CHAPTER 7

EVAPOTRANSPIRATION

In the hydrological cycle, the water which falls as rain
reappears as infiltrated water, runoff, surface and underground
water storage and simul taneouslily water in turn get condensed and
subsequent rain falls, The surface and ground water reservoirs
areg constantly get replenished by recharge (precipitation) and
depleted by evapotranspiration A The phenomena and 1its
interrelation with other hydrological processes was well

understood by Ancient Hindus as evidenced by Vedic literature,

In Rigveda (1.,6,18) we see that the sun rays breaks the
water contained in the earth and other materials into minute
particies then these winute particles ascend by air and form

cloud, viz,

@l a1 qrfonieg feat a1 wffErfy
Fa FENR §W: |1 RV,.1,6,10 )]

T dgedl f&l Emw: guaE )
Famdfed RFag: wed aom gl fad & o= Q=1 1)

RU,I, 185,12 ||

This verse of Rigveda (I, 185,12) says that the water from the
sea etc,, evaporates due to the heat of sun rays, which is the
primary cause of rain formation, The same fact is reuvealed in
the verse (IV,58,1) of Rigueda viz,

WG] SARGYIT FdcanTie |
gy W el Jaftd foicdl SaTmmaRd aTf: 11 RV, IV, 58,1 ||

Verse (VIII,72.4) says that the atmospheric air get heated due

to sun, then this heat reaches to the earth and converts the
humidity into vapour and collects it as clouds, which is the
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cause of the rain and food Production, uviz

AT SdatT yEeeT |
8¢ fEq@EYT 1) R.V.VIII, 72,4 ||

Like Rigveda, Yajurveda also contains some knowledge about

evaporation alongwith transpiration, viz,

&l gevfaeafivs @AMy Q) WAt 1) Y., 28,43 |
at addmeafy fevaut meRTe ghreeT Safirwadiad 1 )

YV.,28,20 ||

Both of the above verses say that the vegetation attracts water
from earth and evaporates it to the atmosphere due to heat, wind
etc, to form clouds, Simiiarly Atharvaveda (IV,25,2 and
1V,27,14) says that due to universal sun and air the water goes
to the sky and comes back as rain, The evapotranspiration is

caused due to sun rays and wind, viz,

7 qerr afwr oy anet o gt
J: YF AW & a A7 [eUaed: () ALV,IV, 25,2 ||

yu: [yae feaqedetd feqrqfatafy & gufa
3 yiefami FeREaha & A ETeR: 1) AV, L1V, 27,74 | |

The wversa (RV,I,173,6) of Riguvueda states that the

atmosphere encompasses the earth

v I afem A awa dew? el ARR |
¥ faeg & oW a4 qEr i wouer dwwte gy 1)

RU.T.173.6 .||

The Solar Phenomena are associated with the vault of the
sky or heaven, while lightning, rain and wind are referred to as
occurring in the atmosphere but it is doubtful whether the
Rigveda knew or guessed exactly the limit or the verticle height
of the atmosphere, In Uerses (RV,,IV,53.,5, IITI; .Sh;

1,.1868,9-18)
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Ffersmat worer qfyer ReameATIEREAMT T4 )
ya: it quumar fe amwyr dwer frad gaed oo

RVU,I,168,9-10 ||

§g HRT <@ ycfrancdd uffeoqy m@ amp:
foa weterrargteaner @ fafed axdl@r 11 RULIII, S6.2 )

I sgeyr frgariya: sl P foely @
Farqamoieaeal gt faat foed wammr: 1)

RV,III,56,5 ||

frefesd wfaqr afeaar 37 @nfe wfomitfr e
foeat feg: ofpifvaea gafa fafiedetr & wafe o/ 1)

RV, IV,53.5 I

Ve read sSavitr (the sun) encompassing them by magnitude
pervades the three divisions of the firmament, the three worid,
the three brilliant spheres, the three heavens, the three fold
GARLN Joies ", In this connection a very significant question
occurs to wind, whether the three divisions of firmanent denote
Troposphere, stratosphere, and ionosphere ? Again in the triple
divisions of the earth are we entitied to identify frigid,
temperate and torrid zones, for different schools regarding
Aryan howme do recognize the Riguvedic Aryans knowledge about
frigid and temperate zones and just possible in course of their
ocean voyages and advances for habitate they wmight have known

torrid zone also,

The three other VUedas, namely Sama, Yajur and
Atharvaveda furnish some additional information on climatology
and meteorology, which we do not come across in the Rigveda, 1If
the theory that these three VUedas chronologically belong to a
later period be correct, it can be easily seen that during this
age the two abouve wmentioned practical sciences progressed

empirically to a considerable extent,

Aryan definitely knew that plants (or forests) had
some influence on the loss of water and causation of rainfall
(1S,.,11,4.9,3),
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dngdagenr feat o & agw @ fawi a1 o9 dmyia
W el wamuhal awierdt g wisahat afe froaafe o)

The concept and role of insolation is also referred to in the
Taithiriya sanhita, Agni (Inscoliation) causes the rain to arise
CLSL T 4 o2 gtz

JERERET TR qiadt @3 geRed  [IBRWCNTd  fddeme
maﬁﬁﬂmawﬁaﬂﬁwﬁwﬁw:g@ﬂﬁamm
a1 ywEfeat gz, wfr: galeddy affv aoeefaly &g § Hear
WeddT 3 9T AT G AT U9 ¥ WA grEid a1 0

Mo LI a0 1802 )|

Ramayana (canto 4 of the book VII) furnishes a Ilot of
information regarding the atmosphere, its conditions and cosmic
regions, upto the distance of the moon from the earth, Here the
entire atmospheric cosmic strech has been divided into nine
regions, where last one 1is the Ilongest, Ramayana (I,46)
describes mythically the origin of the atmospheric regions,

qIededT 3§ 9ivg fafa @
ATeTT 3fq faeadr feczeqr AWTCASIT: 1) Ramayana.I,47.4 ||

Intensive insclation and high temperature as an agency
of destruction or dispersion of the existing clouds is spoken of
in VI, 43,29 (Ramayana),viz,

frfaia weafed: SATHIRMH 1) Ramayana, VI, 43-29 | |

In the wverse (II, 185,20) we read about evaporation by
the sun’s rays in general, about the formation of clouds due to
solar heating of the ocean (VII,32.68),

I Gz 1T Sfemaia: | | Ramayana, 11, 185,260 | |
BT AUTTE GEETRETgT | | Ramayana,VII,32,68 ||

The insolational heating of the ocean water is also referred to
in the Verse VII, 25,36 of Ramayana,
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AlETCHMTCM e TG T 30 AR |
ddl gdia ®Yid: fe: Wdddld: | | Ramayana,VII, 25,30 ||

In the twelfth skanda of epic Mahabharata the atmosphere is
divided into seven regions (Skanda, Spheres) and they are
discussed in considerable detail, The wind named as J[d¢&

(M,B,X11,328,27), blows with a loud noise, Another wind which

-~

drinks up water from the four ocean and having sucked it up
gives it to the clouds in. the sky and subsequently to rain god
is called 3G (MB,XII,328,3B-39),viz,

e wemda fageraw wergli:
e I gk “wWig: IgEe] ded 1) MB,XII,328,37 ||

I soifayi WEd dwEM eufd 3: )
yedeey TiaM] 4 daled AN || MB,XII,328,38 ||

wagH wgeenl aguRad aem |
eIl T STt e j) MB,XII,328,39 ||

Apart from the wind the sun was realised as the main cause of
evapotranspiration, The Vana Parva tells us that the sun
evaporates woisture from all plants and water bodies and causes

rainfall (MB,III,3,.49).

e frae adefem )
FAETRETT T qAdelg qeatd )| MBL.III1,3,49 )

feedontd wd o Tty frafr: 1y MB. 111, 3,59 )

The epic informs us of various types of clouds and atmospheric

l ayers as well,

Kanada in his Vaissesikasutra explains the cause of evaporation
of water thus, "the sun’s rays cause the ascent of water,

through conjunction with air®, (Vais,Sutra,,5,2,5)

A a1y $AMERIEW | | Vais,Sutr,5,2.5 ||
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Kanada was also aquinted with convection currents in the

atmosphere which he refers to in very scientific terms viz,

AleATY SATcHgdd FMRT | ) Vai,.Sutr,5,2,6 ||

Sankara Mishra (168686 AD) has beautifully explained this
and illustrated it with the example of a kettle of water heated
from below, (Tripathi, 1969), It conclusively proves that the
great philospher Kanada knew that the earth is heated by sun’s
rays through radiation and conuection currents in the

atmosphere,

Various Puranas inform us that there are seven regions
or layers (g[¥d"d) in the atmosphere or there are seven types of
winds (Vayu 49, 163), Narada Purana speaks of seven air channels
(6@,13) viz, HQEM:, Kurma Chapt,41,6-7 also reveals same
thing with little variations,

WAAdATTS garedaer: fat )

AW TIRAYT d187: Aeemreer foe: J1 Vayu, 49, 163 | |
Jae: YgERdq dqarEe: [: o

el fadewdd deged wIRWEE: )| Kurma 41,6 | |
T TReeds a3 7@ Ang: Il Kurma 41,7 ||

The Phenomena of evaporation cioud formation and their
relationship with winds or regions of atmosphere (d[gFdry) are
quite satisfactorily described in several Puranas (Brahamand
Vol 11, Chapt,9,, Vayu,Chapt,51, Linga,I,41, Matsya,Ii,54) and a
full -fl edged seperate chapter has been devoted to them in these
topics, which positively evinces that due importance of this
branch of meteorology was realised, Some of the verses are

quoted below:

Trasca] gftfazda arfeon &fad Tfa:
e : fyaegl § &g tfgi@t ) ) Brahmand,Vol ,11,9, 138 | |
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T & gy foeepn qEfaw
ety gefwr: s d@ Hdegd 1)

Brahmand,
gytemt fei Tify: @ear 9 fad qu
YHRHE TOFT § garad ddd

gaum rpaiRad gatged faesfa:
JeNal g faor: @ @TThivfeaarad:

gd: foroeTe agqedd wda: |

Wl SeTeed geened fos weaEt: |

Aboue
the air extract water from earth,
and 38), specifically

of

recognizes

evaporation water, which get

subsequent rainfall,
dodl @ret:  dRmETom e

arardy qua gd: Pyt mifei: )
nfarfafalipnd) feez: ghofda w@:

Fq 99 U7 g [M: @ qud fafr:
ayfrayt wfa 7 sgfind vadfa

ydunfyseqreamy: g3t 3 &7 fowafq
FIRRY @9l eERgarniyaan:

dontfir: gl Freed xafieiem

FYISIMANTTd  d&caTy] MRy
FRGaT eIy cadd  fearae :
From all

above verses it

Vol , 11,9, 139 ||

jl Vayu 51,11 ||

j) Vayu 51, 12 ||

| Vayu 51, 13 ||

lines of Vayu Purana explain that the sunrays alongwith

The Linga Purana (I,41,11,21,
the of
to'

role sun rays in

conuverted cl ouds and

Il (Linga I,41,11) 1|

I} (Linga I,41.21) ||

it (Linga I,41,36) ||

|| Matsya I, 54,29 ||

|| Matsya I, 54,31 ||

|} Matsya I, 54,321 ||

is revealed that the ancient Indians

had wvery scientific knowledge of evaporation and transpiration

caused by sun rays, wind etc,, its

Thus |1
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clouds and subsequent rain,

condensation and formation of

t can be concluded that they



had developed the scientific concept of hydrological cycie, the
most important aspect of modern hydrology,

Jain Contribution: (Tripathi, 1969)

The celebrated Jain treatise ’‘Surya Prajnapti’ has dwelt
at length on insolation, radiation and reflection of the sun’s
light and energy and heating of the earth and various surfaces,
the subject so essential in hydrology, Its conception of an
contribution to "albedo" appears to be something wonderful, when
- we take into account the fact that the work was composed at

least nearly half a wmilleenium B,C,

In Prabhrta 4, Sutra 25 are d cussed the range of
insolation or heat of the sun (JU8F), but it is all incorrect dus
to the assumption of two suns, Prabhrta 5, Sutra 2§
(designated as @337 Ufgefd, reflection of sun’s light), enquires
into the phenomena of scattering of the sun’s |ight, radiation,
insotation, refiection and albedo and glves accurate scientific
details, First it mentions twenty theories on reflection of the
sun’s light held by the adherents of other sects (RdifiaWm),
Then it refers to another important fact, that unseen
(invisible) objects also posses reflective capacity,

In aphorism 30 of the Prabhrta 9 are discussed the
nature of convection and. radiation heating through the sun’s
rays with reference to earth surface, water bodies &nd its
objects and atmosphere and its continents, The author of the
Surya Prajanapti also speaks that slanting rays of the sun give
lesser heat and wverticle ones greater heat, This 1is discussed
with reference to the rising of the sun, noon and evening and

different pilaces (or latitudes),

From the study of this chapter we gather that the
ancient Indians had realised the importance of the study of
evapotranspiration as an important faceit of water cycle, Seolar

phenomena, |ightening, wind, cloud formation etc, take place in
2



lower Jlayer of the atmosphere, ﬂtmosphere was divided in

troposphere, stratosphere and ionosphere and globe in torrid,
tewmperate and frigid zones which is just comparable to wmodern
meteorology, Plants and forests have some influence on water
loss, differential rate of heating of the continents and water
bodies, formation of convection currents and their effects was
well understood, Sun rays, wind, humidity, vegetation etc, are
the wmeasure causes of evapotrangpiration had known to them,
Thus it can be said that ancient Indians had developed the

scientific concepts of evapotranspiration and the factprs

affecting it of no less order.
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