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VERIFICATION OF SEVERE LOCAL STORM WARNINGS
BASED ON RADAR ECHO CHARACTERISTICS

Donald S. Foster

Techniques Development Laboratory
National Weather Service, NOAA
Silver Spring, Md. 20910

ABSTRACT. Severe local storm warnings are often released

to the public based on radar echo characteristics. An
attempt is made to verify these warnings with information
contained in the manually-digitized radar reports and severe
local storm climatology data. Results of the verification
indicate that in the spring months there is some skill
demonstrated in these warnings especially in areas close

to radar sites. This skill decreases noticeably in the
summer months and in areas more remote from radar sites.

INTRODUCTION

In a recent study of manually-digitized radar (MDR) data by Foster and
Reap (1975), there was evidence that current radar criteria used as guidance
for issuing severe local storm warnings to the public may result in too many
false alarms. Current criteria used as a guide for issuing these warnings
include the following radar echo characteristics.

Tornado Warnings:

a.

Hook echoes (often accompanied by a V—notch on the downward side
of the cell).

Rotating cell or cluster of cells.

Cell whose intensity is 104'5m6/m3'or greater with a vault or echo
free region.

Severe Thunderstorm Warnings:

a.

Reflectivity of 104"5m6/m3
Tops exceeding the ambient tropopause height by at least 5000 ft.

Tops equal to or greater than 50,000 ft. (Does not necessarily
hold for summertime thunderstorms in the gulf coastal areas.)

Speed of movement equal to or greater than 40 kt (30 kt 1n
gulf coastal states) in cells whose intensity is 109mm®/m3.



e. Rapidly developing cells (104'5mm6/m3 in 30 minutes).
f. Merging or splitting cells, one of which is 104'5mm6/m3 or greater.

g. Cells whose intensity is 104'5mm6/m3 or greater and whose direction
of movement changes abruptly to the right or left.

h. Cell at or near the crest of a LEWP (1line echo wave pattern) whose
intensity is 104+ m /m3 or greater and whose speed of movement
is equal to or greater than 35 kt.

i. Echo configuration including scalloped edgés, V-notches, and/or
hail shaft.

The additive data section of the MDR report provides for coding a plus
sign (+) for an MDR block that contains an echo that meets any of the above
criteria. A complete description of the MDR code is found in Moore, Cummings,
and Smith (1974).

The purpose of this paper is to report on our latest efforts to evaluate
severe local storm warnings for the spring and summer months of 1974 and the
spring of 1975. In the evaluation we used statistical scores defined by
Donaldson (1975) along with more familiar statistical scores such as bias
and skill scores. These results should prove useful as a basis for comparison
if new radar criteria for warning guidance are implemented.

DATA BASE

The data used in the evaluation consist of MDR and severe local storm
data archived on magnetic tape by the Techniques Development Laboratory (Foster
and Reap 1975). The MDR data contain both echo intensity and coverage, sup-—
plemented by additive data indicating severe convective cells and line echoes.
MDR reports were recorded hourly about half past the hour for each MDR block
shown in figure 1. The severe local storm data include reports of tormadoes,
wind gusts > 50 kt and/or wind damage, and surface hail 3_3/4 in. in diameter.
The severe local storm reports archived for a particular MDR block were
those occurring during the 1-hr period since the last MDR report. Only MDR
blocks containing echoes of thunderstorm intensity, defined by MDR code values
of 4 or greater, were used in this verification. Reference to table 1 shows
that MDR code & indicates an echo that covers one half or less of an MDR block
area with strong intensity. According to a study made by Mogil (1974), echoes
defined by MDR code 4 or greater indicate thunderstorm activity while those
of lesser codes are predominately rain showers.

VERIFICATION METHOD

The object of this evaluation is to identify all MDR blocks with thunder-
storms and measure how well the application of the criteria listed in the intro-
duction determinesif a thunderstorm will be accompanied by a severe local
storm as defined above.
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Figure 1.--MDR grid for which data were collected for verification.

Table 2 shows the contingency table used in computing the verification
scores. A tabulation was made in the '"predicted severe" category when an MDR
block was coded with a plus sign in the additive data section of the MDR re-
port; a tabulation was made in the 'predicted no severe'" category when an MDR
block with a thunderstorm did not have a plus sign coded in the additive data
section. A plus sign was interpreted to mean that an MDR thunderstorm echo
met radar warning criteria and a local warning was issued' for possible tornado
or severe thunderstorm activity. In addition to radar echo characteristics,
it is conceivable that a plus sign may be coded for an MDR block on the basis
of a severe local storm report regardless of the signature of the radar echo.
These cases would be tabulated as "severe predicted" and 'severe observed."
If verification scores were unusually high, this would be a suspected cause.
However, since scores are unusually low, this is probably an infrequent prac-
tice. The time-lag associated with the reporting of severe local storms acts
to keep the number of these cases low.



Table l.--Manually-digitized radar (MDR) code compared with area coverage, vi-
deo integrator and processor codes (VIP), intensity category, and rainfall rate.

Code Coverage Intensity "Rainfall
Number in box category rate (in/hr)
0
1 any VIP Weak £ <1l
2 < 1/2 of VIP2 Moderate 1 - 5
3 > 1/2 of VIP2
A < 1/2 of VIP3 Strong 5 -1.0
5 > 1/2 of VIP3
6 < 1/2 of VIP3 Very Strong 1.0 - 2.0
and VIP4
7 > 1/2 of VIP3
and VIP4
8 < 1/2 of VIP3, Intense or > 2.0
4, 5, and 6 Extreme
9 > 1/2 of VIP3,

4, 5, and 6

Table 2..-Contingency table used in computing verification scores.

Predicted
Observed Severe No Severe Total
Severe X Y X+ X
No Severe Z W &
Total X+ 2 Y 4+ W X+Y+2Z+W




The "observed severe" or "observed no severe' categories in table 2 are
more difficult to determine. First we must note that a complete association
between an MDR thunderstorm echo and an observed severe local storm is not
possible due to the differences in scale between the echoes and the MDR re-
porting blocks, and the probable time differences between MDR reports and severe
local storm reports. Therefore, to proceed with the verification some assump-
tions had to be made which we consider to be reasonable if not entirely accur-
ate. For example, only hourly MDR reports are archived on tape; therefore,
an MDR thunderstorm echo predicted severe by radar criteria (plus sign) in
block A of figure 2 may have been so identified any time within the preceding
hour. Because of the speed and direction of movement of thunderstorm echoes,
such an echo may initially have been identified in a block adjacent to block
A. 1In other cases an MDR thunderstorm echo may initially have been predicted
severe in block A minutes before reporting time and moved into an adjacent
block where a severe local storm may have occurred. In the latter cases the
predicted severe thunderstorm in block A was allowed to be verified by severe
local storms observed in adjacent blocks during the following hour. Figure 2
shows the search order followed in verifying an MDR thunderstorm predicted
severe in block A. The search in figure 2a was performed first for observed
severe local storms that occurred during the hour prior to the current MDR
report. If no severe storm blocks were found, the search in figure 2b was
performed for severe local storms observed during the hour after the current
MDR report. This search order assumes thunderstorm movement from a southerly,
westerly or northerly direction. Once a severe storm block was found, the
search was discontinued except that if a severe local storm block was also
coded with a plus sign, the block was passed over to await its own verification.
If a block was selected in the first search, the block was cleared in the
search array so that it could not be selected to verify any other block. If
a block was found in the second search, it was left undisturbed to be used in
verifying the next hour's warning code.

a. First Search - b. Sec9nd Search
E F | B C
D ‘A A D
C B F E
< < N
hr-30 hr+30 LT

Figure 2.--Search order for determining whether a severe local
storm was observed when an MDR thunderstorm echo met severe
criteria in block A at hr + 30 minutes.
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After all predicted severe blocks for 1 hr were wverified in the
above manner, the remaining blocks containing observed severe local storms
that occurred in the preceding hour were tabulated in the "observed severe,"
"predicted no severe" category in table 1.

This method depends heavily on accurate coding of the additive data
section of the MDR report and the complete reporting of all severe local
storms. If, for some reason, the additive data are coded incorrectly or trans-
mitted improperly or, if a severe storm goes unreported, these verification
statistics reflect the efficiency of the system, as well as the evaluation
of the guidance criteria.

DESCRIPTION OF VERIFICATION SCORES

The following scores were computed for each radar station's area of
responsibility, for each MDR block and for the total MDR grid:

a. Probability of detection (POD) (Donaldson 1975), also described
by Panofsky and Brier (1958) as '"prefigurance,"

POD = X = (X+Y).
b. False alarm ratio (FAR) (Donaldson 1975),
FAR = Z = (X+Z).

c. Critical success index (CSI) (Donaldson. 1975), commonly known
as "threat score'" (Palmer and Allen 1949),

CSI = X = (X+Y+Z).
d. Bias, defined as predicted divided by observed,
Bias = (X+Z) = (X+Y).
e. Skill score (SS), defined as the number of correct predictions
minus those expected correct by chance, divided by total pre-

dictions minus those expected correct by chance.

If we let N equal the total number of general thunderstorm
blocks, then

N=X+Y+Z+W.

If we let A equal the predictions of severe local storms
expected to verify by chance, then

A = (X+Z) x (X+Y) - N .

If we let B equal the predictions of non-severe local storms
expected to verify by chance, then



B = (YH) x (Z+W) - N .
Therefore,

SS = [(X+W) --(A+B)] + [N - (A+B)].

VERIFTCATTON RESULTS

Data for April through June and for July through September 1974 are
given in tables 3 and 4, respectively. Both tables show that a very smal.
percentage of the MDR thunderstorm blocks were assocdiated with observed severe
local storms. The number of MDR thunderstorm blocks almost doubled from
spring (53,790) to summer (94,984), while the number of observed severe local
storm blocks in summer (795) was ‘less than half of the spring observed severe
local storm blocks (2,041). Also note, that while the number of observed severe
local storm blocks decreased from spring to summer, the number of severe
predictions increased (3,822 to 5,285). This indicates that radar identifi-
cation of thunderstorms which ultimately are accompanied by tornadoes, hail,
or damaging winds is much more difficult in summer than in spring. 1In spite
of this difficulty, 90.8% of the spring thunderstorms and 94.0% of the
summer thunderstorms were successfully recognized as non-severe. Table D,
shows there was a significant increase in MDR thunderstorm blocks from the
spring of 1974 to the spring of 1975. However, the percentage change in each
category was very little.

Table 6 gives verification scores computed from the contingency tables.
Probability of detection remained about the same for the two 1974
seasons. As expected, the false alarm ratio jumped from 0.77 to 0.93, and
was accompanied by a decline in the critical success index from 0.18 to 0.06.
Probability of detection improved in the spring of 1975 over 1974, but the
bias worsened. Other scores showed little change. A bias of 1.00 indicates
no bias, so a bias of 1.87 indicates that almost twice as many predictions
of severe storms were made as were observed. The summer bias indicates well
over 6 times as many predictions as observations. A skill score of 1.00
indicates perfect forecasts. Therefore, 0.27 for spring and 0.11 for summer
are low.

Table 3...Contingency table for April through June 1974,

Predicted
Observed
Severe No Severe Total
Severe 890 (1.7%2) 1151 (2.1%) 2041 (3.8%)
No Severe 2932 (5.4%) 48817 (90.8%) 51749 (96.2%)
Total 3822 (7.1%) 49968 (92.9%) 53790 (100%)




Table 4.--Contingency table for July through September 1974.

Obsefved Predicted
Severe No Severe Total
Severe : 360 (0.4%) 435 (0.47%) 795 (0.8%)
No Severe 4925 (5.2%) 89264 (94.0%) 94189 (99.2%)
Total 5285 (5.6%) 89699 (94.4%) 94984 (1007%)

Table 5.--Contingency table for April>thr0ugh June 1975.

Predicted
Observed
Severe No Severe Total
Severe 1269 (2.0%) 893 (1.4%) 2162 (3.4%)
No Severe 4652 (7.2%) 57620 (89.4%) 62272 (96.6%)
Total 5921 (9.2%) 58513 (90.8%) 64434 (100%)

Table 6.--Probability of detection (POD), false alarm ratio (FAR), critical
success index (CSI), bias, and skill score (SS) 1in detecting severe local
storms for the spring and summer of 1974, and the spring of 1975.

» POD FAR CSI BTAS SS
April - June 1974 0.44 0.77 0.18 1.87 0.27
July - September 1974 0.45 0.93 0.66 6.65 0.11
April - June 1975 0.59 0.79 0.19 2.74 0.28

The Appendix contains computer 1listings of some additional verification
results. The first page is a verification listing by radar station. The
data for each station are for the MDR blocks assigned to that station for
reporting purposes. Some stations have more blocks than others, some
stations have blocks beyond effective radar range, and some stations have
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blocks over water where no severe storm data are archived. Therefore, when
comparing station scores, allowances should be made for these discrepancies.
The 10 stations with the highest skill scores for the spring months were
as follows:

1974 1975
GRI  0.49 OKC  0.42 UMN  0.49 OKC  0.34
MKC 0.45 BNA 0.40 GRI 0.48 MSP 0.34
LIC  0.45 MMO  0.39 LIC  0.40 LIT 0.34
JAN 0.44 EEW 0.38 DIW 0.38 HDO 0.33
DSM  0.43 GCK  0.37 STL.  0.35 MMOG  0.33

Their combined skill score was 0.44 compared with 0.27 for all stations in
1974 and 0.38 compared with 0.28 for all stations in 1975.

Some of these stations stayed in the top 10 in the summer months.
Listed below are the stations with the 10 highest skill scores for the summer
of 1974,

GRI 0.51 BRO 0.31
DSM  0.43 PIT 0.29
HON  0.38 UMN 0.25
MKC 0.34 ' MMO 0.21
GCK 0.33 AMA  0.20

Their combined skill score was 0.34 compared with 0.11 for all stations.
Grand Island, Nebraska topped the list for both spring and summer, and its
score increased for the summer months, which was a reversal of the general
trend. Tt would be interesting to know why Kansas City, who appeared in
the top 10 for both spring and summer in 1974, dropped to a skill score

of only 0.03 in the spring of 1975. Another interesting case is Wichita.
Why do the MDR data show that no pluses were ever reported by Wichita?

The critical success indices and skill scores are printed with reference
to a geography background in pages 4 through 9 of the Appendix. These charts
give a better picture of scores in geographcial areas, densely populated areas,
administrative areas, etc. Scores were multiplied by 100 for these maps to
save plotting space. The number of 0's on the critical success index maps
is quite disturbing. They indicate no success whatever in issuing warnings
of severe local storms from radar echo characteristics. Turning to the
skill score maps, perfect scores of 100 are plotted as 99 to save plotting
- space. Zeroes indicate those predicted correct were the same as chance.
Minus scores indicate chance would have been a better predictor than the
radar severe storm criteria. Amarillo, Little Rock, Kansas City, and a few
other stations have higher scores for their own MDR block than for their
whole area. However, this does not hold true for all radar stations. It
does appear that in general scores in the MDR block containing the radar site
and those adjacent are higher than scores two or more blocks removed from
the radar site.



SUMMARY AND FUTURE PLANS

The verification scheme described here admittedly has some weak points.
However, if anything, it is weighted decidedly in favor of the radar operator
and the system within which he works. No previous verification statistics
are available for comparison, but scores in areas some distance from radar
sites especially during the summer months appear quite low. A few stations
managed skill scores in the 40's and critical success indices in the 30's
under the present system. If forecasters at a few stations can do this well,
perhaps forecasters at other stations could profit from their expertise. Cur-—
rent radar warning criteria have been in operational use nearly three years
now. Perhaps it is time to update the criteria with the latest experience
and research.

As severe storm data become available, we plan to continue this verifi-
cation and make reports from time to time. Anyone interested in more details
(i.e., statistics by -MDR grid blocks and additional maps) may contact the
Techniques Development Laboratory.
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APPENDIX

Verification of MDR criteria for predicting that a thunderstorm
echo will be accompanied by severe local storm activity.

Verifcation statistics by radar stations for

April through June 1974
July through September 1974
April through June 1975

Critical success index by MDR blocks

April through June 1974
July through September 1974
April through June 1975

Skill score by MDR blocks
April through June 1974

July through September 1974
April through June 1975
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SUPPLEMENT TO
NOAA Technical Memorandum TDL-60

Verification of Severe Local Storm Warnings Resulting from Radar
Guidance Criteria

While NOAA Technical Memorandum TDL-60 was being reviewed and printed
severe storm data for the summer of 1975 became available to TDL. These
data permitted the completion of the verification for 1975. The following
tables and figures give verification scores for the summer months of 1975

Table 5a. Contingency table for July through September 1975.

Observed Predicted
Severe No Severe . Total
Severe 341 (0.3%) 542 (0.5%) 883 (0.8%)
No Severe 4109 (3.9%) 100759 (95.3%) 104868 (99.2%)
Total ’ 4450 (4.2%) 101301 (95.8%) 105751 (100%)

Table 6a. Probability of detection (POD) , false alarm ratio (FAR), critdical

success index (CSI), bias, and skill score (SS) in detecting severe local
storms for the summer of 1975.

POD FAR CSI BIAS 'SS

July-September 1975 0.39 0.92 0.07 5.04 0.12
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