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SAV ES 
because set-ups are so fast and 
easy with Tygon Tubing's rub- 
ber-like flexibility (yet Tygon 
is clear as glass, permitting 
visual examination of flow at 
any point); 
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and SAV/ES 
because one tubing can be 
used to handle all chemicals 
found in the laboratory, thanks 
to Tygon's extremely broad 
range of chemical resistance 
(it's quick and easy to flush- 
clean, too); 

,., and- SAVES 
because non-aging, tough Ty- 
gon Tubing retains its unique 
characteristics throughout an 
amazingly long service life. 

Insist on genuine Tygon Tubing ... 
no other tubing is "just as good." 
For your protection, every foot is 
branded with the name "TYGON" 
and the formulation number. Ty- 
gon Tubing is available at Labora- 
tory Supply houses everywhere. 
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Rainfall Singularities 

This letter has been prompted by 
the appearance of a recent lead article 
in Science [134, 361 (11 Aug. 1961)]. 
Survey articles of this type, touching 
as they do on research problems which 
fire the public imagination, serve a use- 
ful purpose in presenting a comprehen- 
sive picture of the state of the art. It 
is unfortunate that Fletcher was not 
aware of the difficulties in the analysis 
of the rainfall data which he discussed, 
and their implications. There is now a 
good deal of evidence to suggest that 
there are no world-wide rainfall singu- 
larities. In the conclusion to his article 
Fletcher states, "If, however, as ap- 
pears to be the case, the rainfall singu- 
larities are real, then the meteor 
hypothesis is the only one which has 
been advanced as yet which seems 
capable of explaining them." Logically, 
if the rainfall singularities are not real, 
then no hypothesis or speculation is nec- 
essary. Let us look at the observational 
evidence for the existence of rainfall or 
other geophysical singularities. 

As Fletcher has noted, it is difficult 
to estimate statistically significant de- 
partures when a number of records 
have been arbitrarily lumped together. 
This is particularly true when there 
has been no effort to select observations 
that are independent of one another in 
time or space. Bowen's original work 
combined data from 300 stations for 
about 50 years ("15,000 station years"). 
The geographical distribution of stations 
is shown in Table 1. 

As is well known to meteorologists, 
the spatial correlation of rainfall over 
small regions (for example, Great Brit- 
ain) is quite high. Not only does this 
spatial correlation decrease the num- 
ber of the degrees of freedom of the 
resulting curve (see Fletcher's Fig. 6), 
but it introduces a bias into the estima- 
tion of what constitutes "world-wide" 
rainfall. Therefore the "15,000 station 
years" are equivalent to only a small 
fraction of this number of independent 
observations. This criticism is as valid 
now as it was when Bowen's work was 
first published. 

However, Bowen's evidence seemed 
to be supported by the later work of 
Brier. Comparing two rainfall time 
series, independent of each other and 
of Bowen's original data, Brier stated 
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Table 1. Geographical distribution of stations. 

Area Stations 
(number) 

Argentina 10 
Australia 50 
Great Britain 100 
Japan 32 
Netherlands 5 
New Zealand 58 
Union of South Africa 10 
United States 48 
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piro and N. J. Macdonald [J. Meteorol., 
in press], using Brier's data, showed that 
the relationships between the rainfall 
series were due solely to a coincidence 
of days of average rainfall. This led to 
the conclusion that "Brier's results may 
be said to show a weak tendency for 
the association of nonanomalies of pre- 
cipitation on specific calendar dates." 
Therefore, Brier's work cannot be con- 
sidered evidence in support of the ex- 
istence of rainfall singularities. 

Fletcher indicates that Dmitriev and 
Chili also found rainfall peaks that cor- 
responded to those in the Bowen data. 
Unfortunately, no reference is given. 

Again, according to Fletcher, "Bow- 
en found a correlation between his 
rainfall peaks and intense meteor show- 
ers occurring about 30 days previously, 
as shown in [Fletcher's] Table 1." Be- 
cause of the number of showers, their 
duration, and the 28 to 32 days that 
Bowen actually allows for verification, 
the results shown could easily be ob- 
tained by chance, as a simple chi-square 
test will show. 

As further support, Fletcher goes on 
to cite the cirrus-cloud study by E. K. 
Bigg [J. Meteorol. 14, 524 (1957)]. 
Bigg claimed some association between 
the mean percentage of sky covered by 
cirrus and Bowen's 300-station rainfall 
curve. A simple calculation shows that 
the linear correlation coefficient be- 
tween the two curves in Bigg's paper is 

only + 0.24. Even if the observations 
were completely independent of one 
another (which they are not), the 
correlation does not even approach the 
5-percent significance level. It is not 
surprising, then, as Fletcher has also 
noted, that Braham failed to find any 
confirmation of Bigg's results. 

It is quite apparent that the evidence 
for the existence of rainfall singularities 
will not stand careful scrutiny. It seems 
irrelevant, then, to speculate on physi- 
cal explanations. 

NORMAN MACDONALD 
FRED WARD 

Geophysics Research Directorate, 
Air Force Cambridge Research 
Laboratories, Bedford, Massachusetts 

SCIENCE, VOL. 134 
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The comments of Macdonald and 
Ward emphasize the fact that contro- 
versy still rages over almost all aspects 
of the meteor hypothesis. It is perhaps 
unfortunate that decisive physical tests 
of the theory are lacking and that most 
arguments concern the statistical signifi- 
cance of apparent correlations between 
various time series. It is a notorious 
fact that statistics can be made to sup- 
port almost any proposition in a suffi- 
ciently complicated situation, and both 
the proponents and the opponents of 
the theory have often erred in drawing 
unwarrantedly strong conclusions from 
inadequate sets of data. 

The criticism of the data upon which 
Bowen's world rainfall curve was based 
appears to have a certain validity. 
Ideally, some sort of weighting should 
be introduced to take account of the 
clustering of sets of stations, but any 
such doctoring of the raw data brings 
with it further possibilities of bias. It 
would, however, be most instructive to 
see the results of some such independ- 
ent and impartial treatment of the same 
data. 

It is impossible to comment on the 
criticism of Brier's conclusions until 
the paper referred to has been pub- 
lished. The reference to the Russian 
work was omitted as not being readily 
available to readers. It is as follows: 
A. A. Dmitriev and A. V. Chili, Trudy 
Inst. Morskogo Gidrofizicheskogo 12, 
181 (1955?). 

As my original article was intended 
to imply, I do not believe that the ex- 
istence of world-wide rainfall singulari- 
ties has been either unequivocably 
demonstrated or finally discounted. The 
same must be said of the meteor hy- 
pothesis itself. 

N. H. FLETCHER 
Department of Physics, 
University of New England, 
A rmidale, A ustralia 

Complete Disarmament 

The editorial "Arms control and self 
control" [Science 134, 249 (28 July 
1961)1 speaks of "present efforts to show 
how the Soviets put up obstacles to dis- 
armament." The value of these efforts 
appears to be questionable as long as we 
continue to dismiss the Soviet 4-year 
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Soviet proposal would suggest that it is 
we who do not wish to disarm, espe- 
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transport, rack mounted. 

Mnemotron offers a unique pulsed 
FM principle and fully transistorized, 
self-contained unit that records all an- 
alog data ? data acquisition * storage, 
analysis and reduction * time scale 
contraction and expansion ? program- 
ming ? computer read IN and read 
OUT ? dynamic simulation. With 
Mnemotron, you can do more with 
paper recorders . . . expanding fre- 
quency response and channel capac- 
ity, saving you from being deluged 
with data, permitting you to look at 
the same data at different time scales. 
Model M204 features: 

Any 2 adjacent speeds: 33/4, 71/2, 15 ips. 
Added low speed available on special 
order. 

Frequency Response: 
* DC-800 cps @ 15 ips 
* DC-400 cps @ 71/2 ips 
* DC-200 cps @ 33/4 ips 
Linearity: 0.2% full scale. 
Noise: Less than -50 db full scale. 
Crosstalk: below 70 db. 
Extended range systems also available. 

Write, wire, phone today for 
complete details. 
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