastward through central Ohio.
The guidance also indicated that the mixed freezing
precipitation over eastern Nebraska would continue.
The placement of the mixed precipitation forecasts
1s consistent with forecast snow to the north and
freezing rain to the south. At 1200 UTC March 3,
1989, mixed freezing precipitation was observed
over northern Indiana, central lowa, and eastern
Nebraska. While only two of the eastern Nebraska
stations precisely verified for the 16-h mixed
freezing forecasts, the duration, placement, an-
areal extent of the mixed precipltation zones wei:
generally consiscent with the observations.

4. SUMMARY AND CONCLUSTIONS

The development and tescing of enhancemenfs
to the LAMP PoPT forecast system have been di.-
cussed. This system uses as inpuc the latesc
information from the observations; central MOS; and
simple, locally-run numerical models to produr=:



Same as Fig. 7, but for the 16-h
projection valid 1200 UTC March 3, 1989.

Figure 10,

Observed precipitation types valid

Figure 11.
1200 UTC March 3, 1989.

update forecasts of the three cencral MOS precipi-
tation type probabilities. The system has been
enhanced for short range forecasting by including
the LAMP temperature and dew point forecasts as
predictors, and by providing additional mixed
precipitation categorical forecasts.

This strategy uses the ATEP to produce five
categorical forecasts from the three LAMP precipi-
tation type probabilities for FREEZING, FROZEN, and
LIQUID precipitation. The five categorical fore-
casts are: £reszing rain, snow, rain, mixed rain
and snow, and mixed freezing rain and snow or ice
pellets. It was demonstrated on Independent data
that the mixed precipitation forecasts had skill {n
identifying precipitation type transition zones.
In addition, the mixed precipitation types were
forecast about as often as they were observed
without degrading the overall skill of the LANMP
PoPT sysctem. An example forecast demonscrated cthe
spacial and temporal coherency of these forecasts.

Independent data veri{fications showed thac
including the LAMP Cemperature and dew point
forecasts as predictors noc only improved P-scores
for all LAMP forecast projections, buc also promo-
ted consistency between the LAMP temperature and
PoPT forecasts. Considerably fewer forecasts of
FREEZING precipitacion with forecast temperatures

above 33 degrees Fahrenheit or of LIQUID precipfita-
tion with forecast cemperatures below 32 degrees
Fahrenheit were observed i{n the enhancad LANP PoPT
system.

In the AWIPS era, LAMP guidance will be used
In part to {nitialize a dacabase of forecasts from
which official forecast products can be automati -
cally generated. The enhancements made to the LAMP
PoPT forecast system will provide the basis for
more accurate guidance that operational meteorolo-
glsts can use to forecast the temporal and spatial
evolution of precipitation types.
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