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ABSTRACT

An experiment was conducted at the Storm Prediction Center (SPC) to assess the accuracy of subjective
probability forecasts for tornadoes within individual convective watch areas. Probability forecasts for one or
more and three or more tornadoes were produced for 166 severe weather watches during 1997 and 1998.
Categorical forecasts of maximum tornado intensity, as indicated by F-scale damage ratings, were also performed.
The probability and intensity forecasts were made in an operational setting prior to the issuance of each watch
to simulate the decision making process that might be employed if the SPC were to begin including probabilities
in their watch products. Results indicate considerable skill in forecasting tornado probabilities, though the
maximum intensity forecasts were not particularly accurate. It is hypothesized that accurate tornado intensity
forecasts will be difficult to achieve until storm-scale processes are more fully understood.

1. Introduction

The Storm Prediction Center (SPC) has the respon-
sibility of issuing tornado and severe thunderstorm
watches for the contiguous United States. Because the
knowledge of severe convective storms and their an-
tecedent conditions has increased dramatically in the
past decade, the opportunity may now exist for SPC
forecasters to provide additional and more specific in-
formation in convective watches, similar to the maxi-
mum hail size and wind gust estimates already provided
in the public severe thunderstorm watch product. An
experiment was conducted at the SPC in 1997 and 1998
to determine the accuracy of subjective probability and
intensity forecasts for tornadoes. During the 2-yr period,
probability forecasts accompanied 166 watches (108
tornado and 58 severe thunderstorm), with a total of 229
tornadoes occurring within the watches sampled here.
Although several hundred watches per year are issued
by the SPC, only the two authors participated in this
experiment. Further, due to the labor intensive process
of collecting and archiving the necessary data in real
time, probability and intensity forecasts were made only
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when there was still sufficient time to complete our
required forecast duties. Although a larger sample size
would have been preferable, enough cases were col-
lected to draw some preliminary conclusions on the po-
tential skill in making probability and intensity forecasts
for tornadoes in an operational setting. Results from this
experiment are discussed herein, with a goal of incor-
porating probabilities into severe thunderstorm and tor-
nado watches issued by the SPC.

2. Methodology

For each watch, probability forecasts were made for
one or more tornadoes and three or more tornadoes oc-
curring in the watch area. The median watch size in this
study was 25 000 mi2 with 70% of the watches falling
within the range of 15 000–30 000 mi2. It is recognized
that the probability of tornadoes is typically not uniform
throughout the watch area, and that the probability of
a tornado per unit area will increase with increasing
watch size given identical meteorological conditions.
The intent of this study, however, was to determine the
accuracy of probability forecasts anywhere within the
watch area, with the watch size dictated by the mete-
orological situation. Further, an analysis of the verifi-
cation of watches by size from this dataset indicates that
larger watches were no more likely to contain tornadoes
than their smaller counterparts. For example, 30% of
the watches with an area less than 25 000 mi2 verified
with at least one tornado, while watches greater than
25 000 mi2 had a 34% verification rate.
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FIG. 1. Distribution of watch cases by month.

Probabilities were assigned before each watch was
transmitted to simulate the procedure that might be fol-
lowed if these forecasts were to be disseminated as part
of the public watch product. At the inception of the
experiment, it was decided that the following arbitrary
probabilities would be used: 1%, 5%, 25%, 50%, 75%,
and 95%. As mentioned in section 1, there were 58
severe thunderstorm watch cases in this experiment
(35% of the database). These watches were included
because, even in severe thunderstorm watches, the prob-
ability of a tornado is greater than zero. For example,
in 1999 about 25% of the severe thunderstorm watches
issued by the SPC had one or more tornadoes in them.
Eleven of the 58 severe thunderstorm watches (19%) in
this dataset contained at least one tornado. However, all
of these tornadoes were brief and weak. The SPC has
developed considerable skill at differentiating between
tornadic and largely nontornadic environments during
the past several years, as the scientific understanding of
storm-scale processes has increased. For example, the
environments conducive for supercells can be readily
determined by examining such parameters as the bulk
Richardson number (BRN) shear (Weisman and Klemp
1982), and measures of lifted parcel buoyancy such as
convective available potential energy (CAPE). Within
supercell environments, the threat for tornadoes can be
assessed through examination of parameters such as
storm-relative helicity (Davies Jones et al. 1990), mid-
level storm-relative winds (e.g., Brooks et al. 1994;
Thompson 1998), and various combinations of CAPE
and low-level shear such as the energy helicity index
(Hart and Korotky 1991; Rasmussen and Blanchard
1998). With this increased knowledge, some forecasters
at the SPC have begun to issue severe thunderstorm
watches in situations when supercells are expected, but
the threat for more than brief weak tornadoes is minimal.

There has been little published research on the op-
erational forecasting of tornado intensity. Colquhoun
and Riley (1996) did develop a regression equation to
forecast F scale (Fujita 1971) based on environmental
buoyancy and shear from tornado proximity soundings.
However, they did not sample environments when se-
vere convection developed but tornadoes failed to occur.
Although testing the regression equation operationally
would be useful, the intent of this study was to subjec-
tively forecast tornado intensity. Maximum tornado in-
tensity forecasts were made for each watch using the
following categories: weak (F0–F1), strong (F2–F3),
and violent (F4–F5). It is recognized that there are prob-
lems when forecasting tornado intensity based on the F
scale. Because the F scale is a damage scale, a tornado
must cause damage before it can be rated anything other
than F0. Despite the inherent difficulties in using the F
scale to judge the intensity of tornadoes, tornado inten-
sity forecasting is already being done to some extent in
SPC outlooks and watches, and this experiment provid-
ed some insight into the potential skill (discussed in
section 3) of making these forecasts.

Probability and intensity forecasts were subjectively
determined based on the examination of several ob-
served and forecast parameters in the watch area, in a
manner consistent with other SPC severe weather fore-
cast products. For example, BRN shear, environmental
buoyancy, convective inhibition, storm-relative helicity,
and storm-relative flow were routinely examined using
observed and short-term model data (e.g., Johns and
Doswell 1992; Davies 1993). The presence (or absence)
of mesoscale boundaries was also considered. Studies
by Maddox et al. (1980) and Markowski et al. (1998),
as well as the personal forecast experience of the au-
thors, suggest that storms interacting with preexisting
boundaries are more likely to produce tornadoes. Fi-
nally, the expected mode of convection affected the
probability and intensity forecasts. Low probabilities
and weak intensities were generally assigned in situa-
tions when squall lines were expected, whereas the high-
est probabilities and intensities were assigned when
long-lived classic supercells were anticipated.

3. Results

Before proceeding further, it is important to note, for
comparison purposes, that during the 1990s approxi-
mately 50% of all tornado watches verified with at least
one confirmed tornado (compared to 49% in this study).
Figure 1 displays the monthly distribution of watch cas-
es during the 2-yr experiment. Although all months were
represented in this study, most of the cases occurred
between March and July with a peak of 50 watches in
April. This distribution is not surprising because most
severe weather (and therefore the most watches) occur
in the spring and early summer. Figure 2 shows the
distribution of probability forecasts for one or more and
three or more tornadoes. The most common probability
used for one or more tornadoes was 50% (68 cases),
followed by 25% (49 cases), with all of the arbitrarily
designated probabilities used in the actual forecasts. In
contrast, the most frequent probability used for fore-
casting three or more tornadoes was 5% (75 cases),
followed by 25% (55 cases), with 95% not used during
the experiment. The lower probability forecasts of three
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FIG. 2. Forecasts of (left) one or more tornadoes and (right) three
or more tornadoes by probability.

FIG. 4. Same as Fig. 3 except probability forecasts are for three or
more tornadoes.

FIG. 5. Reliability diagram for the forecasts of one or more tor-
nadoes in watch areas. The heavy line represents the actual frequency
of occurrence of tornadoes for each probability forecast group.
Straight line (y 5 x; in lighter shading) indicates perfect reliability.
Inset bar graph displays the number of forecasts of each probability
(1%, 5%, 25%, 50%, 75%, and 95% from left to right).

FIG. 3. Distribution of probability forecasts for one or more tor-
nadoes by watch type: (left) severe thunderstorm watches and (right)
tornado watches.

or more tornadoes compared to one or more tornadoes
reflects the natural tendency to have less confidence that
multiple events will occur. When stratifying the prob-
ability forecasts by watch type, it is clear (Figs. 3 and
4) that lower probabilities were typically forecast for
severe thunderstorm watches. It is also important to note
that 21 tornado watches had a forecast probability of
25% or less for one or more tornadoes. At first glance,
it might appear that some of these watches could have
been severe thunderstorm watches. However, most of
these low probability tornado watches were issued in
the cool season (Oct–Mar) when environmental wind
shear is very strong but instability is marginal. In these
situations, the probability of tornadoes may be low, yet
strong–violent tornadoes can occur.

Figure 5 is the reliability diagram (Wilks 1995) for
the probability forecasts of one or more tornadoes. What
is immediately obvious from the figure is that the fre-
quency of occurrence (in percent) of one or more tor-
nadoes increased with increasing probability forecasts,
which suggests that these forecasts were reliable. For
example, at least one tornado occurred 47% of the time
when a 50% probability was forecast. Reliability (R)
can be calculated using the following equation:

I1
R 5 n ( f 2 o ), (1)O i i iN i51

where N is the total number of forecasts, n the number

of forecasts for a given probability, f the probability
forecast value (in this case 0.01, 0.05, 0.25, 0.50, 0.75,
and 0.95), and o the relative frequency of occurrence
for a given probability forecast. Values of reliability can
range from 0 (perfectly reliable) to 1. The reliability for
the probability forecasts of 1 or more tornadoes was
0.004.

Another statistic commonly used to assess the ac-
curacy of probability forecasts is the Brier score (Wilks
1995). The National Weather Service uses the Brier
score in precipitation probability forecast verification.
The Brier score is the mean squared error of probability
forecasts. A perfect forecast has a Brier score of 0,
whereas a Brier score of 1 indicates no forecast skill.
The Brier score for the probability forecasts of one or
more tornadoes was 0.19. Results were similar for the
forecasts of three or more tornadoes (Fig. 6), with a
reliability of 0.003 and a Brier score of 0.12.

Table 1 summarizes the intensity category forecasts
and verification. Weak maximum intensity was by far
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FIG. 6. Same as in Fig. 5 except for forecasts of three or more
tornadoes in watch areas.

TABLE 1. Verification of intensity forecasts by damage category:
weak (F0–F1) and strong (F2–F3).

Fore-
cast

Observed

None Weak Strong

Weak
Strong

82
21

30
23

2
8

the most common forecast (114 of 166 cases, or 69%),
and there were no forecasts of violent tornadoes (no
violent tornadoes occurred in any of the watches used
for this study). Strong tornadoes occurred in only 10
watches, weak tornadoes occurred 53 times, and no tor-
nadoes were reported in 103 watches. These results
clearly indicate a tendency to overforecast strong tor-
nadoes. For example, only 8 of the 31 (26%) watches
with tornadoes in them and a strong intensity forecast
actually verified with strong tornadoes.

4. Discussion

It is clear from this experiment that tornadoes can be
forecast accurately within convective watch areas. Re-
liability values (Brier scores) for forecasts of one or
more tornadoes and three or more tornadoes were 0.004
(0.19) and 0.003 (0.12), respectively. Given such reli-
ability, a logical next step would be for the SPC to
provide probability information to the user community.
In fact, the SPC plans to incorporate tornado probabil-
ities into the public watch product after further study.
In future experiments, the forecast probability values in
watches may be derived in a manner similar to the SPC
experimental probabilistic outlooks. Specifically, the
probability values in the watch area could represent the
probability of the occurrence of a tornado within 25
miles of any point in a watch (rather than the probability
of a tornado anywhere in the watch).1 This would, in
effect, normalize watches of varying size. It would also
be useful to provide probability contours within watch
areas to highlight the region of greatest threat. However,
most watches are issued early in the formative stage of
severe convection, and at present operational models do

1 This capability was not available at SPC during the time of this
study.

not simulate convection reliably enough to consistently
delineate areas of enhanced risk within watch areas.

Examination of Table 1 suggests a substantial tendency
to overforecast maximum tornado damage intensity, es-
pecially for the strong tornado forecasts. Though the ov-
erforecasting bias would likely be reduced with a much
larger sample size, tornado intensity and duration fore-
casts will continue to have only limited success until most
tornadoes are clearly and consistently documented and
tornadogenesis is more thoroughly understood.
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