
Why CSIRO 
has stopped 

cloud-seeding 
After nearly 30 years of experiments, CSIRO has closed 
down its cloud-seeding operations. The decision was 
taken after research findings showed that clouds suitable 
for seeding are less common than previously thought. 

Natural rainfall—not so easy to bring on 
artificially. 

Measuring the long-term 
success of cloud-seeding is 
difficult. 

In the early 1950s , the CSIRO rain

makers p ionee red the use o f silver iod ide 

s m o k e as a cheaper and less c u m b e r s o m e 

substitute for dry i ce . T h i s is still the 

accep ted m e a n s o f c loud - seed ing today. 

Whe the r wi th silver iod ide or dry i c e , 

the a t t rac t ive ly s i m p l e t h e o r y b e h i n d 

c loud - seed ing remains the same: w h e n 

injected into a suitably c o l d c l o u d , the 

c h e m i c a l p rov ides particles a round w h i c h 

ra in-producing ice crystals c a n fo rm. 

C o l d c l o u d s are those wi th tops extend

ing to alti tudes where the temperature 

falls w e l l b e l o w f reez ing p o i n t . S u c h 

c l o u d s c a n p r o d u c e rain, but o n l y if i ce 

crystals fo rm in them. 

T h e s u p e r c o o l e d water droplets in a 

c o l d c l o u d def ic ien t in natural i ce crystals 

are genera l ly t o o small to fo rm into larger 

raindrops by themselves , but these same 

droplets c a n evaporate to supply mois tu re 

to an artificial i ce crystal in t roduced by 

the c loud-seeder . Provided the c l o u d is 

sufficiently d e e p for these crystals to g r o w 

to raindrop size before they evaporate, rain 

o n the g r o u n d c a n result. 

T r i a l s c o n d u c t e d dur ing the 1950s and 

ea r ly '60s demonstrated that seeding c o u l d 

increase the a m o u n t o f rain depos i ted by 

individual c l o u d s by a factor as large as 

three or four. 

But the task o f measur ing the long- te rm 

success o f c loud - seed ing over large areas 

is m u c h m o r e difficult , o w i n g to the ex

t reme variability o f Austral ian weather . 

Scient is ts n o w cons ide r 3 years — and, 

m o r e typical ly, 5 years — to be the bare 

m i n i m u m per iod required to obta in a re

l iable result f rom an area-seeding trial in 

Austral ia . A n d the m a x i m u m increase in 

average rainfall p r o d u c e d by c loud-seed

ing is p robab ly n o m o r e than 1 0 - 2 0 % . 

T h e usefulness o f c l o u d - s e e d i n g de

pends c ruc ia l ly u p o n h o w often suitable 

c l o u d s present themse lves for seeding. 

Or ig ina l ly scientists be l i eved this hap-

Other cons idera t ions were the increas

g  cos t o f m o u n t i n g large-scale aerial 

opera t ions , and the h i g h variabi l i ty o f 

rainfal l in Austral ia ( w h i c h makes it dif

ficult  to m e a s u r e c h a n g e s i n d u c e d by 

c loud-seed ing) . 

H o w e v e r , CSIRO wi l l mainta in its ex

pertis e in c l o u d phys ics and fields related 

 weather modi f i ca t ion , and c o n t i n u e to 

 a  source o f advice for o ther g roups 

using  c loud - seed ing . 

T h e  fortunes o f c loud - seed ing began 

wel l  when , in February 1947 , a CSIRO 

D C - 3  d u m p e d 70 kg o f dry ice into the top 

 a  c loud west o f L i t h g o w , N . S . W . Wi th in 

 minutes , rain fell f rom the base o f the 

c l o u d  and con t i nued to fall for hour s af

terwards. N o o the r ra in w a s o b s e r v e d 

withi n 150 k m o f the plane. 

It  was the wor ld ' s first d o c u m e n t e d case 

 'man-made ' rain wet t ing the so i l . A 

year  b e f o r e a s i m i l a r feat h a d b e e n 

attempted in Massachuset t s , U . S . A . , but 

evaporation had prevented any rain f rom 

reaching the g round . 

E n c o u r a g e d by their initial s u c c e s s , 

CSIRO scientists carried out further trials 

near  Sydney, most ly us ing R A A F b o m b 

s to  carry the heavy loads ( some t imes 

hundred o f k i lograms) o f dry i ce u p to the 

required alt i tudes. Further pos i t ive re

sults  c o n v i n c e d them that, under suitable 

c loud  cond i t i ons , this t echn ique c o u l d be 

relied  u p o n to p roduce rain that w o u l d not 

normally have fallen. 
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Clouds worth seeding are 
extremely rare. 

pened on dozens of occasions a year. Ex
perience has steadily whittled down that 
expectation, until in CSIRO ' s most recent 
experiment, in the Victorian Wimmera, 
the number has been estimated at one or 
two! 

It is interesting to look into the fortunes 
of the Wimmera experiment more closely, 
as it offers a vivid picture of the difficul
ties facing cloud-seeders, and helps to ex
plain why they have called it quits, for the 
time being at least. 

Rare clouds 
Dr Warren King of the Division was one 
of the prime organizers of the experiment, 
which was carried out with support from 
the Victorian Department of Agriculture. 
In his summing up of this work, he relates 
how the participating scientists expected, 
before the trials began, that 5 years' effort 
would show results. 

They believed that the clouds formed in 
cold fronts (which dominate the weather 
patterns of southern Australia) could be 
profitably seeded. Since the Wimmera is 
a. prominent wheat-growing area, extra 
rain from the frontal c louds passing 
through the region would be welcome. 

The researchers compiled 50 years of 
wheat-yield data and rainfall figures and 
calculated that a 10% seasonal increase in 
rainfall would be worth about $1 million 
(1978 dollars) to wheat-farmers. This 
amount was about five times the cost of 
staging the seeding experiment. 

However, as experiments proceeded, 
they found that clouds worth seeding were 
actually extremely rare, and 25 years' work 
would be needed to show a statistically 
significant effect of seeding. 

If one factor can be singled out as lead
ing to a fall in the number of apparently 
suitable opportunities for cloud-seeding, 
it must be the development of a precision 
instrument for measuring the amount of 
supercooled water in clouds. The instru
ment, developed by Dr King, is a probe 
that determines liquid water content by 
measuring the heat loss from a hot wire as 
water droplets wet it. The defice's useful
ness lies in its ability to ignore ice crys
tals: they bounce off the wire. Other 
instruments are available for measuring 
ice-crystal numbers and other cloud 
properties. 

Laboratory studies have now made clear 
that, for successful seeding, a cloud must 
have a particularly narrow range of physi
cal properties. For instance, it must have 
a liquid water content of more than 0 • 1 g 
per m 3 ; it must contain few ice-crystals 
— less than 10 per litre (if they're already 
numerous, there's no point in adding 
more); and cloud temperature should be 
below — 8°C to allow ice crystals to grow. 

From August to November (the grow
ing season for wheat) in the 4 years 1975 
to 1978, the scientists built up some 385 
flying hours in simply measuring the 
properties of Wimmera clouds (no cloud-
seeding was attempted at this stage). These 
observations showed that frontal clouds 
are not seedable. Ahead of a front, the 
clouds are too thin. At the front and be
hind it, the clouds already contain more 
than enough ice crystals to initiate rain. 

However, all was not lost. Some clouds 
suitable for seeding were found in rain 
depressions ('closed lows'). These large-
scale weather systems occur much less 
frequently than fronts, but produce about 
30% of the season's rainfall. 

Mountainous areas could be 
the most promising for cloud-
seeding. 

Few opportunities 
Cloud-seeding began in 1979 and contin
ued in 1980. Seven closed lows came by, 
but, disappointingly, none was suitable 
for seeding — they all had an abundance 
of natural ice cyrstals. 

It became apparent that the numbers of 
seeding opportunities associated with 
closed lows had been badly over-esti
mated. Although most of the closed lows 
encountered in the surveillance flights 
had brought suitable clouds, this was 
exceptional. 

Suitable cloud occurs in only a fraction, 
perhaps one-third, of closed lows, accord
ing to the scientists' later studies. That 
would mean only one, or perhaps two, 
suitable opportunities per season. The 

In three of the five closed lows encoun
tered, the clouds were eminently suitable 
for seeding, with liquid-water contents of 
0 • 1 to 0 • 3 g per m 3 . Of the other two, one 
was marginally suitable and the other 
completely full of ice crystals. 

An examination of 20 years of weather 
records showed that the scientists could 
expect five rain-bearing closed lows per 
season within the target area. Calcula
tions indicated that seeding could in
crease the generally low rainfall from these 
systems by about 50%. This would lead to 
a 15% increase in seasonal rainfall, which 
should have been readily detected and 
statistically validated. 

rosy p rospec t s of b y g o n e days had 
vanished. 

The scientists developed an 'index of 
seedability' from data acquired during the 
1980 flights, and this showed even more 
clearly how rarely suitable clouds occur. 
The index is calculated as the fraction of 
the time when an aircraft flying through 
cloud (at a given height) encounters con
ditions suitable for seeding. The average 
index for temperatures lower than — 8°C 
was only 0 • 0056 — that is, only about half 
of 1% of the in-cloud time. Even then, 
most of the favourable conditions were 
met in isolated patches of clouds, and 
seeding these is not much use. 
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Although the seedability index is small, 
it is not zero, and on three occasions seed
ing seemed worth while. Because of a ran
domization scheme, only one occasion 
was utilized for seeding; the others were 
'controls'. 

One further point: if the number of real 
opportunities for seeding is only about 
one a year then the economic benefits of 
the scheme work out to be no greater than 
its cost. The situation becomes bleaker 
when it is noted that aviation costs have 
increased by roughly 25% per year, and 
wheat returns to the farmer have in
creased by only 5% per year. 

Where to next? 
Western Victoria was chosen for cloud-
seeding because its meteorology and ag
riculture are broadly representative of 
those in south-eastern Australia, so it fol
lows that the inland plains of Victoria, 
South Australia, and New South Wales 
don't look particularly suitable for seeding. 

Further north the rainfall varies so 
much that it becomes very difficult to dis
cern the effects of a seeding experiment. 

T h e cloud-seeding potential of the 
Western Australian wheat belt is cur
rently being investigated by a team from 
the West Australian Institute of Technol
ogy, supported by the State government 
and local farmers, with C S I R O acting as a 
consultant. After 2 years, results do not 
look particularly promising, but firm con
clusions await at least another year of 
study. 

In Tasmania, the Hydro-Electric Com
mission is continuing to seed the central 
catchment area. Again, C S I R O is acting as 
consultant, having conducted experi
ments in central Tasmania from 1964 to 
1971. 

Mountainous areas could be the most 
promising for cloud-seeding. Experi
ments in the Snowy Mountains from 1950 
to 1960 produced the most statistically 
sound result: a 19% increase. It is possible 
that the strong uplift over mountains may 
induce water to accumulate in the air at 
temperatures where there are few natural 
ice crystals. If this is so, cloud-seeding 
undertakings have extra chances of suc
cess. The Division of Cloud Physics is 

planning an investigation of the rain-
forming processes over the Grampians as 
part of a program of fundamental research 
into the effect of mountains on rainfall. 

Nevertheless, it will take a large eco
nomic stimulus to get cloud-seeding ex
periments going again. The scientists have 
learnt a lot about the physics of clouds, 
but the cost of running a cloud-seeding 
experiment has now become prohibitive. 

Andrew Bell 

More about the topic 
'Cloud Seeding in Australia: Experi

ments 1948-1981 and Prospects for Fu
ture Developments . ' W . D . King . 
( C S I R O Division of Cloud Physics: 
Sydney 1982.) 

Location and extent of supercooled water 
regions in deep stratiform cloud in 
western Victoria. W. D . King. Austra
lian Meteorological Magazine, 1982, 30 (in 
press). 

What are the best clouds to seed? Ecos No . 
24,1980,18-19. 

Rainmaking; the state of the art. Ecos No . 
16, 1978, 15-18. 
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Data on cloud properties were obtained 
in this aircraft. 

VH-WGU 

Victoria's Wimmera district—scene o
f recent cloud-seeding experiments. 

0

0

0

The fraction of time during which the 
aircraft flew through clouds worth 
seeding, 'the seedability index', was very 
low. Only clouds colder than -8°C can 
be seeded with silver iodide. Data came 
from the Wimmera experiment. 

The data were taken from 50 years of 
records. In an average year, increased 
rainfall due to cloud-seeding should 
increase yields. However, very high 
rainfall tends to reduce yields. 




