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CHAPTERI: CYCLE OF WATER

A.T.INAM



N
-

CHAPTER ONE

'CYCLE OF WATER'

Allah The Almighty reveals in Qoran that all the living creatures

on earth are created from water:
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This Qoranic Verse clearly indicates that 'Water' is base of life.

Qoran also reveals the 'Uniqueness' of water; as pAllah The Al-

Mighty knows the movements of water: i) when water goes up into

the sky (gaseous form), ii) when water comes down on the earth

as rainy water (vapour cools down to liquid form) & iii) when water
goes into the earth (earth aﬁsorbs the rainy water and retains it
there in the form of 'ground water i.e. liquid form). Qoran also

reveals the existence of 'solid' form water i.e. 'ice'
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Qoran also reveals the existence of 'water cycle'. Actually, cycle
of water is a means of transport of water from big reservoirs on
earth, like oceans & seas to the distant places of earth. During
the process of transportation, the water is cleaned and purified.
This free gift to the mankind from The Almighty Allah is a 'boon',
otherwise, it is beyond the human capacity to arrange door to door

supply of pure, fresh apd soft water free of cost.
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The above holy Qoranic Verse also indicate the phases of cycle of
water existing in the atmosphere. The water from main reservoirs
on earth, like: oceans & seas changes to vapour, as and when Allah
The Almighty blows hot air. This hot air converts the liquid water

into vapour i.e. gaseous form:
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Being lighter, the vapour is taken up to wards the sky against
the gravity, where vapour takes the shape of cloud. The cloud is
scattered into the different quarters of sky, when Allah The Al-

Mighty:blows the air current:
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This is the time when people hopes for rain. But there is no surety*
since Allah The Almighty says in Qoran that no one knows exactly,
when the rain will take place, till Allah The Almighty blows a

. special current of air, heralding the good news of rain-fall:
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This way vapourised water cools down and water drops fall on the
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earth. This way the 'cycle of water' completes by raining and
quenching the thirst of dry & dead earth and heralding the good news

of life to the living creatures on earth.
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Thus water rained takes the forms of streams, ground waters and

lastly flows back to seas; the biggest water reservoir on earth.
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sub chapter i

Unigueness of Vdeat:ealfz

Water is most important and an unique creation of Almighty Allah:
1) PURE §&§ PURIFIER: Allah The Almighty says in Qoran that water
is pure itself and is capable to purify the things. Therefore,

generally used in 'washing' & 'bathing’:
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The Modern Science too, recognizes water as an 'International

Solvent', since it has got the'capacity to dissolve the solute

like dust particles etc. in it and thus cleanse the things.

2) QUENCHING THIRST: Water is unique and required to quench the

thirst, constitute a part of foods: . Z
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Modern Science says that 80% of the humans body's content is
water, therefore, human takes water with food and separately,
-as well.

3) -BASE OF LIFE: Life is made from water; as Qoran says:
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Modern Science also says that ‘water is base of life'.

4) CLOQD: The liguid water changes to vapour. Vapour being lighter

goes up against the gravity and forms 'cloud' above in the sky.



Current of air plays an important role in up-lifing and scatter-

1ng the cloud in the atmosphere . .
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5) Ice (Solid): Water also exists in the form of solid i.e. 'Ice':
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Modern Science also observes that water is only substance that
exists in all the three states of matter i.e. vapour, liquid and

solid forms, on earth and this is the 'uniqueness' of water.

Now, let me discuss scientifically that what are the other factors
that make water uniue and wonderful:
1) Water is found in solid, liquid and gaseous states at the same

time on earth at different tempratures.

2) 'Latent Heat of Fusion' and 'Latent Heat of Vaporisation' of

water is unusually high.

.. * . . . .
3) 'Specific Heat' of water is highest among all commonly found

substances.

All the above 'Thermal' properties of water have important impli-

cations on weather and climate.

*Amount of heat required to raise the temprature of 1 gram of substance

by 1 Celcius, is termed as 'specific heat'.



4) Unique Molecular Structure of Water. Apart from water's unique

thermal properties. 1ts Molecular Structure is also unique.

Water is made of two Hydrogen Atoms and one Oxygen atom. These
atqmslare bonded together by sharing 'electrons'. Each Hydrogen
atom share 'one’' electron with 'eight' electrons of Oxygen atom,
as shown below: .

Electronic Configuration of Water Molecule:

H + oL+ H —— =3 H—O-—-H
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The klectronic Configuration of Water Molecule indicates that

Oxygen atom has a stronger attraction for 'share electron' from
Hydrcegen atom than do the Hydrogen atoms. This sort of attraction
exists because, Hydrogen-Oxygen-Hydrogen atoms describe a '105'

degree angle: A 'charge separation’' develops within molecule; i.e.

a negatively charged Oxygen region and positively charged Hydrogen
region. A molecule that exhibits such a separation of positive

and negative charges is called dAi —polar.

Opposite charge attracts like a tiny magnet, therefore, the Di-

Polar moleculies of water remain linked rogether.
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DI-POLAR STRUCTURE OF WATER MOLECULE

FIGURE
The dipolar structure of the water molecule,

HYDROGEN BONDING:

The Negative Pole (0) of one molecule of water is attracted to
the Positive Pole (H) of another water molecule. This special
attractive ‘'force' among neighbouring water molecules is known

as 'Hvdrogen Bonding'.

A single water molecule forms Hydrogen Bonds in three directions,
because., each atom (H-0-H) of water molecule is. 'potential' site

for Bending.

Hydrogen Bonding inhibits changes in the 'Kinetic' activity of
individual water molecules, e.g. when heat is added to water., the
resulting increase in Kinetic Molecular Activity and corresponding
rise in the temprature; unsually small. That is why, water exhibits
anomalously high 'Specific Heat'. Therefore, abnormally greater

amount of heat is required to 'melt’' and 'boil' the water.

Due to stabilizing effect of Hydrogen Bonding, uyreat amount of
heat is required to change the phase of water. To change water
from 'solid’' phase to "liguid’ phase, 'heat energy' is required

to break the 'Hydrogen Bonds'.
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The relative strength of 'Hydrogen Bond' dictates an un-usual high
"Latent Heat of Fusion'* of water. All Hydrogen Bonds do not break
when water changes from 'Ice' to 'liquid’'. Many small ‘clusters’

cf bonded molecules persist into liquid phase.

Considering greatrer amount of heat is required for water to

vaporise (i.e. boiling), during this process all Hydrogen Bonds
k%

must break. For this reason, water's 'Latent Heat of Vaporization’

is considerably greater than i1ts 'Latent Heot of Fusion'*#®*,

in solid and liquid phases 'Di-polar Water Molecules' are linked
by Hydrogen Bonds. Hydrogen Bond; means 'water' is thermally more

stable than other substances.

*Heat released when water changes from 'liquid' state to 'solid'

state,  is known as 'The Latent Heat of Fusion' (80 cal/gm).

**Heat required to change the water phase from 'liquid' to 'Gas'
i.e. 'vapour’' (500 to 600 cal/gm - depending on temprature of
water). is known as 'Latent Heat of Vaporization'.

**%¥Heat required to change the water phase from 'Solid' to Liquid’

is known as 'Latent Heat of Melting' (80 cal/gm)

Please over to page # 28, regarding the Qoranic details of reservoirs

of water on earth.
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526355631?\/;>i_1?s; of wWwater on Earxrth:

Previously. I have discussed that water is unique and wonderful
substance that Almighty Allah has bestowed us on the earth. In this

" sub chapter, 1 view the possibility of water availability on the
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Allah The Almighty reveals in Qoran that He has created 'seas' the
biggest possible reservoirs on the earth:
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Apart from seas, Allah The Almlghty has also created 'streams’,

the natural source of water reservoirs on earth:
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Almighty Allah creates the other 'reservoirs', only when the rain
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In the above Qoranic Verse Allah The Almighty reveals that streams
are created from the water just rained and thus cycle of water

completes when the rainy water which was actually evaporised from

the reservoir, again reaches to the same.

~y .
There are ' /L“Tjﬁﬂ which Almighty Allah creates when rain falls:
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The following Qoranic Verse indiates that ground beneath the earth

1S also the source of water i.e. 'Under-ground Water Reservoir':
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Allah ’I’he Al mlghty reveals in Qoran that rainy water is sweet,
"soft and pure water. It may remain sweet and soft water and get
accumulated as a 'soft water reservoir' on the earth. On the other
hand Allah The Almighty may change this sweet, soft and pure water

into salty. hard and impure water:
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"River' is also a kind of water reservoir, which Allah The Almighty

creates on earth. The existence of River is also the result of
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Allah The-Almighty again describes in Qoran that the existence
of ‘'under-ground water reservoir' is also due to the water obtained
from rain fall. The earth is capable to absorb some part of rainy
water, which remains 'preserved' beneath the earth. Allah The Al-
Mighty may utilize this water during 'recycle’ process, as a result
rain falls and water flows in front of you:
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In this Qoranic Verse Allah The Almighty says that existence of
water reservoirs are: 1) in the ‘sky': i.e. in the form of 'cloud',
that is why it rains, ii) beneath the 'earth': in the liquid form,
which human obtains by digging the earth and utilises it, and
iii) in between the earth and sky; i.e. the 'vapours' which is
found in the air as its content, when ground water vaporises and
goes up in the sky to form cloud:
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Again Qoran reveals that Almighty Allah knows-the existence of
water on the earth, in the sky, suspended in between the earth
and sky and very deep beneath the earth. And Allah The Almighty

‘knows which is a secret and hidden from our eyes.
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0! non-believers, why do not you worship The Almiighty Allah, Who

brings out the hidden things* of skies and earth:
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Allah The Almighty creates 'streams' on earth when rain falls.
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*sSpecially the water through a genuine system i.e. 'cycle of

water'
**When Allah The Almighty instructs Hz Ayub a.s. to hit the earth-
with his leg & water erupted out of earth. ...Leo-?).;‘..{a\)...:f-*\é&,&-’ﬁl
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Now. let me view the scientific aspects regarding the possible

water reser-volirs on earth.

Within the atmosphere, water occurs in all the three phases;

a) water vapour, b) tiny ice crystals & c¢) water droplets as clpud.
The total amount of water within the atmosphere is very small,

and most of which is in the lower portion of the atmosphere i.e.
“’TOROSPHERE'. Water continually cycles into the atmosphere from
the reservoirs of water on the earth's surface, and water conti-
nually leaves the atﬁosphere and return to earth's surface as
‘rain',. ‘snow’ and other forms of 'precipitation'. On average,

the residence time of water molecules in the atmosphere is about

1 ]

ten' days. This cycle is called 'Hydrologic' cycle.

HYDROLOGIC CYCLE:

‘Ceaseless flow of water among the 'reservoirs', is called as

Hydrologic Cycle*,

The latest scientific investigations reveal that on the earth water
1s distributed among Ocean., Terrestrial and Atmospheric reservoirs,

as shown in the table:

" RESERVOIR % of Total Water on Earth
World Oceans 97.2 ' '
Ice Sheets & Glaciers 2.15
Ground Water 0.62
Lakes (fresh water) 00.009
Inlagd'seas,saline lakes 0v.008
Soil Water 00.005
Atmosphere 00.001
Rivers & Streams 00. 0001
Total 100.00

X (L2 =Y -22) (4205231 -27)
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Hydrologic Cycle ... continues ...

Water vaporises from sea and land to the atmosphere, where clouds
are formed. From cloﬁd water falls back in the forms of rain and
snow fall on the surface of earth. Thus, rainy water is supplied

to the rivers, which ultimately pours in to the sea.

All rivers run into sea, yet the sea never over-flows, because

the sea water evaporates to form cloud. This natural phenomenon

is actually the 'Hydrologic Cycle'
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thin the usual range of temprature & pressure on planet earth,
all the three phases of water co-exist naturally. That is; 'water

vaour' is in equilibrium with water's 'liquid' and ’'solid' phases.




At the interface between water and air, some water molecules escape
from water surface and enter the air as 'VAPOUR', while other water
molecules leave the vapour phase and return to water surface as

liquid.

Evaroration occurs if more water molecules enter the
air than return to liquid water, and Condensati on occurs
if more water molecules return to liquid water than enter to air of

atmosphere as wvapour.

Evaporat.ion occurs from all open bodies of water, as well as from
the wetted surface of plants and soil. But the direct evaporation
of ocean water is the principal source of water vapour in the
atmosphere. "TRANSPIRATION' is also a source of vapour when soil
water absorbed by plants through root is ultimately evaporated out

through. the stomata of leaves.

Sublimation: Water molecules can not escape to air from
"ijce' surface asthey escape from water surfnce, because in ice,
water molecules are more lightly bound. Thus sublimation occurs,
when more water enters the vapour phase than returns to ice and
~deposition of ice takes place when more water return to ice than

vaporises.

Clobal Water Budget: When investigated globally,
it was found that more water evaporates from sea to form cloud and
‘less rains 1.e. precipitates on sea. While less amount of water
evaporates from land to form cloud and more quantity precipitates

on land. Thus there is always gain of water on land.



GLOBAL WATER BUDGET...contd...

SOURCE VOLUME/m3 per vyear

Precipitation on sea 3.24x10
Evaporation from sea 3.60x10
Net [LOSS from sea -0.36x10
Precipitation on land 0.98x10
Evaporation from land 0.62x10
Net GAl& on land +0.36x10
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Water I262536317$/c>j.1?ss in Sky:

Allah The Almighty reveals in Qoran, the presence of water in the
form of vapour., which establishes 'cloud' in the sky. The following
Qoranic Verses favour the existence of water reservoirs in the

sky though temporarily in the form of cloud:
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sometimes, clouds appear in the sky, forecast the storm; destroys

lives & properties:
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Let me see the scientific view regarding the existence of water
reservolrs in the sky. Yes, as per Qoran, the water reservoirs in
the formz of 'cloud’ are hanging in the sky i.e. above the cretain

distance from the earth.

There are various types of cloud occupying different shapes and

positions in the sky.

%
TYPES OF CLOUD:

1) High Clouds

2) Middle Clouds
3) Low “louds

4) Vertical Clouds
5) Un-usual Clouds

1) High Clouds: Also called as 'Strateform' or layer cloud. The

bése of High cloud is at 6 km above the earth. Temprature is
below -25C° High Cloud almost contains 'lcy Crystals'. Types of

High‘Clouds:

&) Cirrus: Nearly transparent likejsilky strand - 'Mares tail'’

bj Qirrospratus: Nearly transparent like thin 'veil'. Moon &

sun shines through them.

c) Q(rrocumulus; Small, while and thick patches. Sun looks

through like 'frosted' glass.

d) Altocumqlus: 'Roll' like patches/puffs, that form a line

or wave with sharper 'edge. Presence of water is noticed.




2)

2)

3)

5)
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Mirddle Clouds: The base of Middle Cloud is at the altitude

between 2-6 km. Temprature is 0C to -25C° Middle Clouds contain

.Ice Crystals or Super Cool Water.

a) Altostratus: Uniformly grey or white & thick. Sun is thinly

visible like frosted glass (alto - high).

b) Alvocumulus: Already described under high cloud's 'd".

Low Clouds: The base of low cloud is from earth surface (Fog)
upto 2 Km. [lemprature is about -5C° It contains mostly water

drop-lets.

a) Stfatocumulus: Large, irreqular & puffs/rolls arranged in

levers.
b) Stratus: Uniform grey layer stretches from 'Horizon' to

'Horizon'. Only drizzles from stratus.

c) Nimbo-stratus: These are thicker & darker than stratus and

yvelld more rains.

Verplcal Clouds: As unsaturated air rise its temprature, so

the 'relative humidity' increases with continued ascent and
expansional 'cooling’'. The 'relative humidity' reaches upto
100% and this way 'cumulus' clouds are formed. The base of

these clouds are 1-2 km altitude.

a) Cumulus Congestus: Cawliflower appearance.

b) Cumulo Nimbus: Thunder storm clouds.

Un-usual Clouds: Mountain wave clouds are unusual clouds, formed

when a mountain range deflects the 'horizontal wind' into wave
like pattern. Clouds develop on the ’'wave-crest', where the

air flow 18 upward and expansional cooling takes place. Such
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cloud
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clouds are absent in the wave troughs where airflow is downward

and compressional warming occurs.
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Surface winds undergo horizontal divergence when blowing from a

o a smoolth surface, and horizontal convergence when blowing from

a smooth surface to a rough surface. Horizontal divergence air

cuases air to sink. and horizontal convergence of air causes air to

rise.
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Eiéai_rugs. Making:

Allah The Almiighty rains from the clouds suspended between earth
and sky, whenever, wherever and as much Allah The Almighty wishes.
As per (Qoran, 'rain’ is based on an important factor i.e. a special
air, blown by The Almighty Allah, heralding the good news of life

to the ijiving creatures on the earth.

In the fFollowing Qoranic Verse Allah The Almighty announces the

'basic needs', where rain is prime importance:
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STEPS IN RAINS MAKING:

1) ASCENDING OF WATER:

The following Qoranic Verses indicate that 'current of air'
causes the evaporation of water from the reservoirs on earth.
Again the 'air current’ lifts the vapofs towards the sky. Where
vapor is scattered in the form of cloud:
~ v v 1 v - )
w bow G T Yty oF W VNN N ow - \ fV”- Y .
o r,Te Mo L, v . . Y “ v 7
(22 - pamadyr-1q) on-’t::‘:—’ (’3/;—“\33&)‘) (\- 4 —~—-,—»}) OJ1-26) O“\/—-——'-\
((\ q- —'L»'J—H-M)

Wt aiig RS o petn Sy az ol gb5z s s

gy -

(575,183 0 \\L.:L\_—»uc_..\; T G2 Wj&&u“fi»(—f)mdwru\ubﬁj
' (s- M\—‘L-H 15)0(,3_3—1—9-&:9 (-):nju‘:_.h‘\'c-ij_n ) 533




Then, Allan The Almighty scatters the vaporised from of water,

through 'curent of air’ and suspended between earth and sky in

the form of ‘cloud’
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Allah The Almighty reveals in the following Qoranic Verse that

how the surface of water of resrvoirs, convert into vapor, which

later changes to cloud when ascend towards the sky:
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The following Qoranic Verse reveals the 'RECYCLE' of water. That

Allah The Almiighty takes up again, the rained water towards the

state
sky (the take up of water is in gaseous; since not visible to
human eyes):
L \‘/V <3 v.
{\2 oyn“-\%)

When cloud becomes mature and ready to rain, Allah The Almighty

‘blows' an unique 'air current' that directs the c¢louds to proper

territory, where Allah The Almighty wishes to rain to alive the

dead esrth:
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Allan The Almighty knows* the fact regarding: what is absorbed

;nﬁo the earth, when rain falls i.e. rainy water. And what is

come ouft of earth 1.e. ground water; which human obtains by digging
the earth and utilises in drinking and farming etc. And what
descends down from the sky i.e. the rain fall. And what ascends

to the sky 1.e. change of water of the earth surface to the vapor
aﬁd its ascent to the sky. which later forms the cloud (vapor

is not visible to human eyes):
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Allah The Almighty mentions in the following Qoranic Verse 'the
mechanism' of cloud formation and its arrangements in the sky.
Also the existence of different types of clouds, occupy sky at

different distances from the earth:
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*n1lah The Almighty reveals His knowledge regarding the different
stages of the water cycle, wnich Allah The Almighty performs as
He wishes, without getting the assistance from any one, because

hidden water beneath the earth and ascent of vapor is not visible.



ii) DESCENDING OF WATER:

Descending of water from the sky or actual rains making is very

well described in Qoran.

Qoran says -~ when water vapor ascends up towards the sky and
cloud is formed. Allah The Almighty blows an "air-current", which

herald the good news of rain:
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Qoran says - this is the sign of existence of Allah The Al-
Miighty's matchless supreme power that He blows an "air-current"
heralding the good news of rain, so that 'you' i.e. we the man-
kind taste the outcome of one of His Mercies:
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Aliah The Almighy instructs the mankind in Qoran to apologise
for their sins committed and do not resist the wrong doings,
only then Allah The Almighty will rain heavily, which will be

x
helpful to increase vyour 'energy':
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*The rain causes the vegetation, which is the medium to absorb
the solar energy: utilized during the process of 'photosynthesis’
The produces of photosynthesis are stored in fruits, wvegetables

and cereals etc., which, ultimately, human eats to gain 'energy'.
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Do you not see that Allah The Almighty transports the vapor/cloud
through the ‘'air current’'. These vapor/cloud merge, concentrate

‘and saturate as real ‘cloud’', which are arranged in the different
layers in the sky, to form different types of clouds*. Water drops

come out of the clouds, which are like the mountains of Ice¥*.

Ice balls drop from such clouds when temprature is very low, and
clouds are mature enough to rain. When Ice balls*** fall on the
earth, they damage lives and properties. And some times Allah The
Almighty re-evaporates i.e. sublimates the Ice balls, before they
fall doﬁn on the earth. Also, some times the clouds**** cause flash
of light of light. The intensity of lignht is so high that our eyes
are unable to bear:

v ﬁw’y’-

633‘”(5 _::\f{;\/‘p %Lfsla.:u;_: w u_.\‘g.\p_\L\a..»» @f@\@}_ﬁ_&ji

' -

v o, v P v v . 2 - "",4 T LAY ? v -
OF an o 555 (on iss dla G pladnGe 5 e e T 52
(43 ni1-18) O)Lw\lew ‘?\—-’_)-JLA»)\A_;“ (19 U:L)"’M ,'a;) 9\ "‘,

Benjamin Franklin & French Physist d'Alibard in 1752, proved the
presence of electricity in thunderbolt. Franklin put his knuckle to

a key attached to a string of silk ribbon (insulator) and produced a

v, b b v'a"
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¥ Strateform or layer cloud
*Types of cloud
*¥%*Hajil Stone

*¥%¥X*¥Thunderbolt Storm Cloud



Allan The Almighty blows air current which lifts and spreads the
clouds 1n the sky. as He wishes. Again, Allah The Almighty breaks
the clouds* 1nto pieces and water drops come out of the clouds.
People of the liocalaity where Allah The Almighty rains becomes

]ubllaﬁt and celebrates the rain:
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Allah The Almighty alives the dead earth and creates on it all

types of moving** crestures. Actually., the rain falls down from

the cloud which haﬁgs between earth and sky. The clouds are taken
up and scattered around the suitable directions in the sky by

means of 'air-current’ blown by the Almighty Allah. The 'phenomenon
of rainh 1s one of the signs of 'existence' of The Almighty Allah,

for those who are really 'wise': (\64‘§r3ﬁ“-2)
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Allah The Almighty blows the 'air-current' that tranports the
clouds in the sky. Allah The Almighty rains the fresh and sweet
Qater from tne sky, bestows us for 'drinking'. And you i.e. we;
the manking, are not the custodian of water which is a natural

gift from The Almighty:
“’\,"T o}-’«i;l@\_. yu Yw\wuf\,t \yz...sj_“uw)b

(22 - y5-—=-t-14) ou'?f‘,’y\@-‘ a]
Y v

(22 -5, ad1-V) o '¢m|&j"“‘by\b~di)bﬁd)\}\ (}-‘-*-UU__\\

*condensation of cloud

**movement is one of the characterstics of life



15

Q, the mankind:; the fresh and sweet water which vou drink, is -
rained by you or "1 am capable to rain it;, Allah The Almighty
says ig Qoran. Certainly, Allah The Almighty rains sweet water
from the cloud. If Allah The Almighty wishes, He may convert this
sweet water to salty, which is not drinkable, so why are you not

thankful to Allah The Almighty:
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Not only sweet’water to drink is described above, Allah The Al-
Mignty bestows us food too, through reviving the dead earth i.e.
by wav of vegetation, when rain falls from the sky. The most
ymportant factor for the cycle of water is the 'air current’'.

Wise people are invited to ponder over it:
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Regarding the exact timing for rain, no one knows other than The

Almighty Allah:
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Allah The Almighty rain falls when you the mankind become hopeless

and this way Allah The Almighy spreads His Mercy to all:
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Rains Malking: contd

This portion of my thesis covers the scientific aspects dealing
the actual phenomenon of rains making, based on the process of

rains making mentioned in Qoran:

As per the scientific investigations , the process of cloud
formation is based on 'Earth-Atmoéphere System', develops due to
"Solar Radiation'. The net incoming of 'Solar Radiation' is
balanczd by the Infra Red Radiation, emitted by Earth Atmosphere

System to the space.

Absorption of Solar Radiation causes WARMING and emission of Infra
Red Radiation to space causes COOLING. The Warming and Cooling

is not same everywhere.

This radiational heating & cooling cause the 'Atmospheric Circu-
lation’. The imbalance of heat energy i.e. Atmospheric Circulation

1s based on i) Heat, 1ii) Temprature & iii) Heal Transfer Process.

iD Hea t: Heat is the total Kinetic Molecular Energy,

contained in a substance. Units of Heat are Calories, Joules

i i) Temprature: Temprature is a 'measure' of average
Kinetic Energy of an individual atom/molecule, within a
substance. We use Celcius, Fahrenheit & Kelvin as tempra-

ture scale.




i 1 1 b Heat Transfer Process: A change
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in temprature with distance is known as 'Temprature
~Cradient’'. A familiar Temprature COradient is between the

HOT "Equator" and the COLD "Poles”" i.e. a Horizontal Temp-

rature Gradient. Another is the Temprature Gradient between
. the relatively mild 'Earth's Surface' and relatively cold

"Tropopause” i.e. a Vertical Temprature Gradient.

Within Earth Atmosphere System, Heat is transported from
area of higher temprature to the area of lower temprature;

through Conduction, Convection & Radiation.

Conduct-ion of Heat: When heat tranfers
within a substance or between substaces that are in physical
contact, 1s called CONDUCTION of Heat. The Kinetic Energy of
atemssmolecules is transferred by 'collision' between neighbour

iné atomg/molecules of the substance.

Heat is tranmsferred from warm ground to cooler overlying air,
Since air has low heat conductivity, conduction is significant

enly in a very thin layer in immediate contact with the Earth's

surface.

SaluraRa N Sudpsaforated,
ne VeV
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Fig: A saturated vapour overlying a plane surface of pure
water/ice.

Co~vection 1s more important in transporting tleat vertically

within TROPOSPHERE.
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Heat Conductivity in some familiar substances:

SUBSTANCE HEAT CONDUCTIVITY (cal/cm/sec/cm)
Copper .92
Concrete . 0022
iron ) .16
Ice at U C .0054
Water at 10C .0014 -
Air at 0 C ' .000058
Air ac 20C ‘ .000061
Dry &and .0013
Convection of 'P{eaeat:: Conduction takes place

in substances i.e. solids, lequids and gases, while Convection
occurs only 1n lequid or gases. Convection is the transport of
heat within a fluid via motion of fluid itself. Convection occurs

witnin atmosphere as a sequence of differences in 'Air Density’.

AS heat is conducted from relatively warm ground to cooler over-
lying air. the air becomes warmer than the sorrounding air.

"Warm Air' is less dense than cold air. So the cooler/denser air
sinks downward and forces the warmer/lighter air to rise. Again,
the zooler air is then heated by the ground and the process is

repeated. In this way, a convective circulation of air transports

heat ‘vertically' from earth's surface into the TROPOSHPERE.

* On any day of the vyear., the solar altitude varies with latitude

because the earth's surface is curved. Hence. the solar radiation is

most 1ntense at equator and least intense at poles.
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Fig: Vertical Convection of Heat
3)Radiation of Heat: Radiation consists of
'Ele@tro Magnetic Waves' travelling at the speed of the light.
Unlike, Conduction and Convection, Radiation does not require
intevening physical medium. It can take place in a wvacuum. Sun
heat reaches to Earth Atmosphere System. Also, through Radiation

Earth Atmosphere System loses heat to space.

] }\cix(eac:t:j_CDrx: When heat is transported horizontally with the
atmosphere is known as .Advection.

AIR MASS ADVECTION: Movement of 'Air Mass' from one locality to

another locality.

COLD AIR ADVECTTO&: When wind blows from colder area to warmer area,
across the 'Reglonal Isotherms’.

WARM AIR ADVECTION: When wind blows from warmer area to colder area

across the 'Regional Isotherms’.



FIGURE

Cold alr advection occurs when (A) the
horfzoutal wind blows across Isotherms
fiom cold areas toward warmer areas,
and warm air advection occurs when (B)
the horlzowmal wind blows across iso-
therms from warm areas oward colder
arcas Snlid lines are lsotherms.

Fia: Diagram showing warm/cold waves.

TEMERATURE PROFILE OF THE ATMOSPHERE:

The atmosphere is usually sub-divided into concentric layers,

according to ‘the vertical profile of the average air temprature.

TROPHOSPHERE: Most weather occurs within TROPHOSPHERE - the lowest
layer which extends from earth's surface t~ 20 km altitude at the
"EQUATOR' down 8 km at the 'POLE'. The upper boundary of tropho-

sphere is called 'TRPOPAUSE'. The temprature decreases with altitude

that is why, mountain’'s top 1s ‘cold’.

STRATOS2HERE: Stratosphere extends from Tropopause upto 50 km. In
lower portion of Stratosphere temprature does not change with

altitude. When temprature is constant, the condition is known as

"ISOTHERMAL ' .
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STRATOSPHERE ... contd

1L has excellent visibiiity & there is no weather. Very

MESOSPHuRE: Stratosphere :s the transition zone between Stratosphere
and Mesosphere. In Mesosphere temprature increases with the increase
of altitude. Mesopause 1s 80 km above the earth's surface and

features iowest temprature 1.e. -90 Celcius.

THERMOSPUERE: Thermosphere is next to Mesosphere, about 80 km to 90

km apove the earth's surface. Temprature is constant i.z. Isothermal

"and rapidly 1ncreases with altitude.

1ONOSPHERE: Zone within Thermosphere where electrically charged
particlies are found. Highly energised 'Solar Radiation'
enterirg the upper 'atmosphere’, strips the 'electrons' from atoms/

molecules, are found in atmosphere.

Solar wind: A stream of electrically charged sub-atomic
particles i.e. protons & electrons, that continually emanates from
the sun and travels into space at the speed of several hundred km
per seco%d. The Solar Wind deflects the Earth's Magnetic Field
into 'Tear-Drop Shaped Cavity’'. This Cavity sorrounds the earth

and ca‘led as "'MAGNETOSPHERE'.
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Fig: Showing Temprature Profile of the Atmosphere.

Heat Imbalance: ATMOSPHERE V/S EARTH SURFACE:

There :s net 100% incoming of 'Solar Radiation', out of that 70%
heat is absorbed by surface i.e. 51% by water vapor, dust & ozone,
1% by cloud, 3% by others,.and rest 30% of total heat is reflected

i.e. 6% by air, 20% by cloud and 4% by surface.

The distribution of 100 units of incoming Scolar Radiation and
out~-going "Infra Red' Radiation, indicates excess heating at the
Earth's Surface. The excess heat is transferred to the atmosphere

via Latent Heat*.

*Pl see page # for the definition of 'Latent Heat'.
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Ti1g. Heat Imbalance between Atmosphere & Earth Surfaace.

SATURATED AIR:

70% of earth surface is absolute water in the forms of Oceans, seas
Lakes, Rivers. Screams and Saline Lakes etc. and rest water is in
the form of 'moist ground’, like: ground water, soil water and also

in tpe form of Ice, like: Ice Sheets and Glaciers.

t

This Solar Heat absorbed by surface causes evaporation i.e. rise of
temprature enabales liquid water molecules to escape from water

surtace in the form of water vapor. Thus making the overlying layer
"SATURATED® . The air which is not fully saturated is 'sub-satura-

ted' or 'partially saturated’'.

Thus overliying layver containing vapor is ‘warmer/ligher’ and less
‘densed’', so 1t rises upward and upward. Non-vaporous or dry air is

cooler and denser/heavier, therefore, comes down close to the

i~ e
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Saturated Aixr ... contd....
surface which is warm dQe to the Solar Radiation, and warms the
newly arrived cooler, denser & heavier air. And at the same time,
water mclecules escape from the water surface in the form of 'vapor'
This newly escaped water vapor rises upwards as warmer, lighter
and les:z densed air.displacing, upper, cooler & denser/heavier dry
air, which comes down close to the earth surface. This cycle

continues till the upper layer of air becomes 'SATURATED'.

Descenting cleat ast 7
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Fig: Cloud development i.e. Transport of excess heat from the earth
surface into Tropo-sphere wvia conduction, convection & latent

neat transfer.

Thus "2olouds’ are formed. when 'air' conteining vapor rises and
expands under low air pressure, which exists at higher level in the

acmosphere. And thereby, vapors are cooled down and some of the
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Saturated Air... contd...

water vapors condenses into ‘cloud' composed of numerous tiny water

drop-lets.

CONDENSATION:

Clouds are formed by rise of damp air, which then cools down at
higher (evel by expansion. The expansion develops when these damp
air encounter the 'falling pressure’' at higher level. The Relative
Humaditv¥* thereby increases. And if, air is entirely free of foreign
particles and ions, the Relative Humadity will continue to increase,
until 'Water Vapor Pressure’ becomes eight times, that is required

to 'saturate’ the air.

Water vapors may condense on "AEROSOLS" i.e. air particles, when

the air is slightly ‘'super saturated' or slightly 'under-saturated'.

Air contains a number of Aerosols, which act as a centre of conden-
- %k
sation called 'Condensation Nuclei'.

There are two types of condensation nuclei:

1) HYGROSCOPIC: When condensation occurs on such particle, when air

is sub-saturated.

23 NON~&YGRQSCOP{C: When condesnsation occurs on such particle i.e.

Nuclei1, onlv when air is 'super-saturated’.

#RH is amount of water present in a given volume of air expressed as

a percentage of the amount the air can hold at the same temprature.
¥¥The first experiment to demonstrate condensation of water vapor

on air-borne particles, was carried out by Coulier of France in
1875.



CLOUD FROMATION:

Water vapor 1s an invisible gas, but the condensation and deposition

products of water vapor are visible. 'Clouds' are the visible mani-

festations of the condensation & deposilion of water vapor within
the atmosphere. They are composed of tiny water droplets, ice

crystals or mixture of both.

’_Laboratory studies have demostrated that in a clean air, free of
ust & aerosols, the condensation or the deposition of water vapor
1s extremely unlikely, except under super-saturated condition i.e.

when Re:ative Humidity is 100%.

In clean air. the degree of 'supersaturation' needed for .CLOUD
develop¢ent increases rapidly, as the radius of water droplets
decreases. For example, relatively small droplets (r=.10 Micron),
requires 340% supersaturation. In contrast. relatively large water

droplets (r=1.0 Micron). requires slight supersaturation to form the

cloud.

As water surface exhibits increasing 'curvature', it becomes easier
for water molecules to escape the liquid and become 'vapor'. Water
molecules that form a curved surface have fewer beighbouring mole-

" cules, and hence, are more weakly held by H-bonding, than water mole

" cules tnat form a 'flat' surface.

In case of spherica., water droplets, the curvature increases with.
the decrease of radius. Hence, at the same temprature, water mole-
cules more readily escape from small droplets than the large drop-
lefs. Tnis implies that the 'degree of satqraﬁion' must increase

i.e. supersaturation, as the water droplet size decreases.




Cloud Formation...contd...

In the atmosphere, atmost, only slightly supersaturated conditions
are necessary for cloud development. This is because the atmosphere
contains abundance of 'Nuclei': tiny solid & liquid particles that
provide relatively large surface areas on which condensation or depo

- sition oan take place.

Nuclei are the products of both, natural and human activities, like
forest fires, wvolcanic eruptions, wind erosion of soil, salty water
spray and the discharges from domestic and industrial chimneys are

the sources of 'Nuclei'.

Hygroscopic Nuclei have a special chemical efficiency/attraction
for water molecuies. Condensation begins on these nuclei at Ralative
Humidity uvnder 100%. Infact, MgCly, a salt in sea spray is Hygro-
scopic Sﬁbstance that can initiate condensation at Relative Humadity
as low as 70%. We can expect cloud formation when the Relative Humi-

dity nears 100%.

Ice in Clowudss : Presence of Ice in the clouds, depends

on the. “ype of 'Nuclei':

CLOUD CONDENSATION NUCLEI: These Nuclei are i.e. promote condensation
at tempcatures, both above and below 'Freezing', because water drop-
lets condense and remain l1iquid even when tihe cloud temprature is

well below O Celcius/32F. These are super-cooied water droplets.

ICE FORMING NUCLEI: These are comparetively less abundant and become

active only at the temprature well below 'Freezing', and are of two

types: 1} Freezing Nuclei & i1) Deposition Nuclei.




TYPES 07 ICE FORMING NUCLET ... contd...

P

FREE7ING NUCLEI: Freezing Nucleil cause liquid droplets to freeze.

2) DEPOZITION NUCLEI: Nuclei on which water vapor deposits as 'ice'.

Deposition Nuclei are also called as 'Sublimation Nuclei'.

Frée21ng Nuclei are active only below -$ Celcius/16F. while Deposi-

tion Nucle: become fully active only at -20 Celcius/-4F.

PREGIPITATION PROCESS:

The devg}opment of cloud is not guarantee for rain/snow. Nimbo-
stratus & Cumulo-nimbus clouds produce bulk of 'precipitation',

{most clouds do not) and therefore, rains or snows.

i

'I‘érrnj_nal Velocity:

Water droplets or ice crystals of clouds are so tiny that they
remain suspended till they vaporise or grow considerably. Updraft
withinithe cloud prevent the fall or these tiny water/snow droplets
from cloud base to the earth surface. Even if water droplets/ice-
crystals descend from cloud, their downwarill draft is slow that they

re-vaporise* in mid-air before reaching to the earth.

The speed of a water droplet/ice crystal/any other particle, falling

in 'calm' air. is regulated by two forces: i)Iorce of Gravity &

11)An Cpposing Force caused by resistance of air through which

particles descend. As the particles reach near the earth, 'air-
resistznce’ increases, while 'force of gravity' remains constant.
Eventualiy., 'resistance force' equals the 'force of gravity', and
this way 'particles’' drift down at a constant speed known as 'TERM-

TNAL VLLOCITY'. Terminal Velocity increases with the particle size.
(o) - LS L B3 ed oS5




Precipitation Process - - - contd. ..

Cleoud particies of 10-20 Micron vaporises in un-saturated air below
the cloud base, when they grow enough to counter the 'up-draft’

and manage to descend. How does a million cloud drop-lets of 10-20
Micron, grow to form a single 'Rain Drop' of about 2mm diameter?

Condensa“ion alone cannot cause cloud droplets to grow into Rain-

Drops, but there are two important Processes by which cloud parti-

cles grow large encugh to precipitate:

1o Collision Coalescence Process:

This Prceess occurs in warm cloud i.e. clouds above the freezing
teﬁpratuce and entirely made of liquid water drop-~lets. A large drop
let of about 40 Micron produced by giant sea salt 'Nuclei', preci-
pitate to form larger droplet in cloud. When larger droplet falls

it cotlides/combines with smaller droplets, many times, until it

becomes 30 large that falls out of cloud as 'Rain Drop'.
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Fig: The Collision Coalescence Process

=) Bergeron,Processz

: Although cloud droplets grow through 'Collision Coalescence Process,

but most precipitation that falls on earth originates through the
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Berceron Process ... contd...

'Bergeron Process'. This Process is applied to the 'Cold' clouds,
i.e. tenmprature below zero Celcius. The Bergeron Process requires
the co-existence of water vapor, Ice Crystals and super-cooled water

droplets.

Cold Cloudss: Most i1ce-forming nuclei are not active at
the temprature higher than -9 Celcius. Consequently, clouds at the
_ tempratures between 0 C to -9 C are typically composed of super-

cooled water droplets exclusively. While clouds at the tempratures
between -10 C to =20 b, are mixtures of supercooled water droplets
and Ice Crystals. Again. clouds below -20 T, contain ice crystals

only.

The Bergeron Process depends on the difference in Saturation Vapor
Pressure between Water Vapor over 'lIce' and water vapor over 'water’
This difference triggers Ice Crystals growth at the expense of the
supercooled water droplets. Water molecules vaporise more quickly
from liquid water than of solid ice at temprature below freezing
point. This is because water molecules are bonded more strongly in
'solid' phase than in the solid phase. As a consequence, the Satura-
ted Vapor Pressure of Water Vapor over ice is less than Saturated

Vapor Pressure of water vapor over water.

In cold clouds that are composed of ice crystals and supercooled
water droplets; vapor pressure is saturated for water droplets,

therefore, is supersaturated for ice crystals.




Precipitation Process ... contd...

Suppose that the vapor pressuré is 2.86 mb in a cloud at a temp-
rature of -:10 C. It means air sorrounding water droplets is 'satura-

1

ted' wiﬁh 100% 'Relative Humidity', whereas 'air' sorrounding the

Ire Cry%tals is supersaturated with 110% Relative Humidity. In res-
ponse t% supersaturated conditions, water vapor deposits on the Ice
Crystalsl and the [ce Crystals grow larger. Deposition removes water
vapor fr§m the cloud and thereby lowers the‘Relative Humidity.

The Relative Humidity of the ‘air’ sorrounding the water droplets

dips below 100% and the droplet vaporises. Under these conditions,

the ice zrystals grow at the expense of Supercooled Water Droplets.

As the Ice Crystals grow larger and heavier, their 'Terminal Velo-
city’' increase and they collide and 'coalesce' with smaller super-
cooled water droplets & Ice Crystals in their path, thereby growing

still larger. Eventually, the Ice Crystals become so heavy that they

fall* out of the cloud base.

If air temprature is below Freezing Point throughout upto the ground
the ice crystals reach the earth as 'Snowflakes'. If the air temp-

rature below the cloud is above the Freezing Point, Snowflakes melts

and falﬂs as 'Rain Drop'.

FORMS OF PRECIPITATION:

1) DRIZZLE from stratus 11) RAIN from Nimbostratus iii) HEAVIEST-
RAIN from Cumulus/Vertical Cloud iv) SHOWERS from Cumulus/Vertical
Cloud v) SNOW from Stratiform vi) HAIL from Cumulus/Vertical Cloud

vii) HAIL STONE from Vigorous.
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The above figure illustrates the various pathways taken by preci-
pitatior that falls on the land shown by J. M. Moran, Introduction

to Envi-onmental Science, New York, USA.

Thus, water obtained from rain fall, revive the metabolic processr

in dormant seeds. through rehydration. The first stage of revival of

life in seeds is called germination and the last stage of the life

cycle is dehydration or death. Therefore, the next chapter 1I, covers

The Life Cycle of Plants.




