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SCIENCE 

THE DROUGHT-RIDDEN 
southwestern U.S . of my childhood 
was the happy hunting ground of 
the Rainmakers. In their brightly· 
painted wagons, filled with bits and 
pieces o f impressive-look i ng 
laboratory equipment and an ample 
supply of phosphorescent rockets to 
provide asto unding fireworks dis· 
plays, these men (and occasionally 
women) roamed the arid states . 
Th~y promis~d the drought-stricken 
farm~rs in Texas, Kansas a nd 
Oklah o ma that they could bring 
rai n to their parched field; .. . for a 

. price . 
Th e Rainmakers were cun ning 

enough to operate only when there 
11 crc clo uds in the sk y. If, aft e r their 
inca nta1 10 ns anJ a pplic atio ns, there 
wa> rJt n, the farmer felt himse lf 
ampl y r<11arded . If there was only a 
lillie ra in , he was told that without 
the Rain maker, e ve n that bit would 
not have fallen . In the many cases 
when there was no rain at all, the 
R ain maker would promis e a 

I 
1 
1 special, ·renewed effort the next day -without charge. He usually 

deca mped that night, taking the 
money he had collected with him . 

. Jews, on the other hand , have 

always prayed for rain when their ·. The Post's D'VORA BEN SHAUL meets 
fields cried out forparched 

I. moisture , for, after all, that was one · 
of the basic promises of the 
Almighty: "I will send you the rainsi in their seasons ... " 

1 And the first Rishon Lezion­
1 Sephardi c hief rabbi - the late 
\ Rabbi A v r aha m Gag in of · 

Jeru sa lem, certainly knew all the

I tr adi tion al praye rs for rain. 
One wonders just' what the first 

I 
Rishon Lezion would think about his 
grandson and namesake , Prof. 
Avraham Gagin .of the Hebrew 
University's Department of 
Mete oro logy . For Gagin is today 
not only Israel 's number one rain­
maker, but also the man responsible 
for the fact that this country is con­
'idered the most successful in the 
world in in c re asi ng its annual level 
of prec ipitation . · 

Toge th e r with Yehuda Neumann 
and Re uve n Gavriel, who is now at 
the University o f Rochester in the 
U .S., Gagtn has succeea ed in 
produ ci ng an an nu al rainfall in­
crease of approximately 15 per cent 

•over target areas. This f1gure, 
ca refully checked by meteorologists 

I an d statisti.cians around the world, 
• has been maintained since 1961. 

Why has Israel succeeded when 
so many other countries, some with I vastl y greater budgetary resources, 

l 
have failed ? 

: Gagin says that it's a matter of 
i knowing just which clouds to seed. 

" We don 't make rain," he says, "we 
simply encourage the rain­

' producing cloud to let down more 
precipita tion than it ordinarily 
would have." 

Gagin explains that when a person 
looks at the sky and sees dark 

' clouds, he knows that there will 
probably be rain; when the clouds 
arc white, he knows there won't. 

'\"But of course," he remarks, "all 
clouds arc white ; it's a matter of 
density. When the clouds are thin, 
~hen the sun shines through them 
land they look white . When they arc 
~ense, . they appear dark, a silhouct­
te against the lighted sky .' ' 
\ Israeli meteorologists, financed 

Mekorot , the national water 
thority, ha ve learned that the 
hnique of cloud seeding, the in-
lion of a fine powder of silver ~ ide into a cloud, works best 

when the cloud is dense, with a 
mperature of -S to -tSYo Cen­

f
radc at the top of the cloud. At 

esc temperatures a crystal of ice 
rms around each particle of silver , 

. them off." 
The scco~d sysiem involves · Professor' Gagln 

seeding clouds · from light aircraft 
which carry generators under their 
wings. These planes, Gagin says, ny 
b~c k and forth along a pre­
determined line when the cloud for­
mations arc auspicious and con­
tinuously spray a fine mist of silver 
iod ide particles into the clouds. 

According to Gagin, ~the 
reasons why Israel has succeeded, 
w"[illc the U.S. has hot tl! tllat Israc:l 
depends on a srstcm or stored water 
ailll the trngahon of fields during 
the dry season. In the tT.S., 
agricUlture anticipates year-round 
rainfall, and consequently attempts 
to combat drought by seeding sum- · peers. 
mer clouds arc singularly unsuccess­
ful. American agriculture iJ simply BUT IF the rainmakers and the 
not geared to the wide-scale irriga- government arc pleased with the 
tion of fields and crops. results, the dveragc citizen, struggl-

During the first Israeli expcti- ing with tc~king roofs, cars that 
mcnts, From 1961 to 1961t the ac- won ' t start, laundry that hasn't 
hvtftes ol the rammakers were a dried in a week and all the other in­
carclully guarded sccrc!. No one conveniences that accompany 
knew how the netgh6ouring Arab prolonged rainfall, is dtcn tempted 
s!a!es would react !o at!cmpts to to wonder if "enough isn't enough." 
tamper wltll the natural coum of . Perhaps th is would be the case 
ttriugs. Iii fact, no one could even 'were it not for the.fa~t th.at (lrael's 
say for sure whether more rain in ' :water reserves arc not only )j)W'"it 
lsr~ mean css In ordan , • tncmoment, but have reached what 
Syna an 1m! . , , , . , ·could be termed crisis lcvcb. 

'Oii"cc the , stat iJtics ' Jroin ,. thcse ·. ·) ,lsracldependSontwoaourcesfor 
ide; and each icc crystal is an 
bryonic raindrop. At · 

Avraham Gagin, the man responsible for Israel;s 
· 

international SUCCeSS in inducing precipitation. 
I 

--------------.,...-------------­
temperatures of S to 1Yo Centigrade Middle Eastern states had been 
these drops fall as rain, at colder analysed by the University of 
temperatures, as sleet or snow. Colorado, it became Clear that 

Using this tec hnique they . have ~clouds which manue~ to 
been able to turn clouds that were drift ac ross the political boundaries 
potentially low rain producers into had r~sultcd tn an average increase 
high precipitat'ors, and have of ·rainfall of some 20 per cent in 
managed to get rain out of clouds regions downwtnd from Is rael ' s 
that otherwise would have probably seedtng areas. Although it was hard-
produced nothing at all. l}'l!li'SsT!iie to send a rain cloud 

la belled "courtesy of the gove rn ­
CLOUD SEEDING is carried out ment of Israel," the neighbouring 
by two · basic methods in Israel, · states were not ·displeased wilh the 
Gagin explains . results. 

The first is the system of silver 
iodide generators, located all over 
Israel. The generators , called 
tanourim, or stoves, look something 
like a smoke-stack or cannon at­
ta c hed to a large pressure cooker. 
Fi lled with silver iod ide and 
ace tone, they are ignited internally 
and throw a mist of silver iodide 
particles into the sky . Many a radio 
liste ner has been mystified to hear a 
news broadcast end with instruc­
ti o ns to " light the stoves.. . or turn 

•. 
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t of its water supply: the.J!"jn: 
t and the underground water 

that IS pumped up from below the 
surface through artesian wells . Both 
of these resources a rc 10 a state of 
severe depletioll:, even after the un­
usu a lly heavy rains th at have fallen 
this year, the Kinneret is still at jts 
lowest level m :Zo years. The un ­
dcrgrOUnd re serves arc not fiftng 
a ny better. In so me areas of the 
Negev and the Arava, acacia tree s 
have died because the water table 
has fallen to a level whe re the ir 
deep roo ts no longer can find the 
ne cessa ry moisture . 
· No r is it a t all cert ain th at !.!J.i1_ 

wintu's rains, whi ch certain! have 
mto t e e. ave 

m"-~....!.!:c:;.=~~::_,"'c u -' er roundth '-"-nd~-
r~s~ The ~ll..!!..if.;.u. those 
delicate und erg round channels and 
caverns where water accumulates, 
arc not like a kitchen pot th a t can 
be emptied and refilled at will. 
Every emptying of these aquifers 
elluses them to dry out, anCI as a 
result thctr fragile walls can crum­
ble. I hts , tn !urn, leadS to blockage 
of illc smooth underground now of 
water and to limited storage 
capacity . It can also close certain 
channels to the entry of fresh water, .. 

ped, and the increased buoyancy 
re sults in greater precipitation . Th is 
is expressed well in the Laporte 
anomaly. Laporte, Illino is, near 
C hicago , has an incre ase d rainfall 
due to its steel indu stry . 

Th e bad news is the effect of pol­
luti o n on rain cl o uds. Clo uds that 
form over a rel a tively clean sea. 
such as th o se th at fo rm in the South 
Pacific and re ac h Hawai i, have as 
few as 50 pa rt ic le s of so lid ma tter 
per squ a re inc h. The se part ick • 
fo rm nu c lei fur large raind ro r • 
Sinc e they a re fe" , a great de al .r 
\\ .itc: r a tt ach;::, to t:J.ch <mh r~or11 .: 

r at~ d rop . 
Cluu d> tha t form 0\ er land mas·. 

st!s whl!rt! lri c: rc 1~ :.t large: a mo unt ul 
du st. ho \1<\< r. ma ' ha ve as ma n\ a> 
I , parttc es ers uarc inch . Tim 
is t ~ case with clouds in e Mcduer· 
ra nean regi o n . I hcse parttcle> 
are so numerous th at the amo unt of 
water a tt aching to them is limited , 
and the y therefore often fail to let 
dow n their load - tt lUSt lSD '1 heavy 
enou h. Pollution, especi a lly when 
clouds pass over industrial com· 
ple xes, adds further qua ntities of 
pa rticulate and gaseous matter to 
the atmosphere, and further in­
creases the number of pa rt icl es 

making the water that does ..coll~c\ t around which water can collect. In 
there become ialty, turning ,a once:· this case, man y clouds have so man y 
productive well into one .. whose , 1 particles that they never get heavy 
water is unusable . . enough to let down precipitation 

Given this situation, it is obvious unless they are assisted by the rain­
that there can be no such thing as makers . 
too much rainfall . Even when one 
considers the costs ofnood damage, IT ISN'T ONLY Israel that may 
fewer tourists, disrupted electricity benefit from the studies conducted 
and telephone services and lost by Gagin, his co-workers, and 
work days , the fact remains that all Mckorot. Recently, a delegation of 
the11c factors arc tra nsient _ but lead ing meteorologists and water 
water, or the lack of it, is a penna- conservationists from South Africa 
nent concern . came to Jerusalem for the express 

Another line of argument is that purpose of lcarnin .g fro m the ex ­
increase d rainfall means tampering pcrts here . 
with nat ural forces, and that one The So uth Africans knew exa ctl y 
should leave nature alone. There is -. why_ !hey . ~~o· e.rc .. lu:rc_ There's . a 
certainly a lot to be said for this . desert in Africa tha t is on the 
point · of view, and it would un- march . II is growing eastwards at a 
doubtedly be valid if we did indeed rate of some · 75 to 100 kilometres a 
live in a natural environment. year, a nd it is getting wider, in some 

a reas, at an annual rate of 50 
BUT IN ORDER io get back· to a kilometres or more . This has been 
situation where everything is the happening, without let -up, for some 
way nature intended it, one would 12 years already, although the fac ­
·have to go back many thousands of tors that triggered it off started as 
years. There are a large l!l!Jilh.e.r of n:a ny as 20 yea rs ago . 
man-made facto rSiiliCjj'i!y...aLwork In addition to this , the rains in the 
whtch ult1matel~ influence the southern part of the Afri can conti­
amount Of ramfal1n a gjveo area. nent have always been cyclic, and 

One or the most important of drought, real drought, is no 
these, Gagiri mentions, is defore1ta- • stra nger to the veld. This fact, as a 
tion and devegetation. This• : new and predic table drought period 
phenomenon has . been going.. on " approacpcs, coupled with the ex­
almost as long as human civiliza­ pa nding desert to the north of the 
tion, due to overgrazing on the one Republic of South Afri ca, is ample 
hand and the deforestation of land, cause for worry . The experts were 
in order to prepare fields for here io look for wa ys of increasing 
c ultivation, on the other. rainfall throughout the area. 

The meteorologist says that it is Another project whi c h Israel has 
not enough to assume that a tropical been as ked to aid is the AsSidcv 
region exists, with il3 vast areas of development area in Peru . orne 
vegetation, just because there's so 60,000 sq uare kilometrcSoi'land, at 
much rain . As it happens, there ' s ~ high altitude , is dependent on 
also a lot of rain because of the ex­ water from the Andes mountains for 
isting vegetation. The large amounts irrigation . The Israeli company, 
of carbon dioxide emitted by the Agridev, which is developing the 
vegeta tion increase the amount of area, plans to bring some 500 Peru­
solar rays absorbed and result in the via n settlers there this year. The 
increased ability of water to reach a rea is, at the moment, undergoi ng 
the layers where clouds are formed . a severe drought , and Gagin says 
Denuded areas have little mo ist ure that Israeli meteorologists have 
to offer and not enough carbon been asked to come at once to ice 
dioxide to enhance .the process. what can be done to in c rease ra in­
Satellite photographs show that fall. 
overgrazed and denuded areas have Basic research done here on 
a totally different renectivity from clouds in the Mediterranean ca n 
areas where even , desert foil age also serve as guidelinu for all the 
a bo unds . states in the Med iterranean basin, if 

A second factor is the existence they develop the technology to 
of cities and industrial complexes. i mplement the knowledge . 
Here is the classic example of "both Whether or not one feel> good 
good news and bad news ." The about wet feet and drippy awnings, 
good news, says Gagin; is that cities one thing is sure : in Israel, everyone 
act very much like mountains. They may still be talking about the 
generate heat, the clouds coming . weather, but there's also someone 
over them arc lifted and then dr~p- who is doing something about it . 
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