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AN EXAMINATION OF PROBABILITY OF PRECIPITATION FORECASTS

IN LIGHT OF RAINFALL AREAL COVERAGE

‘ Daniel L. Smith
National Weather Service Forecast Office
Blrmingham, Alabama

ABSTRACT

Twelve~hour composites of weather radar echoes are used to derive
estimates of rainfall coverage in forecast zones of southern Alabama
and northwest Florida. Coverage estimates are then compatred with
probabl ity of precipitation (PoP) forecasts to assess the skiil

and reliability shown by the forecasts., In addition, it is shown
that areal coverage and PoP forecasts are closely related and a
knowledge of the former, in real ftime, could lead to improved
forecasts. ‘

. INTRODUCTION

Forecasts of probability of precipitation (PoP) are a routine part of
National Weather Service (NWS) public forecasts. Unliike parameters such
as temperature, however, PoP forecasts are not easily verified soon after
they are made. Using rainfall cbservations from a single station In the
forecast area, the usual procedure, 11t is only after a considerable body
of forecasts has been assembled that verification is possible. Even then
questions arise as to the representativeness of the observations. This
study was undertaken in part to explore an alternate verification pro-
cedure; namely, PoP forecasts are compared wlth areal coverage of precip-
itatlon, as deduced from hourly radar observations. The study centers on
summartime (June-August) ralnfall in Southern Alabama and northwest Florlda,
In the "scattered shower" reglme which frequently prevails in this area
In summer our PoP forecasts are known to be deficient. Our aim is Yo
develop a real time verification system which wlll lead Yo improved PoP
forecasts.

Before continuing, a discusslon of NWS PoP forecasts and the concept of
forecast zones ls in order. At least fwice each day each NWS Forecast
Office (WSFO) issues a forecast of the basic weather elements for three or
four successive |2«hour periods (e.g., "today", "tonight", "tomorrow'}.

The forecasts apply to zones wlthin each state. Zones usually consist of

a few counties and are so designated that the weather is homogeneous within
the zone. [t is Intended that the zone forecast be used as a local forecast
for any point (community} in the zone. PoP forecasts for any given point

in the zone, for each |2-hour period, are a part of the zone forecast.

Since the weather Is considered to be homogeneous, a polnt probability fore=-
cast is numerically equal to the average point probability forecast for the
zone. This equality is signiflcant, as we shall see later.




2. POINT PROBABILITY AND AREAL COVERAGE OF PRECIPITATION

PoP forecasts are routinely verified by comparison with precipitation
observations at an official ratngage within a zone. |f the forecasts are
rellable rain will be observed on three of ten occasions when 30% is fore-
cast, flve of ten occasions when 50% is forecast, and so on. While this
ver|flication system serves a variety of useful purposes for which it is well
suited, It nevertheless has saveral limitations:

-= Only relatlively few zones are verified...

-~ Regardiess of our assumption of homogeneity, the rajngage may not
be representative of the zone...

-- A single PoP forecast (with the exception of 0 or |00%) cannot be
verifled "right" or "wrong"....in fact, at ieast a season Is required
to accumulate a sufficient number of forecasts for a reasonable
verification of reliablliity.

I+ is a painful experience to forecast an 80% chance of preciplitation and
watch it rain, "everywhere but at the official raingage!"™ Even though

in concept this is what should occur on two out of ten 80% forecasts, this
is only one argument frequently used by those who suggest that it would be
better to verify PoP forecasts by using observations of areal coverage of
preciplitatlion within a zone. Occasionally, and sometimes without realizing
the dlfference, forecasters indicate they would rather forecast areal
covarage than point probabilityl. This is an interesting prospect but i+
Is not without probiems. The probability of precipitation at a glven point
in the forecast area (P) Is related to the expected, or conditional, areal
covarage (A) by the simple expression

P=0CxA
where C is the probabillty that precipitation will occur somewhere in the
area (call It the areal probability). A is the expected areal coverage if
it rains in the forecast area. |t can be easlly demonstrated that forecasts

of expected areal coverage are inherently less useful than forecasts of
point probability. What purpose is served, for example, by telling some-
one that, "if it rains today, the rain will cover 50% of the area." The
|istener's response will probably be, "0.K., so what's the chance 1t will
rain (meaning either somewhere in the area or, more likely, 'on me')?"

fn this exchange the listener Is given A but responds by wanting C (or P) as
well. What he really wants s the probability that he will be rained on

during the period...which Is just what the NWS forecasTs attempt fo provide.

While this study will not argue in favor of forecasts of expected areal
coverage we feel there is much to be learned from a comparison of point
probability forecasts and coincident observations of areal coverage. Affer
the fact, regardless of whether or not it rained in the forecast area during
a given pertod, the chance that a given point in the area received raln is
Jjust the same as the areal coverage cof precipitation. Winklier and Murphy
(1976) show that the average point probability is the same as the
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unconditional expected areal coverage. Unconditional area! coverage is
the product of conditional areal coverage and areal probability, or

A x C. Since our point probabllity forecasts are In fact average point
probabilitlies (we assume homogenelty) we are in effect forecasting
unconditional areal coverage.

For a glven forecast period, Nature reveals fto the forecaster (after-the
fact) the best, or more daslirable, forecast he couid have made of the prob-
abl Ity of raln at any glven polnt In the area...namely the areal coverage.
Bofore-the~fact, however, there are deflinite limits to the forecaster's
ability to reaiize this "best" PoP forecast. Consider the flip of a coin
as an analogy to areal probabllity. On flipping the coin, "heads" or
"tails" are always equally likely outcomes. The probability of heads is
50% and this can be considered the forecaster's "|imiting probabl|ity".

I f he forecas+ts heads with any other probabllity he relies on sheer luck.
After the fllp, if heads occurs, we can argue the fact that a 100% chance
of heads would have been The most deslrable forecast -- regardless of the
fact that the forecaster had no way of reliably making such a forecast!
Fortunately (or perhaps unfortunately for the forecaster) the areal prob-
abllity is not always 50%. The forecaster's job Is to assign a probablllty
as close to 0 or 100% as possible in any given case. After-the-fact he
knows how successful he was.

{f I+ falls +0 rain anywhere in the forecasi area during the forecast
period cleariy the best possible point probability forecast would have been
0%. But this does not mean that a forecast of, say, 20% was necessarily

"bad". Since the forecaster Is limited in his ability to resolve rain/
no rain cases he can only approach the 0% and 100% limits with his forecasts -
sometimes with more success than at other times. |n the case of the 20%

forecast he was quite sure (80%) that it would not rain, but not certain
(100%). By the same foken, an 80% forecast in the no rain case would not
have been necessarily "wrong". |t shows an inability, in this single case,
to resolve the situation (rain or no rain) but it stilt allows a 20% chance
of the correct outcome. The 80% forecast is certainly not unreliable —-

no single PoP forecast can be Judged as to Its reliability, PoP forecasts
allow the forecaster the luxury of stating his assessment of the likelihood
of a rain event. |In the latter case the forecaster has said that in eight
such cases as this, out of ten, it will rain.

3, SCOPE OF THE STUDY

Consider the following situation: a 40% PoP is issued for a particular
zone on a glven day. The next day, after analyzing the weather, the
forecaster concludes that conditions are essentially unchanged from the
previous day (not an unlikely event in the study area in summer}. He
wants to forecast the same l|ikelihood of rain as existed The previous
day, but was his 40% reasonable? How does he evaluate his PoP forecast
from the previous day? Most zones contain no statlons from which rain-
falt observatlions are immedlately available. Even {f tThe zone does con-
tain a verifying station there may well be a fendency to misinterpret
the significance of the observation. Desiring 1o optimize their Brier
Score (see Brier, (950, or numercus more recent contributions) some fore-
casters may simply hope for rain at a verifying station anytime their
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PoP forecast exceeds 50% and hope for no rain anytime it is less than 50%.
Ignoring atl but the present forecast they give no heed to their overall
rellability*. |f It rains at a verifying station on a 40% forecast they
may feel they "underforecast" and in the example above compensate by
raising the PoP the next day.

If raln is equally Ilkely at ail points In the zone (homogeneity} then
the chance of raln at any glven point Is the same as the after-the-fact
areal coverage. Unfortunately, even if the zone contains a verifying
station, for a given case the occurrence of rain at that statlion is not
Indicative of areal coverage. Beebe (]952) has shown that for an area
roughly the size of a zone thirty to forty cbservations are required to
accurately estimate the areal coverage!  However, the fotal area covered
by radar echoes during a given period provides a good estimate of the
areal coverage. For this study we composited hand=drawn hourly radar
overlays for the [2-hour "night" and "day" periods (0035-1135 GMT, [235-
2335 GMT) for June | to August 8, 1976. We confined the study to that
part of WSFO Birmingham's forecast area which was within range of the
Pensacola, Florida, WSR-57 radar. Fig. | shows the Birmingham forecast
zones =- four in Alabama and all four in Florida were included in the
study. We examined summertime rainfall because a definite need exists
for more Information about scattered showers and our ability to forecast
them. This Is the season when an Immediate post—-analysis of rainfail
probability forecasts can most |likely result in improved forecasts for
the next forecast cycle.

On the hourly radar overlays all echo areas were carefully outlined.
Two signiflcant limitations should be kept in mind when assuming that
|2-hour composites of these overlays represent total areal coverage of
rainfall:

~~ The composite will overestimate rainfall coverage because not -
all echoes represent rain at the ground. Some evaporation may
occur and at long ranges the echoes appear somewhat larger than
the true rain area.

-~ The composite will underestimate areal coverage because only
hourly overlays were used. Some echo areas hetween hours were
probably missed and moving cells will result in systematically

smal ler composited areas.

Fortunately, these two effects tend to counteract each other.#

b i o et g g P oy ey Y 0 I R SR 0 Rt o o ik e

*For a forecaster with any skill at all this may not be a bad thing --
reliability may well take care of itfself. But a not-so-skilled fore-
caster who may not have yet developed a feel for his own limitations
must pay close attention to his reliability.

#Editorts Note: Almost certainly what we have here is a net underestimation
of affected area.



First period PoP forecasts were tabulated for each of the eight zones
along with the coincident areal coverages as estimated from the |2-
hour composites. Echo coverage was determined to the nearest 10% with
an estimated accuracy of +10%. PoP forecasts were extracted from the
zone forecasts. Because precipitation is not mentioned in the zone
forecast unless the PoP is 20% or greater we could only form the large
category "less than 20%" to include PoP forecasts of 0, 5, and 10%.

In many of the following analyses all Florida zones are grouped to-
gether and all Alabama zones are grouped together. The grouping is
somewhat arblfrary but might reveal interesting effects of the fore-
casters' thought processes. While summertime forecasts are seldom
greatly different for southern Alabama and the Florida Panhandle, fore-.
casters might consclously or otherwise inject differences because the
Two areas are separated in The forecasts released to the public.
Separate forecasts are seldom wrltten for each zone: zones may be com-
bined in various ways as the weather dictates but Florida zones are
never combined with Alabama zones. '

4. PoP FORECASTS AND AREAL COVERAGES: COMPARISON COF SUMMERTIME AVERAGES

We begin our examination of the data by looking at averages without
comparling specific PoP forecasts and areal coverages. Recali that
forecasts grouped as "less than 20%" contain unknown numbers of 0's,
5's and 10's. For purposes of averaging we took a value of 5% for
these forecasts; The True value, however, was most likely closer to
zero since 0% forecasts were more numerous than 0% forecasts. Esti-
mated coverages of less than (0% represent cases where there were
echoes In a zone but coverage was less than 10%.

Table | shows averages for the four Florida zones, the four Alabama
zones and all eight zones combined. Also shown in the table are esti-
mated average rainfall frequencies from easily available raingages.
Only four of the eight zones contained such gages: +these zones and
stations are ALI5 (Dothan), ALI6 (Mobile), FLOZ2 (Pensacola) and FLO4
(Apalachicota). Rainfall frequencies shown are within a few percent
of the climatological frequencles for these statlions indicating That
the study period was a near normal season. Also contained in the
table are averages for each group of zones of the frequency of occur-
rence of radar echoes somewhere In the zone. To the extent that the
radar composites depict rainfall during the 1Z-hour periods, these
frequencies are mean values for the areal probabillty (C).

Table | contains much useful infermation and the data are consistent,
as we shall see. We mlght guess that it ralns somewhere in the Fiorida
Panhandle just about every day during the summer ("scattered showers').
The table shows that, averaged over all four Fiorida zones, echoes
occurred somewhere in a zone on about 75% of the days and about 50% of
the nights. Averages for the four Alabama zones are similar. These
vaiues are consistent wiTth Those of Beebe (1952) who showed that for
the combined day and night period rain occurred scmewhere within a
zone-sized area centered on Birmingham about 80% of the time. In the
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summer there is |ittle climatic difference between Birmingham and
southern Alabama. Beebe's 24-hour value must be at least as large as
our largest |2-hour value (~75%). Rain occurred not just somewhere
but over at least 20% of a given zone on about 30% of the nighttime
periods and about 55% of the daytime periods (and again Florida and
Alabama show similar averages). The significance of 20% coverage will
be emphasized later,

The frequency of occurrence of echoes (rain) somewhere in the zone...
average areal probability...conveys no information about areal coverage.
Considering all days, even days when no rain was observed anywhere

In the zone, Table | shows that the average areal echo coverages for
Florida and Alabama were about 30% during the day and 15% at night.
Since the observed areal coverage is the same as the average point
probabiilty -=- which is just what we attempt to forecast -- we can
reasonab |y expect the average of our forecast probabilities to be near
the average areal coverages Just described. The table shows that they
were indeed close for the study period. Averaging 0% PoP forecasts as
5% might have caused the nlghttime forecast averages to be slightly too
high in comparison with the areal coverages (20% vs ~15%). During the
day the blas is less pronounced because there were fewer "less than 20%"
forecasts., [t will be seen later, however, that there was a tendency
to forecast PoPs silightly teo high, particularly at the lower PoP
values.

Since we assume the zones to be meteorclogical iy homogeneous, for a

given instance the probability of rain at any point in the zone is the
same as the average peint probability (+hat is, the average of the
probablll+ies at all points}. T is also equal to the areal coverage of
precipitation. |f we average over all days In the study period (including
no-rain days) rainfall frequency at any point should be the same as the
average polnt probability (or average forecast PoP) and it should alsc be
the same as the average areal coverage. Table | shows that the average
rainfall frequencies derived from the cbservations of the four available
stations are Indeed close to the values of the other two parameters.

The fact that the rainfall frequency for the Florida zones appears low

in comparison might indicate that the two stations used, both on the
coast, are not representative of the zones. This is in fact the kind

of feature upon which we hope this study might shed scme [ight.

Recall the earlier equation, P = C x A, A Is the expected areal coverage,
conditional on the fact that it rains somewhere in the area. The radar
data show that for the sfudy area it rains somewhere in each zone on
about three-fourths of the daytime periods. it Is not unreasonable then
to imagine a gliven day as being one on which the forecaster is quite
sure it wili rain Iin the zone, somewhere. What information can our
analysis of areal coverage vield to the forecaster for use on such a
day? 1f only the rain days are averaged, that is the days when there
were radar echoes somewhere in the zones, Table | shows that the areal
coverage is about 10% higher than the average coverage on all days. In
other words, on such days the chance of rain at a gliven point is about
10% greater +than the climatoiogical frequency. Finally, consider for
the Florida or Alabama zone groups the product of the average frequency
of occurrence of rain somewhere in the zone (C) and the average areal
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coverage for rain days only {A). The product should be; ) the average
point probabllity (P), and, as we have seen, 2) the average areal coverage
on all days, and 3) the observed average rainfall frequency. The reader
may satlsfy himself that The values in Table | yield products which are
preclisely 2) and very close to |) and 3).

5. PoP FORECASTS AND AREAL COVERAGES: FREQUENCIES OF USE COMPARED
WITH FREQUENCIES OF OBSERVATION

Having considered summer-iong averages of the data, we now examine more
closely the use and occurrence of individual PoP and coverage values,
Flg. 2 shows the frequency of use of each PoP forecast value along with
the frequency of occurrence of each decile areal coverage value. Alabama
and Florida zones are considered separately and different graphs are
shown for the day and nlght periods. Small numbers along the curves

show the actual numbers of forecasts and occurrences. Note, however,
that no attempt is made to compare PoP forecasts with coincident coverage
values. An outstanding feature in comparing the curves in Fig. 2 is that
PoP vatues of 20% and 30% were forecast far more frequently than corres-
ponding coverages were actuafly observed. This was true for both groups
of zones and at night as well as during the day. During the daytime periecd,
the "overuse" of certain PoP values extended to 40% and 50%.

The graphs do not reveal whether this overuse represents an over- or
under-forecasting blas, but the particular abundance of 20% values s of
special interest. Several factors are probable contributors to the high

frequency:

-~ Forecasters may overestimate the areal extent of summer showers.
Observation of a few showers on radar during the perlod, or rain-
fall at an observing station, may Immediately condition many fore-
casters to think in terms of at least 20% coverags.

-- 20% is a significant value because it is the threshold for
Inctusion of the word "rain" ip the zone forecast. Conseqguently,
if the forecaster estimates the PoP to be greater than 0%, but
less than 20%, he may "Inflate" his forecast to 20% so as to be
able to include scome menticn of rain in the forecast, "just in
case". The feeling seems to be That peopie do not expect to be
rained on with a 20% probability forecast anyway so 20% is about
the same as 0%...unless someone does get rained on! {The feeling
probably also extends to the idea that If it falls to rain at a
verifylng station on a 20% forecast the scoring penalty is not
much greater than if the forecast had been 0%.)

-- 0t the PoP values the forecaster is allowed to use (0, 5, 10, 20,
30, ...90, »95) most are above the summer climatological rainfall
frequency for the study area. In fact, the 20% threshold leaves
him no "mentionable" values below the nighttime climatological value
(15-20%) and only the 20% and perhaps 30% values below the daytime
climatological frequency {(~30%). Hughes (1965) has indicated that
having far more values on one side of climatology than on the other
may create a psychological probtem for the forecaster which results
in signlflicant over- or underforecasting.
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The peaks at 30% In the daytime forecast curves, particularly outstanding
In the Florida zones, are especially interesting. As the curves showing
observed coverage indlcate, 30% rainfall coverage is not significantly
more frequent than coverage of 20% or 40%. Yet the 30% value seems to

be a favorlite of the forecasters!. No doubt the explanation lies in

the fact that 30% is about the daytime climatological rainfall frequency
for the area (Table ). Fig. 2 indicates the strong, although not
unusual, tendency to concentrate forecasts around the climatological
frequency: a problem to which special attention should be given, par-
ticularly in the Florida zones.

For the daytime perlod The tendency toward overuse of certain PoPs
extended to 40% and 50% but diminished in frequency so that 60% PoPs
were forecast with the same frequency as observations of 60% coverage.
Forecasts of PoP values above 60% were made with lower frequencies than
corresponding areal coverages, Areal coverage greater than 60% occurred
on about 20% of the daytime periods yet PoPs greater than 60% were fore-
cast less than 5% of the time. Why the forecast and observed frequency
curves cross at 60% is not clear. The crossover occurs at a lower value
for the nighttime curves, at around 40% 1o 50%, suggesting that this is
a reflection of climatology.

The ohserved frequency curves in Fig. 2 indicate that areal coverages
from 40% to 100% occurred with about equal frequencies, although the total
nurber of such occurrences in the small data sample makes this conclusion
tentative, at best. Each coverage value occurred with a frequency of
about 5% for the daytime periods and somewhat less frequently at night.
Nighttime PoP forecast frequencies from 40% to 70% match frequencies of
corresponding areal coverages quite well, but above 70% forecast fre-
quencies fell to zero...no such PoPs were forecast! More significantly,
forecasters apparently failed to recognize, at least for the study period,
that daytime areal coverage of 90% or even [00% was about as likely as
coverage of only 40%. They forecast a PoP of 40% about 15% of the time
but never forecast PoPs of 90% or 100%!

In generai, then Fig. 2 shows that frequencles of forecasts for PoPs
below about 50% were higher than the frequencies of occurrence of corre-
sponding areal coverages. |In the middie range, 50% to 70%, forecasts
and observations occurred with closely matching frequencies. At higher
values, above about 70%, PoP forecasts were seidom made but areal coverages
as high as 100% were not uncommon. Likely reasons for the tendency to
overuse the lowest PoP values (around 20%) have already been given and
it is not difficult to envisionh procedures which should correct this
bias and bring the forecast PoP and observed areal coverage curves Info
closer agreement. But what about the underuse of PoPs above about 70%7
Two interesting concepts may shed some |ight on this bias. First, con-
sider the eariier equation, P = C x A. A forecaster can arrive at a

PoP value of 70% or more if he is virtually sure that i+ will rain in the
zone (C 2 100%) and he expects the areal coverage to be 70% or more.
Alternatively, he can be more than 70% sure that i+ will rain at leas?

somewhere in the zone and expect areal coverage of nearly [00% if i+ does.
For a PoP of 70% neither C nor A can be below 70%. |n other words, a high
confidence of rain in The area and an expectation of large areal coverage.
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Whether or not they customarily consider the problem in just these terms,
perhaps 1+ [s not surprislng that the forecasters tend to underuse high
probabllitles. Even If they are quite sure of large areal coverage there

is stll} The chance that the rain will not materialize in the perliod so

they may use areal probability to "hedge" the forecast...assigning an areal
probabliity of something less than |00%. This idea will be explored further
below,

A second concept which mlight explain underuse of high probabilities in-
volves rellablilty. Hughes (1965) has polnted out that In perfect fore-
casting one would have only 0% and 100% forecasts, with several Times more
O's than 100's, the ratio depending on the climatological rainfall frequency.
Fig. 3 Is adapted from Hughes' study and shows the frequencles at which
varlous PoP values were forecast for Chicago. The study period is not
Important. The broken line represents the expected frequency distribution
based on the assumption of nearly perfect forecasts. The forecasts are
clustered at 0% and 100% with a scattering of Intermediate "imperfect"

PoP forecasts. The Chicago curve is similar to those in Fig. 2. But is
I+ reasonable to expect our PoP forecasts to resemble the upper end of the
broken curve in Fig. 37 I+ is true that for a specific point a set of
perfect forecasts would consist of PoP = |00% on each rain day and

PoP = 0% on each non-rain day. Such a set is at least theoretically
possible. After-the-fact, for a given period, there Is no intermediate

outcome at the single point: It either rained or it did not. However,
our PoP forecasts are not for specific points but rather are for any given
point within a zone. They are average polnt probabilitiaes and for any

given period there is some chance, ranging from 0% to [00%, That after-
the-fact any particular point had rain. The chance depends on the areal
coverage In the zone. |In other words, perfect resolution, In the sense

of 0% and 100% PoPs, is not possible for zone forecasts. For the daytime
periods Included in this study, considering only the Alabama zones, the
best possible resolution would have been obtained by forecasting a 0%

PoP on each of the 47% of the periods when It failed to rain anywhere in
the zones and forecasting a 100% PoP on each of the 4% of the periocds when
i+ rained everywhere In the zones. A forecast of 0% or 100% on any other
of the 49% of the periods would have been wrong somewhere in the zones!
Thus I+ seems improper, for zone forecasts, to expect resolutlon to approach
the broken curve In Fig. 3. Rather, a perfect resolution shouid be thought
of as approachlng the curve showing frequency of occurrence of areal
coverage. Such a curve will always show a peak at 0% coverage (except

in wet climates) but will not show the secondary peak at 100% (unless
extensive rains are common).

6. PoP FORECASTS AND AREAL COVERAGES: COMPARISON GF CO{NCIDENT DATA

So far we have considered only the individual average characteristics

of PoP forecasts and observed areal coverages. We have examined over-

and underuse of forecast PoP values but we have gained [ittle insight

into possible over- or underforecasting bias because no attempt has been
made to compare forecasis with coincident observations of coverage. We
now tTurn our attention to this aspect. Flg. 4 shows the average forecast
PoP for various observed values of areal coverage (broken lines). Periods
were separated according o areal coverage and The forecast PoPs foir each
dectle coverage were averaged. The figure also shows average observed
areal coverage for various forecast PoP values (solid lines). In the
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latter case periods were separated according to PoPs and the areal cover-
ages were averaged. Different graphs are shown for day and night periods
and Alabama and Fiorida zones are considered separately.

Consider first the broken curves in Fig. 4. In a way, these curves graph-
ically deplct prefligurance. They show how well glven extents of areal
coverage were forecast. Thus, they glve an Indlcation of the forecasters!
resclutlion -~ in other words, they show how well| the forecasters were
able 10 resolve areal coverage. Probably the most outstanding feature of
all broken curves is that even for large coverages Tthe average forecast
PoPs did not exceed about 50%. Murphy (1977), using relatively high density
ralngage networks 1o deduce areal coverage, has shown that PoP forecasts
from St. Louls, Missouri, and Rapid City, South Dakota, reveal the same
characteristics as shown by the Birmingham data in the broken lines in
Fig. 4.

There [s a tendency to conclude that the broken curves graphically deplct
a serious underforecast bias for all PoP forecasts above roughly the clima-
tologlcal ralnfall frequency =- for both night- and daytime perilods.
Below climatology, overforecasting appears to be the probiem. Fig. 5.is

a closer look at average forecast PoPs for high and low coverage daytime
periods., For the combined Alabama and Florida zones 100% coverage was
observed on thirty-two of the dayitime perlods. Fig. 5 shows the fre-
quency distribution of PoP forecasts for those days. The average forecast
PoP was 53% and PoPs of about 50% were the mode as well as the average

for the data set. While there was a secondary maximum with about a fourth
of the forecasts at 70% to 80%, ftwo-thirds of the forecasts were from

40% to 60%. A second curve In Fig. 5 shows the frequency distribution

of PoP forecasts for the sixty combined Alabama and Florida daytime cases
when the observed areal! coverage was 10%. The average forecast PoP was
26% and only one-fifth of the forecasts were below 20% (that Is, 0%, 5%
or 08). Flg. 5 even more clearly seems to indlcate a forecast blas.

Do the above results Indicate serious problems? Are they In fact sur-
prising? To characterlze apparent problems revealed by Fig. 4 as "over-"
or "under-forecast" blas Is really a mlsuse of tTerms because such bias is
usual ly a characterization of refiability. As we shall show below, the
forecasters' reliabilities were actually gulite good during the study period!
Overforecasting is sald to exist if, say, for a set of 40% PoP forecasts
the average observed areal coverage s anything less than 40%. Regardless
of an underforecast bias which we might infer from the broken curves of

Fig. 4, the solid curves in the same figure, discussed below, show that 1f

any bias existed at all it was an overforscast bias! How then do we
explain the slope of The broken curves? Recalling the disproportionaie
numbers of forecast PoPs and areal coverages =- at elther extreme -- which

were revealed by Flg. 2, the slopes of the curves should not be particu-
lariy surprising. We have seen that even If forecasters are highly skilled
at assessing the expected areal coverage they should still forecast PoPs
somewhat lower than The observed areal coverage because, practically
speaking, they cannot be 100% sure that i+ will rain in the zone (that is,
C<100%). 1f the forecast PoP exceeds the areal coverage It can only mean
that the forecaster overestimated the expected coverage (since Cg100%).
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However, If the forecast PoP ls less than the observed coverage, which is
what we see in the broken curves of Fig. 4 (above climaftology), it signi-
fles that the forecaster underestimated either the expected areal coverage
or the areal probability, or both. The abllity to resolve the areal proba-
bl ity as 0% or 100% and also resolve the expected areal coverage are both
measures of the forecasters' skill. How closely the broken curves In the
figure approximate the dlagonal Ilnes ls thus a measure of skill. We

prefer thls [nterpretation of the curves over a characterization of bias.
Since the broken curves devlate progresslively farther from the dlagonal

e}

lines as observed coverage Increases, i+ Is obvious that forecasters

exhiblt poor skill In the higher probability ranges. |In general, the same
concluslon ts usually reached by other studies of forecasters' skill.
The lack of skil!l is manifest either as underconfidence of areal probability

(forecasting C foo lfow) or underestimation of expected areal coverage
{forecasting A too fow). Most |lkely both effects frequently combine to
result In a PoP forecast which Is too low in "rain" cases (cases In which
the probablllity of rain Is above The climatological frequency). Below
climatology PoP forecasts were generally too high. As we showed, since
one cannot be more than 100% sure that I+ will rain In the zone (CX100%)
this result can only come about from overestimating the expected areal
coverage,

Lack of resolution of the forecasts in the middle PoP range is another
Interesting feature revealed by the broken curves in Fig. 4. Notice In
the daytime flgures that the average forecast probability remains between
30% and 40% as the areal coverage increases from 20% to 70%! This

feature Is not quite as pronounced at night. Since we are deallng with PoP
values as forecasts for any given point and are not considering whether

or not it rains at a particular point, resolution in [ts usual sense =-
the ability to forecasT only 0% and 100% (wlth success) -- seems to have
no meaning in our context. This ldea was discussed eariier in Section 5,
Nevertheless, the broken curves can be thought of as deplcting a kind of
resolution Insofar as they show the forecasters! ability to resolve areal
coverage, When the coverage is high the average point probability is just
as high and good "resolution" demands that The forecaster recognize such

a sltuation with a high PoP. tike either end of the broken curves, the
middle seems to indicate that forecasters jack good resolution (skillt)}

in the summertime, particularly during the daytime period.

We now turn our attention to the other half of Fig. 4, namely the infor-
mation contained in the solid curves. These curves can be Thought of as
depicting something |ike post agreement. They show how well given fore-
cast PoP values verified against observed areal coverage. The degree to
which the ploited points lie along the diagonal lines is also a measure

of reliablllty. Even though we plot forecast PoP averages against areai
coverage These graphs are actually The same as those normally used which
show freguency of occurrence of precipitation at a verifying station plotted
against average PoPs (for example, Cummings, 1971, 1974). This is because
frequency of precipitation at a given peoint and average areal coverage

are the same as long as The area is homogeneous in terms of rainfall
distribution.
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On the average, the PoP forecasts, particularly for the daytime period,
were falrly rellable., For the comblned zones elght 80% forecasts were
made for the daytlme perlod and the average areal coverage was 83%!
However, when the zones are separated, as In Fig. 4, we flnd that the
areal coverage was 100% on each of the four Florida forecasts of 80% PoP,
On the four Alabama 80% forecasts the observed coverages were 20%, 70%,
80% and 90%. WIth the exception of the lowest Alabama observation this
result Ts good, conslidering the small data sample. Earller we commented
on the desirabl|ity of grouping the Alabama and Florida zones separately.
It would be Interesting to know whether the differences just clited in areal
coverage were real or the result of the small data sample.

We know from earl|ier discusslion that forecasters made far fewer forecasts
of PoP greater than 50% than were called for by the areal coverage which
was subsequently observed. The low number of forecasts makes It difficult
to assess the reliabllity above 50%. Flig. 4 suggests, however, that when
forecasts of greater than 50% were made for the Alabama zones they tended
to overforecast The actual coverage (the solld curve falls below the
diagonal). This seems particulariy true for the nighttime forecasts.

For the Florida zones In the daytime there was a tendency to underforecast
the coverage while at night the 70% forecasts (there were none above 70%)

greatiy underforecast the coverage. It should be pointed out that these
results are not lncensistent with Those we deduced from the broken curves
In the same figure. Because of skill limitations forecasters used PoP

values above 50% with far less frequency than high areal coverage was
actual ly observed. Thus, the slope of the broken curves is inevitabie.
When forecasts of PoP greater than 50% (or any other value for ‘that matter)
were Issued varlous degrees of over- and underforecast bias were apparent
in the result.

7. PoP FORECASTS AND AREAL COVERAGES: VARIATION AMONG ZONES

ln previous sections the four zones In each state were combined In order

to Increase the sample size for averaglng and in hopes of revealing dif-
ferences in both forecasts and areal coverages In the two areas. We now
examine the zones separately to see if differences exist at the scale of
zones. The analysis presented in Table 2 follows That of Murphy and
Winkler (i977). They showed that forecasters at Rapid City, South Dakota,
exhibited skill at distinguishing different point probabilities for points
within a zone-size area which was not homogeneous with respect o rainfall
coverage. We do not consider points wivthin a zone, but rather zones within
a larger portion of a state. Table 2 shows the frequency of occurrence

of different areal coverages in the four Alabama and four Florida zones.
Also shown are The frequencies at which forecasters used one, two, fhree

or four different PoP values for the four zones. In distinguishing different
areal coverages we requlired the values to differ by 20% or more to account
for limitations in determining coverage from the radar composites.
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I+ can be seen that at night areal coverage was the same (one value) about
half of the time...both in Fiorida and Alabama. Forecasters did reasonably
well in forecasting this; they overused a single PoP value about [0 to

I5% of the time. Of course, +he Information in Table 2 does not indicate
the forecasters' success at assigning the correct PoP (coverage) valus!

I+ is significant that three or four different areal coverages occurred

24% (10%) of the time In Alabama (Florida) for the night periods. Except
for a singile use (approximately one percent) of three values in Alabama,
forecasters hevet used more than two PoP values for elther group of zones,

For the daytime periods forecasters falled to realize with their PoP
values the variation of areal coverage shown by the radar data. Note that
never more than two PoP values were used for a given period. Nature, on
the other hand, assigned three or four distinct areal coverages 23% of

the time in Alabama and 34% of the time in Filorida. The same PoP value
was assigned to all four zones 60% of the time in Alabama and 84% of the
time In Florida. Such uniformity was realized in areal coverage onty 33%
and 27% of the time in Alabama and Florida, respectively! These data
would seem to indicate that forecasters should try much harder to identify
features (meteorological as well as topographical) which might lead to the
use of different PoP values. When more than one value was used In Alabama,
zone ALI6 was usually the "oddball" even though on the average its PoP

was the same as the other Alabama zones (~20% nighttime, ~30% daytime).
Interestingly, The radar data seem to Indlcate that ALI6 had greater and
more variable coverage than the other zones (~25% nightiime, ~40% daytime)!
In Florlda, in both the night- and daytime periods, forecasters frequentty
used a singlie PoP value for the Inland zones (FLOI and FLO3) and a second
value for the coastal zones (FLOZ and FLO4). Such differentiation
accounts for most of the two-value forecasts (24% of the night- and 16% of
the daytime forecasts). For most of the daytime periods the Florida zones
had two or more areal coverages but there was no appatrent Tendency for the
inland zones to show one coverage value and the coastal zones To show
anoTher,

During the period of the study, variation of areal coverage of rainfall from
zone To zone was common. This was particularly ftrue during the daytime.

I+ is hoped that a further examination of the radar compesites will lead

7o a better understanding of the causes of these variations.

8. SUMMARY

This study has presented first results of an investigation of Alabama and
northwest Florida rainfall and precipitation forecasting. Our investiga-
tion uses weather radar data to infer areal coverage of summertime showers.
Resuits of Thls preliminary study are sufficiently encouraging for us fo
extend the study area To northern Alabama. The WSR~57 radar at Centrevilie,
Alabama, near Birmlngham, will be used for that area. Our a2im is fo im-
prove precipitation forecasting, particularly PoP forecasts in the summer,
at The Birmingham WSFC. ResulTs, of course, should be generally applicable
to forecasters elsewhere. |In assessing results presented in This study

we musT not tose sight of the limited data sample which was used. Our
surmaries and statistics invoiving areal coverage and PoP forecasts are
similar +o Tthose derived by others from different data and fechnliques,

thus lending support To our concluslons.
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In Section 3 we presented the situation of a forecaster who is faced with
what he thinks Is the same |lkellhood of rain as existed on the previous
day. How can he assess his PoP forecast from the previous day? Subsequent
discussion showed the utliity of areal coverage observations In makling

this assessment. Zone to zone variation of areal coverage of rainfall was
found to be common durlng the study period suggesting that the forecaster
should make every effort to dlfferentlate between zones., In the long run,
cilmatology of areal coverage In the zones can help the forecaster improve
his overall skili and reliabllity. On a real time baslis, however, improve-
ment can come from an Immediate veriflcation of his expected areal cover-
age. In the frequent summertime situatlion when the forecaster determines

a high areal probabllity (C) he has only to examine the |2-hour radar
composite to assess the accuracy of his areal coverage forecast

(PoP = A If C = 100%). The radar composite is easily available at those
forecast offices whlch are collocated with radar stations. Unfortunately,
such is not the case at Blrmingham and a way has yet to be found to make
the composite avallable. Several approaches are under Investigation.
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Table 1. Averages derived from forecast probabilities and observed

radar echo coverage during the study period (June 1 to
August 8, 1976),

NIGHT DAY
Fla Ala Comb ¥la Ala Comb

Average forecast PoP 20 20 20 32 29 30
Average areal echo covg

(all days) 16 17 16 35 30 32 -
Average areal echo covg

(rain days only%) 31 29 29 46 40 42
Average rainfall frequency| 13 16 15 25 31 28
Average freq of occurrence
of echo somewhere in zone| 52 59 56 77 76 76

*Rain days are days (periods) when an echo occurred somewhere in a zone,
regardless of coverage,

Table 2, Frequencies of use {observation) of 1-, 2-, 3~ or 4
separate PoP values (areal coverages) for the four
Florida and four Alabama zones used in the study.

Frequency of Use/Observation (%)

Night (00-12 GMT) 1 Value 2 Values 3 Values 4 Values
Fcst PoP 59 40 1
AL zones
Obs Covg 47 29 18 6 68 periods
Pcst PoP 76 24
FL zones
Obs Covg 59 31 7 3
Day (12-00GMT)
Fcst PoP 60 40
AL zones
Obs Covg 33 33 19 4 67 periods
Fest PoP 34 16
FL zones
Ubs Covg 27 39 33 1
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