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DESIGN OF CILOUD SEEDING EXPERIMENTS

b

by G. O'Mahony
Central Office, Melbourne

(Manuscript received June 1956)

Abstracti Several experiments are being
conducted in Australia at present in cloud
. seeding with -silver iodide; and the ob ject
of this paper is to point out some of the
precautions whlch should be taken when des1gn1ng
sueh an-experiment and also some of the
‘difficulties which will be encountered in the
analy31s of . results,

. A summary of a paper by Moran (1955)
'is included, .. It gives the basis for the
analysis -of one. of the- -seeding experiments, shows
‘how skew-data may be- transformed to a near
Goussian- distribution and alse how to apply the
;prlnﬁiples of Analysis of Variance to rainfall
‘1nvest1gations,

e

1., INTRODUCTION

The dbject of cloud seeding experiments-is to test
whether the seeding has any effect on rainfall, and if an
effeet is- -detected. then to ascertain whether it is an
increase or decrease and £inally to provide an estimate of a
quantitative result..

: ~ The -design of an experlment -and the subsequent
anglysis of the results must neeessarily- -develop into a
statistical- exercise, since when an area has been. seeded it

is neeessary to compare the actual amount of rainfall with the
'"best estimate® of what would have fallen if there had been
no -seeding, - The-calculation of this-estimate is made
difficult by (a) the extreme -skewness of rainfall
distribution, and (b) the non indepencence of the basic data, .

The problem then is to transform the results into
a distribution approx1mate1y Goussian and to arraage test
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variates and control veriastes in such a way that any sig-
nificant effects become apparent whether they be increases
or decreases in resulting rainfall,

2, THE DISTRIBUTION OF RAINFALL

The distribution of rainfall whether on a daily,
monthly or yearly basis is-skew i,e, the median:and the mean
do not coincide, The degree of 'skewness' is greatest in
the daily distribution and deereases -as the length of the
period increases, In a reecent paper (Hannan 1955) it has
been shown that in a distribution of ‘daily rainfall,
observations 16,5 standard deviations -away from the mean
occur with a probability of 1077 whereas if the distribution
were normal with the same-mean and- same -standard deviation
the occurrence of an observation more than 6,1 -standard
dev§ations from the mean would have a probability of only -
10- o ' .

L Figures 1 and 2 were compiled from 100 -years of
monthly (Japuary) rainfail in Melbourne -and Figures 3 -and L
are the corresponding diagrams constructed with annual data,.
While- theclass- intervals are necessarily not the same it is
obvious that the curve of Figure L4 is a much closer:
approximation to the normal than is that of Figure 2,

e : Annual rainfall usually approximates to the normal
or the log normel, the form of the distribution-depending:
on the location of the place under review, The log normal
distribution can be expressed by the-equation

Y = a+bd 1og (x:+ c)e

Brooks and Carruthers (1953) show that this form is

applicable to distributions which are (a) positively skew

i.eo Az . and (b) leptokurtic i.e, My The symbols
> 0', . ' _ y > 30 L. .

' > S ' ‘ gt~ "

M3 and U), are, of course, written for the third and fourth

moment respectively about the mean and O is the sbandard ..

deviation,

A curve of a distribution of this kind would -show
the model value tc the left of the mean and the slope would
be steep, The transformed curve -would eppear as a straight
line when plotted on log-probability paper provided that in
the expression above the constant ¢ equals zero,
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A customary meﬁhod of. comparing ralnfalls frem two
gauges is to make use of the.ratio between the two totals,
dS thls ratlo temds to remaln constant e Ty

- An examlnatlon Was made of . the ratios of manfhly
and annual ralnfalls of two Victorian %tatzons, Bright and
Harrletville. .The’ correlatlon coefflslents,between the two
sets cf readlngs were as followso . -

(a) Correlation coefficient of monthly (January)
. rainfall over LO years e = +0,931. :

jkbff_Correlatlon coefflcient of annual ralnfall B
7 over 30.yedrs ' = +0,959,"

The &istribution of ratios ¢f the monthly values
was then plotted on arithmetic probsbility paper (Figure 5)
and the marked skewness of the distribution is-apparent,
The same information was then plotted on_ log-probability
paper and the- result is shown on Figurs 6, The pcints are
now much closer to the straight 1line and evidently the
distribution cf this ratio is tending te the log normal,

The methed used in econstructing the probability
diagram was as follows:— the n values of the variate were ;
arranged in ascending order of magii tude, and the probability
assigned to each value was m = 0.5, Here m is the cumulated

T
frequency and so m ranges in value from % %0 D,

At first sight this arrangement may appear as
somewhat artifizial but it must be remembered that the object
is to plot the %terms g0 that every point can appear on the
prebability paper. IT the alletted probability for each
term had beer m then it would be found that the largest

n .
(or n th) term could not be plotted since this would correspond
to a probability of 1,0, On the other hand if the largest
value had been plotted with the probability of‘@.—‘;), the:

second largest-term with a probability of (1 - 2) and SO on,
the -smallest value (or first term) could not be plotted -since
this would correspond to a probability of zeroc. The m th
term of this- series reading from above-is (1 - m) and so the

m th value from below is (m = 1), Since the flrst method
n
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would leave out the largest term and the second method would
leave out the smallest, the arithmetic mean of these
probsbilities is used [ (zﬁ + __,;) _ M] thus permitting
n
the inclusion of both extremes. Gumbel (1954) sounds a
note of caution in using this- system: for caleulation of
return periods of -extreme values when he points out that the
largest value aectually obser'ved in n years is shown as if it
had occurred after 2n yearss

: Figure 7 is a plot on arithmetic probability paper
of the distribution of raties of annual rainfall at Bright
and Harrietville, It is evident -here that the distribution
of annual ratios is tending to normality. The small value
of the staendard deviadion, (as read directly from the
probsbility paper) 0,07, -chows within what narrow limits a
random sample--of this ratio could be expected to lie,

While it has been stated that the customary methed
of comparing -rainfalls from two gauges is to make use of the
ratio between the ‘two totals, the more precise -method of
*£illing in' missing values of one series which is correlated
with another is by means- of the regression equations as -
follows:e= :
¥y = 'bxi- where yj'_ and-xi are deviations fram their
means, This assumes of course that the relationship is
linear, . Then b, the gradient of the line is 4w = r f'

Tx ‘rx

where- M, is the covariance and is- IZx Tyo i,e, the

expected value- of the missing report is given by

E (yi) = rxy 222 x; and hence iff . then
E (yi) = rxy Xio

3, SILVER IODIDE AS A SEEDING AGENT

Silver iodide is the-material used for cloud
seeding in two Australian exgeriments being conducted at
present, It may be 'seeded' into cloud from airecraft or
by means of burners--situated on high ground,

At this stage it is necessary te’* consider briefly
what is known about the action of silver iodide as a seeding
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-agent, Wo M, O... Technical Note No,13 of 1955 gives a concise
- account of its uses and limitations, The -silver iodide when
introduced inteo a cloud causes super cooled droplets to
freeze more- readily, A guantitative -estimate shows that
100 grams of the-salt per hour produces in -each -second 1013
partlcles -each of which cgn cause a ‘droplet to freeze at
TBeratures of about =127C, At the same time an additional
particles per second are produced and each of these jis
capable of freezing a droplet at temperatures of up to =5"C,

The effectlveness of the iodide is llmlted by the
phenomenon known as ‘inactivation’, This is not understood
completely at present but it appears fairly definite that
under conditions of strong sunlight and within certain
“humidity boundariesg. only one particle per thousand retains
its actavity after 25 minutes exposure to the atmosphere,

- If.then the silver iodide is introduced into a
cloud consisting of super cooled droplets at the optimum
temperatureyg the iocdide-will cause some of the droplets to.
freeze and these will grow at the expense of the droplets
which still:exist as super cooled water,

The. freezing of the droplets with the consequent
release of latent heat causes an increase in the temperature
lapse rate and so increased the vertical development of the
cloud. This-effect has been described by observers seeding
from aircraft, and while the reporting seems mostly
subjective there seems to be little doubt of the reality of
the oec currenceo

There is another seeding effect which might possibly
occur and - which deserves comment, though it is doubtful-
whether an authenti@eted cage has been reported, That is the
effect of lover-seeding®, If a eloud consisting of super
cooled drgplets is- seeded with a particle coneentration
> 100/cm? the cloud will be transformed ripidly into one
compoesed entirely of-small crystals,  Thus the supply of
super cooled droplets will be entirely eliminated and so the
growth of the individual drops will be prevented, It is
feasible then, that precipitation may be reduced at least
over the area which has been -seeded,

A further point which must be considered is whether
the effects of silver iodide-seeding are independent of cloud
type (and hence -of the synoptic situation) even if the
concentration of the seeding agent is kept relatively constant
and below the limit mentloned above,
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In an attempt to answer this questlon a considerable
amount of practical work has been done in the Carizzo Plains
area of California, . Tentative results were published in
1953 by the Statistical Laboratory of the University of
California; Basically the procedure used was as follows:=

The storms of one season were classified inte three
broad categories- depending on their origin and history, - The
storms -were -seeded -individually and  the -results were
analysed within the three classes, In all, 40 storms were
seeded and from the -subsequent anslysis of results it -seems
- probgble that in one class of storm the rainfall was increas- .
ed by seeding while¢- in the otaer dwe classes the rainfall was
decreased,

' 'The authors admit the lack of certainty of their
findings due to the small number of test samples and the
subjectivity of the storm type-.classification and further work
is Peing -done to increase the power of the tests, However
their work to date has thrown grave doubt. on the '
justification for using ‘one-cided’ tests with seasonal cr
annual rainfall totals in seeding experiments,

L4, THE DESIGN OF AN EXPERIMENT

The basiec requirements for settd mg up an
experiment to test the efifects of cloud seseding would be
two groups of rain gauges, the records of which were con-
tinuous over a long period {say 50 years) and also
homogeneous, i.e., the poesition of the gauges snd degree of
exposure had -remained constant, One group of rain gauges-
would serve as the "target’ gwoup end “would lie in the .
- seeded area, and the other group would -serve as the ‘contrcl’
group and would need tc be outside the range of influence of
the seeding agent, It would be necessary to have a high
coefficient of correlation heitween the rainfalls of the two
groups over the length of perieds to be analysed, and also
to be able to fit a normsel -distribution either to the basic
‘data -or to some convenient transformetion of.the data, The
log transformation has proved- satwsfacuorv in this regard in
the Kiewa experiment to be deseribed later,

An addltional requirement would be to inerease. ‘the
"power® of the test so that any 81gnzflcant results would
become - apparent within a reasonably-short interval, This
. has been achieved in the paper by Moran when he uses in the
expreSS1on for the standard deviation of the differences of
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