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ABSTRACT
An objective technique is developed for modlfying preclpltation proba=-
billty guldance forecasts recelved from the Naticnal Meteorological
Center by means of radar information which becomes avallwlle subsequent
to receipt of the guidance forecasts. Tests show Improvement wlth ‘
respect to both the centrallzed guidance and the offlcial subjective

forecasts. The findings also carry implications as to the resoclution
necessary in radar data used in such a procedure.

[, introduction

As a result of improvements in numerical prediction, an increasing
amount of forecast guidance material is being transmitted from the
National Meteorological Center (NMC) In the form of unmodifled computer
products. Cirect output of numerical models comprises a large part of +he
guldance materlal, However, there Has been [ittle success In forecasting
varlables such as maximum or minimum temperature and probabtlity of pre-
cipitation directly. Best resufts have been obtained through use of a
statistical relationship between the predictand and variables forecast
by the numerical model. Glahn and Lowry (1869) have used this approach
with conslderable success in what they call the Model Output Statistics
or "MOS" methed. NMC disseminates a number of products derived in this
mannar.

The field forecaster could improve on these MOS guidance forecasis.
if he could determine that forecasts for a specific location were biased
(having been based on a generalized equation for an area) or if on a |

particular day he could isolate potential errors due to data deficiencies



or other problems with the dynamic models, However, these are not prom-
ising avenues. As a resulT of the statistical procedures used in their
development, MOS products generally do not have large bias., Furthermore,
the dynamfc models have become so complex that it (s difficult to anti-
cipate the effects of input errors and the occasions on which model
prédicfions will faif in the area of concern,

The greatest opporfunjfy far- tThe forecaster to improve upon the
central lzed guidance may be Throﬁgh use of data not avaitable 1o the
models, WIith respect to precipitation forecasting, one source of such
data is radar., Although conventional surface obsefva+ions and satelllite
data serve as input fto NMC models, the significant and extensive infor-
mation repraesented by radar cobservaticns is ot presently included, In
addition, since most forecasts are issued at six~hour intervals and the
basic numerical guidance is on 5 two-per-day cycle, there is the possi-
bilifyﬂdf capifalfzing on radar information received as much as eight or
nine hours |ater fhan observations used in the ﬁodels.

‘The present experiment was therefore undertaken to examine the feasi-
bility of using radar data in an objective manner to modify and update The
precipitation ﬁrobabi!i+y guidance forecasts issued by NMC.

2. Data and Procedure

The forecasts which serve as baslc PoP guidance to field forecasters
‘are based on the MOS procedure with input from the NMC Primitive Equation
(PE) model and a trajectory model develcped by Reap (1968), The forecasts
have been referred fo by the acronym "PEATMOS", for Primitive Equation and
_Irajécfory Model OQutput Statistics. Verification figures show these fore-

casts to be as good as or better than subjective precipitation probability



forecasts formerly made at NMC and which they have now repiaced. The
PEATMOS forecasts, based on medel runs from data at the standard synop-
tlc Times of midnight and noon Greenwich mean Time, are received at
fleld offices at approximately 0730 GMT and 1930 GMT. Our experiment
made use of radar data which becomes available beftween these times and
forecast release times some three hours later.,

Fig. 1 shows the scheme used to digitize the scho pattern cof each
radar ‘twice per day (0900 GMT and 2100 GM7), for a grid of 25 squares
roughly 40 nm square. A portion of the area for which radar data were
collected during the period December 971 to February !872 is shown In
Fig. 2. The grid was desigred as a subset of the PE model grid with a
resoluffoh four %imés greater (PE grid points afe indicated in Fig. 2
by %'S). The individual radars were composited to arrive at a reasonably

compiefé echo distribution over the entire area.
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Fig. | Scheme used to digitize radar patferns.
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Fig 2. Portion of the gridded area for which radar data were

collected. Date from The six radars shown here were
used in developing the PoP update scheme. Each radar
repcrted data for the 25 squares enclosed by the box

centered on the station. Grid tengTh is roughiy 40 nm.
PE grid points are shown by x's.
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WiﬁTer brecipiTaTion regimes for Attanta, Birmingham, and Jackson
are sim{lar and the area around each station is well covered by surround-
ing radars, Therefore iT was decided to use these stations to develop
the PoP forecast update scheme. Climatological freguencies of precipita-
tion differ |ittie between day and night periods for each station (Fig.3),
In addifibn, the frequencies for the three stations are similar, These
facts justify combination of day and night pericds for all three stations
to obtain a developmental data saﬁple‘of 372 periods for the two months
of December and January. Data for February were used as an independent
test sample. |t should be emphasized that while orly three stations were
used in development, the update scheme should be applicable to any station
within the same general area énd with the same brécipiTaTion climatology

as The dependent stations,

3, Selection of Predictors

An earlier study of the correlation between rainfall and prior echoes,
while iécking the resolution of the present attempt, revesled that the
besf use of radar data would include information about the prevailing wind,
Based in part on the earlier study the areas sthown in Filg., 4 were seiected
as being those which, when echoes were present, offered the greatest
potential as predictors of rain at the indicated stations {which we will
call verifying poinfs), Fig. 5 is a composite of the three areas for The
périod of the dévelopmenTaE data éamp!e and shows for each grid square
the frequéncy of rain at the verifying point, given an echo in the square,
The relative location of ?helsquafe with highest frequencies was the same

in each of the three areas,
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The frequency distribution and preliminary correlation analyses
suggested that the area of consideration could be reduced by elimination
of the shaded squares without loss of predictive informaticn, Fig., 5
also suggested that for examining effects of resolution of the radar
data the large area, Area 1, consisting of 25 squares, could be sub-
divided into at least two successively smaller areas; Area 1l (9 squares),

and Area 111 (| square).
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Fig. © Ccmposite of the three areas shown in Fig. 4. Numbers are
mean frequencies of occurrence of precipitation at the
varifying peint, given an echo in the indicated square.

A tabulation of the presence or absence of schoes in The various

areas, or combinaticns of areas, was used fo construct binary predictors,

while The degree of coverage within areas yielded continuous predictors,
These were used in varicus combinations with The PEATMOS precipitation

probability forecasts in separate screening regression analyses,
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The PEATMOS PoPs were first period forecasts for the [2~-hour berlod
beginning 12 hours after 0000 GMT or 1200 GMT. The other predictors were
based on radar observatlions at 0900 GMT and 2100 GMT, 3 hours prior Té
the verlification period and 9@ hours subsequent to the data on which the
‘PEATMOS PoPs were based. Ffig. 6 illustrates the temporal relationship
among the predictors and the predictand - measurable rain at %he ver| fy-

ing point during the |2-hour daytime or nighttime periods.

PE model '
data time Radar Fest release interval
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Fig. 6 Temporal relationship of predictors (PEATMOS PoPs and radar
data) and predictand (precipitation in 00-12 GMT or 1200 GMT

pariods).

4, Resulfts

One objective was the determination of the degree Qf'independence
among the predictors since this has implications with respect to the
scale of the sysTem'producing tThe echoes-aga %he épf}ﬁﬁﬁ }ééé]hfi§E in
radar data applied to The particular forecast problem beiAQ examinedf

The PEATMOS probability predictor alone accounts fof 4%,9% of the
variance in the developmental dazta. While not the best single predictor
we feel it (s an important one because many features of the general
synopTic situation, such as development, are represented by this single
term. Results Indicate, however, that a good first period probability

forecast can be made based solely on the radar data,
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Table 1 summarizes the contributions to reduction of variance of
several ferms, considered both individually and in combinaticn with the
PEATMOS predictor. Only predictors based on the presence or absence of

echoes within the 40 nm squares are considered.

Table I
Reduction of RV when used in Improvement
Variance (RV)  combination with  over PEATMOS
Term (2) ' PEATMOS (%) alone (%)
PEATMOS " h3,9 - -
Bp 16,1 h9.7 5,8
: L0 o
EII hoofs )100 701
Errr 37.5 52,0 8.1
o1y 6.1 §3.6 9.7
PCT b6,.8 5L . 10,4
Er Presence or absence of echo in Area I.
Binary k17 Presence or absence of ccho in Area II.

krypPresence or absence of echo in Area III.

PCTr  Percent of sguares in Area I with echoes.

Continuous . .
PCTy1 Percent of squares in Ares IT with echoes.

In general, the confinuous predictors appeér to offer more predictive
information than the Binary, A knowiedge of the degree of echo coverage
Mupwind” ‘of the verifying point is, in fact, a better predictor than PEATMCS
fér this data sample, |

The table shows that knowiedge of The occurrence or nonoccurrence of
an echo in the smallest area (Area |l|) provides a hasis for significantly
improving The‘PEATMOS prediction, The percent coverage in Area | is a

better predictor, in combination with PEATMOS, but even befter is the

t0



percentage coverage In Area |1, [+ is Ilkely that *he vaiue of predic-
tor €| (presence or absence of an echo In the small central square,
Area Ifl)'would be enhanced [f [ts locatlen were a function of the pre-
vatling flow rather than the mean flow for the season,
The updated probabllity of preclplftation (PoPupl) based on PEATMOS

and the best single pred1c+or from Table { Is:
PoPupl = ,009 + .58 (PEATMOS) + ,643 (PCT ) {n

The graphiéal solution to Eq. (1} is shown In Fig. 7. Note that even
moderate velues of echo coverage can result in significant increases

over |ow PEATMOS probabllities.
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Fig. 7 Graphical solution to Eq. (1}. Forecasts are truncated at 100%.
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Little further reducticn of variance was obtained by combining other
predictors in Table 1 with those used in Egq. {1). {in terms of total
reduction of variance, the best combination of predictors, considering
information in all three areas, is shown in Table |1, The predictors are

listed in order of their selection by the screening program.

Table IT
Reduction of Variance Cumulative Reduction
Term if used alone (%) of Variance (%)

1. Percent of Area IT

with echoes (PCTII) 16.8 he.8
2. PEATMOS PoP 43.9 Sh.3
3. Presence or absence

of echo in Arsa T 6.1 505

(E7)
i. Presence or absence

of echo in Area III 37.5 56.0

(Bprp)

The four'predicfors yvield the following update eguation for prob-

ability of precipitation:

POPup2 = -.014 + ,332 (PCT||) + .510(PEATMOS) + .I60(E;) + .169(E|([) (2)

The broader region of Area | appears to yield more useful information
than does Area 111, i.e,, in the screening procedure fthe former predictor
was always picked up before The lat¥er. The impiication is that, for
the season and type of forecasts being examined, no advantage would accrue
from higher resolution than that afforded by Thé 40 nm grid length. As

a further test of this an attempt was made fto utilize the additional resol-

|2




utlon provided by the digitization In fTerms of less than half~ or more
than nalf-square coverage at various [ntensi{tles (Ffig, {}). To date, no
successful way has been found to utilize this Information because of the
complicating intensity factors,

The presence or absence and percent coverage of echces of different
infensities in each area, as wel!i as The comparative coverages of differ-
ent Infensities within areas could be determined, however. !nTens[Ty
information alone, at least as dlgitlzed for this s+udy; éould not be
made to yield a predictor anywhere near as useful as those already
discussed, The extent cf |ine actlvity {(both intensity and'conFage) was
investigated as a possible predictor, but line occurrence was found.to be
such a relatively rare event that no reiiable correlation couid be iden-
tified, There is a suggestion, however, that fThe presence of line activify
is inversely correlated with subséqUen+ preéipf#aflon dbwhéfﬁéam. This
somewhat surprising result is in line with earlier unpublished investi-
gations of the correlation between stability indices and rainfall ahd
bears further investigation, A tfentative explanation Is that infense
convective activity is more |ikeiy tc be both transient and spotty,
hence less likely to affect a particular rain gage,

Eqs. (1) and (2), developed with date for December 197} and
January 1972, were tested on independent data for February 1972 for The
same stations for which they were derived. The usefulness of the update-
scheme is weil illustrated by fhe results shown in Table 11l, ‘For the
combined sample of day and night forecasts of all Three stations both
PoPup! and PoPup2? were superior to PEATMOS and the official (subjective) -
probability forecasts in terms of virtually all the standard scores.
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Table III

Scores Derived From Probability of Precipitation Forecasts
ATL, BHM, JAN day and night pericds combined

Faebruary 1972

PEATMOS (NMC)  Official  PoPupl  PoPup?

1. Bias .55 .78 .89 1.00

2. Prefigurance Ll .53 72 .69

3, Post Agreement .75 .68 .80 .69

L. Brier Score L0910 L0928 L0779 L0757

5. Threat Score 36 W2 61 .53

6, Pct Corrsect B5% 65% 91% 874

Bias - Number of precip forecasts/Number of precip cases.

Prefigurance - Fraciion of precip cases correctly forecast.

Post Agreement- Fraction of precip forecasts which were correct,
};ZXF'“O‘)Z F = forecast probability

N Lt 0 =1 (rain% or 0 {nc rain)

Threat Score - Fraction of expected and observed precip cases which
were correctly forecast,

Pct Correct - (Number of correct forecasts/Number of forecasts)x100,

Brier Score

Of particular interest are the comparative Brier Scores since this
provides a measure of the utility of the prebability forecast. A fore-
cast of 100% every time iT rained and Q% each time it failed to rain
would produce a perfect score of zero., Because the forecaster, in his
local statement, is constrained o specify probabilifies onty to The
nearest {0 bercenT {with the exceptions of 2% and 5% in some Regions),
PEATMOS and PoPup pfobabiiiTies were |ikewise rounded up or down in
determining the Brier Scores. Cleariy both update equations improve
the PEATMOS prbbabilE#y by increasing or decreasing It in the "right"
direction -= that is, iT is incressed on rain days and decreased
on no rain days, on the average, |1 is noteworthy that the test shows
the updated forecasts to have essenTEaliy‘no bias despite the fact that
the weather regime for the period of development was abnormally wet and
the Test period abnormally dry, as indicated by Fig, 3.
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't Is ¢ifficult to assess the vaildity of the 50% threshoid used in
determining all but the Brier Score, Hence, it |s questionable that
PoPupl is a better forecast scheme than PoPup2, despite the better cate-
gorical scores. In any case, since the Weather Service no longer makes
categorical raln forecasts, It s desirable fo aim at a scheme which
improves the probability forecasts, as evidenced by optimization of the
Brier Score, in This regard, PoPup2 would seem to be a better equation
tThan PoPupl., The Iimprovement is slight, but exceeds that of the official
forecasts over PEATMOS,

5, Conctusions

This experiment has demonstrated a means of improving probability of
precipitation forscast procedures through the cbjective use of radar
Information. Regression equaticns similar to those developed in This
study can be used in conjunctlion with radar data as presently disseminated,
A desirable procedure, permitting the automatic incorporaticn of the radar
data, would be to provide for fransmission of very short coded messages
from radar stations including the information in the required form, High
resolution of the radar data Is not required (for the first period |2-hour
forecasts consldered in this study); however, The automaTically digitized

radar data envisioned for the future would provide excellent input,
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