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LOCAL FORECAST STUDIES-WINTER 

PRECl PlTATl ON 

By THOMAS ARTHUR BLAIR, Meteorologist 
[Weather Bureau, Honolulu, Hawaii, Janunry 5, 1924 

In a previous paper occurrences of precipitat.ion 
during the summer months, May to August, inclusive, at 
Dubuque, Iowa, were tabulated with reference to the 
meteorological conditions obtaining at the previous 
regular morning observation at 7 a. m., 90th meridian 
time, and the percentage of days with rain under nrying 
conditions shown in a series of curver~. In the present 

8 aper a similar study is made of the relation between 
kcal meteorological conditions and the subsequent 
recipitation durmg the minter months, also at Dubuque, 

fowa; latitude 42O 30‘, north; longitude 90°, 44‘, west: 
elevation 698 feet. , 

The data used are for the winter months, November, 
December, January, and February, for the 33-vear period. 
1889 to 1921, inclusive, with some omissions due to inter- 
rupted record, makin a total of 3,606 observations. 
The method employef is that of the previous paper, 
namely, the construction of a series of curves, “showing 
the relation, expressed as a percentage, which the nunibor 
of observations followed by rain in 18 or 24 hours beai-s 
to tho totd number of obserrations ” within the various 
groups. To facilitate comparison with summer rondi- 
tions, Figures 1, 2, and 3, ha-re been made directly com- 
parable with Fi res 1, 2, and 6 of the earlier paper and 
include traces o Tl precipitation and days when precipitrr- 
tion was occurring at observation. 

The total probability of rain under d l  conditions is 
0.34 within 12 hours and 0.45 wit,hin 24 hours. For the 
summer months the corresponding probabilities were 
0.31 and 0.46, respectively.* Decreasing probability 
with increased barometric hei ht is well shown in t.he 
“all observations” curves of d igures 1 and 2, but even 
with very %h pressures there is considerable probability 
of rain, provided the pressure is decreasing. The clown- 
ward tendency of tho curves for pressures above 30.15 
inches is much less marked in winter than in summer. 
With cloudy weather and falling pressure the percent,ages 
are continuously above 50 and rise to 50 for t,ha 12-hour 
period and 54 for the 24-hour eriod. A distinct sec- 

sures between 30.25 and 30.34, at a point where, in 
summer, the chances are rapidly and steadily decreasing 
to negligible values. With cloudy weather and falling 
pressure the percentage within 12 hours rises to 78, 
which is within 2 per cent of that at the lowest pressures. 
As will be shown later this maximum is much less marked 
when traces are omitted from consideration. These 
characteristics of the curves describe the fact, which I 
think is generally recognized, of the hi h probability of 
light snowfall within 12 hours when &e barometer is 
IU h but has begun to fall. 

k i th  clpar weather and rising pressure the probability 
varies between 0.22 and 0.06 for 12 hours, and between 
0.34 and 0.17 for 24 hours. It is least when the tem- 
perature is also rising. Consistently, at the other ex- 
treme, the probability is greatest mth falling tempera- 
ture, combined with falling pressure and cloudy skies. 
This latter is true only for pressures below 29.84 inchea. 

ondaxy maximum occurs with f a! ling barometer at pres- 

1 Blalr, T. A., Local FOrecast Studlea-Summer Rainfall, Mo. WEA. REV., April, 1021, 

‘“Rain’’ and ‘rainIall” are used to indtde all repipitation. much of,whlch Ls suow 
Probafiihty” is wed FS equivalent to per- 

49: 183-1w). 

d u r h  the months under consideration. 
centage, not calculated by the more exact formula, p - m s .  

Above that point bhe t,emperature relation seems doubt- 
ful, t.he cnrves crossin0 each other three times. The 
c.orresponcling curves &r the summer d a h  were less 
consistent, both the highest and the lowest probabilities 
occurring with falling temperature. 

Figure 3 is comparable with Figure 6 of the previous 
paper, and silnilarly shows that temperature chan es 
alone afford no basis for rain preclic.t,ion. I t  willgbe 
noted that it rapid fall in pressure is a much less reliable 
intlicahor of ruin in winter t,han in suininer. In summer 
a barometric decline of 0.25 inch within 12 hours is 
rttct.ically certain to result in rain in the following 12 

[ours, but in winter the same pressure change is followed 
by rain within 24 hours less than two-t.liirds of the time. 

There is no forecasting value, however, in including 
days when rain is falling at the time of observation, as has 
been done in the above discussion, since they must all 
be recorded m having rain within the following 12 hours, 
and traces of precipl t.nt.ion 11are little practical signifi- 
cance. Omitting the former observations entirely, and 
counhg i s  da s with rain orilp those which have 0.01 

24 hours, respectively, is reduce from 0.31 and 0.45 to 
0.11 and 0.22. The contrast is clearly seen by comparing 
Figures 1 and 2 wit.h Figures 5 and 6. In order to bring 
out more clearly the frequent occurrence of insignificant 
amounts of precipitation, Figure 4 was repared, showing 
that durin the winter months in fulg one-half of the 

moisture received is too small to measure. 
Under none of the combinations shown in Figures 5 

and 6 are there as much as even chances of ram, the 
highest ercentage found being 45. As previously men- 

2 at pressures between 30.35 and 30.34 becomes much 
less pronounced when traces are omitted, but in the 
1att.er case another secondary maximum develops at 
pressures between 29.95 and 30.04, which, indeed, with 
cloudy weather and falling barometer, becomes the pri- 
mary maximurn for the %&hour period. 
pressurn t.hc primary maximum is at the next lower level o 
pressure, 29.85 to 29.94. It appears, then, that a meas- 
urable amount ‘of snow is more apl; to follow median 
pressures, whether the tendency be upward or downward, 
than very low ones, while traces are more frequent with 
distinctly low or distinctly high pressures. 

The downward slope of the curves with rising pressure 
is even less in Figures 5 and 6 t,haii in Figures 1 and 2. 
Figure 6 plainly says that the actual height of the baronie 
ter in winter affords litt,le indication of the chances of 
rain, litt.le at least us compared with its indications in 
summer. Neither does change in pressure, as shown in 
Figures 7 and 8,  give a very accurate forecast. The slope 
of the lines is more consistent, but the range of proba- 
bilities is not great. A rapid fall of the barometer is fol- 
lowed b measurable precipitation in wint,er less than 

thirds of the time. 
We find more definite indications when we consider the 

relations of wind direction to precipitation, Figure 9, and 
for the first time discover a condition under which the 
odds in favor of a measurable amount of rain are better 
than one to one. With an east wind and fallin pressure, 

With falling pressure the probability of rain is distinctly 
eatest with wind from the east, i. e., with n center of 

g w  pressure slightly south of west and a center of hi h 
pressure slightly north of east. In the previous arti3e 

B inch or more, t. K e total prohabilit of ra.in within 12 and 

cases in w a ich precipitation is recorded the amount of 

tionsd, t 7 le marked secondary maximum of Figures 1 and 

risiY 

one-thir B of the time, but by flurrics or traces about two- 

it has rained within 24 hours in 63 per cent o B the cases. 
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FIO. l.-Permntage of observations followed by rain within 12 h o w ,  as related to 
height of bsrometex and other factors. Days with trace and with rain falling at oh- 
Serpation included. Based on 9,606 observations at Dubuque, Iowa 

Prewm (redused IO sea-level) 
Undn 2965 2975 m(y5 29% 30.05 0.15 m.25 30s Over 
29.64 m.74 t3.M (0.94 (aJ0.04 te.14 !0.24 13.34 10.44 3045 

I 1 

% 
50 

0 

All obsenntlons ----- Temperature rlslng (3" or more) -.-.-.- Temperature falling (3" or more) 

FIO. 3-Perc8ntage of ohmvations followed by rain within Iy1 how, as related to 
chan'gw in pressure and temperature. Days with trace and with r a h  Wing at ob- 
servation included; 3,- observatlons 

Rain within . 

24 hours I Rain within 
12 hours 

/ I 

Pressure 

PIG. 2-Pementage of observations follow@ by raiu within 24 hours. as related to he ht 
of barometer and other lactors. Days wlth tm and with rain falling at observakn 
included. Based on 9,808 observations at Dubuque, Iowa 

RQ. 4.-Pe.rc%ntagsa of traceg in total number of occumncea of 'pitation at  Du- 
b u p .  Ion% during the Win- month. Number Of O b s e o r 8 c  Iw 866 for 1%- 
perm& l,l74 for %hoar sterid 
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the m e  condition waa found to obtain for the summer 
months. With rising pressure rain is most probable with 
a northeast wind, i. e., the LOW is moving eastward south 
of the station and pressure is risin in the north and north- 
emt. In summer this pressure iistribution is distinctly 
dry and the revem conditions a m  those most favorable 
for rain with rising preesum. Instead of northeast it is 
sonthweat winds that ‘ve the highest summer frequency, 
the station being in t f e southwest quadrant of a baro- 

no. 5.-Permtage of observations followed by 0.01-in& or more o! precipitation 
Days with rain falling within 12 hours 88 related to prassure and pressure ch 

8t olnwvation Amltted. Based on 3,2443 observations a%ubuque, Iowa 

metric depression and the.rainfall being mostly due to 
thanderstonns. In winter, winds with a westerly com- 
ponent are very dry under all conditions, and the con- 
trast between the probabilities with easterly and those 
with westerly winds is much sharper than in summer. 

The relation between kind of clouds and subsequent 
precipitation is shown in Table 1. The probability under 
most conditions is highest with dense fog and with stratus 
clouds, and lowest with no clouds, but is alqo distinctly 
low on the average with cmulus and alto-cumulus clouds. 

Re. 6.-Parmnhgo c4 oboervatloas followed by 0.01-inch or more of precipitation 
wtthin + hot118 as ralabd to e. pressure change, and cloudiness. Days with 
rain f d h s  at obmrvation o m B a s e d  on 3.246 observations at Dubuque, Iowa 

HoweverJ with alto-cumulus accompanying a rising ba- 
rometer the chances of rain within 12 hours are not only 
relatively good but are absolutely higher than when the 
barometer I,S falhg. With falling,pressure cirro-cumulus 
and strato-cumulus clouds are frequent precursors of rain. 
These results are consistent with those described for 
fiance by Schereschewsky and Webrl6 in their recently 

ublished and illuminating discussion of cloud a p t e n s .  
fn their typical cloud system associated with a center of 
falling pressure, cirro-cumuli directly precede the centa 

pressure generally followed b rain, while $@-cum 9 of the system, and are therefore in an area of f 

with falling pressure are founi on the extreme margin 

Pressure change 
-. 15 -.14 9 +.o 1 +.16 

and over to .OO 

Fro. ‘I.-Percentage of observations followed by 0.0l-hcb or mom of 
precipltation within 14 hours, 88 related to pressure change and cloud- 
ness; 3,132 observations 

of the system, where rain is infrequent, but $to-cumuli 
with rising pressure .occur in the train of the system, 
where showers or patches of rain are frequent. 

It has never rained within 12 hours when cumulus 
clouds and rising pressure were observed at the morning 
observation, fully p t i f  ‘ng the expression, “fair weather 
cumulus;” but for fa lt ’ng pressure or for a 24-hour 

Pressure change 
-.I5 -.14 +.o 1 +. 16 

0’ I I I 
Ro. S.-Permntsge of observations followed by 0.0l-inch or more of predp- 

itatlon withh !24 hours, BS related to pressnre chugs and clondinsss; 
3,131 observations 

period with rising pressure the frequency of rain follow- 
ing cumulus clouds is about the average of all obseme 
tions. A contrast appears between summer and winter 
fogs. In  summer the robability of rain following dense 

but in winter dense fogs surpass any other c oud cond?: 
tions as indicators of rain in three of the four columns 
of Table 1. The different nature of summer and winter 
fogs in this region was pointed out by Martin.‘ He 
classed summer fogs as local radiation phenomena and 
winter fogs as advective, due to air movement. In the 
Dubuque data 65 per cent of the summer fogs occur with 
rising pressure, and 54 per cent of the winter fogs with 
falling pressure. 

I; fog was found to be ? ess than the average robabilit 

8 8chermhew8ky and Wehrld, Les 8ystBmes Nuageur, Office National MBtBorolo- 
dque de Francs, 19B. 

4 Martin E. H. Fog in central Ohio and its relation to subsequent weather changes, 
Mo. W E A ~ E R  R h . ,  July, 1919,47 471-472. 
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In  the^ study of the probabilities of rain resultin from 

elements certain further relationships are brought out . 
by Tables 1, 2, and 3, and Figures 10 and 11. Both 
tables and figures are in the form used by Rolf in his 
study of Swedish data along these lines. The upper set 
of curves in Fi re 10 brings out the fact that with all 
pressures the c r ances of ram are better with northeast 
to east winds than with winds frQm any other direction, 
but that the difference becomes very marked only when 
pressures art? not far from normal. With other winds, 
the probability of rain shows no striking change with 
change in height of the .barometer. The tendency to 
increased rain probability a t  pressures between 29.95 
and 30.04, pointed out in connection with Figure ti, is 
shown in the lower art of Figure 10, in the curve for 

the simultaneous consideration of two meteor0 f ogical 

relative humidities a 1 ove 91 per cent. 

Raln In 24 hrs., pressure falllng 

&\ Rain In 24 hrs.. pressure rising 

Rain in 12 hrs., pressure falllng 

Rain In 12 hrs., pressure rlslng 

S 
FIO. O.-Pemtage of observations follower1 hy 0.01-inch or more of precipitation 
within 12 and 24 hours as related to wind direction. Days m t h  ram falling et  oh- 
aervation omitted: 3,13; observatlons 

The second set of curves of Figure 10, and the data in 
Table 2, on which they are based, yield a quite unex- 
pected relation between wind velocity and rainfall, for 
which no adequate explanation is evident. For the 
greater part of their length the four curves are aman ed 
in the order of the velocities represented, the probabiEty 
of ra,b deereasin,g consistently with increasing velocity. 
Especially distinct is the increased probability following 

hour. The general condition holds, though somew r a t  
conditions of practical calm, winds of zero to 4 miles 

less consistently, when the data are classified by pressure 
change, as in Table 3. 

In the relation of wind direction and cloudiness to 
rainfall, the spreading of the curves at northeast and east 
in Figure 11 indicates that in most cases of rain with these 
winds cloudiness has already developed a t  the morning 

1 Roll, BNM, Probabilit6 et Pronostlcs des Pluiea D*bte, Upsala, 1917. 

observation to give addition81 indication. The curves 
showing the relation between.pressure chan e and wind 

indicated in $igure 9 that with falling ressure the most 

rising pressure from the northeast. With a rise of 0.16 
inch or more, this becomes very marked, northeast rising 
to 59 per cent, and east falling to 17 er cent, which is 
below southeast, south, and north. h e n  it has been 
raining tvith northeest wind and rising barometer and 

direction em hasize in fuller detail the B act already 

frequent rain-bearing winds are from t E. e east, and with 

Pressure 
Under 29.75 29.95 30.05 30.15 Over 
29.74 to .94 to 30.04 to .14 to .34 

I I I I S 
FIG. 10.-Ralnfell percentages resulting from the s imultan~ua ron.ideration 01 two 

meteorological elements. Amounts of 0.01-inch or more wlthln 34 hours 

the wind veers to the east, we can say with confidence 
that the rain is practically at an end. 

Amon other conclusions to be drawn from the tables 

bility is greatest in general with .high positive tempera- 
ture de artures, but is greatest mth  ne ative departures 

that hi h relative humidity urnishes an indication of 

departures or cloudy weather. Wit negative departures 

but not s 5 own graphically, may bementioned : The proba- 

rain o n y  9 when combined with ositivq temperature 

when t E. e pressure is very l y h .  In #able 4 it is seen 

K 
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Clouds. 

Fog _ _ _ _  _ _ _ _  
Pt __.______. st. c u  ...-. 
Ci. Cu ..... 
A. Rt _ _ _ _ _ _ _  
Ci.St _ _ _ _ _ _  
cu _._______ 
Ci _ _ _ _ _ _ _ _ _ _  
A . C u  - _ _ _ _ _  
0 _ _ _ _ - - -  __ - -  

--- 

it even seems more likely to rain with average or low 
humidities; with clear weather humidity is without 
significance as to coming rain. That pressure change, 
cloudiness, relative humidity, temperature change, and 
wind direction are not independent variables must be 
borne in mind, however. The close1 interrelated 

evident b these tables and curves. 

as have been obtained in this discussion, Besson e has 
used a simple method which deserves to be more widely 

character of the data with which we are B ealing is made 

the actua r application to forecasting of such results 

Per ceut 

30 
23 a 
20 
15 
11 
10 
6 
4 
3 

Wind direction 
N NE E SE S SW W NW N 

6 Besson, Louis, Essai de rhvision methodique du de l’emps, Annales Observotoire 

FIG 11.-Rainfsll perrentages resulting from the simultaneous .mt!sideration of two 
meteorological elemeuts. Amounts of 0.01-Inch or more wthm 24 11011rs 

known and widely applied. He has used simple tables 
giving essentially the same facts aa are given by the 
curves discussed in the beginnin of this article, but has 

and computing the percentage of verification. Table 5 
presents after the manner of Besson the data shown 
graphically in the “all observations” curves of Figures 
1 and 2, and Table 6 a portion of the data used in Figure 9. 

In order to consider the probability of rain as a func- 
tion of two elhments, Besson constructs tables of rec- 

gone further by making actual i orecasts from the data 

tangles, and draws thereon probability isograms, “he 
general method is illustrated in F’igure 12, in whch the 
probability of rain in 24 hours, including traces, is ex- 

ressure and pressure change. ressed as a function of 
%e values are smoothed 5 y calculating the percentage 

Pressure channe 

Fin. 12.-Rain probability RS a function of pressure and pressure change (slqer RePson). 
The numbern entered on the figure are the mean percentages of ram wlthm 24 hours, 
inrludlug traces, for the four sdloining squares. Data of 3,606 ohservstions n t  Du- 
huque, Iowu 

for tho four s uares a t  the center of which the percenta e . 
is entered. %he results are fairly consistent, and a 8- 
agonal from the lower lef trhand corner approximately 
re resents the 50 per cent line. By forecasting rain for 

TABLE I.-Percentage of obaeri~alions followed by  0. 01 inch or more 
of precipitation within 12 and 24 hours, as related to kind of 
cl 0 uds 

al P cases represented here when the percentage is over 

[Days with rain falling at  observation omitted, 3,456 observatlons] 

Pressure falling 

12 hours !U hours 

Clouds Percenl 

Pressure rlsing 

U hours I 24hours 
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-- 
a m  

.n 

.bo 

.62 

.38 

.17 

.I9 

.I6 

FEBBDARY, 1924 

n~ 
10 20 
16 63 
12 67 
1% 47 
174 24 
82 16 
36 17 
39 28 

TABLQ Z-Raidall parcsnt es resulting from the simultaneous 
considerdion of two mebr&rical elements, based on S,9@ obser- 
vations at Dubuqus Iowa, 

[a-nnmber of w. p - m t a g e  with rain of 0.01 Inch or more within 24 hours] 

I Pressure 

n~ 
49 m 
38 41 
27 59 

162 31 
asS 29 
I23 19 
88 19 

135 13 

n p  

4 m  

I4 I4 
8 76 

31 42 
5 5 4 0  
32 34 
29 17 

66 21 
92 37 
8033 
24 21 

8 -  
16 19 
3 0 2 3  
5 8 9  

132 35 

87 37 

141 28 
3 4 %  

0 4 2 0  

n p  
31 23 
16 60 
4 2 . 5  

M 41 
106 32 
70 20 
66 17 

157 19 

182 35 
188 22 
103 17 
?7 14 

29 21 
45 11 

loo 25 

187 34 

131 31 

22024  
73 18 

im m 

28.95 
to 

30.04 

n p  

50 42 

24 I7 
l292 
11 82 

8 2 2 7  
40 5 
53 17 

115 17 

162 32 
158 25 
70 23 
19 I6 

28 18 
5 5 2 0  
87 29 

111 25 
118 33 

105 39 

2 5 0 2 4  
44 18 

-. 
30.w 
to 

30.14 - 
n p  
43 19 
16 40 
17 41 
8 4 3 8  
91 23 
47 15 
48 17 

128 16 

225 28 
162 21 
82 16 
14 14 

8 4 %  
93 17 

101 22 
104 17 
8 6 2 9  

107 24 

a9122 
44 14 

30.15 
to 

80.34 

n p  
g e m  
3450 
2 7 4 8  

108 37 
137 24 
81 17 

102 b1 
280 11 

435 21 

95 20 
37 8 

ZU 19 
184 20 
201 19 
138 18 

185 22 

572 20 

31s a0 

m m  

m 16 
_- 

30.35 
and 

' over 

n p  
112 ai 
5 0 3 0  
2836 
75 28 
93 15 
5 0 4  
75 I 

224 13 

385 16 
370 18 
85 12 

381 19 
162 18 
103 11 
58 12 
19 11 

187 14 

470 17 
B(I 17 

16 m 

TABLE 3.-Rainfall percent es resulting from the sinrztltaneous 
consideration of two tnetsor~ogical elements, based on 3,646 obser- 
vntions at Dubuqw, Iowa 

In-number of maw. p-perrantage with rain of 0.01 Inch or more within 24 hours] 

Pressure change 

O t k  element 
and 

n p  n p  
ai6 as m 21 
279 28 470 24 

64 17 83 28 
8 - 21 19 

- 
--.Isand -.14 to 

over i .w 
-I- 

193 Is 404 17 
304 a81 467 33 

+. 08 
to +. 15 

n p  

82 ia 

862 19 
231 19 
8 8 9  

+.01 to +. 15 

n p  
lcrc 18 
5939 
4 4 3 4  
83 31 

116 26 
82 I6 

148 12 
390 16 

608 13 
479 28 

+. 16 
over 
and 

n p  
207 16 
267 16 
143 15 
m 10 

-.16 and 
over 

A P  
100 23 
!2259 
6 -  
9 -  
8 -  
3 3 6  
8 8 7  
382 13 

431 10 
2Za-a  

TABLE 4.-Rainfall percentages resulting from the sinrullaneous con- 
sideratkm o two meteorological elements, baaed on 3,646 observa- 

[n=numk of cam. p-percentage with r a h  of 0.01 kch or more wlthin 24 hours] 

twns at Du d que,  Iowa 

I I I I 

Temperature departure 
Relative humidity 

n p  n p  
91percentsndover _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
71-Wpercmt . . . . . . . . . . . . . . . . . . . . .  
7Opercentsndunder _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE 4.-Rainfall percentages resulting from ths sinaultaneous con- 
sideration o two meteorolo 'cal elements, based on 5,946 observa- 
tiom at Du 6 uque, Iowa-Zntinued 

I Cloudiness 
Relative humidity I 0-3 I 4-7 I 8-10 

TABLE b.-Probability of rain with differed pressures and differnt 
changes of pressure; ineludes days with trace and urith rain 
falling d observation 

[ R l p n u m k .  of timea rain recorded in 12 hours. Rr=number of times rain recorded 
rn 24 hours. PIS and Pic are the mrrespon&tu probabilitlesl 

Pressure 1 Ria I Rn I Totd 1 Pa I Pn 
------ 

180 161 
94 163 

127 189 
197 370 m 436 
108 501 
216 517 
182 446 
I19 321 
147 452 

-.14tu-.05 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  m aas dao a 4 1  a 6 1  
-.M to+.& ______________.___ a81 ggl ma (LP a u  
+.osto+.ia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  iw 285 753 am am 
+.16to+.2.5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  81 147 417 ai9 ara 

811 aea a i 6  a= +.28 or more ._________________ 44 
---I-- 

Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 1.217 I 1,835 I 3,808 I :: 1 
Verification - - - - - - - - - - - - - - - - - ars 

am _ _  - - - - - - -. - - - - - - - - - - - - - - 

TABLE 6.-Pribabilily of rain with falling pressure and with w i d  
from different directions; days with trace and urith rain falling 
at observation not included 

Direction I R r  I Totd I Pu 

I l sp l  i 9 w l -  :B 
Total _ _ _ _ _  - - - _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  ___.__ _ _ _ _ _ _ _  - _ _  - _ _ _ _ _  
Verification. - - _ _ _ _ _  _ _  - _ _ _ _  _ _  _ _ _ _  _ _  _ _  .. ___. _ _ _ _ _ _  _ _ _  ._____ 

50, we et a verification of 62 per cent. 'This is only 

responding period in Table 5, and corresponds to the 
experience of Besson, who s a p  that contrary to expec- 
tations the two-element combmatlons do not offer much 

tions of two 
metical mean of the eight 
or below 0.50, forecasta 
verifmtion of 73 per cent for 943 cases. 

Besson forecasts rain when the tables show a prob- 
ability above 0.50, and no rain when below 0.50. In 
Table 5 only when the barometer is below 29.75 is the 
probability of rain within 12 hours above 0..50. Given 
only this element, then, he would foremat rain whenever 
the barometer is below 29.75, and fair weather under all 
other conditions. To get the percentage of verification 

slightly % etter than the 59 per cent obtained for the cor- 
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which such forecasts yield, add the number of cases of 
rain when the pressure is below 29.75 to the number of 
cases it did not rain when the pressure is above this 
+e, and divide by the total number of observations. 

In this case we get 198+2,263+3,606=0.68. By 
this simple rule the forecasts are correct 68 per cent of 
the time for rain in 12 hours, and by a similar c@c+ation 
59 per cent for rain in 24 hours, forecasting rain in the 
latter case when the ressure is below 29.95 inches. 

soum with six elements, pressure, direction and velocity 
of wind, temperature, cloudiness, and pressure change, 
and obtains percentages of verification ranging from 58 
to 67. Traces and days when rain was falling at  observa- 
tion are included in Table 5. Excluding these the winter 
probability a t  Dubuque never rises to 0.50 except with 
northeast and east winds in combination with falling 
pressure as shown in Table 6. Under these conditions 
the verification is 73 per cent. 

Owing to the low probability of recipitation of meas- 
urable amount, the complete appEcation of the above 
method to the data of this paper EI not practicable, and 
we must revert to the graphcal representation of the 
facts for the essential relationships. The results ob- 
tained by Besson and those obtainable from the graphs 
fall short of those obtained by the experienced forecaster 
using the synoptic chart, and it is not to be assumed 
that conditions observed a t  a single station can give a 
complete basis for formulating a forecast, as, indeed, 
the chart and the local observations combined can not 
do. On the other hand, many weather proverbs and 
man of the redictions of mariners, farmew, and other 

locally observable henomena do precede and announce 

data, y classifyin these phenomena in relation to sub- 
sequent weather, krnishes valuable supplementary in- 
formation and suggestion to the forecaster. 

Beqon uses this metho !-i for the observations at  Mont- 

ou tJ oor men E ave a certain validity, due to the fact that 

weather c % anges. A statistical study of local 

cs/. g o /  
A NEW PRINCIPLE I N  THE ANALYSIS OF 

PERIODICITIES 

By CHARLES F. MARVIN 
[Westbsr Bureau, Wsshlngton. Msrch H, lQZ4l 

What appears to be an important new principle has 
come out in the course of a recent application of the 
Fourier analyses made by the V t e r  to evaluate a sup- 

T h s  
gas to do mth  what happens in the use of the analyses 
or other schemes for investigatin periodicities when the 

or unknown periodicities the length of which is shorter 
than the last term of the Fourier series. 

The demonstration which follows is built up around 
the Fourier series merely as a convenience contributing 
clearness and comprehensiveness of presentation. The 
principle itself is concerned only with the body of data 
mvest ated and the significance of certain features 
thereof and the Fourier theorem is nothing whatever 
but a symbolism employed to conveniently exhibit the 
facts. 

The present consideration presupposes, of course, that 
the whole number of phase values of data available is 
finite and limited, and consequently a finite and limited, 
although possibly a large number of terms of the series 
will nevertheless completely reproduce the original obser- 
vations. 

osed sun-spot period in terrestnal temperatures. 

data under examination have wi t%ln them certain known 

The point brought out in this note may be old and well 
known, but the writer has not as yet seen it discussed,' 
and experience indicates that it is neither avoided nor 
adequately discounted in many serious studies of alleged 
periodicities in meteorological data. 

The princi le may be stated in the following form: 
TAe s e w r a f k m s  of a limited and Jinite Founer seriea dt 

not necessarily represent si le or unique harmonic corn 

ad least represent two or &en several u&olly independmi 
eom enents with widely d4ferent periods. 

&e analysis of this question does not appear to pre- 
sent material difficulties. 

Suppose we have a long record, say of temperature for 
a enod of 50 to 100 years or more, and that the individual 

{me values are weekly or monthly means. Now we 
L o w  that this entire series of values can be exactly 
reproduced by a Fourier series with a finite number of 
terms. 

Let K=the large number of phase values in the 
ori inalmrd. 

f e t  p = the relatively small time interval between phaae 
values. 

Let 1 =the length of period in the same time units. 
Now we learn from the Fourier theorem that there 

equals an integer 1, 2, 3, etc.; that is, all the features of 
t,he ori inal long record wi l l  be expressed as if they were 

wave lengths. It is of no significance whatever m this 
study whether the component eriods are real or false. 

false. 
for convenience that R is exactly 

divisible by 4 we &d that the last term in the Fourier 
series corresponds to the wave length - Kp - - =and the 
whole series appears thus: 

pone& of the datu analyzed, 1 ut each term may thoreticdl3 

will be a term in the series whenever the fraction t- KP 

equiva f ent to a long series of penodicities of desipated 

Some may be real and others fa Y se, or all may be real or 

Assuming simp1 

I - 2 p  2 

F=l, 2, 3, 4, 5, . . . . . . . . f ( 1 )  

Now we are never able to make practical use of the 
theory when p is a relatively amdl mterval of time and 
K is a very large number running into the hundreds or 
thousands, as assumed above. In ractice we content 
ourselves with making p a relativ f y large number, P, 
and K a corns ondingly smaller number, k so that the 

It is perfectly obvious that these sim lifying assum - 
characteristic features of the original data or the real 
existence of all of the terms of the series (1) as represent- 
. the original data. 
%e assume in the foregoing that the k phase values at 
large intervals P are actual observations at  the times in 
question, and we shall continue this assumption for a 
moment. In  actual problems of this kind it is a cus- 
tomary although a faulty practice to assemble a 

ater or less number of observations contiguous to 
desired phase date into a representative mean a8 of 

that date. . 

product kP- 2 p .  

tions can not in the slightest way affect any of t I! e 

1 While this note WBS in prooeap of publication the March issue of the Prooeedl 
of the Royal loclety wries A vol 105 No. A 781 WBS m i r e d  at ow library and % 
article A Dlflerence'Periodo~mm' by i2 E P Brboks, p 848 brought to my &tention 
Whlle'Dr. Bmoks does not di& In' idg~nemllty tlie p h n ~ i ~ l e  presented by thd 
writer. neverthelea8 he make8 use of I t  to evaluate short pedodlcliied ln the disgulae of 
perlodm of mwh great81 length. 


