Chapter-2
HYDROLOGIC CYCLE

Hydrologic Cycle is a fundamental and important concept in hydroscience. The cycle involves
the total earth system comprising the atmosphere (the gaseous envelop), the hydrosphere (surface
and subsurface water), lithosphere (soils and rocks), the biosphere (plants and animals), and the
Oceans. Water passes through these five spheres of the earth system, in one or more of the three
phases: solid (ice), liquid and vapour. Figure 2.1 represents the various processes of the
hydrologic cycle.
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Figure 2.1: Representation of the various processes of the hydrologic cycle
(Source: John Evans and Howard Periman, USGS - http://ga.water.usgs.gov/edu/watercycle.html)

The Vedic texts which are more than 3000 years old contain valuable references to water and the
‘hydrologic cycle’. As mentioned earlier, the most important concepts, on which the modern
science of Hydrology is founded, are mentioned in Rig Veda in various verses in the form of
hymns and prayers addressed to various deities and divinities such as Indra (firmament), Agni
(fire), Maruts (wind) and so on. For example, a verse from Rig Veda states like this:
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3eE MY Gy |
Sy gfeEE || RV, 1,6.4 1

It means that the water which gets divided in minute particles due to the heat of sun is carried by
wind and after the conversion into cloud it rains again and again. Another verse of the Rig Veda
(R.V, 1,7.3) states that the God has created sun and placed it so, that the whole universe gets
illuminated, likewise this is the rule of universe to extracts up water continuously and then

convert it to cloud and ultimately discharge as rain.

ol SrEiy T 3 U el |
fa MfwfedRaa | RV L7.3 1

Following verses of Rig Veda explain the transfer of water from earth to the atmosphere by the
wind (I, 19.7), breaking up of water into small particles and evaporation due to sun rays and
subsequent rain (I, 23.17), the formation of cloud due to the water evaporated from the mother

earth and its come back to its mother in the form of rain (1,32.9).

The verse 1,32.10 of the Rig Veda says that the water is never stationery. It continuously gets

evaporated and comes down, but due to smallness, we can’t see the rising water particles.

T g gdAar foR: wygAviad |

qweaR o g | IRV, 1,19.7 11

gt Su g arfiat g | |
ar A feegeaRA 1 IRV, 1,23.17 |1

ATl AT IRAT 7T ISR |
SR GRER: YA 3ilaay: e weaaarqed: |1 RV, 1,32.9 1]

The following verses of the Rig Veda say that the rays of the Sun are the cause of rains and that
the sun extracts water from all parts of the world and the start of creation is through fire only,

which is continuously engaged in extraction and discharge of water.

Jfrss=iH™ fIdedET wrem 7 Afed TRRA |
gAR o 4 =R dreaq smeafesery: 1RV, 1,32.10 11
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A QA HEd AfdH SRS 7 8= A |

SreReEdadRYl fharer vem: |+ M | IRV, 11,30.1 11

AT AR AR d o 2 fagy S99 |
Ul RE=iRg S fedfed ggar a=aei¥ | IR.V., 11,30.2 ||

A verse of Rig Veda further states as follows:

7 MU foer $d a1 SHad WM S a1 AT TS |
a3 gEd: graeran amar <diRe #a=g | IR.V., VIL42.2 11

Meaning: The waters which are from heaven, of those which spring up by themselves, the bright
pure waters that tend to the sea, may those divine waters protect me here. Like these verses,
various other verses of the Rig Veda (RV. VIII,6.19, VIII,6.20; and VIII, 12.3) states the
causation of water evaporation, formation of cloud, rain, flow of water and its storage in oceans

etc.

The verse RV. X,27.33 of Rig Veda reads as follows:

AT A GIHT NTSBRACEHURT SERI |
SR gidEo g1 99 g8 A IRV, X,27.23 ||

Meaning: At the start of creation, sun, etc. are created, rainfall is caused from sky and the
vegetation is created by the combination of cloud, air and sun. The sun extracts water in the form

of vapour & air, causes it to form cloud and rain.

Further elaboration of the knowledge about hydrologic cycle is found in the Sam Veda (VI1-607).
A verse of Sam Veda reads as follows:

TR IGUIIIT: FAHI TGO |

T g g dfaraur=agy a3 1S, V. g@iftee VI, 607 |
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Meaning: One type of water goes up and other type of water comes down, both of these may go
to the atmosphere after treatment of sun’s heat. From up they flow into rivers after rain and get

stored there.

Similarly, the Yajur Veda explains the process of water movement from clouds to earth and its

flow through channels and storage into oceans and further evaporation (Y.V., X-19).

U U qYMS qUTTaeRI SaRIaarT: |

T SATIG~ERT e Al ge=adg IA:
fawifdmaomfy fawifdmrmta el smfa Y.V, X-19 ||

In the Rig Veda, Sam Veda and Yajur Veda the concept of infiltration, water movement, storage
and evaporation as the part of hydrologic cycle are revealed clearly. During the time of Atharva
Veda the concept of water evaporation, condensation, rainfall, river flow and storage and again
repetition of cycle was explained as in the earlier Vedas. According to the Atharva Veda, the sun

rays are the main cause of rain and evaporation, as mentioned below:

arqat Su g At < wE |
a1 = fReawaeaRa 11 AV, 1,5.2 1

The verse |, 32.4 of the Atharva Veda states that the entry of rainwater into earth and its
continuous movement in the cycle from earth to atmosphere is by sun rays. The Verse reads as

below:

fereaa=amaR dea-aamfe f3ra9 |

fed = fazadesr gforad ame” @: 1AV, 1,32.4 11

Another Verse of the Atharva Veda (V,24.5) says that the water from earth goes to the

atmosphere due to oxygen and then it comes down (rains) due to carbon dioxide.

fAETasvll geeaTeiud df AT |

I FRHVIRIAT HHOTRT PRI USSR

IR TR qageai w@ral [ 1AV, V,24.5 ||
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The hydrologic cycle reaches into the atmosphere and traverses, imparts, the domain of
hydrometeorology. It may be seen in the Varahamihira’s Vrhat Samhita (550 A.D.) in which
three chapters are devoted to hydrometeorology comprising pregnancy of clouds (Chapter 21),
pregnancy of air (Chapter 22), and quantity of rainfall (Chapter 23). Shlokas 1 and 2 of
Dakargalam (Chapter 54 of Vrhat Samhita) which states the importance of science of ground

water exploration, helps man to ascertain the existence of water are as follows:

T YR T IETIdE BN AT STAldetfar: |
g sy RRIGRE @it ureaf e

U que AT AT AT agETiaRIvi |

T ¥ ggavidl @ d wed fafagerada V.S, 54.1-2 |1

The water veins beneath the earth are like vein’s in the human body, some higher and some
lower. The water falling from sky assumes various colours and tastes from differences in the
nature of the earth. These shlokas imply that the infiltration of rainwater through the veins into
earth surface is the source of ground water. The epic Mahabharata (X1, 183.15.16) explains that
the water ascends to sky with the help of ¥ (fire) and air and then its humidity get condensed

and causes subsequent rainfall.

R g @ TN STt |
QTSRS a-eguued | MB,X11,183.15 ||

TR fAufad: FewTsia a1 o |
| HerdaaHra gfadgTssia || MB,X11,183.16 ||

The verses 184.15-17 of the 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.

urs: Afererarreg @i @y geiE |
afeufafhaars faed @+ g9 11 MB,XI1,184.15 ||

JEAIIeldTeld JTed SfefHaad |

T ya=raga: are: foafe urew: |1 MB,X11,184.16 11
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In verse XI1,362.4 and B of the Mahabharata, it is explained that the air and the sun rays get
dispersed and fall on whole universe together. The Verse further says that the sun rains in rainy
season (four months) and in next eight months the same water is again extracted by the sun rays.

Thus, it explains two faces of hydrological cycle clearly viz.

gl argfafa: g gEReRar 7er 11 M.B.XI11,362.4 ||

ATCHTAI] YT v ;|
e g drel freema: w11 M.B.,XI1,362.B |1

Like Vedas and Epics, in Puranas (which are dated between 6™ century B.C. to 7" century A.D.)
we get various references which show the development of knowledge of hydroscience during
their periods. Matsya Purana (Vo. I, Chapter 54) reveals that the air saturated with moisture is

the cause of creation (earth) viz.
JRETERT ge< 4 |Har: deaarar: | | Matsya 1,54.15 11

In verses 1,54.29-34 of the Matsya Purana and 51.23-24-25-260f the Vayu Purana, we come
across the knowledge of evaporation. According to these verses, burning of water and its
conversion to smoke is caused by sun rays which ascend to the atmosphere with the help of air,
which again rains in next 6 months for the goodness of the living beings. The various verses are

given below:

gauTieredreaTy: gar 4 e fefd
FAAIRNY @Ml gargeaaneerr || Matsya 1,54.29 ||

QEIHMY ddg STTSHRITARY 9 |

AR o1 gl fAeerEwie 4w || Matsya 1,54.30 11

A TR ST AT A |

Aol et a T et veafrsted || 1,54.31 |1

ﬂ‘lﬂQIglﬁ"dﬂl‘llq g THIY: |

dasgdasnepreraRad feards: |1 1,54.32 11
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e qeWa: ol YaoRgRA™: |

YT YA gArageIRar: | | 1,54.33 11

qar qufar yoarRI Aafaggd |
JrfRafdea fayaeattaom wgar || Matsya 1,54.34 |1

In Linga Purana a full-fledged chapter (1,36) has been devoted to the science of hydrology. It
explains evaporation, condensation and rainfall with suitable examples very scientifically and

says that the water can’t be destroyed, only its state is changed.

CRETHTY TRTENY MEHYdRaY epaf |

AT AT Hed ARKHRAT 9 dRaeigi==marg = || Linga 1,36.38 |

QAT AT HANTRRI T |

RN avciegyHyRrer geerga | | Linga 1,36.39 ||

Meaning: After getting by sun, the water contained in most of the materials on earth gets
converted to smoke (vapour) and ascends to sky with the air and subsequently gets converted to
cloud. Thus, the combination of smoke, fire and air is the cause of cloud formation. These clouds

cause rainfall under the guidance of lord Indra, having thousand eyes.

Similarly verses 1,36.66-67 of the Linga Purana say that the water is never destroyed or lost, but
only converted from one form to other i.e. water to vapour by sun heat, then cloud and subsequent

rainfall and loss of rainfall by wind etc. viz.

IRIE JHTRI] geAavaragdsr: |

AEE U, Alew fhroisierd | | Linga 1,36.66 ||

ST AR gigal Aaar e |

gquisrsdr arggite wevd 4 || Linga 1,36.67 11

Thus, it is evident that the Linga Purana contains clear concept of rainfall, evaporation,
condensation, cloud formation etc., along with the knowledge that water cannot be created or
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destroyed. Chapter 41, Vol. | of the Linga Purana furnishes some more knowledge about the

change in the facets of hydrological cycle with months of the year. viz.

JHT AT W F I F qud B3|
quiegell 3RS = =g gadfa || Linga 1,41.30 11

o AR HIGETaT JeRIaTo |
oI AR wafews et ariwn 3fQ: 1) Ling 1,41.33 1

Likewise Vayu Purana also contains valuable references to hydrologic cycle. Vayu Purana
(51.14-15-16) state like this:

o

fedId gIAF: A HhAd ST |

r\(\i [Nl d

eI ggadTaeE vadd || Vayu,51.14 ||

FAHRAT A deds S |

HeT grgfETa fager oiel gfa 11 Vayu 51.15 11

TG dd gadl ° gAsier |
q g IeHATRG dag ulgdd || Vayu 51.16 |

Meaning: The water evaporated by sun ascends to atmosphere through the capillary of air, and
there gets cooled and condensed. After formation of clouds, it rains by the force of air. Thus,

water is not lost in all these processes but gets converted from one form to other continuously.

Brahmanda Purana (11, Chapt. 9) also gives some information on the hydrologic cycle. It says
that seven colour rays of the sun extracts water from all sources, by heating them (11,9.138-139).
Thereafter, the clouds of different shapes and colours are formed. Then they rain with high
intensity and great noise. (11,9.167-168). In this way, the fire of the sun is controlled. The very

object of the chapter is the concept of the hydrologic cycle explaining different parts one by one.

rgeear aRfaeT aiiRon e 1A |

g@Tey: fog= & da fajew (1 11,9.138 11

20



TR O e A T Jerotand |
AATEIRYT |l ¥« wagd || Brahmanda 11,9.1391 |

AT AGATHTERTATR S T |

qawl Sierel a¥ gdfa = #weraad || 11,9.167 11

ARARTE Fd ARRIT 9 uraed |
yged qemerel arRemgdd e | | Brahmanda 11,9.168 1 |

The treasure of knowledge about hydrology and hydrologic cycle available in various ancient
Indian literature has still not been explored fully. As observed by V. T. Chow (1974) in the
Symposium organized by UNESCO in Paris in August, 1974 “the history of hydrology in Asia
is fragmentary at best and much insight could be obtained by further study”. Although the efforts
are on, they are not numerous. In a recent study, Malik (2016) has made efforts to extract and
analyze the concept of hydrological cycle as understood from the Ramayana Epic, focusing on
the conceptual aspects of hydrological cycle interpreted from the 28" sarga of 4" Kanda of
Kishkindha Kanda of Ramayana by the great poet Valmiki. The Schematic representation of
hydrological cycle extracted from Kishkindha Kanda of Ramayana of VValmiki by Malik (2016)
is shown in Figure 2.2.

Malik (2016) has also compared the modern concept of the hydrologic cycle with the concept
present during the Ramayana of Valmiki. The comparison is shown in Figure 2.3. From the
comparative analysis of the two concepts, he observes that “in the modern concept sun
throughout the year evaporates the oceanic water or water from others water bodies coupled with
transpiration. But in the epic, there is no signature of transpiration. Also, contrasting difference
occurs for run-off where present concept considering run-off, infiltration and sub-surface flow.
In the epic concept of infiltration and sub-surface flow are found to be lacking”. However, if we
ignore these limitations, the concept of Ramayana is outstanding and very close to the modern

concept.
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Figure 2.2: Schematic Representation of the Hydrological Cycle extracted from Kishkindha
Kanda of Ramayana of Valmiki by Malik (2016)
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Figure 2.3: Schematic comparisons between Modern Hydrological cycle and hydrological
cycle concept in Valmiki Ramayana by Malik (2016)
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Epilogue

This chapter brings out that the knowledge of water science during the Vedic age and afterwards
in the age of Epics and Puranas was highly advanced, although the people of those times were
solely dependent upon their experience of nature, without sophisticated instruments of modern
times. In the Vedic age, Indians had developed the concept that water gets divided into minute
particles due to the effect of sun rays and wind, which ascends to the atmosphere by the capillary
of air. It gets condensed there and subsequently falls as rainfall. Month-wise change in the facets
of the hydrological cycle was also known. Water uptake by plants which gets facilitated by the
conjunction of air along with the knowledge of infiltration is revealed in the ancient literature.
From all above discourses, we can conclude that well developed concepts of the hydrological
cycle were known to the ancient Indians in those ancient times while the contemporary world
was relying on the wild theories of origin and distribution of water. Thus, the ancient Indian

knowledge of water science can be regarded as the great achievement of that time.
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