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NATIONAL WEATHER SERVICE 1982 AND 1983 WATCH/WARNING VERIFICAT IUN: 
FLASH FLUOD, WINTER STORM AND HIGH WIND

A. Kristine Campbell

ABSTRACT. A limited program was begun in 1979 
to develop a measure of watch/warning forecast 
performance for flash flood, winter storm and high 
wind. Weather Service forecast offices provide 
verification logs to national headquarters for this 
purpose. These logs consist of issue time, valid time, 
lead time, area, verification for watches and warnings, 
and events that occur in the absence of a watch or 
warning.

A total of 43b flash flood, 186 winter weather and 
111 high wind events were reported on the logs in 1982. 
Collectively, 10 percent of those events occurred 
without a watch or warning being issued. Of the total 
warnings disseminated 78 percent showed positive 
verification, but 41 percent of those were issued with 
an event in progress.

In 1983 a total of 414 flash floods, 147 winter 
weather and 80 high wind events were reported on the 
logs. Collectively, 11 percent of those events 
occurred without a watch or warning being issued. Of 
the total warnings disseminated 79 percent showed 
positive verification, but 36 percent of those were 
issued with an event in progress.

1. PURPOSE

Any organization charged with providing a service must be able to detect 
the strengths and deficiencies in that service in order to improve its 
performance. Providing the public with watches and warnings to alert them to 
life-threatening hazardous weather events is the most important function of 
the National Weather Service (NWS). Verification of these forecasts is 
essential to build a constant measure of our skill so that a baseline may be 
established against which we can evaluate the effect of new techniques or 
equipment on those forecasts.

We recognize many faults in the present watch/warning verification 
system: it is subjective, inconsistent and incomplete. Even though there are 
flaws in this scheme that may inhibit the establishment of a true base 
measure, it represents the best measure currently achievable.
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2. BACKGROUND

Since January 1979, all 52 forecast offices listed in Appendix I have 
been required to enter verification data on standardized logs each month for 
flash flood watches and warnings; winter storm watches and warnings 
specifying if the warning is for blizzard, heavy snow or freezing rain- and 
high wind and duststorm/sandstorm warnings.

One of the most difficult aspects of watch/warning verification is 
obtaining observations, which is the reason watches and warnings may be listed 
as verification unknown. Reports of events come from a variety of sources: 
Civil Defense, law enforcement officials, cooperative observers, spotter 
networks and newspaper clippings.

A manual tabulation and statistical calculation of the data has been 
accomplished by the Services Evaluation Branch of the NWS. Preliminary in- 
house reports were issued for calendar year 1979, and Technical Memorandums 
were issued for 198U and 1981 (Campbell, 1982).

Most of the statistics in this report are straightforward percentages and 
definitions for terms, such as lead time, are given in the text. One 
statistic that does, however, need more of an explanation is the measure of 
how often warnings are issued but no event occurs. This statistic has several 
definitions; the following are used in this report:

1. false alarm ratio (FAR) from the definition of Donaldson, et.al. 
(1975)

Warnings with negative verification ,
FAR = Warnings issued x

_________ Warnings issued____________
2. overwarning = ( Warnings with positive verification " ■*■) x 100%

To achieve zero percent FAR or overwarning, one would have to be certain an 
event was going to occur before a warning could be issued. At the present 
level of technology, near zero percent would certainly mean an unacceptable 
increase in the number of events that would occur without a warning and a 
further increase in cases with zero lead time.

Occasionally the logs are incomplete or are filled out incorrectly with 
contradictory information included in remarks. In these cases the tabulation 
calls for judgment and is, therefore, subjective and to some degree 
inconsistent from year to year. Instructions for filling out the logs require 
all flash flood warnings to be verified and all flash flood events without a 
watch or warning to be entered on the log. For the remainder of watch/warning
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issuances and events each forecast office has preselected one zone to verify 
for flash flood watches and one zone to verify for winter weather and high
wi nd.

A proposal to expand the amount of data collected and to partially 
automate the verification program is being evaluated. Implementation will 
begin once the details have been agreed to.

3. PROBLEMS

The following is a partial list of problems encountered when entering the 
data on the forms, when tabulating the data from the forms, and when using the 
statistics found in this report. Most of these problems will be solved or at 
least ameliorated when the proposed verification plan is implemented.

1. Prior to 1981, each forecast office was given the option of entering 
all watches, warnings and events or a subset that could consist of one or 
several zones, the only exception being a_M_f1 ash flood warnings and events 
had to be entered. Beginning in January 1981, forecast offices were 
instructed to choose one zone to verify for flash flood watches, winter storm 
watches and warnings and high wind warnings. The purpose was to provide a 
more consistent verification program. The alternative was to require at least 
all flash flood watches, but increased workload caused this option to be ruled 
out". As expected, the bias in a couple of statistics changed substantially: 
the number of flash flood events with both a watch and warning is too low and 
the number of events with a warning but no watch is too high.

2. Verifying individual warnings versus verifying for a zone or counties 
can make a difference in lead time distribution. If a warning is issued for 
three counties and the event begins at a different time in each county, only 
the earliest known time would be used as the lead time for the warning, while 
each of the three times would be used when verifying counties. For example, 
using county lead times of 1, 3 and 5 hours, if the warning is verified the 
lead time is 1 hour, if the counties are verified separately the average for 
the warning is 3 hours. This is mainly a problem for flash flood warnings 
since all winter weather and high wind warnings are verified strictly on a 
zone basis. Besides increasing the workload, verifying all flash flood 
warnings county by county would almost surely increase the percentage of 
unknown lead times.

3. A problem arises when, for example, there is a tropical depression 
that dumps 10 to 20 inches of rain in a day or two or a series of mesoscale 
storms track over one area. The result of such situations is flash flooding 
for the lack of a more suitable name. Some aspects of this problem are:

a) As stated in WSOM Chapter E-13 section 5.3b, the valid period of 
a flash flood warning "will not normally exceed 4 hours from the time of 
issuance". In situations like those stated above, warnings are extended often
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a^riL^wiSSS
b) There may be some exaggeration in the number of events because of the 

subject,ve analysis of the watch/warning logs. It is oftendifficultto tel? 
whether an event used to verify a warnings new or mJon°of«

c) A few offices put out flash flood warnings that are in effect for an
thi^nrlV-0"9 Ptri°d of time (over 18 hours is considered unusual) While 
this practice eliminates the extension problem, it conflicts with the
definition of a flash flood as a short fused event. Wlth the

4. Generally, a set of more than 1U cases will give a useful small
ST scents6 innaVndl $dmpleS are,lar9e enough to mak'e some preliminary 

assessments in all areas except freezing rain warnings and events Th^
e ab^e^^i^^oriea where regional samples are too small to drai ally

except Central on ignV- I t'«»J=now warnings and events 1983 and all
e«ept Central Reoinn fon'p ll h gizzard warnings and events 1983 and all
except central Region 1982, 3) high wind warninqs and pvpntc (,nn).hQr,n ,
Pacific Regions 1982 and 1983; 4) Pacific Region, all except flash fin"
watches, warnings and events 1982; and 5) Alaska Region, all except high wind
warnings and events 1982 and 1983 and heavy snow warnings 1982 P 9

4. 1982 FLASH FLOOD

f)n,The f1?t ihree problems addressed in Section 3 deal directly with flash flood verification and should be considered when usinq the stati/tirS 
presented in this section. y ':ne statistics

A flash flood is defined by WSOM Chapter E-13 as follows: "A flood whirh 
follows within a few hours of heavy or excessive rainfall Ham n i 
failure, or a sudden release of water impounded by an ice jam " A wal^of 
water rushing through a narrow channel is not the only type of fl ash flood
water may rise rapidly due to poor drainage. Ponding of water is especially’ 
common in low lying coastal regions. especially

ana FdbJ6 V1 preLSents a quick overview of the number of watches warninas 
and events plus information on lead time and valid time. ’ warnings
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4.1 EVENTS

The national distribution of flash floods was uneven: 58 percent 
occurred in the Southern Region followed by 21 percent in the Central Region, 
9 percent in the Western Region, 6 percent in the Pacific Region, 5 percent in 
the Eastern Region and less than 1 percent in the Alaska Region. Figure 4-1 
shows the actual number of events by management area.

Ideally, both a watch and a warning should be issued before a hazardous 
weather event occurs. The statistics in this report do not give an accurate 
measure of this, but it was accomplished at least 11 percent of the time for 
flash floods during 1982, as illustrated by the solid portion of the bars in 
Figure 4-2. The numbers in brackets above the bars are the actual number of 
events with a watch and warning. Nationally, at least 49 times out of 436, 
both a watch and warning were in effect for an event. The dotted portion of 
the bars in Figures 4-2a and 4-2b show the percentage of events with watches 
but no warnings and events with warnings but no watches, respectively. 
Together the solid and dotted portions of a bar show the total percentage of 
events with watches (Figure 4-2a) and the total percentage of events with 
warnings (Figure 4-2b). Above each bar the number in parentheses is the 
actual number of flash floods with watches (Figure 4-2a) and with warnings 
(Figure 4-2b). The number in bractets is included in the number in 
parentheses. For example, in the Eastern Region 3 floods had both a watch and 
a warning; an additional 3 had a watch but no warning, and 11 flash floods had 
a warning but no watch. Warnings with zero lead time were counted.

Nationally, 14 percent of the flash floods occurred without the Weather 
Service issuing a watch or warning, as shown in Figure 4-2c. The number above 
each bar is the actual number of events. For example, in the Southern Region 
45 events out of 255 were not covered by a watch or warning.

4.2 WATCHES

Twenty-eight percent of the flash flood watches issued in 1982 were 
followed by an event. Figure 4-3a shows the regional breakdown of these 
statistics. The solid portion of the bars gives the percentage of watches 
with positive verification, while the dotted portion accounts for those 
watches where information was unavailable as to whether an event occurred.

Fiqure 4-3b shows that, on a national basis, one-tenth of the flash 
floods issued were extensions of previous watches. Watches may be exten e in 
three ways: 1) keep the same area but extend the valid time, 2) alter the 
area but keep the same time period, or 3) change both area and^ time. e
extensions are counted in the total number of watches and are included in 
watch statistics.

from the time of issuance to the time an event Lead time is counted fifths of the flash flood watches had lead times ofoccurs. Nationally, three-
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6 hours or less. Regional lead time distributions may be found in Figure 4-4 
and Table 4-1. Table 4-1 also gives the average lead time and the average 
valid period for flash flood watches.

Projection time is the interval between the issuance of a watch or 
warning and when it goes into effect (the beginning of the valid period). The 
national average projection time for flash flood watches in 1982 was 1 hour 
and 36 minutes. Projection times ranged from zero for 187 of the 283 watches 
to 20 hours for 1 of the watches.

4.3 WARNINGS

Nationally, four out of five flash flood warnings were associated with an 
event. Figure 4-3c gives the regional statistics. The solid bars show the 
percentage of warnings that verified with a known event, while the dotted 
sections account for those where information was unavailable to verify whether 
an event occurred. Nationally, 15 percent of the flash flood warnings were 
extensions of previous warnings; regional percentages are given in Figure 4- 
3d. Warnings, like watches, may be extended in three ways.

The difference between 1UU percent and the solid bars in Figure 4-3c 
gives the FAR, assuming all the unknowns are counted as no event. Nationally, 
522 warnings were issued and 422 had events, which results in 24 percent 
overwarning.

So far the statistics have included warnings regardless of lead time. 
The average lead time was half an hour; over half of the warnings nationwide 
had no lead time. Table 4-1 and Figure 4-5 provide regional lead time 
distribution. One criterion for issuing a warning is the report of an event 
in progress. These warnings with zero lead time are legitimate and may in 
fact provide a nearby community with enough time to take effective action. 
Since advance notice of a hazardous weather event is very important, the 
following is a recalculation for Figure 4-3c if only warnings with lead times 
greater than zero are counted as having positive verification: 1) East, 
25 percent vs 70 percent; 2) South, 37 percent vs 81 percent; 3) Central, 
52 percent vs 92 percent; 4) West, 31 percent vs 84 percent; 5) Pacific, 
30 percent vs 61 percent; and 6) National, 38 percent vs 81 percent.

All flash flood warnings except one went into effect at the time they 
were issued. Projection time for that one warning was half an hour. The 
average valid time for a flash flood warning was 3.9 hours, but they ranged 
from 1 hour to 28 hours in duration.

Warnings are generally issued for counties. Figure 4-6 shows the number 
of counties covered by flash flood warnings during 1982. The shaded sections 
represent the percentage of counties in which an event occurred, the dotted 
sections represent the percentage of counties where it was not determined 
whether or not an event occurred, and the clear sections represent the 
percentage of counties where it is known an event did not occur.
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Table 4-1

1982 summary of regional and national statistics for flash floods.

>>

FLASH FLOOD 
FVPNT^ l V ELIil O 

Recnon 
East

*£ °
* w O S- *s-i/iioccn c/i CD co

O-P +Jt- -P .c: 4-> _c -i->
_q c cc coc4->cx:E CL) <D S- CD -t-> CD *r- CD 4-> => > > ro > ns > CD > O 
^ pj LJul 3 UJ 3 UJ ZT UJ CD

21 11 3 4 3
South 255 166 14 45 J2
Central 90 61 9 8 12
West 41 28 8 1 4
Alaska 1 0 0 1 0
Pacific
National

ro 00

436
29

294
Q

34
JL
59

Q

*These numbers are biased 
because not all flash flood 
watches are counted. This 
problem is addressed in 
section 3.
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Figure 4-6: Percentage and actual number of counties with
and without an event while a flash flood warning 
was in effect.
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5. 1982 WINTER WEATHER

Winter storm, blizzard, heavy snow, and freezing rain warnings and events 
were combined to form what we call group warnings and group events. This was 
done for two reasons: mainly to simplify the discussion of winter weather, but 
also because the number of specific warnings and events, when divided’into 
regions, is too small in many cases to provide useful statistics 
Definitions, as stated in WSOM Chapter C-42, for winter storm watch and 
warning and the various winter events can be found in Appendix II.

5.1 WATCHES

As stated in WSUM Chapter C-42 Section 4.1, a winter storm watch should 
be issued 12 to 36 hours before a hazardous winter storm is expected to reach 
an area. The specific type of weather that may occur 24 to 48 hours in the 
future is uncertain enough to preclude the use of more definitive titles such 
as blizzard watch or "heavy snow watch". The projection time is the 
interval between the issue time and when the watch goes into effect. During 
1982, the average projection time for winter storm watches was 17.3 hours, 
with a range in values of zero to 38 hours.

Lead time is defined as the difference between issue time and occurrence 
time. Nationally, 85 percent of the watches had lead times of longer than 
12 hours, as shown in Table 5-1 and Figure 5-1. The average lead time for a 
winter storm watch was 21.6 hours. Valid times, the duration of watches, 
varied from 6 to 36 hours, but the most common time periods were 12 and 
24 hours.

Watches are supposed to be issued if there is a possibility severe winter 
weather may occur. Since it is uncertain whether an event will occur, all 
watches are not expected to have positive verification. As the solid bars in 
Figure 5-2a show, nationally 56 percent of the watches verified. The dotted 
portion of the bars accounts for those watches where information was 
unavailable as to whether an event occurred.

Watches and warnings may be extended in three ways: 1) keep the same 
area but extend the valid period, 2) alter the area but keep the same time 
period, or 3) change both area and time. Eleven percent of the winter storm 
watches were extensions of a previous watch; regional statistics can be found 
in Figure 5-2b. Extensions are counted in the total number of watches.

5.2 WARNINGS

As illustrated in Figure 5-2c, 71 percent of the group warnings were 
followed by an event. National statistics for positive verification of 
specific warnings are: 1) winter storm, 74 percent; 2) blizzard, 100 percent; 
3) heavy snow, 56 percent; and 4) freezing rain, 86 percent. Figure 5-2d 
shows that 8 percent of the group warnings were extensions of previous
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warnings. The following are statistics for the extension of specific 
warnings: 1) winter storm, 8 percent; 2) blizzard, 12 percent; 3) heavy snow,
6 percent; and 4) freezing rain, U percent.

The difference between 100 percent and the percent of warnings with 
positive verification gives the false alarm ratio. The national FAR for group 
events, if all unknowns are counted as not verified, is 29 percent. National 
values for overwarning are: 1) group, 41 percent; 2) winter storm, 
35 percent; 3) blizzard, 0 percent; 4) heavy snow, 79 percent; and 5) freezing 
rain, 17 percent.

Statistics thus far have included warnings regardless of lead time. 
Nationwide, the average lead time for winter weather warnings as a group was a 
little over 6.5 hours. Lead time distributions and averages for group and 
specific types of warnings are given in Figure 5-3 and Tables 5-1, 5-2, 5-3, 
5-4, and 5-5. Although zero lead time is not desirable, in some cases the 
warning could benefit part of the area. For example, freezing rain may begin 
in one part of the warning area before affecting the entire area, but it is 
the first report that is entered as the occurrence time. In the case of heavy 
snow, a lead time of zero could be adequate because WSOM Chapter C-72 Section 
5.3f states that a heavy snow event has begun when "snowfall begins in a 
general continuous manner", not when 4 inches (or any regionally predetermined 
amount) has accumulated. A heavy snow warning with zero lead time in such a 
case is much better than no warning because it informs the public that a 
significant amount of snow is expected to fall. If the occurrence time for 
heavy snow was defined as the time when the depth criterion is met, then lead 
time in many cases would be greater than zero. Notwithstanding, lead time is 
of utmost importance in all warning programs and to take that into account, 
the following results represent a conservative recalculation for Figure 5-2c 
if only warnings with lead times greater than zero are counted as having 
positive verification: 1) East, 56 percent; 2) South, 48 percent; 3) Central, 
54 percent; 4) West, 72 percent; 5) Alaska, 31 percent; and 6) National, 
56 percent.

Half of the winter weather warnings went into effect at the time they 
were issued. The difference between the issue time and the beginning of the 
valid period is projection time. The average projection times for winter 
weather warnings were: 1) group, 3.1 hours; 2) winter storm, 3.3 hours; 3) 
blizzard, 1.9 hours; 4) heavy snow, 3.0 hours; and 5) freezing rain, 1.5 
hours. The average valid time for group warnings was 18.1 hours but they 
ranged from 3.5 hours to 36 hours in duration. Averages for specific types of 
warnings can be found in Tables 5-2 through 5-5.

5.3 EVENTS

Figure 5-4 shows the total number of group events by forecast area. When 
the warnings are separated by type, the regional distributions are: 1) winter 
storms: East - 22 percent, South - 14 percent, Central - 35 percent, and West
- 30 percent; 2) blizzards: East - 12 percent and Central - 88 percent; 3) 
heavy snows: East - 20 percent, South - 6 percent, Central - 53 percent, West
- 10 percent, and Alaska - 12 percent; 4) freezing rains: East - 14 percent, 
Central - 71 percent, and Alaska - 14 percent.



Ideally, both a watch and a warning should be issued before a hazardous 
weather event occurs. In the case of group warnings this happened 46 percent 
of the time as illustrated by the solid bars in Figure b-b. The number in 
brackets above each bar is the actual number of events that occurred while 
both a watch and warning were in effect. The dotted portion of the bars in 
Figures 5-5a and 5-5b show the percentage of events covered by watches but no 
warnings and the percentage of events covered by warnings but no watches, 
respectively. Together the solid and dotted portions of a bar show the total 
percentage of events with watches (Figure 5-5a) and the total percentage of 
events with warnings (Figure b-bb). Above each bar the number in parentheses 
is the total number of events with watches (Figure 5-5a) or with warnings 
(Figure b-bb). The number in brackets is included in the number in 
parentheses. For example, in the Central Region 46 events had both a watch 
and warning, and additional 11 events had a watch but no warning and 22 events 
had a warning but no watch. Warnings with zero lead time were counted.

In 1982, 8 percent of the severe winter weather occurred without the 
Weather Service issuing a watch or warning. Regional percentages can be found 
in Figure S-bc; the number above the bar is the actual number of events. 
Statistics for each specific type of event can be calculated by using the 
appropriate numbers from Tables 5-2 through b-b.
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Table 5-1

1982 summary of regional and national statistics for winter weather.
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Table 5-2

1982 summary of regional and national statistics for winter storms.
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Table 5-3

1982 summary of regional and national statistics for blizzards.
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Table 5-4

1982 summary of regional and national statistics for heavy snow.
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Table 5-5

1982 summary of regional and national statistics for freezing rain.
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6. 1982 HIGH WIND

During 1982, no duststorms or sandstorms were reported on the 
verification logs and no warnings were issued.

Most offices do not issue high wind watches and there is no national 
policy concerning such watches, therefore they are not included in the 
verification program. Definitions for duststorm/sandstorm and high wind 
events are given in Appendix II.

6.1 EVENTS

Fiqure 6-1 shows the national distribution of the 111 high wind events 
reported during 1982. The total number of events for each region is given in 
Table 6-1. Several years of data may be needed to provide a meaningful sample 
for the Southern and Pacific Regions.

The percentage of events covered by a warning is given by Figure 6-2a 
The actual number of high wind events with warnings is given in Table 6- 
Warnings with zero lead time were counted.

6.2 WARNINGS

Nationally, 81 percent of the high wind warnings had positive 
verification in 1982. The solid portions of the bars in Figure 6-2b represent 
the percentage of warnings followed by events, while dotted sections account 
for the warnings where information was unavailable to verify whether an even

occurred, difference between 1UQ percent and the percentage of warnings with
positive verification gives the false alarm ratio. The FAR for high wind 
warnings is 19 percent, nationally, if the unknowns are counted as no event. 
Using the overwarning equation, we overwarn 24 percent nationally.

Warnings may be extended in three ways: 1) keep the same area but extend 
the valid period, 2) alter the area but keep the same time period, or 
3) change both area and time. Nine percent of the high wind warnings were 
extensions of previous warnings; regional statistics are found in Figure 6-2c. 
Extensions are counted in the total number of warnings.

So far all statistics have included warnings regardless of lead time. If 
only warnings with lead times greater than zero are to be counted, then 
nationally 6U percent of the high wind warnings were followed by an event. A 
lead time distribution for high wind warnings can be found in Figure 6-3 or

Table 6-1.
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Table 6-1

1982 summary of regional and national statistics for high wind.
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7. 1983 FLASH FLOOD

fi iThe flrst three Problems addressed in Section 3 deal directly with flash 
IectionVriflCat1°n dnd Sh°Uld be considered when usin9 the statistics in this

A flash flood is defined by WSOM Chapter E-13: "A flood which follows 
within a few hours of heavy or excessive rainfall, dam or levee failure or a 
sudden release of water impounded by an ice jam.1' A wall of water ru’shinq 
through a narrow channel is not the only type of flash flood; water may rise
lyfng coast»lt0regLs.ra,naSe' POndi"9 °f W“er ,S eSpecia"* in low

. Tdb^e 7“1 Presents a quick overview of the number of watches, warninqs 
and events plus information on lead time and valid time. y

7.1 EVENTS

The national distribution of flash floods was uneven: 55 oercent 
occurred in the Southern Region, followed by 15 percent each in the Central
and Western Regions, 14 percent in the Eastern Region and less than 1 Dercent 
in the Alaska and Pacific Regions. ^

Ideally both a watch and a warning should be issued before a hazardous 
weather event occurs. The statistics in this report do not give an accurate
fie^Shrfi°fHthHS’ bUtiQi WaS accomPlished at least 17 percent of the time for 
Finupp 7°pds daring 198;j> as illustrated by the solid portion of the bars in 
Figure 7-2 The numbers in brackets above the bars are the actual number of 
events with a watch and warning. Nationally, at least 71 times out of 414, 
both a watch and warning were in effect for an event. The dotted portion of
b^t bnnrSwIrnFin9nUcre ?^ 7_2t> lhow the Percentage of events with watches 
Tr1 9, events Wlth warnings but no watches, respectively.
Together the solid and dotted portions of a bar show the total percentage of 
events with watches (Figure 7-2a) and the total percentage of events with
rctuain9nSumhI?Uorf fV^JVi Abre eaCh bar the number in Parenthesis is the 
Fiau e 7 2hl tI fl°ods.wltkh etches (Figure 7-2a) and with warnings 

Da rent hp b *c The nTber ln buckets is included in the number in
F°r examP15> ln the Eastern Region 20 flash floods had both a 

fi Ch warning, an additional 9 had a watch but no warning, and 20 flash
floods had a warning but no watch. Warnings with zero lead time were counted.

WMH,Nati°nally’ H percent of the flash ^oods occurred without the Weather
ea"h bar “UJhe 0rKwarnin9’ as shown in Figure 7-2c. The number above
42 if tL 5 number 0f events- E°r example, in the Southern Region
42 of the 226 events were not covered by a watch or warning in 1983
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7.2 WATCHES

Forty-three percent of the flash flood watches issued were followed by an 
event Figure 7-3a shows the regional breakdown of these! statist l cs. Th 
Ulid*portion of the bars gives the percentages of watches with positive 
verification, while the dotted portion accounts for those watches where 
information was unavailable as to whether an event occurred.

Figure 7-3b shows that, on a national basis, 13 percent of the flash 
flood watches issued were extensions of previous w-atches. Watches may be 
extended in three ways: 1) keep the same area but extend the valid time, L) 

alter the area but keep the same time period, or 3) change both area and time. 
The extensions are counted in the total number of watches and are included 
all watch statistics.

Lead time is counted from the time of issuance to the time an event 
occurs. Nationally, 58 percent of the flash flood watches had lead times o 
6 hours or less. Regional lead time distributions may be found in Figure 7-4 
and Table 7-1. Table 7-1 also gives the average lead time and the average 
valid period for flash flood watches.

Projection time is the interval between the issuance of a,watch or 
warning and when it goes into effect (the beginning of the valid period). The
"atTonal average projection time for flash fiood watches was 1 hour 36
minutes. Projection times ranged from zero for 172 of the 264 watches to 
20 hours for 2 of the watches.

7.3 WARNINGS

Nationally, 4 out of 5 flash flood warnings were associated with an 
event. Figure 7-3c gives the regional statistics. The sdid bars show the 
percentage9 of warnings that verified with a known event, while the dotted 
sections account for those where information was unavailable to verify whether 
an event occurred. Nationally, 10 percent of the flash flood warnings were 
extensions of previous warnings; regional percentages are given in Figure 
3d. Warnings like watches may be extended in three ways.

The difference between 100 percent and the solid bars in Figure 7-3c 
gives the FAR, assuming all unknowns are counted as no event ^‘lon.lly, 
warnings were issued and 340 had events, which results in 27 percent
overwarning.

So far the statistics have included warnings regardless of lead time. 
The average lead time as nearly an hour but almost half of the warning 
nationwide had no lead time. Table 7-1 and Figure 7-5 P™“'de re9'°nal lead 
time distribution. One criterion for issuing a warning is the report of an 
event in progress. These warnings with zero lead time are legitimate and may 
in fact provide a nearby community with enough time to take effective action. 
Since advance notice of a hazardous weather event is very imPortant»the 
following is a recalculation for Figure 7-3c if only warnings withlead times 
greater than zero are counted as having positive verification. 1) Last,
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48 percent vs 81 percent; 2) South, 41 
percent vs 74 percent; 3) Central, 57 percent vs 93 percent; 4) West, 33 
percent vs 84 percent; 5) Pacific, 50 percent vs 100 percent; and 6) National , 43 percent vs 79 percent.

ni flash flood warnings went into effect at the time they were issued 
Only 5 warnings had projection times which ranged from half a^n hour to six 
hours. The average valid time for a flash flood warning was 4?3 Jours h.i? 
they ranged from half an hour to 40 hours in duration. 5

Warnings are generally issued for counties. Figure 7-6 shows the number
rInrfcntVleLC0Vered by f1ash flood warnin9s during 1983. The shaded sections 
epresent the percentage of counties in which an event occurred Thp rintton

sections represent the percentage of counties where it was not determined 
whether or not an event occurred, and the clear sections dppsp f 
percentage of counties where it is known an event did not occur.
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Table 7-1

1983 summary of regional and national statistics for flash floods.

FLASH FLOOD WATCHES
C
oc

tOPercentage Distribution jz s- =3-a ^ o o
03 to 4-> 31 

Lead Time in Hours CD S- 03 '—

1<+- en U
nk o 

p, Rpm nn 
East

o CO
S- CD
CD JZ 

JD O
E ■*->

3 03 ba
tc

he
s

cr
5?

N
o Ev

en
t

27 22
W

at
ch

es
w

ith
 Ev

3

W
at

ch
es

Ev
en

t aj rn 
C\J 00 *3- cr>-— 

is£) <—1 '—1 C\J to
VI VI V* VI S- <D
p c£3 C\J CO QJ E

A r-i r-i CXI > •t~
A A A C 1-

14% 9% 23% 2! Q% IL L 1!L-Z-45%

U
nk

no
w

n

A
ve

ra
ge

 
D

ur
at

io
n

ith 109 6? 47 0 6%. 21 o% . 23% 4-6 ,14.3-62% 63L

D
O

rpritra 1

West
35
67

20
18

15
28

0
21

40% 13% 7% Q% l Q2L LLI40%
4% 4% 0% 14% 4.2 7.868% 11%

Alaska 1 0 1 0 0% 0% Q£ Q% Q1 3..Q- ZJL100%
Pacific
National

0
264 127 113 24 , 13% 7% 7% 2% 13%58% 6.4 12.7

CD CO C= S-

FLASH FLOOD 
WARNINGS of s s

en
t gs Ev
er

ng
s U
ni

Percentage Distribution

Lead Time in Hours n

•r- 3
-a ^ C O 
03 to S- 3= 
CD S- 03 —"_l 3

__
_ e (H

e e io
r

S3 T> 3 —
i. D 3 N
um

be
r 

W
ar

ni
ng

W
ar

ni
ng

N
o Ev W
ar

ni
n

w
ith

 
W

ar
ni

Ev
en

t H OO UDVI Vt VIo o *-• er>A AAA U
nk

no
w

__
__

__
A

ve
ra

g
Ti

m
e 

A
ve

ra
g

D
ur

at

Eas t 52 8 42 2 40% 33% 10%. 121 0% LJL 7-a.
South 265 50 196 19 45% 31% 7% 2% 0% 15% 0.6 3.8

r.pntrfll
Wes t

58
55

1
6

54
46

3
3

39%
61%

41%
33%

15%
4%

4%
2i

2%
0%

mLJLiL
Q1 JL4-

4.0

Alaska
Pacific

1
2

1
0

0
2

0
0 50% 50% 0% 0% 0% 0%

6.0
0.5 12.0

National 433 66 340 27 46% 33% 8% 4% 1% 1 8%. 4.3,

c
FLASH FLOOD 
EVENTS

Reqion

S- to a) +-> _a c
c= ^13 > 
Z UJ

o
-K CD 

CO C
4_> • f—
C C
> to 
-U 3

CO4-> CJ
> 03
UJ 3

s~
CO CD 4-> -C C 4-> 
CD •«-> CDUJ Z

*
CO+->c: -c 
CD +->> O aJ CO

East 57 20 9 8 20

South 226 137 14 42 33

Central
West

64
63

47
30

10

15
2

5
5

13

*These numbers are biased 
because not all flash flood 
watches are counted. This 

Alaska 2 0 1 1 0 problem is addressed in 
Pacific 2 2 Q Q section 3.
National 414 236 49 58 71

35



15
%

Fi
gu

re
 7-1

: Num
be

r of
 fla

sh
 flo

od
 ev

en
ts b

y fo
re

ca
st o

ffi
ce

 wi
th

 pe
rc

en
ta

ge
 of 

ev
en

ts 
in

 eac
h re

gi
on

 for
 198

3.
 

y 1 t;vfc:
,lc

s

36



f

37



•
CO CD CD4-> CL CDc 03CD ^ +->> CJ cCD -- CD

CJCD £-i— • CD
-Q CO CL
■r— cCO o ^CO •r- T3o CO v—
Q- sz

CD
XJ 4-> .e X co03 CD +->

C00 CD CD+-> s- >
SZ 03 CDCD

38



UMOU>|im
tt<

1;Z^8I< 
81>2I< 
ZI*9< 

950

<cz:o

2
OO
<c

Jc

oo

<C
q;

c_>

o
oo

<c
LlJ

lN30H3d Fi
gu

re
 7-4

: Regi
on

al
 and

 na
tio

na
l di

str
ib

ut
io

n o
f le

ad
 tim

es
 for

 fla
sh

 flo
od

 wa
tc

he
s. Lea

d 
tim

e c
at

eg
or

ie
s ar

e in
 ho

ur
s.

39



LO

H3 10
d 0)

lN30U3d
40



PE
R

C
EN

T

Figure 7-6: Percentage and actual number of counties with.
and without an event while a flash flood warning 
was in effect.
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8. 1983 WINTER WEATHER

uoro Wlnber storm, blizzard, heavy snow, and freezing rain warnings and events 
were combined to form what we call group warnings and group events. This was 
done for two reasons: mainly to simplify the discussion of winter weather 
but also because the number of specific warnings and events, when divided into 
regions, is too small in many cases to provide useful statistics! 
Definitions, as stated in WSUM Chapter C-42, for winter storm watch and 
warning and the various winter events can be found in Appendix II.

8.1 WATCHES

be Ch?Peter C‘42 Sect1on 4-1* a winter st0™ watch should
^Spfd t0 36.h°urs before a hazardous winter storm is expected to reach

fnt Nno d|'c Th sPeciflc ^Pe of weather that may occur 24 to 48 hours in the
“bii77flUrnJeCaVnh®n0U9f.ht0 preclude the use of more definitive titles such 

ns. bllnz ai^d watch or heayy snow watch".- The projection time is the
198TVthebetWeen the 1SSUe tlme and when the watch Does int0 effect. During 
1983, the average projection time for winter storm watches was 16.5 hours! 
with a range in values of zero to 39 hours.

time as t,he,d'f„ference bet“een Issue time and occurrence
time. Nationally, 79 percent of the watches had lead times of lonuer than 
12 hours as shown in Table 8-1 and Figure 8-1. The average lead time for a 
Winter storm watch was 22.7 hours. Valid times, the duration of watches 
24''hcfu'rs^r°m 3 t0 ^ hours» but the most common time periods were 12 and

Watches are supposed to be issued if there is a possibility severe winter 
weather may occur. Since it is uncertain whether an event will occur not all 
watches are expected to have positive verification. As the solid bars in
dlttla nationally 51 percent of the watches verified in 1983. The
dotted portion of the bars accounts for those watches where information was 
unavailable as to whether an event occurred. information was

Watches and warnings may be extended in three ways: 1) keep the same
plMod1VrlwhalVh Vh PeM°d- 2) aUer the ™ ^ Keep'the'same time
period, or 3) change both area and time. Eight percent of all watches were 
extensions of a previous watch; regional statistics are found in Figure 8-2b. 
xtensions are counted in the total number of watches.

8.2 WARNINGS

fnii AS illustrated in Figure 8-2c, 79 percent of the group warnings were 
followed by an event. National statistics for positive verification of
sPehc'p’c warn1"9A are: "inter 5torm> 79 percent; 2) blizzard, 89 percent 
3) heavy snow, 67 percent; and 4) freezing rain, 100 percent Fiaure 8 2d’ 
Shows that 9 percent of the griup warnings w^re extensions o?9prevfo“us
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warnings. The following are statistics for the extension of specific 
warnings: 1) winter storm, 9 percent; 2) blizzard, 11 percent; 3) heavy snow, 
3 percent; and 4) freezing rain, IB percent.

The difference between 100 percent and the percent of warnings with 
positive verification gives the false alarm ratio. The FAR for group events, 
if all unknowns are counted as not verified, is 21 percent. The national 
values for overwarning are: 1) group, 27 percent; 2) winter storm,
27 percent; 3) blizzard, 13 percent; 4) heavy snow, 50 percent; and 5) freez­
ing rain, 0 percent.

Statistics thus far have included warnings regardless of lead time. 
Nationwide, the average lead time for winter weather warnings as a group was 
almost 6 hours. Lead time distributions and averages for group and specific 
types of warnings are given in Figure 8-3 and Tables 8-1 through 8-5. 
Although zero lead time is not desirable, in some cases the warning could 
benefit part of the area. Notwithstanding, lead time is of utmost importance 
in all warning programs and to take that into account, the following results 
represent a conservative recalculation for Figure 8-2c if only warnings with 
lead times greater than zero are counted as having positive verification: 
1) East, 78 percent; 2) South, 57 percent; 3) Central, 46 percent; 4) West, 
78 percent; 5) Alaska, 67 percent; and 6) National, 63 percent.

Half of the winter weather warnings went into effect at the time they 
were issued. The difference between the issue time and the beginning of the 
valid period is projection time. The average projection times for winter 
weather warnings were: 1) group, 2.4 hours; 2) winter storm, 2.8 hours; 3) 
blizzard, 0.6 hours; 4) heavy storm, 1.9 hours; and 5) freezing rain, 
1.1 hours. The average valid time for group warnings was 18.9 hours but tney 
ranged from 6 to 37 hours in duration. Averages for specific types of 
warnings can be found in Tables 8-2 through 8-5.

8.3 EVENTS

Figure 8-4 shows the total number of group events by forecast area. When 
the warnings are separated by type, the regional distributions are: 1) winter 
storms: East - 21 percent, South - 12 percent, Central - 28 percent, and West 
- 39 percent; 2) blizzard: East - 14 percent, Central - 43 percent, West - 29 
percent, and Alaska - 14 percent; 3) heavy snow: East - 28 percent, South 
40 percent, Central - 16 percent, West - 12 percent, and Alaska - 4 percent; 
4) freezing rain: East - 50 percent, South - 20 percent, and Central - 30 
percent.

Ideally, both a watch and a warning should be issued before a hazardous 
weather event occurs. In the case of group warnings this happened 41 percent 
of the time as illustrated by the solid bars in Figure 8-5. The number in 
brackets above each bar is the actual number of events that occurred while 
both a watch and a warning were in effect. The dotted portion of the bars in 
Figures 8-5a and 8-5b, show the percentage of events covered by watches but no 
warnings and the percentage of events covered by warnings but no watches 
respectively. Together the solid and dotted portions of a bar show the total 
percentage of events with watches (Figures 8-5a) and the total percentage of
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events with warnings (Figure 8-5b). Above each bar the number in parentheses 
is the total number of events with watches (Figure 8-ba) or with warnings 
(Figure 8-5b). The number in brackets is included in the number in 
parenthesis. For example, in the Central Region 14 events had both a watch 
and warning, an additional four events had a watch but no warninq, and 20 
events had a warning but no watch. Warnings with zero lead time were counted.

ii J983’ 8 Percent of the severe winter weather occurred without the 
Weather Service issuing a watch or warning. Regional percentages can be found 
in Figure 8-5c; the number above each bar is the actual number of events. 
Statistics for each specific type of event can be calculated by usinq the 
appropriate numbers from Tables 8-2 through 8-5. 9
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Table 8-1
1983 summary of regional and national statistics for winter weather.
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Table 8-2

1983 summary of regional and national statistics for winter storm
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Table 8-3

1983 summary of regional and national statistics for blizzards.
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Table 8-4

1983 summary of regional and national statistics for heavy snow.
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Table 8-5

1983 summary of regional and national statistics for freezing rain. 
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9. 1983 HIGH WIND

During 1983, no duststorms or sandstorms were reported on the 
verification logs and no warnings were issued.

Mnct nffirpc do not issue high wind watches and there is no national 

events are given in Appendix II.

9.1 EVENTS

of the 80 high wind events Fiqure 9-1 shows the national distribution 
for each region is given in reported during 1983. The total number of events 
provide a meaningful sampleTable 9-1. Several years of data may be needed to 

for the Southern and Pacific Regions.

The percentage of events covered by a warning is given by FI gure 9-2a. 
The actual number of high wind events with warnings is given in Table 
Warnings with no lead time were counted.

9.2 WARNINGS

Natinna11v 81 percent of the high wind warnings had positive 
uprifiration in 1983 The solid portions of the bars in Figure 9-2b represent
the percentage of warnings followed by events, w hi 1 Whether
account for the warnings where information was unavailable to ve y
an event occurred.

ThP difference between 10U percent and the percentage of warnings with 
DOSitive ,erif“«ion gives the false alarm ratio. The FAR for high wind 
warnings is 19 percent, nationally, if unknowns are counted as no event. 
Using the overwarning equation, we overwarn 24 percent, nationally.

warnings may be extended in three ways: 1) keep the same area but extend 
1-hP valid period, 2) alter the area but keep the same time period, or 3 
chanqe both area and time. Seven percent of the high wind warnings wer 
extensions of previous warnings; regional statistics are found in lgu 
Extensions are counted in the total number of warnings.

Sn far all statistics have included warnings regardless of lead time. If 

high wind warnings can be found in Figure 9-3 or Table 9-i.
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Table 9-1

1983 summary of regional and national statistics for high wind.
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10. SUMMARY

occurV.M.'?^
srprcenrofthlnas'h^floor"1"9- L°h0k’"9'at perforce another way 
I,«« hfa,tfhe„fntr„sV;a0rzeWraorn,,enart*™0ere'i P0SU1 ve -ri f’cation, bu/a

One hundred eighty-six winter weather events 'were reported on tho innc 
during 1982, 8 percent of which occurred without a watch or" warning" Look?
Unt’nftT63’ Percent of the warnings were followed by an event, but 21 
percent of those warnings had zero lead time.

Sixty-five percent of the 111 high wind events occurred in the Central 
and Western Regions during 1982. Only 3 percent of aH hfgh wind events
fonnweH K1th0Ut a wdrnin9- Uf the total warnings issued, 8^ percent were 
followed by an event, but 26 percent of those were issued withTn elent in

occurFrefdtVnfltVheePrCtht of ,.the 414 flash flood events recorded during 1983, 
occurred in the Southern Region. Nationally, 14 percent of the events
““percent ’of"the fT Look’n9 at performance another way,
46 percent1 0°/those had Zero00leadatri:en.9S P°SU1Ve V6n f ’Cat ’ ' dot

One hundred forty-seven winter weather events were reported durinq 1983 
5 percent of which occurred without a watch or warning. Looking at issuances
warnings haS zeVo6 ^ dn 6Vent’ bUt 19 percent of thos*

Regionidfutri"nfQi iSa-T^ °J ^ 1° hlgh"1nd events occurred in the Western 
a t L! y PerC6nt °f d11 hi9h Wind events occurred without a

but 22 nprrJnt nf tw Warnin.9S issued, 81 percent were followed by an event,
ut 22 percent of those were issued with an event in progress.
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APPENDIX I

National Weather Service Forecast Offices

EASTERN REGION

Portland, Maine 
Boston, Massachusetts 
New York City, New York 
Albany, New York 
Buffalo, New York 
Cleveland, Ohio 
Charleston, West Virginia 
Pittsburgh, Pennsylvania 
Philadelphia, Pennsylvania 
Washington, D.C.
Raleigh, North Carolina 
Columbia, South Carolina

SOUTHERN REGION

San Juan, Puerto Rico 
Mi ami, FIorida 
Atlanta, Georgia 
Birmingham, Alabama 
New Orleans, Louisiana 
Jackson, Mississippi 
Memphis, Tennessee 
Little Rock, Arkansas 
Oklahoma City, Oklahoma 
Fort Worth, Texas 
San Antonio, Texas 
Lubbock, Texas 
Albuquerque, New Mexico

PACIFIC REGION 

Honolulu, Hawaii

CENTRAL REGION

Louisville, Kentucky 
Ann Arbor, Michigan 
Indianapolis, Indiana 
Chicago, Illinois 
Milwaukee, Wisconsin 
Des Moines, Iowa 
Minneapolis, Minnesota 
Sioux Falls, South Dakota 
Bismarck, North Dakota 
Cheyenne, Wyoming 
Denver, Colorado 
Omaha, Nebraska 
Topeka, Kansas 
St. Louis, Missouri

WESTERN REGION

Phoenix, Arizona 
Salt Lake City, Utah 
Great Falls, Montana 
Boise, Idaho 
Reno, Nevada 
Los Angeles, California 
San Francisco, California 
Portland, Oregon 
Seattle, Washington

ALASKA REGION

Juneau, Alaska 
Anchorage, Alaska 
Fairbanks, Alaska
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APPENDIX II

Definitions: WSOM Chapter C-42, Winter Weather Warnings

BHzzard indicates that the following conditions are expected to prevail for 
an extended period (for 3 hours or longer):

1. ) Wind speeds of 35 miles an hour or more and
2. ) considerable falling and/or blowing snow (i.e., visibility

frequently less than 1/4 mile).

Severe Blizzard generally indicates:

1. ) wind speeds of 45 miles an hour or more,
2. ) great density of falling and/or blowing snow (i.e.

visibility frequently near zero), and
3. ) temperature of 10 degrees Fahrenheit or lower.

Duststorm (or Sandstorm) indicates the following conditions will prevail 
over a widespread area: M 1

1. ) Visibility of 1/2 mile or less due to dust or sand and
2. ) Wind speeds of 30 miles an hour or more. ’

Heavy Snow generally means:

houVs1 a0CrCUmulating t0 4 inches or more in depth in 12 

2.) a fall accumulating to 6 inches or more in depth in 24 hours,

(Some variation in the criteria for heavy snowfall in certain 
^gior^DireaV,0) 'be 6St*blished at the optionTf^e"

W1nd n0ramally 1 ndjcates sustained winds of 40 miles an hour or greater 
are expected to persist for 1 hour or longer. In this context 
it is intended to be used for strong gradient wind conditions 
lasting for an extended period of time. However, atrelVoZ* 
option some variation in these criteria may be established to 
describe strong gusty winds occurring over a shorter time period.

Freezing Rain (or Drizzle) describes the freezing of rain or drizzle on
Jefs as n stnkes them. Winter storm warnings should be 
reserved for occasions where significant, and possible damaqina 
decumu 1d11ons of ico are expected* ^ ^

Winter Storm Warning, A winter storm warning is a headline carried in

62



forecasts and highlighted in special weather statements that serves 
notice to the public of a high probability for the occurrence of 
severe winter weather. The warning is issued for the same events 
(except for blizzard conditions) that serve as a basis for t 
issuance of a winter storm watch.

Winter Storm Watch. A winter storm watch is a headline carried ^forecasts
----------------- and in "special weather statements to cover the possible occurrence

of the following weather elements, either sep^a^'^ s
combination: blizzard conditions, heavy snow (or light in areas 
where snow is relatively rare), accumulations of freezing rain o 
freezing drizzle, and/or heavy sleet.
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NOAA Technical Memorandums
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NWS FCST 22 Thomas Laufer, December 1977. (PB-283868/AS)
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

Commerce Te°miS JesiS^b^Ht^erof6^11 aS P<irt °f the of

theTsoli*d EaJtUhraltSed techno1'.changes in the environment and J^moniJo^Ind'Sredlc^fheHSJe of 
the solid Earth, the oceans and them livihg resources, the atmosphere, and the spa'ce environmlSt of

The major components of NOAA regularly produce various types of scientific and technicalinformation in the following kinds of publications:

PROFESSIONAL PAPERS-Important definitive 
research results, major techniques, and special 
investigations.

CONTRACT AND GRANT REPORTS-Reports prepared 
by contractors or grantees under NOAA sponsor­
ship.

ATLAS-Presentation of analyzed data generally 
in the form of maps showing distribution of 
rainfall, chemical and physical conditions of 
oceans and atmosphere, distribution of fishes 
and marine mammals, ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS-Reports 
containing data, observations, instructions, 
etc. A partial listing includes data serials; 
prediction and outlook periodicals; technical’ 
manuals, training papers, planning reports, and 
information serials; and miscellaneous 
technical publications.

TECHNICAL REPORTS-Journa1 quality with 
extensive details, mathematical developments, 
or data listings.

TECHNICAL MEMORANDUMS-Reports of preliminary, 
partial, or negative research or technology 
results, interim instructions, and the like.


	Structure Bookmark
	NWS_FCST_30
	CONTENTS
	ABSTRACT
	1. PURPOSE
	2. BACKGROUND
	3. PROBLEMS
	4. 1982 FLASH FLOOD
	4.1 EVENTS
	4.2 WATCHES
	4.3 WARNINGS

	5. 1982 WINTER WEATHER
	5.1 WATCHES
	5.2 WARNINGS
	5.3 EVENTS

	6. 1982 HIGH WIND
	6.1 EVENTS
	6.2 WARNINGS

	7. 1983 FLASH FLOOD
	7.1 EVENTS
	7.2 WATCHES
	7.3 WARNINGS

	8. 1983 WINTER WEATHER
	8.1 WATCHES
	8.2 WARNINGS
	8.3 EVENTS

	9. 1983 HIGH WIND
	9.1 EVENTS
	9.2 WARNINGS

	10. SUMMARY
	11. ACKNOWLEDGMENTS
	REFERENCES
	APPENDIX I
	APPENDIX II





