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Identifying skill with small
datasets

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year

0

5

10

15

N
u
m

b
e
r 

o
f 
S

to
rm

s

Fig 1: HURDAT data: Number of Atlantic Basin
hurricanes from 1960 to 2011 [1]

Establishing out-of-sample skill in an annual hurri-
cane forecasting system is unrealistic on less than
decadal timescales because of the slow rate new
verification information is gathered. The range of
uncertainty in a sample of forecast model evalua-
tions increases with decreasing time duration, and
thus genuine skill cannot be reliably ascribed to a
forecast model which is verified with few data.

If demonstrating genuine skill with limited
datasets is not possible, then should a decision
maker wait for proof of skill in a model before us-
ing it? Might they be forgoing the opportunity
to benefit from forecast information whilst seek-
ing statistical reassurance? The expectation may
be that forecast value is similarly indemonstrable
in the short term so here we address the following
questions: 1) what would be the cost of waiting to
prove skill for a decision-maker? And 2) how long
does it actually take to prove skill?

Profit and Proof: What is the
cost of waiting?

If a decision-maker believes in the skill of their
model, they might rationally choose to be-
gin implementing it and will begin to receive
value before those who choose to delay. The
chance to profit before proving can be concep-
tualised in the context of what is called the
“Swindled Statistician Scam” (see Box 1).

Consider a toy hurricane system in which the mean
number of storms follows a 24 year cycle, while the
number of storms in any given year is determined
at random.

To illustrate that structural model error does not
preclude value to a decision-maker, consider an im-
perfect model of that system with the same cy-
cle period, but where the probability distribution
function used is incorrect in shape, not merely in
parameter.
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Fig 2: Contours of the cumulative distribution func-
tion showing how the system probability distribution
changes as a function of the phase of the 24 year
cycle. Note that occurrences of higher hurricane
numbers are more likely in years with phase 5, 6 or 7
than those with phase 17, 18 or 19.

This model will then be used in games of
Hurricane Roulette, where the imperfect (but
time dependent) model probabilities are used
to place bets against odds set by a house us-
ing the correct (but not time dependent) cli-
matological probability distribution. The results
can be reported in either bits of information
or as an expected annual return (see [2]).

The system is defined as a Poisson process,
X ∼ Pois(λ(t)), where X is the number of
hurricanes in a given year and has a sinusoidal
time-dependent mean determined by the equation
λ(t) = 2.5sin(2πt/T + φ) + 5.0. The probabil-
ity distribution of the system over each of the 24
phases is illustrated in Figs. 2 and 3 which describe
the cumulative distribution function for all phases,
and the probability density function corresponding
to phase year 12.

Box 1. The Swindled Statistician Scam:

A wily underwriter approaches a non-Floridian
statistician with a business deal: the statistician
will produce a probability forecast of the num-
ber of destructive events in the coming year, the
underwriter will use her market contacts to bet
on the forecast. As soon as the statistician can
prove the forecast really does have skill, the un-
derwriter will pay royalties. Will this leave the
statistician swindled out of a small fortune?
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Fig 3: This figure shows the probability distribu-
tions for the system (black), and an imperfect model
(green) for phase year 12 of the 24 year cycle. The
climatological distribution (computed over all values
of phase) is also shown in blue.

Hurricane Roulette proceeds as follows: at the
start of each annual hurricane season a decision-
maker is offered odds defined by the climatology
PDF (equally-weighted sum of the 24 system phase
PDFs). She then places her bet by distributing all
of her current wealth (based on the Kelly betting
strategy [3]) according to the forecast probabilities
assigned to each possible hurricane number out-
come (X). The actual outcome determines the
pay-off on each annual bet.
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Fig 4: Percentage of 2048 decision-makers expected
to make a profit with time when betting against
climatology using the imperfect model in a game
of hurricane roulette (main plot), and frequency
distribution of decision-makers’ wealth with time
(inset plot).

The results of a sample of 2048 realisations (or
worlds) of roulette demonstrate that the decision-
maker would be very likely to have made a non-
trivial profit even before two system cycles have
completed (NB: the phase, φ, is selected at ran-
dom for each realisation to avoid bias). This is
evident in Fig. 4 which shows the percentage of
decision-makers who are likely to profit and fre-
quency distribution of their wealth over time.

How long does it take to prove
skill?

To complete the assessment of the cost of wait-
ing for the statistician the forecasts of the 2048
decision-makers are evaluated with the ignorance
skill score [4]. Figure 5 shows the distribution of
the decision-makers’ forecast skill - measured by
the ignorance of their forecasts relative to clima-
tology. In this case, the minimum time required
for over 99% of the decision-makers to prove skill
is at least 27 (128) years; much longer than the
time required to profit by betting on the forecasts.
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Fig 5: Distribution of forecast skill p-values (H1:
IGN < 0) of 2048 decision-makers; 99.12% have
established statistically significant skill (p ≤ 0.05) by
128 years. NB: this percentage of d-ms had already
made a nontrivial profit by 40 years (see Fig. 4).

Box 2. Discussion Points

• Establishing forecast skill on systems with
long time scales poses a challenge

• A decision-maker may accept risk in order to
gain profit, rather than first wait to establish
statistical confidence in the forecast

• Ways of benefiting from an imperfect model
can be demonstrated through the use of games
like Hurricane Roulette
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