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CLOUD SEEDING IN WIMMERA-MALLEE, VICTORIA, 1966

by G. O'Mahony

Central Office, Bureau of Meteorology, Melbourne
(Manuscript received August 1967)

ABSTRACT

Cloud seeding was conducted in the Wimmera-Mallee during the
months of August, September and October 1966 and claims have
been made and publicised that the wheat yield in the seeded area
was increased significantly as a direct result.

The claims have been investigated here by comparing rainfalls
in the seeded or 'target' area with those of an unseeded 'control’
area: Two types of tests were employed, the first being
distribution free, and the second was based on the assumption of
Normality of the relevant distributions. The same data were
used in each and so obviously the tests were not independent.

The results showed a rather remarkable uniformity of rainfall
anomaly over the target and control areas for the seeded period.
This uniformity was highlighted by the fact that the 1966 value
of the ratio of target to control rainfalls was located at the
median of the relevant 42 term series.

From this evidence it would appear there is no justification
for claims that rainfall has been affected by the cloud seeding.
However, the additional point has been brought out that because
the rainfall has such large inherent variability, it appears to
be practically impossible to substantiate such claims based on
a test sample of only one member, that is on only one set of
seeded data. :

1. INTRODUCTION

Cloud seeding operations were conducted in the Wimmera-Mallee region during the months
of August, September and October and terminated about 9th November 1966. The operations were
carried out by the Victorian Department of Agriculture with the co-operation of C.S.I.R.O.

Press reports published in March 1967, stated that results had been very satisfactory,

and mentioned the resultant increase.in the value of the wheat crop as being about $2,000,000.
The figure has been quoted also by McCann (1967).

2. THE SEEDED OR TARGET AREA
The seeded or target area is centred roughly on Birchip, extends westward to Jeparit,
eastward to Kerang, north to Ouyen and south to Murtoa. The actual area is as shown in the map
in Fig. 1 and is denoted by "T". :

Because of the homogeneity of the terrain, relatively few rain gauge stations would

be expected to be required to provide reliable estimates of the areal rainfall. This was tested
and proved by computing the correlation coefficients of rainfall totals for the three months
(August + September + October) for two widely separated stations over the area. The stations

used were Minyip and Culgoa and the data employed for this and subsequent calculations in this
study were the relevant three months rainfall records for the 42 year period 1925 to 1966.
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The correlation coefficient was +0.833 and the 'goodness of fit' is apparent in the
scatter diagram of the pairs of values shown in Fig. 2. The 5 percent 51gn1f1cance lelel of
a correlation coeffic1ent based on 40 degrees of freedom is +0.304.

‘Because of this high correlation, it is reasonable to describe the areal rainfall
over the target by the recordings at Culgoa, Charlton, Hopetoun, Jeparit and Minyip. This has
been done and the sums cver the relevant three months have been denoted by T; (i = 1 to 42).

3. THE CONTROL AREA

Two basic conditions are necessary for a control area to be suitable in the evaluation
of a cloud seeding operation. These conditions are:-

(a) The control stations must be so situated that they are not exposed
to the seeding material. In this operation the seeding material
was silver iodide. :

(b) There should be a good correlation between rainfall values in the target
‘and control areas. In the ideal case in the absence of seeding there
would be a 'one to one' relationship between pairs of values, but because
ofi the natural variability of rainfall, this ideal can never be achieved.

Meteorological situations' which are associated with rain in the Wimera during the months
August, September and October, generally occur with westerly air flows, that is, there is generally
a dominant west to east component in the winds, the actual winds being from the northwest, west

or southwest. This westerly component usually increases with height. With this in mind, and-
to satisfy the first of the two conditions mentioned above, a control area was selected which lay
to the west of (and therefore up-wind of) the target area. The control area contains the stations

of Bordertown, Serviceton and Kaniva and it is marked as "Cz'" in the map of Fig. 1.

The homogeneity of this area from the point of view of uniformity of rainfall was
established by computing the correlation coefficient of the (August + September + October) rain-
falls at Bordertown and Kaniva. This was found to be +0.886 and the relevant scatter diagram
appears as Fig. 3.

The second criterion for selecting a control area, that is, that a good correlation
should exist between target and control sets of data, was tested by computing the correlation
coefficient of the relevant rainfalls of Charlton and Kaniva. This was +0.774 and the associated
scatter diagram is shown as Fig. 4.

The area Cz has therefore satisfied both conditions set out above and so appéars
suitable to be invoked as a control in the subsequent analysis.

The authorities who conducted the seeding operation$ selected two areas for control
purposes. These areas are marked "Cy" and "Cp" in Fig. 1, C1 lying to the north of the target
area and C, lying south of it. While at first glance it might seem advantageous to divide the
control area into segments around the target, on purely meteorological grounds there are some
doubts’ as to the suitability of those particular areas as controls. In the first place it seems
possible that some stations in each could be exposed to the seeding material even in typical
meteorological situations. Thus with seeding being carried out near the meridian 142° E (that
is along the line joining Dimboola, Jeparit and Walpeup) the occurrence of southwesterly winds would
mean the transport of the seeding material over that portion of the area C, containing Bannerton
and Balranald. Similarly, in a northwesterly wind, the portion of Co, "containing Glenorchy

“and Willaura would be exposed to the silver iodide.

Another possible objection to Cp on meteorological grounds is the irregularity of
orographic features present either in the area itself or immediately south of it. The heignt of
the, terrain varies from less than 500 feet to more than 2000 feet, and while the high ground near
Hall's Gap is south of the control area boundary, its effect on rainfall over the eastern 'lobe'
of C would be very different in a southwesterly air flow compared with the effect in flows from

the west or northwest. This might not be very seriocus if seeding had been in progress for some
years and the resultant smoothing would then eliminate the constraints imposed by the use of small
samples. However, in this case we are testing whether a sample of only one member has been

increased significantly, and the non-homogeneity of the control area could be critical.
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The, point being made here is that a relative decrease (or increase) of rainfall in
the control area’compared with that of the target area could lead to an apparent but spurious
deduction that seeding had increased (or decreased) rainfall, even though the control area itself

had not been exposed to seeding. | This brings out the need for an additional -qualification for
a control area, and that is, that as far as possible, rainfall amount should be independent of
relatively small changes in wind velocity. This requirement appears to have been satisfied in

the case of the areas C3 and Ci and also for the target area, since in these three cases the
terrain is all below 500 feet. .

4. THE ANALYSIS

The analysis was carried out in three separate steps. ' The first two involved
non-parametric testing and in the third, the assumption of Normality was followed by standard
testing of the 1966 value of rainfall in the target area compared with that of the control.

As indicated previously, the series for the target area was denoted by Ti (i = 1 to 42)

and was made up'of totals of rainfalls for the months of August + September + October for the years
1925 to 1966, the stations being Charlton, Culgoa, Hopetoun, Jeparit and Minyip. . Similarly the
series (Cz); was composed of relevant ralnfalls for the same period for Bordertown, Kaniva and
Serviceton. i

Table 1 shows the ranks in descending order of magnitude, the associated values of
Ti and (C3)j and the respective years of occurrence.

The rank correlations between the series T; and (Cz}; was computed by writing
r=1- 6Ediz, where the di are the differences in ranks. It was found to be +0.750

3
nd.n
and this indicates a satlsfactory degree of uniformity between the series.

The correlation between the actual values shown in Table 1 was found to be +0.783,

‘which is obviously not significantly different from the value of +0.774 computed previously

for the single stations, Charlton and Kaniva.

: The scatter diagram and associated 11ne of regression of the T; on (Cz)j appears
in Fig. 5. The equation of the line is:-

T; = 0.63 +1.20 (C)j

and so it passes very close to the origin.

In Table 1 the 1966 value of target area rainfall occurs in positién number 18 and
the 1966 value of the control area is in position number 17. While these are above the median
position of 21.5 they are obviously not significantly different from each other.

: As an extension of this simple test, ratios were formed of T;/(Cz);i and the derived
series was ranked as before. The ordered series is set out in Table 2 and the rankings for
the individual months have also been included.
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Table 1. Ranks of rainfall totals, (August + September + October)
1925 to 1966, for:-

T; (Charlton, Culgoa, Hopetoun, Jeparit, Minyip)

.(C3)i (Bordertown, Kaniva, Serviceton).

‘Rank T . (C3)1
Rainfall (inches) Year Rainfall (inches) Year
1 35.79 1955 26.27 1955
2 35.13 1964 25.22 1964
3 32.92 1958 25.15 1934
4 31.34 1930 ' 24.93 1942
5 29.94 1942 24.35 1958
6 29.43 1934 24.26 1947
7 29.35 1956 24.09 1953
8 28.25 1935 _ 23.89 1956
9 27.46 1960 23.42 1962
10 27.33 1937 22.41 1930
11 26.60 : 1947 20.60 1951
12 26.10 - 1962 20.52 1943
13 25.88 1953 20.12 1960
14 25.43 1963 20.02 1948
15 25.01 1948 . 19,83 1945
16 24.86 1959 19.81 1937
17 24 .41 1941 19,60 1966
18 23.32 . 1966 19.18 1936
19 23.21 ‘ 1950 19.16 1928
20 22.83 1951 19.13 1939
21 22.09 1952 18.49 1926
22 21.84 1933 18.43 1925
23 21.58 1932 17.25 1941
24 21.46 1954 16.56 1932
25 21.16 1965 16.55 1933
26 20.96 1949 16.45 1935
27 20.54 1943 : 16.18 1927
28 20.14 1928 15.55 1957
29 19.03 1945 15.47 1963
30 18.10 1926 - 15.22 1959
31 18.06 1939 15.18 1952
32 17.57 1927 14.97 1950
33 17.01 1961 14.48 1949
34 16.98 1936 13.60 1929
35 13.69 1931 12.33 1931
36 13.34 . 1929 11.74 1961
37 13.15 1925 A 11.60 1946
38 12.86 1957 ) 11.20 1965
39 11.36 1946 10.39 1954
40 10.00 1940 . _ 9.66 1940
41 7.21 1944 . 9.49 1944
42 5.24 1938 ‘ 6.93 1938
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The 1966 value of the ratio of the three monthly sums lies in position number 22
which is immediately adjacent to the median. This tends to confirm the view suggested by the
data of Table 1, namely that any departure from median rainfall conditions in 1966 was
experienced equally over both the target and control areas.

The final step in the analysis involved computing the mean and standard deviation
of the ratios of the three months totals, and then on the assumption of Normality, attempting to
test whether the 1966 value was’ 51gn1f1cant1y different from the mean value. This test is only
a further extension of the second non-parametric test set out above. It uses the same data, and
since in the Normal distribution the mean and the median are coincident, then obviously the two
tests cannot produce significantly different results. :

The mean of the ratios is given by

3 = %-E x, = 1.230 (where x; is written for Ti/(CS)i

and N = 42, the number of years).

The standard deviation is

- %
[ Lo p 59 2:' = 0.297

A crude estimate of the extent of the departure from Normality is provided by:

(a) comparing the mean value of 1.230 with the median (or value at the mid-
point between rank 21 and rank 22). The value of the variate at this
point is 1.195. :

(b) comparing the range actually observed over the 42 year series with the
theoretical approximate 95 percent limits of:

(x + 2.standard deviations) to
(x - 2 standard deviations).

The observed values ranged from a maximum of 2.065 to a minimum of 0.713 while the
approx1mate 95 percent range of a Normal distribution with mean 1.230 and standard deviation
0.297 is

from (1.230 + 2 x 0.297)
to (1.230 - 2 x 0.297),
i.e. from 1.824

to 0.636.

The distribution of ratios is evidently not exactly Normal, but as much of the apparent
departure has been caused by the 1954 (the maximum) value of 2.065, the standard test has been
applied as follows: ‘

The 1966 value of the variate is 1.189 and so
(mean value)-(1966 value)
is 1.230-1.189.

This is about 0.14 of one standard deviation. Conventionally, a ratio value of
about 1.8, i.e. about two standard deviations greater than the mean value, would be required to
substantiate claims that rainfall in 1966 was significantly above expectatlon in the target area,
the expectation being based on the amount received in the control area.

The extremely low power of this type of test which relies on a sample of only one.
member, is demonstrated by the fact that a ratio value of 1.8 would require a target rainfall
value of 35.28 inches, assuming no change in the control area rainfall. Reference to Table 1
shows that this would mean that the target area rainfall would be located in rank position 2.
What is more important is that this would represent an increase in target area rainfall of just over
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50 per cent. With this test and still using ratios, a 10 péfcent increase in target area rain-
fall would not be detectable; since in Table 2 the approprlate value would be 1.30 and it would
fall ‘in rank position 18."¢ The value is well within one standard deviation of the mean and so
could not be classed as other than a random occurrence. In this connection it can be shown that
if we make the assumption that the variance of the ratios Tif(C;); is not changed by seeding, then
just on 50 years of seeded data would be required to enable a %O percent increase in the target
area rainfall to be classed as significant (see Appendix). : '

Any test relying on ratios has obvious dlsadvantages An alternative would be to
test for significance the difference between slopes and mean values of two regression lines, one
based on unseeded data and the other on seeded observations. This cannot be done at this stage
since only one set of seeded figures is available. However, if the operations are continued in
future years, it is conceivable that the data so treated could effect a reduction in the number of
years needed to obtain a significant result. : ‘

" 5. ANALYSIS USING CONTROL C; AND C

Despité the demonstrated lack of power in the test employing.ratios, the'technique
was extended to include data from the areas marked-Cy and Cp in Flg 1. :

‘

The internal homogenelty of Cl was- tested by correlatlng the rainfall of the relevant

three months over the 42 year period for Bannerton and Loxton. The correlation coefficient was
found to be +0.700. Similarly-in C2 the correlation coefficient for Glenorchy iand Naracoorte
was +0.804, S : : N ; :

. The ordered ratios T/(Cy + C2) oflfhinfall.sums were. set doQﬁVWheré as b§fore
T; were values for Chafltoh; Culgoa, Hopetoun, Jeparit;:MinYip,
(C1); were for Bannerton and Loxton,

and (Czji were for'Gleﬁorchy'and Naracoorte.

The rank of the 1966 value was found to be 6. The actual value of .the ratio was
1.361, while the mean of the 42 term sample was 1.154 and its standard deviation was 0.171. The
1966 value was thus 1.21 standard deviations above the mean, and on the assumption of Normality
such a value is likely to occur randomly on approximately 20 percent of occasions, and so is not
significantly different from the long-term average. ’

Because of the doubt mentioned above concerning the suitability of the northern and
southern control areas, and particularly the southern area Cp, this form of analysis was repeated
using extended networks of stations in the target and controls. The amended groupings are:

T' Hopetoun, Culgoa, Charlton, Jeparit,; Minyip,
Quambatook, Sea Lake, Warracknabeal.
C'y Bannerton, Loxton, Balranald, Wentworth, Pinnaroo,
C', Naracoorte, Glenorchy, Willaura, Balmoral, Goroke.
The rankings of ratios were computed separately for individual controls. The 1966
values of ranks were found to be:
T'/C'y rank 7
T'/C’2 rank 17
T!/(C'y+ C'2) rank 9 ‘ ~

The large difference between rankings of the 1966 values of T'/C'q ane T'/C'y is
initeresting and is probably due to the differences in the orographic features which had been mentioned

previously. Despite this lack of uniformity between results, the mean and standard deviation were
computed for the series of the T'/(C'1 + C'3). Values were:
mean 0.674

standard deviation 0.124.
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Table 2. ' Ranks of rainfall ratios TﬂKC )., 1925 to 1966,
371

where Ti = (Charlton, Culgoa, Hopetoun, Jeparit, Minyip)

(CS)i =(Bordertown, Kaniva, Serviceton). -

Rank August September October Aug + Sep + Oct
1 3.469 1954 3.553 1955 4,649 1963 2.065 1954
2 2.285 1965 2.044 1959 4,138 1927 -1.889 1965
3 2.049 1960 1.930 1935 3.828 1935 1.717 1935
4 1,921 1961 1.834 1964 -3.585 1937 1.644 1963
5 1.686 1966 1.720 1949 3.060 1959 1.638 1959
6. 1.641 1958 1.572 1927 2.939 1931 1.550 1950
7 .1.585 1932 1.624 1940 2.751 1930 1.455 1952
8 1.512 . 1952 1.481 1950 2,226 1952 1.449 1961
9. 1.441 1942 1.346 1956 2,151 1965 1.448 1949

10 1,416 1950 | 1.344 1932 2.082 1941 1.415 1941
11 1.366 1953 1.304 1954 1.951 1948 ° 1.398 1930
12 1.337 1963 | 1.292 1960 1.883 1964 1.393 1964
13 1.289 1933 1.290 1963 1.805 1950 1.380 1937
14 1.281 1962 1.269 1951 1.779 1956 1.365 1960
15 1.280° 1964 1.261 1965 1.734 1954° 1.362 1955
16 1.176 1938 1.259 1941 1.725° 1961 1.352 1958
17 1.158 1945 1.244 1931 1.607 1955 1.320 1933
18 1.053 1930 1.242 1933 1.538 1933 1.303 1932
19 - 1.044 1941 | 1.189 1962 1.515 1932 1.249 1948
20 1.021 1929 1.121 1939 1.470 1949 ©1.229 1956
21 1.021° 1943 1.118 1966 1.429 1947 1.201 - 1942
22 1.011 1946 1.093 19726 1.391 1943 1.189 1966
23 1.007 1951 1.074 1934 1.388 1934 1.170 1934
24 0.983 1926 1.072 - 1961 1.347 1958 1.144 1962
25 0.976 1939 1.015 1948 1.298 1942 1,128 1951
26 0.947 1928 0.995 1928 - 1.226 1946 1.110 1931
27 0.940 . 1937 0.974 1947 1.203 1951 1.099 1947
28 0.929 1959 | 0.933 1958 1.181 1929 1.086 1927
29 0.906 1949 0.888 1944 1.100 1928 1.074 1953
30 0.852 1934 0.850 1942 1.098 1966 1.051 1928
31 0.844 1935 0.848 1953 1.074 1936 1.035 1940
32 0.826 1936 |- 0.834 1943 1.063 1957 1.001 1943
33 0.822 1947 0.819 1929 1.038 1953 0.981 1929
34 0.818 1940. 0.809 1945 0.886 1962 0.979 1946
35 0.809 1955 0.752 1952 0.862 1926 0.979 1926
. 36 0.720 1925 | 0.727. 1946 0.819 1945 0.960 1945
37 0.714 - - 1957 0.714 1925 0.750 1944 0.944 1939
38 0.709 1927 0.687 ° 1930 0.742 1938 0.885 1936
39 0.676 1956 0.663 1957 0.706 1960 0.827 1957
40 0.667 1931 | 0.622 1937 0.681 1925 0.760 1944
41 0.381 1948 0.537 1936 0.628 1939 0.756 1938
42 0.186 1944 0.319 1938 0.462 1940 0.713 1925







