Chapter-4

INTERCEPTION, INFILTRATION AND
EVAPOTRANSPIRATION

In the hydrological cycle, water which falls as rain reappears as infiltrated water, runoff, surface
and underground water storage. This is also called as rainfall partitioning in modern hydrologic
literature. The surface and ground water reservoirs are constantly getting replenished by recharge
(precipitation) and depleted by evapotranspiration. The concepts related to the various
components of rainfall partitioning were well conceived by the ancients Indians. This chapter
briefly discusses about the ancient knowledge in this field as available in the VVedas and other

ancient Indian literature.

Interception and Infiltration

Interception is the part of the rainfall that is intercepted by the earth’s surface and which
subsequently evaporates. Interception can amount to 15-50% of precipitation, which is a
significant part of the water budget. One can distinguish many types of interception, which can
also interplay with each other (Geritts, 2010). The term infiltration is used to describe the process
involved where water soaks into or is absorbed by the soil (Horton, 1933) and it is one of the
important components of the hydrologic cycle. In the hydrologic cycle, water from the oceans
and various surface bodies on the land evaporates and becomes part of the atmosphere. The
evaporated moisture is lifted and dispersed in the atmosphere until it precipitates on the land or
in the ocean. The precipitated water may be intercepted and used in transpiration of the plants or

may run over the ground.

Some references to interception are found intermixed with other topics in ancient Indian
literature, such as explaining the effect of forests and vegetation on rainfall, cloud formation and
environmental purification. Taithiriya Samhita mentions the effect of forests on causation of
rainfall (TS. 11, 4.9.3)

Ariarge fadl giteng v qgu & A
a1 Uy Ml AT T ea e UAISeaT gyl
3t warser gite 7 safa | TS,1,4.9.3 11
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The verses 184.15-17 of Mahabharata state that the plants drink water through their roots. The
mechanism of water uptake by plants is explained by the example of water rise through a pipe.
It is said that the water uptake process is facilitated by the conjunction of air. This clearly reveals

the knowledge of capillary action of soil in movement of water up and down as:

uTe: AfeTedTre AT arft <= |

femfafhacare faed @+ ga 11 MB.XI1,184.15 ||

JFAVIAAT JATEd STAAG S |

qoIT yamrEga: are: fogfe arew: | MB.XI11,184.16 1

As far as infiltration is concerned, the scholar, Varahamihira clearly reveals it in the opening
shloka of the Vrhat Samhita. Verse | tells us that at some places water table is higher and at

others it is lower as:

ga gres RRae fardrafy gr=ratreaver (Vr.S,54.1)

It implies that the water veins beneath the earth are like veins in the human body, some higher
and some lower. Verse 2 reads like this.

T qO XA AT TR TGRS |
TARAE agavtdi =@ Td wed farfodger@a 1 Vr.S.,54.2 1|

It says that the water falling from sky assumes various colours and tastes from differences in the
nature of earth. Thus, it implies that the infiltration of rainwater is the source of groundwater.
The ground water is a complex function of rainwater. Rainwater originally has the same colour
etc., but assumes different colours and tastes, after coming down to the surface of the earth and

after percolation.

Three verses quoted by Bapudeva Sastri (in Sindhanta Siromani by Bhaskaracharya, Part II,

Goladhayaya, Tripathi, 1969) belonging to an era prior to 1200 A.D., provide scientific details

of the phenomena of fog or mist (for which the term i #gfd has been used). The verses purport

to say that at the end of rainy season dissipated clouds (moisture) hang near the surface of the

earth and eclipse mountains, trees, vegetation cover or gardens and disappear through the activity
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of air and heat from these surfaces. This clearly reveals the fact of interception by earthy

materials, vegetation etc. and its disappearance with time by the activity of air and heat.

Evapotranspiration

The phenomena of evaporation and evapotranspiration and its interrelation with other
hydrological processes were well understood by ancient Indians as evidenced by Vedic and other
ancient literature. In Rig Veda (I, 6.10) it is mentioned that the sun ray breaks the water contained
in the earth and other materials into minute particles, then these minute particles ascend by air

and form clouds as:

gal a1 arfade fear ar orfefaraf |
= WeaR o || RV. 1,6.10 |1

T dgaed f&d <ard: guaraT |

Fea~ Rere: 9 aa gar O 7 ey et 11 R.V.1,105.12 |1

The verse 1,105.12 of Rig Veda 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 revealed in the verse
IV, 58.1 of Rig Veda as:

AT SESRGUIRAT FFATEHIE |

gawd =¥ Jgd Feid forer qaamgaw 7 1| R.V.IV,58.1 ||

The verse VIII, 72.4 of the Rig Veda says that the atmospheric air gets heated due to Sun, then
this heat reaches the Earth and converts the humidity into vapour and collects it as clouds, which

is the cause of the rain and food production as:

SIRIATT) ggaaTen 3Teeg - |

ey forgaraar | RV.VIILT72.4 1)

Like Rig Veda, the Yajur Veda also contains some knowledge about evaporation along with

transpiration as:

AT gefadafiTg quTeRd <ar aaadad || Y.V.,28.43 ||

<dl qag-fa fexvagon wgeme: gl afmsvadad || Y.V.,28.20 ||
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It says that the vegetation attracts water from Earth and evaporates it to the atmosphere due to
heat, wind etc. to form clouds. Similarly, Atharva Veda (1V, 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 as:

R =T afar aifdfarfy R <t giaesaRe |
I 9T AR BeAd o Al goaassd: |1 AV, IV.25.2 ||

3u: AYaTe feaqadsi~ faaeglEH™ 3 Joif |
Y AR HHaTeRI~ o A1 goa<ied: || AV. IV,27.74 ||

The versa I, 173.6 of the Rig Veda states that the atmosphere encompasses the Earth.

g Ifeeerr Al THAT SRR ISl He ARH |

¥ I gl go 7y wid e amerfig w1 RV. 1,173.6 11

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 (R.V., IV, 53.5, I11., 56, 1., 108.9-10) but
it is doubtful whether the Rig Veda knew or guessed exactly the limit or the vertical height of

the atmosphere, from these verses:

AT AR G A RHaARITgd T |
3ra: gR guorrar 2 e | fUgd gawi || R.V. 1,108.9-10 ||

TS WRI YT SFERMIHRIG Ufisqy Id 31 |
fore AERRRe R § fAfRd g=d@r| RV. 11, 56.2 |

A weren RgarRa: G Brrarfaedy e |

FATaRRAToRaS T rAReRT fear faey uyegmm = 11 RV, H1,56.5 ||

reaRel afqar afeasn A o g = |
fore faa: ufrdiRaes g=afa BfvgRfr =1 =afy &= RV, 1V,53.5 1]

We read “Savitr (the Sun) encompassing them by magnitude pervades the three divisions of the
firmament, the three world, the three brilliant spheres, the three heavens, the three-fold Earth. In
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this connection a very significant question comes in to mind whether the three divisions of
firmament denote troposphere, stratosphere, and ionosphere? Again in the triple divisions of the
earth are we entitled to identify frigid, temperate and torrid zones, for different schools regarding
Aryan home do recognize the Rig Vedic Aryans’ knowledge about frigid and temperate zones
and, it is just possible that in course of their ocean voyages and advances for habitat, they might

have known torrid zone also.

The Vedic people were well aware that plants (or forests) had some influence on the loss of water
and causation of rainfall (TS., 11,4.9.3).

Arrargen fadl gedg S qgw § IGTdi a1 Uy AT
Al IS QAT aRicdl Sewd YA gite iy Jafa | TS,,11,4.9.3 11

The concept and role of insolation is also referred to in the Taithiriya Samhita. Agni (Insolation)

causes the rain to arise (T.S., 11,4.10.2) as:

IERTAMAT Yol qHIAT T g0 YRISRIERIHUT MEad+od

ATPUTTIRAGHUTARTA] 31 I JaRART Foa: el I+~ JaT T
1 sRATaTecdl e, IR wiaday aifa el wg 4 e

qURIdT 4 I9aT AT S T gd W ArEeREY gt arf | TS.11,4.10.2 1

The epic Ramayana also furnishes a lot of information regarding the atmosphere, its conditions
and cosmic regions, up to the distance of the Moon from the Earth. Entire atmospheric cosmic
stretch was divided into nine regions, where last one is the longest. Ramayana (1.47.4) describes

mythically the origin of the atmospheric regions.

IAHT 39 I IR fafd g=ra |

Arodm gfi faveran feersur Arrers: || Ramayana.l,47.4 1|

Intensive insolation and high temperature work as an agency of destruction or dispersion of the

existing clouds is spoken of in V1.43.29 of Ramayana as:

fAfde sRwfed: Hyafiary@e |1 Ramayana.V1,43-29 |
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In the Ramayana, we read about evaporation by the Sun’s rays in general verse (11.105.20), and

about the formation of clouds due to solar heating of the ocean (V11,32.68) as:

MY erugwry] Wy iferarera: || Ramayana, 11,105.20 ||

S MU @irerHTHarger || Ramayana,VI1,32.68 ||

The insolational heating of the ocean water is also referred to in the Verse VI11.25.30 of

Ramayana.

QUISTCRIATHATGAATATT §9 IR |
qar Fdie eeniia: @ Axadarad: || Ramayana.V11,25.30 11

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 amag (M.B.XIl,
328.37), 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 3gz
(MB. XII, 328.38-39) as:

IR T fageT waed wemrfa: |
gl AW Harfa fgdr: saaqr 9e9 11 MB.X11,328.37 ||

$¢d SISl 9redd AR dRIfd I: |

JIagy @rerl I aafa A=yor || MB.X11,328.38 ||

TR AN AIGRA T |

SEIEad Al s et 11 MBLXI11,328.39 11

Apart from the wind, the sun was realized as the main cause of evapotranspiration. The Vana
Parva tells us that the Sun evaporates moisture from all plants and water bodies and causes
rainfall (MB.111.3.49). The epic informs us of various types of clouds and atmospheric layers as
well.

THTETIIRARTISI FeTal Faaiea |

FAITERA = gaauryg goard || MB.111.3.49 ||

Hegddid a o wwary RE: | MBLITL3.59 |
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Kanada in his Vaisesika Sutra (Vais. Sutra., 5.2.5) explains the cause of evaporation of water

thus, “the Sun’s rays cause the ascent of water, through conjunction with air”:

ST 9rg wArTerEeH || Vais.Sutr.5.2.5 ||

Kanada was also acquainted with convection currents in the atmosphere which he refers to in

very scientific terms as:

AreAdTSITgdd FarTe | | Vais.Sutr.5.2.6 ||

Author and commentator Sankara Misra (1600 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 philosopher Kanada knew that the Earth is heated by sun’s rays through radiation

and convection currents in the atmosphere.

Various Puranas inform us that there are seven regions or layers (a1 in the atmosphere or
there are seven types of winds (Vayu. 49.163). Narada Purana speaks of seven air channels
(60.13) viz. \wicrargarT:, Kurma Chapt. 41.6-7 also reveals same thing with little variations as

described here:

T Awiaredadr: far |

W WA ar: AggHde fgorm: 11 Vayu.49.163 ||

3Tge: Yderdd dddrgds: Y- |

el faggeag dgged wrewmEs: || Kurma.41.6 ||

goT gRdgedd 9rad 9« =93 || Kurma. 41.7 |1

The phenomena of evaporation, cloud formation and their relationship with winds or regions of
atmosphere (@) are quite satisfactorily described in several Puranas (Brahamand Vol. I,
Chapt. 9., Vayu. Chapt. 51, Linga, 1,41, Matsya, 1,54) and a full-fledged separate chapter has
been devoted to them in these topics, which positively evinces that due importance of this branch

of meteorology was realized. Some of the verses are quoted here as:
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Arasear alRfagda arRom e < |

aerres: fe=ar @ g *fa’ex |1 Brahmand, Vol.11,9.138 ||

T O 9T 9 e #eriand |
TATERET W At 9w waga || Brahmand,Vol.11,9.139 ||

auieHl 29 0y dear 99 o qern |
YT TSI 9 garedd daad || Vayu. 51.11 |1

gaoTEgdieea garage s |

qauara fRor: | HreiiAfearss: || Vayu. 51.12 ||

JI: fRuSiTe aRggaE |qaT: |

STl STefdTaw o fgol e n |1 Vayu. 51.13 ||

Above lines of Vayu Purana explain that the sun rays along with the air, extract water from earth.
The Linga Purana (1,41.11,21 and 30), specifically recognizes the roll of sun rays in evaporation

of water, which gets converted to clouds and subsequent rainfall.

Jgar Sex: ARERER: || Linga. 1,41.11 ||

reErl U A fAg=rar TR |
grffarfafafysiat feea: gfRRfa w5a 11 Linga. 1,41.11 11

TS A9 WS I I 9 qud BT |
il IRfe 7 agfiwd gadfa || Linga. 1,41.30 11

gaoferedreaTy: At 4 JEa fasfa |
FITIRRY @l gargeaane=ar: | | Matsya. 1,54.29 11

dIT: AWy 3few R¥AfSied || Matsya. 1,54.31 11

Ht[ﬁlélgﬁlbll‘lld Jg=giil THXY: |

d o

davcgqaeiicdretaRad fearee: || Matsya. 1, 54.321 ||
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The celebrated Jain treatise ‘Surya Prajnapti’ has dwelt upon at length on insolation, radiation
and reflection of the sun’s light and energy and heating of the earth and various surfaces. Its
conception of a 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 millennium B.C. The concept
of albedo is an important aspect of modern hydro-meteorology. The evapotranspiration process

is greatly affected by the albedo.

In Prabhrta 4, Sutra 25, detailed discussions are there dealing with insolation or heat of the Sun
(amer), Prabhrta 5, Sutra 26 (designated as o=ar ufagfd, reflection of sun’s light), presents a
detailed discussion on the phenomena of scattering of sun’s light, radiation, insolation, reflection
and albedo and gives accurate scientific details. First, it mentions twenty theories on reflection
of the sun’s light held by the adherents of other sects (wRefifef@m). Then, it refers to another
important fact that unseen (invisible) objects also posses reflective capacity.

In aphorism, 30 of the 9 Prabhrta, discusses about the nature of convection and radiation heating
through the sun’s ray with reference to earth surface, water bodies and 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 vertical ones greater heat. This is discussed with reference to the rising of
the sun, noon and evening and different places (or latitudes). This shows that during Jain period,

the Indians were well known about the heat exchange processes with in-depth technical theories.

Epilogue

The various references and discussions presented in the chapter show the ancient Indians had
developed significant understanding about the processes of interception, and infiltration. The
interception of water by vegetation and hanging of water particles near the surface of Earth on
other materials was also observed, which disappear through the activities of wind and heat. The
modern soil science tells us that the soil is composed of interconnected pore spaces. This was
clearly realized by the ancient Indians and was compared with the veins in the human body,
through which infiltration takes place, which is the source of ground water. Ancient Indians also
developed a very scientific knowledge about evaporation and transpiration. That sun rays, wind,
humidity, vegetation etc. are the major causes of evapotranspiration, was known to them. The
ancient Indians had realized the importance of evapotranspiration as an important facet of water
cycle, energy circulation and food production and, for maintaining the natural eco-system. Solar
phenomena, lightening, wind, cloud formation etc. take place in lower layer of the atmosphere.
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Atmosphere was divided in troposphere, stratosphere and ionosphere and globe in torrid,
temperate and frigid zones which is comparable to modern meteorology. Plants drink up water
through roots which is facilitated by the conjunction of air is alluded to in Mahabharata which
fully corroborates the modern concept of capillarity in soil, water and plant relationship. The fact
that 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 were well
understood. However, it is point of further research in the ancient hydrologic literature whether
there were specific instruments/techniques to quantify the processes of interception, infiltration

and evapo-transpiration?
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