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PREFACE

While making a reconnaissance of ancient Indian
literature it was found that it contains a gold mine of
knowledge in hydrology. This encouraged the. Institute to
attempt a thorough study .of various available ancient
literature tc arrive at a document compiling the wealth
of hydrolcgical treasures hidden in Indian literature.
The report attempts at compiling information on wvarious

component processes of hydrology and their interactionm.

While carrying out the studies on  hydrological
information in ancient Indian literature, it was heartening
and revealing to note that the hydrological concepts which
are coming to bé discovered & invented in last 3 centuries
were known and well documented in ancient Indian literature

even as early as 3000 B.C.

Like other sciences, the science of water also was
well developed in ancient India. It is regrettable that
at present sufficient attention and respect is not being

paid to our ancient Indian sciences.. This is because some
how, we have developed a notion that ancient Indian
sciences have lost all their utility in the face of modern
sciences, which have developed so much to their present
positicn, But this concept of ours will prove false if
one tries to realize the real merits of the ancient Indian
sciences. It is expecieq that present report will be able

to porove this thing in the area of hydrology.

The attempted study reveals  that the field of
hydrologic-cum-indological 1investigation remained. totally
unearthed and unexplored. This sort of report exploring
the knowledge of hydrology as contained in the ancient
Indian literature had become a crying need of the day,
specially when hydrology has come to occupy its rightful
place in India in the modern era. I am sure that if the
ancient Indian hydrology 1is revived and brought to
practical use it will prove of much benefit to the India

in particular and to mankind as a whole.



This valuable document has LEteen prepared by Shri
T.M. Tripathi, Scientist 'B' and other scientists and staff
of the Institute. A number of libraries of the country were
consulted however special mention needs to be made of
libraries of Gurukul Kangari University, Haridwar and

Sampurnanand Sanskrit University, Varanasi.

SjlﬁaL.CbxmrbqiMShﬂ
Dated: Sept.7, 1990 ( SATISH CHANDRA )
DIRECTOR
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SUMMARY

If one studies the ancient Sanskrit I|iterature he
observes that it contains valuable references to hydroliogy, The
important concepts of modern hydrology are scattered in various
verses of Vedas, Puranas, Meghmala, Mayurchitraka, Urhat Sanhita
and various other arcient Indian works, In this document an
attempt has been wmade to compile information pertaining to
hydrology in ancient Indian |iterature,

In Vedic age Indians had developed the concept that
water gets divided into winute particles due to the effect of
sun rays and wind, In various places in Puranas it is alluded
that water can net be created or destroyed, only its state is
changed through wvarious phases of hydrological cycle,
Evaporation, condensation, cloud formation, precipitation and
its weasurement were well understood in India in Vedic and
Puranic times, Effects of Yajna (3¥), forests, reservoirs etc,
on the causation of rainfall, classification of clouds, their
colour, rainfall capacity etc, forecasting of rainfall on the
basis of natural phenomena |ike coleur of sky, clouds, wind
direction, |ightening, and the activities of animals was well
developed in ancient 1India well before 1(8th century B,C,
Contrivance to measure rainfal!l was developed during the time of
Kautilya (4th cent, B,C,) which had the same principle as that
of wodern hydrology except weight measure of Drona, Pala etc,
were adopted instead of modern |inear measurement of rainfall,
Scientific facts like arid region of Tibetan rain shadow area
and no rainfall by polar winds are fully advocated in Puranas,
The knowledge of monsoon winds and height of clouds alongwith
the division of atmosphere was well developed in Vedic age, The
technique of knowing the slope of an area by means of a flowing
river and dimensions of meandering rivers alongwith velocity of
flow were usefully developed, Mountaneous rivers are generally
perennial, deposition of fertile soil periodically on flood
plains, different types of topography alongwith the
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classifications of 1and and soil as black, yeliow, red,
gravelly, boulders etc, were well known,

In ancient times when the western knowledge about the
sccurence of ground water was based on the wild theories, as
they were belleving that rainfall being inadequate in quantity,
can not be the source of ground water, the Indians had the well
developed concepts of ground water occurence, distribution and
util lzation, Literature also reveals that hydrologic
indicators such as physiographic features, termite wounds,
solls, flora, fauna, rocks and minerals were used to detect the
presence of ground water, Variation in the height of water
table with place, hot and cold springs, ground water utilization
by means of wells, weil construction methods and equipment are
fully described in 54th chapter of VUrhat Sanhita named as
’Dakargala’, Sun rays, wind, humidity, vegetation etc, are the

measure causes of evapotranspiration was well realized,

It ig very interesting to iearn that Varahamihira in as
gparly as 550 A,D, presented a siwple wethod for obtaining
potable water from a contaminated source of water, Various
plant materials alongwith the sun heating, aeration, quenching
of water with fire heated stones, goid, silver, iron or sand
were used, The change in the quality of water with the months
of year and suitability of water from different sources for

various uses were described,

Efficient water use, lining of canals, construction of
dams, tanks, essential requirments for the construction of good
tanks, bank protection methods, spiliways and other winor
aspects were given due consideration in ancient times in India,
Well organized water pricing system was prevalent during the
time of Kautilya, Various references are available iIn Vedas
even, alluding the importance of efficient water use so as to
reduce the intensity of water scarcity and drought etc,

in present study the knowledge of various aspects of
water resource$ and hydrology as contained in ancient Indian
literature and summarized above have been analysed, The report
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has been divided into nine chapters healing with different
aspects of hydrology,



CHAPTER 1

INTRODUCTION

The origin and evolution of agriculiture and feeling
need of irrigation are not separate processes, They are closely
connected with the general course of history of Plant growing,
with the invention of tools and irrigation techniques, In
ancient days when advanced methodologies or principles of
hydrology were unknown man had realized that water 1s essential
for survival , and therefore the earliest civilizations were
distinctiy and Predominantly hydraulic in character as they owe
their origin to reliable sources of water to meet their various
needs, Rivers Played such a pivotal role in the Iife and living
of those people that their civiiizations came to be known as
river wvalley civilizations, such as the Nile in Egypt, the
Tigris Valiey C(Civitizations in Mesopotamia, the Howang-Ho in
China and the Indus in India, All these civiiizations existed
from 3000-2000 B,C, and their are historical evidences to show
that certain engineering measures were adopted during that
period in order to sustain as well as enhance benefits from
rivers and also to Protect against damaging phenowmenoc of floods,
Fali of these civiiizations and gradual decay of some of them
were partly prompted by mankind’s creeping inability to cope up
with adverse and damaging cnnsequeﬁces of his interference with
hydrology and hydraulics of the respective rivers in his
attempts to derive benefits,

Ancient Indian I|iterature show the development of
Sciences (as also hydrological Science) which go back to the age
of Vedas, It Is a good fortune that the ancient Sanskrit works
have been preserved and not lost through centuries of domination
by alien races and alien cultures in India, The elite in the
society cherished an abiding love and respect for Sanskrit
learning and Sanskrit culture which enabled the Iearning and
culture to survive inspite of being subjected to the "winds of



changes® of alien cul tures,

It is true that, in the realm of spiritual values, the
Indian heritage was great and sublime and perhaps unparalleled
as testiflied by some of the great persomalities of the west who
underwent the toil of learning Sanskrit and presenting the world
with transiations in English and German of the renowned texts of

Vedas and Upanishads,

Sciences in Ancient India:

Very few workers in the scientific worid are aware of
how wuch science, as understood and accepted by sclentists is
contained in the ancient Sanskrit |I|iterature, 1t is a moot
question whether the ancient sages had adopted the methods of
modern science of laboriously collecting observational data and
integrating them through apparopriate concepts into useful and
acceptable truths, Observation as a wmedium of realising the
underlying truths couid not have been ignored,

Science 1is defined as ordered knowledge of natural
phenomena and the rational study of the relations between the
concepts in which these phenomena are expressed, It is In its
widest sense, a systemetic method of describing and controlling
the wmaterial worid, It can be seen, as it stands at any wmoment,
as a logicalt and coherent account of that order which the
scientists of the time finds in nature, It progressively
affects man’s life, In India, at the beginning of the third
milennium B,C,, an advanced state of Indus Valley Civilization
existed at Mohenja-daro, Harrappa and elsewhere, and a scale had
been discovered indicating the use of deciwmals, Preparation of
the Vedic Calendar for wvarious ceremonies and of rituals
necessitated the study of heavenly bodies and of their
movements, and this led to the advancement of the astronomical
Science, (Prasad, 1980),

The sun [ight constitute seuven colour rays was known to

Vedic Aryansg as it is clear from foilowing mantra (RV,II, 12, 12)



3 AEimdwfeTRTeeid W@ R |
o MfeonrgieuaraiiRien @ §0W Fa: | (RV,II,12,12)

Vhich means that the sun containing red etc, seven colour rays
is the cause of water flow in the rivers (because of rain),
After rain it again attracts water from earth and this cycle
goes on,

Indian arithmetic 1is remarkable in that there (s
evidence to show that as early as third century B,C, a system of
notation was evolved from which the schewe of numerals that is
in vogue even today has been copied, The Aryabhatta studied the
summation of arithmetic series and attempted to solve quadratic
indeterminate equations, Brahmagupta developed the application
of explicitly general algebraic methods to astronomical
problems, The beginning of the medical sciences go back to the
age of the Vedas, The early beginnings of the art of healing
and of the knowledge of healing herbs are found In the
’‘Kausikasutra’ of the ’Atharvaveda’, Susruta and Charaka were
well Kknown surgens § physicians, The medical work of Vagbhata
of the seventh century contains the first wention of mercury,
(Prasad, 1980),

The wost rewmarkable feature of the Buddhist Philosophy
of India is the formulation of the atomic theory of Kanada (600
B,C,), (Prakash, 19565),

Biswags (1969) has rightiy remarked that the growth of
modern science in Europe would have been hardly possibie without
the background of poineering contributions from India, China and
Arabian countries, well upto the 12th century A.D,

Domination of the foreign rulers for long time did not
help in bringing the Scientific content of the Sanskrit
literature to cowme to the fore, Even after independence, the
situation did not improve for the obvious reason that there |is
no interaction between the wodern si:ientists and the Sanskrit
gcholarsg, The scientist never bothered to know about the
scientific content in the ancient Sanskrit literature while the



Sanskrit scholars never cared to bring to focuss the probiems of
scientific nature available in the Sangkrit works: they got
entangled in such problems as ’Vyakarana’,’Mimansa’ etc, Hence

gven to date the scientific content of the &ncient works

remained almost wholly unknown and unanal ysed,
Hydrology in Ancient India:

In contrast to the ancient western science containing
wild theories on the origin of water, the ancient Sanskrit
literature contains the wmos. valuable and highly advanced

gcientific discources on hydroscience,

The Vedic texts which are wore than 3000 yrs, old,
contain valuable refeerences on ’‘hydrological cycie’, The most
important concept on which the wmodern science of hyd-ology is
founded, are scattered in Vedas in various verses which are iIn
the form of hymns and prayers addressed to various dieties,
Likewise other Sanskrit |I|iterature have valuable discources

regarding hydrology,

The historical development of hydroscience have baeen
dealt by wmany writers (Baker and Horton, 1936; Chow, 1964;
Biswas, 1978); but in all these works references to the
contributions wade in ancient India is conspicuousiy absent
(Prasad, 1988), Chow (1964) dividing the history of hydrology
mentioned fol!lowing western scholars leaving Indian scholars and

their great contribution,

He has given the references of Homer (about 1066 B,C,),
Thales, Plato, Aristotie in Greece, Pliny in Rome and many Bible
gcholars of that time, RI1 above western schoiars were
believing in the wild theories regarding origin of water as
quoted below, Thales an Ionion philospher stataed that the sea
water ig driven into rocks by wind ig the cause of ground water,
Plato (427-347 B,C,) the great Athenian philospher stated that
the water of seas, rivers, springs etc, come from a large
uﬁdergruund reservoir and go back to the same, Aristotie



(364-322 B,.C,) said that water of the gprings etc, is derived
from the underground water through system of underground
openings, Famous Stoic phitospher Lucius Annacus Sencca (4 B.C,
- BS R.,D,) deciared that rainfal! can not be the source of
springs and underground water, because it penetrates oniy a few
feet into the earth (Prasad, 1360), Marcus vitruvious who 1!ived
about the time of Christ conceived a theory saying that ground
water is the part of rainfall originated through infiltration,
From all above raferences of western scholars we gather the low
level of development of hydroscience in western worid, B8ut the
contemporary India had highly advanced knowiedge of all aspects
of water science,

The origin and evoluation of agriculture and experience
in irrigation on the territory of India or anywhere in the worid
are not seperate processes, as evidenced from following hymns,

yie & @7 aiem
X Td9 B 1) 3da, 18-9 | |
A& § T4 Oe(am | | 39a8, 18-17 1|

These hymns {ifustrate the iwportance of Yajna’s (ff:Sacrifice)
for rain, agriculture, and air or environment and their

interelationship,

In ancient India the well! developed concepts of
different facets of hydrolegy were available, Uater is not lost
in the  wvarious processes of  hydrological cycie namely
evaporation, condensation, rainfall, streamflow etc, but gets
converted from one form to other was known during Vedic and
Puranic times, VUater uptake by plants, division of water into
minute particles by sun rays and wind, different types of
clouds, their heights, their rainfall capacities etc, alongwith
the prediction of rainfall quantity in advance by means of
observing the natura! phenomena of previous years are also
available in Puranas, VUrhat Sanhita (550 A,D,), Meghamala (909
A.D.) and in other Iliterature, The references of raingauges are
available in Arthasastra of Kautiiya (40@ B,(,), and Astadhyayi
of Panini (700 B.C.). The quantity of rainfall in various parts
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of India was also predicted by Kautilya, Indians were
acquainted with cyclonic, orographic effects on rainfall and
radiation, and convectional heating of earth and
gvapotranspiration, Various other references of Infiitration,
interception, stream flow and geomorphology [in Ramayana (200
B.C,) the reference of artesian wells is availablel, erosive
action of rainfall, etc, were also knouwn, Ground Vater
development and water quality consideration were getting
sufficient attention as evidenced by VUrhat Sanhita (550 A.D,).
Vater management and conservation, weil organized water pricing
system In 400 B,C,, construction wethods and wmaterials of dam,
tanks etc,, bank protection, spillwaygs and other minor
considerations reflect the high stage of development of water
resources and hydroiogy in ancient India,

Numerous references exist in Vedic |iterature,
Arthasastra, Puranic sources, Urhatsanhita, Hayuracitraka,
Meghmala, Jain, Buddigst and other ancient Indian |Iiterature
which enumerate the status of hydroiogy and water rescurces in
ancient India,

The following elements of hydrology and water resources
ag they are inferred in above ancient Indian |iterature and also
digcussed by some of the authors such as Tripathi (1969),
Prasad (1980), Prasad (1987), and others have been reviewed, and

analysed in present study,

Hydroleogic Cycle

Precipitation, Cloud formation, measurement etc,

-

Interception and Infiltration

Stream flow and Geomorphology

Ground Vater
Evapotranspiration

Water Quality

-

ﬂl'\lﬂ"jﬂ-‘(ﬁl\i-—

. Vater use and conservation,



CHAPTER 2

HYDROLOGICAL CYCLE

The Huydrotogical C(Cycle 1is an iwportant concept |in
hydroscience, It ig the chain of events describing the history
of water, Thke cycie Involves the total earth system comprising
the atwosphere (the gas@oug enueiop), the hydrosphere (surface
and subgurface water), lithosphere (soils 8 rocks), and the
biosphere (plants § animais), In one of the three phases
(gsolid, liquid, and vapour) the water passes through these four
parts of the earth system,

The Vedic texts which are more than 3008 years old
contain wvaluabie references on water; the details of the
’hydrologic cucle’ the wmost important concept on which the
modern science of Hydrology is founded, are’ scattered in Rig
Veda in various verses which are In the form of hymng and
prayers addressed to varjous dieties and divinities such as
Indra (firmament), Agni (fire), Maruts (wind) and so on, A
Verse states |ike this

T ] EiEid )

JMAW: 3w 11 Rigveda,1,6,4 ||

that the water which get divided in minute particlies due to the
heat of sun is carried by wind and after the conversion intc
cloud it rains again and again, Another verse (RV,I,7,3) states
that the God has created sun and placed it so as whole the
universe get i!luminated, likewigse this is the ruie of universe
to extracts up water continiousiy and then convert it to cloud
and ultimately discharge as rain

7ol ww ar gf Q=i )
fa kw11 RVL1,7.3 1)



Similariy following verses of Rig Veda explain the
transfer of uater'frOI earth to the atmosphere by the wind (I,
19,7), breaking up of water intc swall particlies and evaporation
due to sun rays and subsequent rain (1,23,17), the cloud is
formed due to the water evaporated from the mother earth and
then it wants to come back to its mother in the form of rain
(I,32,9), verse 1,32,10 says that the water is never stationery,
but It continousiy get evaporated and comes down and due to
smal Iness we can’t see the upgoing water particles

7 §egm Odvw fot: wgeie
e a7 A% 1) RV,1,19,7 |)

ymat 3 qf afvaf gd: we
T 7 fogwaeam 11 RV,1,23,17 )

ot SR IR 37 R |
T O [y W 9@ 11 RY,1,32,9 ()

Ffeoafiam fadvawi awowi o e s
o g fr s ) STSARRNT: 11 RV,1,32,10 1)

W AN Pt A gRATed 4 ORF 3W: |
IRy foaen v: W §MW )RV, IL.36,1)

B @n frEnfeay § afef fos Jm
o i et fdfd o wal 11RV, 1,308,210

These verses 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 continously
engaged in extraction and discharge of water, A verse of Rig
Veda states as follows:

oA fe = @ wEe ghhe %o A FEn |
wget @ mEe: wEyRe A9 dTRE AWeR
RU,VIT, 42,2 ||



*It says that the wataers which are from heaven, of those which
spring up by themselves, the bright pure waters that iend to the
sea, may those divine waters protect me here*,

Like these verses various other verses (RVU,VIII,6, 18:
VII1,6,20; and VIII, 12,3) states the cousation of water
evaporation, formation of cloud, rain, flow of water and its
storage in oceans etc, The verse (RV,X,27,23) reads as -follows:

A AW T ST W |
vt qivetiqe &1 @0 a@: R 1) RY, X, 27,23 )

This indicates that at the start of creation, sun, etc,
are created, rainfall causes 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, In Sam Veda (VI-607), the knowledge of
hydrologic cycle is the next step after Rig Ueda, A wverse of
Sam Veda reads as follows:

R YA PR T |
™ Y e difeaiamrTg A 1) sv, g, vl 687

It states that one type of water goes up and other type cof water
comes down, both of these may go to the atmosphere after
treatment of sun’s heat, Frowm up they flow into rivers after
rain and get stored there, Likewise Yajur Ueda explaing the
process of water mouvement from cliouds to earth and its flow
through channels and storage into oceans_and further evaporation
(YV,,X-19),

7 Wor g QTN FafeaET: |
1 JE@EeeRT o Jf gemw Samm:
foeortfommmorafyy fowriformmiy fosf: @wwfe (Yo x-19 4

In the Rig Veda, Sam Veda, and Yajur Ueda tha concapt cf



infiltration, water wmovement, storage and evaparation as thas
part of hydrologic cycle are revealed clearfiy, During the time
of Atharva Veda the concept of water evaporation, condensation,
rinfall, river flow and storage and again repetiton of cycie was
explained as in the earlier VUedas, The Sun raus are the wmain

cause of rain § evaporation is mentioned as beiow:

at 3 g it gf: &%
a1 7 fegwaam 1) AV, 1,5.2 1)

Verge 1,32.4 of Atharva Veda states the entry of
rainvater into earth and its continous movement in the cycle
from earth to atmosphere by sun rays, The Verse reads as below:

forawamiiar dermamfy drag
fed 7 foradey qived a0 aW: 1) AV,I1,32,4 )

Another Verse of Atharva Veda (V,24,5) says that the
water from earth goes to atmosphere due to Oxygen and then it
comes down (raing) due to carbon dioxide,

fiaae gt o aeew
T, St W i v
feramRaTTRAPRTR] A W 11 AV, U, 24,5 1)

The hydrologic cycle reaches into the atmosphere and
traverses, impart, the domain of hydrometeorology, It may be
seen in the Varahamihira’s Uraht Sanhita (558 A,.D,) in which
three Chapters are devoted to hydrometeoroliogy comprising
Pregnancy of coulds (Chapter 21), Pregananacy of air (Chapter
22) and quantity of rainfall (Chapter 23), Siokas | and 2 of
Dakargeliam (Chapter 54 of VUraht Samhita) which states the
importance of science of ground water m@loration which helps
man to ascertain the existence of water are as foilows:

g AR T TMTE WA W ale: )
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O U T TR R aguTiedeiq
W1 W agavai 7 o Whed fafogemde 1) vr.s.54.1-2 1)

The water veins beneath the earth are |ike vein’s (n
the huwan body, some heligher and some lower, The water falling
from sky assumes various colours and tastes from differences in
the nature of thz earth, These sliokas iwply that the
infiltration of rainwater through the veins into earth surface

ig the source of ground water,

The epic Mahabharata (XII, 1B3,15,16) explains that the
water accends to sky with the heip of Jfid (fire) and air and then
1ts humidity get condensed and subgequent rainfall,

gfta: oowe: @ GmiEs aem )
FIATEGHANTG ETaIvER |1 MB,XI1, 183,15 |1

TR fofoq: Fedrol & W: )
¥ RYTanTy1 i Hcaneqest |1 MB,XII, 183,16 |}

Verses (184,15-17) 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
gsaid that the wvater uptake process is facilitated by the
conjunction of air,

T wiveumre amdei afy A o
afufofiear fed @ @ 1) MBLXIL, 184,15 ||

TR qied S )
T g : TR: fRfy qEg: o)) MB,XII, 184,16 )

In Verse (MB,X1I,362.4 and B) it is explained that the air and
the sun rays get dispersed and fil:+ whoie universe together,
The Verse 8 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 twe faces of

hydrologigal cyclie cleariy viz N



&t agfetr: g gdorel WeW 1) M.B,,XIT,362.4 1)
Tt i feodife w: |
e [ o feeedee: w00 M.BLXTD,362,8 ()

Like VYedas and Epics, in Puranas {&th century H,(, to
7th Century A,D,) we gei various references which show the
development of Kknowiedge of hydroscience during those periods,
Matsya Purana (Vot,I,Chapter 54) reveals that the air saturated
with moisture is the cause of cveation (earth) viz,

TEURT 3&3 T AT OFUETUN: | ) Matsya 1,54,15 ||

In verses (Matsya I,54,29-34 and Vayu 51,23-24-25-26) we come
across the knowledge of evaporation, burning of water and
conversion to swoke 18 caused by sun rays which ascends to
atmosphere with the help of air, which again rains in next &
months for the goodness of the living beings,

qawiremzam: qat 3 ey foofs
FIRRY @O WA 1) Matsya 1,54,29 ||

Y e WHFIRY T
gRRY @1 & fremedle 7dW: 1) Matsya 1,54,38 ||

0 T o SR R )
Jatfe: wdaing ae TR 11 1,54.311)

VIFTGIRUNT Tewa i |
qaeggaTTeITeady feamd s f11,54,32 ||

fraeacame A EAT: JEAREEN: )
T QUGG 1) 1,54,33 1)

oy o whigld
qfeaiaed faymeeiion: ST 1) Matsya 1,54.34 |}

in Linga Purana a fulifleshed chapter (I.36) has been
devoted to the science of hydrology, It explains the

12



evaporation, condensation, rainfall with suitable examples very
scientifically and says that the water can’t be destroyed, only

its state is changed,

FRRY WY MR fewia |
o o w4 i 3 aRaReEEEY § 1)

Linga I,36,38 ||

yat iR SR
arRifty aFicmmRN: eIy ) Linga 1,36,39 ||

i,e, ®After getting by sun, the water contained in the
wost of the materials on earth get converted to gmoke (vapour)
and ascends to sky with the air and subsequently get 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®,

Similarty verses (1,36,66-67) say that the water |is
never destroyed or lost, but only converted from one form to
other {,e, water to vapour by sunheat, then cloud and subsequent
rainfall and ioss of rainfall by wind etc, viz,

i R JeAlaRiedar: |
AT URA Ao foRdlefe 1) Linga 1,36,66 ||

aa Tt Rt aocdany fEma:
yduTrest amefe §Rd F: 1) Linga 1,36,67 ||

Thus it is evident that the Linga Purana contains clear
concept of rainfall, evaporation, condensation, cloud forwmation
etc,, alongwith the knowiedge that water can not be created 6r
destroyed,

Chapter 41 vo!,I of the Linga Purana furnishes some
knowledge about the change in the facets of hydrological cycie
with months of year, viz,

13



et 3 ofed 9 9@ @ oaw fafy:
aufrat wefe T R Teifs 11 Linga 1,41,30 )

R wiv gt deE )
s miy wafees ame arfm fa: 1) Linga 1,41.33 1)
Likewise Vayu and Brchmanda Purana aiso contain valuable
references on hydrologic cycie, WVayu (S1,14-15-16) state |1ike
this,

wfeaid guid: o dmd o
eifiatpgenivaionT @l 11 vayu, 51,14 |

Fw g T |
Ry qryfrerdd fogaa @i ofT 1) vayu 51,15 |y

vt 39 900 4 Gelem )
7 A FRARG ded IRadd 1) Vayu 51,16 1)

i,e, the water evaporated by sun ascends to atmosphere through
the capiliary of air, and there get cooled and condensed, After
formation of clouds it rains by the force of air, Thus the
water is not lost in all these processes but get converted from
one form to other continousiy,

Brahmanda Purana (II,Chapt,9) gives some information on
hydrologic cycle, It says that seven colour rays of the sun
extracts water from all sources, by heating them (I1,9,138-139),
Thereafter, the clouds of different shapes and colours are
formed, Then they rain with high intensity and great noise,
(11,9,167-168), In thig way the .fire of sun is controlled, The
very object of the chapter is the concept of hydrologic cCycle
explaining different parts one by one, a

e witfeeda arfoon fad dfa: )
g feawat 3 dfad @ 1) 11,9, 138 4

T & e gw fyEct qelan o
ey wetar: quf: @9 a0
Brahmanda 11,9, 1391 ||
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AT FGRARNA TG |
ot deer o fEf 7 mdue 1) 11.8,167 1)

gt 74 Ay @ T |
ﬁﬁaﬁ' guread o Iﬁ o || Brahmanda 11,8, 168 ||
From the study of this chapter we can conclude that the
¥nowledge of hydrologic science during the vedic age and
afterward Iin the age of epics and puranas was nighly advanced,
Without sophisticated instruments of today people of that time
were dependent upon their experience of nature,

In the Vedic age Indiang had developed the concept that
water gets divided into wminute particies due to the effect of
sun rays and wind, which ascends te the atmosphere by the
capiiiary of air, There 1t gets condensed and subsequent
rainfalls, Monthwise change in the facets of huydrological cycle
was alse known, Uater uptake by plants which getg faciiitated
by the conjunction of air alongwith the Kknowledge of
infiltration (s revealed In ancient |I|literature, At various
places in Puranas it has been alluded that the water can not be
created or destroyed, only its from (solid, liquid or gases) can
be changed, From all above discourses we come o the well
developed concept of hydrological cycle known by ancient Indiansg
in those remote times whiie the contemporary world was believing
on the wild theories of origin and distribution of water, Thus
this level of knowiedge of hydrology can be regarded as the

great achievement of ancient Indians.
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CHAPTER 3
PRECIPITATION, CLOUD FORMATION, MEASUREMENT etc,

The Riguedic Aryans had keenly and carefully demarcated
the variation in seasons and divided the whole year into six
such divisions, viz,

T F A S ST |
midd & T8 11 RV.1,23,15 1|

The sun was clearly known ag determinant of seasons and
the sgeasons were formed for the benefit of the earthly
creatures, viz,

Ty o oR e o @ fedeng
whe 1 & nfiemgeTTEls e 1 RV.1,95,3 1)

Radiation, convection currants and rainfall as their
effect are described in the RigUeda (I, 164,47, VII, 78,2 and
I,161,11-12),

JeeaE QUG @0 fAdcEay: W W
JIY JEe I8 GePieHdl A ey IRV 1,161, 11 ||

Wi TR wald @ e fe @ Ay |
AW I WE § IR I UEdldl a1 gEde )

RV I,161,12 ||

o foam &3 goof an g feagemata
7 IRy Qe a1 RV 1,164,47 ||

Thegse Versegs also says that the rays of the sun are the
cause of the rains, and that the clouds are constituted of
various elements,

Verses of Rigveda (I,27,6: 1,32,8; 1,32, 14: 1,37, 11;
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11,24.4; V,55,3) describe the formation of cloud by evaporation
of water by sun § wind and then rainfall, and there is no other

cause of rainfat!l other than sun viz,

foraafy fopm) faeatenf So@ a1 )
weT aR® W 1RV, 1,27.6 )

& 7 fyemgar Ju g sEw giT e g
afygeal afer wifrocmmfe: Ggd: Mg 1) RV,1,32.8 ||

Above Verse explains that all that water goes to the Sky
with wind by the heat of Sun rays get converted to clouds and
then again after the penetration by Sun rays it rains and get
stored inteo rivers, ponds, ocean etc, Verse (V 55,3) explains
the simul taneous formation of mighty coul ds which are
co-dispensers of moisture, Clouds are said to be teaders for
replenishment of water,

e awn: pEc weiear: B e o ey
fedtfou: qdde wm: (T oM ygEd )

RV ,V,55,3 ||

During Rigveda the seasonal variation of rainfall or the
oﬁset of monsoon was known, which is depicted through fo!lowlng
verses (RV,V1,20,2 and VI1,30.3) saying that the sun extracts
water from earth during eight months and then this water rains

during rainy season of four months,

feat 7 qmivars wargd Qfuffs fom o
3 oyl dlGaw &qorifyivgwET §9@: 1) RV,VI, 20,2 ||

verse (I 78,2) states that the Sun rays strike against mouing
Clouds thus the black Shedders of rain roar, after that the
Show~er comes with delightful and similing flashes of l|ighting,
the rains then descend and finally the clouds thunder,

ar & gyt gferd @ g0 A e e
frard mrmEiReGet i R 1 RVLIL79.2 )
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Two verses (V.,54.2 § VU,55,5) explain the cloud-bearing winds as

the cause aof rainfall viz,

Y 3l Aefwafan] Redd) qulqul gvage: oftwE: o
g fogo aufy amnfs f: savwamigam oftem: 1

RV,V,54.2 ||

"0 cloud-bearing winds, your troops are rich in water, they are
strengthners of Iife, and are your stirong bonds, they shed water
and augment food, and are harnessed with steads (waves) that
wander far and spread every-vhere, Combined with lighting, the
tripie-group {of wind, cloud and lightning) roars aloud, and the

circum ambient waters fall upon the earth*

Hian r&: apa @ e dem ©ifor
7 g @ W @Al uMd: [ TEW] T IEEd |

RV,V,55,5 ||

This ewxplains that the cloud-bearing winds uplift water from

ocean and charged with water shower down the rain,

Similarly Instrumentaiity of winds in the causation of rainfall
(I,19,3-4; 1,165,1),and their relationship with clouds can be

easily read in I, 19,8 as follows:

3 md W fogfed S gge: | nefRa @ oafe 1)
T W ST R T ar afe h

RV,I,19,3-4 ||

Both of above mantras wants to reveal the cause of rain, who

commands the rain to come down and execution of eternal |aws,

é

a1 & dae Thmfirat: weatom )
FeafTa gr e 11RV,1,19.8 1|

The mantra 1,38,7 reveals how the woisture leaden winds bring

some scanta rainfall in desert reglon alsu,
#eY N1 ywawl deafegal R
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fre puamE@y | RVLI,38,7 1|

From mantras {,53,.6-7 we come across the knowliedge of Rigvedic
Aryan’s about the positive effect of yajna’s (J3), forests and

large reservoirs causing rainfatl,

T4 R e @y fe: drmgg:
fi wig guf Qe o7 o o g 1)

fEm: fpg: gl @ wEdedt o
W 3T @ fome fo sendE @@ 1 RVLY,53,6-7 )

In two mantras (RV, VIII, 85,8 and V 52,17) there are references
to sixty-three and forty-nine types of winds respectively,
Their cli{matological and meteorological implications are stiil

unravel! led and they are mostly treated as merely mythologies,

v§ oW wfer e oG |
gty gt o @ 1wl awed Tﬁ 11 RV.V,53,17 ||

No clear cut mention of the monsocon is to be found in
Rig veda but the Marut hymns give 1Its quite good and
satisfactory descriptions; of <course, mwonsoon ls clearly
referred to in the later period in the Yajurveda sanhita as
gfial (Taithriya 1V, 4, 12,3),

o @ 93 Hidaamq
uff faui At aOvRT figderaia: 11 7s,4.4,12,3 1

It will however not be unreasonable, if the south-east
and south-west monsoon are traced in the Rigueda where there is
also a better reference to rain bearing winds (RU X, 137,2 and
1,19,7)

i awy a & PRt qtEa:
& § g 3T A W A B ) RULX,137,2 1)
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In versa,VIII,7,4 word it 1s explained to mean mist, with which
one cannot differ easily, if the content is taken inte account,

though at other places ffi€ signifies rainfall,

. met e g duafed oW | 9w & a0

RU,VI11,7,4 ||

The Iiwportance of yojna to purify environment and
causation of rainfall was well unhderstood during Rigvedic time
verses (RV,X,9B8,4; X,98,6/12; X,98,7 and X,9B,11) clearly reveal
above fact,

an At s mgw fomees STy weEq o
frefe S gowd 2w o waw a4 1) RV.X,98.4 ||

s FumeE it afeey )
1 yeEenieds g arn e qiuly 0

RV,X,98,6/12 ||

These mantras clearly indicates that the water collected by Sun
rays kept in sky safely, and to create rain, one should take
help of knowledgefull preists, who wiil do appropriate yajna

(sacrifice) for rain,

The three other Vedas, namely Sama, Yajur and Atharva
Veda furnish some additional information on climateology and
meterology which we do not come across Rigveda, If the theory
that these three Vedas chronologically belong to a later period
be correct, it can be easily seen that during this age the two
above menticned practical sciences progressed empirically to a
congiderable extent,

The rain is the Phenomena of Ocean, wind and moisture is
proved to be clearly known by later Vedic time: from the Ocean,
0 Maruts Ye make (the rain) to fall, 0 Ye that are rich in
moisture (Ts, 11,4.B8.2)

g Wi w: apal @ e s g
gor I fa after: W@ @ 1) Ts.I1,4.8.2 |
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Air circulation plays a definite role in the causation
of rainfal! is stated thus "Verily becowming of !ike hue he
(wind) causes Parjanya to rain (Ts, II 4,9,1),

TR e 3 O W NI R O R

T = ger o o vl ol od e daniAily ERw

o i Wamke awh R T gef ot o §

e A e S i R Gt O o
Ts,11,4,9,1 |

vest wind and the rain bearing monsoon or east wind are spoken
of in above iines - *Stay 0 wmaruts the speeding falcon (with
these words) he pushes back the west wind: verily he produces
+he east wind, t2 win the rains, He makes offering to the names
of the wind, the winds ruie the rain (7s,11,4,9,1),

fis during Rigvedic time also Aryans § definitety knew
that plants (or forests) had sowe influence on the caugation of
ratnfatt “erily {f rain from the water and the Plants
(15,11,4,9,3),

vl et por & mgm @ dewi @ @ dmul @
g @l o g @eedel e Roako o

T5,11.4,8.3 I

Like Rigveda, Yajurveda also tells about the i(nfluence
of yajna (sacrifice) in purifying air, water and enpvironment as
a whole and help in causation of rainfall, Mantra (I, 12) reads

ag follouws:

Tl F e wiegd: TR sqEATieRw vidw gde e
Al st ¢ g o TR el Uy el A

jHYyv 1,12 ii

This mantra states that the substances I|ike water, air etc, get
poliuted and If they will be brokem into winute particies by
fire (with the help of yajna) they wil! get purifPfed and pure
rainfail will occure, Hantra (VI, 18) states that the materials



used in yajna get devided into wminute atowic form due to
attraction of sun and ascend to sky, This causes Plenty of
rainfal, Likewise wmantra (VI-16 and XIII-12) also revealgs the
same fact,

a0 ISRt i wWey W fweadfd:

g3 v T woea wwgnfe s @ mmubvofer o

YW, VI, 18 |}

In the vedas at several Places wist has been given the
eppellation of AT (Vajasaneyt Sanhita 17,31),viz,

1§ fen 3 g SEwrIgSTIR BE |
MeRW TG AT TN FWRRRT 11 Vs, XVIL, 31}

Yajurveda knew about the immengse concentration of mist
or fog on water bodies and oceans *thou are ocean full of wigt®,
Pure waters purify all things through rain *May waters, |ike
mother purify our bodies (Yv,IV,62-3),

IV FER: O
fr & Y wew e |

Wenw: I o of demweranty
fafmm R @ 1wv.e )

The Sun was known to be the disperser of clouds and
cause of rain "0 Sun, thou bringing rain on different parts of
the earth*

wdai waify e af @ 4 Ak
ety wtiagel afw agd &% 11w, 1v,3 g

Samveda glues wmore emphasis on wooing raingod, It
clearly says that the eternal power sun penetrates the clouds
and thus causes rain (SVU,Previos 1i,179), It also reveals that
the sun Pours rain water on mouing earth with the heip of wind
(SV.Previous II, 148),

e what v g
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7 QT M |1 SV,Previous 11,148 ||

et awfd Toavfesm:
W A || SV.Previous 11,179 ||
Other verses of Samveda (V,562; final V,986: and final
X,1317) discugs the kindness and greatness and power of god
alongwith the process of rain, Verse (SVU,.Finat, XX, 1802)
cleariy wmention the creation of oceans, rivers etc,due to the

heavy rain by gcd,

wmfe ¥m yest gy &Y wle aA afromoafeRd
W e W 7 o g 1)

SV,Previous,V,562 ||

a m g afe &R @
@ @ W i) SV,Final,v,906 ||

@ oy et aEtE o
yuafos afed fod qufy ady o
feal O o AW Saie Jitrueag ) )

SV,Final XX, 1862 ||

In Atharvaveda we come across the similar concepts and
hydrologic knowladge continued In other Vedas, Verse (I1,4,3)
states as follows:

I W o w e e A )
firpr: ot dd: 11 AY.1,4,3))

fibove verse reveais the conept of evaporation by heating of sun
rays and subsequentliy {ife giving rainfall, The Prithvi Sukta
of the Atharvaveda (XII,1,51) speaks of a violent dusty storm
which uprooted treegs and calls it as H‘Iﬂf{!ﬂ'{, viz,

g feura: ofgw: que &T: gool: ap ity
Fi awl TRk ity U W
qI JaTeET e : || AV, XTI, 1,5 1)

1t has been purported through the warious commentaries
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on vedic literature that the wvedic |iterature wmythicaily
dagcribes the Indlan atmospheric phenomwena, specialiiy those of
tha wmonsoons and rainy season, and the vioient thunderstoras by
which they are usually accompanied, Following the Rig Ueda the
Gatpatha Brahmana also recognises sixty three winds (SB Part I,
2,5.1,13), The same text calis hoar frost as T .

fr: v e aguTn S @ 09 AfeE o
wWoan: iy A umd qe @ o o el o)
RV, VIII.S6,B )

The TYaithiriya Aranyaka (I1,9,8) says that thera are
seven types of air currents or winds in the atwspﬁnn which
produces seven types of clouds of the same appeiiation, These
are (1) FTW@ (2) WA (3) MEFF& (4) YW (5) W (6) [EH and (7)
gifafifafss., The @& creates circumstances which are responsible
for condensation and good rainfall, The 790 s that whose
temperature condition is 1ittle affected by the insolation or
gun and perhapg occurs at a higher altitude and is responsible
for precipitation, The actual text of the wmantra is follows:

e : qoawdowm: | fage @ gm0
Gt ER Rl | 3 dafafrfefen: o
Wiy Qi @ef 1 qRPRfT 11 Tat,Ara,,1,9.8 (4

The fIg7IEy gives rise to thunderstore; the W possesses
some |atent property or aroma which it iwmpart to the objects
with which it comes in contact, expanding quickly and the II(#&I
affects the bhumidity or wmoisture content of the atmosphere,
These six beiong to a single genus and have & single or similar
regions of activity, The FMUMfEfEY belongs to another genus and
its geographical reaim or region is different from the preceding
6ix; however it is highly favourable for agr‘i.tultu‘r‘al Purposes,
These seven cilasses of cliouds bring rainfell with seven type of
winds, In (I,18,9) of Taithiriya Aranyaka, as given below two

more types of clouds &re wmaniioned,

vi@n faweq | qEUATIG AMAC: | AUQOSECS
wlmiyines 1) 1,188 |1 @ goq fofadd |
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aEmie a1 i Quieten @ 1 O SRR 1

Tai,Ara,l, 18,9 |}

These are (1) TAU or YT and (2) @M. The former is
responsiblie for profuse rainfall, and the later is identified to
be ®*the wmouving nimbus fail of water®, The total nine types af
clouds with +their propertiag bave been {dentified In the
Talthiriya Aranyaka,

In the same t(ine during the age of epics we get
{nformation regarding clouds, rainfail, evaporation, snow,
gstorms etc, Verse VII 4,3 of Ramayana (8th te 3rd century B,C,)
speaks of three kinds of clouds - §& (Produced from Brahma), ¥y
{produced fro= fire and 0§ (produced on a mountain ftank),

Unite, red, blue and grey clouds are aiso referred to in

the epic {(V,1,81) ag bolow,

mgTenwify Aomfonemit @
o s eI sEfl 11 Ramayana U, 1,81 1)
taruguffs geprfy @mf? 11 Remayana v, 57,7 |}

Clamatic Vaguery or absgsence of rainfatl is referred to in (I,9.9

of Ramayana), viz,

FERE: JUi 3 WAPARE || Ramayana 1,9.8 ||
I { W wwAls gy 11 Ramayana 1,9.9 ||

Here it speaks indirectly of atmosphere free from dust,
fog, frost aid mist, Similarly condition of nocturnal sky {(the
moon frow ﬂ?ﬁ or mist) is alluded to in Ramayana (I,29,625),

y¥ia uFteR: (AdgwAfad: 1) Ramayana 1,23,25 ||

Hist and 1ts disappearance througn aiwnal Tise of temperature
ig referred to in 1,55,25, mist and severs cocid in III,
16, 12,cold western wind made still colder due to the affect of
him (frost) in I1I, 16,15, very dense wmist in the vicinity of
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earth surface in III, 16,23, water vapour hanging on the surface
of the river structure in III, 16,24, dew formation on the sandy
margins of the bank in III, 16,24 and snowfall in III, 16,25, All
of these verses are given below:

wat T afrow o M e o
ATATRE MiE Al WTRR: || Remagana 1.55,25 |

frgrmaagan: Qaar famm:
iﬁ'ﬂmm Wy 1) Ramayana 111, 16,12 ]

v oo fafoe o )
wrfi ofven? ay: o fEprded: 11 Ramayana III,16,15 ||

TATT AR !
W-Qmmw: | | Ramayana i11,16,23 ||

TG ST |
farfeargiait: aftal wifd #79a 1) Remagana I11,16.24 |}

ERGGTA Bl HRH § |
b il REEEE R || Ramayana 111, 16,25 ||

Verse IV.1,15 states about the mountain wind or winds of
wountain valley, In another Verse VI, 78,19 we read about
dusty, dry and gusty ulnd; Later on vioient storm or Tornado is
atso mentioned in Ramayana,VI, 186,21 (TWT AUgfemeiar: )

e fraFa: wid @ TE: 1) Ramayana IV, 1,15 !

Like Ramayana the second epic Mahabharata also contains
valuable material related to hydrosciences, In the twelfth
skanda of epic the atmosphere 1s divided into seven regions
(skandha, sphere,XII,328,.31). and they are discussed In
considerable detail *that wind which is the first in above
number and which is known by the name of T[d€ drivers, along the
first course, masses of clouds born of swmoke and heat, Thus
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during this time the constituentg of cloud were algo predicted,
This wind passes through the sky and comes into contact with
water in the clouds (MB,XI11,328,36),

iaeRie § @ W ded:
7a8 af 3 W fPelumgw: 00 mB,XII,328,31 |

TR aReae 3
e o oA geet AW Fiee: 90 mB, 328,36 I

The second wind called J@€, blows with a loud noise (MB,XII
329,37) that wind which drinksup water from the four ocean and
having sucked it up gives it to the clouds, praesents thewm to the
gods of rain is the third in number and known as J&F {(MB.XII
328,38-39-40),

ya vy fgenw mh: )
yaet aw fwarl fedfa: towal A 1) MB.XI1,328,37 1|

= wife e Ao @y 3z )
FOoR T g qaw i {1 HB,XI1,328,38 |}

rapd: wpeat aguffad aa
e I afgietat fe f) MB,XIT,328,39 ||

gifeyr: §aiey afqEw ooleam qweef o
¥eat T sfesoRgia: @ wamfa: 1) MB,XII, 328,40 ||

That winds which support the clouds and divides them into
Jarious parts which wmelts them for pouring rain and once wore
solidifies them, which in perceived as the sound of roaring
cfouds, known by the name ¥d€, Fifth layer is called fi@€, sixth
ftq®, and seventh WWEE (MB, XII, 328,41-42-43-47-48) is perhaps
iome cosmwmic region,

wRe age 3 i [ e
eI MR ST | M,B,XI1,328,41 1|
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v ¥ afear waw wm w@m:
Tgomte FREET Recaquati @ 11 M.B.XIT, 328,42 |

& aefa g fartr foemar o
apf: de@ am qg: @ ffofe: jomoe.x11,320,43 4

STEUTCAIGHUR] AW oW
Teq: § Aedn fagel 17 aved: 11 M.B.XII,328.45 ||

§5: IRE AW § Gl @: )1 M,B.XI1,320,48 ||

¥ T IRk A fredd |
e W WY I § Kiww: 1) M,B.XII, 328,52 ||

Here at five places the term wind used actually implies
a sphere or layer, These five names also cccures in Puranas and
other tater |[iterature, The epic gives another cliassification
of ciouds also, These four types of clouds Hall, GoTEm
(MB,VIII,34,28), JUsUyR (XII 271,6) and T (MB XIV 55,35-36-37).

This ¥ cloud rains in desert areas,

AT a AR [

AR, JUBTORATT, I) M8, XI1,271,6 ||

far )Y wiesfe aoqwf: w@hwT:
e el qi & e,
st et w@fy aveafa aifr @ 10 me, X1V, 55,3611

The §d&® clouds are formed in the ﬁ!ﬂ'ﬁ fayer of atmosphere
(described before) clouds bringing rainfall in desert area are
called 3®. These classifications of clouds are different from
those enumerated in Ramayana and Puranas,

Around G00-708 BC, Kanada in his Vaisgesiva sutra

referred to the process of condensation and dissalution of water
‘VYals,Sutr,v,2,8),

IV e P A R 11 vais,Sutr,v,2,8 ||
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He remarks ®“condensation and dissolution of water is due to the
conjunctive with fire or heat®, He answered the question that
what proof there is that snow, hail etc, are water with the help
of action production in atoms by comjunction of i1ight, About
the Phenomena of thunder he observes that the roliing of thunder
is a mwmark of the iIngress of .t.he light of the &Yy
(Vais, Sutr v,2,9), 1.e, it 1s the pealing of thunder which
warraants the inference, He again says (Vais, Sutr ,V,2,11) that
the roliing of thunder resuits from conjunction with water and
digjunction from & cCloud, Here it is fully evident that the
great sage knew that thunder is caused due to impact of
positively and negativaly charged ciouds,

@ foegdl gfergm Il vais,Sutr,v,2,9 ||
LR R R Il vais,Sutr,v,2,11 ||

Discussing the falling of raindrops and flowing of streams he
presents causes as the failing of water results from gravity in
the absence of conjunction (Vais,Sutr,V,2,3) 1,e, failiing of
water in the form of rain, has gravity for its non-coinherent

cause,

JuT G [REI] G 1) vais,Sutr,v,2,3 |

In the slioke V,2,4 the following or distant progression of the
stream or great aqueous whole composed by mutual conjunction of
the falien waters or raindrops, is produced by fluidity as its
non-coinherent cause and by gravity as {ts efficient cause,

@AW W 1| Vals,Sutr,v,2,4 |}

By the tiwe of Kautilya (4th century B8,C,) Indians had
devetoped the wmethod and instrumental devices for measuring
rainfuil, This raingauge was known as §§MW, Kautilya describes
its construction in these words *In front of the store hcuse, a
bowel (Kunda) with its wouth as wide as an aratni (24 angulas =
18 nearly) shall be set up as raingague (JYHW)* (Arthasastra,
Book 11, Chapt,V, P,56 Shamasastry), Kautilye was aquainted
with the distribution of rainfall 1in varicus areas, He
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furnishes a very accurate scientific description of the same
with statistics, *The quantity of rain that falls in the
country of Jangala (desert countries) is 16 dronas (4 J7H = 1 ﬂw
= 200 T4 and one.amm equals neariy 7 Ibs, 11 czs, avoirdupois,
Tripathi 1969), half as much is meist countries (JFFH» as to the
countries which are fit for agriculture (3FEAW). 13,5 &rnnas in
the countiries of Asmakas (Maharastra); 23 dronas in Avanti, and
an iwmenge quantity in Vestern countries (JETWHH), the border of
the Hiwmalayas and the countries where water channels are made
use of in agriculture, From this it is evident that the spirit
of the methodology of the wmeasurement of rainfall given by
Kautilya is the same as we have today, the onty difference isg
that he expresses it in weight wmeasures whiile we use |inear
measure nowadays (Arth,Chapt XXIV, Book 11, P, 136),

Discussing the further gecgraphical details of rainfall
he observes “when oné third of the requisite quantity of
rainfalls both during the commencewment and closing wonths of the
rainy season, and two third in the middie, then the rainfail isg
congidered very even (JT&),

As can be easily expected out of the agricuitural
necessity, the science of forecasting the rains had aisp cowe
into existence and wust have been developing empiricaliy,
Regarding it Kautilya says "A forecast of such rainfa!l can be
made by obgserving the position, motion and Pregnancy
(garbhadhan) of Jupitar, the riging and sgetting and wmotion of
Venus, and the natural or unnatural aspects of the sun from the
movement of Venus, rainfall can be inferred,

Discussing the classification of clouds and
interrelationship of rainfall and agriculture, the celebrated
author adds ®*there are the clouds which continiousty rain for
seaven days; eighty are they that pour minute drops; and sixty
are they that appear with the sun shine*, Uhen rain, free from
wind and unminglied with sunshine falls so as to render three
turng of ploughing possible, then the reaping of good harvest is
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certain,

The ceiebrated author of Astadhyayl, Panini {(7é0 8.C.,)
refers to the rainy season as JIg§ (IV, 3,26; VI, 3, 14) and ot crv
3,18), The farmer was the first part of the season, These two
parts were known as (f 3§ and gyeay! (GEERER: VII 3.11), He also
refers to F¥W (III, 4,32), viz,

7 G JANRIRIFAREN || Astadhayat,IIT, 4,32 ||

Citing examples for weasurement of rainfall he writes
ey {!{j %: (rain equivalent to depression created by hoof of
cow), FiM 3 3: (rain equivalent to filt the furrow created by
indagineocus plough), It is evident that the Iﬂﬂﬁ was the measure
of the lowest rainfal!,

The Phencmena ef evaporation, cioud formation,
classification of clouds and their relatiunship with winds or
regiong of atwmosphere (dlftIvt]) are quite satisfactorily discussed
in severa! puranas (Vayu Chapter 51, Liga Vol , I,Chapt, k36, Matsya
Vot ,1,Chapt,54), Describing the general genesis of ciouds the
Vayu Purana (51,22-25) says that there is woisture content i(n
alt the wovable or {mmovable objects of the world and due to
ingolation or Sun’s rays evaporation of that humidity takes
place, and this process produces clouds, viz,

b fepmiaed o 1) vagu,51.23 1)

The later details in Vayu and Brahmanda are siwmilar
{(Vayu,51,26~40),

temt pEuffafen dfe@d )
WA qEdd Qe
fn on: peTERdS QR W@ 11 VATV 51,28 )|

yriaTecaule:  TORANT qeARTadT |
vid gfemam 3t @EfemT: 1) VAYU 51,29 )
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o aw & de B e AT
fafd we o fowd g W@ ) VAYU 5136 )

They say that those clouds whi'ch give or sprinkle water éi'e
called #F and which do not bring any rainfall are known as Fi.
There are three types of clouds (1) ¥ (2) #&W (3) T,
Thagse are connected with cyclonic (thermai § insolational),
convectional (occuring in northern continents, siberia and
equatorial reglons) and orographic {occuring and proceeding from
mountain flanke) types of rainfail respectively,

According to above mentioned Puranas JMHY occurs in the
winter season and it i8 devoid of |ightening and thunder and is
of immense expangse and found in mountain foots algso, It brings
rainfall within a radius of a wmile or two, This descriptien
approximates . most to the Nimbus of wmodern days, The Brahmaje
(ﬂlﬁ) cloudg arp produced du° to conuvection currents, In
precipitation thev cover an érea of radius of nearly a Yojana
(five or eight wmiles), MNost probably these are cumulonimbus,
The Puskara - vartaka (JW@f) clouds originate from or in the
wings of wountains (TEWHET), They assume various forms and
produce deep rumbling sound, They are full of profuse water and
bring excessive rainfall which 18 extremely destructive, This
description conforws to a large extent to the modern class of
al togtratus,

The Matsya Purana (Vol,I, Chap,54) furnighes still wmore
el sborate and scientific information regarding cloudgs, It says
that the ciouds @i is the cause of |ife,

fomegenle adie qifa
aigm aw & dar 2wt of7 @eiE: 11 natsya,1,54,9

Those clouds rewain suspended on the air called Avaha, They
change shape and goes up a Yojana, from there form inte rain
hence they are called the source of rain (Verse 18), If the
Stokas (17,1B and 19) af‘n interpreted symbolicatly, they gluve
other four classes of clouds expressed by the nomenclature I,
wi, R and WU, Then in the Verse 17 can be recognized further
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four classes of Il clouds, viz,

fafl g o abrba:
EILEEEIEIE K12 ARG KL }1 Matsya,1,54,10 ||

T qn: wdNmies: |
A8 95070 WiRvGERYdd f@TE: )| Matsya,,54,17 ||

T wamee R il @
getd faun AFRW o W 1) Matsya,1,54.18 ||

Parjanys (TT) and fI@ rain in the season of ¥ and are very
useful for agricultural growth is spoken' in the verse below:

i) femee S YieweEy ) |
gt e qai @elog@® 1) Matsya,1,54,19 ||

To the north and south of the snow-clad mountains (faEg) occurs
the U5 cloud which greatly increases the stock of rain, All the
rain formed there converts itself into the snow, The wind on
the fid draws by its own force those snow flakes and pours them
on the great mountains, Beyond the f@gd there occurs little rain
(Matsya,1,54,22-25),

e pwt dfex 3o o§ @
Zfgds fuflly & P WE: 1) Matsya,1,54.22 ||

wfoad: dariat 39 &
% AW W Wi faged |} Matsya,1,54,23 ||

qfem gade o av] SRR )
7ot fewaat anfel @ AR || Matsya,1,54,24 ||
Fwgcandi fafoamt seff
femrmfomr ey @: T |} Hatsya,1,54,25 ||

Thus there is a reference to a very important geographic fact of.
scanty rainfall or arid condition of the Tibetan plateau, The

gtudy and knowledge of this fact is realy creditable on the part
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of those ancient Indians,

The Linga Purana (Vol,1,36,38,39 and 49) says "it is the T3¢ wind
or air current which makes the clouds produced by smoke and
thermal activity full of water, so that the clouds Puskara (gﬂﬂ')

and T§9 glve copious rainfall* viz,

ORIy TRy MmITcaT i o
oo & AR 3 AR ATATaAT 1)

Linga,1,36,38 ||

yat g daaE
arifr adefeawmiedy: TGy I) Linga,1,36,39 ||

fefate qmar: od wOEmERw: )
T (RRTERY qWifd 9 @ aom il Linga,1,36,49 ||

Process of condensation and Precipitation on hygroscopic nuciel
are very carefully described in nut-shell (Matsya,l,54,33)

frawecaa? AW qEEAT: EORRIR:
JHRT: VAT GGG = /| Matsya,1,54,33 ||

Thus *the waters from the (vapours) of the clouds when brought
into contact with the wind (namely hygroscopic content of the

air) fall in the shape of rain®,

The VUishun Purana (11,.9,11-12) very scientifically enumerates
the four scurces of atmospheric wmoisture, *the glorious sun, -0
Maitreya, exhales woilsture from four sources, namely - scas,

rivers, the earth and |iving creatures*, viz

FITYT TaeAT! a A
TR ot Mamme felers 1) visheu, 11,911 ()

TCCHHRITe] TIy: yiorwET: ) -
TINAT HIqwIGed HidaT {) Vishnu,11,9,12 |}

Modern meteorology tells us that Polar winds actually never
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bring any rainfall in the year in the region under their
infiuence = flanking poles or Tundra, and only scanty summer
rain occurs In those areas due to the sweeping of strong
westerliies, The same fact is stated in the Puranic line,

qautfuftent amfefe dmd @: 1) Matsya,vol,1,54,36 ||

i,e, the air frow the Poie drives awvay the rain,

The ceiebrated poet Kalidasa (100 BC) aigso knew a iot
about ¢Clouds and the alilied phenomena, He defines clioud thus
“it 1 an assemblage of swoka, electricity, water and air®
(Purvamegha Verse 5)

quealfe: Wfdomen gMvE: @ AU o
gl & oo qifefir: qodar: 1

Meghadutam,Purvamegha,5 ||

At other places (Purvamegha, VUerse 6) the poet names two types

of clouds [ and 3
a3 ylofed qemTadew TEify @ gploe wwed el 4

Purvamegha Verse 6 ||

The Mricchakatike (66@ AD) refers to a kKind of cloud & (x,26)
from which the rain streams forth as from a bucket, In another
context the famous drama refers to a special type of rain FUGE
streaming forth as from & trough (x,39) viz,

Fafed O FEURTRE A )
IR T AT @Wed: 1) Mricchakatika,X,26 ||

TmEEd T AR A |
e ¥ augfefama 1) Mricchakatika,X,38 |

In above classifications four types of clouds in all have been

spoken of they are Jf, #dd, JNX and @U, The Auarta brings no

rainfall, the Samvarta giues abundance of rain, the Puskara

causes fiood of rain and the Drona 1is wmost congenial to
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agriculture and mankind, This is stated in nut sheil in the
following lines =

at fefet Ao ddow o

R AT A TEREd: )

Kalidas Granthavali,Aabhidhan Kosh,P, 154 ||

The Urhat éanhlta and Mayuracitraka by Varahamihira are two very
important treatises which are replete with climatological and
meteoroiogical informations though they abound in astrological
guesses, they contain sufficient scientific facts also,

In the Urhat Sanhita there are three chapters (21st,
22nd, and 23rd) on climatology and meterology and they treat the
subject in their own ancient conuventional style, Here only the
gal lent features of the chapters are being surveyed,

Verses 23 and 24 of the chapter 21 state that extremely
white or dark clouds resembling aquatic aniwals |ike huse fish,
shark or tortoise and seen before the rainy season are a Source

of abundant rainfall viz,

OO R T e e deroa T T = |

TARECTORT Ty a1z PFeAT: 11 Vr,S,21,23 |

flafeamar feoniiayar weamear dc@: |
T @ aiNTRgERER . T 1) Vr.S.21.24 ||

Verse 31 descusses the conditions or meterological ingradients
which determine the sptial expanses of ranfall, though (it
appears to be of 1ittle vatue from modern meteroliogical point of

view,
i B it A e T R
- gift wafrfiargdd @ mf: pvr,s,21,31 ||

From chapter 22 it is gathered that fleecy and thick clouds give
abudant rainfall which is very congenial to agriculture, Again
if clouds situated in the east, south and north sail towards
south, west and north respectively, they cause fine and coplious
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rainfaii,

doemdder: e aegaeNm: |
ety faiar adeeanfmfer 11 ur.s,22,7 4

Fa7: feayT: FERT qergumiafe: o
far wrre qite: wdwafgead 11ur.s.22.8 )

Like Kautilya, Kanad and other Precursor authorities,
Varahamihira afiso describes the device of the father of the
raingauge and tel!l us how to-measure rainfall from it, In Verse
2 of chapter 23, he states that constructing a circular bowl

(gﬂgﬁﬂ) measuring one cubit, one should tell the amount of
rainfall, viz,

an iR G ct E
TS TIcGemTeadee oo ufdd 1) vr.s.23.2 1)

For calculating rainfal! he adopts weight measures of pala,
drona and adhaka (4 3@ = 1 @AW = 200 TJ, and 1 JEH = 7 Ibs,
neariy), For measurement, rvrain water received in the bowl
during the actual falling should be measured, The distribution
of the rainfall according to time is discussed in the verses
6,7,8 and 9, These VUerses specify amount of rainfall in various

lunar mansions, viz,

SR ET ey §15T A |
TRty Ta: daag &: 1 Ur,5,23,6 ||

A0 RETRIGTHINMAY &7 agddr:
RO Goapla: (RR fouiedT: 1) vr.S.23.7 |

e 32 1 fady @ @ b
arfederardyronedy geagi: 1 VUr.s.23.8 1|

qogeqTel [ 9 dffaar arfod &7 & ¢
Torcren wftT G freTsasda 1 VUr.s.23.9 ||

In chapter XXXV, he says that phenomenon of rainbow is the
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result of spectro analysis of sun’s rays through clouds in the
atmosphere, (OO, 1)

g fefauent: v fooncfear: &: &9

foufy oq: ey 3 e dlem: |} VUr.5,35.2 ||

In the Mayura citraka it is stated that scattered clouds devoid
of lightning are harmful to people and those of red and white
silken or golden or Kraunca bird’s hue, embedded in the
atwmosphere and fteecy in texture are always beneficial to the
people, (aqgation of fog or mwist in Pausa (December - January)
is conductive to good Trainfall, (Sawmpurnanand Sanskrit
University, Library, Manuscript No,34332, Page 36-37),

T O AT faeaRa
TR ERUE: W e @ )

Discussing the conditions determining rainfall, it says
that if there 1is no frost in Magha {(January - February), no

vigorous wind in Phalguna (February - March), no clouds in
Caitra (March - April), no bhailstrom in Vaisakha (April - May)
and no scorching heat in Jyestha (May = June), there |is

insufficient rain in the rainy season (Above manuscript, Page
17-18), viz,

ng & 4 gdfd T arfed 9 9 FIE )
77 yuTied 3 gdEd A 1

&R MY A dI [ J0sEer q fe
darigeer gite: wIW TeEEE 7§98 1)

If sun is hot in the morning, its light during the day
is of yellowish hue and clouds are.fleecs and dark-cotoured, the
conditions resuit In good rain, Similarly If the sun is hot in
the morning or at the time of rising and scorching at noon and
clouds have a pigment of wolten gold, rain occurs during the

very day (Above manuscript, Page 18),

qIqeaTd % u MR & #El Haq )
fefed qhtea: Taal T FUNARH: 1)
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I1f water appears to be dull, clouds are of the shape of
mountain, quarters are clear, the sky is of the hue of crow’s
egg, there is lul'l or calm in the atmosphere and aquatic animais
like high and others disappear in the bottom and grogs make loud
noiée, very fine and coplous rainfall cowmes soon (Manuscript
No,34332, Page 1i8), Further {f the texture of the clouds
rasemble the wings of a Partvidge, rainfall occurs positively
{Above manuscript, Page 18),

& a9 7 few, .., T wfefi:
femT fower: @af: @@waEn & o o

7 3 g W GE: RE g |

T iR AUgETGG] WG JiCmnt | |

Thus 1t (s pvident that Mayuracitraka has attempted to
formutate principtes for forecasting rainfall through the
aohservation of natural phenomena and the synchronisatien and
corelationship of the two, The sympiomatic synchronisation in
the realm of nature s often governed by laws having
mathematical accuracy in which intuition of the animate (birds
and the animals) and scientific cause and effect relationship of
events form the accurate base provided the observation has been
made wvery carefuliy, In those ancient days, when advanced
meteorology and 1its complecated cowputations, computers and
other cybernatics and servomechanic contivances Were unknown
this was of special stgnlftcance' and wost probably the onily
method,

Parasara knew the contrivance of primitive rainguage and method
of measuring the quantity of rain received (VUraht Sanhita,

Chapt,21, Garbhlakhsnadhyaya), viz,

ATCOGTIG] Sl fagT e
af: QT Afedl foera Qoiiedom o

Tfg, G tagg. gAtEd
ywe qyhgadd, SamTcaasuy H

Ur,S.between 21,32 and 21,33 ||
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In the Saraswati Bhavan Pustakalaya of Sampurnand Sanskrit
University, Varanasi a manuscript treatise entitied as ﬂﬂﬂ'l?—l‘[ is
available, As the wvery name suggests, 1t is a work on
climatology and wmore specifically science of clouds, On the
basis of content and style of diaiogue Tripathi (19689) tried to
establish that Meghamala is a part of Eﬂmﬂﬁﬁﬂ (900 AD around),
The Meghamala actually anticipated Ghagha and Bhaddari in U,P,,
M.P, or mnorthern India and Khana in Bengal, Following is the
content of RN (with 11 chpters) as surveyed by me during my
visit of Sampurnanand sanskrit University, Varanasi in
connection to collect |iterature to write present report,

The first chapter of hnmﬂ opens with the enquiry

Yo e @ frgeeT |

flexr qfel § WK @@ e |1 (Meghamala, Manuscript
No,k372082, kept at Saraswati
Bhawan Pustkalaya of above
University) ||

Vhat are clouds, how is Ilightning produced, what are nature,
texture, ingradients and colours of clouds,

Later in the Verse 20,21,22 |is bxpressed, in ther conventinal
Indian style, that the wmountains control clouds, From Uerses 32
to B8 we gather that there is a larger division of clouds
comprising twelve species and designated as i, gy 2, TS,
TE 4. TpET S, aigdl 6, @@ 7. fod 8. WRar 9. A 10, T
11, 3@ and 12, f@UQY, But no scientific detail of these is
furnished,

The Chapter II enumerates various types of years, refers to
their rainfall, and discusses the economic characteristics or
conditions of each of them, The IIIrd chapter dwellis on
astrological influence on rainfall, climatology and economic
condition of people, state of plenty and scarcity and production
of various crops,

The eighth chapter aspires to discuss the nature of rainfall and
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othar meteorological conditions in the tweive wonths of the
year, About the Kartika (October - November) the author says
that during this wonth scattered clouds of varied colours
accure, In Pausa (December - January) if sky is over cast with
louds, it is a very good symptom, If the wmonth of Magha
{(January - Feaebraury) 1is not normally cold (or has no frast)
there occurs scanty rainfall in Phalaguna (Febraury - HMarch)
nertheast wind brings good downpour,

my wrie o Ay e mimom
fs o for o 7 o A iy

Wi oA aeri qewehr & ad
wfr vamulf weaify & @y 0

fogurif @t dar f yeri il
ARIGUT HATT] AU WA |

7 o ofod w5 a¥ed g5 T enR
el gied aid PR Hag ||

qar & wfwfr ging dala 7 |
WictoRRT TR S | | Heghmala, Page 14-38 ||

In the foilowing chapter there is a dilation on clouds,
winds and iightning, Firstiy it discusses the correlationghip
of rainfall with different shapes and directions of |lghtning,
Them we are told that nortn-east wind is conductive to
prosperity, southerly does good to people, south-west wind
causes w®wisery, westerly ig wuch beneficial for the higher
production of rice, northerly is also favourable to the good of
peopie, and it produces a conditian of plenty,

W fegrwer i wwaifed o
sfad Mg gl et a1

T gy o T e )
gyl § Smm) Ml & @& Hdd 1|
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T P aea g vay |
w PR M wwi W 1)

Meghamata,Page 47-48 {|

The chapter 18 deals with the propitiation of clouds and
apart from repeating the twelve species of clouds, already
mentioned, adds another classification of the same compriging
seven species designated as §a, Mw, IR, ¥iww, wudd. fefem and
Ffcaw. |

The encyclopaedic Tantrik |iterature does not leg behind in
suplying wvaricus information on hydrology, From the Tantraloka
of Abhinavagupta, we can find out sowe important cllimatological
and meteorological facts,

In its Ahnika designated as SYTATNTNA are described winds,
clouds, track of winds and the aliied phenomena (Vol,U of the
Tantratoka)(Tripathi, 1969), It refers to ten air channels (a'lgtﬁ)
which are perhaps peculiar to only this text, Those ten air
channels are 1, f@@ 2. ®f§ 3. @@ 4. 3 5. M@ 6, fooed (@h)
7. [@6 8, ¥O& 9. WEEE and 18, WEWI@E (Vol,V,121,138), These
are arranged {in space according to increasing height, The
autstanding Tantrik work recognised ten types of clouds 1, WY
2, g 3. fearfaff o, mWE s, ¥ 6. ww 7. PR 8, W 9,
$pd, and 10, MWW (W), These types occur according to the
increasing height, It is perhapg for the first time in Indian
{iterature that we find in this work special, cogent and logical
altusion to the height of clouds, It is Praise-worthy even if
it be merely an attempt, right or wrong, to represent a
scientific fact, It reveals at least a knowiedge of the notion
that different clouds occur at different leve:c in the
atmosphere,

The other important notable point is that a few of the
aboue mentioned names of clouds are common to Brahmanic
technicali terwminology for example, lflaif, 4. EHR‘ and ilmﬁ which
have already baeen discussed at their proper places in the
present report,
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Jain Contribution:

The Jainas have wmade considerable contribution in the
field of wmeteorology, The ’Prajnapana’ and ‘Avasyaka Curnis’
provide outstanding studies of the various types of winds
(Tripathi, 1969), This tradition wmust have been far oider than
these treatises, Avasyaka Curnis furnish a 1ist of sixteen
winds (9-7/313) as 1, UE (easteriy) 2, Eﬂﬂﬂ {northerly) 3,
YU (southerly) 4, IWC GIHY (northeriy blowing frow the front)
5. WIFGY (undefined) 6, &N @R (southeriy strong wind) 7,
TTEUAlTE (blowing from the south-west) 8, JIWEITE (wester!ies)
9, JRIET (north-westerly hurricane) 10, IATRATGH (unknown) 11,
afow waRgw 12, Wyw 13, a5 and ufyew dfem 14, offoer (western
storm) 15, FAUMWN (northern strow), Later in the same
continuation tornadoes are referred to as HIAAAN. This
vocabul ary had influenced the Arabian geagraphers and
navingators and they readily absorbed several of these indian
technical terms in their own |anguage {(Motichandra, ‘Sarthavaha’
(Hindi), P, 6202),

The ‘Prajnapana’ refers to snowfal! (f&) and hatistorm
(®qy (I, 16). The “‘Trilokasara’ (Passage 679, P.288) of
Nemichandra says that there are seven types of JIAig (periodic
clouds), They rain for seuven days each in the rainy season,
Then there are twelve species of white clouds designated as W,
they also bring rain for seven days each, Thus the season of
rainfal |l extends over 133 days in aill,

Buddhist Contribution:

In the narrative of the first Jataka, named ‘Apannaka’,
Wwe come acrogs a few cliwmatological facts which are expressed
thug "we have been Just told ,...... that it is raining Just
ahead in the belt of forest, now how far does a rain wind carry,
and how for off can you see the crest of a storm cloud ?

In ’‘Migalopajataka (cowe!, eng, trans, voi III, P,l&4{
Tripathi, 19693, two violent storms are mentioned as ¥idid (b!ack
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wind) and §TW{, The latter is said to belong to the upper air
(Samyutta Nikaya, Eng, Trans, XVII,1-8, P,.157), The Sumeru
mountains was frequently visited by a violent hurricane (XYICAdR
or ®WU4M) (Mahaworajataka No,491, P,333; Harit Jataka No, 431,
P,.497), It resembled whirlwind in wmovewnt, In “Milinda Panho’
hot wind or Loo is spoken of as d[{{{ (Eng,Trans Vol II,IV,6,35,
P.86), ’‘Aryasura’ names four types of winds [W&fe (monsoon),
TUZTA (tempest), K166 (hurricane) and LR
(westorl ies)(Jatakamala, ed, by H,Kern, 10,29, P,90, 127, 133),

The ‘Vinaya Pitaka’ (III,V,9,4,P,85), whirlwind Iis
calied JWWEA®., The Divyavadana’ speaks of sowe kinds of
hurricane as HIfd0AW (Vo!,.I1I,P,.41), and of storm accompanisd by
rain as gwe4 (Vol ,II,P, 163),

The ’Milindapanho’ (IV,1,36) says that there are four
types of rainfall: 1, of rainy seagson 2, of winter season, 3,
of the two months IWE and H@F (July and August), and 4, rain
out of season, At a glance it can bke seen that the
classification is fully scientific,

The Buddhist refer to twe general classes of Clouds,
mﬁﬂﬂ {monspoon cloud) and Wl?-lﬂa' (storm ciouds or accidental ones)
(Mahavastu vol II, P,34, Tripathi, 1868), The ’‘Samyutta Nikaye’
clasgifies clouds into five categories (Veol,III, Book XI,
32,1,1, P,200), 1, Yae®® (cool clouds), 2, FNGAE (hot clouds)
3., ¥HdT&R (thunder clouds, it can be identified with cumulus),
4, TG (wind clouds - perhaps clouds formed due to the
activity of convection current in the atmosphere) and 5, FHAT&
{rain clouds ~ wost probably cumulonimbug which brings copious

downpour of rain),

Thus we see that Buddhist at ieast before 480 B8C have
attempted at a very scientific clagsification of clouds and four
species mentioned by them and discussed abouve can be compared
with the most iwportant four species enumerated iIn modern
meteorology, So wmuch of subtle observation at such an eariy
date is an achievement of noc less order,
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From the foregoing discussion on this chapter we see
that the deveiopwent of this facet of hydrological cycle
relating to the cloud formation, precipitation and |(its
weasurement was of outstanding order in ancient India,
Condensation of sevaporated water which s facilitated by the
presence of dust particles etc, (which acts as nuclii as per
modern wmweteorology), effect of yajna (IF), roie-..l, TESErUOLIS
etc, on the consation of rainfall and the classification of
clouds alongwith their colour, rainfall capacity etc, are
thouroughly described in ancient |iterature |ike Vedas, Puranas,
Vaisesika sutra, Astadhyayi, Arthasastra and Puranas, The
forecasting of rainfall on the basis of natural phenomena |ike
colour of sky, clouds, Iightening, rainbow etc, and the
activities of animals was done and full references are available
in Meghmala, Mayurchitraka, and Urhat Sanhita, Contrivances to
measure rainfall were developed and the principles were same as
that of wmodern hydrology except weight measure of Drona, Pala
etc, were used instead of wodern |inear weasurement, Kautilye
successfully described the distribution of rainfall in different
areas of India, Modern meteorological facts iike arid region of
Tibetan rain shadow area and no rainfall due to polar winds are
fully advocated in Puranas, The Jaina and Buddhist works
guessed the actual height of clouds, Knowiedge of monsoon winds
and their effects as conceived by ancient Indians is in
accordance to modern hydroscience,
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CHAPTER 4

INTERCEPTION AND INFILTRATION

In the hydrology cycie, water from the oceans and
various surface bodies on the 1and evaporates and becomes part
of the atwmosphere, The evaporated woisture is I|ifted and
dispersed in the atmosphere until it precipitates on the land or
in the ocean, The precipitated water way be intercepted and
used Iin transpiration of the plants or way run over the ground,

Some references of Iinterception are found intermixed
with other topics in ancient |iterature, such as axplaning the
effect of for!sts; and vegetation on rainfall, cloud formation
and environmental purification, Taithiriya Sanhita wmentions the
effect of forests on causation of rainfali (75,11,4,9,3)

Dhadaeen feat qhom &4 mpo @ davi
a1 oy il Y e @huhet okt
BT Wbt € & ol 1) 7S.11,4,9.3 )

Verses (184, 15-17) of Mahabharata state that the plantg drink
water through their roots, The mechanism of water uptake by
plants is explained by the example of water rise through a pipe,
It 1s said that the water uptake process is facilitated by the
conjunction of air, This cleariy resveals the knowledge of
capillary action of soil in movewment of water up and dowun, viz,

T&: wiemwmr am afy afm o
amfuyfofeecars foed o @ 1) MBUXII, 184,15 ||

TEAW G Jed oemesq |
T Vewgm: Te: fyafy wEg: 1) MBLXII, 134,16 1)

As far ag infiltration is concerned varahamihira clearily
raveals in opening shlioka of the Urahatsanhita Verse I telis us
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that at some places water tabla is higher and at others it is

jower, viz,
T w7 s faamafy giwferRR: (Ur,S, 54, 1)

It iwplies that the water veins beneath the earth ara |ike veins
in the human body, some higher and some lower, Uarsse 2 reads
Iike this,

o TN T TR e aguTiedee | )
mHe g 4 09 Whey fafogeda 11 vr.s.,54,2 11

It says that the vater failing from sky assumes various colours
and tastes from differences in the nature of earth, Thus it
directliy imply that the infiltration of rainuvater is the source
of groundwater, the ground water s a complex function of
rainvater, Rainwater originaliy has the same colour etc,, but
assumes different colour § taste after cowing down on the
surface of the earth and after percolation,

Three verges quoted by Bapudeva Sastri (in Sindhanta Siromani by
Bhaskaracharya, Part II, Goladhayaya, Tripathi, 1969) belonging
to an era'hrior to 1200 A,D,, provide scientific details of the
phenomena of fog or wist (for which the term I@: F&d has been
used), The verses purport to say that at the end of rainy
season dissipated clouds {(moisture) hang near to the surface of
the earth and eclipse wountains, tress, vegetation cover or
gardens and disappear through the activity of air and heat from
these surfaces, This ciearly reveals the fact of interception
by earthy wmaterials, vegetation etc, and its disappearance with
time by the activity of air and heat,

Thus it can be said that the concepts of interception
and infiitration were well conceived in ancient India, The
interception of water by vegetation and hanging of water
particlies near the surface of earth on other materialsg was al so
observed, which disappéar through the activities of wind and
heat, The wodern soll science tells us that the soil |is
composed of interconnected pore spaces, This was clearly
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realised by ancient Indiang and was compared with the veins in
the human body, through which infiltration takes place which is
the source of ground water, Plants drink up water through roots
which is facilitated by the conjunction of air is alluded to in
Mahabharata which fully corroborates the wmodern concept of
capitlarity in soil, water and plant relationship,
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CHAPTER 5

STREAMFLOW - GEOMORPHOLOGY

The two mantras X,82,.1 and X, 121,11 of Rig Veda represent
the creation to have started with the origin of water and the
cosmic golden egg (ewbryo) (fRUER{) which very well fits in the
geological and blological evalution of the earth with the water
age, origin of zoophytes, primeaval fishes, reptiies,
invertebrate, vertebatess and mammalsg,

ag: for o e ofth gRd aomemee
R o [ avfeeeaanefyet awlam 11 RVU,X.82,1 |

Pevamt: Frdad R o ThRE SRR
¥ 3R ofvel awdei oR dam e fady 1) RVLX, 12101 1)

According to the Rig Veda the earth abounds in heights bears the
burden of wountains, and supports the trees of the forests in
the ground (HHT). She quickens for she scatters rain, and the
showers of heaven are shed from the |ightning of her clouds,
she 1s great (&), firm (&) and shining (¥,

Perhaps the Rigveda Aryans had the concept of knowing slopes
algso of a region by the heip of rivers as indicated (RV,I1X,.B88,6)

below:

@ W ¥fy aRvEen feam A #w) el )
q wg fedt @ ol gawdy afir sl @ 1)
RV,1V,88,6 ||

Talking about the river flow whose turbulence is lost after
neeting the oceans, the Rigveda says

WU SO SO WRMd AH: W 64 RV,I1,35.3 )
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In the verses (IV,18.6 and IV,19,3) say that rivergs are the
daughters of sun § cloud, They run towards oceans breaking the
goil, rocks etc, coming on their way, Thay flow in thrugh
21g-2ap paths

O AREAII AR RATa TG AR |
var fo o fofie wala wot afsfefr sfs 1)

RV, IV, 18,6 ||

During Rigveda the Aryan wers clearly aquanted with the river
stages and its uvelocity at differant stages, One verse (VI 24,6)
mentions tha high spaad of wountansous rivers flowing down tha
stope, Similariy versa VI 36,3 reveals the sawe fact,

fo mat v ol @ o: 10 RVLVIL24,8 )

By the tiwe of Samveda, Yajurveda and Atharveveda the indians
had cowe to acquire sufficient knowiedge of phuysiography and
geomorphology, This is establ ighed by the following
geogfaphlcal technical terms - W& (wountain sliopes, SV,1I,
5.9), W (cleft or FW), fAT (stony place), T4 (habitabie
place), ¥C (forest having a difficult communication), !F (lake),
A9 (rugged lands or bad landg)(7s,1V,5,8,1), In the Samveda we
come acrosgs a brief but fine description of a river mouth and ag
a4 wvave of the sea opposit to the mouth of a river sends inteo it
a portion of its water (SU XIV,4), The Prithvi Sukta (XI1) of
the Atharveuveda, furnishes & concise account of phygiography -
mountains, snowcapped mountains, foreet lands, plain areas (W¥)
and perennial stream or glopes (Jd), Fotlowing two Mantras of
Atharvaveda gay that if the water gource is on wountaing, then
the river formed will be Perrenial and will fiow with high speed
(AW, I,,15,3) viz,

} il FereEEm: SRR ) AVLLLL 18,3 )
Similariy Uerse (I11,3.1) reveals the same fact saying that the
riverg originating from snowclad wmountains witl keep on flowing

in summer also,
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¥a eyt w10 AVLILL3.1 |

In the Gopathabrahmane the nomencleture for a
meandering river |is fae (11.8), It was also aquainted with twe
types of springs or falis, namely hot and cold,,,,, Yiaenfaeid)

(G.B.II,8),

The celebrated epic Ramyana reveals very rich and accurate
knowl edge of variocus types of geoworpholligical patterns, Sowme
of the geowmorphological patterns in the Ramayana related to

water are quoted below:

Rivers and rilis and Pilateous, caverns and fountains
(11,54,42), the plain tracts (II.56,11). sandy banks of rivers
{(11,55,31),

AR RIGRERY | | Ramayana 11, 54,42 |}
e o P 1 pd G aw fegeE W 1

Rawmayana, Il 56,11 1|}
fafegarme EaRERTA |
Yooy g 967 @ & 1) Ramevana II, 55,31 ||

Those lands watered by the Ganga are dense and hard to
track (11,85.,4)

ww afiafy Gy A )
TeME o 3T THEE ®W: 1) Ramayana 11, BS,4 ||

Knowledge of water falls (11,94,13) and descent of a
river (II, 183,25) is described as below:

FyTeRIfRYT A anfe |
wafanfad a: wowe @ fav: 1) Rama,11,94,13 ||

7 e o gen qfeqaEem 14 17, 103,24 )

My aeamaa o framdm )
fafsgrged O} @0 oF8 Waffd 1) Rama,11,103,25 )|
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How after melting of gnow, a wmountanesous toposgraphy becomes

charming is spoken of thus - fEITa M IEERY (Ramayana 11,
7,15), The author of epic has alse wmarked *river erosion on
non-resistant or sgoft steep river bank (II,63,46; V,34,19;

VII, 14, 18),

wfs B IRy o an || Rama, 11, 63,46 ||
fod &fo & 9 0 AT @ 1) Rama,v, 34,19 )
yiaiW 7 o W7 PAT @ AM T )| Rama, VI, 14,18 ||

In VII,23,42 wa read about the erosive action of the downpour of

rain on wmountains, viz,

Tt RAen?: gared: )
TR W AyEnET @ Ay )| Rama,VII, 23,42 |

The Hahabharata devides the Himalayan wountains inte three
regions, It wentiong targe tracts of desert geveral times
(1,70,2), In certain context the word 7&jW8 18 used., Most
probably it indicates the tand form which nowadays callad

Det ta,

W Caicmar: i |
A FRARWIETY FE JwE ) M.B..1,70,2 )

TafeiE AReGLad AW 1) M.B.,1,70,17 ||

In Paninis Astadhyayi (608-780 BC), we come acrosgs several
important geomorphological patterns, The grammarian calls a
river woving and breaking its banks as fii7f and are whose water
overfiow the banks as g (I11,1,15),

Glacier is named as fi{Fl (IV,1.49) viz,

R I SR U RGO | |

Astadhya,IV, 1,49 ||

Topography and Geoworphology have not been left out of the
campus of the versatife genius of Kautilya (4th century BC), At
52



certain context he talks of such varities of land as *forests,
villages, waterfalls, leviel plains and uneven ground*®,
stretching between the Himalayas and Ocean (Arthasastra, Trans,
by Shamshastri P,404), At various places be speaks of fertile,
infertile, cuitivabte, uncultivable and waste land, which
reveals that he wust have possessed good knowledge of the
science of soll also,

The Vayu Purena refers to various types of topography namely
lakes, dales, barren tracks (Chapter 38), rocky throughs between
mountains (JTRANII(38,36).

ol fafr o effermT: o

TFaUiAdaT qOAATasIamT: |} Vayu,38,36 ||
The chapter also speaks a large number of hot springs in a
mountainous region (38,.78),

T WFeTaT qOfy feemear: )
e gEEy W@ g 1) vayu, 38,78 4|

In the Markandeya Purana we come Aacross a pecullar type of
topography found *in the Kimpurusaversa and seuven other
countries® where water bubles up from the ground {(53,21-22),

TR @ afy ¥ FEPARAT: |
ofea o1 &% g faff: gAT: 1) Markandeya P,53,21 )

iy o qeaTei awfoaed) fesicm: |
fafaream At % aHfT WRE 1) Marvandeya P,53,22 ||

The Vishnu Purana (II,5,3) classified the soils of subtierranean
region in seven categories, (1) Black (2) Uhite or Yellowish (3)
Blue or Red (4) Yellow (5) Gravelly (6) Hilly or boulder and (7)
solden hued, viz,

Toger: Y w1 dameer:
qwt 7 My RUESNvEAT || Vishou, 11, 5.3 )
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‘Th! Jain work Urhatsetrasamsa (6-7 century AD, Tripatni, 1989)
appears to be quite scientific and wathematical enumerations
conforming to some hydrographical or hydrological Ilaw, but
actually they contain a swall grain of truth, For exampie "the
dimension of a river at its mouth when it enters ocean ig ten
times that 1is possesses at its source in a lake or the like
(1.227), But the knowledge contained is appreciabie atieast
qual itatively, A Buddhist I|iterature Anguttaranikaya (before
480 BC), classifies lakes into four categories (Part II, Page
185, Tripathi, 1968),

In the celebrated law work Manuswriti, a lake has besn
termad as I (IV,203),

Ty %Wy MRy W: §I )
WA ARy TdREFay § ) ) Manuswriti,ul,203 ||

From the above discussion we gather that in ancient India
the knowledge of streamflow and geomorphology was well developed
on scientific lines, The techniques of knowing slope of an area
by means of a flowing river and dimension of river at various
stages a!i:mguith velocity were developed, Mountaneous rivers
are generally perennial and deposition of fertile soil
periodically on flood plains was understood which is  in
accordance to the wmodern experiences, Various types of
topographies such as springs, water falls, wountaineous,
plateaue, eroded land etc, alongwith wmany geographical terms
such as fwAr, o, o@w, A7 were used, Land classification such
ag fertile, infertile, cultiuabila, waste land etc, and soil
classifications such as black, uellow, red, gravelly, boulders
etc, weli before 4th ceniurs B.C, which are in vogue even at
present can be regarded as the {iwportant achievement of the
antient Indians in this field,
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CHAPTER &

GROUNDUATER

Groundwater developwent and utilization have been of
great interest from ancient times in arid and semi arid regions
of Asia where the activities of man were controlled by the
occurrence of water, From the dawn of history until
comparatively recent times the source of water of the springs
and streams had constituted a puziing probiem and had been the
subject of much speculation and controversy,

The old testament of Bibie contains numerous references
to ground water, spring, and wells (Prasad, 1980), The most
extraordinary work of ancient man for collecting groundwater are
the ’‘Kanats” (also called Kariz, Kahriz, canaut, ghanat etc,),
In the persions they are the infiltration gatleries which are
the structures inteded to collect groundwater from alluvial
deposits and soft sedimentary rocks, Such Kanats were bellauéd
to b2 used first more then 2500 years ago in Iran,

The ancient western science of groundwater thch
generally assumed that the water discharged by the springs could
not be derived from the rain, firstly because the rainfall was
beiieved to be inadequate in quantity, and secondly because the
earth was believed to be too impervious to permit penetration of
the rain water far below the surface, In contrast to above wild
theories the ancient Indian |iterature contains the most
vaiuaskie and highly advanced scientific discource on
groundwater,

fn Rigveda, Sawveda, Yajurvada we get concepts of
hydroiogica! cycle and water use through weilg etc,, which

Cleariy imply the use of groundwater,

In the area of groundwater renowened astronomer,
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astrologer and wmathematician, Varahanihira (AD,505-587), author
of VUrhat Sanhita which is esteemed for its Iearning of mnany
important branches of knowiedge, in this the 54th chapter,
entitied ’‘Dakargalam’ deals with ground water expioration and
explioitation with various surface features, which are wost
obuious,as hydrological indicatorgs to locate sources of ground
water at depths varying from 2.29 m to as wmuch as 171,45
m, (Prasad, 1980)

The hydrologic indicatorsg, described in thig ancient
Sanskrit work, include various plant species, their wmorphologlic
and physiographic features, termite wounds, geophysical
charactéristics, soils, and rocks, HII: these Iindicators are
nothing but the conspicuous responses in biologic and geclegic
materials in a microenvironment, consequuntial to high relative
hultdlf.g in .a ground water ecosystem, developed in an arid or
gsemi arid region,

The treatise on Dakargala (science of underground water)
by Manu is referred to in the Urhat Sanhita, By the |atest his
time must be (460B(-2080BC), Varahnihire alludes that m m
FnfA®, clearly indicates ’‘Manu’s contribution to this science
thus 1t is established that this science of geohydrology studied
and cultivated in India several centuries before christ and that
it was developed by indigeneous people altogether independentiy,

Varahmihira has utilized to a greater extent another
treatise on the science of underground water and water table,
written by ‘Saraswat’, Rather the farmer (Manu) appears to give
a preference to the latter over the Manava dakargala (VUrhat
Sanhita, 54,99),

WrEadd g @mid & W deecne |
Jrffy: plaegcly Ad @&d 1) Ur.S.54.99 ||

So far absoluteiy nothing is known about Saraswata and his work,
though Varahmihira mentioned him, From this atieast one thing
is certain that Sarasweta’s work existed in that time,
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Now so far as subject proper, tha science of underground
water and water tabis is concerned, a brief survey of chapter 54
of the Urhat Sanhita designated as ’‘Dakargalow’ 18 furnished
below,

Apart from the widar term ®Dakargala® thers are two
other technical terms Y77 and fYUfYWW used in this chapter (Verss
S4.1, 54,61-62) viz,

o TWH 7 T amld ¥ i )
a7 wndy frcwalle ey GvPea dew: 1) vr,S,5401 )

e Wl T o aoe: W vely )
e mmonfe dpeeen: P o 19 vr.s.54.62 |

The term fY7 iwplies arteries of water or streams and the fyTIfoam
exactly conveys the meaning of water table, Verse (54,1 ag
above) telis us that at some places water table is higher and at
others it is Jower, resembiing the veins in the human body,
From Uerse 2 we learn that water table is a cowplex function of

rainwater, viz,

W i O TREE W aguTiited
e Jgdal o wher fafegeda 1) vr.s.54.2 )

i.e, water which falls from the sky originally has the same
colow and same taste, but assumes different cotour and taste
after coming down on the. surface of the earth and after
percolation, Then in the latter verseg are given the wmodes of
occurrence of sub-terranean water and its depth, at different
places, VUprge 3,4 and 5 Inform us that the sub-terraneon
streams are rainfied in all the quarters, and alse apart from
nine arteries, thousands wore are prasent flowing to various
directions,

eI iET TR T

fomear: wwg: oW fe G 1) UR.S.54.3 4
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ferafored 7 f 7ant med werfyeamd )
wnter: woat fafr: gar amfr: ofdm: 1)ur,s.54.4 )

Ot T iy dfve e )
w7 e (kTR @ 11 ur.s.54.5 |1

Rock or soil ciure and depth of water table from the
surface of the earth is described correctly in various verses,
Verse 7 describes the various symptoms of occurrence of water
along with pervious and iwmpervious strata,

forefy il mugm: ooEw @[ dao
T Fem T Efe diwy: 1) vr.s,.54.7 1)

which means that on digging we will get yeilow frog at a depth
of half purusha (1 Purusha = height of man with erected hand =
7.5 feet) then yellow soil, then rock and then ample amount of
water, Slniiarlg wany other verses describes some 76 odd field
situations or ecological spectra from which it should be
possibie to deduce the presence of underground springs,

Actually the technique of under ground water exploration
as gascrlbed by Varahmihira depends upon a cliose observation of
naturally occurring specific signs in the terrain, comprising
the flora, fauna, rocks, soils and wminerals, whose state and
variation can be logically or empiricalliy linked up with the
presence of under ground springs in the vicinity,

One startiing factor emphasized in detall by

Varahamihira 1is the role of termite knolis as indicator of
underground water,

ARpart from the underground water exploration some of the
verses of the chapter deal with topics such as digging of wells,
their alignment with reference to the prevailing winds, dealing
with hard refractery stony strata, sharpening and tempering of
Stone-breaking chisels and their heat treatment, treating with
harks of water with objectionable taste, smell, protection of

banks with timbering and stoning and planting with trees, and
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guch other related matters, Some thirty-thres verses deal with
termite standing alone by themselues, or aggociated with
vegetation, thirty with vegetational factors alone, and the
remaining using other factors to help in exploration,

TR Tnate af il v )
Fomead dfad [RRd WIE () Ur,5,54,9 ]

W X i A e )
fifrog e qelvafrdamial: wEm 0 ur.S,54,12 1)

*I1f there is a terwmite wound nearby to the east of a
Jambu tree, plenty of sweet water, ylelding for a longtime
occures at a depth of two Purushas, at a distance of thres
hagtags {(cubit) to the sgouth of tha tree (54,8), Similariy an
Arjuna tree with a termite wmound to the north shows water at a
depth of 3.5 Purushas at a distance of 3 hastas to the west®,

The: wound bullder variety of the termites are
responsible for the impressive soil structure called the
*Ant-nitis’ in lay termg, but termite - knolls - wounds -
spires, or - prominences by the scientigts, which are famillar
features of wmost tropical and subtropical landscape, and the
once that are of interest to ugs in the technique of exploration
of underground  springs, Without  exception the water
requirements of the iInsects are generally very high, and they
need to protect themselues against fatal dessication by |iving
and working within the ciimaticaily seeied enuvironment of their
nest or within earth-covered galleries, According to present
leve! of raessarch (Rao, etai, 1971) the atmesphere within the
nest hags to be maintained practically saturation woisture level
(99-108x relative humidity), It is & watter of comsmon
observation that whenever a termite nest or runway, is damaged,
the insects iwwediately rush to the breach and repair it with
wat soil brﬁught up from within the nest, From an over-all
congideration of the evidence it seems to be safe to conclude
that, while normally the ingects use svery readiiy avallabie
source of water close to t'he ground surface, under conditions of
savere clliatiﬁ gtress, they can and they probabdly do descend to
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the water table, no wmatter how deep it way be, Hence a
well-developed, active, persistent coiony of would-building
termites can be taken as an indication of underground springs in
the proximity,

In the dry regiong of Katanga province (Congo-Krishasa),
the great termitaries eof the wmacrotermes are seen clearly
aligned on the siopes right down to the ooze Ilevel,
(Kumara-Krishna etal, *Biology of Termites* Vol,II, P, 198),
E.G,K, Rao (1979) observed the alignment of the termite knollsg
in the dry-jungle uplands of coastal Mysore as well as the
Deccan Plateau area, and testified the verses of Urhat Sanhita
relating the same, Following verse of Urahat Sanhita suggests
that the Ancient Hindus were aware of this tendency of mould
builders,

qepiio] Josca Jemnged: PRT d@: 1) ur,S5.54,95 1)

*If in a line of termite-moulds one 18 found to be raised up
(Taller), water vein is to be found within its, Similarly,
Verse B2 says that if a group of five termites are found in a
place (desert region), and the middle one among them 18 found
white, water should be deciared in it at a depth of fifty five
Purushas (i,e, 7,5’ x 55 = 412,5 feet),

It is a matter of common observation that many times
termitaries are met with in close association with trees; and it
is quite comwon sight to see termite wounds inhabited by these
insects completely covered over with grass or uegetation and
very close observation 1is often necessary to detect the
termitary, The ancient Hindus have exploited this association
quite extensively in the exploration of underground springs,
viz,

arfeagn A fagmd wiar frar T
et aRTe sutfowt ORI T 1) Vr,5,54,87 )

Fofcomeeu el e
Tepmeerarceni: g dlw 1) vr.s.54.88 1)
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*»If Jambu, Trivrt, Maurva, Sisumari, Sariva, Siva,
Syama, Varahi, Jyotismwati, Garudavega, Sukarika, HMasaparni,
Yyaghra Pada trees and creepers are seen by a termite mound
there is water 3 hastas to its north at a depth of 3 Purushas,
The names of the fiora mentioned are given below with their
botanical names:

Jambu (Eugenia Jambos, Engenia Jambolana), Triurta (Ipomea
turpethum), Maurvi (Sanservieraroxburgiana), Sisumari (?),
Sariva (Hemideswus indicug), Siva (Several Plants: Cucumis
Utilissimus, Terminalia Chebula, Emblica officinaiis, Cynodon
dactylon), Syama (Ichnocarpus fructens - black creeper, Krsna
Sariva, Datura wmetal, Rgalaia rox-burgiana, Panicum coloncum
etc,), Sukarika (Lyccopodium imbricatum, I,Clovatum), Masaparni
(Glycine debitis, G.Labialis),

Likewigse various other verses of the chapter are related
to the underground water exploration with relation to
combination of different symptoms,

I qq wiw aqe quetafern mee
afe e gfeT @@ @1 oW @Ik 1) Urs, 54,52 )

i,e, Lf in a grass less place, there is a patch of grass or in a
grassy place, there is a grassiess place, water or treasure is
indicated,

WOCHIMOCH FARRIEN: W TER )
wiedT Jeia P &9 @ W 1) Vr.S.54.53 1)

i.e, & flourishing thorny tree in the wmidst of
non-thorny trees or vice-versa indicates water or treasure at a
depth of 3 3/4 Purushas at a distance of 3 hastas to the west,

RAWS] T YR A @ AR wga |
fadeza 7 A W qhOe@R 1) VUr.S.54.608 ||

VYhere there 1s stream or swoke 1ssuing from the ground, an
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abundant water vein will be struck at a depth of 2 Purushes
(54.60),

From the point of view of occurrence cof sub-terranean
water, Varahamihira has discussed the occurrence of underground
water in the desert region, He says that sub-terreneon streams
or water table in the desert region takes the shape of the neck
of a camal and is at a great depth from the surface of the earth

viz,

Y waly T wn e W gEEE |
i wvmiE peweT: i o 1) ur,S, 54,62 )

Geologica! strata scheme of the wmodern artesian wall
fully corroborates this, In the VUerse 102 is described how
water occurs In & wmountaneous region,

foiedr @ et a1 #nfe afem qeader:
RaRR oty 43 (e | ) ur,S, 54,102 ||

vt e e av uiert wfier wof )
INVET Fv IR P W) AemgrREm 1) ur,S, 54,104 )

Above Verse (104) explaing the relation of soil and water, It
gays that Pebbly and sandy soi! of copper colour wmakes water
astringent, Brown-coloured soll gives rise to alkaline watar,
yellowish soiil wmakes water briny and in blue soil under ground
water become pure and fresh,

In Ramayana (VI,22,37-38) we come Aa&cross the knowiedge of
artesian wells, Verses say that the water from deep earth comes
out by force continiously through the hole created by arrow of
Lord Rama, viz,

frofea: W @ @TAfAWR: )| Rawayana,ul, 22,36 |
T8 JWEK AN AR ) | Ramayana, VI, 22,37 |

¥R & g o w7 feE:
7 Tfew 9 el ®® 1) Ramayana,vI, 22,38 ||
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It cleariy and very scientifically explaing tha artesian
well flowing continiousiy with force,

The Vayu Purana also refers to the various underground
structures and topography such as lakes, barren tracts, dales,
rocky rift valiey between mountains Frghf {3B.36), The chaptear
38 also sgpeaks of a large number of hot springs in a
sountaineous region,

o oy aany sty fam aeen: o
g qEeT T § 1) vayu,38,78 )

In Markandeya Purana we come across - Pecuilar type of
topography found *in the Kiwpurusavarsa and seven other
countries* when water bubbles up from the ground (55,21-22),

Tty 7 ¥ §W FEgARar: |
et & qEvai-fafi: gaT: 11 Markandeya, 53,21 4]

oty fgeareny asfvaed) Remiean o
dgfomaiy dofr X ot ww@ 1) Mervandeya,53,22 1)

the Gopathbrahmona was also acquainted with two types of springs
or falis, namely hot and cold (I1,8), atonfededy .......

All above |!iterature reveal some knowledge about groundwatar,
but ag discussed above, chapter 54 of the Urahat sanhita is the
most important treatise on ground water exploratton,

In RﬂCl.lnt dayg whan the wastern Kknowledge about the
occurence of ground water was based on the wild theories as they
were belleving that rainfall being inadequate in quantity can
not be the source of ground water, the Indians had the
scientific concepts of its occurence, distribution, prospecting
and utilization, By weans of hydrologic Indicators such as
pPhysiographic features, terwmite BOuNnds, geophysical
characteristics, seciig, flora, fauna, rocks and wminerals stc,
the presence of ground water was being detected, which i1g fully
scientific and presence and variation of these indicators have
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been linked up with the availability of underground springs in
modern era, Termite mounds were used as an important indicator
of ground water, Modern scientists have also established that
the wmoisture within the wmounds is kept practicalily at saturation
leve! (99-100x) and presence of underground spring in proximity
is indicated, Uell before many centuries of christ Indians were
avare of underground water bearing structures, change in the
direction of flow of ground water, high and low water tables at
different pltaces, hot and cold springs, ground water utilization
by means of wells, well construction wmethods and equipment,
underground water quality and even the artesian wel! schewmes,
This high level of knowledge of ground water in those remote
days was developed by indigeneous people of India altogether
independentiy.
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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 taneously water in turn get condensed and
subsequent rain fails, The surface and ground water reservoirs
are constantiy get replenished by recharge (precipitation) and
depleted by evapotranspiration The phenomena and |ts
interretation with other hydrological processes was well
understood by Ancient Hindus as evidenced by Vedic literature,

In Rigveda (1,6,10) we see that the sun rays breaks the
water contained in the earth and other wmateriais into minute
particies then these minute particles ascend by air and form

cloud, viz,

i @ ot fet @1 oifEmEhr
T% FER oW: |1 RV.I,6,18 ||

Td deed fed & guaEm |
somite foreg: wed qow @t foed @ aw Qewd 1)

RV,1, 105,12 ||

This verse of Rigveda (I,105,612) 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 Rigveda viz,

Wi ST WG |
qar AW [ Zefd focer aammaed e 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 esarth 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, viz,

oG G e |
o fammEuT 1) R.VLVITE, 72,4 1

Like Rigueda, Yajurveda also contains some Kknowledge about
evaporation alongwith transpiration, viz,

& mqfa?mm‘mm 1 YU.,28,43 1)
o Adwefy fevagol mpra: gl Safia |

YV,,28,20 ||

Both of the abouve verses say that the’uegetation attracts water
from earth and esuvaporates it to the atmosphere due to heat, wind
gtc, to form clouds, Similarly 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 puvapotranspiration is

caused due to sun rays and wind, viz,

m: dem afon witer el @ gfeeRa
W T AR B a1 A [ 1) ALV, 25,2 ]

v: o femead fearqfuetfy 3 gt
1 atefami meRala & A e 11 AV,,1V,27.74 )

The wversa (RV.I,173.6) of Rigveda states that the

atmosphere encompasses the earth

v afecen afern At gRw dedt @l AR
¥ foer g g 7 ufS cauwl dfE am o

RV,1,173,6 ||

The Solar Phenomena are associated with the vault of the
sky or heaven, while |ightning, rain and wind are referred to as
occurring in the atmosphere but it is doubtful whether the
Rigueda knew or guessed exactly the limit or the verticie height
of the atmosphere, In Verses (RV,,IV,53,5, 111,,56,
I,,108,9-18)
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Ferea SO T RePRWARETE W )
¥a: W g fe o o e gER 0
RV,I,108,9-10}]

5% HRT @ awhardd sy me am:
freat meferrargeame @ faf@ axdar 1) Ru.III, S6.2))

1 sy fervaia: webmg P foady me
sl gafaa @t fed s 4

RV,II1,56,5 )|

e wfem afwee B Gy ofogifr S
fre fam: viwifaer paly Pl @ ofv a0

RV,IV,53.,5 ||

Ve read "Savitr (the sun) encompassing them by magnitude
pervades the three divisions of the firmament, the three world,
tha three brilliant spheres, the three heavens, the three fold
earth ,,,.. *, 1In thig connection a very significant question
occurs to mind, 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 2zones, for different schools regarding
Aryan home do recognize the Riguedic Aryansg 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 alsgo,

The three other Uedas, namely Sama, Yajur and
Atharvaveda furnish some additional information on climatoiogy
and meteorology, which we do not come across in the Rigveda, If
the theory that these three Vedas chronologically belong to a
later period be correct, it can be easily seen that during this
#ge the +two above wmentioned practical sciences progressed
empirically to a considerable extent,

ﬁrraan definitely knew that plants (or forests) had
some influence on the loss of water and causation of rainfall
(15,,11,4,9,3),
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flagn Ra qow ® mw § daw @ W dwdd
@ Freae e e g et o froafy ()

The concept and role of inscolation is also referred to in the
Taithiriya sanhita, Agni{ (Insolation) causes the rain to arise
(1s,, 11, 4,10,2), viz,

JERERAT W A Ml aWeR [RRmem e
T el g 3% peRdld A g Ja % e
T yted e, b afddy oy omefefe @ @
Wdm 3 W g W a1 ¢ FN qTON gwEly a1 o

7S5.11,4,16,2 ||

Ramayana (canto 4 of th. book VII) furnishes a lot of
information regarding the atmosphere, its conditions and cosmic
regions, upto the distance of the moon from the parth, Here the
entire atmospheric cosmic strech has been divided into nine
regions, where Jlast one is the longest, Ramayana (I,46)
describes mythically the origin of the atmospheric regions,

e @ TE T fafa [
HTRT 3id ey fecmeqr AWIA: | | Ramayana,1,47,4 ||

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

ffdie vlwied: etdaf@iWR |1 Ramayana,ul, 43-29 ||

In the verse (II, 185,20) we read about esvaporation by
the sun’s rays in general, about the formation of clouds due to
solar heating of the ocean (VII,32, 68),

Iy gwraR) M} Ffewaa: 1) Ramayana, 11, 105,20 | |
W IR GeRTiETgeT ) | Ramayana,VI1,32,68 ||

The insolational heating of the ocean water is also referred to
in the Verse VII, 25,30 of Ramayana,
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RERATATGRaTaWT R
i e ala: g: WEEAIM: ) | Remayana,VI1, 25,30 | |

in the twelfth skanda of epic Mahabharata the atmosphere is
divided into seven regions (Skanda, Spheres) and they are
discussed in considerakle detail, The wind named as JWIE
{M,B,X11,328,37), blows with a loud noise, Ancther wind which
drinks up water from the four ocean and having sucked it up
gives it to the clouds in the sky and subsequentiy to rain god
is callied K& (MB,XI1I,328,38-38),viz2,

yat vl fagen magh:
F9E AW waTk “wie: WAl 4@ )1 MB,XI11,328,37 ||

& wfosi oeaq dwmelh w0y 20 )
yeeey e 4 aelv i {) MB,XI1,328,38 |}

T Al ARk |
Taaeed a5t abdaiet fid: 1) B, XI1,328,38 ||

Apart from the wind the sun was realised as the main cause of
pvapotranspiration, The Vana Parva tells us that the sun
euaporates wolsture from all plants and water bodies and causes
rainfall (MB,I11,3,49), |

et frer wddfemm
v 7 sy e 1 MBLII1.3.491)

ety wd & meafy s 1o Me,111,3,59 41

The epic informs us of various types of clouds and atmospheric

layers as well,

Xanada in hig Vaissesikasutra explains the cause of evaporation
of water thus, "the sun’s rays cause the ascent of water,
through conjunction with air®*, (Vaig Sutra,,5,2,5)

T 91 FOMERIWY | ) 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,

TeATisTrige ¥ || Vai,Sutr,5,2,61)

Sankara Mishra (1600 AD) had-beautffaffﬂ;éﬁpla;néd'this
and illustrated it with the example of a k!tg”
from below, (Tripathi, 1969), It cnnclus1uely proues that the

great philospher Kanada knew that the. parth 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 {(dOFFY) in the atiosphera'nr there are seven types of
‘winds (Vayu 49,163), -Narada Purana speaks of seven air channels
| (60,13) viz, WaPMi:, Kurma Chapt, 41,67 also reveals sams
" thing with Jittie variations,

TR T Pt ) .
T4 W 97T REwe faT: 1) Vayu, 49, 163 |

IE: WA A Wl
e foaete ded TR {1 Kurma 41,6 )]

'ﬁﬂlmmﬁmm; Il Kurma 41,7 1)

The Phenomena of evaporation cioud formation and their
relationship with winds or 'regions of atmosphere (g[EAwt]) are
quite satisfactorily descrided in severali Puranas (Brahamand
Vol , 11, Chapt,9,, Vayu,Chapt,51, Linga,l,41, Matsya,I,54) and a
ful | -fl edged 53peraté chapter has been devoted to them in these
topics, which positively evinces that due importance of this
branch of weteorology was realised, Some of the verses are
quoted below:

e yRiewda afoor afed o
g : feeat § e et |} Brahmand, Vol 11,9, lsan
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W & e qw P eeE
JemeRy e gat: §@ W i)

Brahmand,Vol ,11,9,138 ||

-a&'faﬂ’ff‘ﬂﬁh e % e
'Wmflqaﬂﬁfﬁﬂﬂ || Vayu 51,11 )

mqu Hmmwm )} Vayu 51,12 ||

- mmmmwm |
A TS A P T 1) Vagu 51,1311

Above |ines of Vayu Purana explél'n that the sunrays alongwith
the air extract water from earth, The Linga Purana (1,41,11,21,
and 38), specifically recognizes the role of_ sun rays -;n
evaporation of water, which get converted to clouds and

subsequent rainfalli’
¥t aor: darfonfeiE: - 1) (Linga 1,41,11) 1)

T dw gl fraent mifvhr: )
ufariafafioiey fea: ghfefs &@: 1) (Linga 1,41,21) )

gad 39 ofet 7 @ & oaw fabe:
i wfe 7 e et |1 (Linga 1,41,30) ||

qaoTicaTE: qUf 8 O fosofd
FhERRY @M @WEaiE: i1 Matsya I, 54.29 |

3y wdaten gre el 1) Matsya I, 54,31 |

AR FEca M |
fRGQETAIadr fea@: )] Matsya I, 54,321]|

_From ail above verses it is revealed that the anciént Indians
had ﬁers gcientific knowledge of evaporation and trangpiration
caused by sun rays, wind etc,, its condensation and formation of

clouds and subsequent rain, Thus it can be concluded that t.cy
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had developed the scientific concept of hydrological cycle, the
most important aspect of modern hydrology,

Jain Contribution: (Tripathi, 1969)

L]

The celebrated Jain treatise ‘Surya Prajnapti’ has duelt
at Iength- on ingolation, radiation and refléctlop'-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 iInto account the fact that the work was composed at
least nearly half a milleenium B,C,

In Prabhrta 4, Sutra 25 are d ‘cussed the range of
ingolation or heat of the sun ({93%), but.it is all incorrect due
to the assumption of two suns, Prabhrta 5, Sutra 26
(designated as 371 Ufwefs, refiection of sun’s light), enquires
into the phenomena of séattir_ing of the sun’s light, radiation,
insolation, refiection and albedo and giues accurate scientific
detalls, First it mentions twenty theories on reflectioh of the
sun’s light heid by the adherents of other sects (RifiaEm).
Then 1t refers to another important fact, that unseen
(invisible) objects also posses reflective capacity,

In aphorism 38 of the Prabhrta 89 are discussed the
nature of convection and radiation heating through the sun’s
rays with reference to earth surface, water bodies and its
objects and atmosphere and its continents, The author of the
Surya PréJanaptl also speaks that slanting rays of the sun give
lesser heat and verticle ones greater heat, This is discussed
with reference to the rising of the sun, noon and evening and
different places (or |atitudes),

From the study of this chapter we rgather that the
ancient Indians had realised the importance of the study of
evapotranspiration as an important facet .of water cycle, Solar

Phenomena, |ightening, wind, cloud formation etc, take place in
.« 4o o



lower layer of the atmosphere, Atmosphere was divided |in
troposphere, stratosphere and ionosphere and giobe in torrid,
temperate and frigid zones which is Just comparabie to modern
meteorology, Plants and forests have some influence on water
toss, differential rate nf:heatlng of the cuntlnénts and water
bodies, formation of convection currents and their effects was
well understood, Sun rays, wind, humidity, vegetation etc, are
the wmeagsure cauges of eﬁapotraﬂspiratiqn ha'd known to them,
Thus it can be satd that ancient Indians had developed the
scientific concepts of evapotranspiration and the factors

affecting it of no less order.

73



CHAPTER B

VATER QUALITY

The modern scientists at one time, used to consider
rainwater as pure |ike distilled water, But )ater studies have
revealed that it 1is not so, The water of precipitation s
characdteristically the purest water in the hydrological cycle,
but euven so it lag coliect from less than 1 to several hundred
milligrams of dissolved waterial per litre of water during its
fail through the atmosphere, Rainwater as it falls to the earth
has ampie opportunity to dissolve gases from the air and aiso_
may dissoluve particles of dust or other air borne materials,
Rain water becowmes a mixed eiectroiyte containing varying
amounts of wmajor and winor cations and anions, Sodlun;
Potassium, Magnesium, Calcium, Chloride, Bicarbonate and
Sulphate are the wajor constituents, Ammonia and varlous
nitrogen compounds are generally present, Dust particles are
added locally in industrial areas, large population centres and
desert areas, Among the land based factors which may be
gignificant in altering the composition of rainwater are the
sulphur emitted by Valcanoes, Fumaroles, Springs, and Dust
particles, ' '

Rainwater close to ihe ocean commoniy contains from 1.8
milligran per Ilitre to sépefal tens of wmilligrams per litre of
Chlioride but the observed concentration generaily decrease
~apidiy in a landward direction,

In Vedas we get some references to water quality,
gspecially 1in - Atharvaveda, Charaka Sanhita, Susruta Sanhita
(both of pre or early Buddistic era), and Ashtanga Hrdaya
Sanhita (9th century AD) are' the repositories of knowledge
accumul ated on Ayurveda (Science of Life), during the earlier
period dating back to the Vedic age, In ail these ancient
standard texts discources on water quality constitute an
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important aspect of Ayurveda, Bhavamigra’s Bhava Prakash (16th
century AD), which is more or |esg a compilation of all the
Ayurvedic texts of earlier antiquity, also elaborataly deals

with water quality,

In Rigveda the verse (V,B83,4) says about the tree
plantation, forest conservation and Yajna‘s so ags to create pure
§ healthy environment and good quality of water for well being
of mankind viz,

y aw afe veata fagr wweifve Rem e
- g forn? i o sl o Wl 00 RU,V,83.4 1)

Likewise verse (VII,50,4) of Rigueda aiso reveals the
importance of Yajna (4f¥) in reiation to purification of water, In
Yajurveda (I,12) we read the contamination of substances by
combination and fire as the prime source of Puwlflcﬁtioﬁ by
breaking the substances into minute particles i,e, yanja, heat

and sunrays are the agents to purify the water, viz,

e v e wfegd: v sgmafen ofddy gim dafr: o
et adet F0N U G o AN ZAVid guT] Favig dag |

YV, 1,42]1]|

In Samveda (Previous II, i87) we read that the sun rays cause the
rain to come in purest form like white curd viz,

A g T o 5w
o fraed 1) Sv.P, 11,187 1)

A verse of Atharvaveda (V,22,5) directs to take preventive
measures against the diseases caused by the areas with much
grass, high rainfall and kad water quality viz,

:ird’rmqaﬁm'rmm}qm I
AGEATGRA A SR AT )0 AV,V,22,5 1)

In the celebrated epic nahabharata:fkil.184.31 and 224.42) we

read about the various qualities of water according to its taste
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thus it is clear that atleast they were trying to specify the
water quality according to its taste,

W agfey: e =R oiEEEdc )
Hqﬂ FOUTART . WETON: WCET 1) M,BXIE, 184,31

In the Uraht Sanhita we find many references to water gquaiity in
the S4th chapter nawmed ®*Dakargala®*, Sloka 2?2 states that ground
water should be Inuestigated in refation to its enuvironment:
viz,

W i T TR e agunedee |
TR aeaat @ 0 whed fafogemle 1ovr.s,54.210)

Soil colour was described as an Indicator of water
quality viz, '

gy e o g uTRet el wf )
IV 7 g 7K T AdegrREm () Ur,s,54, 104 |

*that Pebbiy and sandy soil containing copper wakes water
astringent (m). Brown-coloured soil gives rise to aikaline
water, pale white soll satt water and blue coloured soil wmakes
water pure § sweet?,

A water treatment method was also suggested to improve
the quality of drinking water, viz,

FroEa A . SRS 5 j
TPRITGT . I8 Vamd IIVr,s,54, 121;1

oS T Aav Ry wiew afs anparter wdd o
ferd waend i gl gl FW 11 vr,s,54, 122 1|

i,e, a mixture of Anjanam (collyrium, autimony or extract of

ammonium), Musta tubers (Nagarmodha), Usira (Khag), Powder of

Rajkosataka (Torayi), and Amalaka (¥GAT), cowbined with Kataka

nuis should be put into a uéll,: If the water {s turbid,

pungent, saltish, of bad tagte and not of good odour will be
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randered clear, tasty, aromatic, and with other good qualities,

Thug Varahamihira at that time presented a simpie method
for obtaining potable water from a contaminated source of water,
All above plaﬁt materilg have medicinal value and are commoniy
available in aimost all parts of India,

In ancient medical texts are such as Charaka sanhita,
Susruta sanhita and Astangahrdaya sanhita (by Vagbhata)
coltectively known as Brahattrayi (Great triad), and three other
ayurvedic texts Madhavanidanam, Sarangadhara Sanhita and
Bhavaprakasha are collectively known as Laghutrayi (smail triad)
some references of water qual ity are availabie,

In Bhava Prakash many parts had been incorporated from
the medical texts of Charaka, Susruta, Uagbhata, and the Tantrik
textg, The tenth chapter of 8hava Prakash with Bb glokas named
as Vari Vargah deals with different aspects of water, Here gome
aspects of water quality are presented as given In above text
(18th chapter, Vari Vargah part) and also analysed by Prasad
(1979),

Sloka 2 states the important propsarties of water and its
usefuiness for the living beings,

i s e e serefiiE e PerE dm 11 X2 )

*Yater eliminates the fatigue of the body and wind, destroyes
weakness, It is good for heart, gives satisfaction, soft,
ciear, origin of rasas, and destroyer of vomiting, sleeping
tendency, and constipation,

In Sloka 3 and 4 the classification and nomenclaturs of
different formg of water have been given,

mm:mmmm X3 1
foct gfied e ume wamEw |
M I N Ok ke 11 X.4 1
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vater which rains from sky is calied ‘Divyam’ and when it gets
Coliected on the earth or as ground water it is termed as
‘Bhaumam” by sages, ‘Divyan’ water is divided in four
categories: “‘Dharajalam’ falis as continious shower from sky,
‘Karakabhavam” when {t falls |ike the plces of stones,
‘Tausaram’ is free from the smoke etc, and ’‘Haimaw’ is caused
from the snow of Hiwalayas, Awong these ‘Dhavajalam’ 1s better
naving full o_f qualitijes,

Similarly sloka 25 glves claggification of Terrestrial water
(Bhauma Jalam), '

Wit ffeed owi frfed g0
oA TG WTHRO DWW H) X,25 )

*Bhaum Jalam is of three varieties viz, Jangalam, anupam, and
Sudhar ananm, Above water divisions are based on the
ctharacteristics of the regions which are differentiated
according to their environmental conditions,

INE R M
W ANEAT A A AW 19 X, 26 |

TQqIRaETd qRaNTva: |
NY 30 &K AT TG A 1 X.27 )

forfoeg 2t &v: wfe aemw: w6
Tl T o WU S Hx.28 11

e wlee w6 A Ay e o
IrRETd fowT &3 A 11X,.29 )

i et wG g o e |
. ATy § mi & e ag o
ol O JUITATERERYd X311

The country having _s‘ﬁarse trees and less water and having the
bad effect of causing Pitta and Uata digorders are the Jangla

region and water ‘orlgl-naud in this region ig termed as Jangala
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water, The region having plenty of water and abundent trees and
able to cause vata and Kapha diseases is called Anupam and its
water as Anupam water, The regions having the mixed
characteristics of above two types is called Sadharanam region,
and its water is calied Sadharana Jalam, Jangala water |is
saltish, soft, eliminates Pitta and Kapha, Prowotes digestionm,
and a good diet in dlsu.s_as. nnupg water s tasty, olly,
viscus, hard, retards digestion, promotes Kapha and creator of
other disorders, Sadharana Jalam is sweet, promotes digestion,
goft, cool, pleasant and elimates Tridosa, Thus we see hare
that in study of water a large number of factors of ecology have
‘been considered in |Iine to the wodern hydroliogy,

Standards for Vater Quality:

In the chapter at various places we get the words such as farg
(ciear, clean, pure, pellucid, etc,), WM (clear), fEN
(blemishless), Wi (polluted), eand ffd  (unpolluted),
frequently,

Slokas 78-81 describe tha characteristice of the contaminated

waters, viz,
fifear gfie fremi ooilaToeRsd:
foof P o gied @ fid oem 10 X781
g emimiti |
g FIORRYE dRamwdifib: 1) X791
¥ A § T
o R FaEmTAI 11 X,80 ]

I JRIMEAIRTaCH |
wTiwET R gETan T4 11%.811)

syaters which are of stiky nature, containing worms and spoilt
by leaves and mud, of bad colour thick of bad smell, such waters
are not good for health, Muddy and covered ‘by lotus leaves,
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grasg etc, unillumined by sunllght or wooniight, lacking
movement, caused by untimely rain or the first rain water which
gets collected in the ground, such waters are the source of many
disorders; thus they should be prohibited, Because the use of
such waters for d.rinklng and bathing purposes, cause {§], JTtAN,
aiofsac, AT, #g, WE and so on, A critical study of other
slckas also cleariy reveal the appreach of ancient Indians for
vater qual ity standard for different uses,

Varjation in the quality of water with seasons as also from
different sources has been explained in slokas 59-67,

e aRe o W @ fe o
mmmmm 11 X,59 |1

awauiet: @ ard a1 R aem |

T afe T anwieigd: foeerga wRde & )
X,60 1]

Fefie awifcd a1 @1 ey A )

v i g AforEd w10 X611

e thomtefc fafyr ofeighr: o
o W ey Qe 1) X621

yairafe frafsmmfemion |
g W A 5 g gumw 1) X.63 1) -

Rfs e f&q 11 X.64 1)

M ot wWew 18 oy e )
W QR B oot e a1 X685 1)

o O W wranfiar demi 7
wiew  afal¥ T aewd TS 1) X.67 1)

sater belonging to ponds and tanks during the season & (winter
November - January) are good; during fafT (the coal season,
January - March) also the same waters are superior, During m
(Spring: March - May) and I season (summer: May-July) the water
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belonging to wells, stepped deep welis, and rocky springs are
good, During @7 and I8 seasons waters of rivers should not be
used for drinking get during these seasons the river waters
become contaminated with the |eaves of poisonous trees etc,
During rainy season aubhida water (ground water of artesian
character) or Antariksha water (the atmospheric precipitation)
are good, During @& season waters of to rivers and waters,
il luminated by the sun during day tiwme and by the moon during
nights are called amsudakam are good, Ansudak water is
destroyer of the Tridosa, not causing abhisyanda and is free
from bad qualities, It is equal to akasodakam, good for brain,
gsoft and coel, During g season after the rise of star Agastya
in the sky all waters become pure, Vriddha Susruta said that
during the wonth of Pusya waters from lakes or ponds, during
Magha waters from tanks, during Phalguna waters from wells,
during Chaitra JChaunjya (velley stream water) water, during
Vaisakha Nairjhara water etc, during the months of Jyestha the
water of artesian character, Asadha the well water, and in
Kartika and Margasira all kinds of waters are good*,

‘Factors affecting water quality:

As seen from above slokas of Bhave Prakash we can
identify some factors affecting the quality of water,

W 9 1.e, glacial water YW F@ 1.e, Ground Vater, A W
(River water), JEH& T (Ground water flowing with artesian
character), fRX (Water falls water), §@W @d (Pond Vater), Y &d
(Vells Vater), %% & (1,e, valley Stream Uater, Sloka 65) and
their qualities have been _described in IBhaUE Prakasha with
detall, ‘lndlcating the knowledge of the effect of geographic
condition on the quality of water, These conditions are related
iv the differences {n the earth as §J, WA and YWY regions as
descrlh_ed before in slokas 26-27-2B, The effect of agricultural
soil on water quality (E&ﬁ Wd, Sloka 57) is also described, viz,

W de Y e
W iR R AN 11 X.57 1
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It also describes the effect of decaying vegetation on
water quality, Also the effect of stagnation, lack of the
penetration of sun light (due to depth) on water guaiity have
been described (Siokas 78 to B1), Thus the modern hydrologic
ctonuerts related to water quality are fully satisfied in this
sanskrit work,

The knowiedge of the hardness of water has been
described in wany slokas (7,19,21,24,29 and 43) quoting the'
properties of various waters according to origin,

i PR &Y | | =
MR W o afy &l e 1 %7 0

W a0 & frve 06 T fern
a0 Yiae A R () X.19 1)

Here W (Saumayam) means soft and & (ruksam) or & (darunam)
means hard water,

Diseases in relation to water have been described which is clear
‘from the verses X,27-31, X.,78-81 and some others, This
discourse on water quality and related subjects is quite
scientific and shows broad outiook of ancient Indians,

Vater Treatment:

Sloka 5,6 suggest collection of water in golden, silver,
copper and glass vessels or earthen pots, after filitrating from
cloth, It reveais the attention paid to get clear water,

dad T i ewfch awhfR )
HeW gomd Ty T eTmER 1) X.6 1

In slioka B2 we get that water treatment for ‘drinking
purpose should be done by heéting> or boiling and filtration,
sioka B3 reveals the treatment by the aid of heated sand, stones
etc,and use of aromatic materials viz,
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*Contaminated water can be purified by boiling, by exposure to
" the sun‘g rays or by quenching with fire heated gold, gilver,
iron, stone or sand and flavouring it with the smeil .'t:f {awphor,
-Jatl (chameli; Jasminum grandifiorum), Punnaga (Nogkesar;
Calophﬁllun- lnophslllun), Patata (Padhar; Cocsalpinia banducella)
etc, and then filtration through ciean cioth makes water free
from swmalt germs, Purifying it with gold, pearl, etc, aiso
nakés it free from potiution,  VWater should be made free from
leéues, roots, stalks of lotus ileaves, gold, pearls, cloth etcy,

From above treatment procedure we gather that the
positive effects of intense sunlight, heating, fiitration,
aeration, and addition of aromatic components is clearly
reveal ed in above treatise, The bad effects of stagnation of
water, contamination of water by leaves, algae etc, are also
described, The treatment methods given need no costiy inputs
and no desirable qualities of water will be changed, which is a
measure draw back of the wmaodern chemical uethnds. of water '
treatment, '

From this chapter it can be concluded that the water
qurlity in refation to taste, sell, rock, season, source etc,
was known to ancient Indians, Vater classification and viewing
its qu'éllts in reifation to epvirenment satisfies the modern
concept of ecology, Y-a,jna as the wmedium of water purification
by means of breaking it (Into small particies and the
hydrological cycle as the maln source of water purification by
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evaporation, were realized, Vater quality stadards, factors
affecting water quality, effect of decaying materials on qual ity
of water, lack of aeration in staygnating and deep water bodifs
etc, were known which are in accordance to wmodern science,
Vater treatment wmethods using filtration, pots of different
materiais like earthen, silver, gotd etc,, quenching with hot
stones, sun heating, aeration, addition of aeromatic compounds
etc, were adopted, These methods are frequently used even now a
days and are better than the chemical disinfectants as thers
will be no change in the desirabie qualities and odours of the
water,



CHAPTER 9

WATER USE AND CONSERVATION

No agriculture can proceed without assured timely supply
of water required for the growth and survival of .plantation,
Vater unifortunately cannot be produced by man, and one has to
depend on the blessings of wmother nature for the rains,
However, what man can achieve is to effectively and efficiently
make fullest use of this naturally and periodically avaiiable
primary commodity for growth and well being of agriculture and
life as well on the planet earth, The importance of effective
and efficient use of this precious resource was realised in very
ancient time, As we have seen that atnagt all ancient
civilizations were confined to the areas of reliable water
resources and thus came to be known as River Valley
civilizations, revealing the iwmportance of water for development

from very ancient days,

Even during the time of Rigueda we get many references
of water use by means of rivers, wells, ponds etc, for
agricul ture, domestic and other purposes, Verse I, 121,8 of

Rigveda reveals the same fact viz,

a) welfed gl & g gy um 3
it ol A @Fgd mommkela 1RV I 121,80

Simitarly verses (1,23,18B and V,32,2) state that the agricul ture
can be progressed by use of water: from wells, ponds etc, wisely
and efficiently, The wverse (VIII,3, 18) of Riguveda says about the
construction of artificial canals td irrigate desert areas also,
which 1s possible oniy by efforts of skilled persons (engineer)

viz,

I wpwge melawfed oo § T
¥E: W yR Afem 4§ 3 GIOCEE | RV,VITIL3, 18 ||
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! fea @ & Feegeloar |
37 g’ § a9 1) RV, VIII,S5, 21 ||

verses (VIII,49,6;X,64,9) speak about the importance of water
for irrigation, The water from wells, rivers, rain and from aﬁa
other source on the earth should be wisely used as it is gift of

nature for well being of all,
%0a afgeaa) 7 foed gl efq@: 11 VIII, 49,6 ||

e w: Relitat @ wd wg ;|
ot A : gEial gRac Mg dd 1) X, 64,9 1)

In the same |ine of Riguveda, Yajurveda also contains references
directing the man to use rain and river water by means of wells,
ponds, dams and distribute it to various places having need of
water for agrlculture and other purposes, viz,

W AN T MW T W W § AR |
W PPN T TN T W AW T JRE T )1 YV, 16,37 1)

In Atharvaveda we have references of drough management through
efficient wuse of available water resources and water
conservation, It clearly says that the water of river, well
etc, if used efficiently will reduce the intensity of drought

viz,

W w® oW d e aw A @W e 7@ fem: 1)
AV, I1,23,1 ||

Verses (V1,108,2 and VII,11,1) explain that the Iearned men
' bring water to desert areas by means of well, pond, canals etc,
(V1,1088.,2), It also stresses that the wan should think about
the drought, flood and |ike natural calamities in advance and

take preventive measures accordingly, viz,

% a a1 e e eeagEn |
i & gaTe ouu fas 11 V1, 100,24)
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Verse (XII,1,3) explains that those who use rainwater wisely by
means of vriver, well, canals etc, for the purposes of

navigation, recreation, agriculture etc, prasper all the tiwme,
viz,

T AR R AR e e ey
g fordfy o w1 A of: of OF e I

AV.XIT, 1,31 ||

I amt et W A e wf )
T abmog g ;3w s ) Av, 19,210

&
“that one should take Proper managerial action to use and
conserve the water from wmountains, -uells,' rivers and also
rainwater for use in drinking, agriculture, industries etc,®
Similarly one verse (XX,77,8) directs the king to construct
sultable canals across wmountains to provide water for his
subject for agriculture, industry etc, and to facilitate
navigation between two areas, viz,

I e R aRielE wom @ 8o
g da awm & qft de sl 1 Av,xx, 77,8 1)

As can be easily expected, out of the agricul tural
necessity, the science of water management was giuen
considerable importance during ancient india, During the time
of Kautiiya the agricultura[ planning was common so as to manage
the rainfall excess or deficit, The celebratgd author says in
Arthasastra that ®According to the rainfall (more or less) the
superintendent of agriculture shall sow the seeds which require
either wore or less water®, Kautiiya also says (Arthasastra,
Tras, by Samsastry, Book II, Chapt,!, Page,46) that "king should
construct dams, reservoir etc, filled with water either
perennial or drawn from some other source or he may provide with
sites, roads, timber and other necessary things those who
construct reservoir of their own accords, Kautilya further says
that the kihg shall exercise his right ownership - (FHH) with
regard to fishing, ferrying and trading in uvegetables in
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reservoirs or |akes (I}ﬁq). Thus it can be concluded that the
versatile author touched aimost alil aspects of water management,

including water pricing also as described below,

AN organised water pricing system which is an' important
part of water management was developed during the time of
Chanakya (3rd-4th century B(C,) as evidenced by following Iines
of Arthasastra "those whe cultivate irrigating by manual |abour
(GFTafaTm) shalt pay 1/5 th of the produce as water rate
(SAPIAM): by carrying water on shoulders (FFUURRWM) = (water
fift uorqu;.l by bullocks), 1ls/4th of the produce; by water |ifts
(Fmﬁmaﬁmf[) 13rd of the produce; and by raising water from
rivers, lakes, tanks and wells (mrg’fm) 1/3rd or 1/4th of
the produce (Arthasastra, Tras, by Samasastry, Book 1II,
Chapt XXIV, Page 131),

In VUrahat Sanhita we get few references regarding the
orientation of ponds so as to store and conserve water
efficiently, plantation types for bank protection and proper
glucing to protect reservoir from any possible damage viz,

el IOURET gl a7 IR
PelricreaR A Ae &1 yaw: iR

i fecosld ARERMTTT FIEEAd
ywiaid a1 giead v feumariafir: 11 vr,s,54, 118 ||

i, A pond laid east to west retains water for a long time while
ong from north to south is spoilt invariably by the waves raised
by the winds, o render it stiable the walls have to be !ined
with timber or with stone or the like and the adjoining soil
strengthened by stamping and trampiing of elephants, horses etc,

FPHICHLTETES :  Hfgengdal: )
PR A IEPATA RS TTgad W 1) Ur,s.54, 119 ||

*t the banks must be shaded by Kaxubha, VUata, Amra,
~. Nicula, Jambu, VUetasa, Nipa, Kuravaka, Tala,

“akula trees,
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In next sloka it directs the construction of spillway viz,

ai 7 Hffemima ol Arefreaatomty
drorfe fafeat oo gk aa: oighRoadem 1

Ur,S.54,120 ||

i,e, "An outlet for the water has to be made on a side with the
passage being laid with stones, A panel without apertures has
to be fixed in a frame and which is fastened to the earth with
mud and clay®, From this discourse we can realise that the
water management was getting due importance in ancient India and
guen bank protection, spillway etc, and other minor aspects were

given due consideration,

In ancient India much attention was paid to the proper location
of artificial tanks, Various techniques were applied and
equally different materials utilized for the construction of
works, It appears that special works or treatise on science of
hydrology must have existed in south India, The Porumamilla
tank Inscription of Bhaskara Bhavadura dated A,D, 1369 throws on
abundant |ight on the elaborate system carried out in the method

of construction of tanks and dams in the south India,

Characteristics of good tanks and reservoirs are
described 1in ancient |iterature, According to the Sastra
(Epigraphia Indica, Vol ,XIV, PP, 188, Quotes from Hemadri, Verses
37-38, Srinivasan T.,M,,1978) the following are the 12 essentials

of a good tank,

(1) A king endowed with righteousness, rich, happy and

desirous of the permanent wealth § fame,
(i) Brahmana learned in hydrology (Pathas-Sastra),

(1i1) Ground adorned with hard clay,

{iv) A river conuveying swiret water and three Yojanas distance

from its source,
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{(v) The hill, parts of which are in contact with tank,

(vi) Between (ihese portions of the hill) a dam (built) of a
compact-stone wall, not too long but firm,

(vii) Two extremes (Srimga) pointing away from fruit giving
land (Phala-Sthira) outside,

(viii) The bed extensive and deep,
(ix) A quarry containing straight and long stones,
(x) The neighbouring fields, rich in fruit and level,

(i) A water course (i,e, the sluice) having strong eddies on
account of the portion of the mountain (adri-sthana),

(xii) A gang of men (skilled in the art of its construction),

Vith these 12 essentials an excellent tank is easily
attainable on this earth, From these points on comparison with
the modern, science of water management regarding construction
of dams and reservoirs we will find that the technique in those
days was just comparable to the wmodern sophisticated
engineering, as far as general requirements are concerned,

Along with the 12 essentials six faults were also
recognised which will reduce the usefullness of the reservoir
and water conservation will become difficult, These faults
(Dosas) are as follows:

(1) Vater oozing from the dam,
(i1) Saline soil,

(1i1) Situation at the boundary of two kingdoms,

(iv) Elevation (Kurma) in middie (of the tank) bed,
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{v) Scanty supply of water and extensive stretch of land (to
be irrigated), and

{vi) Scanty ground and excess of water, (Source: Epigraphia
Indica, Vol . XIV, PP, 108, Quotes from Hemadri{, Verse 39,
through Srinivasan T, M, (1970))

Vater use by means of wells, ponds, tanks and canais was
pravgient alongwith the efforts to supply water in deserts also,
Organized water pricing system was praveient and preuantiua
measures against natural calamities such as floods, drought etc,
was Ccommon, Construction wmethods and wmaterials of dam and
ponds, essential site and other requirements of good tanks, bank
protection spiliways etc, were paid sufficient attention, High
level of develiopment was achieved in the areas of proper
location and orientation of tanks, lining of banks,

evapotranspiration control, drought management etc,

The foregoing detalled account shows that ancient India
was at a high plane of development in the field of engineering
in irrigation and water conservation, This shows the keen
interest the Hindu kings of India had taken in affording
irrigational facilities for the increase of agricultural produce
apart from the drinking water provided for the péople. The
ancient India was highly progressive in the area of water
management, The absence of scientific instruments of those
remote times compel the astonishment and adwiration of the

beholder.
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GLOSSARY OF TERMS

1. Albedo: The portion of the total incoming radiatin that is
reflected back to space expressed as a ratio of the
reflected to incoming radiation.

0o

Alkalinity: A term used to represent the content of
carbonates, biocarbonates, hydroxides and oc¢casionally
borates, silicates and phosphates in water expressed 'in ppm
(part  per million) or mg/lit of equivalent ‘calecium
carbonate.

4. Arid Zone: Region or climate lacking sufficient moisture
for crop production without irrigation; upper annual limit
0t precipitation for cool region is 25 cm and for tropical
region is 40-50 cm.

4, Artesian Well: A well penetrating an artesian aquifer. An
artesian aquifer is overlain and underlain by a confining
layer so that water in these aquifers occurs under pPressure,
Boring in this aquifer causes the water to rise due to its
oWn pressure,

Atmosphere:  The word atmosphere is taken to refer to the

gaseous envelop of any heavenly body, and especially that of
the earth.

8. Boulder: Largest unit in sedimentary rocks. soils ete.
usually bigger than 10 cm in size.

7, Canal: Artificial water course used for irrigation or
inland navigation,

8. Capillarity: The rise of soil water by adhesion and surface
Tension forces as a continous film around scil particles and
in the capillary spaces.

a. Caverns: Synonymous with cave, though sometimes it implise
a cave of large dimensions. A cave is the under ground

hollow space in the =arth’s crust which may be entered from
the surface.

10, Climatology: It is a subdivision of meteorclogy which deals
with the avarage or normal or colleactive state of the
atmosphere over a given area within a specified period of
time i.e. it studies the some total of ail atmospheric
infiuences, principally  temperature, moisture, wind,
pressure and evaporation. '

11, Cloud: A mass of small water drops or ice crystals formed

in the atmosphere due to condensation of water vapour at
great height above the land.

bt

Condensation:  The physical procesz of transformation from
the vapour to the liquid state.
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14,
15,

16.

17.

18.

19,

20.

21,

22.

23.

Convection’ A process of heat transfer within the
atmosphere (or within a gas or fluid), which involves the
movement of the medium itself.

Dales: Open river valleys.

Delta: Roughly triangular area of river - transported
sediment at the river mouth deposited by decreasing velocity
of water. The sediment is constituted mainly of sand, clay,
remains of brackish water organisms, debris of plants and
animals washed from land. Delta is formed on low lying
coastlines.

Desert: Almost barren land having arid hot or cool climate,
resulting in sparse vegetation. A desert may have a poor
grass-land or scrub,

Drought: Lack of rainfall so great and long continued as to
affect injuriously the plant and animal life of a piace and
to deplete water supplies both for domestic purposes and for
the operation of power plants, especially in those regions
where rainfall is generally sufficient for such purposes.
The term has differant cannotations im various parts of
world e.g. In Bali a period of 6 days without rain is
drought. In USA a drought is defined as a period of 21 days
or more when the rainfall is 30% or less of the average for
the time and place. In parts of Libya, droughts are
recognised only after two years without rain.

Ecology:, Science whieh deals with interrelations of
organisms and their environment.

Environment: Sum total of all external conditions
influencing the existence or development ¢f an organism or a
community., : '

Erosion: Wearing away of land surfaces or detachment and
movement of soil, rock etc. by flowing water, wind, ice,
gravity etc.

Evaporation: The process by which the water is changed from
the liquid state to a gaseous state below the boiling point
through the transfer of heat energy.

Evapotranspiration: Combined loss of molsture from soil by
evaporation and from vegetation by transplratlon from a
given area in a specified time period.

Flood: The flow of water which causes submergence of land
not usually covered with water, or an increase in the depth
of water on tand already partially submerged, through a
tenporary rise in river lake or sea levels,
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25.

26.

or,

Z8.

29,

30,

31.

34.

Flood Plain: The low-lying land that borders a river and is
subjected to periodic flocding. It is camposed of deposits
of sediment (alluvium) of variable thickness laid down by
the flood waters above the rock floor and is bounded by low
bluffs.

Fog: Droplets of water suspended in the lower layers of the
atmosphere resulting from the condensation of water vapour
around nuclei of floating dust or smoke particles. A
visibility of 1less than 1 Km is the internationally
recognised definition of fog.

Frigid Zone: A general term for Arctic - Antarctic type
climates or for areas where the surface is snow covered for
a large part of the year and where the sub soil is
permanently frozen.

Frost: A weather condition that occurs when the air
temperature is at or below 0oC. Moisture on the surface of
the ground and objects freezes to form an icy deposit.

Geomorphology: The study and interpretation of the origins
and development of land forms on the earth’s surface.

Glacier: A mass of ice that moves under the influence of
gravity along a confined course away from its source area.
It is formed by the accumulation and compaction of snow,
which is transformed to firn and ultimately to glacier ice.

iravel: A deposit of unconsolidated material ranging in
gize from 2 to 60 mm. The particles are usually water worn
and hence rounded, and are derived from more than one type
of rock.

Ground Water: Water that is contained in the soil and
underlying rock. Ground Water may be derived from rain
water that has percolated down or from water that was
trapped within the rock during its formation.

Humidity: The amount of water vapour present in the
atmosphere.

Hurricane: A wind that has a velocity in excess of 32.7T m
per second. It is tropical cyclone occuring around the

Caribbean Sea and Gulf of Mexico.

Hydrologic Cycle: The cyclic movement of water between the
atmosphere, the land and the sea. MWater is released into
the atmosphere as water vapour through evapotranspiration.
After condensation within the atmosphere to form clouds it
returnes to the land and to its water Dbodies as
precipitation. This water may runoff the land in rivers and
streams into lakes and the oceans or move under ground as
ground water. Water keeps on moving continously among above
facets of hydrological cycle.
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35.

38.

39.

40,

41.

43,

44.

45.

46,

47 .

48,

Hydrology: The studv of water on the earth, including its
chenical and physical properties. occurrence, distribution,
and circulation on the surface and below the ground surface.

Infiltration: The seepage of water into the soil. The
maximum rate at which rainfall can be absorbed by a
soil in a given condition 1s known as infiltration
capacity.

Insolation: The radiant snergy that reaches the surface of
the earth from the sun.

Interception: The capture of drops of rain by the leaves,
branches, and stems of plants. The interception of the
rainfall by the vegetation cover prevents some of its
from reaching the ground.

Tonosphere: The part of wearth's atmosphere extending
upwards above the stratopause from an altitude of about 60
km. :

Meander: A pronounced curve or loop in the course of a
river channel.

Meteorology: The scientific study of the atmosphere and the
physical processes at work within it including presure
wind, temperature, clcuds, pressure etc.

Mist: A reduction of visibility within the lower
atmosphere to 1-12 km caused by c¢ondensation producing
water droplets within the lower lavers of the atmosphere,

Monsoon: A large - scale seasonal reversal of winds presure
and rainfall in the tropies. The largest and best
developed monsoonal area in the world is South East-Asia.

Perennial river: Rivers flowing throughout theu year are
called perennial rivers.

Pervious Strata: A rock system through which water can pass
freely as a result of joints, bedding planes, cracks and
fissures in the rock.

Physiography: The study of the surface forms of a region.
The word has changed its meaning over the years from
covering the whole of physical geography  including
geomorphalogy .

Plateous: An extensive =levated area of relatively flat
land. Widespread movements of the earth’s crust may result.
in wertical warping, which produces plateous and rift
valleys divided by faults.

Pore space: The amount ¢f space  between the mineral
grains of rock, soil or sédiment.
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49,

50.

51.

54.

65.

56 .

58.

60.

61.

Precipitation: The particles of water or ice that form
within clouds and fall towards the earth’s surface.

Rain gauge: An instrument designed to measure rainfall

In its simplest form it consists of a funnel fitted into
a ocollecting vessel. Any rain collected in the vessel
over a set period of time is measured in a ,specially
graduated measuring cylinder, an exercise that  occurs
twice daily at most meteorological stations.

Rain Shadow: An area of low rainfall in the lee of
hills or mountain ranges.

Reservoir: A storage area for water usually a river
valley that has been dammed to retain water for one or more
purposes, such as irrigation, industrial use, water supply ,
hydro-electric power or recreation.

Rills: Erosion of the soil surface by shallow short lived
channels .These small channels are called rills.

Saline soil: A group of intrazonal soils that contain high
concentrations of salts such as common salt. They often
oocur in semiarid and arid areas where there is
strong svaporation.

Semi Arid: The climate of the areas between desert and
tropical grassland. The mean annual rainfall ranges Dbetween
100 mm to 300 wmm.

5luice: Channel or conduit to drain off surplus water at
high wvelocity or for passing debris. Also to allow a
water flow at high velocity for ejecting debris.

Snow: A form of precipitation consisting of crystals of ice.
It is produced when condenstation takes place at a
temperature below freezing point.

Spillway: An open or closed passage cut in soil or rock.
When a dam is full, any further incoming water flows over
or through' the spillway without any damage to  the
structure,

Stratosphere: The layer of the atmosphere that lies
between the tropopause, at an average altitude of about 8
km, and the stratopause, at about 50 km.

Temperate Region: The division of the world based on
temperature lying between the Torrid and frigid zones,
and meaning an area where there are no extremes of
temperature.

Termite mound: The nest made from mud or plant debris,
that houses a colony of termites ( Tropical type of
ant).
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62.

63.

64.

65,

€6.

67.

68.

69.

70.

71.

72.

73.

4.

Topography: The surface features -( i.e. land forms) of an
area of land or sea bed.

Tornado: A violently rotating storm in which winds whirl
around a small area of extremely low pressure,

Torrid: One of the three divisions of the world based on
temperature . It is the zone lying between the tropics.

Troposphere: The lowest layer of the earth’s
atmosphere.

Turbudity: The muddiness .of water resulting from suspended
sediment. '

Turbulence: An irregular disturbed flow of fluid ( e.g.
water, air).

Water falls: A steep cliff 1like section of a river
channel down which water falls wvertically.

Water 1ift : Any mechanism ( generally lever principle)
to raise the water from a source of lower datum, to
obtain water for useful purposes.

Water oozing: Water seeping out of the ground and wetting
it without perceptible flow.

Water Table: The upper surface of the zone of saturated
recks i.e. rocks in which all voids are filled with water.

Water Treatment: Any method used to obtain potable water
from a contaminated source of water.

Water uptake: Water ascend upward through  the
capillarity of soil and root system of plants. The
utilisation of water by plants 1is termed as water
uptake.

Water Veins: The underground structures through which
the water moves through the soil. These are passages
formed by the interconnections of pore spaces of soil.
In ancient Indian literature these have been said to be
resembling the veins in the human body.
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