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The Utility of the Transition from Deterministic to Probabilistic Weather

Forecasts— Verification and Application of Probabilistic Forecasts
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Abstract: Given the nonlinear and complex nature of atmospheric system combined with the uncertainties
associated with initial conditions and models, it is not only a requirement from science but also a necessity
to better serve user community to transit weather prediction from deterministic to probabilistic format.
However, the reason behind the transition is not clear but full of debate and confusion to many including
public, end-users and even meteorologists themselves. To clarify some of these and to expedite the transi-
tion, a few issues were discussed. The ensemble forecasting which is a central technique to facilitate such
a transition has been discussed in the companion paper of this article. In this paper, a few other issues re-
lated to ensemble-based probabilistic forecasts were discussed, which include (1) how to measure the mer-
its of a probabilistic forecast? (2) how to use probabilistic information in decision-making process? and (3)
why an ensemble-based probabilistic forecast has, in general, more utility or economical value than a sin-
gle-value deterministic forecast does? To be easily understood and applicable to real world situations by
readers especially forecasters and end-users, plain language illustrated with examples was used to explain
the related concepts.
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Fig. 1 An example of “reliability diagram” to
measure how reliable a probabilistic forecast is.
The z-axis is forecast probability (frequency) and
y-axis observed probability (frequency). The diag-
onal dash line represents a completely reliable (per-
fect) forecast and the solid line an example of an

imperfect forecast
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Fig. 2 Schematic example of probability
density distributions over events produced
by two forecast systems where System 1
(dash line) is less sharp than System 2
(solid line)
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Table 1 Schematic example of probabilistic forecasts of surface
air temperature exceeding a threshold over five occasions from
two independent forecast systems as well as the corresponding

observed events (exceeding the same thresholds)

PURIIIRIE)
=>3C =0C =10 C =7 C =20 C F¥
RS A Wi 30%  20%  80%  30%  50%  42%
ZH% B MR 30%  40%  75%  50%  60%  51%

IR E T A5 TR A 5 [R] A T A5 X A 0
MR . B L FATTAE K 7 5 T AT A R i e

MCLLRT B398 A8 CanSCHRL7 T g 1 6) . 48
PR Y T A R A T TR AN B R K
Ao BT RLL AT BAR A R S O S R O
£ R 0 A8 2541 DR AN Ay gl B2 2% /0 o B 4 A 25
Ky Sz i BAR A /N 08 3 1F CAS B 4okt UL HE
AL/ HAH 2 PR BURBE R . B PL—A4
BT A PR R SRR TR A AT 55 Tl 2
B 1 Z A 45 TR 28 58 B AN i 5 e S e R <]
KIS ERi PANIOR T 7 NG B W SR TE (78 R (U PN
/NSRRI T 2 0 A B/ 1 A 1 2 1 T A
N T B kRS AU X LT U A AT AR A
TR /N B LY S R AR A SO P B T
(0 2 P TS S 8 A R B R R AR B B K
TR B A TR A S 8006 L T 53 — UK R T A
A TR AL A Ay 2000 . G S B0 P UCHR B T
BTN o IR A FATIU 58 Ay — U< A% RN 2o R S — U AR W
WA BRI Al iRk v . SR X TR
F T HE AT S04 1 ) 25 9 U0 10 4 AH B B 4 2R
PR SEBLHER LAt B2 R LR A% T B B H
PRI & J5 — B TR (80 Y0 /N £ H B 2 R ) JIF X i
F T S5 D) B I — W A4 T4 (20 D0 AN 2ty BB WD e X
o2 Y TE AT B8R A WA A . X X L BT 4 1Y
Al B PR G  BR AR R R B S S3 Ak
T8 GETT B9 03 ™ A i M =R TR — BT
T SR 590 R AR T 041 2 P LA S i 4 HE R
PR — e 45 Hh 4 45 TR ™ A2 9 A 3l ) 2 T LY
LR TR

Bk R4

2 Qe o PR R AR oK R SR

RZ N2l AR TR 50 70 2 F R I8 4 3% 4
ke We 7 A5 T IE A5 A T ? Hk



1z

b A A — (B TSR 1 ABE R TR B 2 A AT B R R R 3 AT A 6 A T 13

F2 WMORR)METRMATREERERREENEFHRE
Table 2 Contingency table of deterministic (yes-no)
forecast (and action) vs, observation and its associated

economic loss resulted from the action
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Fig. 3 Illustration of an economic value (Bene-
fit/Risk ratio) based decision-making diagram
for end-users using probabilistic weather infor-
mation. An action should be taken when the ra-
tio >1. 0 (decision threshold) to maximize us-
er’s economic value, where the corresponding
“critical probability threshold for decision” va-

ries from one user to another
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Table 3 Comparison of economic losses resulting from different actions taken based on deterministic and

probabilistic forecasts, respectively, in the event of “surface air temperature <C0 ‘C” over 10 simulated cases
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Table 4 Schematic example of scheduled electrical power generated by wind and the execution of

possible alternative plans with (a) no knowledge of uncertainties in wind forecasts over a 7-day

period. (b) full knowledge of uncertainties in wind forecasts over a 7-day period.
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Fig. 4 Variation of relative economic value

(y-axis) with probability (x-axis) for vari-
ous users: the value is maximized at low
(mediate, high) probability for high- (me-
diate-, low-) risk users. Normally, the
maximum V corresponds to the probability
value which is equal to that particular user’

s cost-loss ratio C/L (i.e., P=C/L)
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Fig. 5 Relative economic values for different
users (C/L) of the deterministic control
(“control”, dashed line), ensemble (“EM”,
thin solid line) and the ensemble forecast-
based probabilistic forecasts
(“EPS”, thick solid line) for precipitation event
(exceeding 10 mm * d~ 1) over Europe at day 5 for
winter 1999 — 2000 based on the ECMWE’s global
ensemble prediction system (EPS). z-axis is C/L
and y-axis the relative economic value[ Courtesy of
Dr. David Richardson of ECMWEF!2517]
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Table 5 Impacting weather types and their critical probability
thresholds for decision-making yielding best possible
economic value for a particular type of industry (end-user)
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