
What are the best clouds 
to seed? 

C l o u d seed ing go t of f to a 

spectacular start in Australia 

w h e n the wor ld ' s first 

artificially i n d u c e d rain to 

reach the g round fell near 

Bathurst, N . S . W . , in 1947. 

S i n c e then, exper iments 

have s h o w n that, in s o m e 

areas, we l l -p lanned seeding 

programs can p r o d u c e useful 

increases in rainfall. T h e 

best results so far are f rom 

T a s m a n i a , where C S I R O 

researchers have found that 

increases as great as 3 0 % can 

be ach ieved in autumn. 

O v e r m o s t o f the count ry , 

the prospects for i n d u c i n g 

addit ional rain remain to be 

determined. T h e o n l y way to 

assess them accurately is to 

c o n d u c t exper iments , 

ex tend ing over many years, 

that c o m p a r e rainfall in 

seeded target areas wi th that 

in similar, unseeded con t ro l 

areas. A n exper iment o f this 

type is n o w under way in the 

W i m m e r a r eg ion o f western 

Vic tor ia , a imed at f inding 

out the prospects for 

increas ing rainfall there 

dur ing the g r o w i n g season 

for whea t (Augus t to 

N o v e m b e r ) . 

S o m e idea o f the 

l i k e l i h o o d o f c l o u d seed ing 

p r o d u c i n g useful results in 

an area can be gained, 

h o w e v e r , before such an 

exper iment is c o n d u c t e d . 

Informat ion is general ly 

available o n h o w often 

rain-bearing c l o u d s can be 

expec ted , where they c o m e 

f rom, and what type they are. 

A cons iderab le amoun t o f 

in format ion is n o w also 

available about the 

suitability o f different types 

o f c l o u d for seeding . 

Sou th o f the t ropics , mos t 

o f Austral ia 's rain starts life 

as i ce crystals in c l o u d s 

w h o s e temperature at the top 

is we l l b e l o w 0 ° C . T h e 

crystals fall, and g r o w o n 

their way d o w n as they 

c o l l i d e wi th water droplets . 

Eventual ly they mel t , and 

keep fal l ing as raindrops. 

C l o u d seed ing works by 

increas ing the p roduc t ion o f 

i ce crystals, and h e n c e o f 

ra indrops. T h e silver iod ide 

particles injected into a 

c l o u d serve as ' i c e nuc le i ' 

that crystals can form 

around. In the absence o f 

nuc l e i , water drops can be 

T h e scientist is in Sydney, not Antarctica. H e is studying 
multiplication o f ice crystals in c loud at about—5°C, in a 
co ld r o o m at the Divis ion o f Cloud Physics. 

c o o l e d to temperatures as 

l o w as - 4 0 ° C wi thout 

freezing. M i n u t e particles, 

either naturally present or 

in t roduced by seeding, 

enable freezing to o c c u r at 

temperatures m u c h c lose r to 

0 ° . 

A t the C S I R O D i v i s i o n o f 

C l o u d Phys ics in Sydney, 

scientists have studied the 

formation o f i ce crystals in 

artificial c l o u d s p r o d u c e d by 

releasing s team into 

chambers mainta ined at 

sub-zero temperatures. 

A n early d i scovery was 

that crystals d o no t normal ly 

form in the concent ra t ions 

needed to p roduce rain — 

one to ten per litre — unless 

the temperature is —20°C or 

lower . T h i s suggested that 

the potential for increas ing 

crystal format ion, and h e n c e 

rainfall, by seed ing was very 

great, as the tops o f many 

potential ly ra in-producing 

c l o u d s are n o co lde r than 

- 1 0 ° . 

After 1966, howeve r , w h e n 

the D i v i s i o n began us ing its 

ins t rumented D C 3 aircraft 

to study the size and 

concen t ra t ion o f i ce crystals 

in real c l o u d s , the picture 

b e c a m e m u c h less clear. In 

small c u m u l u s c l o u d s , at 

temperatures as h i g h as —5°, 

they found crystals present 

in concen t ra t ions m o r e than 

1000 t imes greater than the 

laboratory exper iments had 

led t h e m to expec t . It 

b e c a m e very clear that 

c l o u d s o f this type are we l l 

able to p r o d u c e all the i ce 

they need to initiate rain 

wi thou t any he lp f rom c l o u d 

seeders. 

H o w d o they d o it? After 

m u c h exper imenta t ion in the 

D i v i s i o n ' s c l o u d chamber s , 

D r Stan M o s s o p and D r 

John Hallet t d i scovered a 

m e c h a n i s m that enables the 

few i ce crystals fo rmed at 

about —10° to rapidly 

reproduce themselves at 

temperatures be tween —3° 

and - 8 ° . 

It seems that, w h e n a 

crystal is g r o w i n g as a result 

o f c o l l i s i o n s wi th water 

droplets , a droplet some t imes 

lands o n an ice pro tuberance 

and beg ins to freeze f rom the 

outs ide in, f o rming a shel l . 

Shor t ly afterwards, 

apparently, the shel l c racks 

and splinters o f i ce are 

e jec ted . T h e s e then g r o w to 

b e c o m e crystals. Before they 

fall far e n o u g h to mel t and 

b e c o m e raindrops, they too 

may p roduce i ce splinters 

and start the p rocess g o i n g 

again. 
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The band of cloud in this satellite picture is associated with a 'closed low' off the South 
Australian coast, shown in the weather map. Such conditions may favour cloud seeding. 

T h e scientists ' 
exper iments s h o w that, 
w h i l e g r o w i n g to b e c o m e a 
ra indrop, a crystal can 
p r o d u c e about 300 n e w i ce 
part icles wi th in 20 minu tes . 
T h a t rate o f mul t ip l i ca t ion is 
sufficient to a c c o u n t for the 
large number s o f crystals 
found in c u m u l u s c l o u d s . 

Recen t ly , D r M o s s o p 
c o n d u c t e d an exper iment 
des igned to c h e c k that it 
really is a she l l -cracking 
p rocess that p roduces the 
n e w i c e part icles. T h i s 
invo lved in jec t ing a m m o n i a 
in to a laboratory-made c l o u d . 
A s a m m o n i a weakens i c e , he 
expec t ed it to r educe the 
pressure bui ld-up in the i c e 
shel ls that is assumed to 
cause the splintering. T h e 
results supported the theory; 
p r o d u c t i o n o f n e w particles 
decreased substantially. 

O n e c o n c l u s i o n f rom all 
these f indings is that it is 
general ly point less to seed 
c u m u l u s c l o u d s that fo rm in 
c l ean air f rom over the sea. 
C l o u d s o f this type, m o v i n g 
in f rom the south-west 
beh ind c o l d fronts, p r o d u c e 
showery rain over the coastal 
belt o f southern Austral ia. 
Evident ly the mul t ip l ica t ion 
p rocess makes t h e m perfectly 
capable o f p r o d u c i n g rain 
wi thou t h u m a n intervent ion. 

M u c h better candidates for 
seed ing are c l o u d s that fo rm 
in air that has spent a l o n g 
t ime over land. T h e n u m b e r s 
o f i c e crystals found in t h e m 
c o r r e s p o n d m u c h m o r e 
c l o s e l y to the number s that 
the early c l o u d - c h a m b e r 
exper iments led the 
scientists to expec t , 
ind ica t ing that little crystal 
mul t ip l i ca t ion takes p lace . 

O n e reason for this 
appears to be that the greater 
n u m b e r o f particles in the air 
over land increases the 
concen t ra t ion and reduces 
the size o f water droplets in 
c l o u d s . Apparent ly the 
droplets are general ly t o o 
smal l to sustain the 
spl inter ing p rocess that 
mul t ip l ies i ce crystals in 

mar i t ime c u m u l u s c l o u d s . 
I f a c l o u d is c o m p o s e d o f 

layers, seed ing it can be 
effective even i f it has 
travelled over the sea. 
Rain-makers have had 
cons ide rab le success wi th 
mar i t ime layered (stratiform) 
c l o u d s over T a s m a n i a . 
Whatever i c e mul t ip l ica t ion 
o c c u r s in t h e m is apparently 
often insufficient to p r o d u c e 
the m a x i m u m n u m b e r o f 
crystals able to g r o w to 
b e c o m e raindrops. 

W h e n a low-pressure ce l l 
fo rms over north-western 
Austral ia and m o v e s 
south-east, a large band o f 
c l o u d some t imes extends 
right across the con t inen t , 
f rom nor th to south . T h e 
southern sec t ion is 
associated wi th a rain 
depress ion , or ' c l o s e d l o w ' 
(see the weather m a p and 
satellite p h o t o ) . A s it m o v e s 
east, it can depos i t rain over 
very large areas. 

T h e type o f c l o u d invo lved 
is bo th cont inenta l and 
layered, and appears to offer 
g o o d prospects for seeding . 
C l o s e d l o w s fo rming over 
the Southern O c e a n also 
may provide g o o d seed ing 
targets. In western Vic tor ia , 
w h e r e the c h a n c e s o f 
boos t i ng spring rainfall 
th rough c l o u d seed ing are 
n o w be ing assessed, c l o s e d 
l o w s o c c u r an average o f five 
t imes each spring and 
p r o d u c e 3 0 % o f the season ' s 
rainfall. T h e scientists 
be l ieve it may b e poss ib le to 

boos t precipi tat ion from the 

layered c l o u d s associa ted 

wi th them by u p to 5 0 % . 

T h e m e c h a n i s m o f i ce 
splinter p roduc t ion dur ing 
r iming . S. C . M o s s o p . 
Geophysical Research 
Letters, 1980 , 7 ( in press) . 

'Resea rch Act ivi t ies . ' C S I R O 

D i v i s i o n o f C l o u d Phys ics . 

( C S I R O : Sydney 1979.) 

The fibrous appearance of the small cumulus cloud 
suggests that the multiplication process has produced a 
high concentration of ice crystals. 
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