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AN EXPERIMENT IN PROBABILITY PRECIPITATION FORECASTING 

Glenn Stallard and Staff 
WBAS, Philadelphia, Pa. 

1. INTRODUCTION 

It i s well known that perfect precipitation forecasts can be made con­
sistently only for very short periods of time. For this reason, qualifying 
terms are frequently used. However, to avoid criticism, the forecaster all 
too often makes a categorical forecast of rain or no rain when he lacks the 
capacity to do so with accuracy. The use of "chance," "likely," etc., are 
at best unsatisfactory because of the diversity of interpretation of the 
terms. If the recipient of a forecast does not make the same interpretations 
as the forecaster, then the forecast has not been satisfactorily communicated. 
Actually some forecasters would use "chance" to indicate 50 percent probabil­
ity while others might use the same term when the probability is believed to 
be less than 20 percent . As early as 1920 numerical probability forecasts 
were issued for the Pecos Valley by the Weather Bureau office at Roswell, 
N. :Mex. [7]. Many years ago Brier [2] proposed the expression of forecasts 
in terms of probabilities for verification purposes, and his verification 
techniques have come into general use. Thompson [13, 14] on the other hand, 
proposed use of numerical probabilities as a means of making forecasts more 
effective and more suitable for practical application. This concept has been 
discussed by Case [3], George [4], Gringorton [6] and others and there has 
generally been a high degree of acceptance of its value. In recent years the 
growing interest in the use of probabilities in precipitation forecasting has 
been reflected in the increasing number of Weather Bureau and private meteoro­
logical organizations which express forecasts as numerical probabilities. 

If forecasts are to be expressed as probabilities, then the question 
arises as how best to determine t he probability to be assigned. Can the 
decis ion be entirely objective or must a final subjective determination be 
made? Numerous local studies have been made in attempts to develop objective 
methods of making both categorical and probability forecasts of precipitation. 
Usually techniques involving scatter diagrams are used, such as those 
described by Beebe [1] and Thompson [12] for local areas and that devised by 
Rothenber g [9] utilizing vorticity advection at 500 mb. However, these pro­
cedures are almost invariably valid for only a portion of the forecast period, 
for onl y certain seasons of the yea; or have other limitations. Glahn and 
Allen [5 ] have indicated that a multiple discriminant analysis method develop­
ed with the aid of electronic computers may not be more effect ive. In any 
case the cost of operation of high speed computers will limit their use in 
local studies for some time to come. Consequently, some subject ive modifica­
t ion or determination is necessary for most, if not all, probability forecasts. 
Williams [15] has reported on a subjective approach to probability forecasting 
of precipitation and temperatures at Salt Iake City during the winter of 1949-
50. In t hat experiment forecasters assigned confidence factors to their fore­
casts with good results. After analyzing the results of forecasts made during 
four winter seasons at San Francisco, Root [8] concluded that experienced fore­
casters could assign economically useful subjective numerical probabilities of 
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the occurrence of rain for periods up to two days in advance. Sanders (10, 
11] has made extensive studies of subjective probability precipitation fore­
casting as a part of the synoptic laboratory program at M.I.T. He found that 
forecasters had skill in subjectively assigning probabilities to a wide 
variety of meteorological events over periods of time up to three days. 

2. FORECAST PROCEDURES 

During the period from Feb. 1, 1963, through Jan. 31, 1965, an experi­
ment in subjective probability precipitation forecasting was conducted at 
WBAS, Philadelphia. Probabilities were assigned four times daily by the duty 

·forecaster for each 12-hr. interval of the valid forecast periods. An excep­
tion was at 1600 GMT (1100 EST) when "THIS .AFTERNOON" (1300-1900 EST) consti­
tuted the first forecast interval, and a probability forecast was not made for 
"TOMORROW NIGHT". Generally categories were listed at 10 percent int ervals, 
but smaller intervals were frequently used for very low probabilites and 
occasionally 95 percent or 98 percent were used for very high probabilities. 
Zero and 100 percent were discouraged for all forecast intervals except the 
first. The forecasts were made for Philadelphia with a measurable amount of 
precipitation at International Airport required for verification. 

For comparison climatological probabilities were computed, based upon the 
most recent 20 yr. of record. 22.5 percent was found to be the average clima­
tological probability for the day-night intervals, 18 percent for the after­
noon, and 21 percent for daytime probability. 

3, VERIFICATION 

If the only aim in probability forecasting were to arrive a t a val ue near 
the actual frequency of occurrence of precipitation, excellent result s could 
be obtained by forecasting at all times a probability near the climatological 
average. However, this would serve very little purpose, and the goal of the 
probability forecaster should be to assign high probabilities for days when 
precipitation threatens and very low probabilit ies for days when no precipit a­
tion is expected. This, of course, is leaning toward categorical forecasting 
in which all forecasts would be for 100 percent or O percent occurrence of 
precipitation. Such forecasts, if perfect, would give a skill score of . 00 
in the equation 

2 N ( F - 1. 00)2 + N ( F - .00)p np 
s ==· ----------------------

( N ) 

Where N is the number of cases with precipitation and N is the number of 
cases w~thout precipitation. Fis the assigned forecastn~robability and N is 
the total number of cases. 

In analyzing the results of this experiment average skill s core values 
were computed by months and by forecast categories summarized for each fore­
cast period. In the summaries, forecasts were listed in 10 percent categories 
e~cept that all forecasts with greater than 90 percent probabilities were com­
bined and the average value used. In like manner all forecasts with proba­
bility under 10 percent were combined and the ave~age value used. The cases 
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in the 25 percent category were equally divided between 20 percent and 30 per­
cent and the cases in the 15 percent category were equally divided between 10 
percent and 20 percent, resulting in some fractions in the computation tables. 
It was found that average skill scores ranged from ,06 for the 6 to 12 hr. 
period (this afternoon) to .12 for the 36 to 48-hr. period (second day). In 
like manner climatological skill scores were computed for each of the fore­
cast categories, but using the climatological probability for F. 

Sanders [10] described a value which he called "reduction over climato­
logy" and developed an equation in which the percent reduction over climato­
logy is equal to 100 minus the penalties for lack of resolution. These terms, 
as used in this study, were defined as follows: 

lOO(S - S) 
R = percent reduction over climatology~ 

C 

s 
C 

where Sis the skill score and S is the skill score for climatology. 
C 2 

lOO(F - 0)P = penalty for lack of reliability= 
1 s 

C 

where Fis forecast probability and O is actual 

W-
percentage of occurrence. 

2. < o - oil 
P = penalty for lack of resolution= 

2 s 
C 

where N is number of cases in the category and oi is the individual observed 
value. 

With a perfect forecast R would equal 100, and R would equal O for a 
forecast equal to the climatological probability. For forecasts poorer than 
climatology R has a negative value. Forecasts have perfect reliability when 
the actual percentage of occurrence coincides with the forecast probability. 
For perfect resolution it is necessary that no individual occurrence deviate 
from the average percentage occurrence for its group. These tests were 
applied to each forecast category and to the combined forecasts for each fore­
cast interval. It was found that the reduction over climatology, as might be 
expected, was best for the earliest period and decreased with extension of 
the period. Reliability was found to be generally good, but lack of resolu­
tion was evident, particularly for periods beyond 36 hr. 

Table 1 summarizes the results of all forecasts made at 0400 and 1600 GMT 
for the period 12 to 24 hr. after map time. Table 2 gives the results of fore­
casts for period 24 to 36 hr. after map time and table 3 represents the period 
from 36 to 48 hr. after map time. In the first two periods there were 1462 
cases, but only 731 in the last since only 0400 GMT forecasts were available 
for this period. Results show that in the 12 to 24-hr. period each forecast 
category verified to within 10 percent of the assigned probability. At 
probabilities 80 percent and under, the error ranged from Oto 3 percent and 
the average error for all cases was 1 percent. The forecast probability 
actually averaged 18 percent, the percentage of occurrence. 



Table 1. _ 0400 and 1600 GMT forecasts combined for period 12 to 24 hr. aft e r 
map time. F is f orecas t category; N i s numbe r of forecast s made; N , the 
number of prec i pitat ion occurrences ; N , t he number of cases wi thoRt 
precipitation; 0=N /N, t he observed f rR~uency of occurrence s ; Sis skill 
score; S i s skillPscore based on climatol ogy; R is percent r educti on over 
climatol6gy; and P and P are penalties for lack of reliability and lack of 

1 2 
resoluti on, respec~ivel y. 

F N 

18 16 2 . 89 . 11 . 54 80 2 18 

. 90 41 34 7 . 83 . 1 5 . 51 71 1 28 

. 80 35 28 7 . 80 . 16 . 49 67 0 33 

. 70 32 22 10 . 69 . 22 . 43 49 O 51 

. 60 61 37 24 . 61 . 24 . 38 37 0 63 

. 50 23 12 ll . 52 . 25 . 34 26 0 74 

. 40 49 18 31 . 37 . 23 . 25 8 O 92 

67. 5 22 45. 5 . 33 . 22 . 23 4 o 96 

.20 157 30. 5 126. 5 . 19 . 16 • 16 0 0 100 

.10 197. 5 20. 5 177 . 10 . 09 .ll 18 0 82 

. 02 . 03 57 0 22 43 . 02 1.§1_ 759 -
1462 262 1200 

Av. .18 41 0 59 

2 
Np (F - 1 . 00 ) + N ( F - .oo)2 

S = - np 
N 2 

N (. 225 - 1. 00) + N (. 225 - .oo)2 

S = P np 
C N 

100( s - s) 
R = -':::"S_.;.c ____ _ 

C 

l~O £ ( 0-o. )2 
100 (F- 0 )2 

P 2 = ----s---=-1. __ _ 
P 1 = --s;:;---------

C c 

4 



Table 2. - 0400 and l ·S00 GM''l' forecasts combined fo~·periods 24 to 36 hr. after 
map time. Fis forecast category; N is number of forecasts made; N, the 
number of precipitation occurrences; N , the number of cases withoRt pre­
cipitation; 0 = N /N, the observed freijRency of occurrence; Sis skill score; 
S is skill scorepbased on climatology; R is percent reduction over climat­
ology; and P and P are penalties for lack of reliability and lack of 1 2 resolution, respectively. 

F N N N 0 s- s R p n C 

.90 15 12 3 .8o .17 .49 65 2 33 

. 80 19 16 3 . 84 . 13 . 51 75 O 25 

. 70 29 20 9 .69 .21 .43 51 0 49 

. 60 70 35 35 .50 .26 .33 21 3 76 

.50 24 13 11 .54 .25 .35 29 0 71 

.40 55 24 Jl .44 .25 .29 14 l 85 

.30 70 23.5 46.5 .34 .22 .23 4 l 95 

.20 196.5 49.5 14.7 .25 .19 .19 0 1 99 

.10 303.5 32 271.5 .11 .09 .18 50 0 50 

.03 680 2.§_ 644 .05 .05 .08 38 l 61 
1462 261 1201 

Av. .16 . 18 .11 33 l 66 

N (F - · l.00) + N (F . 00) 
n 8=~------~N~_.;._ _____ _ 

2 
N (.225 - 1.00)2 + N (.225 - .00)

p np 

s c =-------~~------N 

1oo(s - s) 100 (F - 0)2 
C pl = __ S,__ _____ _ 

R = ---,S,----------
c C 

100~( O _ )2 0 
P 2 = N __ s i ________ _ 

C 

5 



Table 3, - 0400 GMT f orecast s f or period 36 t o 48 hr. after :map t ime. F is 
fore cast cat egory; N is number of f orecasts made; N , the number of pr ecipi­
tation occurrences ; N , t he number of cases withou:g preci pitation; 0 = N /N, 
t he observed f requenc9I'of occurrences ; S i G skil l score; S i s s kill scole 
based on climatology; R i s percent reduction over cli.matol6gy; and P and p 
are penal t ies for lack of reliability and l ack of r esolut ion, respecti vel y. 2 

F N 

0 1 

0 

.oo 

s 

. 81 

s 
C 

. 04 

R 

- 1925 202. 5 0 . 90 1 

. 80 2 2 0 1. 00 . 04 . 63 94 6 0 

. 70 10 7 3 . 70 . 21 . 45 53 0 47 

. 60 

. 50 

. 40 

.30 

. 20 

27 

16 

30 

46 

123. 5 

14 

5 

10 

15. 5 

25. 5 

13 

ll 

20 

30. 5 

98. 0 

. 52 

. 31 

. 21 

. 26 

. 25 

. 23 

. 22 

. 17 

. 34 

. 23 

. 24 

. 24 

.17 

24 

9 

4 

8 

0 

16 

2 

1 

0 

74 

93 

94 

91 

100 

.10 

. 04 

190. 5 

~ 
731 

30 

20 -
130 

160. 5 

265 

601 

.15 

. 07 

. 14 . 14 

. 08 

0 

13 

1 

1 

99 

86 

Av . . 16 . 18 .12 5 4 91 

N 1. 00 )2 (F - + N . oo)2 
p (F -np 

S =--------::---------N 

N ( . 225 - 1. 00 )2 
p + N ( . 225 - . 00 )2 

np 
Sc = ---------;N;;-----------

100 (s - s) 
C 100 ( F -

P 1 = ---___,,s _
C 

0 
_

)2 

_ _ 
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Table 4. - Summary of foreca~t results for all time periods. 

======:-:-:.==--=-===================== 
Time Forecast 
of Period 

Forecast(hr. after 
(GMT) map time) N N 0 F s R 

1600 06-12 731 96 .13 . 16 .06 53 1 46 

1000 + 
2200· o6-18 1462 262 .18 .18 .10 49 0 51 

0400 ,+ 
1600 12-24 1462 262 . 18 .18 . 09 41 0 59 

1000 + 
220C 18-30 1462 262 .18 .17 .ll 36 0 64 

040C + 
1600 24-36 1462 .18 .16 .ll 33 1 66 

0400 36- 48 731 130 .18 .16 .12 5 4 91 

N total number of cases 

N number of cases with precipitation 
p . 

0 percentage of occurrence of precipitation 

F forecast probability 

S forecast skill score 

R percentage reduction over climatology 

P penalty for lack of reliability 
1 

P penalty for lack of resolution 2 
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In the period 24 to 36 hr. after map time, forecast error ranged from 1 
to 10 percent and was 5 percent or less for all forecast probabilities 50 per­
cent or below. In this period, the average forecast error was 3 percent and 
the average forecast probability was 2 percent less than the percentage of 
occurrence. 

Forecast error in the 36 to 48-hr. period proved to be considerably 
greater for individual categories, but ranged only from 1 percent to 7 percent 
for forecasts of 40 percent or less. The average error for all forecasts was 
4 percent and the average forecast probability was again 2 percent less than 
the percentage of occurrence. 

The 1000 and 2200 GMT forecasts were combined for the periods 6 t o 18 hr . 
and 18 to 30 hr. after map time with results quite similar to the first t wo 
periods in the 0400 and 1600 GMT forecasts. The average error in t he first 
12-hr. period was found to be 1 percent and the average error in the second 
period 2 percent. 

Table 4 summarizes the results of all forecasts. It will be not ed that 
precipitation was over-forecast only for the afternoon period, reliabl y f ore­
cast for all other periods up to 24 hr. and under-forecast for the ext ended 
time periods. Resolution decreased with the extension of forecast periods 
and deteriorated rapidly after 36 hr. 

4. POINT VERSUS AREA VERIFICATION 

Although local forecasts are made for areas on the order of several 
hundred square miles in size, the practice is to verify precipitation fore­
casts by observations at one point. It is well known that showers may affe ct 
10 percent or even less of an area and that other types of precipitation may 
result in a measurable amount of rainfall for only a portion of t he area. 
While the law of averages will result in the observation point's receiving 
representative rainfall in the long run and making probability forecast s reli ­
able, a high degree of resolution is impossible. This is due to the fact that 
there must be wide variation in observed values when O and 100 percent are the 
only ones observed. If verification were made from a network of 10 stat ions , 
intermediate values at 10 percent intervals could occur in observations and a 
fair measure of resolution could be applied to the forecast product. 

During a trial period in the fall and winter of 1964-65 Philadelphia pre­
cipitation forecasts were verified by observations from 10 stations within t he 
meteorologically homogeneous area extending from Baltimore, Md. to Newark, 
N. J. (fig. 1). Table 5A shows a comparison of skill scores with results 
from the standard verification program for the 5 months, September through 
January, based on forecasts issued at 0400 and 1600 GMT. Data from the 0400 
GMT forecast for TOMORROW and from the 1600 GMT forecast for TONIGHT were 
combined and percentage reductions over climatology computed with results 
given in table 5B. Even though the observed percentage of occurrence of pre­
cipitation was near the climatological average with the area system, the use 
of the 10 stations in the verification resulted in an improvement in resolut ion 
and in a greater percentage reduction over climatology. The occurrence of a 
higher percentage of precipitation from the 10 stations is attributed primarily 
to the verification of a trace when the duration exceeded 1 hr. 
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- - Precipitation forecast verification area, Philadelphia , Pa Figure 1. 
. 
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Table 5A. - Comparati ve Skil l Score (S) 

5-Mo. 
SEPT. OCT. NOV. DEC. JAN. PERIOD 

0400 GMT Fore casts 

TOMORROW (1 ) . 10 . 04 . 04 . 09 . 04 . 06 

(12- 24 hr.) (2) .06 . 05 . 03 .10 .03 . 05 

SECOND DAY (1 ) . 18 . 02 . 11 .13 .11 .. 11 

(36- 48 hr. ) (2) . 13 . 03 .10 .11 . 11 . 09 

1600 GMT Fore casts 

TONIGHT (1) .11 . 04 . 08 .19 . 14 .11 

(12- 24 hr. ) (2) . 04 . 06 . 03 .13 . 08 . 07 

TOMORROW (1 ) .12 . 06 . 06 .12 . 09 . 09 

(24- 36 hr. ) (2) . 08 .07 . 07 . 11 . 08 . 08 

(1 ) - Probabil ity forecasts verified by . 01 in. of precipitation at PHL 

(2) - Probability forecasts verified by .05 in. (or more than 1 hr. duration) 
precipitation at network of 10 stations 

Table 5B. - 0400 and 1600 GMT forecasts 12- 24 hr. after map time for period 
September 1964 through January 1965. Fis average forecast probability; O, 
the observed pe rcentage of occurrence ; S, forecast skill score; S, skill 
score based on 12 pe rcent cl imat ological probabil ity; R, pe rcenta~e reduction 
over cl imatol ogy; P , penal ty for lack of reliabil ity; and P , penalty for 

1 2l ack of resol ut i on. 

F 

(1) .17 

0 

. 14 

s 

. 09 

s 
C 

. 15 

R 

40 

pl 

1 

p2 

59 

(2) 

(1) 

.17 

Probability forecasts 

. 22 . 06 

verified 

. 12 

by . 01 in. 

55 

of pre

2 

cipitation at 

43 

PHL 

(2) Probability forecasts verified by . 05 i n. (or more than 1 hr. duration) 
of preci p i tation at network of 10 stations. 
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5. CONCWSIONS AND RECOMMENDATIONS 

This experiment would seem t o indicate that an experienced forecaster 
can make sub~ect ive probability forecasts as successfully as he can make 
categorical forecasts . It is further concluded that 

(1) Reliable subjective probability forecasts can be made at 10 
percent intervals up to 36 hr. 

(2) For periods beyond 36 hr. the average forecaster cannot 
distinguish probabilities wit hin a plus or minus 10 percent 
in the range f rom 40 percent t o 100 percent. 

(3) Re sol ution is inherently poor for probability forecasts 
verified a t only one point. 

Based on the resul ts of this 2- yr. experiment, the following forecast 
categories are considered reasonable and suggested for public release: 

(1) For periods u to 24 hr. aft er ma t ime. 
a 0 or near O for lowest probability 

(b) 5 percent 
(c) 10 percent intervals from 10 percent through 90 percent 
(d) 100 percent or near 100 percent for highest probability 

(2) For eriods of 24 to 6 hr. after ma time. 
a =~ear O for lowest probability 

(b) 10 percent intervals from 10 percent through 80 percent 
( C) More than 80 percent for highest probability 

(3) For eriods from 6 t o 48 hr. aft er ma time. 
a less than 10 percent for lowest probability 

(b) 10 percent 
( C) 20 percent int ervals from 20 percent to 80 percent 

It is fur ther recommended that consideration be given to using a network 
of 5 or 10 stations for verification so that it will be possible to obtain 
greater resolution and a more represent at ive depiction of what actually occurs 
in nature. 
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