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Is Artificial Rainmaking a

Solution to Drought?
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rise. Il air containing water
vapour is forced to rise in the
atmosphere as a result of
convection, orographic uplift

associated with cyclonic
storms, it will expand and the
temperature of the air will
therefore fall and eventually
may fall to the point where the
water vapour contained in it fs
suficient to saturate the air.
Condensation of the walter

and consequently cloud will
form. Unsaturated air can be
brought to saturation either by
adding water vapour or by
cooling the air.

The condensation of water
vapour in the at here al-
ways occurs on small particles
called condensation nuclei
which exist in air in varying
concentrations. These parti-

which the water vapour may
rapidly condense. Larger parti-
cles are more efficient in this

t than the smaller ones
and under the same environ-
mental conditions those parti-
cles that are soluble in walter
produce larger droplets than
do insoluble particles. Over
land, there are about 1000-
100,000 particles in every cu-
bic centimeter of air and over
ocean, Lheir numbers vary
from 100-1000 cc. Their

vary from 10" em to 10

cm in radius.

If the atmosphere were en-
tirely free of foreign particles
and jons [condensation nu-
clei), air would have become
supersaturated by a factor of
seven (7) without being con-
densed. However, because of
the presence of condensation
of nuclei, water vapour may
condense when the air is very
slightly supersaturated or even
slightly undersaturated. A
droplet of radius one ttnu'luf
Wonth of a centimetre (10
cm) requires a supersaturation
of 223% to persist while
drqgkts of radius greater than
10 © cm require supersatura-
tion of less than 1%. There are
far more particles in the air
than are needed as condensa-
tion nuclet in clouds and as a
result condensation always
occurs on the larger particles.

A cloud which fs not pro-
ducing rain contains about 100
droplets in every cubic cen-
timetre and the average radtus
of these droplets is 10 mi-
crons. But the rain producing
cloud consists of drops that
are one millimetre in radius
that is one thousand microns.
In order that these droplets
develop into some of the rain
drops, they must increase in
radfus by one hundred times
which correspond to an in-
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crystals.
process of lce formation
whether by freezing of liguid
drops or condensation of
vapour directly into ice crys-
tals, also requires nucleation.
The nuclei of ice formation
whether in the Iﬂuld or from
the vapour consid-
erably below 0°C. For waler to
freeze, molecules in the Nquid
state, which exist to a large
degree in random positions,
must align themselves into
definite crystallographic
positions appropriate to the
ice lattice. Thus clouds form
ordinarfly first as liquid dmgps
even at tempetatures of -15°C
or lower. When the
temperature is sufficiently low,
fce crystals occur and once
they are present in suflictent

concentrations the entire
cloud tends to be transformed
inte ice crystals. The
equilibrium vapour pressure
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However, critical values of the

pressure difference between
water drops and the environ-
ment. For examplg, at a tem-
perature of -107C, this is

so the ice crystals take up by
condensatinn a0 much mols-

ture that the droplets start o
evaporate. Consequently, they
begin soon to fall faster than
the remaining cloud droplets
and begin to collect these all
the way taking advantage of the
Vapour ure difference.
The latler process may ini-
tiate the former and the two
acting together can readily

in inflluencing
amount of precipitation

the atmospheric
patierns which determines the
amount of moisture being led
into the system and control
the cloud forming processes is
so large that it is not economi-
cally to introduce simi-
lar amounts of energy to alier
them artificially,. However,
there appear to be circum-
stances when small amounts of
energy applied at the right
time and place may produce
the desi result.

In 1948 Vincen! Scharefer
afl Oepesn] Flactre Campany
while working with clouds in a
food freezer dry ice created
scveral milllons of ice crystal
embryos (ice nucief] in A pu
percooled cloud of -40°C
Schaefer made the first ficld
trial on 13 November 1946
when 3lb ol crusted dry ice
was dropped along a line of 3

Bangladesh is facing

a terrible drought situation currently and drought is quite a
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artificial rainmaking goes back to 1946 when Vincent Schaefer of USA discovered

the general principles. During the last 40 years

cloud

activities have stirred

-seeding
the imagination of scientists all over the world. If this could be carried out in an
openﬂonulmm.mn]ﬂndmuldhmmhodthepobhnuddmﬁt which
threatens many parts of the globe with famine.

over fce is less than that of
liquid wpler at temperature
below 0 C and consequently
ice cryslals can grow in an air
unsaturated with respect to
1 water. For exampile at -
20°°C, ice crystals grow il the
ty exceeds 82%, at

that condensation to a
size which is somewhat

than the average will f{all
thro a cloud with s s
greater than those of the

E

at any significant rate.
t has been found that this
critical size is about 20 micron
in radfus. Rain from clouds

from the condensation nuclei
and critical size, electric fields
and clectric charges also have
influence on coalescence,

river which few people

have ever seen may

become a strong influ-
ence on whether the French-
speaking province of Quebec
and its seven million people
split from the rest of Canada.

The Great Whale River runs
into Hudson Bay about 1,200
kilometres north of Montreal,
the provincial capital. It is part
of several river systems that
have long been the hunting
and ﬂ.hl"tomnd' of Cree
indians w number some
10,000 in this area.

It is also the site of a hydro-
electric project that the
Quebec Premier, Robert
Bourassa, has called "the pro-
ject of the century” — a three-
stage plan he initiated during
his first term as premier in
the early Seventies.

If completed, an area of

land the size of will
be affected by the diversion of
19 rivers, the of more
than 200 dams and and
the construction of 23 hydro-
electric power stations. The

plan is to sell electricity to the
United States.

The Cree people are’ de-
termined to stop it ac-
cepied construction of the
first after the courts
awarded them Can$250 mil-
lion. But they have since sufl-
fered 2 series of fll-eflects and
say that no amount of
compensation will win
support for the two later
stages, one on the Creat Whale
River, the other on the Not-

taway, Rupert and Broadback
rivers.

lead to the formation of rain in
subfreezing clouds. In clouds
wﬁh temperature greater than
0°C, process one could be
alone the activating process.
The fact that supercooled
clouds are a common occur-
re al temperatures above -
20 °C with the implication that
ice forming nuclei are defi-
cient in the atmosphere, the
lity arose that supply of
artificial nuclei could induce
artificial rain.

Artificial rain
making

Attempts to increasc rain by
lighting of fires, the I‘Irlnﬁc:f
cannons, production of elec-
tric discharges by kites, fi
of guns and rockets, ringing o
church bells and by prayer
have long been practised by
man from time immemorial.
However, in recent times,
methods are being practised
based on physical processes of
rain formation such as the fact
that suitable cloud may be
made to release their precipi-
tation by introducing artificial
nuclei. The possibility of ex-
tending this technique to pro-
duce economically increases of
rainfall has created a good deal
of interest and lot of contro-
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periments are
main assumptions:

i) That either the presence
of ice crystals in a supercooled
cloud is to release
snow and rain by Bergeron-
Findesen process or the pres-
ence of comparatively large
water droplets to initiate the

collision and coalescence pro-
cess.

miles into an altocumulus deck
ﬂ'ﬂﬂ: te ature was aboul
20°C an E; an aircrall. This
and similar other experiments
demonstrated that large arcas
of supercooled stratiflorm
cloud were converied into lce
cloud by seeding. Shortly alter
wards Bernard Vonnegut found
that silver iodide was also an,
effective nucleatipg agent with
a threshold of -4 'C. One gram
of rgw:r fodide can produce
10 number of nuclet by
vapourizing an acetone solution
ol silver fodide in a hot flame.
Then started the history of ar-
tificial rain making experi-
ments. Dry ice has to be used
for seeding from acroplancs
and hence it is very costly. On
the other hand, stlver iodide
could be sprayed from the
ground by using silver jodide
generators. However, silver fo-
dide particles are subject 1o
photolytic action in sunlight
and its efficiency is reduced to
onc tenth after half an hour of
exposure. Silver jodide has ar-
ts of molecules simi-

lar to that of ice in at least one °

crystallographic plane and
hence it serves as ice nucleus.

Evaluation of seeding
ts

It has been established that
artificial seeding of certain
types of clouds can meodify
their structure and in.some
cases can initiate and increase
precipitation. The primary goal
in seeding experiments is to
demonstrate that an increase
in precipitation has taken
place as a result of the sceding

over the arca under investiga-
tion. This must be done using

standard statistical techniques
for demonstration
of success. In most of the early
experiments and operations by
commercial firms rigorous
standards of statistical
were nol maintained. As a re-
sult, even though therc was
demonstration of positive indi-
cation of increase of rain as a
result of these ¢ ments
and operations, a definite
statement could not be made.
One of the difficulties which
contribute to this uncertafmty
is that the quantity of -
tation is governed not only
the microphysics of individual
clouds but also by the dynamic
involved in the large
scale circulations. Question
whether the observed change
was the direct and immediate
consequence of the treatment
or would have occurred with-
out it is diMicult to answer, be
cause the latlier quantity can-
not be known, Hence it is nec-
te turn lo statistical

E:.xduu to evaluaie the ef-

The estimation of precipi
tation which would have fallen
in the absence ol sceding in
much harder than measur
the amount which did fall
Because of the large variability
of the amounts of precipitation
from year to year, climatologi-
cal normals lor comparisvnes
cannot be used. Target-control
arca regression is one of the
predictive devices used for
this purposec. In this procedure
an area necar the target and
olherwise resembling Il as
much as possibie in sclected
for comparison. It is assumed
that natural variation of pre
scription at the control area
are closcly similar to those at
the target area, so that the
amount which would have
fallen at the target in the ab-
sence of seeding can be esti-
mated from the precipilation
which fell at the control area
during the period of sceding
It is further assumed that
secding does not spread into
the control arca to contami
nate 1t

Since the discovery of
seeding effect, numerous cloud
sceding experiments have
been carried out over the last
four decades in different parts
of the globe with a view to in-
crease rainfall by seceding
clouds with soltd ice or sfiver
jodide. But with the exception
of Israel experiment, there is
little convincing evidence that
seeding clouds with artificial
nuclet induce economically
significant increascs in pre-
cipitation that can be distin-
guished from natural variation
of rainfall However, in recent
years, a number of long-term
national experiments have
been conducted based on sta-
tistical designs incorporating
randomization between target
and control areas and seeded
and unseeded periods under
the supervision of reputably
scientists experienced in the
field of cloud physics and
cloud seeding. In some cases a
consistent decrease of rainfall
has been noticed as a result of
seeding. However, cloud seed-
ing activities have stirred the
imagination of scientists all the
world over and a great deal of

rogress has been made in

P
cloud physics.

(The writer is, director,
Bangladesh Space Research
and Remote Sensing

Organisation (SPARSO)
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Village Guards Reduce
Poaching in Namibia

LIAS Hambo s a guict

man, a nt trave-

ller Damara-
land's soulful, desert land-
scape. He drives along wind-
swepl trafls, invisible to the
incxperienced eye. His black
hair has turned a fine shade of
dusty as a whirling cloud
of sand lollows his Landrover
ke a faithful shadow.

Mr Hambo is delivering
monthly rations to community
game guards living in some of
northern Namibia's remotest
areas. He has been sendor ficld
officer of a WWF Wide Fund lor
Nature in Damaraland
and Kao (together called
Kaokoveld) for nine . His
truck is laden with bags of
ground maize, flour, and sugar,
boxes of ica, bars of soap, and
bottles of cooking ofl. Four vil-
lagrrs sit in between
supplies son the back, hitching
a ride to a desert valley just
beyond.

Damaraland and Kaokoland
were created in the early
19608 as black homelands for
the Damara, Herero and Himba
peoples. The new territory was
carved out of existing tribal re-
scrves, white commercial
farms and land de-gazetied
[rom Etosha Natfonal Park.

For more than 1000 yis
proplc ll'llﬂﬂuﬂlhrm‘h

their ivestock and wildlife, in-
cluding the desert eclephant
(Loxodania African) and black
rhino [Diceros bicornis bicor-
nis) However ncw farming
practices and a poiit
ical climate began o urb
this peaceful co-existence.
Military conflict alse con
tributed to instability and a
proliferation of guns iIn
Kaokoland .

By the 1970s, the hunt for
rhino horn and ivory began in
carncst. With poverty in the
homelands, horn traders found
people to track down northern
Namibia s black rhinos
which are specially adapted to
the desert

“In the olden days, my
people only hunted kudu,
E’mabnk. springbok and zebra

food,” Mr Hambo recounts.
“The people didn't hunt ele-

phant or rhino because they
weren't eaten. That type of
hunting came with the while
Eoplt. who wanted horn and

rought money. ammunition
and rifles.”

By the early 1980s, rhino
and elephant poaching became
so rampant that caycasses dot-
ting the desert landscape be-
came almost a dafly sight. The
elephant population fell from
over 1,000 to 250, and the
rhino population decreased
from an estimated 250 in
1970, to 60.

It became cbvious that gov-
ernment anti-poaching units
were not enough to solve the
problem. Local people had to
somchow become involved in
stooping the poaching.

Al the time, Mr Hambo was

by Sandra Mbanefo

working in Etosha National
Park with a conservator called
h Owen-Smith. In 1983,

thetr jobs and with

and .ater WWF, Mr Owen-
Smith set up a community-
based conservation project
After months of village meet-
ings — with Mr Hambo acting
as (nterpreter and project
spokes — local com-
munities decided to join the
conscrvation effort by appoint-

®

Damarsiand and Ksokolend (Xackoveld) northern Namibis

ing their own game guards.
Most of the guard chosen
were ex-hunters, known for
their skill in animals.
and re-

vide a mec

gopll: to share responsibility
the wildlife in Ltheir area.
Being expert Lrackers, they

could follow weeks-old spoor.

Iin many case, hers were
apprehended a time alter
poaching incidents, simply by
tlrp:-:' ' skilful irack-

ing. From 1983 to 1984 fllegal
hunting virtually came o a
stoop in all the areas where
there were game guards.

“Western conservation poli-
cies failed because they ad-
dressed wildlife without inte-
grating the people of Alfrica in
the conservation movement,”
Mr Owen-Smith says. "Any
management plan must be
drawn up together with the lo-
cal people.”

As a direct result of com-

their wildlife monitering re-

portis.

Indians

Because of I, mer-
cury poisoning has become a
serious problem. Trees

drowned in the huge reser:
voirs created by four dams on
La Grande River have produced
bacteria that leach the mer-
cury out of the rocks and into
the food chain. Today the Cree
cannot eat the fish in the river,
and in villages at its junction
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with James Bay as many as one
third of the people have high
levels of mercury in their bod-
jes.
As well, the dams have al-
tered the seasonal flow of
rivers, endangering the
movement of life. In 1984
about 5,000 caribou on their

annual migration drowned be-
cause hydro officials upstream

The grand plan

Clyde Sanger writes from Ottawa

had let the Caniapiscau river
rise to abnormal levels.

Robert Bourassa may regrel
these environmental Problems,
but more important .are the
enormous economic benefits
he seces flowing from the
James Bay project. The first
stage now produces more than
10,000 megawatts of power
and  during the peak of con-

struction in 1978 provided
jobs for 18,000 Quebeckers.
Alter these jobs were gone,
several aluminium plants and
other factories were set up
using the new hydro power.

‘* For Quebec nationalists, Hydro

Quebec symbolises their politi-
cal and economic power, is a
tribute to their engineering
skills and proof that English-
speaking businessmen no

longer run the Quebec econ-

For Robert Bourassa, an
economist by training, the
James Bay project seems lo
have become an obsession.
After nine years out of office he
became premier again in
19856 by promising to cut
unemployment. The James Bay
Il complex on the Great Whale
was Bourassa's means of
"putting Quebec back to work”".

He had just written a book
called Power from the North
explaining in detail how the
United States was running out
of coal and would buy ns
of dollars worth of Quebec's
hydro power,

The figures involved are
sky-high. James Bay |, origi-
I'I{b" ifmj-cud to cost $3.5
billion, eventually jumped to

$14 billlon. James Bay Il Is
costed officially at $12.7
billion, but may well rise to
$20 billion. Earlier this year

Block Quebec’s atr;iotic Project

deals he believed he had made
with Vermont and New York
states amounted to $25 billion
to supply 1,450 megawatts of
power until the year 2022.
This time though, the Cree
took their own initiatives carly.
With Inuit (Eskimo) compan-
ions, they paddled canoes
down to New York in April
1990 to dramatise their

ricade at a small airport and

chased away with goose-calls
ro

up to hold hearings into the
Great Whale project.

These moves have had a
sharp effect. American envi-

ronmental bodies, notably the

National Audobon Society, have
backed the Crees' stand argu-

The James Bay hydro-electric project in northern
Canada is said to be a critical investment for the
prowineedebec.whmtnﬂmhemﬁonhnﬁﬂ
on the boil. It is a matter of economic independence
and pride for Quebeckers, but for Cree Indians who
hunt and fish in the area, it has meant disaster.
They are fighting the construction of the project’s
second phase and, reports Gemini News Service,
they have gained the support of many Americans
who were supposed to buy the electricity.

protests.

This month a Cree dclega-
tion is in Geneva, telling the
UN Werking Group on
| Populations that if
Que declares ftsell inde-
pendent of Canada, the Cree of
James will declare their
own Independence [rom

. in effect chimln" the
whole northern hall of the
province.

A month earlier, 100 un-
armed Cree had formed a bar-

ing that their lands are the
northern equivalent of tropical
rainforests and an irreplace-
able sanctuary of wildlife.

This month American
politicians including New York
mayor David Dinkins, have
voiced concern about the hy-
dro deal with Bourassa 'and

ject. The natives blocked rati-
fication of the Meech Lake

Apmrd.Hmrll'nthhwbh:kl

Great Whale?"

Last summer a native
Canadian blocked the passage
of the Meech Lake Accord, a
constitutional agreement be-
tween and the rest of
Canada, because it did not ac-

The federal government has
tiptoed around the issue. Last
month Environment Minister
Jean Charest announced it
would do a full social and eco-
nomic study of the impact ol
the Great Whale t, last-




