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1. Introduction

- This study continues earlier investigations into the relationships between
first-period probability of precipitation (PoP) forecasts prepared at WSFQ
Birmingham, Alabama, and radar estimates of areal coverage of rainfall in
Southern Alabama and Northwest Florida. Forecast and observed data from the
summer (June through August) of 1982 have been analyzed and results are com-
pared with similar analyses from the summers of 1976 and 1977 (see Smith, 1977
and Smith and Smith, 1978; hereafter referred to as S77 and S78, respectively).

Evaluation of NWS precipitation probability forecasts using observations
(or estimates) of precipitation areal coverage is a procedure not without some
controversy., At issue is whether or not it is proper to attempt to verify a
single probability forecast. We argue the answer is "Yes", and we base our
approach on an aspect of NWS PoP forecasts which seems to be often overlooked,
namely, that the PoPs apply to any given point within a zone, not just a single
specific point. In a manner of speaking a single PoP forecast might be thought
of as a number of forecasts (all the same) for many points in the zone. Thus,
verifying that (those) forecasts with estimates of areal coverage amounts to
verifying, in effect, several forecasts,

No significant changes were made in the PoP program between the time of the
egarlier studies and the present one, but there have been several changes in the
forecasting staff at the WSFQ. Repeating earlier analyses using data from the
summer of 1982 provides an opportunity to compare current forecasts with those
made several years ago and may reflect the extent to which knowledge gained
from the earlier studies has been incorporated into operational procedures at
the WSFO. For example, it was obvious in 1976 and again in 1977 that fore-
casters grossly overused probability values between 20% and about 50%, when
frequencies of use of such PoPs were compared with frequencies of occurrence of
similar rainfall coverages for zones., Was there any evidence in 1982 that a
tendency to do so was checked?

An additional investigation was made using the 1982 radar data, Studies by
Lopez, et al., (1983), using high resolution digital radar data acquired as
part of FACE (Florida Area Cumulus Experiment) in 1978-80, show that 12-hour
cumulative rainfall volume can be estimated for large areas with considerable
accuracy using radar echo maps (PPl displays) separated by intervals greater
than one hour. To test whether similar results might hold for areal coverage
estimates from manually derived data we produced 12-hour composite echo maps



using overlays at 2-, 4-, and 6 hour intervals and compared the results to com-
posites based on hourly data. Results have significance in terms of the effort
involved in carrying out a PoP coverage comparison in real time.

It will be useful to examine once again in Section 2 the data and analysis
procedures used in this (and earlier) studies., Readers are encouraged to
review S77 for an in-depth discussion of NWS PoP forecasts, point and areal
probability concepts, and relationships between areal coverage of rainfall and
PoP forecasts. Similar discussions are given by Winkler and Murphy (1976},
Murphy (1978), and Smith (1979). While a brief review is given in Section 3,
it will be assumed readers are knowledgable of these basic concepts regarding
PoP forecasts. In Section 4 we consider summer long averages of PoP forecasts
and areal coverage estimates. An analysis of averages reveals a number of
similarities with earlier data and confirm earlier conclusions. In Section 5
we compare frequencies of use of individual PoP forecast values with frequen-
cies of occurrence of corresponding coverage amounts. Significant differences
in the frequencies are obvious. Section 6 presents results of specific com-
parisons of PoP forecasts and coincident coverage. This allows an evaluation
of PoP forecast resolution and reliability, as judged against areal coverage.
Finally, in Section 7 we briefly discuss results of coverage estimates based on
fewer overlays.

2. Data

Fig. 1 shows the eight forecast zones, four in Alabama and four in the
Florida Panhandle, which were used in this study. First period PoP forecasts
for the 12-hour night (0000-1200 GMT) and day (1200-0000 GMT) periods were
tabulated., The forecasts were issued at roughly 4 pm and 4 am, CST, a few
hours before the start of the valid periods, by forecasters at WSFO Birmingham,
Areal coverage of rainfall in each zone was estimated for the same 12-hour
periods by compositing hand-drawn hourly radar overlays (Fig. 2) prepared by
the staff at WSO Pensacola. Observations were made using a WSR-57 radar and
the study area was restricted to roughly the 125 mile range of the radar. As
in earlier studies the investigation was limited to a three month summer
(June-August) period to emphasize convective activity and minimize effects of
organized precipitation systems. One of the goals of the initial study (S77)
was to develop improved procedures for forecasting PoPs for the summer
"scattered shower" regime of the study area.

Echo coverage from the composite hourly overlays was determined visually to
the nearest 10% with an estimated accuracy of +10%, It should be kept in mind
when comparing results from S77, S78 and the present study that coverage esti-
mates were made by different individuals in each case. This introduces a
possibility of some bias from year to year. Indeed, evidence for systematic
differences is found in this study. In addition, accuracy of overlays, move-
ment and changes of echoes between hourly overlays, correlation between echoes
and measurable rainfall, and other factors all affect the accuracy of rainfall
coverage estimates. These problems are treated in some detail in S$77 and S78
and we will let it suffice here to note that earlier results argue in favor of
using this simple approach to analyzing PoP forecasts.



PoPs were extracted from public forecasts issued for individual zones or,
more commonly, combinations of zones. When zones are grouped it is assumed the
same PoP applies to each zone. Because NWS procedures specify that no PoP, nor
mention of precipitation, is to be included in a zone for which the PoP is less
than 20%, we are forced to group all such forecasts under the heading "less
than 20%". This includes forecasts which might have been logged (for verifica-
tion purposes) as 0% or 10%. For comparison purposes, estimated coverages of
0% and 10% are also grouped as "less than 20%",

3. PoP Forecasts and Areal Coverage

In the following sections PoP forecasts will be evaluated by comparison
with estimates of the areal coverage of precipitation. This implies that PoPs
are forecasts of areal coverage rather than forecasts of point probability.
Since this is a matter of some confusion to many forecasters, an explanation is
in order. PoP forecasts, as used in the NWS, are defined to be average point
forecasts of the probability of precipitation for specified areas (zones) and
time periods (usually 12 hours). A forecast of the expected coverage of preci-
pitation in an area, given that it rains at all, may have some value, but it is
difficult to determine who the user might be. If we tell someone, for example,
"If it rains today, the rain will cover 50% of the area", the listener's
response is sure to be, "Fine, so what's the chance it will rain?" Presumably
the Tistener still wants to know the likelihood it will rain on him! That is
precisely what is provided by the point praobability (P).

The coverage forecast described above 1is the expected, or conditional,
areal coverage--call it A--and is related to the point probability (P) by the
simple expression

P=CxA

where C 1is the probability that it will rain somewhere in the forecast area
{the areal probability). The product of the areal probability and the con-
ditional areal coverage (C x A) is the unconditional areal coverage, which is
the same as the point probability (P). (In addition to the references cited
earlier, Hughes (1980) also discusses this vrelationship in considerable
detail.) Before the fact, the forecaster may visualize an areal distribution
of rain (A) he thinks Tikely from a given weather pattern, but he must always
wrestle with the areal probability (C) to resolve his final PoP forecast.
After the fact, regardless of whether it rained in the forecast area or not,
the chance that a given point in the forecast area received rain is just the
same as the areal coverage of rain in the area. In other words, for a given
forecast period, Nature reveals to the forecaster (after the fact) the best
forefast he could have made of the probability of rain at any given point in
the area--the areal coverage.

We should emphasize that a PoP which fails to match the ensuing areal
coverage cannot be termed automatically a "bad" forecast, any more than a fore-
cast of 50% for "heads" on any given coin flip can be termed "bad" when the



coin comes up "tails" (or "heads", for that matter). A1l things considered, a
50% forecast for either face of the coin is a reasonable forecast. In fact,
any other probability would rely on sheer luck--unless the forecaster knew of
something amiss with regard to the coin or the flipping process! We can cer-
tainly argue, however, that consistently calling "heads" or
"tails"--correctly--results 1in the best outcome...especially if a wager is
involved!!

Evaluating point probability forecasts by comparing them with areal
coverage estimates has the advantage of returning useful information about
individual forecasts, This is not possible with the use of conventional sta-
tistical measures such as the Brier Score, for which a set (usually a season or
longer) of forecasts must be evaluated. It was one of the initial purposes of
S77 to develop procedures by which evaluation of today's PoP forecast could be
integrated into an improvement in tomorrow's forecast. To some extent we suc-
ceeded, as discussed in $78, but more significant results came from the broader
perspective on PoP forecasts provided by the new evaluation procedure.

4. Summer Averages of PoP Forecasts and Radar Coverage

Before making specific comparisons between PoP forecasts and corresponding
rainfall coverages, it's useful to examine summer averages. For such purposes
we've considered the average of all PoPs grouped as "less than 20%" to be 5%.
This is reasonable since, from an examination of PoPs recorded for verifica-
tion, there appear to be about as many 0% forecasts as 5% forecasts. Table 1
shows results from 1982 data along with corresponding results provided in
similar tables in S77 and S78. The table shows averages--for the four Florida
zones, the four Alabama zones, and all eight zones combined--of:

a. Forecast probability (PoPs).
b. Areal echo coverage on all days (and nights).

c. Areal echo coverage on days (and nights) when an echo occurred
somewhere in a zone, regardless of coverage.

d. Frequency of occurrence of an echo somewhere in a zone.

e. Observed rainfall frequency (averaged for available raingages in the
zones ).

A cursory examination of Table 1 reveals three areas of notabie correspon-
dence between this and earlier studies. First, for both night- and daytime
periods the observed rainfall frequencies (e.) were about the same in 1976,
177, and '82. A curious exception was the Florida area during the day.
Rainfall frequencies appeared low (n25%) in previous study years when compared
with radar estimates of coverage. This was attributed to the fact that after-
noon showers were typically inland, while coastal Tlocations provided the
observed rainfall frequencies. Daytime frequencies were much higher (v40%) for



similar stations in 1982. A simple answer is that showers were more homoge-
neously distributed within the coastal zones during the daytime periods of the
latest study. No attempt was made to confirm this by close examination of
radar data from individual days.

Second, averages of forecast PoPs (a.) were consistent for the zone groups
in all three summers, In fact, 1982 averages were midway between 1976 and '77
averages. If rainfall is homogeneously distributed in the zones, and if the
PoP forecasts are reliable, the average of PoP forecasts should equal the
average of observed rainfall frequencies. Once again, in the current study,
they do--to an excellent degree--for the daytime periods. Nighttime PoP fore-
cast averages (as in previous years) exceed observed rainfall frequencies by
about 5%. We continue to attribute this to a tendency on the part of fore-
casters to overestimate the persistence and coverage of showers after night-
fall. Additional evidence for this 1is presented later. A subjective
evaluation of hourly rainfall observations, made while determining rainfall
frequencies, suggests that most of the time when rain occurred during nighttime
periods, it fell in the first few hours after 0000 GMT. Rain during the
period--depending on coverage--calls for a PoP value in the forecast, but the
rainfall observations seem to be consistent with a fairly high incidence of
lingering showers which diminish rapidly in coverage soon after the start of
the nighttime period. They might easily lead a forecaster to "leave a mention
of rain in the forecast...just in case."”

A third area of similarity between the three summers is the high incidence
of rain somewhere in the zones (d.). As in previous years it rained somewhere
in the zones on about 75-85% of the days and 65% of the nights, based on radar
estimates. A moment's reflection will show that average occurrence of rain in
a zone, without regard to coverage, coincides with the average areal probabi-
lity (C) discussed in Section 3. This statistic is particularly significant
for what it reveals about daytime periods. If, in effect, it rains somewhere
in the zone almost every day (C =+ 1), the forecaster's job reduces to one of
simply (!) forecasting areal coverage (i.e., P =+ A), Information about areal
coverage is contained in (b.) and (c.) in Table 1.

When we consider these radar estimates of areal coverage we see significant
differences beween the 1982 data and that from previous studies. Coverage
estimates, from both periods and both zone groups, are about 5-10% Tower in the
present study than they were in 1976 and '77. This is true for days on which
there were echoes in the zones (c.) and all days (b.). The most obvious expla-
nation of this difference is sytematic bias in estimation of coverage. We can
get some idea of the accuracy of the echo coverage estimates by comparing
averages with an independent measure...rainfall frequency. It is obvious that
averaged over all days the frequency of occurrence of rain at any point (e.)
must coincide with the average areal coverage of rain, which we estimate from
radar in (b,)., Notice that in previous study years nighttime coverage estima-
tes coincided almost perfectly with rainfall frequencies (15-17%). Rain fre-
quencies were similar in 1982, but coverage estimates were about 6% Tower,
suggesting radar coverages were, in fact, estimated systematically low by at
least a few percent. Similar problems are seen in the daytime estimates, par-



ticularly for the Alabama zones, The large discrepancy between average
coverage (25%) and rainfall frequency (39%) may reflect a particular difficulty
in making estimates in the typically higher coverage situations during the day.
In any event, this possible bias should be kept in mind in later sections,

Since only periods in which an echo occurred somewhere in a zone were used
in forming the average coverages in (c)., these averages represent conditional
areal coverages (A). As we have seen, the values in (d.) are just the average
areal probabilities (C). The product of these two should be the unconditional
areal coverage (or P). In fact, for both groups of zones, night- and daytime
periods, products of the values in (c.) and (d.) equal values in (b.), the
average echo coverages on all days (or unconditional coverage). Do the average
forecast PoP values agree with these estimated unconditional coverages? As in
earlier years, the answer is "yes and no".

For daytime periods average PoPs are about 5% higher than coverage
estimates. As already noted, coverage estimates might be slightly low, so
correspondence appears to be reasonably good. Even better correspondence was
seen in earlier summers. Notice also that average PoPs compare very well with
average rainfall frequencies, as expected. A significant difference is seen in
nighttime periods, however, as average PoPs are significantly higher than
coverages estimated from all days, even if the coverage estimates are inflated
to account for low estimates. Similar results can be seen in data from earlier
years and this 1is probably another indication of a "high bias" in nighttime
PoPs. It's worth noting that the average nighttime PoPs compare more favorably
with the average conditional areal coverages than with the unconditional
coverages. Are forecasters indicating with their PoPs (perhaps subconsciousTy)
the chance of rain, given that rain continues somewhere in the zone?

5. Comparison of Frequencies: PoP Use and Observed Coverages

The frequencies with which forecasters used various PoP values for night-
and daytime periods in each area during the summer of 1982 are shown by the
broken lines in Fig. 3. Also shown are frequencies of occurrence of various
areal coverages, which will be discussed below. When the PoP frequencies are
compared with similar data from earlier studies the differences are minimal; in
fact, differences do not warrant inclusion of combined graphs as shown in S78.
In each of the three study years frequency of use statistics show a broad hump
during daytime periods between 30% and about 50% (extending to 60% for Florida
zones in 1982), with a sharp decline in use of PoPs above 60%. PoPs of 90% or
higher were almost never used, For nighttime periods, frequency of use of PoP
values shows a more-or-less monotonic decline from 20% to 70 or 80%, with PoPs
higher than 80% used only a few times in the three study years. The effect of
the climatological rain frequency for the study area (about 20% at night,
35-40% during the day) on frequency of use statistics is obvious. Forecasters
tend to cluster PoP forecasts around these values.

As will be discussed in greater detail below, the frequencies of occurrence
of higher areal coverages indicate that similarly high PoPs are appropriate for



the study area. This was first pointed out in S77. It was tempting to specu-
late (S78), when data were analyzed for the second summer, that slight
increases in use of higher PoPs over the previous summer reflected forecasters'
appreciation of this. Data from 1982 do not support that assumption, however,
Most 1ikely, differences from year to year are not significant and there still
exists a bias toward Tower PoPs.

When the areal coverage frequency of occurrence graphs are examined (solid
lines in Fig, 3} two features are obvious for both areas and both
periods...from 20% to 100% each decile coverage is about equally likely, espe-
cially during the daytime; and coverages of Tess than 20% are by far most com-
mon. {Since we've already seen that two-thirds of the nights and three-fourths
or more of the days have at least a single shower somewhere in the zone, we may
conclude that "“isolated showers"™ is probably the single most appropriate fore-
cast for the study area.) As with the PoP frequency graphs, frequency of
occurrence graphs for the latest study period are not significantly different
from those presented in S77 or S$78, except that they are noticably flatter
{i.e., there is less variation of frequencies from decile to decile).

The real significance of Fig. 3 lies in comparison of the sets of curves on
each graph. It is obvious at a glance that forecasters use PoPs bhelow 20% much
less frequently than similar coverages occur; use PoPs in the mid-ranges
(20%-60%) too often; and essentially fail to use highest PoPs at all, even
though high coverages are as common as low coverages. Since individual fore-
casts are not compared with coincident coverage we cannot judge the extent to
which over- or underforecast bias exists. One might suspect from Fig. 2,
however, that both reliability and resolution of the PoPs examined could be
improved. Similar results from 1976 and '77 were analyzed exhaustively in the
earlier studies and conclusfons will not be repeated here except to call atten-
tion to either end of the frequency of use curves.

At the upper end, it might not be surprising that PoPs above 80% are almost
non-existent if one considers the forecaster must be virtually certain rain
will occur in the zone (C+1) and expect almost total coverage (A1) to issue
a 90% PoP. The first may not be too difficult (in Tight of what we've seen
about the average areal probability), but a conception of the showery nature of
summertime rainfall (and mental image of all the rain-free areas on a radar
display, even when numerous showers are in evidence) may make it difficult for
the comprehensive forecaster to convince himself rain will cover the entire
forecast area! Indeed, many forecasters have expressed much surprise at the
results revealed by the radar coverage studies. At the lower end of the graph,
to some extent the underuse of 0% and 10% PoPs may actually arise from
overestimation of the area affected by isolated showers, We continue to
believe a more likely explanation is the "20% threshold" which precludes men-
tion of rainfall (or PoP) in the public forecast unless the PoP is at Teast
20%. For several reasons a forecaster may feel the need to "inflate® a Tower
PoP to 20% in order to include a mention of rain in the forecast. For
jinstance, there seems to be a common feeling among forecasters that the public
expects to hear some mention of rain in the forecast if they hear a radar sum-
mary which describes "isolated showers". To avoid the need for a later update,



forecasters may accommodate them by adjusting the PoP in their forecast
(released in the morning) upward accordingly, (After 1982 PoP forecasting pro-
cedures were changed slightly in an attempt to address this problem. Under
certain circumstances forecasters are allowed to mention *isolated showers” and
include PoPs of Tless than 20% in their public forecasts. A very preliminary
examination of Birmingham forecasts from the summer of 1983 indicates that,
indeed, frequency of use of PoPs below 20% doubled over that for 1982,)

6. Radar Indications of PoP Resolution and Reliability

We have examined average characteristics of PoP forecasts and areal covera-
ges and seen that patterns of over- and underuse of certain PoP values can be
inferred from coverage estimates. How did individual PoP forecasts compare
with coincident estimates of coverage? Fig. 4, similar to corresponding
figures in S77 and S78, shows the average of coverages which were observed for
all instances of a given PoP forecast (solid Tlines) and the average of PoP
forecasts which were made for each decile of coverage observed (broken lines).
For example, considering all 60% daytime PoPs for the Alabama zones (upper left
graph), the average of observed coverages for those forecasts was about 53%.
For all periods in which 60% coverage was observed, the average PoP forecast
was about 44%.

The graphs in Fig. 4 provide a significant amount of diagnostic information
about PoP forecasts. The broken lines graphically show prefigurance of the
forecasts--indicating at a glance how weli given degrees of areal coverage were
anticipated by the forecasts. They also reveal something about resolution of
the forecasts--showing how well forecasters were able to resolve various areal
coverages. The solid lines graphically depict post-agreement by showing how
well given PoP values verified against subsequent areal coverage. The degree
to which the plotted points fall along the diagonal line also reveals reliabi-
1ity of the forecasts. Even though we plot average areal coverage against PoPs
the graphs are actually the same as those normally used which show frequency of
occurrence of precipitation at a point plotted against PoP values. This is
because, as shown in Section 4, frequency of precipitation at a point and
average areal coverage are the same as long as rainfall is homogeneously
distributed in the zones,.

First, let's examine resolution of the PoP forecasts. An obvious feature
of the daytime graphs (broken lines) is the fact that, as coverages range from
20% to 100%, the average PoPs vary only from 40% to 60%., PoPs do show a
definite (but slight) tendency to increase with increasing coverages, but
overall ability to resolve coverage is Tlimited. Resolution of coverage at
night is almost totally lacking. For Florida zones nighttime PoPs seem to
average 20% to 40% throughout the full range of coverage, and for Alabama zones
the trend is actually for average PoPs to decrease as coverage increases.
These nighttime results comprise one of only a couple of significant differen-
ces beween this study and those of earlier summers, In 1976 and '77 both zone
groups showed a positive--but very slight--trend for average PoPs versus
coverage during the night period. The other difference is seen in average PoPs



for highest coverages (90-100%) in Alabama zones during the day. Averages were
about 15% higher in the present study than in earlier years--a positive sign
which suggests a slightly better resolution for highest coverage days.

The failure of PoPs to average more than 50-60%, even on days when rain
covers the entire forecast zone, is consistent with results obtained by Murphy
(1977) who used a dense network of raingages to evaluate PoP forecasts for
Rapid City, South Dakota, and St. Louis, Missouri. Even though there is
considerabie room for improvement, the trends shown by the averages (for
daytime periods, at least) are encouraging. As pointed out earlier, it's very
difficult to assign a high PoP in the convective regime of the study area
during the summertime. At the lower end of the PoP scale, operational con-
siderations sometimes argue for a PoP higher than might otherwise be
appropriate. Nevertheless, it is hoped this and earlier studies, by calling to
attention these areas, might lead to improvements at either end of the PoP
range,

Another aspect of resolution is provided by analysis of variability of
coverage over the study area and comparison with corresponding PoP forecasts.
To what extent do forecasters attempt (successfully or otherwise) to apply dif-
ferent PoPs to zones in the forecast area? How often is coverage significantly
different from zone-to-zone? Table 2 provides answers to these questions by
showing the frequencies with which 1l-, 2-, 3-, or 4 significantly different
coverages (PoPs) were observed (used) in the study areas. We should note that
forecasters often avoid slight (10%) differences in PoPs between adjacent zones
because of operational considerations--they might thus combine zones and reduce
overall workload as well as minimize already heavy communications traffic.
Thus, we considered a PoP difference of 20% or more to be significant.
Similarly, we considered a 20% difference in coverage estimates from one zone
to another to be significant (also acknowledging the accuracy of coverage
estimates). Table 2 reveals that during summer days in 1982 each of the four-
zone Alabama and Florida areas experienced three significantly different
coverages on about one-fourth of the days. Correspondingly, forecasters never
assigned three significantly different PoPs to zones in either group. In fact,
the same PoP or PoPs differing by no more than 10% were applied to all four
zones over 90% of the time, but zones had essentially the same coverage only
one-fourth to one-third of the timel Observed variability among the zones was
less during nighttime periods, but two- and three different coverages were
still observed a significant number of times. Forecasters, on the ather hand,
even less often deviated from a single PoP.

Two problems are indicated by these statistics. First, it's obvious that
PoP forecasts failed to indicate the variability of coverage which, most of the
time, occurred in the forecast area--certainly during daytime periods. A major
reason for this is non-meteorological and involves procedures, as indicated
above, It's easy to see, however, that to whatever extent forecasters apply
the same PoP to a four-zone area, it must be that much harder to utilize very
high PoPs with anywhere near the frequency with which such coverages occur in
the zones.



The second problem appears when data from this study are compared with
those from earlier years (S77 and S78). Observed variability of coverage was
very similar in each of the three summers studied. For PoPs, however, a signi-
ficant change was seen from the first to second study years in that frequencies
of use of two and three different PoPs increased markedly...approaching the
frequencies of occurrence. We attributed this to a realization, from the first
year's study, that such variability was common, thus an attempt to reflect it
in the forecasts the second year. The summer of 1982, however, was the most
conservative of all years in terms of variability of PoP use! Qver 90% of the
time forecasters either a) used a single PoP for all zones, or b) expressed
anticipated variability over a four-zone area by using PoPs which differed by
no more than 10%. This is an unfortunate turn of events and probably contribu-
tes in no small way to limits on skill reflected in the graphs representing
resolution in Fig. 4.

Now, what of radar indications of reliability of the PoP forecasts? Those
accustomed to ordinary reliability diagrams will notice from a glance at Fig. 4
that daytime PoP forecasts for both groups of zones were quite reliable during
the summer of 1982. The solid Tines in the top graphs of the figure closely
follow the diagonal for most PoP values, The obvious diversion for 80% PoP
forecasts for Florida zones is worth mentioning. For one thing, we concluded,
based on results of the earlier studies, that forecasters seemed to be able to
make more reliable forecasts at high PoPs for Florida zones than for Alabama
zones, While there were no 80% or higher PoPs for Alabama zones in 1982, those
for Florida were not very reliable! 0n closer inspection, there were only two
80% forecasts in 1982, so care should be taken not to put too much weight on
the average coverage. Overall, PoPs for the Alabama =zones consistently
overestimated coverage by about 5-10%, but some of this might be attributable
to a possible systematic bias in underestimating coverage from radar overlays
(discussed earlier). The plot of data from the Florida zones, on the other
hand, shows an "S" shaped curve which is often seen for PoP forecasts. Below
roughly the climatological rainfall frequency the PoPs are too high, above they
are too low. Daytime reliability curves from the latest study compare very
favorably with similar curves from each of the earlier studies.

Reliability curves for the nighttime period--particularly for the Alabama
zones--confirm earlier indications that PoPs were not well chosen for antece-
dent coverage conditions. Interestingly, the data for 1982 are very similar to
those from 1977, but differ markedly from 1976, during which nighttime PoPs
were seen to be just as reliable as those from the daytime period. In 1977,
and again in the present study, nighttime forecasts overestimated coverage by
about 10-15% for PoPs up to about 40%, then grossly overestimated from 50% to
60%. This result is difficult to explain, but it may stem simply from
overestimation of the longevity and areal extent of daytime activity which per-
sists into the nighttime period.” This cannot be the entire answer, however,
because an inspection of individual forecasts for the Alabama zones showed that
there were thirty-six PoP forecasts of 50% to 70% and these were preceded by
daytime coverages of from Jess than 10% to near 100% in the subject zones.
Coverage during the day, which might have influenced the forecaster's high PoP
for the nighttime period, exceeded 50% on only about half of the thirty-six
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days. We know from Fig. 3 that forecasts of 50% to 70% were made for the
nighttime periods with about the same frequencies with which such coverages
were observed. It's clear from Fig. 4, however, that the two failed to coin-
cide with anything 1ike the success rate shown for similar PoPs during the day.

7. Dependence of Areal Coverage Estimates on Time Interval of Sampling

Coverage estimates for this study were determined from archived overlays
long after the fact. The compositing procedure is not a complicated one and
can be accomplished soon after the close of the 12-hour period to improve uti-
lity of the data, as demonstrated in 578, For operational considerations it
would be useful to minimize the effort even further (short of fully automating
the process...easily accomplished at those very few sites equipped with
appropriate hardware). With this in mind we compiled areal coverages for
intervals of 2-, 4-, 6- and 12 hours for day and night periocds. In other
words, we compared 12-hour coverage estimates from overlays separated by these
intervals with those obtained from overlays at 1 hour intervals. For example,
an estimate based on overlays at 4 hour intervals {(three) would have combined
echoes from 1530Z, 19307 and 23307 for the daytime period. Obviously, estima-
tes made from fewer overlays cannot show more total coverage than those from
the full 12 overlays, so the real question is, how many overlays can be
gliminated--for summer rainfall regimes--before a significant loss of coverage
is seen? Not too surprisingly, the answer is, very few!

12-hour coverage estimates based on every other hour's overlay comprised
only about 80% of the coverage derived from hourly data for the daytime
periods, For nighttime periods the percentage dropped to about 70%. Estimates
based on three overlays (4-hour separation} failed completely to show a reaso-
nable representation of the "true" coverage. Since spatial and temporal
distribution of summertime convection in the study area is known to vary
considerably--depending primariiy, it seems, on prevailing low level winds--we
could easily anticipate these results. Smith and Henderson (1977} used data
from the initial year's study to show that distinct rainfall regimes existed.
With this in mind, we might expect that fewer overlays could more accurately
depict the total coverage if they were chosen at proper times during the period
(during the afternoon, for example).

We conclude that even though rainfall volumes might be accurately estimated
using data at intervals greater than one hour (Lopez, et al, 1983)--for areas
and seasons climatologically similar to our study area--the same is not true
for rainfall coverage estimates.,

8. Summary

An initial study in 1976 showed that radar estimates of summertime rainfall
coverage--derived from hand-drawn hourly overlays--could provide useful infor.
mation about both true rainfall distribution and PoP forecasts. In 1977 we
tested the possibility of obtaining coverage estimates in near reai-time, i,e.,



estimates of daytime coverage prior to formulation of forecasts for the sub-
sequent daytime period, in order to increase the utility of the coverage esti-
mates for forecast purposes. The present study, six years after the first, was
primarily for benchmark purposes to evaluate differences, if any, in charac-
teristics of coverage (or estimates of coverage) and PoP forecasts. We also
tested the possiblity of making useful estimates by an even simpler procedure
of using fewer overlays. Results showed this to be not useful. Composites of
radar overlays at intervals of less than one hour--at Teast for summertime
rainfall--do not yield sufficient information about coverage for 12-hour
periods.

Results of analyses showed major differences in forecasts for the summer of
1982, compared to earlier study periods. On the whole, the forecasts did not
appear to have either resolution or reliability equal to that demonstrated
earlier, although for some zones and periods the reverse was true. Because the
possibility exists some bias may be reflected in areal coverage estimates from
year to year, results are not strictly comparable and caution is advised. In
general, however, the following results appear to be well-founded after three
years of PoP/coverage comparisons:

~-Inter-zonal variability of coverage (differences of 20% or more) is
common...as many as three significantly different coverage values
characterize each four-zone group studied on as many as 25% of the
daytime periods. PoP forecasts--particularly in 1982--failed entirely
to reflect this.

-=It rains somewhere in a zone-sized area in southern Alabama and north-
west Florida almost every summer day (frequency 80% or more) and it
rains on most of the nights (frequency about 60%). For daytime
periods PoP forecasts can be thought of as estimates of expected areal
coverage or point probabilities.

--Even though summer rainfall is predominately convective in the study
area, coverage in the zones is just as 1likely to 100% as 20%. The
likelihood of occurrence of any decile coverage between 20% and 100%
averages about 5%. Coverages Tess than 20% dominate and occur more
than half the time,

--PoP forecasts of 30% and less are used much more frequently than
corresponding areal coverges are observed, while PoPs of 80% or higher
are virtually never used in the summertime--even though such high
coverages are not uncommon, even at night. This results in poor reso-
Tution of summer forecasts. As coverages increase from 20% to 100%
the averages of coincident PoP forecasts remain between 40% and 60%.
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Table 1.

Averages derived from forecast probabilities and observed echo

coverages. Data are for years 1976/1977/1982.
NIGHT DAY
Fla Ala Comb Fla Ala Comb
. Avg forecast PoP | 20/26/23 20/25/23 20/25/23 || 32/40/37 29/36/34 30/38/36
' “"iﬁoggy:cmes’ 16/17/12 17/17/11 16/17/12 || 35/45/36 30/38/25 32/41/30
A R B eehO%S 131/21/19 29/24/17 29/25/18 | B6/51/43 hO/US/32 h2/MB/3T
+ AVE Fred OO | sa/63/6l  59/TL/6T 56/67/66 | 77/88/8% T6/85/17 76/87/81
. Avg rain freq 13/16/18 16/18/18 15/17/18 || 25/22/40 31/37/39 28/30/39

* Note: Rain days are periods during which an echo occurred

somewhere in a zone, regardless of coverage.

Table 2.

Night

Frequencies of observation (use) of areal coverage (PoP)

values separated by 20% or more.

AL, Zones
FL. Zones

Day

AL Zones
FL, Zones

Values cobserved / PoPs used

1

66 (96)
60 (96)

36 (92)
26 (95)

2
24 (W)
31 (4}

38 (8)
k8 (5)

3

10 (0)
8 (0)

See text for details.
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Figure 1. Florida and Alabama forecast zones
used in this and earlier studies.

Figure 2. Manual analysis (radar overlay) typical of those
produced hourly by operators of network radars.
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