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oTdl bl Sl TF YU Aleld gU IHh TEleT b [T IDIh
Shlokas for Invoking River as Goddess

T Ry ARl = AT AR TAHaT |
BHIAR TRY AgsaTdT FHva! AfeaT | |
fersm gl HETgRE] AT ST IS |

quil-quiSTel- Fsaedrgaw] 9 dTaH | |
wrared - 9, R, AR, T METAR), THET, BTN, A, Fewsed, TrIdt, dfehl, T, d=mach, 5 ©U | HeTgRAal, 977 31 TS Al ufd=
3R fFRUeT B oI J31 IR WRIUBR P |

Meaning : May rivers Ganga, Sindhu, Saraswati, Yamuna, Godavari, Narmada, Kaveri, Sharyu, Mahendratanaya, Chambala, Vedika,
Kshipra, Vetravati (a rivulet), chiefly the Mahasurnadi, Jaya and Gandaki become sacred and absolute, and along with the sea, shower
benevolence on me.

TAIH T q9 UTeUdSl GRIGRAadiGemUH |
qfad @ qfad = a1y e 9T aRoT |aT A= | |
H1ared : T | T, 1 GRS S, i SiR Aled Bl JIRTEHT & W1d & fAfi=] TRl @ ITgAR, T Sd1—<adT 3iiR 3Ma gra= =01 &1 YoIT Rl
5, | W1 3 Ufdx =RV BT U gad H U RT3 |

Meaning: O Mother Ganga, the bestower of all worldly happiness, pleasures and Moksha as per the different levels of bhav of the
worshipper, all Deities and demons worship your Holy feet, [ too offer obeisance at your Holy feet.

T = JGH <9 MR G |
T Ry DR STeisREaf~ife g% | |
—(& ge~IREI™ YRIvI)

Hraref ;g I, I, ETER), TR, THaT, g 37R BT, HUAT 0T SURTT H 5 STel BT TG BV, [STHH H F1H R 8T § |

Meaning: O rivers Ganga, Yamuna, Godavari, Saraswati, Narmada, Sindhu and Kaveri, please enrich the water [ am bathing with, with
your presence.
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MESSAGE

Water has always been an integral part of our Indian culture. The history of management of water resources in our
country is older that the Indus Valley Civilization. Since ancient times, along with the development of civilization and
culture, the Indian-Bhagiraths had considered the importance of the climate, soil, nature and other variations across
the country for the managing the water resources and made remarkable progress in the field of development and
management of this precious natural resources.

Itis a matter of pleasure that the National Institute of Hydrology, Roorkee, is going to publish the third edition of the
book “Hydrological Knowledge in Ancient India”. This book has a detailed discussion of human efforts for water
harvesting and management system and nurturing water sources in various spheres during the period ranging from
Vedic ancient India to the Harappan civilization. The works on Canals, Ponds, Dams, Wells and Lakes described in
ancientarticles, Inscriptions, Puranas, Upanishads etc., are also presented in detail. In ancient times, water was stored
in different ways and put to good use. The book also provides the strong evidence of hydrological knowledge of our
glorious ancientIndian saints.

| appreciate and congratulate the unique effort of the National Institute of Hydrology, Roorkee in releasing the book. |
hope this book successfully achievesits goal and spreads the glory and hydrological knowledge of ancient India to the
whole world.

(Gajendra Singh Shekhawat)
= ! '= srfdraEs
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e o FOREWORD o o

I am happy to know that the National Institute of Hydrology, Roorkee, is going to publish the third edition of the book
“Hydrological Knowledge in Ancient India”. In this edition of the book the subject matter is presented in bilingual form.
The book mentions many hydrological events, effects, problems and remedies from our ancient Vedas, Puranas,
Upanishads, etc. The book has beautifully depicted the juxtaposition of modern hydrological cycle, origin of clouds,
rainfall, surface and groundwater and water quality with ancientIndian science.

India is facing many challenges in developing and managing its water resources. We must provide food and energy
security to our growing population, rejuvenate rivers and the environment, and protect against water-borne disasters.
In this context, we have to use advanced technique develop new technology, and take cognizance of traditional water
conservation and ancient water management. This book being published by the National Institute of Hydrology,
Roorkeeisimportant because it throws light on ancient Indian hydrological knowledge and its history. | congratulate all
the authors of this book and the Director of the Institute. | am sanguine that the Institute will continue to publish
updated editionsinthe coming years.

(Pankaj Kumar)

Dated : 29/11/2022
Place : New Delhi S~
[
S{TSTTS =1
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s wfdd Was, YW1 A1, 98 fdeeii—110 001/ Shram Shakti Bhawan, Rafi Marg, New Delhi-110 001
Tel. : 23710305, 23715919, Fax : 23731553, E-mail : secy-mowr@nic.in, Website : http://www.mowr.gov.in
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AP BTl H, TRARAT 7 I NIRRT fABRIT B ot oY b A a1 ol IR FaT & Y91 & HROT UTT GeH Hol H fAHTRoTd 81 ST & | GRI07 A fafre=T oI
TR I8 Sl fhar 171 8 o STt &1 ST AT At 81 {haT S IobdT & IR 5 Ih & fAf~ IRON & AeH H Hdel D] IARAT 9af Sl & | U=
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PREFACE TO THE THIRD EDITION

The hydrological cycle is the chain of events that describes the circulation of water in the air, water bodies, soils, plants and animals. The
Vedic texts which are more than 5000 years old contain valuable references on hydrologic cycle and form the basis of modern hydrology.
The most important concepts, on which the modern science of hydrology is founded, are scattered in various verses of Vedas, Puranas,
Meghmala, Mahabharat, Mayurchitraka, Vrhat Sanhita and other ancient Indian books which are in the form of hymns and prayers
addressed to various deities. Likewise, other Sanskrit literature has valuable discourses regarding hydrology. Natural entities and forces,
such as Sun, Earth, Rivers, Ocean, Wind, Water etc. have been worshipped in India as Gods since time immemorial. Perhaps itis not a sheer
coincidence that the king of these Godsiis Indra, the God of Rain.

In vedic age, Indians had developed the concept that water gets divided into minute particles due to the effect of sun rays and wind. At various places in the Puranas
itis alluded that water cannot be created or destroyed and that only its state is changed through various phases of hydrological cycle. The knowledge of effect of
yajna, forests, reservoirs etc. on the causation of rainfall; classification of clouds, their colour, rainfall capacity etc.; forecasting of rainfall on the basis of natural
phenomenon like colour of sky, clouds, wind direction, lightening, and the activities of animals was well developed in ancient India. Literature also reveals that
hydrologic indicators such as physiographic features, termite mounds, soils, flora, fauna, rocks and minerals were used to detect the presence of groundwater.
Various references are also available in the Vedas alluding the importance of efficient water use so as to reduce the intensity of water scarcity and drought. The
Vedas, particularly, the Rigveda, Yajurveda, and Atharvaveda, have many references to the water cycle and associated processes, including water quality, hydraulic
machines, hydro-structures, and nature-based solutions (NBS) for water management.

Fromthese varied sources we can gather thatancientIndians were clearly aware of the importance of hydrologic variables for the society. Most of the ancient Indian
hydrologic knowledge, however, has remained hidden and unfamiliar to the world at large until the recent times. Realizing this fact, the National Institute of
Hydrology, Roorkee published a first of its kind report titled 'Hydrology in Ancient India' in 1990. With a slight change in its title, the second edition of the report
'Hydrological Knowledge in Ancient India' was published in 2018. The current report, like its predecessors, is an effort to present an updated version of ancient
Indian hydrologic knowledge to the Indian and the world community. The report presents the translation of Sanskrit and Vedic texts both in Hindi and English
languages for the larger reach of the readers. While | compliment the authors of the first and second edition of the report for their vision and efforts, | thank Dr. Jaivir
Tyagi (Former Director); Dr. Anil Kumar Lohani, Scientist G; Dr. Manohar Arora, Scientist F; Dr. Soban Singh Rawat, Scientist E; Dr. Pushpendra Kumar Singh, Scientist
D; Dr. Manish Kumar Nema, Scientist D; Dr. Deepak Singh Bisht, Scientist B; Mr. Pradeep Kumar Uniyal, Senior Translation Officer; Mrs. Charu Pandey, Assistant Library
Information Officer, Mr. Tilak Raj Sapra, Senior Research Assistant; Mr. Ram Kumar, Personal Assistant; Mr. Pawan Kumar, Personal Assistant; Mr. Naresh Kumar,
Retired Scientist Band Mr.Varun Goel, Senior Resource Person for their sincere efforts in compiling the updated information from various sources and preparing the
currentversion of thereport. The sources and their contributors are duly and thankfully acknowledged.

(Dr. Sudhir Kumar)
Director
National Institute of Hydrology, Roorkee
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ARISI

SUMMARY

BRI IRKIT Bs A H STl IR R & | aTIa H, I8 el I Febal
2 o TR IR FwIar T & SUART IR 991 § | HIRT U U1 <9 § STet
Ure B9R 99 ¥ A &1 I &, NTadHT STAfds & &3 § 98d 981
ANTE © | UM IR |Gwiar, for Rig a1l aam ar s |awian
@ WU ¥ ST ST &, 3300—1300 §.9, & 3TH—UTH 370 Y UR oY | 379
I A1 §AT & b W & AN & U Ul I MYl 3R AT Bl
aRspa gomferdl off, foraH Brggifers HReAN oI 91, <o, Ufdkddg
H, U D UTSY SR FoTeT Wmery Mfe AfFferd of | g iR A
TGSl & BRI -1 G B Ugell AR el YOITell fapiRad @ | Ry
=TS T § RETE & S W g9 YA WR BN 61 BRI fhar 7 o
3IR &I & U ATUH edd &1 SUANT o 37 o | fIRAR # 3000 .
g, # ffTa Semer afed uRegpd wsRor yonferal & fawmfiad favar
T |

Our existence is dependent on water in many ways. Infact,one could say
that our whole civilization is built on the use of water. India is a country
with more than five thousand years of civilization, with great
contributions to the field of hydrology. Ancient Indian civilization, referred
to as Indus Valley Civilization or Harappan Civilization was at its prime
around 3300-1300 BC. It is now known that Harappan people had
sophisticated systems of water supply and sewerage, including hydraulic
structures such as dams, tanks, lined wells, water pipes and flush toilets.
The cities of Harappa and Mohenjo-Daro developed the world's first urban

sanitation system. Large scale agriculture was practiced and an extensive
network of canals was used for the purpose of irrigation in Indus valley
civilization. Sophisticated storage systems were developed including the
reservoir builtatGirnarinca.3000BC.

U d, YRIOT, HEHATET, FYRIEH, gecdiad], dhg AIeed 3R oiF &9
3R & fafr=T =M urafae dF @ fawg # srme g9 | uRyef €
fSrad gedl, agFed, SoFsd, fORIRmR 3R 799 9 9@
HEHIRTT Jfe afFferd 21 IfT ®I5 39 UM E¥ha Alei &l
I AT ©, Al 98 Gl © 1 S8 STeldeie & Hewayol HaH
Aol €1 g8 <@l AT & b UrEiE qRd § A= Stefdsg
gfharall &1 SHETRAl 98d Ui ol | Urdi wRd 3 arefiavor, Hee,
we AT, 987 3R S¥a YalgAr &l 8] dv8 | |HST Sl o7 |
ARIDTS (471 eraTeay 8.9,) & A IUT IR AT ARGHT F=TdT BT AT
& fog quiEmdt I3 eRyd fey v o S & mgfHe Sdfag™ &
|A Rrgidl W MR o, Safds oiel sl & IR H ufRes) g
SiTell Rygidl o= SR o, YR & Uiy ¥oiel fTadi, faaRor aiiR
SUANT 1 U TR off | Al | I8 Al Ul =rerdll & b Joiet
1 SURATT BT I T & oIy TATSTII Havcbl BT IUART
ST o7 | |1 YT & SR GAST STl g YoTledl W1 Ay off | ST
Hehe AT d1¢ B! IS DI HH DR H STl D H3el SUANT & Hewd Dl
ST &R & forg =T 3 fafr e Suaer & |

S
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The ancient Vedas, Puranas, Meghmala, Mayurchitraka, Vraht Samhita,
literature of Buddhism and Jainism and various other works are enriched
with plethora of knowledge about natural systems, including earth,
atmosphere, hydrosphere, lithosphere and their interaction with the
human beings. If one studies these ancient Sanskrit literature, (s)he
observes that it contains valuable references to hydrology. It is observed
that in ancient India, the information on various hydrological processes
was very well known. Evaporation, condensation, cloud formation,
precipitation and its forecasting were well understood in ancient India.
Raingauges were developed and were widely used during the Mauryan
period (4" cent. B.C.) to measure rainfall and its seasonal variation, based
on the same principles as that of modern hydrology. While the western
knowledge about the occurrence of ground water was based on wild
theories, the Indians had well-developed concepts of ground water
occurrence, distribution and utilization. Literature also reveals that
hydrologic indicators were used to detect the presence of ground water.
Well organized water pricing system was also in place during Mauryan era.

Various references are available in Vedas alluding the importance of
efficient water use so as to reduce the intensity of water scarcity and
droughtetc.

R RUiE ¥, g IR e § Sefder 3 HefEd s ud
IFGATT BT Fhferd BT BT YA fHar 11 8| 39 [a¥R W, I8
SUYT FHI & 1o B9 37U URURS S IR BRIT DT I8 72T D]
TRTET PR UG I8 3707 acTHIT Bl STl Y&er YoTfera § Scrsrd o |
9 UBR @l fARTe ygd, R AR U draf H [f¥Ed w9 Us
UG T AT |

In the present report, an attempt has been made to compile knowledge
and wisdom pertaining to hydrology in ancient Indian literature. At this
juncture, it is high time that we recognize and appreciate our traditional
wisdom and practices and blend them appropriately with our current

systems of water management. Such overdue initiative will definitely
createasynergy of the OLD and the NEW works.
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AT & Sifae AT Sifa 2ell § QT Aswayol YfeT Farg {6 S0
ARSI BT ! "I FWIdT oI wrareraar 3 i arct wwar,
9 ¥ BIANT—8I 1TS] \RIaT a1 WRA H Ry 91! FRdT 9 | ST
ST © | §1H 9 JTfIdaR |wIamg 3500 6 300 .9, O SURerd off 3ik
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Science improves our knowledge of the nature and living beings. It helps
the humans to investigate the several unknowns of the universe and
generates solutions for practical problems. In fact, science has several
functions, including the attempt to improve the quality of the human life.
In ancient days, although science was unknown as such, yet man had
realized the importance of water for survival, and therefore, the earliest

|
CHAPTER

civilizations were distinctly and predominantly hydraulic in character as
they owed their origin to reliable sources of water to meet their various
needs. Rivers played such a pivotal role in the life and living of those
people that their civilizations came to be known as river valley
civilizations. Prominent among these were the Nile valley civilization in
Egypt, the Tigris valley civilizations in Mesopotamia, the Howang-Ho

TSWT IER § GaTs & SR el Wr=ie §31 (3300—2500 $.9)
Ancient well in Harappa City found during excavation (3300-2500 BC)
(AT / Source : Wikipedia)
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valley civilization in China and the Indus valley civilization in India. Most of
these civilizations existed from 3500 to 300 BC and there are historical
evidences to show that certain engineering measures were adopted by
them to sustain as well as enhance benefits from rivers and also to protect
againstdamages due to floods and droughts.

A4 ST = @7 10000 99 Ugel it IRl &I RIMUAT @ Ud
QAT = ST @ oy Wefl—are) & R JIUATY | AR 9 3 =9
HT AT dP GRIET S & BRT, STTAEAT el H Bl A1 Toll I
o1 o1l T gaRerd HfY Sitas gRT ial, e R 3id: 192l BT
fFHToT H9a gan iR I JT STl R ot iR o (@R va 31,
2007) | S99 AWl 3R O & d19 U Afgd Gy 99T | Ui
| oY 6 Riyg a1dl, e, A|me@ar iR O |9 WIEl W
(BT g8 STal |IY TAT AG AMTTIGATSI T el & ol STl FarAdT
W U T, AT SRAT, 3], AT T T Il I (e (I=drerd
UG 31, 2015) | WIS ReRAT & HF—ATT A<l A ATHIEH AT
o 3R BIMBR® 913 3R 37T IS SIallNIdhd oA TRl | g9 &
forg aga: ¥ 9EE SWIdIY It fAwRid qem el wu ¥
ARSI ofl | THATPNY & JANT §RT 3 8 T ol Ugar &
oI o gaaTede RIved (arad H, &i—aHT 100 T A1 1 31ferd) &t
A1 YA e ST T | 9 STeATal, B T (ST 32001100 §.9,) b
HAA | qU STl & AUBT & oY STeAqsl, Aavl 3R oiel ol &7 A
SUIRT BT ST o | ETeifeh, $71 TRIRIT & Ua 3R $74 4 {B &
BHAD & B A S gRT oM™ 3ffid &)= & forg afeal &
ESglaroll AR BTSgiferad § &8 & Ufdad iR B ®HRS IR
A e @1 eHar & forg Al JF1 S Al 2 | THRART U9 3
(2003) TT IMSAE UG =T (2009) 7 FHEm &I ¥ 5 ey oy gdf
gage - ydl 3R yfaHl Marg! H fARre Ievvll & Aed | Ui
[T of |

Human kind established permanent settlements about 10,000 years ago

when people adopted an agrarian way of life. Due to settled and
somewhat secured life, population began to expand faster than ever
before. Settled agricultural life made it possible to construct villages, cities
and eventually states, all of which were highly dependent on water
(Vuorinen et al., 2007). This created a unique relationship between
humans and water. Most of the ancient civilizations, i.e., Indus valley,
Egyptian, Mesopotamian and Chinese were developed at places where
water required for agriculturaland human needs was readily available, i.e.,
close to springs, lakes, rivers and at low sea levels (Yannopoulos et al.,
2015). Most ancient civilizations were highly developed and
technologically equipped for societal sustainability as well as to enhance
benefits from rivers and also to protect against damaging floods and

RO i =

Hig Sllqsl Dl HalH IR
The Great Bath of Mohenjo-daro
(|1 / Source : Wikipedia)
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other hydrological extremes. Water transport over long distances was
based on gravity. Thus, long aqueduct systems (indeed, sometimes
exceeding 100 km) were used to convey water over large distances, using
gravity. Also, water cisterns for harvesting rainwater, canals and ground
water wells were practiced since the Bronze Age (ca. 3200-1100 BC).
However, fall of these civilizations and gradual decay of some of them
were partly prompted by mankind's creeping inability to cope up with
adverse and damaging consequences of his interference with hydrology
and hydraulics of the respective rivers in his attempts to derive benefits.
Scarborough et al. (2003) and Ortloff et al. (2009) have reviewed how
water management affected ancient social structures and organization
through typical examples in the Eastern and Western hemispheres,
covering the whole ancientworld.

I8 [afdfad 3 o meanfcas Jedl & Haw H AR faRMEd U 98T
3R It TAT FHa: 3fgaid o, ol [ ufRed & o He fddai
ﬁWﬁW?WWW@WWQﬁWWGﬁ?
feq 1 Guiig I8 IR SUMYRT &7 iU Td SHA H FdTE IR
o2 | smeunfoaed faeT & orerrar U< YR o fasi= & faarT &1 oY
yelRia fovar | Rig ardl |waar i fb qa QR dorr Ha¥ faaiid
[RIATSN H H U 3, faIR § gar & 999 97 a1 Uiei—UirsTiig
AR SYHBTEIT H A= 9en 99 & faa< & WR &7 e © |
B & RO STetfagm Y enfiet © | Mg @ 91d & o Ui IR
A¥hd d Scpe BT Bl GRiET fhar war 8 den vRa H fasEh
W%ﬁww%ﬁaﬁraﬁw%ﬁwmsﬁzﬁmﬂﬁsﬁ@m
T TR |

Itis well known thatin the realm of spiritual values, the Indian heritage has
been great and sublime and perhaps unparalleled, as testified by some of
the great personalities of the west who underwent the toil of learning
Sanskrit and presenting the world with translation of the renowned texts

of Vedas and Upanishads in English and German. Besides the spiritual
growth, ancient India also exhibited the growth of science. The Indus
Valley civilization, one of the earliest and most developed civilizations of
that time, was the world's largest in extent and epitomises the level of
development of science and societies in proto-historic Indian sub-
continent. Ancient Indian literature, dating back from the age of the
Vedas, further witnesses this development of sciences (including the
water science). It is a good fortune that the ancient Indian Sanskrit works
have been preserved and not lost through centuries of domination by
alienracesandalien culturesin India.

UGG RGEIESIG
Science in Ancient India

9T &1 g & 950 HH AHHAT B 59 a1 DI SIHHNI T
ST b JATfeTept gIRT FHST 3R WIHRT 1T & fob U= Wehd Aifecd
H fpar fagm kT &1 98 U 96w U B & ‘@1 uie
FRA—HAl 7 AYAF AT & sMYdd Thd fHY TY Y& s
AT ST FHUAT & ARTH | S2 AHIB Id B DI BT UGHT Bl
YA BT | \afafed ® b eraf-ifed Hears &l qHsH & Aredq &
T H YeT0T T ToIRIIGTST T8 bl ST FAebelT o7 |

Very few workers in the scientific world are aware of how much science, as
understood and accepted by scientists, is contained in the ancient
Sanskrit literature. It is a moot question whether the ancient sages had
adopted the methods of modern science of laboriously collecting
observational data and integrating them through appropriate concepts
into useful and acceptable truths. Observation as a medium of realizing
the underlying truths could not have beenignored.

I 1 “wrafies Tl & geraRerd s iR {5 Haeumsii # 34
TR Bl Fad fhaT AT B, S d1d Faell & ThaId JNTIT” B
U § gRad fhar Siar 8 | 39T aras 31ef “difds Sira &1 afefa
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T FRIT HRA D) U aRed dRIugY W € | I8 <@ S ghdTl &
fp A=Y o1 B N 39 TR # U ¥ 98 9 o 59 A U AifdE
Ud el fAaR0T Y& BRd © | I§ UlshaT A Siia Bl efiv—efiR
gTfId Rl 2 |

Science is 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 systematic method
of describing and controlling the material world”. It can be seen, as it
stands at any moment, as a logical and coherent account of that order
which the scientists of the time find in nature. It progressively affects
man's life.

IRA H TR /Al Feearedl §.9, & U™ | Udh Sod fadiad awadr
R R4y Tl |1 a1 g |l (BT
T FRIAT) & B H ST ST B, UTThT TR
SaR—UREH 9Rd & &3 4 Ry T4 B
IUSITS A 9RT A O=7dT | ST ARIAT &4
HU Y 3T & AR I & ORI, FRATOM,
G, RTSRT, IR UL, SR Ud HTHR I
qAqT IS @ Uibedrn Ry, USiE
AT widi 7 Rerd off | I8 &0 wu 9 Rig
ToIT TR—BTHRT ol & &l 3 Rerd off | v
UENEIRIGRINICIRIE RO

In India, at the beginning of the third/fourth
millennium BC, a highly developed civilization,
popularly known as the Indus Valley civilization
or Harappan Civilization (a Bronze Age
civilization) grew in parts of Pakistan and
northwest India on the fertile plains of the Indus

e w1 # I8 I o7 5 [ @ uHTe H 7 7 ) fawot Bl T

The fact that sun ligh constitutes seven colour rays was known in Vedic era

River. The Harappan civilization was mainly located in present-day Indian
states of Gujarat, Haryana, Punjab, Rajasthan, Uttar Pradesh, Jammu and
Kashmir; and present-day Pakistan provinces of Sindh, Punjab, and
Balochistan. It was located mainly in the region of the Indus and Ghaggar-
Hakra Rivers. The major urban centres were Harappa, Mohenjo-daro,
Dholavira, Ganeriwala and Rakhigarhi.

e TR & A 7 IS ISP T BT | ST TS, GHH
TJAT FHY YA H TSI TETAT YT BT | A AR FHE ol a=il d919 Bl
gfd e o= drel ugel Afdaai | & o | A= |qaRIEl den
ITSHl @ fory dfee d=iv &1 ARy« e fvel ik 39

AN & I B JMAIIHAT SidTs IR AT Gl A= BT
faeTa gam (I4dTS 1980) | AfTeh AT BT Ig T oMa o b P &

(AT / Source : Omex)
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The people of the Indus Civilization made great scientific advancements.
They achieved great accuracy in measuring length, mass, and time. These
people were among the first to develop a system of uniform weights and
measures. Preparation of the Vedic calendar for various ceremonies and of
rituals necessitated the study of heavenly bodies and of their movements.
This led to the advancement of the astronomical Science (Prasad, 1980).
The fact that sun light constitutes seven colour rays was known to Vedic
Aryans, as evident from the following shloka of the Rig Veda (RV.11,12.12),

J: AR AT [TSHTTaTgoTcddd Al e |
T ABRGBRG FATGHARIE & S g75: | | (RV.11,12.12)

fSTFepT 31ef & fob AT 311 1 fh_oTt arer S Afedi # ureil & g &1
HROT 2 (@9 BT IoI8 ) | I & 977, I R F gl | Uil Bl MDA
BT B 3R T8 Ish FORaR AT EdT 2 |

Meaning: the sun containing 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 goeson.

STl 8.9, AICeH &I Tdh Yullell fadmiRia @l 718 off [ it
TeIfeld ATl &l Adhal Bl T3 oI, MIAST (476—550 ST) il fdh s
HET OIS TAT WTSTTESN |l 2, = JBIOTAI STl & AIRT DI
ey fohar iR fgumd oifvemd wiiaxy (FareRfes gfeexfine
FAIBRUN) BT Bl fhAT| ATl Tl & HE 0TS FTERe o
W FHRIR & folv e w0 | A= ST gl &
JIIUANT BT fA i fhaT | SUAR e &1 geara aon Ts—qfcal &
SUAR @ TGN frde & "HIfd g3 H Ui Sl 2 | T a2
TR IRIg ey Ffecdd iR I o | dig &1 & R, URRig fag™=

Siaa 379+ Jreyd fafdhear 3R wred fRafear & STaR & foly TR
o] | eI, ATeT=1 T fashARIer & yrie fawafdenear # fafde
Al v HEwaqul Ud AR fawy o | 741 erared & arvee & fafdear
ao‘réiﬁﬂ?‘ch—é‘r( TRT) BT Ul Sooi (UATG, 1980) AT ® | WRA &
4§ TUIRA & He Ieci@Ad fIRIwdT wong (600 £.9.) (TSI,
1965)$Wﬂgﬁl@ﬁﬁﬁﬂh%lﬁ%ﬁ@%9)#ﬂﬁ%@ﬁﬂ%%
f 121 erdTed] Ib WIRd, A, 3RT <2 & UV ARG & o1 IR
# JMmyfTres fagT o1 uaTfa FwTaa: 2 81 ur |

Indian arithmetic is remarkable in that there is evidence to show that as
early as third century BC., a system of notation was evolved from which
the scheme of numerals that is in vogue even today has been copied. The
Aryabhatta (476-550 CE), a great mathematician and astronomer,
studied the summation of arithmetic series and attempted to solve
quadratic indeterminate equations. Brahmagupta, the great
mathematician of 7th century, developed application of explicitly general
algebraic methods to astronomical problems. The beginning of the
medical sciences goes 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
known surgeons and physicians. During the Buddhist period, renowned
scholar Jivaka was famous for his amazing medical and surgical cures.
Medicine was also an important and compulsory subject in the ancient
universities of Taksasila, Nalanda and Vikramasila. The medical work of
Vagbhata of the seventh century contains the first mention of mercury
(Prasad, 1980). The most remarkable feature of the Buddhist Philosophy
of India is the formulation of the atomic theory by Kanada (600 BC)
(Prakash, 1965). Biswas (1969) has rightly remarked that the growth of
modern science in Europe would have been hardly possible without the
background of pioneering contributions from India, China and Arabian
countries, well up to the 12th century AD.
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Domination of the foreign rulers for a long time did not help in bringing
the scientific content of the Sanskrit and other literature to come to the
fore. Even after independence, the situation did not improve for the
obvious reason that there is no interaction between the modern scientists
and the Sanskrit scholars. The scientist never bothered to know about the
scientific content in the ancient Sanskrit literature while the Sanskrit
scholars never cared to bring to focus the

problems of scientific nature available in the
Sanskrit works. They got entangled themselves in
problems such as 'Vyakarana', Mimansa' etc.
Hence, even to date, the scientific contents of the
ancient works have remained almost wholly
unknown and unanalyzed.

YR TRAR1311 # 5Tes bl AgTd
Significance of Water in Indian
Traditions

AR IWRARRH § ST &1 7g<d Urd| &l |
Bl &1 B, IR WRA Bl WIBHT 3R TedTeH o
A HET AT © | IRAR AN & |\ AR
T ® SHa- UR STel BT g d U AT YHTT &T
2| "I8d SiIgs! &1 “H8= =™ DEREERICISECD
T Y YA © | $9 1 8 Bl fdgri gRT
wU F AT ST B | BTeTifh §9 GxaAT &1 g2mef

(|1 / Source : Wikipedia)

ORI & dred rel § 1131 wrared | AT =0 &1 919 (@16S)) : STa—w=evr @ ST e

Rani ki Vav (Patan, Gujarat) : A unique water conservation structure constructed in 1 7" century
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Since ancient times India is known as the land of culture and spiritualism.
Water has always had a pervasive influence on the cultural and the
religious life of Indian people. The Great Bath of Mohenjo-Daro is a great
testimony to this fact. The bath is considered by scholars as the "earliest
public water tank of the ancient world". Although, the exact significance of
the structure is unknown, most scholars agree that this tank was used for
specialreligious functions.

the ancient step-wells in Western India are examples of some of the skills.
Technologies based on water were also prevalent in ancient India.
Reference to the manually operated cooling device“Variyantra”(revolving
water spray for cooling the air) is given in the centuries old writing
“Arthashastra” of Kautilya (400 BC). The “Arthashastra” and “Astadhyayi” of
Panini (700 BC) give reference to rain gauges (Nair, 2004).

AP 3R T AR YRR § T8l q21 Afedl Afed a1 wapiis
IfdTal DI qgarsl AR fIAT & HU H AT ST 2 AR 0] Goll b

WA H e AGH SR U B B A oer [
g Ry a1t T & 999 9 39 R & | R
JoTell, F=—+ UhR & I, STl HUSRYT YUl
AT = AN AR AR STl |UBYT qheild
Ay &1 75 9| 3000 §Y H FRAR # &
ST AT Ui¥edl IRA # U ICU—dodd DIeTed
S O IRV © | U R H Sl TR ARG
deiie 1 aer # o | difced & Afedl R
forg arefeme (400 $7) H TG HfoiT
JUHRT “qIRIF" (BT DI S8 HRA & {oTQ FH
T It B) BT Aaw fam Tar 2 | wiforT (700 S.
q) & "3RI 3IR “ITCRAR)” H gl (ARR
2004) I3 BT fAfdrad HeH Suete 2 |

Drier climates and water scarcity in India led to
numerous innovations in water management.
Since Indus valley civilization. Irrigation systems,
different types of wells, water storage systems and
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low cost and sustainable water harvesting

techniques were developed throughout the
region. The reservoir builtin 3000 BC at Girnar and

HIAART # aRwRd STrer, arEe [y a9t wiar § glsglford diddl (eed & JE
Sophisticated Water Reservoir at Dholavira, evidence for hydraulic sewage systems in the ancient Indus Valley Civilization

(AT / Source : Wikipedia)
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IntheVedicand otherIndian traditions, all natural forces including planets

and rivers are personified as gods and goddess and worshipped. Early
Indian culture originated near river regions. As a matter of fact, the very
name of the country is derived from the name of river Indus. The seven
rivers namely Ganga, Yamuna, Saraswati, Narmada, Godavari, Krishna and
Kaveri are considered important on cultural basis. For example, the Holy
River Ganges is mythologically linked to Lord Shiva and is considered by
the Hindus as the symbol for purification of the soul and rejuvenation of
the mind. All over India people throng for a dip in the holy river to wash
away their sins. Divine water is consumed in the temple after puja worship
rituals; idols of worship are sprinkled with water (abhishekam); and a
plantain leaf kept for a meal is cleaned with water and a prayer. Table
presents some of the important shlokas in the Sanskrit which are chanted
while offering prayers to water as God.

$9 Jafd vaie (refan) f9e g™ Sid—<adr & = & ot 2

Some selected shlokas (prayers) invoking water as God

SHLOKA MEANING

31T f2T FANGRRIT 7 SHof qUET A7

g ofat! et SURAfT & argHse 98d aRIdTST €, iR I8 &4 Iore &Ik wfaa

oTeT T | 1|

UG BT & | MU Yg AR &H T~ BT 2, 3D oY EH SMYHT 3MMER < & |

O Water, because of your presence, the atmosphere is so refreshing, and imparts us with
vigour and strength. We revere you who gladdens us by your pure essence.

T T Rradd Yo 9reiadg o |
SIMANT AN [12 1]

B STeT| 3117 37T I8 YU AR, BUAT BAR A1 ATel B, 51 YDHR Teb |l D1 5201
B 2 % a8 3o 94l T FaASaH TS I |

O Water, this auspicious sap of yours, please share with us, like a mother desiring to
share her best possession with her children.

THT 3R T a1 I &g =97 |
ST ST F |13 1

g Sicl! ST9 31TuehT IATE! AR fHT gl Urofl 1 9T 81T 2, I 98 SS9 Siad &)
TR | © STt 3felT 319 AR Siia ST & |

O Water, when your invigorating essence goes to one affected by weakness, it enlivens
him, O Water, you are the source of our lives.
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3l AT SIRMY ST Ha U |

g Oic1! STd B9 S7TUdT WA+ B © Al S9H YW AT 8 &1 ST B 8 | S

o IRMY g T |14 ] | MBI 3T H fIEMH &, SHDT BHR 3AeR FaR0T 81 |
O Water, may the auspicious divinity which is wished for, be present in you when we
drink (water). May the auspiciousness which supports you, flow to us.
ST qrATOT ST T | T STt 31 feerar gfY jfl # +ff 9aRa 811 g 9d, W1 g 2 O ma werd

T IqrATH WISy |15 |

BT AT o7 N |
O Water, may the divinity in Water dwell in the farm lands. O Water, | implore you to give
nutrition (to the crops).

3og H Al fgdIaiad o |
3T =1 faeaeigaq |16 |

g oicl! A A g3t 9T b STt | g 1 9 il ST gfedr ok fi, S
ST BT YE—Ag(G U™ Bl &, W ASE © |

O Water, soma told me that in water is present all medicinal herbs of the world, and also
agni (fire) who brings auspiciousness to the world.

3Ma: gofid ool a%ef TISHHA |
S T g 11711

& STet, 3119 H SNl ST gfedl weR |1 H WA §8 €, HUAT W INR B &M A,
A1 § I DI T I T oI e ; 31T H ofd AAI TP SilTdd I8 94 |

OWater, you are abundantly filled with Medicinal Herbs; Please protect my body, so that
I cansee thesunforlong(i.e.llivelong).

ST 9 98d Afcd T gRd A |

ISATEAMGGIE IdT WY IATJH |18 | |

g ofel, g¢1 # S 0 g€ ygfaqdl €, Hudr 8 ¥ o, SR W ARawh # faems
T fABRI BT R A 3R AR S # S ff R € 3T RN |

O water, please wash away whatever wicked tendencies are in me, and also wash away
the treacheries burning me from within, and any falsehood presentin my mind.

3T IIGATATRY T TR |
YIRT 31 g o A1 9
gl g4 (191 |

2 Sfel, MY ST SATEN AR A 4R gU €, H MUl IR H 3T § | H 39 H MRS |
FHATRA & (3127 ¥ (1R Ragra) S o1, &, g™ I\ IaT o |

O Water, today, to you who is pervaded by fine rasa (invigorating sap) | came, | deeply
enter (i.e. bathe) in you who is pervaded by agni (fire principle); may that agni produce
lustrein me.
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Yritel ¥R A STofdsiTetie $iTel
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STerfas= & UfeTRIe faard R B8 oadl (§6 iR 8, 1936,
TS, 1964, fAzaT, 1970) = TG TN Ud GBI BT BRI fhar & oAfr
3 9 Bl | urRiE 9RdT # fhy U st b7 ded faftee wu 9
TIURIT B (I™ATS 1980) | I&TERVT & foIg =TS (1964) ¥ STAfA=AT &

e & 9uid H I 3 B8R, Uk, Wicl, 3R%], IH # fler i 3k 39
JHT B bs dI99d] gl B DR Bl Sooiwd fhar & ifd fody 7 Y
TR fag™, It IR S9& HEF NS BT ool 8l fhar § |
T4 & e al¥er fagmi 3 O @ SR @ IR § RS
Rrgidl W= fawara far | Seervr @ forv 9ed, U mafas SrRifee,
TfoTeTst 3R WA = del fb Aqs &1 url g1 A Tl § =l
ST 8 BT YoTel BT BRS © | ©lel (427—347 $.9,), Ud He QI
SRife ¥ wer & o g, afeal, sRat anfe &

SATTE, YOI H ReId STHIER B &I g9 o
Rare picture of Damodar Kund, Junagarh (Gujarat)
(AT / Source : Wikipedia)

Il U 9 AT ST ¥ el © 3R gl
IO Tl ST © | 3R (384—322 $.4,) 7 el
b sRAT anfe &1 url YT S 9 9T
MURT & AEIH | T 8IaT & | UG 91y
SRITd JRITE AT AT (4 3.9,) = G907
Hphdl Hifs I8 gedl § dadl o 8 B dP
Ua% HAT 2 | (TS, 1980) | A fagdw ST
ST 78 & HI H 1B ©, 7 Vb RIgld g
qoTdl a9l &7 U fRr 2 Sl b srar< &
HEFH A I~ BIdl & | af¥ed fAgrl & 3wt
fagla ureie &1 3 uf¥endt givrr 3 Srafasr
@ faemr & 771 TR &7 Fad <d 2 | A 3R
BT HRAY fAgT = Sfeffas & faf=1
UEGSAT B I WR D S Bl [dbrg fdbar o
ST o gl IR Aifecd W aRketferd siam @
RTaH STAIS 3R ST AR STUANTI
R Ggd HoIdT 3IR Awaqul IS SIHIRAT
& ME T TH Id b O & fow gaT
RIdTRa® T2 & b (g °cl & gsW1 Hreid
AT (2500 3R 1700 5.9,) AT 9T 3fR g 7T
DI 91¢ W FaST "Rl & IR H 6] STHABRI
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G o ST 3Ty A Adell ST (SifFraras, 1975) gRT AR © |
Ifee =21, fST=TaT T Fad: 1500 | 1200 3.9, (B8 g™ & IR
1700—1100 S.Y,) & 49 g oI, § "SI =’ & oIy Hewayol
Hed wfie 2| STAfIsma &) Agwaqel SauRvmY fafi= welial 3R
gt B fAfd=1 Sgarsit &Y RIS MR gref=msi & <) 73 & | s dve
I HEhd Wiiecd H A Selfdena ¥ e qgwaqul SRl
FHIR & |

The historical development of hydro-science has been dealt by many
writers (Baker and Horton, 1936; Chow, 1964; Biswas, 1970); but in all
these works references to the contributions made in ancient India is
conspicuously absent (Prasad, 1980). Chow (1964), for example,
describing the history of hydrology, has referred to the works of Homer,
Thales, Plato, Aristotle in Greece, Pliny in Rome and many Biblical scholars
of that time but has not made any reference to any Indian scholars and
literature, and their great contributions. Most of these western scholars
believed in the wild theories regarding origin of water. Thales, an lonion
philosopher, mathematician and astronomer for example, stated that the
sea water driven into rocks by wind is the cause of ground water. Plato
(427-347 BCQ), the great Athenian philosopher, stated that the water of
seas, rivers, springs etc. come from a large underground reservoir and
goes back to the same. Aristotle (384-322 BC) said that water of the
springs etc. is derived from the underground water through system of
underground openings. Famous Stoic philosopher Lucius Annacus
Sencca (4 BC) declared that rainfall cannot be the source of springs and
underground water, because it penetrates only a few feet into the earth
(Prasad, 1980). Marcus Vitruvious who lived about the time of Christ
conceived a theory saying that ground water is part of rainfall originated
through infiltration. All these theories of the western scholars indicate a
low level of development of hydroscience in the western world during
ancienttimes. On the other hand, contemporary Indian scholars appear to
have developed an advanced level of knowledge about the various

aspects of water science, as reflected in the ancient Indian literature which
contains very valuable and important scientific discourses on hydrology
and their practical applications. There are adequate archaeological
evidences to testify that the Harappans of the Indus Valley were well
aware of the seasonal rainfall and flooding of the river Indus during the
period between 2500 and 1700 B.C., which is corroborated by modern
meteorological investigations (Srinivasan, 1975). The Vedic texts, which
were composed probably between 1500 and 1200 BC (1700-1100 BC
according to some scholars), contain valuable references to 'hydrological
cycle' The important concepts of hydrology are scattered in the Vedas in
various verses, in the form of hymns and prayers addressed to various
deities. Likewise, other Sanskrit literature also contains valuable
knowledge related to the science of hydrology.

YR 4—9TT T fdeq 3§ HEl 1 B &1 IGRT AR fGwra dor
AT # o/ 9a BIs Ae—3AeT UlhaTd =8l 8, oI b Igfds &
frfaRad varral @ W< §

The origin and evolution of agriculture and experience in irrigation on the
territory of India or anywhere in the world are not separate processes, as
evidenced from following hymns of the YajurVeda:

S 9 H AT 9 H UIeE | 99 | gd 9 9 7Y 9 9 e § guified 9
BTy 7 gitcyd 7 O = Assilfael o A el bed=<id | | Igda, 18—9 | |
foeg Asgsvd § TOUYE ASsSYd § ol 9 ASswId H d©l I
ASs5ed ¥ AHded ASsSYd H fAvd 9 § qaIssvd H IiF dod=a | |

Yajurveda 18—17 | |

3T A Tellsh aui, BN AR I1Y AT YATEROT 3R I Fiael b oy
ISl & HE<d Pl T B |

These hymns illustrate the importance of Yajna's (I=; Sacrifice) for rain,
agriculture, and air orenvironmentand their interrelationship.

SIS ogh ! fAf=T ufehamat o fo arsiiepRor, Gerqor, aui, ey

S
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UdTE 3Mfa & SR STl BT & 78] BIdT & | dfch Ueh WU A §Ax Wd H
gRRafda 81 Sar & | 3@ dfdd Ud 918 & F9I BT & ARl DI guid:
ST 21T | WIeiT §1RT T b Jid: g, fAfi— YR & d1edll, S9! $aTs
auT AT, A B fBROT SR arg gIRT & DUl H Ul BT fquTeT qei
fUsel a9 & Urefde IRl & UeToll & SMUR WR aul &l AET &
JaigHT YRIOT, g&d AfadT (400 §.9,) AT IO &I rereardl (700 .
q.) # a8t A1 /a9 I3 BT HeH U 7 | ARG B fAfi= 9T 7 aut
1 AT B AfqwrErell ot difced 7 @ off | AR AT a9 WR Akl
wTa, HRTIfeTes wTa, fafdor iR arefienvor o gedl & Hage e &
g9Td | Hell—Hifa aRfET o | S9 a1dt 3 A= 3 ugegell o fob
3T RIEH, AR, IRT YATE, AR D] e TAT a9 Bl ARG
o @7 AT STFRI SUeTed off | HeTdhIed I (200 $.9,) H AMSRRA
F31 & Hod W U © | U 9RT | i oI A &R e @l
TOTET IR 4T qAT 4T QT ST o SHr o gga wfear (500 $41) o
W T |

That water is not lost in the various processes of the hydrological cycle
namely evaporation, condensation, rainfall, streamflow etc., but gets
converted from one form to other was known during Vedic and later times.
Water uptake by plants, division of water into minute particles by sun rays
and wind, different types of clouds, their heights, their rainfall capacities
etc. along with the prediction of rainfall quantity in advance by means of
observing the natural phenomena of previous years are also available in
Puranas, Vrhat Samhita (550 AD), Meghamala (900 AD) and in other
literature. The references to raingauges are available in Arthasastra of
Kautilya (400 BC), and Astadhyayi of Panini (700 BC). The quantity of
rainfall in various parts of India was also predicated by Kautilya. Indians
were acquainted with cyclonic, orographic effects on rainfall and
radiation, and convectional heating of earth and evapotranspiration.
Various other aspects such as infiltration, interception, stream flow and
geomorphology, erosive action of rainfall, etc. were also known. In

Ramayana (200 BC) the reference to artesian wells is available.
Groundwater development and water quality consideration were also
getting sufficient attention in ancient India is evident from the Vrhat
Sanhita (550 AD).

ST G814 3IR HRETUT, 400 8.9, B STH—UTH LS Siel o [HeiRoy
JoTTell, aiel <ol rfe @ ol faffrit oiik |refl, de wver, Raerd
e & Hed Ui Hepd Aifecd H YrE 9Rd § Sfel AATel qei
TAfI= & @ & STa WR &I <9 © | Ifed arfew, s,
QRIS AIdi, JecAradl, AR, HGHTE, oI, dig 3R 37 Ui
AR ATfecdl H s e fIem € i Urdie 9Rd H Safdem 3iiR
STl ATl a1 ReIfd &1 quie dRd € | STAfdsie iR STl e
% fafa=1 a@ o9 W fafv= urdie IR arfee & St (1969),
TTE (1980), TR (1987) 3MfX S B oI¥d| §RT g€ &I g w,
ID! FHIET AR fageryor fhar 1 2 3R S 39 Ws H yxgd foba
TATE |

References to water managementand conservation, well organized water
pricing system around 400 BC, construction methods and materials of
dam, tanks etc., bank protection, spillways etc. in the ancient Sanskrit
literature reflect the high stage of development of water resources and
hydrology in ancient India. Numerous references exist in Vedic literature,
Arthashastra, Puranic sources, Vrhat Sanhita, Mayuracitraka, Meghmala,
Jain, Buddhist and other ancient Indian literature which illustrate the
status of hydrology and water resources in ancient India. The various
elements of hydrology and water resources as they are discussed in an
inferred from the various ancient Indian literature and also discussed by
some of the authors such as Tripathi (1969), Prasad (1980), Prasad (1987),
and others have been reviewed, analyzed and presented in this volume.

9 RIS # UM 9Rd H STAfA=™ 3R STel AaeA & 9= ggegeli
R FE B TS 7 e FfeiRad srearl & svid Ugd foar =
T
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1. OATdAT have been discussed and presented in this report under the following
2. SIS ah chapters:
3. 991 SURT 3R A= 1. Introduction
4. AR, faRT< R AT =T 2. Hydrologic Cycle
5. Y—3TTepfcl =TT SR Aqe! STt 3. Precipitationand its Measurement
6. oIl 4. Interception, Infiltration and Evapotranspiration,
7. STct UIG SR TR STt Yefer 5. Geomorphology and Surface Water
8. STl ATEI SURITT, TRET0T 3R TafereT 6. Ground Water
O P Do 7. Water Quality and Waste Water Management
8. WaterResources Utilization, Conservation and Management
The various aspects of hydrology and water resources in ancient India 9. Concluding Remarks
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SicifdsTlolll b

PTER | 2
CHAPTER HYDROLOGIC CYCLE

AT Fsh, AT DI T Alfeld 3R Fgwayge
IRV & | SIS @b § Feqoi argasa (R
JMMERTT), SetHed (Wdg 3R SR Siel), WetHsd
(et iR Tcem), Shadsa (U iR TMER), 3R
HETIRR AfAferd € | Sfet, gedt Uomell & S uid &t
& HIEIH ¥, A1 @RI (BN (%), &9 3R a1W) H Udh
qT IF A [oRAl 2| SdfaaEg gah B A
gfsharail o1 o a3 s # gl a2 |

Hydrologic Cycle is a fundamental and important concept
in hydroscience. The cycle involves the total earth system
comprising the atmosphere (the gaseous envelop), the
hydrosphere (surface and subsurface water), lithosphere
(soils and rocks), the biosphere (plants and animals), and
the Oceans.Water passes through these five spheres of the
earth system, in one or more of the three phases: solid
(ice), liquid and vapour. Following figure represents the
various processes of the hydrologic cycle.

3000 aY W 2Af¥h GR dfeed FoIf H Sfe iR Seli
Ieh’ b AUl AaH AAferd © | o fdh Ugal Soeid
BT T B 6 A "YUl SfaURIS Bl Ieold
Fde # A= vl #§ g5 (79 Aved), o1, g
sTfe faf= <Y 3R <admil & HaIfdd el vd

IRy Ud argHAUSH a1l
oI afeasst

Transportation

A BT gl
Deposition
of Snow «

O

Sicgudie &
Surface Flow “

sif¥era 1 Remma 2 ‘ NNy
Percolation ’~v = e WS

Infiltration

Hydrologic Cycle

STAfdsm= =% & faff= ufdhareit &1 foeuor

Representation of the various processes of the hydrologic cycle

(AT / Source : JISTH. wSdI / NIH Roorkee)
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IR & w9 # fhar AT & SR & oIy Fde | Udh Idldh 549
YhR FaTIT AT i

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

3MGE W] G @iy |

TYEMEE: Ifs=dT || RV, 1,64 ||

s@T A ® 6 S @I, S 3P @ T & BRUT BIC-BIC HOIN H
ST 81 STl &, S arg g1 of ST Sl @ 3R S9ab aredl 4
HYIRT & d7& TR—IR 997 BNl © |

It means that the water which gets divided in minute particles due to the
heat of sun is carried by wind and after the conversion into cloud it rains
againand again.

Fidg (MR, 378, 7.3) & M Tlldh H Hal A7 ® b wra =
IR B 3R 39 39 UHR Wfd fhar 2 % @1 sewis gailRia &
ST 8 | U 1 U1 bl SITaR feTer 3R fhR 39 dred § uRafiad
R 3T IT & WY H <L, FEAS BT I T |

Another verse of the Rig Veda (R.V,1,7.3) states that the God has created
sun and placed it so, that the whole universe gets illuminated, likewise
this is the rule of universe to extracts up water continuously and then
convertitto cloud and ultimately discharge as rain.

Sl 9 9e of I JEaregd |
fa MARITEHRAT || RVL7.3 11

Araref : SIR ¥ A Ahl H T €ROT AR {MHYOT 3T YA B
g gt wU IS BT |a dAldl & 91 7 fid e g, 39 gaR
TE AP SIS BT 94 8 fh I8 eAu—&101 § 5dd Bl S0 Wi ok
qge & gIRT %R AT~ D TR—IR TR H Iual 2, S 3 I8 quT
BT IR E |

T egafd gdar foR: ggHofa |
HAJWGIARI 3T T2 || RV,1,19.7 ||

waref : Ay & FANT A B gui Bl & IR S B BT I X[ il e
uerll @ ST BIC—BIC HUT Yol | SMHT BT O & a1 981 |
oAl Bl AT &, ST A1 g S9a A | f[AsTell I~ Bl 3R
qrea # 5y S 2 |

arqat 9 3 anfaal < g |

ar A1 fea=aea’e | |R.V,,1,23.17 ||
AEred ;- S Sfd gl onfe AiHE uerif ¥ gd @ faRel @
fo~—A=T PR 37T HUT—DHUT BIT AT YA B AHT HUR DI ST &,
TE HUR ¥ gie & gIRT A AT 2 |

ATAT FACIIYS=] AT AT TGN |
SORT GRER: G MR I FeddT 7 & |1 RV, 1,329 1 |

FTde $ UG IATDl § arg §RT UM & gedl | argavSs H
ERATAROT I & fvol gRT ST & BIC H0I H e 3iR arefianvon 3iR
U SN N1 (IR, 23.17), |l gl I qiitad Uil 916l & a1
3R a9t & S H U= A & U aToRdT (|, 32.9) BT AT B T R |

Following verses of Rig Veda explain the transfer of water from earth to
the atmosphere by the wind (I, 19.7), breaking up of water into small
particles and evaporation due to sun rays and subsequent rain (I, 23.17),
the formation of cloud due to the water evaporated from the mother
earthandits come back toits motherin the form of rain (1,32.9).

S
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FIAE P IAIh TR |, 32.10 H BT AT & b STed B U &Y X1 | &l
Sexdl © | I8 fAR=R a1ftra 2iar YedT 8 3R =i S17dT I8 §, oifdh 5
31T &% MBI & HIRT, B AT TN & HUN Dl T2l G Fahdl & |

The verse 1,32.10 of the Rig Veda says that the water is never stationery. It
continuously gets evaporated and comes down, but due to smallness, we
can'tsee therising water particles.

T g & i AR O aTad AR & IR GorT &l R dhad
AT & ATTH | BIAT ©, ST fAR=R U+l & fspyor &fiR fde= & ol

s ol

The following verses of the Rig Veda say that the rays of the Sun are the
cause of rains and that the sun extracts water from all parts of the world

QA STARNE b BT HAl DT Jel Al
Sun : Main energy source of hydrological cycle.
(AT / Source : Source sunrise sunset times lookup)

and the start of creation is through fire only, which is continuously
engaged in extraction and discharge of water.

IfTSIAMMIeETT B 7l Afed IRy |
g vd {4 aR=mar Srew Rrfe=ery: || RV,1,32.10 | |

HA1aTe : 7 TR H TEA Tl STell H G | Tl fazrdm {519
T & JMPHR 9T & §RT Sfcl BT FY&TI WU BT © 9 98 S H 377
2 3R I I Tt T &707 R 41 Rerfy b1 281 urd € g 99 P H
SHUR T G A1 AT 39 YHR T B & & |

Fed QAT HUId HGH TRIANSET o A= 3ATY: |
STEREATAFIRYT fhaTAT eM: | S || R.V,11,30.1 1
wTaref : SN JTIReR a1y # Tt SEvdT § 9% I H & ouwar | g
AU ¥ B quf §RT ST DI YdhedT aeh 2 iR T8 g oo Bl SR

e MR IIAT | STet o v gite 31t 1 €1 8l 2 |
AT A TR § SifeEl fagy Sare |
gl RE=iRg SvA fadfed agar a=aei¥q 11 RV,11,30.2 | |

wraref - S I WY BT GETHA] © 9 B YAl 371S Alhi BT W © |
S g3 Avsd Ufifas w41 a1 Wi o) Fd 999 )R auidr g |

IS D U IATh H A ST AT

Averse of Rig Veda further states as follows:

1 A1) feen S a1 SAaw GAEET S a1 AT T |
TSI AT: YEd: TabT AT <diiRg Aa< || RV, VIL42.2 1|

Hraref : Sel ST W A €, SHH A ST 31U 31T SeU 81 8, Soeddl
g O S TYE B AR AT 8, 9 fod ST I8l A &M B | 37
ISldhl Bl dNg Fide P by 3T Ielld IRAL— VI, 6.19, 6.20 30
12.3) STl AR BT HRUI, dIGdd & g, a9, I & Yarg AR
HERITRI H 3% HSRUT BT 9 907 &R 2 |

16 3K ol 9Ra H Safdria 9 ———



Meaning : The waters which are from heaven, of those which spring up by
themselves, the bright pure waters that tend to the sea, may those divine
waters protect me here. Like these verses, various other verses of the Rig
Veda (RV.VIIIL6.19, VIII, 6.20; and VIII, 12.3) states the causation of water
evaporation, formation of cloud, rain, flow of water and its storage in
oceansetc.

TS Bl Tell AR X, 27.33 AR §:—
TheverseRV.X,27.33 of Rig Veda reads as follows:

AT A YT AT R AR I |
IR YIEHNT §T g9 agd: quIvH | | RV, X,27.23 | |

Hrare : oI B FHAT H, A MM BT IURT BT 7, MBI A g9
BT B IR dTad, a1 3R A & [IISH | Il a9l © | 33, ar
3R BaT & WU ¥ UTi! (ApTerd &, Ty e 3R quf a9 © |

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

STl dsh & IR A ST BT 3 favdR Amd e (VI—607) # ITT STl @ |
HHIE BT U Tl [TFTTAR 8-

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

TR I GuII=T: FHAHd TERYUIf=] |

T g el QS ur=Taragyd I=ar: | | S.V.gaiterd Vi, 607 ||

AT : TP UHR B U HUR ST & 3R TN YHR BT =l A
3T &, A T G DI S & §RT YR & 91 JTaraxor § 51 Fad
g1 SW Y d Il & d1e Al H 98 © 3R g8l | T § FUfRd 8l
SIcES

Meaning: One type of water goes up and other type of water comes
down, both of these may go to the atmosphere after treatment by sun's
heat. From up they flow into rivers after rain and get stored in to ocean.

S TR, I9dS U & 95l A G 96 S & AAR Bl Uik
IRATRI & ATEIH W 39D Y8 AR T8RRI H HSROT 3R IrefIehxo]
B YfhaT & 9ard & (841, X-19) |

Similarly, the Yajur Veda explains the process of water movement from
cloudstoearth andits flow through channels and storage into oceans and
furtherevaporation (Y.V., X-19).

T UdaRd JYHRY JRTTaeaR(< WRIESsIT: |
AISATIGA~TERTGATISINE gega] JFHIOT: |
fawl: TRy | | Y.V X-19 11

FIIG, ATHAS IR AGAE H STl Ish B 2R & ®Y H TG, STel
HAR, R MR aTSRIHIOT I JARIROT I w9 A gy T 7 |
JAIRYN 3R Ih & YRIGRT DI Usel & dal H FHSIAT AT o7 |
AT & AR, FI—ThRUI auT IR ATHRUT BT G HRYT 2, SIAT
& o SfealRad 28—

Inthe RigVeda, Sam Veda and YajurVeda the concept of infiltration, water
movement, storage and evaporation as the part of hydrologic cycle are
revealed clearly. During the time of Atharva Veda the concept of water
evaporation, condensation, rainfall, river flow and storage and again
repetition of cycle was explained as in the earlier Vedas. According to the
Atharva Veda, the sun rays are the main cause of rain and evaporation, as
mentioned below:

3t Su g AN ;I8 |
ar A1 fea=aea=e || AV, 1,521 |

S
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AT B TAID 1, 32.4 H el AT & foh IuT STel BT gedl H yfafte afiR fareem=mRiaR JeaRamie 39 |

gedl | rgHvEd qb ah H FRAR HeRer g @7 fvoit | B 2 | 3T 7 favgaes i) ares 9 | 1AV, 1,324 | |

TP [T FPR W & wraref : e b1 HRT T Seife e, I BV B F SHTebTer F SIH)
The verse 1,32.4 of the Atharva Veda states that the entry of rainwater into fOhR gedt H ufde giar, 981 fhR godl | 3fTepTer H ST 3R gedl uR 3f7aT
earth and its continuous movement in the cycle from earth to 2| 39 UBR S Sl BT IRER 3HYUT, ST BT SUBNI BT & | fag™
atmosphereis by sunrays.TheVerse reads as below: AT A1 UBR SATEITaR 1 3= WMl B AR &R AebR g

SIES : IO & ATarnsar Mg H Red URURS STl ERET0T ugh
Johad : Traditional water conservation technique in Laporia village in Rajasthan
(|1 / Source : Wikipedia)

SUBR oAb 3T 9T 2 |

JAIIE B Uh T YT (V,24.5) § HET AT ©
o SifeRiIo & BRI YAl | U argesa H
SITAT 2 3R R Bred STs ATTSS & BRI T8
W (qut) AT R |

Another Verse of the Atharva Veda (V,24.5) says
that the water from earth goes to the atmosphere
due to oxygen and then it comes down (rains) due
tocarbon dioxide.

ATl geeafagedT df Aaan |
EIRESIRIENI]
IR RIMATGRTTRIAIRIS R ag] w@Trel | |
AV, V245 |

H1aTe - U1oT 91g e bl Gl | W HS e H o ST
3R UM AR I & Tl BT P W IR B,
I I U UGTRIT §RT A U= & P |

STARET T ST—Had [a=e &1 W1 U
T 3T 7 | 39 e fAfeR @ g8q | (550
S H <@ o |Gdhdr 21 s d9 s
S—HFAfasE @ foy wafta g 8 e

18 ¥ e 9Ra H SafEmia @ ———



Tl @ JAHRUT (AT 21), TAT D JHROT (AT 22), 1R aYT DI AHT
(31T 23) WO B | THNTeM (J8d WiedT & 31eaT 54) & Tl 1
3IR 2 Sl YoTel =1 & A= & He<d Bl IadId & qAT A Bl Tl
@ 3R BT UdT 7T | T8Il HRd &, 39 UHR 8—

The hydrologic cycle isanimportant domain of hydrometeorology. It may
be seen in the Varahamihira's Vrhat Samhita (550 A.D.) in which three
chapters are devoted to hydrometeorology comprising pregnancy of
clouds (Chapter 21), pregnancy of air (Chapter 22), and quantity of
rainfall (Chapter 23). Shlokas 1 and 2 of Dakargalam (Chapter 54 of
Vrhat Samhita) which states the importance of science of ground
water exploration, helps man to ascertain the existence of water are as
follows:

g} IIRT T GEFIAISE THRIE AT STATTATRT: |
gl FUY RRRAAT Adarafy A== | | V.S, 54.11 |
Uehel quid AT AR AU ageITiaRIvT |
TR ggavidl @ Td uNied farfageda || VrS., 54.2 1|

gl & 1 Siel ! RRIY (HUeR)) A1d IRR 3 BRI &1 TRE 8, o
Sl 3R B A | ATBIRT A RR a1 Tl Yol Bl gephd H 3R &
HRYT AT AT BT WM& oIdll & | 57 Taliepl BT 342 & [ gl &l A
A R (SHfUeR) & A1eam | a9l Sa BT e Yold & 9Id & |
HETdhIe AETIRA (XI1,183.15.16) H IaTaT AT & fdb UM, 31T AR &ar
P FETIAT I MBI § FUR Iodl & R R saa! medr Iafad a&f

ST 8 3R 91 & 99T T HROT 99dT 2 |

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

(31f¥9) and air and then its humidity get condensed and causes
subsequent rainfall.
I gamigaT: @ FEIENd e |
AT AEINTTG T caquued | MB,XII,183.15 | |
TR fAufad: FewTssia a1 ux: |
A HET@ETTl JAcHgTesid | | MBXII,183.16 | |

TETYRT & Iclld 184.15—16 H dal 13T 2 b Uie STei & A & Uil
I 8 | I & U @ HUR e DI UihAT Bl UIsy & HIEH | Ul b
SR TG P STEXYT A FHST ST Fhdl © | UAT HeT ST & fob avil &
SR TG DI UfhAT DI 54T BT FATSTH FIH I 2 |

The verses 184.15-16 of the Mahabharata state that the plants drink water
through their roots. The mechanism of water uptake by plants is
explained by the example of water rise through a pipe. It is said that the
water uptake process s facilitated by the conjunction of air.

a1 feferurrey @Al A e |
afefifhacrsd faad I8+ gH | | MB,XII,184.15 | |

qEAVIIAdT JATed STeTaad |
TN UgaYgad: Ta: fUaf arey: || MB,XI1,184.16 | |

AEMIRA & Tl XII, 362.4 3R B H I8 FHASIIIT 71T © fdh g1 3R
@ fhRUl Herdl § 3R qN FH08 R U A1 R & Tetieh 31T Had]
2 fb auf @& A9 (AR 7E89) | g & HROT 9uf Bl 2 31R 31T 3713
TEH # ST T+ DT R & gd @ fovont 9§ arow fRarer S & | 39
UPR, T8 A Teh B Q1 HUl DI W ©Y F a1l @ | o

Inverse Xll,362.4 and B of the Mahabharata, itis explained that the airand
the sun rays get dispersed and fall on whole universe together. The Verse
further says that the sun rains in rainy season (four months) and in next
eight months the same water is again extracted by the sun rays. Thus, it
explains two faces of hydrological cycle clearly viz.

S
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Il argfdf: g R 7' 1| MBXII, 3624 | |
ATCHTAR g fhroea ;|
yITE Y Diel FeeiFd: WA | | M.B, XII, 362.B | |
Jal 3R #ETHTl B dRe, YRION H (S g1 yd 641 erdred] | 74l
Iared] 9 feAifea €) g6 fafv= e e € S SHa! /[afy @
SR S & 94 & [Jb &l @ 8| 9 R/ (TS |,
3T 54) H AT AT & b THT & A1 I arg & Gord (ged) o
BRI |

Like Vedas and Epics, in Puranas (which are dated between 6" century BC
to 7" century AD) we get various references which show the development

5

Iul: AT = P U & Gch
Rain: Main source of hydrological cycle.
(|1 / Source : Wikipedia)

of knowledge of hydroscience during their periods. Matsya Purana (Vo. |,
Chapter 54) reveals that the air saturated with moisture is the cause of
creation (earth) viz.

qRATIRT d8=l ATHAT: DT DT |
TSR A~ HThd =ARST | | Matsya |, 54.15 | |

AR RV & TAID |, 54.29—34 IR a1 JRIV & Telldh 51.23—24—25—26
# ¥ IredIeBRoT & AE & IR H U1 FeId] 2 | §7 TAlD! & ATAR, T
@ U 3R SFHT arsy H HUTART & &Y fHRoll & HRoT Brefm & S
I B FEIA! ¥ dgHSA H SR dedl o, ordd g Sifad
uTiTal B WelTs @ foIy ofTel 6 HEIM # aui sich & | fafv=1 valis
e fag Ty g

In verses |, 54.29-34 of the Matsya Puranaand 51.23-24-25-26 of the Vayu
Purana, we come across the knowledge of evaporation. According to
these verses, burning of water and its conversion to smoke is caused by
sun rays which ascend to the atmosphere with the help of air, which again
rains in next 6 months for the goodness of the living beings. The various
verses are given below:

gaofaftcaream: AT 4 T fossfd |
HPTLRINY AT STREAIeT: | | Matsya 1,54.29 | |
SEATY T8 STARITANY ¥ |
AR 1 ST Spr=ie e | | Matsya 1,54.30 | |
T AR SR I Fa |
TS AAATdRI 3fawd AT | | Matsya 1,54.31 | |

Hrared - ga & gRT AARST STt DI A T80T Brep ReId Bl & | FHK
ol & TRRT H Sl STl SAfhad 8 | S7eb SIITH 3R AT H SeHTT
M TR I8 IR STl L AT e Bl | 3R A dhat S
FA © AR IAA I T3 B © off (b A AT el T & |
HA AT @ ool gUT IRFAT & §RT STe BT M [T BT 2 |
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FETETIHANTI de~<aTdl TR |
AR aRIehTyRad s | | 1,54.32 1|
R HE: YT YaolgRIA: |
JTYRRT: YOI ARG | | 1,54.33 | |
I g SoARI A afaged |
IR coe fae]aea oI RIdT | | Matsya 1,54.34 | |
A1aref - TR Y W a1g B AN W I Bl 989 DR © | 39D
TR g B 9 H B & BRI TR AHY IR ufRafcid sIem gai
el & oy ot w1 A gae €1 9ot fedr wxa 7 |

AT AT Hed ARKIRAT d TRARGHA1arg= 9 | | Lingal, 36.38 | |
37T AT AR |

IR U IHAYRITT: H8Hdgd | | Lingal, 36.39 | |

wraref : g I e & qre, gedl wR Afdrerer |l # fAf2d uri gu
(arsq) # uRafda & ST & 3IR 8aT & A1 MHI H Ig ST & AR
91 H 9red # gRafid & AT g | 39 UER, ars, 31T iR a1 &l

HAST el 999 @ BROT 8 | § dISall & HROT golR] 37AT dTed
T 3% & ANTGIT H a97 B 2 |

g H Rerd STdt A1 RIRT 37 & 4 9 a1g & §RT
FHIIRT B & | §9d SR T 9qi @l fagfg &
T ©: 919 % 991 BT & | I & §RT KM 3iR
3T | A [Igd #8 T © | Wed B 9 il
S99 €1 W WY Ydhe ha1 drd & I Siel eHH
BB} <10 g8l (R1 BRd & VAl 81 e Reafey g |
gfte & Tt &1 Gfte BT B arel I8 A ga & gRT
s 2 |

oI QRTOT H U qui 321 (|, 36) STefd=i & ufd
FAMUT 8 | g arsIHRvT, HET SR a9T BT 9gd o
ISNH ®Y § ISP Sarexvll & A1l TN &
3R qardT & b U &1 e F&F fhar S A g,
Hact AD] TARAT TGl I Fhel! & |

In Linga Purana a full-fledged chapter (1,36) has been
devoted to the science of hydrology. It explains
evaporation, condensation and rainfall with suitable
examples very scientifically and says that the water
can't be destroyed, only its stateis changed.

TREAMY TRTERY AR Fshafad |

qMETRTST §RT dIgal &r ffor
Formation of coulds by evapotranspiration
(AT / Source : Wikipedia)
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Meaning : After getting by sun, the water contained in most of the
materials on earth gets converted to smoke (vapour) and ascends to sky
with the air and subsequently gets converted to cloud. Thus, the
combination of smoke, fire and air is the cause of cloud formation. These
clouds cause rainfall under the guidance of lord Indra, having thousand
eyes.

S UBR T GRIOT & Telldh |, 36.66—67 H el AT & fob Uil il e
&1 BIT & I e el B, olfdhd dHdct Yo wU A G =y H uRafia
ST ST 2 AT I 1 T A T a1 H, R a1e e iR 59 d18 9uT §
gRafci 81 ST 8 SR gd1 371fe | auf ol g1_ Bl &, 2T

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

IFRIdE IR greArarargadst: |
HEY UHE ATGw fhRolSier | | Lingal,36.66 | |

Hraref : 2 fgSrTor! g9 81 HuT ¥ J8T Ald H 3 bR &I aul sl
oY | WEAT T BT I B & oIy I8 37Ul fhR0ll & §RT ST bl
T80T fhar &xa & |

STeRd TR ggal Aaeiany faemRd: |

gJuiSIRedl arIgftc HWexd Y | | Linga 1,36.67 | |

HTaref : 3% AR | 5ol &7 Y AT A1 gfg e B ¥ | g @ gy
3Tffted arjed 39 a8t &1 g: HeR a1 &< ¢ |

9 UBR, I§ WK © o fo77 qR1o7 H aui, arsiienRor, §ee, aael a9+
TS & Feu< g T 81 & H—ar I8 o= 91 off fb
qTl T T AT 1T ST Fehdl &, 7 8 T {Ha1 S Febal & | folT gRroT
D AT 41, TS 1 H AT & HEHI $ A SIel (A1 ash B U gall

H aREc & IR H STFHRI UG bl T 2, g2

Thus, it is evident that the Linga Purana contains clear concept of rainfall,
evaporation, condensation, cloud formation etc., along with the
knowledge that water cannot be created or destroyed. Chapter 41,Vol.l of
the Linga Purana furnishes some more knowledge about the change in
the facets of hydrological cycle with months of the year. viz.

T A9 WS 7 o T qud B3
JYRIAT IRFE T TG Yaufd | | Linga l,41.30 1 |
Hraref - g9 3 3R YT H g8 dabsl | T &, auiadl H dH1 9 3R
IRE H R W FAYOT fhaT Rl © | A= IR RRR # il § a8 f2H
BT IS [HAT BRAT & | $75, &l 97, gul, {331 awvr, 3, 3y,
e, dateT, Uoi= 3iR faw] 3 Arenfe Al & %9 § 9R8 e
3IR I AT & | A9 A1_Y H G001 TAT BT H 9 BT © |

A AR aggeTar dRI=edmI |
S HIRY Wafaws M9Te AT 3fa: || Ling 1,41.33 1|

wraref : A5 7 H 37y R T2 A H TUH HRA qrel HT A AR |
S § g AT TS H SRIAT =719 T X BT 2 |

X1 TRE a1g QRI0T H WY STAd g =gk & Jogd HaH Wl AfeHferd
2 | T GRIOT H (51.14—15—16) 3 YHR BT 1T T

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

afecdid AT A Hehad STer |
Tl arggaaTeie®T acd | | Vayu,51.14 ||
TAMHTd G deusEisd |
T argfETa fager STet (| Vayu 51.15 ||
T 99 ged ° gAsier |

9 AR SEhWIRG dad gRddd | | Vayu 51.16 | |
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HTaref : [ gIRT A1 YT BT DI DBIRABISAT & HEYH I AIGAVSH H
TS ST & 3R ST BIhx H°f~Id 81 ST § | 916l & o+ & 9T, g
@1 e & a9t BNl | 39 YbR, 37 GT fobamait & ot e 78t g
2 1Y Ud ®U A g3 ®Y H gRafid g1 ST ¥ |

Meaning: The water evaporated by sun ascends to atmosphere through
the capillaries of air, and there gets cooled and condensed.
After formation of clouds, it rains by the force of air. Thus, water is not lost
in all these processes but gets converted from one form to other
continuously.

FEATUS GRIVT (| |, 3T 9) H Al STl =sh R /B SATDRI ol
T 7 | g9H HET T ? 5 g @) A Fie fawer w arat wr A
HR Ul H@Tere! § (11, 9.138—139) | 39S a1G, fAA=T MaRI IR 1t
@ dIqet 94 & | R I Sog ofigar iR 31fT eafy & rer aut a_a &
(11, 9.167—168) | 3 TRE, I @I MFT IT B B | AT HT HA
ST SIS @b @ TR B Sl A= ¥R &1 Th—Udh
PHRD AR DHRAT ¢ |

Brahmanda Purana (I, Chapt. 9) also gives some information on the
hydrologic cycle. It says that seven colour rays of the sun extracts water
from all sources, by heating them (11,9.138-139). Thereafter, the clouds of
different shapes and colours are formed. Then they rain with high
intensity and great noise. (I11,9.167-168). In this way, the fire of the sun is
controlled. The very object of the chapter is the concept of the hydrologic
cycle explaining different parts one by one.

Argeear gRiqedd arRenm e A9 |
aTeY: fUe=ar 9 €rwacr IfaReaR | | Brahmanda 11,9.138 | |

H1aref : Jgite ¥ g uRg Tl BT & YA o & 8 gRT (A awq
T3 DR & | S BIROT A ST STl BT U7 BT Y&l & et IS SATehreT
¥ I 3T R B |

T O Y 99 fUdQl Agiard |

CATERUT el Al F« 9 | | Brahmanda 11,9.139 | |

Araref : 39 GI B A1d RFAT (fHR0)) AR W S BT U B
B B | ST MR A A7 I U B & |

AT HIATHTH R ITHI |

TR SiefaT 99 Heifa 9 Hergad | | Brahmanda 11,9.167 | |

Hraref : A1 WwUl § Gd 84 dlel 9 A I URH =R 37T BT 2THA
PR AT B & | §9D SURIT d 7Y HBH "R TR Iu1 fhIT B
g |

(ST IAT H FEall Bl qARA G
Panoramic view of clouds in dusk
(|1 / Source : Wikipedia)
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T 9§ JE=: Aferd Sifa IR

Jerfer aii eRT F5=: |
T gHIOT 37 oA fafer | fasr=g fasma q: w11 3-28-22
zﬁﬂ%ﬁ[ ﬂﬂﬁlﬁ gdq “ﬁ?@i (Occurance of rainfall & its related phenomenan)
WUH FAT AT FASTUGR | | 3-28-17

(Landward transporation of cloud)

. T o gRfderser 99 aiiR gl |

AT 39 e Aawr w8 arwe fagEf ) s-8-7
< ,_‘:4,_,/ v (Evaporation after rain)
T AN g TH IRHRET THRAT: | '
i 39 WSO At IR R | 1 3-28-3
(Evaporation due to incoming Solar radiation
from Ocean)
gef auf Agf~a wT
S Tt uraaf |

T OAT A ST 99 T
forar fadm: Rk e 11 3-28-27
AR TR AR IRART | 3-28-25

(Surface Runoff)

frar o ey awgafay

ORI ARRH ARGART | 3-28-25
(Back to Ocean)

Jreifeh MMV & fhiipen dis & oy U STAfIs=Ig @b &1 ioiTag o0, dfed (2016)
Schematic Representation of the Hydrological Cycle extracted from Kishkindha Kanda of Ramayana of Valmiki by Malik (2016)
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JARARE ¥ AR T 9rda |
Jge Ty qerregel aRUITgdd ST | | Brahmanda 11,9.168 1 |

qraref : ”E gR e S9 AT @1 ATy B fear dvd g 3R
31T quf & §IRT STel & AU SITe] T R o aval € |

STATAST IR ST @b & aR # fafy=1 ureie wRdg arfeer #
U] S HIY 3T AT O TRE A @ISl T8l 77 7 | o e de,
TS 7 IR, 1974 BT URH H WD §RT MMM FIST & QR
PHET “URRIT § STfdSIT BT Sierd Fad 318 © 3R I & JeTqT &
foTT Y 95 ST UTw 3T ST ehelT 27 | BTetifeh YT foRaR ST €,
R J I T8 §| B ® UH AT H, AfId (2016) 1 AT
ARG ¥ ST @b & ddTRd U3l dI @ior AR fageryor
fhfipen die & AN His BT 287 A W STellg =sh BT IATRD Uge] © |
Afeld (2016) ERT dTcHIfh MRV & fHfeper dis | Adl MU
STAISII 91sh T ATSTTIEg UGeH A 33 o # fRrn mar € |

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

AT (2016) =1 STATISAII Fsh b1 (e LRI DI JAT dATcH b

RFIY & SIRTF 1 TRV & AT DI o | AT Bl AT & T for
¥ famm 17 2 | ST SRS & JolID [I2evoT ¥ I8 qwl
feh “3MMgfTeh STqERON H A R AT TS & U b A1 3 STA Sl
A YT DI AT AT ST HRAT B | b HeThI 4, ool Bl
BIS Havod el o | 3AD N IUAT8 H JAIHD R © STel adHd
STERIROTT 3{UATE, TG IR IU—Hd8 Jare IR =R fHar 1 7 |
AEIHIA JJAEROT H 3ided 3R IU—Ads Ydg AR 2" |
BT, 3R BH S IR Bl <@l HY Al A B JGERO
I 3R YIS STAIRON & g8 FHT 2 |

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

JUHER
Epilogue

9 I W Ul il & b dfdd T & 9Y 3R IHS 98 D
HETHTY 3R YRTUT & FHI STCT ALl Pl S IcAfereh I~ o1, BTl
IH T B AT SMYFTH U A IRSHA SUSBRVN & (941, Had Uhfa &
3T I R N1 IRE | R o1 | dfaep T H, IR 7 39 31RO
oI ARy favar o fos I &1 faRon @ik 8a1 & UN1a & BROT U=
Ged DUl H fI9IT 81 STl ® S, BaT Bl BiRIP13i §RT drgHSe H

S
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YD STATSHII ash (RFF—p) TAT areHiies MV H aftid STAfderia g (RE—d) & dra Aredsg Jofl, dferd (2016)
Schematic comparisons between Modern Hydrological cycle (Fig. A) and hydrological cycle concept in Valmiki Ramayana (Fig. B) by Malik (2016)
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T © | 981 I§ FEd B ST & 3R 91 § a8 & w9 § fRar 2 |
STAISII Feh @ U3l H ATNTSH—aR YRTdT BT S 41 o | e
SRT U 6T g9 Sl fh ga1 @1 A8TRIar | 81T 8 a7 e &
S U e H Udhe Bl & | SUYad 3fedd Ud IaTexvll 4, 89
forepy faTel Add 8 T IRATIT &1 Ui oIt § STAds=1d ash &
R H GBI JGHROI BT S AT STafh FHBTAT g1 I THY
O B SART R T & faaRor & SmeRE Rigial w AR off | 39
UHR, U TRATT STds= & 9 6l S FHT & 78 SUAfRT
T H T I b 2 |

This chapter brings out that the knowledge of water science during the
Vedic age and afterwards in the age of Epics and Puranas was highly
advanced, although the people of those times were solely dependent
upon their experience of nature, without sophisticated instruments of

modern times. In the Vedic age, Indians had developed the concept that
water gets divided into minute particles due to the effect of sun rays and
wind, which ascends to the atmosphere by the capillary of air. It gets
condensed there and subsequently falls as rainfall. Month-wise change in
the facets of the hydrological cycle was also known. Water uptake by
plants which gets facilitated by the conjunction of air alongwith the
knowledge of infiltration is revealed in the ancient literature. From all
above discourses, we can conclude that well developed concepts of the
hydrological cycle were known to the ancient Indians in those
ancient times while the contemporary world was relying on the wild
theories of origin and distribution of water. Thus, the ancient Indian
knowledge of water science can be regarded as the great achievement of
thattime. 2
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PTER 3
CHAPTER

adt 3cafal 3R Aol

PRECIPITATION AND ITS
MEASUREMENT

aut 31 <1 =g ufshanelt (arsfiamor, Heme iR auf) # 9 va § s
§RT STAfIRI Ish, argHsSd IR Gedl &I |ag & a1 Ul & FRaR
MMEF—YGH, Adrferd 8T B | 39 eI H Ui WRAT e #
afofd faf= afsharatl oI b areall @1 Scfy, g, HeMrR iR gl
B Tde B & A:fpar, T R 9uf R T=t B T 2 | I8 ;™
YrE IR § a9 -9 & fIU ST &1 ST arell db-idl uR T
YT STl 2 |

Precipitation is one of the three main processes (evaporation,
condensation, and precipitation) that constitute the hydrologic cycle, the
continual exchange of water between the atmosphere and Earth's
surface. This chapter discusses various processes such as cloud formation,
interaction between Sun, ocean and earth surface, condensation and
precipitation, as described in the ancient Indian literature. The chapter
also sheds lights on the techniques used for precipitation measurement
inancientIndia.

HaH eI bl 3cafd

Seasons and Cloud Formation

AT Afe AT 1 IGhdT AR A=l | Jigd § qRac o1 Armsi

Bl FEIRT AT 2 IR R a9 &I 39 a8 9 ©: 91 H fa91iod far &
ST Tl B T foham T i

The Rig Vedic Aryans had keenly and carefully demarcated the variationin
seasons and divided the whole year into six such divisions as the verse
indicates:

Al ¥ AU vSgadl TR |
MRdE 7 =R || RV.1,23.15 11
T diceh ATl bl T & § T o7 fob G Hred 1 (e & i) gear &

St & fed & fu Ay s T E |

The Sun was clearly known to the Rig Vedic Aryans as determinant of
seasons and the seasons were formed for the benefit of the earthly
creatures.

T ST IR oI s U RAHAwy |
qatag o et TRfaree SR SETaTss || RVL1,95.3 1

Hrared : S fQF—1a & {391 a1, 9fIwI 3R 9| DIl Bl FH1aT
TEI Bl el I B 39 {91 BIg Feg F9a T2 2 |
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3IRT SR ford | MY < & AR AHI dIeell Bl IafRT 31R
Heferd Ufsha1all 1 ST ITAT & | el Bl Il b R H 3 k7
Tt H AT AIG[g o |

Following figure shows the general cloud formation and associated
processes, as understood in modern times.The knowledge about cloud
formationisalso presentin the RigVeda.

@ A W FTAE (I, 164.47VI1,70.2 30 1,161.11-12) # afvia fear war
=

Radiation, convection currents and rainfall as their effect, are described in
theRigVeda(1,164.47,VI1,70.2and1,161.11-12) through following verses.

/7 1
-
ﬁﬁﬁgﬁmuﬁﬁﬁmmﬁ%)

Cooling, Rising, Condensing
Air Parcel
(Blue dots represent moisture)

T G BT HUR Sodl TR
Rising Warm Air Parcel

i & SR T FaT
Warm Air Above the Ground

T 4fi Ground
Warm Ground | w ’

Ground

el bl SART B gfhar

The process of Cloud Formation
(| / Source : https://climate.ncsu.edu/edu/CloudFormation)

SGIHT AR JOT faay: WoRi =R |
IR JGA&TT Y2 deaieqgwdl g T || RV, 1,161.11 ||
I ISqaT YT & Wl UaRT 9 31 |
3AUCT U: PR d 3f&a T: WA TAT 3fere | | RV, 1,161.12 ||
SO R 8T GUoll U] a1 feageaai |
d JAggAdaArgaRIagygd gfdl &gerd | | RV, |, 164.47 | |

FAAE B SUYd Tellhi H Ig Al Bl T & fb G b fhrol quf
HRYT €, R e A= It | S 81d 8 | vdg & H9 Tl (|,
27.6;1,32.8;1,32.14; 1, 37.11, I, 24.4; V, 55.3) I 3R AT gRT UMl &
TIRROT GRT ATl & 6 AR R IHH Iuf BT quiF B @, AR T
@ ITATIT DI AT TN BT HROT e 2 |

These above verses of the Rig Veda also state that the rays of the Sun are
the cause of the rains, and that the clouds are constituted of various
elements. Some verses of Rig Veda (1,27.6; 1,32.8; 1,32.14; 1,37.11; Il, 24.4;
V,55.3) describe the formation of cloud by evaporation of water by Sun
and wind and then rainfall, and there is no other cause of rainfall other
than Sun.

ey Rl Reeiedl a1dTeh 3T |
Hell aTYY &RRT 11 RV, 1,27.6 11
IS 7 =TT T A9 w0 S I |
AIREGgAT AR IS aSaAie: uxgd: 2Eyd || RV, 1,32.8 ||

QYR Tl I © fob A BT fBROT BT THT A HIRT U 8T o 12
TR H T ST & AR raell | gRafcld 81 S 2 3R R g a1
81 Il 8 | el ST 2 b gl &Y wRuts & folv d1eel ScRer™l 2 |
FIAE P TP V 55.3 H IfGelell dTeel & Uh A1l SMadl & T Bl
T BT TS R |

The above verses explain that all that water goes to the sky with wind by
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the heat of Sun rays and gets converted to clouds and then again after the
penetration by Sunrays, it rains and gets stored in rivers, ponds, ocean etc.
The clouds are said to be leaders for replenishment of water. The verse V
55.3 of the Rig Veda explains the simultaneous formation of mighty
cloudswhich are co-dispensers of moisture.

AP S Jear: Arepgfaran: B forer gok argev:
faRIfdor: GIRIa Ye9a: g ITarTg AT g || RV,V,55.3 ||

FIT Af<d BTl & FHI qUT DI AR FTar sa off, 5 fferRaa
galdl (RV. VI, 20.2 3R VI, 30.3) & AEgH | ST AT B, RTas Par
AT & T G o116 HEMI & QIR gedl | Ul Hibrefan 2 oik v gl

I IR FEH1 & a9 Bbiel & FHI 99T B § |

During Rig Vedic times the seasonal variation of rainfall was known, which
is depicted through following verses (RV.VI,20.2 and VI,30.3) saying that
the Sun extracts water from Earth during eight months and then this
water rains during rainy season of four months.

fear 1 qrHfds TR <y fave |
3ife Agg=AUl afgard g~oiler fawEr | || RV.VI,20.2 ||
H1aTd : SR I 1S AL H ST @ Al DI AHYYT B §IRT BRIT PR
TTGHRY H qUIdT & I BT TSI TS HE DRI Dl T DR A9 Bl gite

HND UG BT UTel= DY |

-----

W% : 9IGcl B IR BT TGI A
Ocean : Main source of Cloud Formation
(dTd/Source: Flickr.com)

e < >

FIAS B TAD |, 79.2 H HET AT & T A B
fopxol TfAH 9Teell W THR & | 39 UPK,
YT dTel PTel dTGcl ol R 8 | S9P 4T,
MBI e 1 AU =Heh & AT BN
3T & TR 3fd H dreell &I o= & Arel a8t
M B |

Verse |, 79.2 of the Rig Veda states that the Sun
rays strike against moving clouds. Thus, the
black shedders of rain roar. After this, the
shower comes with delightful flashes of
lighting. The rains then descend, and finally the
cloudsthunder.

31 I gUol 3fW==i Qd: FHI AFTG guH]
e |
INEIRE IR EIEIENEUIRRIR G
XJqI=g4T | | RV,1,79.2 ||

FIE B ST &I ol (V.54.2 3IR V.55.5)
Tl el BaT3ll Pl q9T BT BROT g1 &, AT
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Following two verses (V.54.2 and V55.5) of the Rig Veda explain the cloud-
bearing winds as the cause of rainfall, viz.

g Al HOAIAu IIdl JAgE! eagsl: uRS: |

9 fagan qufq arifa @ @R=amarsaHr kS | | RV,V,54.2 ||

H1aref : ‘g Ag—aryg, TR AN 5t H g9l €, I Siad @l %8 8, 31
3ITORT IThT A §89 &, 9 Ul IR | H gl $d &, IR I 39
T A G & Sl R—GR % 95 Herdh & | THTeT & A1 fAeTaw,
BRT—aE (81, aTae SR fISTell &1) SR | ol oxal &, AR
ged] TR STRIT ¥ U FIRar 2 |

Meaning : “O cloud-bearing winds, your troops are rich in water, they are
strengtheners of life, and are your strong bonds, they shed water and
augmentfood, and are harnessed with steads (waves) that wanderfarand
spread every-where. Combined with lighting, the triple-group (of wind,
cloud and lightning) roars aloud, and the circumambient waters fall upon
theearth”.

SERIAT AT FYadl JI g gugem gRINr: |
T 91 ST IU ST O Y4 AT AT 3geqd | | RV.V,55.5 ||

Hrare : 59 Telld W FHSIAT AT & & a1ed & =er arell ga1g 99s
H U1 IOTH & SR Ui UiRgel BIdx a9l Bl 2 | ST GBI, Fail
BT qYT BT HROT HEA dTel AP |, 19.3; |, 165.1 H AT A UGT SfT
JHdT B, AR SD ISl B AT FaeT Bl Feidg & IAP |, 19.8 H 34
YHR 7T 1T B

This verse explains that the cloud-bearing winds uplift water from ocean
and charged with water shower down the rain. Similarly, instrumentality of
winds in the causation of rainfall can be easily read in verses1,19.3-4;1,165.1,
andtheirrelationship with cloudsin|, 19.8 of the Rig Veda, as follows:

A Hel ol fagfded qarar s1ge: |
HOGRTT 3 iR || RV.,19.3 1]

AT YT DAY ST |

AR 3T 2 1| RV.,19.4 ||

3 T dvaa RAARAR: AHEHSTT |
AW 3T 2 1| RV.,19.8 ||

ST Telld auf B & HROT BT qAd &, Sl I8 B H Aread
yfera &1 forarfead e 2 |

The above verses reveal the cause of rain, who commands the rain to
come down and execution of eternal laws.

Frde & frefaRad wqfar Md (1, 38.7) | °dT =refan @ {6 ford TR 4
T 9Tell BaT FRfA & &S W BB 991 A B |

The following hymn (1,38.7) of the Rig Veda reveals how the moisture
leaden winds bring some scanty rainfallin desert region also.

A YT JHd=Il gaadq] bI(E{uN-IZI
g Bua=garard || RV.,38.7 ||

Prayer for rain and environment purification in the ancient India
(AT / Source: Livetoday.online)

S

Hydrological Knowledge in Ancient India ¥ 31



TG B AP V, 53.6-7 I BH AT dfed AT & a9 B § Isl, a1
IR I STATIIT & FHRIHD JATd B 14 & A5 H ¥ ga7 Terar g |

From verse V,53.6-7 of the Rig Veda, we also come across the knowledge
of Rig Vedic Aryans about the positive effect of yajna's (I=1), forests and
large reservoirs, causing rainfall.
3 I R garar <Yy fea: I |
4 oo gori=d e 3 gva=T T ;|| RV, 536 |
Hraref : d B A% SiH ST 8 Sl I, Sl D R&TT 3R STATRAT &
[BEINESICEIC EAICN R

G Riverd: e ¥of: 9 agelar o |
TIHT 37%aT gareaHr | fa g~ T || RV.V,53.7 | |

H1ared - S Y o dTell TR Y DI gie Rl B, 9 B A4l GeNT
S AR MR 31 STATerd gt wR gfte avd 2 |

Frdg & fr=ferRad wgfa Ad (v, 53.17) $R1T &= & 6 gart foxwas
THR B B & | BT, SHS STorary iR A daefl ffdref andy +ff
3IHIRT & 3R I dael TRIOTE HAT3T & WY H AT STl 2 |

The following hymn from the Rig Veda (V, 53.17) indicates that there are
sixty-three types of winds. However, their climatological and
meteorological implications are still unraveled and they are mostly
treated as merely mythologies.

|l H A TAMfhT YhHBI Il §a |
THATART S[AETN T ol 7 Iy e qov || RV.V,53.17 ||

FIG H AAY DI Blg W Iooid el [HeAdT 8, cfh Aod & 9ol
SHHT FATTSID [JaRUT < & | BTeilfch, A€ & Plel H Iofda Aledl d
AR B W w0 A Gieferdrd (QuiRAT v.4.12.3) & w9 9 Haidd
far T |

No clear cut mention of the monsoon is to be found in Rig Veda but the
Marut hymns give satisfactory descriptions. Monsoon is, however, clearly
referred to in the later period in the Yajurveda Samhita as feterdrd
(TaithriyalV.4.12.3).

g9 35 &3 AfeterdraqiA | |

gt foon &afie SrRIIRTeTT fAsdesaiot: || T.5,4.4.12.3 ||

gTetifds, auT aTell BaTall &I U SUYad HaH Fide (RN X.137.2 31R
1,19.7) § fear T 2 |

However, a better reference to rain bearing winds is provided in the Rig
Veda (R.V.X.137.2and1,19.7).

gIfaET ardl 9re o REveRT u_Tad: |
Sef O T T arg IR ard I=U: | | RV.X,137.21 |

TG D A, VI, 7.4 H, g 2 o1 31ef © gy, S BIs sl |
quT I = 81 B b1, Tl AT BT &9 H QT ST 8, 3 ATl
TR SEHT AU guf Y BIar 2 |

In versa, VIll, 7.4 of the Rig Veda, the word fega is explained to mean mist,
with which one cannot differ easily, if the content is taken into account,
though at other places fega signifies rainfall.

qui~d wvdl 8 ¥ Juaf~ gdd |
e 1T argf: |1 RV.VINL74 1

UGTEROT BT Zheg B R 9T B § gl Pl 7e<d k7da (RV.X, 98.4; X,
98.4/12; X.98.7 IR X, 98.11) H FFH=ITIAR ST T 8:—

The importance of yajna to purify environment and causation of rainfall
has also been described in the Rig Veda (RV.X,98.4; x,98.6/12; x.98.7 and
x,98.11) as below:

3 = soT ARl fauftars SaifRel Hea |
7 i =g IoRg <drs 9 gfdw ¥ || RV.X.98.4 ||
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JRATs IEGTRRATI S 3ffassH |
T g~y el <arfa=r Uit gfarofig || R.V.X.98.6/12 ||

3 Tl T WY A I B 3 (b GI DI fBR0N §RT U= uril Bl
JTHT H FRIET wU F @1 SIrdl &, 3R g9 YT & & fory, foha
SHHR oIl 1 #&& ol @12y, Sl 99 & foy Iferd a5 o |
ST dIeud & fob a9l HI99 31 91l T8+ &1 IR 8 | 3779 o9 d1,
3P AHAE, TGda AR AAdda STetaryg [I=i iR JH fgmT & aw
¥ BB ARIRET SAHRI U DR & oIl Fevds 7 78l © | Ifdb A A0
T BIABATIIR I1E & BT B o, SHGTY I8 AT A <@ ST Fehell
2 % 918 & dfee BTet H STAMI= 7 BB ART TP I D |

These hymns clearly describe that the water collected by Sun rays keptin
the sky safely, and to create rain, one should take help of knowledgeable

——

e

9t : Arg| @ IRReAfY &R greell & o= &1 uRvmH 8

Rain : Climatic condition and clouds formation are responsible.
(@ﬁ / Source: Leinster Express)

priests, who will do appropriate yajna (sacrifice) for rain. This implies that
the precipitation is the result of weather and cloud formation. The three
other Vedas, namely Sama, Yajur and Atharva Veda furnish some
additional information on climatology and meteorology which we do not
come across in the Rig Veda. Since these three Vedas chronologically
belong to a later period, it can be easily seen that during the later Vedic
period the water science further progressed to a considerable extent.

Ig fd Hqg, BaT 3R TH B! Yeb TS © a9, IT 914 & diad bldl A
W WY G A1 AT | FARAT & T § HET 11 2, "2 A9 gH 998 |
Tyt fRT &, S T WRQR 2 (TSI, 4.8.2)" |

That therain is a phenomena of ocean, wind and moisture, is proved to be
clearly known by later Vedic times. Verse from the Tiathriya says“from the
Ocean, O Maruts ye make (the rain) to fall, that are rich in moisture
(TS.1,4.8.2)".

qeY: IERAAT o A g gite guuer GAm |
goTT g fag afew: |ge gor || TS.01,4.82 1 |
dRar 4, I W W wU 9§ Seord fhar 1 ® 6 arg aRkeeror auf
& B H e (At JffiepT (97T € | 98 390 YDR DeT AT §— “dR:
fafder I S BIx 9 (T99) IRST=IT 0 a8 SR & | (TS.11, 4.8.1)" |

InTaithriya, it is also very clearly mentioned that the air circulation plays a
definite role in the causation of rainfall. It is stated thus: “Verily becoming
of like hue he (wind) causes Parjanyato rain (TS, [14.9.1).

ATSAANT AN g BW aRT: By IR & e
T B [ UG Yl Yol JuIfcl I Hodl: RHIRDAMIT IZegld
gftr Mol Riarda SR TRAogd N SRR agd gear 9
T I AR graf § Tard Yol a4 = | TS01,4.9.1 1|

Uf¥ed @ &4 3IR INT &RT $HR dTel AGA I Yd & gaT & a9 H
S UfaTal H 9T AT’ — ‘2 7oA B, Il 9197 (S IGT B W),
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Ig ufRad &a1 BT UTS gdheldT © | INAd H 98 I87 B & forg gdi gar
a7 BT 2 | I8 84T A9 B UHI Bl ©, 81U IuT bl fFraf3ra dedt
21(TS.1I, 4.8.1)" |

West wind and the rain bearing monsoon or east wind are spoken of in
above lines —“Stay O Maruts, the speeding falcon (with these words), he
pushes back the west wind: verily he produces the east wind, to win the
rains. He makes offering to the names of the wind, the winds rules the rain
(TS.11,4.9.7).

FIdfad T § Avaa: Al I g8 WY gar o1 & diell &1 (31 Sira)
T B Bl UR B UG o |

During the Rig Vedic time, probably it was also known to the Aryans that
plants (or forests) had some influence on the causation of rainfall.

ArgdargT faal edg S8 FguT | AUl a1 Oy e I
TN QST JueT TG QAT gite 71 iy || TS.11,4.9.3 11

FIIG Pl TRE Iofag |l BT, UFT AR YT GATEROT DI Yg B H
IS (@fere™) & UMTa & R § gardT 8, ST 991 & 89 H A4 Hal ¢ |
A B WA |, 12 T ISR &—

Like RigVeda, the Yajur Veda also tells about the influence of yajna
(sacrifice) in purifying air, water and environment as a whole, which helps
in causation of rainfall. Hymn 1,12 of the Yajur Veda reads as follows:

> Il Wl HfAge: U SYARIRERUT ufd=er IR AR |
EEINEINCHRCINSPEEINNEE PR E IS URIPERE BRI CI I E RIR]
<agaq |1 YV.I,12 1|

SUYeT Telleh H DT AT & b Sfet, arg anfe ugfid 81 offd & 3fik afe
9 31T (T DI A W) A BIC BIC VI H T IR AT d G & S
3R gg g9l BRM | AG[ds & Ao VI, 10 H Hal 71 8 b a5 9 uga
A G & AR & BROT BIC BIC YRATIRA # f1fra & ot 2

Emmision of nuclea in the atmoshphere through Yagys for pure rain
(‘xEﬂ?f/ Source : Newstrack live)

AR ST H T N & | $HY WRUR I§1 BT g | S ORE el
B AT B VI - 16 IR Xl - 12 999 H 41 $F SR Uhe fhar 1
-

This mantra (hymn) states that the substances like water, air etc. get
polluted and if they will be broken into minute particles by fire (with the
help of yajna) they will get purified and pure rainfall will occur. The hymn
VI.10 of the Yajur Veda states that the materials used in yajna get divided
into minute atomic forms due to attraction of Sun and ascend to sky. This
causes plenty of rain fall. Likewise hymns VI - 16 and XIIl - 12 of the Yajur
Vedaalsoreveal the samefactas:

3T UBRRIMT qdl: Wa=] Hal (e asid: |

F O WO arae TTesdl AHSTI Ao S ISafoRIfReT [ YV.VI0 | |
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I H B UM W Y BT ER B AT 39 UHR < TH 7 (@rorai2n
|fgdr 17.31) :

In the Vedas at several places, the mist has been given the appellation of
uhgkj(Vajasaneyi Samhita 17.31) as:

AfIGTT I SHI SIS gHTRA<R 999 |
EROT UTgal STl Ag9 SAARTHLR | | VS.XVIIL31 | |

Ias H St el 3R FERINRI UR g AT BN B YR el &
IR H S AT MY gF | R HSRR & | I8 A1 <14 o &b g urit
Iyt & wreEE A DSl B g BT B I S, A & FAH TR
IRRI DI g FRAT & (YV-IV. 2-3) |

The Yajur Veda knew about the immense concentration of mist or fog on
water bodies and oceans “thou are ocean full of mist”. It was also known
that pure waters purify all things through rain “May waters, like mother
purify our bodies (YV.IV.2-3).

SIS AIGR: YR g Al gawa: g |
faeg f2 Ry yagfa cdrefdana: YerT gase |
SATTURARTRN af i fRrarer oAt aRed wg gof g= || YV.IV.2 ||

T BT aTEll S Herra MR quf & HRUT & HY H ST ST o 7 G,
A gl & fafie 9Tt # aut ofrd 8 |

The Sun was known to be the disperser of clouds and cause of rain“O Sun,
thou bring rain on different parts of the earth”

TET ISR qEaTser™Y @l 7 fE |
TARITN BriTheae]alsaryg =ed <f2 |1 YV.IV3 ||

AW dg a9 & WA B I TR Afdd TR AT § I8 W ©Y |
HEdl 2 fob G o1 2read A aTaai § T BT 2 3R 59 YHR a9
BT BROT g1 & (TAALY 11.179) | I8 A Il 7 & fob g &1 !
HERIAT ¥ G Yedl IR 87 6T 9T+ a7 & (TH.ALY 11.148) T

The Sam Veda gives more emphasis on wooing Rain God. It clearly says
that the eternal power of Sun penetrates the clouds and thus causes rain
(SV. Previous II. 179). It also reveals that the Sunpoursrain water on
moving earth with the help of wind (SV. Previous Il. 148) as;

JfewsT saTfadl AERU gu=<iH: | |
T3 quT 7T | | SV.Previous 11.148 | |
gl qUiEl SRAMAToIyfTshe: |
STEr Fadied | | SV. Previous 1. 179 | |
WM 98 @ g Tlid (V.562; 3ifcH v.906; iR ifad X.1317) a9t &1
OfshdT & 1T WA &1 <A1 R AT SR Afdd R =4l I & |

IATh SV 3AferH, XX.1802 H W< WY A WA gRT WY 99T & BRI
AETANRY, Afea 3nfe & i & Seol@ B |

The other verses of Sam Veda (V.562; final V.906; and final X.1317) discuss
the kindness and greatness and power of God alongwith the process of
rain. Verse SV. Final, XX.1802 clearly mentions the creation of oceans,
rivers etc. due to the heavy rain by God.

AT AMT STBNT guT B [old SAT AR T 3ffereha |

AT IRAS] RFT 7 A gawaArdad || SV. Previous,V.562 | |
31 geA geefd gite <dwl g |

SY Yad |IH | | SV.Final, V.906 ||
@ Ry YGOSR SEed | RS Sifey fdwd goafy ariv |

dwal UR SISTHE THIHIDhE] SAThT S €<y | | SV.Final, XX.1802 | |
JNTddg H gH ST TRE B AIRUMY AR STAd= = |aell S et ©
ST o1 dgf # fAfRd € | SETER & oY, ¥lld (1,4.3), 39 UBR i

In AtharvaVeda we come across the similar concepts and hydrologic

knowledge as contained in the other Vedas. Verse (1,4.3), for example,
statesas:
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T AU &Y I 9 e 7 |
R ed Bfd: 1| AVLA3 ||
S ¥AId d G DI fHRT & 19 | arsdIhRoT iR 918 7 Siig= g+
qTell aul PI SFALROI BT UdT Feldl & | 3erdds & gedl gad (X,
1.51) H R9® g ¥R B & IR | q0id 2, Sl U] Bl IETS
BBl & MR T ATARTAT: HETTATR |

This verse reveals the concept of evaporation due to heating by Sun rays
and subsequently life giving rainfall. The Prithvi Sukta of the AtharvaVeda
(X11,1.517) speaks of a violent dusty storm which uprooted trees and calls it

as HATqReaT :
i fgure: uféyor: Hudf g guor: AT a2y |
TR} ATl ATTRIIAT IS HUaTaIed JeT |
T Faruargarcare: | | AV.XIL1.51 1
FIIE & A Tl | Abd Her © {6 s At dRifvre wu

A IR argHS I ge-rsi, ARy U | A9 iR 9uf g & ArH
3R ATHTI: I AT AT ATl UaiS 3Mefl I &7 9= Sl & |

The various hymns of the Rig Veda indicate that the Vedic literature
mythically describes the Indian atmospheric phenomena, especially
those of the monsoons and rainy season, and the violent thunderstorms
by which they are usually accompanied.

FTdg & d1g, Fd9Y FTET0T H U foRAS UbR &I 8131 &l JHET 1T B,
(SB ¥IT |2.5.1.13) | S UTS ¥ HH& UTel DI YZal A7 | YHRT TATE |

Following the Rig Veda, the Satpatha Brahmana also recognizes sixty
three winds (SB Part|,2.5.1.13). The same text calls hoar frost as g=dT.

3 yftewan Adl IIgar= ST 39 R AR |
[ H: B A ARIER™ Y T TAT sfawT {89 || RV.VINL96.8 | |

AARIT 3RUIHT (1.9.8) H BT AT © b agHed H A UHR @l
IRY—GRIY IT B4 & ST IHT AR & A1 YR & dIael UaT el & | A
g (1) 19 (2) Wdud (3) fAerEd (4) guH (5) Ta19d (6) T&HH 3R (7)
JMRAMIAZIAY | aRTEa 31 URREICRIT T FHT0T el & I e 3IR <!
91 & foy SRR & | WU 98 &, e arade @1 Reifcl iR s a1
I T 98 B T IS B 3IR ARSI 31fdies AT IR BI 2 MR aut
& fory SRR 8141 B | 5 Pl 9l TS §9 UhR & —

The Taithiriya Aranyaka (1.9.8) says that there are seven types of air
currents or winds in the atmosphere which produce seven types of clouds
of the same appellation. These are 1. aRTgd (Varahav), 2. ¥Fd9H
(Swatpas), 3. [Ag=~18d (Vidhunamhas), 4. 99 (Dhupam), 5. TaT9Y
(Shwapay), 6. ‘Eﬁ’a (Grihmegh), 7. JMRIAATGST (Aashimividwish),
The 9RTEd creates circumstances which are responsible for condensation
and good rainfall. The Loril is that whose temperature condition is little
affected by the insolation or Sun and perhaps occurs at a higher altitude
and is responsible for precipitation. The actual text of the mantra is as
follows:

ATTIEHALATY: IRIGRIAYE: | g~ A1 gu: | |
TAT0] YEHETRARI | U JHRIAffgy: |
USRI G aRf~ | IefRMT | | Tai. Ara,, 1,9.8 1
ATqref - faIgew Ml &1 5 <1 &; gU § B T 0T AT I eIl
g Sl I8 Sleal ¥ [IRKIR $R I a3l Bl UG Rl & o A1l I8
Ao H et B, 3MR TEHY raraRoT o TH AT AT DI GHIIT BT
2 | Y B (aRTEd, WU, fqeed, gud, S0 3R [eHHE) U 8l 931 &
2 3R v& B a1 A TRl & v € | nfifafegfay o1 ddy s
I B 3R SHHT HRNferes U<er a1 &5 gdadi! ©: A el ©; gTctifd
I8 FHY Igal & oY AH ATl © | T&all & I A1 I A1
YR b1 BRI @ HT g9 AMd & | AfAIRAT SRvID & gg 1.10.9 ¥, &I
3R UPR & 9ISl DI Sl fHdT 7971 & (AT, TR, |, 10.9) | T & 1—
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Mid-level

= 6.,500 feet |

Low-level

Type of Clouds
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OO
OO D
OIS

757 |
2,7 2 —

Stratocumulus (Sc)

Fegaeleg

0umulus (Cu)  Stratus (St) 1) FIEHE

faf =1 yoR & 9ea

Difference type of clouds
(g / Source: Sciencefacts.net)

IR T AR AR 2— IgAH, U8l
arel IR qui B fau REER §, SR
TR gTel BT U & I 997 7 SR
arel & Y H UEAT SIT § | $9 UBR
I VI & AT Gl Al UbR B qraall Pl
ARIRET SRUTHT U= TAT R |

The fag-HgY gives rise to thunderstorm;
the €U possesses some latent property
or aroma which it imparts to the objects
with which it comesin contact, expanding
qukkWandtheTﬁ?ﬁﬂaﬁécuthehunﬂdny
or moisture content of the atmosphere.
These six belong to a single genus and
have a single or similar region of activity.
The 3MRIHTETEST belongs to another
genus and its geographical realm or
region is different from the preceding six;
however, it is highly favourable for
agricultural purposes. These seven classes
of clouds bring rainfall with seven types of
winds. In verse 1.10.9 of the Taithiriya
Aranyaka, two more types of clouds are
mentioned (Tai, Ara, 1,10.9). These are: (1)
TR or AFER and (2) SEEMAL. The
former is responsible for profuse rainfall,
and the later is identified to be “the
moving nimbus fall of water”. Thus, total
nine types of clouds with their properties,
have been identified in the Taithiriya
Aranyaka.

T
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IR faa=a=H | Jgaera Arer: |
JMIRYRIIT | AIARIHET | | 1,10.8 ||
& gaw fafecda | sgarmiR aei | |
J=afcl gATishar T | AT IPATTHAAGHY | | Tai, Ara, 1,109 ||

X1 UBR ¥, HEIDIA! B QR 84 dradl, g, arsiidRor, &4, orl
3T & IR H SIFBRI Al © | MRV & Tl VI4.3 H 39 UhR &
qrecll & IR H 9aqrT AT § — F1eH (S8 W Saa), 3y @1 |
IAH) AR vl (T gad [e IR MG Awe, a1, et 3R wic]
qIeal BT WY Scolwd A-THT (V.1.81) H 39 bR fhar Tar e :

On the similar lines, during the age of epics we get information regarding
clouds, rainfall, evaporation, snow, storms etc. Verse VII.4.3 of Ramayana
speaks of three kinds of clouds — ST&5 (Produced from Brahma), 311
produced from fire and 9&TST (produced on a mountain flank). White, red,
blue and grey clouds are also referred to in the epic (V.1.81) as:

AIUGRIRITIUI AT HI = |
HIYAT HRHATO TEITOT THIR | | RamayanaV,1.81 | |
ERATOEUI AT TSR | | Ramayana V,57.7 | |

STRTdT] Hawll STAUTerddr AT auf al IR BT Seeikd AR (1.9.9)
# 39 UBR fHar T g -
Climaticvagary orabsence of rainfall is referred to in Ramayana (1.9.9) as:

JAge: GART 9 FallH9ATEsT | | Ramayanal,9.8 | |
JFGSAT J ool AT YaedfT | | Ramayana 1,9.9 ||

JEl, I AU WU ¥ g, DIy, Ulel 3R g | Fa qrrareT dl a7
FRAT & | S RE, TR sater (18R a1 quR | @gH) &1 Reafd &1
TRIOT (1.29.25) H Seoltd 39 YBR fhaT 73T g

Here, it speaks indirectly of atmosphere free from dust, fog, frost and mist.
Similarly, the condition of nocturnal sky (the moon from =I8[R or mist) is

alludedtoin Ramayana (1.29.25), as:

erefig TR gadgaaf-aa: | | Ramayanal, 29.25 | |

e 3IR AT ¥ gig & Aegq | 3HD TG Bl BT Seold ARV &
|, 55.25 Tl H, g 3R V0T S8 BT Ieold Il 16.12 H, URFAI ST
BARI & I (UTel) BRI IR Sl BN BT Iooid Il 16.12 ¥, gl Bl
A8 B AU & &3 H 984 =1 g BT Sood 111.16.23 H, T4l HR1
DI Fdg W TACH! U I BT Ieerd 11,1624 H fHIRI @t clreft
RN TR 3 & 69 BT Ioaid |ll, 1624 H ITHARI BT Ieard I,

16.25 ® fohar AT ® | F TAId I=T fay Y &

STl e W gy
Mist on water body
(FTd / Source : Wikipedia)
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Mist and its disappearance through diurnal rise of temperature is referred
to in 1,55.25 verse of Ramayana, mist and severe cold in Ill, 16.12, cold
western wind made still colder due to the effect of him (frost) in l1l, 16.15,
very dense mist in the vicinity of earth surface in lll, 16.23, water vapour
hanging on the surface of theriver structurein I11.16.24, dew formation on
the sandy margins of the bank in I11,16.24 and snowfall in [11,16.25. These
versesare given here as:

gedl 9 ISR a1 AR g849E: |
AT TRIFARRMAT WRHR: | | Ramayana 1,55.25 | |
IR TIRIIAT: G-I f2HTHUT: |

Sfgg RIS 1< A || Ramayana Il 16.12 | |
g fidereden fafdgea | |
yarfcr af¥=dr 9iy; drel fgIoriide: | | Ramayana lll,16.15 ||
HILIRATHIAGT ATSRAAATIT: |

UIWIT 39 oled= fdYsT g=RIei: | | Ramayana l11,16.23 | |
TSI~ oAl Bl A IART: |
feAfaaTgwiN: ARl AT AFITH | | Ramayana lll, 16.24 | |
JYRYATed JgedTg RO 4 |
IATCIIRAMN UV dwoier | | Ramayana l11,16.25 | |

MY & TATH 1V,1.15 H UBTS! a1 & IR | 11 747 & | T 3
Tl (V1,78.19) H B9 e 9_1, AT IR 1o arell 81 & 9% 3 Ugd & |
g1 H AR (VI,106.21) H YAUS B AT gaex BT 9l ool fdhdn
TR | (V1,106.21, ITAT AOSARINET: [)

Verse IV, 1.15 of Ramayana states about the mountain winds. In another
Verse (VI,78.19) weread about dusty, dry and gusty wind. Later on violent
storm or tornado is also mentioned in Ramayana (VI, 106.21, dTd

HUS TRIT:).
eThax fehl=: WIid g9 =1fer: | | Ramayana IV,1.15 ||

R & &1 A ABTHI FeTRA | A1 STafdene 9 Hafed 9gqed
STFHN © | FeTdhTed & dREd Whe (Wha, &, XI1,328.31) H ag—Hsd
T AT &3 | fEToTe foham 1 8 SiR g8 a1y Sl HUR Y 5 e
H Ul WM W 7 3R RTH Ya+ A1/ | ST ST 7, U8l A & A1,
¢T 3R T ¥ UST §U dIecll Bl HaATferd d_dll 3 | 59 YhR dchlatl
g | dIGcl @ "chi BT Wl GaTgHT AT | I8 84T MDY A ol o
3R aTeel # Ul @ HUSD H AT & (TAAL XII, 328.36) 39 TSR i

Like the Ramayana, the epic Mahabharata also contains valuable
information related to hydrosciences. In the twelfth skanda of the epic,
atmosphereisdivided into sevenregions (skanda, sphere, Xll,328.31) and
are discussed in considerable detail as “that wind which is the first in
above number and which is known by the name of UdTz drives, along the
first course, masses of clouds born of smoke and heat. Thus, during this
time, the constituents of cloud were also predicted. This wind passes
through the sky and comes into contact with water in the clouds
(MB.XI1,328.36) as:

giRaRe g I3 | e |
AW argART o a1 arerggEsn || MB.XIIL328.31 1 |

URIIYHLTATT HSTIIATHAGIS - |

Tora: YW HRT Ydsl =19 ol | | MB.328.36 | |

SO Iy T 31as el AT B, ol 3MaTSl & Wi g8dl © (YA
XI1,329.37) | ST &4 TR AETANRI | g1 ¥l € 3R S g9l 8, 39
TR g 3R 39 Scag & ©U H ST offall & (THEL. X1 328.38—39—40) |

The second wind called 3Tdg, blows with a loud noise (MB.X11329.37).
The wind which drinks up water from the four oceans and having sucked it
up, gives it to the clouds, presents them to the Gods of rain, is the third in
numberandis known as 3cqg (MB.X11328.38-39-40).
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RN FEARIA fageaed HeTgfa: |

JAMERT A FHaTT Tl Taar &+ || MB.XI1,328.37 | |

ST SIIMAYT Iedd AT BRI I |
3Taey drard I gar= AFINoL || MBXII, 328.38 ||

TG AT ATgETRET 7ot |
IETEEd Al SN fdal || MB, XII,328.39 ||

A FATS SIHA o1 Gesid |

Iedl M IS | AW | | MB, XII, 328.40 | |

ATV ST TSl BT HERT <ol & 3R S8 fafie=t v # fawriorg el €,
ST S8 a9T HR @ forg ferar <ol € @ik 5= Ud IR fhy STAT <l &,
T8 9Taall @l ST aTell JATATS] & wU | I8 ST &, S8 a8
AT S ST SIAT &— UieEd] R DI {998 Hal oIl & 3R Bl &l uRag
HEI ST © | ATcTd] URe o1 URTIE el Sl & AHId: BB aliheb &
P AT B & (THEL. XI1-328.41.42.43.47.48) |

The winds which support the clouds and divides them into various parts,
which melts them for pouring rain and once more solidifies them, which
in perceived as the sound of roaring clouds, is known by the name %as.
Fifth layer is called fa@g and the sixth is referred to as uRRas. The seventh
called urrag (MB.XI11.328. 41-42-43-47-48) refers perhaps to some cosmic
region.

HHEIHT qgHT A Il Yerh o |
JUAIETHARF Waf< G | | M.B.XI1,328.41 ||
HedT I =1fdgT Jaf~d Fad AT |
RETOTIIT R HecaquaTt=d < || M.B.XI1,328.42 ||

AT Al gefa A e faerr |
Tqel: Hasl AW 9y | IRARH: || M.B.XI,328.43 ||

STOUNATIAAR] 9 A4 |

UodY: < HeTd N fdggr 99 |r%d: | | M.B.X11,328.48 | |

YS: GRIE AW | argoradi &%: || M.B.XI1,328.45 ||

I WERNAT ITedd 7 g |
URTEl M WRI 91y ¥ GRICERH: | | M.BXII,328.52 ||

T, Ute XAl R, WA f5d T a6 a1 &7 ar<fad ref
Qe el IT ORA © | A U@ A1 gRIVI 3iR 31 918 & Affecd § 41 Uiy
T & | FETHTT Gl $ IR I qdHY W qIEet BT U IR qeffepRor
AT R | SISl & IR UHR 8 HIdd, Teed (THAY, VIII,34.28), HISHTR
(X1 271.6) IR Id® (TAAL. XIV 55.35—36—37) | TATED dIGdl AIASA
@ fdgg uRd (Ugel afvfd) ¥ a9d & | ARl &rF | a9l o Tl
qTell BT ISP el ST © | Gl BT A GHTHROT AR SR GRION H

ot aeffervoT | =T 2 |

Here, at five places, the term wind used, actually implies a sphere or layer.
These five names also occur in Puranas and other later literature. The epic
gives another classification of clouds also giving four classes of clouds.
The four types of clouds are Hadd, aaTgd (MB,VIIIL34.28), RUSHR (XII
271.6) and 3d (MB X1V 55.35-36-37). The dclT8® clouds are formed in
the fdgg layer of atmosphere (described before). The clouds brining
rainfall in desert area are called 3d®- These classification of clouds are
different from those enumeratedin Ramayana and Puranas.

Al AR HAT QAT aRATSD |
JIRISHITER RUSHRAANTH | | MB,XI,271.6 | |
qaer MR wfowafa STerqur: @R |
Eded YRR ARl O WA=,
SIFeHET ST W IR A1 T 11 MBXIV,55.36 | |

ST 600—700 .9, H, BUME = 7 JRMHT F H U DI Hew 31
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faees uftsan &1 Seora far & (@, 93, 2.8) | S fewoft @t 2
O BT FEEA 3R ferest o ar T & 1T [AH & BRI & |
HENTOIT @l Tl & IR H 6l BT & &b “HENToI 3BT & GHTeT
& YT B U 1 & (@333, A1, 2.11) [ HerTo & gRom sy
qTl & T AT SR 91eet ¥ faged g1 2 | 98 R avE W WK ®
fb g8 RN IHT o fb TS g9THS R FKTHSG MR
qracll & YHTd & HROT BT T |

Around 600-700 BC, Kanada in his Vaisesika Sutra referred to the process
of condensation and dissolution of water (Vais.Sutr.V,2.8). He remarks
“condensation and dissolution of water is due to the conjunction with fire
or heat”. About the phenomena of thunder, he observes that the “rolling
of thunder is a mark of the ingress of the light of the sky (Vais.Sutr.V,2.9)",

GISSEEEIRCIE ST
Lightening and Thunderstorm
(|1 / Source : Wikipidia)

i.e., it is the pealing of thunder which warrants the inference. He again
says (Vais.Sutr.V, 2.11) that the rolling of thunder results from conjunction
with water and disjunction from a cloud. Here, it is fully evident that the
great sage knew that thunder is caused due to impact of positively and
negatively charged clouds.

T FsETdl faerod ol AR || Vais.Sutr.V,2.8 ||
T3 fawnsi gfefsTH || Vais.Sutr.V,2.9 ||

YT WA S9N TT=a a1 | | Vais.Sutr.V.2.11 ||

Iyl BT gal & AR 3R RIS & g W dal B gY, sl 3T
HATSTH & 374Td H BByl I U1 & [FRA & BRI DI IR b
g (@9 gF. @, 2.3) AT 99 & ®Y H g B (ARA H, [HATHY
IR—HIf BROT R |

Discussing the falling of raindrops and flowing of streams, he further
presents causes of falling of water resulting from gravity in the absence of
conjunction (Vais.Sutr.V,2.3) i.e. falling of water in the form of rain, has
gravity asits non-coinherent cause.

397 HANTT I[HedT 9a+ | | Vais.Sutr.V,2.3 | |

Tl V2.4, H I8 el AT & b &RT A1 FIRd gY ur=il a1 9uf &l &l &
AMYAT HIATH | a1 fIee STelig g8 & R—qx ddb W,
TR & JAT] BRI 3R TR &b IR—FART HRT gRT HHT
BT E |

In the verse V, 2.4, it has been said that the distant progression of the
stream or great aqueous whole composed by mutual conjunction of the
fallen waters or raindrops, is produced by fluidity as its non-coinherent
cause and by gravity asits efficient cause.

gacdrd <q | | Vais.Sutr.V,2.4 ||

TIehRYT, qTael g1+, dTaell ® qHIbROT AR a3l AT IIYHS & &3
(aTTR) @ AT I FaEl IR I s YRIVN (AT 37T 51, o e
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1, JTETTY 36, A WS | AT 54) H B! FAGoHIS ©F | Tl B
T B | ISl B AT SART S IR 7 g gY aTg GRIT (51.22—25)
# et T fF HR @ W Te a1 srae avgait # T e € 8iR
3MAu= a1 gF &Y fHRON & BRI I THT BT ATHIHRT BT © 3R 39
AT ¥ dT& e @1 SURT Bl & |

The phenomena of evaporation, cloud formation, classification of clouds
and their relationship with winds or regions of atmosphere (dTd¥%<h+¢]) are
also quite satisfactorily discussed in several Puranas (Vayu Chapter 51,
Linga Vol.I, Chapt. 36, Matsya Vol.l, Chapt. 54). Describing the general
genesis of clouds, the Vayu Purana (51.22-25) says that there is moisture
content in all the movable orimmovable objects of the world and due to
insolation or Sun's rays, evaporation of that humidity takes place, and this
process produces clouds.

3T Aol HAEdTawl Ao | | Vayu,51.23 | |
HET GAofaRATIeT AfTo=d |
T FEAGITAd eATH YT |
e g9 AR 9e T AW | | Vayu 51.28 ||
STARIOTST: WIS TRATH A |
i gfasardr 3 TR aRerdr: | | Vayu 51.29 | |
SHHAT M O HET 9T STasd 9T |
fgciid vag 91y Her o AT | | Vayu 51.36 ||

SURIGT Il § 1T AT & fb ST 9t Uil < AT fBsad &, S
Y HEd © 31X Sl Big AT I91 T8l B S 319 & B9 H ST STl o—
T PR & 918l B & (1) I (2) FEHT (3) UeTST | A HHAIT: AhaTd
(T QiR fafRr ) Haeda (ST AEE, |gaRar ok
ARG &3 # 81 dTell) 3R Yddiy (Yad & ured ¥ ¥ afed iR
3IRT g&+1 dTell) a9 & UBR o | ST YRV & AR, AT Al
& AT § BIdl 2 3R Ig fasiell &) o iR TeTsiEe | ¥fad el 8
3R ST IR T8 AP BT & AR USTS & el &3l § il & |

I8 U AT &l Al & SRR ¥ 991 Al & | I8 a7 sy o &
g (qul 79) & 9gd Mo © | 8991 dIacl Fagd gRIS & HRoT
I BIA © | I o THT U Aol (U1 A7 3116 Hie) 391 & e # aui
B © | W9 A RN © | JEhRI—dcieh (TZaRTad) araall Bl
SSITH UETS! & Ul (YeTIHaT) I UgTSi H 8ldl ® | S9% 3Md B
B B SR I T8 & I BRd & | 9 [Igd 5l 9 W B © 3R
TS auf & & St 3rcdd famrerary Bl 7 | I8 faa=eT S 81
qH SMAH o & TR e B 3T ¢ |

The above verses say that those clouds which give or sprinkle water are
called =1 and which do not bring any rainfall are known as 3747. There are
three types of clouds (1) I (2) g4 (3) UeTl. These are connected
with cyclonic (thermal and insolational), convectional (occurring in
northern continents, Siberia and equatorial regions) and orographic
(occurring and proceeding from mountain flanks) types of rainfall
respectively. According to above mentioned Puranas, 3T¥= occurs in the
winter season and it is devoid of lightening and thunder and is of
immense expanse and found in the mountain foots also. It brings rainfall
within a radius of a mile or two. This description approximates most to the
Nimbus of modern days. The Brahmaja (§8H%7) clouds are produced due
to convection currents. In precipitation they cover an area of radius of
nearly a yojana (five or eight miles). Most probably these are
cumulonimbus. The Puskara-Vartaka (§¥@RTe) clouds originate from or
in the wings of mountains (4&T4¥dT). They assume various forms and
produce deep rumbling sound. They are full of profuse water and bring
excessive rainfall which is extremely destructive. This description
conformstoalarge extentto the modern class of altostratus.

Y GRIUT (T |, 37e7.54) 1 draell & R H iR ¥ fawga aiiR
ISP TSR UK BT & | S04 HeT 1 & & el & BRI
STIae § | I aTGl 31asT 719 a1 R Ted Y&d & | I MBR daerd Y&d &
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ff%eﬂﬁb‘r\f

Anvil shaped cumulus
(F1d / Source : Wikipedia)

3R U AT b ST & AT 98T BT WY ofdl & | S8 a7 BT ANt Bal STl
¥ (21 10) | 3R TAID 17, 18 IR 19 BT AEIOMh BT I ARAT Pl 1Y,
AT T AFIDBROT & STIRAR TG cll & AR 3T I3 < &, 1o, T, 7 SR 417 |
TAID 17 HITST 916l @ R IR I BT YT ST Fhell 2 |

The Matsya Purana (Vol.l, Chap.54) furnishes still more elaborate and
scientificinformation regarding clouds. It says that the clouds thewr is the
cause of life. These clouds remain suspended on the air called Avaha. They
change shape and goes up a yojana, from there form into rain hence they

are called the source of rain (Verse 10). If the shlokas 17,18 and 19 are
interpreted symbolically, they give other four classes of clouds expressed
by the nomenclature <1, Tdd, #&l and {3 f1-Then in the Verse 17 can be
recognized furtherfour classes of xt clouds.

fayagugauied AdHag gaiRdA |
ST A O HET QAT SR | | Matsya,l,54.9 11
fadrr emae argera afrifaT: |
gAATSTTHIATSd 31edg [Adhdray | | Matsay,l,54.10 ||
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AYHTI A AITHIRING: |
TN 8T YSi=ea@Rydd QTS | | Matsya,l,54.17 | |
TSI TadTTea e w98 |
Heid fgamid ARET STet WaH | | Matsay,l,54.18 | |

goi=T 3IR fa 1ot 29d g # 99! xd & 3R 9 Y Ao o forw 9gd
STARN B, 7 3T 7Y ¥l H o T

Parjanys (4si=1) and f&37T rain in the season of 87 and they are very
useful foragricultural growthis spokenin the verse below:

goi=l femToiedd ga= easd™aH |
JuRay quf~d ggi TI9gEd | | Matsya,l,54.19 | |

H GRIVT (1.54.33) H e H ARSI AW E R FEA 31R T Bl
gfshaT 98 g 9 aftfa g—

Process of condensation and precipitation on hygroscopic nuclei are very
carefully described inanutshellin the Matsya Purana (1,54.33) as:

frRresITd FEr: geretl: YeIRgRITATY: |
YRAT: JUTATIIRIATAGSINGT: | Matsya,|,54.33 | |
Jief : gl | Ul (@) w41 (A 91g B SaardTe! Al ©
AP 37T TR 9T & 3MHR # FRAT 2" |

Meaning: “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 ofrain”.

sy gRTOT (11,9.11—12) T &1 ALAM~Th WU arg HSeild T4l & 2R
AT TRERITel I, HA, IR Adi AT AG&, Tedl, gl 3R Siad
TIOTIT ¥ TS BT Joi HRAT 6 |”

The Vishnu Purana (11,9.11-12) very scientifically enumerates the four
sources of atmospheric moisture, “the glorious Sun, O Maitreya, exhales

moisture from four sources, namely - seas, rivers, the earth and living
creatures,” viz.

JYRAT: YAl IIGAT FHHQIRAT: |
GEhR Blefolad da-marel 9a: || Vishnu, 11,9.11 | |

ARHGEH AR TATT: YTFORTSAT: |
IJUBHRT AAHG |Aadr J | | Vishny, 11,9.12 | |
gRig ®fd difererd (100 £.9,) 1 dedll 3R Hag gL & IR |
980 BB A o | IBI+ $9 YPR dacl Bl IR a1 € I8 gu,
fISTelt Ut @ik Ea1 BT Y& Ao 27 (qaiHe Telld 5) | 377 1 0
(q@ie, 2l 6) Bid = &I UbR & qTacll Bl 9M (AT & JAT TR 3R
SICRED

The celebrated poet Kalidasa (100 B.C.) also knew a lot about clouds and
the allied phenomena. He defines cloud thus “it is an assemblage of
smoke, electricity, water and air” (Purvamegha Verse 5). At other places
(Purvamegh, Verse 6) the poet names two types of clouds namely J&hY

and 3fTacic
SRS AfeTe o T o el el o qgehRor Sfora: sroviar: |

SAGIACUNRITIR[EIhRe JATel T 8
YepfepUuSI=rda-g | | Meghadutam, Purvamegha.5 | |

ST 9T Yarafad JRPRIA®HT ST o Uebiigey Sy Jb: |

ST | | Purvamegha Verse 6 | |
HEBHICHT (600 $.) UH UHR & d1Gel BT HafHd Bl & oTaH o Tdh

eTwc‘ﬁa%wsaﬁTﬁqodd‘\l%‘lWWWﬁ,uﬁﬁg e Udh QIfoTh]
A et arell U faRy UdbR &1 aul SIogie bl Fafid Hrdl @

(X.39) |
The Mricchakatika (600 AD) refers to a kind of cloud ST9T (X.26) from
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which the rain streams forth as from a bucket. In another context, the
famous drama refers to a special type of rain SIUTgfte streaming forth as
fromatrough (X.39) viz.

DHIRIHGII BIeT BITUTITRT A1 |
IATaftesd AR SIVE galfed: | | Mricchakatika, X.26 | |

BIANGE I HGdETd qf |

JTaftesd W GIUgReRanTar | | Mricchakatika,X.39 | |

BTG §RT ol HATHR IR YHR & dIaall Bl a1 Hel T & | I &
3fTer, Had, TR 31X QI9T | 377ad 91 el ATl &, |ad gu91 agdrd o
ST 8, TR 91 Bl 916 BT HIRYT g1 & AR K107 BT IR AT ST
& foTQ AT AP STgaqpel © | I8 Ferg § FefaiRad ufdaar H wer
T 8-

Four types of clouds in all have been spoken of by Kalidas. They are 3fTad,
wad, Y¥h¥and QI9T. The Avarta brings no rainfall; the Samvarta gives an
abundance of rain, the Puskara causes flood of rain and the Drona is most
congenial to agriculture and mankind. This is stated in nutshell in the
following lines —

Jmaal Foiel wer Hadasd dgad: |
QEhRI gEhRoTell SI0T: IRATYRD: | |

Kalidas Granthavali, Abhidhan Kosh, P.154 | |

U Ahd faeafdened, IRl & AR I JRidbied H U
aigferf e, foraenT Wiie HemTer 2, Suaed 2 | o fas 1 9 &1 uar
T B, I STerary fas 3R fadivas qreal @ fasm & Ud Tr 7 |
Jare P AT 3R el & MR TR 3ardl (1969) 7 I8 wRIfid &=+
DI PR & B & HeH SETIATAGH (ST 900 $¥d1) BT U
fE¥T €, HEMTCT & 11 LN © | HEHTCAT DT Ul e A9 &
AT URY BT © |

In the library (Saraswati Bhavan Pustakalaya) of Sampurnand Sanskrit
University, Varanasi a manuscript treatise entitled as FYHTAT is available.
As the very name suggests, it is a work on climatology and more
specifically science of clouds. On the basis of contentand style of dialogue
Tripathi (1969) tried to establish that Meghamala is a part of
SATIATeG A (around 900 AD around). HEFTAT has 11 chapters. The first
chapter of HEHTeT opens with the enquiry

e DIgead B [AeSd |
PG qUR_Y J INR TN DHIge | |
(Meghamala, Manucript No. 37202,
Sampurn and Sanskrit University, Varanasi)

UET 3TEATT IE qaTa ® o qreet 97 2, fasiel od YT Bl B, Uaghy,
e Al IR 9IGdl & T T §° 918 H TAlld 20, 21, 22 H
URAR® ®Y | MR el § quiF far 1@m 7 6 ugre qeal &l
RIS vt 21 el 32 ¥ 68 T B4 UCT IoAdT & [ dIGall & a9
feM W IRE eI e § SR S 1. g9y, 2. Faeel, 3.
DS, 4. YT, 5. AIGal, 6. &I, 7. dbdl, 8. AR, 9. BHBIC, 10.
STel®, 1. I 3R 12, AW — & w9 # F1fia far 72 2 | o
gIHT BIg AP =0T gafvord 81 2 | rear 2 fafi=T auf &,
SHB! 9T R S o UG DI e fawmyanstt ar Refei @
AT BR U IR YehT2l STeTd] & | TIRT ey aui, Sferary fasim
IR Al @1 e Reafd, 59 @1 9gdrad gd B & Refa &ik
faf =1 wIell & IUTeT W SAITHI T &I 9ol Rl & | 3cd
IR H Wil & dRe HelHl ¥ aul oI Fapld AR 3 HAGH Heell
Rerforl = ==t o 18 2| BIfde (racaRk—-de)) & IR H ogd &
HE1 2 o 39 789 & <R fafdy 1 & araet fawer gu o o1 § |
oy #  (ReR—T1a%)) afg Srerer aredr o forT X8 €, a7 U 98d
3BT TN & | IS ATE BT AeHT (THIRI—HRaN]) AHRI: ST Al
BT © (A1 BIg SS T8l &) A B[ (HRI—A1d) § IR gdi gand
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Y qut oIt € |

The first chapter deals with what are clouds, how lightning is produced,
what are nature, texture, ingredients and colours of clouds. Later in the
Verse 20,21,22 is expressed, in their conventional Indian style, that the
mountains control clouds. From Verses 32 to 68 we gather that there is a
larger division of clouds comprising twelve species and designated as
1998 2. TTIMAT 3. HI< 4. UL 5. ARIAI 6. &I 7. el 8. AR
9. BHBICI 10. STelv 11. WG and 12. fa®UY. But no scientific detail
of these is furnished. The Chapter Il enumerates various types of years,
refers to their rainfall and discusses the economic
characteristics or conditions of each of them. The III”
chapter dwells on astrological influence on rainfall,
climatology and economic condition of people, state of
plenty and scarcity and production of various crops.
VlI"chapter aspires to discuss the nature of rainfall and
other meteorological conditions in the twelve months of
the year. About the Kartika (October-November) the
author says that during this month scattered clouds of
varied colours occur. In Pausa (December—January) if sky is
over cast with clouds, it is a very good symptom. If the
month of Magha (January-February) is not normally cold
(or has no frost) there occurs scanty rainfall in Phalaguna
(February—March) northeast wind brings good downpour.

R AT B2f 3T BIgel THeAeTvM |
& ard & &5 gad H Plol aufd | |
FIcTD Yol T_RAT ToSUTOT AT 9 |
3T Taaauiify Tacorify A I | |
gfauiity &t #en & gwrEvied 9o |
HRIGUIT WIERY ATV HIT | |
9 ArENfad i WS g 9 afteaq |

ATerT gfid ARl gRedTeRdaT wad | |
T <fa Afqsaf~a giae emda 4|
qatcxotard A= STt | |
Meghmala, Page 14-38 | |

HEHTST & ST X H dTaell, ga1ei iR fasiell W =@ © | 999 Ugef,
g faf=T arafadl iR fastell @1 faensil & | aul & Asdey R
=l T & | fhR g4 aarr 71 © b SoR—yd 1 g1 |l & forg
JATEdId &, SRI0T 1 841 ANl & folg 318l &, Sfev—ufRedl g1 g@

I & Sod SIS H FEd Rl g1 |
Westerly winds are helpful for higher production of rice.
(|1 / Source : Freepik)
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HT BRUT I &, IR §1 AGA & Sod IAGA B oIy 98
ARG B, ST ga1 Al AN B 918 & oY 3ad @, 3R I8
FHfg I A 2 |

In the chapter IX of Meghmala there is discussion on clouds, winds and
lightning. Firstly, it discusses the correlation of rainfall with different
shapes and directions of lightning. Then we are told that north-east wind
is conductive to prosperity, southerly does good to people, south-west
wind causes misery, westerly is much beneficial for the higher production
of rice, northerly is also favourable to the good of people, and it produces
acondition of plenty.

qq faegehRrET =t STerenfyef |
Tferor IRG BR Srcd dIHTReI | |
el gdard ST 9Ts | |
SleTor &Rl PR §: W&l 9ad | |
qroug] fedgr=an arIcargRy Hd |
IR YHE! fd VI HdEHE: | | Meghmala, Page 47-48 | |

HEHTCAT BT AT—X dTecll b TR | GeOd 8 R decll bl 9IRS
STl &I Qe gy, RNTdT Ugel 9 8 Sooid fhar 131 &, 39
JeATaT Ueb 3R Teftopror bl wftafera fovar wan & o ara gorfaan
DIfCAR |

The chapter X of Meghmala deals with the propitiation of clouds and
apart from repeating the twelve species of clouds, already mentioned,
adds another classification of the same comprising seven species

designated as 37, 7T, FTR, 3TRIUe®, Fudd, Raa—< and HIfCaTR.
feq I TEe AT N TATHE R TSGR o 3 U T80 © |
IWTT [ B dFAD W, B STAaryg A AR ANH HeE Bo
HE<aYUl STHNI UTEl DR Febdl & | S JATeTDh] H 2T Thr o

gq1T, qTeal, ARl & AN iR dAag gedrRl (Gadie & vV Ts)
(Pt 1969) T qui= foraT 721 2 | 9% 4 a1Y Ui Bl Hefid AT 2,
ST TS Shadl 9 IS & fof¢ A&l € | 9 &9 a1 uef 5— 1. faa, 2.
A, 3. ISTSD, 4. dgd, 5. Xad, 6. fauTad (3519), 7. WRIEE, 8. 3Mdg,
9. HETag IR 10. 7T URAE (WS V121.138) | I 3fAReT H d&dl ®rds &
IR AR BT & | S difd &1 9 9 UHR & d1eal ol
UEAT 2— 1. HHd, 2. UIorEs], 3. fIsaRadl, 4. w1, 5. Had, 6.
ST8H, 7. YSPR, 8. ST, 9. SIEhd, AR 10. FSRI (HUTAR) | A UHR
Al ITel D HaTs B ATAR B © | IR FIed H VAT ARIS ggell
IR AT & Sl Il Bl $HAg & IR NG BT 8 | I Il &
fh ST UHR & qTael aTgHSe H AT WR W B & |

The encyclopedic Tantrik literature also does not lag behind in supplying
information on hydrology. From the Tantraloka of Abhinavagupta, we can
find out some important climatological and meteorological facts. In its
Ahnika designated as GRITEaU®TI are described winds, clouds, track of
winds and the allied phenomena (Vol.V of the Tantraloka) (Tripathi, 1969).
It refers to ten air channels (arguer) which are perhaps peculiar to only
this text. Those ten air channels are 1.fadq (Vitav), 2. 3kdTfe (Ritarddhi),
3. aurg®d (Vajraik), 4. dgfd (Vaidhutam), 5. Nad (Raivat), 6. fa=mad
(Vishavart), 7. U<Tds (Prawah), 8. 3T1dg (Aawah), 9. H8lds (Mahawah),
10. HEURTE (Mahapariwah) (Vol. V,121.138). These are arranged in
space according to increasing height. The outstanding Tantrik work
recognized ten types of clouds 1. F@Ha (Mukmegh), 2. HTfOrEsT
(Pranivarshon), 3. faZraTRasit (Vishawarivarshi), 4. b= (Skand), 5. Fad
(Sanvart), 6. sligH (Braaham), 7. Y&hX (Pushkar), 8. éﬂ’iﬁ (Jimoot), 9.
S (Ishkrit), 10. ARG / Hureiel (Maheshikrit/Kapalotth). These
types also occur according to the increasing height. It is perhaps for the
first time in Indian literature that establishes the height of clouds. It
reveals that different clouds occur at different level in the atmosphere.

S
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99 e | WY ARH—fasmE @ &9 | By AT 3T © | st
axd 2 (TS, 1969) | ITNHT B UgE garelt & Udh gAl IRga
BT & (9—7 /913) SI¥— 1. YT dTd, 2. S, 3. TIET0TaTd, 4. SR
GIRET, 5. ¥y, 6. TI&I0T Yd IR, 7. ORI 15713, 8. SUREISIY,
9. JURITTITSI, 10. STRATID, 11. TV Fag e, 12. AR, 13. TfEror
IR ufded 19, 14. YRR, 15. SR oY | 341 ey ® 918 §
qdSR B BIfABIEad & w9 H Fafid fHar AT — 39 IeaTdell o 3R
eraamRll iR AR o gvIfad fHar o iR =4 574 3 &8
AR Th-Tb! TR BT U= AT (Arci=ig, Felare ([FaY), Ut 202) #
AT < AR HR forar o |

The Jain literature also made a considerable contribution in the field of
meteorology.The 'Prajnapana’and 'Avasyaka Curnis' provide outstanding
references to the various types of winds (Tripathi, 1969). The Avasyaka
Curnis furnish a list of fifteen winds (9-7/913) as: 1. UT=i=dTd (Easterly)
2. IS (northerly) 3. EfaTorard (Southerly) 4. SR GR¥A (Northerly
blowing from the front) 5. FaIgd (Sawatsuk), 10. SN HITIP
(Uttar Sawatsuk), 11. &feTor Farge (Dakshin Sawatsuk), 12. GdgIR
(Purvatungar), 13. <feror @R uf¥gq €IS (Dakshin and Pashchim
Bijay), 14. UfTHITSI (Western storm) 15. ScRiTor (Northern storm).
Later in the same continuation tornadoes are referred to as BifeTdrTard
(Kalikawat). This vocabulary had influenced the Arabian geographers and
navigators and they readily absorbed several of these Indian technical
termsintheirown language (Motichandra, 'Sarthavaha' (Hindi), P.202).

TSAaT H AT IHan (f2H) iR SAegfte (PR®) BT W1 Faw 7 (1.16) |
s & AR’ (@ 679, TS 280) H w81 1 & o A0 SR &
PIHE (At 918 € | IR & AIA H S 3 U d A1d i &
fore auf oxa & | TR T I1edl &1 IR yorfdt & R 217 Bar
T 7|9 W ad e @ fog ant wRa €1 39 ueR avf ®g |

ety 133 feAi B a2 |

The 'Prajanapana’ also refers to snowfall (fi2¥) and hailstorm (&%) (1.16).
The 'Trilokasara' (Passage 679, P.280) of Nemichandra says that there are
seven types of BTeTHE (periodic clouds). They rain for seven days each in
the rainy season. Then there are twelve species of white clouds
designated as ST0T. They also bring rain for seven days each. Thus, the
season of rainfall extends over 133 daysinall.

dIg AIecd AT ARH— = UR Ag@qol UMl STerdl & | U8l ST &
SIRT ¥, fSRIBT A ‘SUDT B, g STeraryg el Bl qui foban 1ar
2 | ‘TARTTATaTSIes (Prae, SISl JgaTs AT |Il, IS5 164) H, T TS
BT BT Ieeld Bletard (Plell gdT) 3R SRFRTT (TS, 1969) & wU
H b1 AT & | YR dTel Bl HUNI BaT (AP [Febr, S rgara
XIll,11—9, I 157) W H&fSd el Sl & | GHS Uad UR IfaeR (20
JHI AT R A (SATCHATT AT EXVET) (AETFRSIAD H=T 491,
UG 333, BRA SITce AT 431, IS 497) | I8 YR H gaex OidT fawrdr
2 | ‘fAfeieT U=al’ # T §aT AT o BT A el A7 & (3RS argars
9T 11,1V, 6.35, IS5 86) | MR # IR UHR &I gamll & a1 g,
Faaie (\@FRE), 9vsife (CSFve), Sddard () iR
T aTd (UfaH @1 3IR) (SITAHHATAT, Td. & §RT FHIed 10.29,
U5 90, 127, 133) | ‘fa=a 4TI’ (I, W17 9.4, IS 85) H, SR &l
qITHTHSHID] — B8l AT & | feegdel qHH & BF TR DI
PIfTHTATd (T 1I, IS5 41), 3R a9l & ArI—A1T B DI drqaud
(T 1I, ISS 163) HET T & | ‘FAfeiqu=ar (v.1.36) &I dwe & & IR
UHR B auf Bl 8— 1. IR S HGH DI, 2. Tl D HGH DI, 3.
HEM 3MMUE AR S DI (JelTs AR IRA), 3R 4. AFGA & o1
quT | G Sfte 4, U8 S=AT ST Wehdll © fob a1l QNI TR H dATi~Tdh
=l

The Buddhist literature also throws significant light on meteorology. In
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the narrative of the first Jataka, named 'Apannaka), several climatological
factsare described. In 'Migalopajataka (Cowel, Eng. Trans. Vol.lll, P.164.),
two violent storms are mentioned as @Tetard (black wind) and SRFRTd
(Tripathi, 1969). The latter is said to belong to the upper air (Samyutta
Nikaya, Eng. Trans. XVII. 1-9, P.157). The Sumeru mountainwas frequently
visited by a violent hurricane (STTCdTd or BXUTdTd) (Mahamorajataka
No. 491, P.333; Harit Jataka No. 431, P497). It resembled whirlwind in
movement. In 'Milinda Panho' hot wind or Loo is spoken of as drdradq
(Eng. Trans.Vol.Il,IV,6.35, P.86). 'Aryasura' names four types of winds
fIar=re (Monsoon), TUSTAl (tempest), Scaraard (hurricane) and
qeargdaryg (westorlies) (Jatakamala, ed. by H. Kern, 10.29,P.90, 127,133).In

the 'Vinaya Pitaka' (111,V.9.4,P.85), whirlwind is called qraAvSelldl. The
Divyavadana' speaks of some kinds of hurricane as feferard (Vol.ll,P41),
and of storm accompanied by rain as qraasq (Vol.ll, P.163). The
‘Milindapanho' (1V.1.36) says that there are four types of rainfall: 1. of rainy
season 2.of winter season, 3. of the two months 3{T8T& and #1a (July and
August), and 4. rain out of season. At a glance, it can be seen that the
classificationis fully scientific.

dig IR dTall @ &l ATH a1 Dl AR HRAT & Wi— BloTi
(AT dT&d) 3R DI WE (W dTeel T FARTIL dTel) (FaTavg
9T II, U5 34 30131, 1969) | WY MR =1 qIGeli Bl drar Sifory
iiepd fbar 8 (1T 11l, JReTeh X1,32.1.1, U

L2
>

200), 1. AIATED (AT dIG), 2. SVAATED
(T 91Ee), 3. 3 TAED (BT B qIGA—3T
qrgHed H e GRT &I AR & HrRor
g dTel 91Gdl) 3R 5. 9Y dclEd (au &
qIeel — FHIT: R Sl Fad TR
AT H q97 AT 2) |

The Buddhist literature refers to two general
classes of cloudsas: Tel¥el (monsoon cloud)
and 3BT (storm clouds or accidental
ones) (Mahavastu Vol.ll, P.34, Tripathi, 1969).
The Samyutta Nikaya classifies clouds into
five categories (Vol.lll, Book XI, 32.1.1,P.200),
1. INTIE®® (cool clouds), 2. SHWTAATRD
(hot clouds) 3. 3¥delTgd (thunder clouds, it
can be identified with cumulus), 4.
drddeiigd (wind clouds — perhaps clouds

FeT—=lhdIc
Duststorm
(| / Source : downtoearth)

formed due to the activity of convection
current in the atmosphere) and 5. d¥geTTE®
(rain clouds — most probably cumulonimbus

e
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which brings copious downpour ofrain).

9 UBR, 89 <@d & & oI iR dig Wi (400 Y. ¥ Ug) H drcal
3R BaT3ll dT 94 &1 d=I+D DRl &, T = MM AT
fIST & &1 ST AH & | a7 IRME drel § Jer Frtetor urdi= o1t
P UE @ ST 2 |

Thus, we see that the Jain and Buddhist texts (before 400 B.C.) have a very
scientific classification of clouds and winds that can be compared with the
modern meteorology. So much of subtle observation at such an early date
isagoldenachievementofancient times.

aui # fafdeaar

Variation of Rainfall

AR RT0T & SR, 9% W 3MesTiad Ugre! (f3Hdq) & SR 3iik ferr
# gug 91ee BId & ST a9f & WeR & 9erd & | 981 B arell Ry aut
% ¥ gRafid 81 Sl ¢ | fFHad W= gd1 310 W & 9¢1 gRT S a%
@ T BT g ¥ iR 92 fIerne vgTel W el | fRHad 9 W
% a9 BICH & (A, |, 54.22—25) |

According to the Matsya Purana, to the north and south of the snow-clad
mountains (f&¥ad) occurs the gus cloud which greatly increases the
stock of rain. All the rain formed there converts itself into the snow. The
wind on the f2Had draws by its own force those snow flakes and pours
them on the great mountains. Beyond the f29ad there occurs little rain
(Matsya,l,54.22-25).

BRI FRGTai eR s 9 F: |
<faror fIRatsA gxde 3fa WIa: | | Matsya,l,54.22 | |
SaeHdd: IR g ey |
qug A4 FARAT FRRErefddgd | | Matsya,l,54.23 | |

[N C ¢
ARAT gadd 99 T qIRAGEHH |

qar fewadr argfdd a5 FHSHaH | | Matsya,l,54.24 | |
JMTRIATHAI RITa Il ATRIRA |
feHg=Hfas= gitceiy aa: 99 | | Matsya,1,54.25 | |

39 IR, fofeacll ToR @1 37T qui a1 b Rerfcl BT Teb agef Hewayui
HITIfeTes e Hald © | UTeie Piet H AR §IRT S99 G2 BT eI
3R ST T H S YT AR @7 Ui I & | fofr qrivp (s ),
36.38.39 31X 49) HEJ T, "I8 UIF I A1g YATE & ST gU 3R ardg
IR §RT STt & ¥R 8 dlaall Pl I 2, Tl JpR AR UeTo]
JTeel TR a9 § 9" |

Thus, there is a reference to a very important geographic fact of scanty
rainfall or arid condition of the Tibetan plateau. The study and knowledge of
this fact is really creditable on the part of those ancient Indians. The Linga
Purana (Vol. 1,36.38.39 and 49) says “it is the 9dg wind or air
current which makes the clouds produced by smoke and thermal activity full
of water, sothat the clouds Puskara (g&hv)and 9&Tsi give copious rainfall”.

GGGy ARTERY MEFRAReael [Tshaf= |
AT T Hed ARGAARAT d TRATKIHIRIRATErgHT 4 | | Linga 1,36.38 1 |
31T AR FANTRaH = |
JRIOT JUHITAIRIT: FEHGH | | Lingal,36.39 1 |

fAR<e arIdaT: 9d Jageh oI |
UeTST: JWhIRTeRd quifd 9 I&T e | | Linga,),36.49 | |

MY AH a9 84 9adrar & & gdia gad aad § I9a g9
qTel &3 Telfd T drer a7 Sg1 ® v # ) o) auf 781 <l € e dae
TR H I I WR =l aTell wfderme e gamell & SR 78
auf Bl 2 | gRTon F Y TEY T2 g AR,

Modern meteorology tells us that polar winds actually never bring any
rainfall in the year in the region under their influence — flanking poles or
Tundra, and only scanty summer rain occurs in those areas due to the
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sweeping of strong westerlies. The samefactis stated in the Puranicline,

gaoniRIfsd arggiic Hevd g |

TEI~gdT Joodicg axd Fee™vsad | | Matsya,Vol.|,54.36 | |

31ef - g | gaT auf B R B |

Meaning: Theair from the Pole drives away the rain.

T8 MR gRT forkad geq |fear ok wRIIf>eT & 9gd Aswayul
TJ 2 S STotarg AR HeH Gl MR 39X 8Y © | gieife 9
ST AT ¥ WX 8, S7H T d=ii~e 02 A € | ged |fear |
STetary] fa= &iR 1A fIsi & I areamd (214, 229 iR 234) § *iR
T DT YU YT URURS Srell 7 fawT o1 9uie oxd & | I8 dhaa
TN &1 o= FARITeg IRl ! 1 € |

The Vrhat Samhita and Mayuracitraka by Varahamihira are two very
important treatises which are replete with climatological and
meteorological information. Although they abound in astrological
guesses, they contain sufficient scientific facts also. In the Vrhat Sambhita,
there are three chapters (21, 22", and 23") on climatology and
meteorology and they treat the subject in their own ancient conventional
style. Here, only the salient features of the chapters are being presented.

JE T B ST 21 D TP 23 Td 24 U PRI & [ [dodhdd AHa
3frar ° gIed el Sital o faermer doell wne sferEr vyl &
3Tgael B & TAT UgR 91 & Al 81 2 |

The verses 23 and 24 of the chapter 21 of Vrhat Samhita state that
extremely white or dark clouds resembling aquatic animals like huge fish,
shark or tortoise and seen before the rainy season are a source of
abundantrainfall viz.

HFTR ST~ TTRTATA A [T TS STATATH: |
STTIRATBRT THY T Yoiell: | | Vr.S.21.23 | |
AT BROMAIAT H<HTOT STelaT: |

ST 39 IRIATIGST<a™: TFaadTet | | Vr.S.21.24 | |

ol 31 39 Rerfadt ar 9w Geeh sraydl iR ==t &rar 8 ST e
auT & fIRIR BT FEiRd B &, BTellld e AR Fael giteaor
H 3BT BH Hed Udid BT & |

The verse 31 discusses the conditions or meteorological ingredients
which determine the spatial expanses of rainfall, though it appears to be
of little value from modern meteorological point of view.

USRS JeE e HPETaIS: |
Jufer sTafTgIoTST a1 T || VrS.21.31 1|

T 22 W, I8 A1 BT & b JdaR AR T drael TgR A3 H qui
< € O Y & forg 9gad & Shawerll gl 2 1 3= UoR, afe ud,

Rx9 : $aE R Rud aredl &1 Uab IaR
Cirrus : A form of high clouds
(AT / Source : Wikipedia)
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Tferor 3R SR | Rerd sTee HawT: <feror, ufded 3R SR &7 3R dad
2, A1 9 S 3R TR 997 BT HROT I+ 2 |

From chapter 22, it is gathered that fleecy and thick clouds give abundant
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 copious rainfall.

ARy RAeT ATI=Igyar: |
gftewaaTfy fasrr adawme=fieT | | Vr.S.22.7 | |
HE: Remem: dedrea wefonTfafhar: |
a1 Ve gftc: FaaanagEd || Vr.S.22.8 | |

ON (N

FRRTIITDT 4, T8 el 11 2 b f9iel ¥ M2 fder g ared orll &
o BTfIR® BId & 3R Sl olrel 3R NeHl Fha AT GAsR AT bl
Ul & T B BIA &, Sl araReT § Wi B 8 SR 99T # 9 &
TH B © 1 AN & folT B9 aMeI® B & | U (RRamR—sHaw)) |
DS AT G4 Bl Iors I 3! auf Bl B | (Frguiiia weapd faeafdenery,
RADTeTd, Uil HeET 34332, TS 36—37) |

In the Mayuracitraka, 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 atmosphere and fleecy in texture are
always beneficial to the people. Causation of fog or mist in Pausa
(December-January) is conductive to good rainfall. (Sampurnanand
Sanskrit University, Library, Manuscript No. 34332, Page 36-37).

Uy HUNRI T4 [aHerdReH |
W JURUTG-RITT S0 I3 I | |
auT T IR B arell Rl &R ==t SR 8T, H8l M1 & fh 3R
AT (SAIRI—HRaR)) H PIg UTell T8l ISl &, BT H dlg dof gal
(FREI—AT) FT&1, A (ATd—3nlel) # BIg dTedl =&, IR (riie—Hs)
# P Mer—gfe 78, s @{E—) # Faafuard 7t =2, ar avf &

AT H AT g1 BIell B (SURIT Uigfeifl, Uss 17—18), Jfeifq

Discussing the conditions determining rainfall, it says that if there is no
frost in Magha (January—February), no vigorous wind in Phalguna
(February — March), no clouds in Chaitra (March—April), no hailstorm in
Vaisakha (April-May) and no scorching heat in Jyestha (May-June), there
isinsufficientrainin the rainy season (Above manuscript, Page 17-18), viz.

A9 fed 9 uafa ardr arfa T 9 Bre |
T 9 ARG o geEed T |
PHRGT A4 7 IR Yep gvsTaar 7 2|
qJerfiagesT gfte: W gIgedid = W | |
IS gag & g 7 BT B, 3T B T BT Uhrer diel qof a7 gy |
3R FTEe T O AR Plet T $ B &, AT 39 IROTH 4 el auf
Bl 2 | ¥ Uk Ife g gag A1 o & 9Ny T BT § Qe &
I ST AT BT & AR dTeelt &7 7 et g A S 81 €,
ar aut 391 ot Bl 2 (SWRIad uigferfy, Uss 18) |

If Sunis hot in the morning, its light during the day is of yellowish hue and
clouds are fleecy and dark-coloured, the conditions result 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 molten gold, rain occurs
during the very day (above manuscript, Page 18).

gIgedhlcl I AT FeATT § el 9ad |

dgfed gitcs: Uil 4RI oRm: | |

S Uil gerer faETs <, 91el UBTS @ JAMBR & &, DI &I I DY
P 37 OIT B, ATATARYT T BT AR STl SR S AT THE PR
2l 3R 37 Tt H IS B S 3IR STefer do1 AT HRd 8, dF 984
3reE 3iR UgR 98T Slew Bl o (Urgfelfd | 34332, U 18) | $6
TCTTT, 3R ISl BT g7ae diak & Gdf oI fagd) & ar auf 8l 2 |

If water appears to be dull, clouds are of the shape of mountain, the sky is
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of the hue of crow's egg, there calm in the atmosphere and aquatic for forecasting rainfall variation through the observation of natural
animals like high and others disappear in the bottom and grogs make phenomena and the synchronization and co-relationship of the two. The
loud noise, very fine and copious rainfall comes soon (Manuscript No. symptomatic synchronization in the realm of nature is often governed by
34332, Page 18). Further, if the texture of the clouds resembles the wings laws having mathematical accuracy in which intuition of the animate
of a Partridge, rainfall occurs. (birds and the animals) and scientific cause and effect relationship of
S e R S i | events form the accurate b.ase, provided the observation has been ma<.je
. very carefully. In those ancient days, when advanced meteorology and its
faereg fawet: |al: drorve™ JaT T4 | | : : )
B e en i O | complicated computations, computers and other cybernetics and servo-
_:r ?ET ' ' mechanic contrivances were unknown, this was of special significance
P P AUGHRAT TS I | | and most probably the only method.
?;T%w;%%wﬁrﬁ : - : R - 2
o e % qarge @ ferg - \ : 3 75
Ui Tl & Jadldd AR : . b e T v s
JoiFIHSs IR qEl & Redl @ - > :

AE—arl ® AqreE | Rigiar @
I BT YT fhaT 7 | IR & TR
@ ATUMHS quid UTI: IRy
FEIHdT dTel Bl gRT FRIBE fha
ST & T aae &1 sfdsi= (afert
3R SIeR) 31X TRl @ dsif+d
BHRUT R YT T FH IR
T B, K Tl dgd ATael
| foar = 81 9y fee i H,
99 S=d AE 9 iR e
Sifed |UEl, PRgeR R A
ATsaRAfCR] 3R Fal—HdfAd Bl
S 81 o7 9 I8 Iy #g<a &7 o
IR AYET: THHH U o7 |

Thus, it is evident that Mayuracitraka Clouds resembling the wings of a Partridge: Indicator of rain.
has attempted to formulate principles (|1 / Source : Wikipidia)
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qui BT AT
Measurement of Precipitation

qYT & U | a7 BT A A GUHEGS H UHOT I & G0 |
fAeiRd 81 8, 3R B YPR & 796 I= Fafid v9 & 39 &H &
T SITT 11 © | I8 SRITUd e & foTy gRet S99 © o aui AT bl
TOTTell 77T <2 (SferoT faRr) # AR eaa! gIRT @edt a1 sy SraTed!
S 9 URS @1 T 3R I8 Ul JEIRITeT DI RATIAT BT 211 ST & |
STRI &1 17 (ST ara gnfe, 1975) |

The amount of precipitation in the form of rain is usually determined from
the accumulation of water collected in a rain gauge; and several types of
recording instruments are routinely employed for the purpose. There are
strong proofs to establish that the system of measuring rainfall was
introduced by the Mauryan rulers in the Magadha country (south Bihar) in
the fourth or third century B.C. and they are credited with the
establishment of first observatory. The system was continued to be
practised effectively by the succeeding rulers until the end of the sixth
century A.D. (Srinivasanetal., 1975).

A BT & SR, I AP BT IUAM & ©9 H ST STl A7 —
Difced 1 gd AT BT gl 37 2eal H AT &, “WSR & AM, T
BHERT (HS1) TADT H8 T AT (24 3 = T 18 $9) ISl Iyl
AO® (TUHE) & HU H AT far SR (@rRfem, fhard |1, srear
V, UST 56 SITATRIRA) | JATE(Teh IuT AU BT Udh ISTT 3T SR T
e ¥ fa@mn 737 7 | U AR SR AIgHT & auT A1dd & ST
DI AT BRD, U AW P ARM AM & KR $ R H JAE A
ST SRTTAT ST AT & |

During the Mauryan period, the rain gauge was known as auTHI.
Kautilya describes its construction in these words “In front of the store

house, a bowel (Kunda) with its mouth as wide as an aratni (24 angulas =
18” nearly) shall be set up as rain gague (9T (Arthasastra, Book I,
Chapt.V, P56 Shamasastry). A schematic of the modern rain gauge is
shown in following figure. By comparing the dimensions of the ancient
Indian and Symon's rain gauge, one can easily infer about the level of
knowledge possessed during that period.

fafre=T &= & a9t BT faaReT S 7Y Sl TORE | S0 o7 | Py b
NfRA & U HeH BT ool Tal fhaT ST AHhdT B— “SIiTeatl <20
(R @ < AT SiTell & R <) H B9 arell aut @l 16 Q0T &,
ST (9 <2T) @ ol H ST < 31, 9 <21 S HfY & fory Sugad
2 (QATIH), SRHIH (FERTE) & <2 H 13.5 QI0T, 3rdcl § (Fvaa:
HTeTdT) 23 Q0T QAT ORI (TRFHT T2, HIhoT & <91), H et A
# feHTerg @ ATl IR I <20 H STl STa—YuTell Y 2 SUINT &
ST § difeed & aie fd A3 & Aeel § aut &3 & qeiipRor Bl
fafr IR # ScolE g © IR 98 UHAE MDY o@d & foTaie
HAYof YR SUHBTEIY & ford 99 favd & Usefall ! ey H aarm @
(sTifrara=, 1975) | 399, I8 WK © & Pifced gRT & T8 a9t &l 719

A IYTAT Td AR qEHTdY

Self recording raingauge and Ordinary raingauge
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o1 TG IR & 7 SIAT ST TR U §, THAT 3k I8 ' & ag s
HA IR H Fad HRAT & (1R, faare 11, sweara Xx1v, Ust 130)
Safh 89 3ot XRgH AT BT SUANT BRA & | a9 & HNferd
feRon R ==l R Y Uferd Rl & b “STa aul @1 ruferd Ara &1
T fUErE, auf kg @ URH IR FHOH B AEET B SR AR T
fogre 4 H 81, 99 99 &1 98d SIf¥e FHAM ®UY A Sl @
(FHTRYH) |

The distribution of rainfall in various areas was well known at that time. A
reference from Kautilya's Arthshatra can be cited here as: ' The quantity of
rain that falls in the country of jangiila (desert countries or countries full of
jungles)is 16 dronas; half as much more in anupanam (moist countries); as
the countries which are fit for agriculture (desavapanam); 13.5 dronas in
the countries of asmakas (Maharashtra); 23 dronas in Avanti (probably
Malwa); and an immense quantityin aparantanam (western countries,
the countries of Konkan); the borders of Himalayas and the countries
where water-channels are made use of in agriculture”. Kautilya's method
of classification of rainfall areas in relation to the annual average quantity
is indeed remarkable and he is the only classical author who treats this
aspectinanutshell covering almost the whole of the Indian subcontinent
(Srinivasan, 1975). From this, it is evident that the spirit of the
methodology of the measurement of rainfall given by Kautilya is the same
as we have today, the only difference is that he expresses it in weight
measures (Arth. Chapt. XXIV, Book Il, P.130) while we use linear measure
nowadays. Discussing the further geographical details of rainfall, he
observes “when one-third of the requisite quantity of the rainfalls, both
during the commencement and closing months of the rainy season, and
two third in the middle, then the rainfall is considered very even
(FvETouy).

o 6 By sraegsddie & fay S#e @l S Addl 8, aul &
GaTgHT ST T TS JIReed H o 31k rgvasi=g WU I fddId 8

T BT | 3IRT SHGT ool B §U 3Ffe Yddh § &l 17 § &
9 UBR DI a9l BT qaiga gewdia &1 ReIfd, TR 3R T (TeT),
Teh B I, AT IR T, IR G & Urepfcies AT fuTRicIed TSl o
R P ST Y ST ST AT & | Yb DI ATl 3, aUT BT A

SRTTT STl |ehdT & |

As can be easily expected out of the agricultural necessity, the science of
forecasting the rains had also come into existence and must have been
developing empirically. It is further mentioned in the book Arthshastra
that “A forecast of such rainfall can be made by observing the position,
motion and pregnancy (garbhadhan) of Jupitar, the rising, setting and
motion of Venus, and the natural or unnatural aspects of the Sun. From the
movement of Venus, rainfall can be inferred”

qIeell @ GEfTHROT AR quT TAT FHY & URWR Hee IR i Bl gY AN
I8 Pel T [ “§{ d1ed A1 &7 T IR Iu1 A 8, AT al 8
S BIE-BIE) 92 Sleid & 3R 916 4 & S G gu & arer s <d
2| 519 BT 9§ qad iR G & GbTer & A1eF JfAIAT I8 Brell © 39d
A TS Ha B, iR et e st MRed B |

Discussing the classification of clouds and interrelationship of rainfall and
agriculture, it is further added that “there are clouds which continuously
rain for seven days; eighty are they that pour minute drops; and sixty are
they that appear with the Sun shine”. When rain, free from wind and
unmingled with sunshine falls, so as to render three turns of ploughing
possible, then reaping of good harvest is certain.

TR & ol@dh, UTOMT (700 §.9,) < 99T & HIFH Bl U1gY (IV, 3.26,
VI 3.14) 3R 99T & ®U H Hafid a1 2 | Y arerr g BT gsell 9T
o7 | 1 &1 9T T Yd auT 3R IR a9 (Sfagarased: VI 3.11) & Hd H
ST STTCT 9T | Sv8 = a9 Y707 (111, 4.32) BT 1 39 TbR A e fhar & :

The author of Astadhyayi, Panini (700 B.C.) refers to the rainy season as
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Eﬂ?{q(lv,3.26;VI,3.14)andEFGIT(IV3.18).Theformerwastheﬁrstpartofthe
season. These two parts were known as gd 99 and 3fq=awi

(erauraTe=rar:VII 3.11). He also refers to a8 uHTOT (111,4.32) as:

Y TV HAITIRATITREIH | | Astadhayai,|11,4.32 | |
Iyt & A9 & foly SETERv HT F=H <d gY Ui oM ford §
MEER JEI <4 (T & G A §9 7S¢ S a-IeR quf), A1 ) gen
39 el (WeEll B @ SIAa- | F91 ol DI WRA & SRIeR Iu1) | I
e 2 b SIS e HH Iu1 BT A9 o |

Citing examples for measurement of rainfall Panini further writes TTsIGY
Ej@[ < (rain equivalent to depression created by hoof of cow), T
Eg@r Ta: (rain equivalent to fill the furrow created by indigenous plough).

| 4

o s -

U &I § S (T & QR A I TSeN) qui A9 &1 G BIeT A0S oA
In the ancient time “Goshpad” (pit formed from the khur of the cow) was the
smallest unit of rainfall measurement

Itis evident that the SIS was the measure of the lowest rainfall.

PIfced Bl TRE, HUME 3R a-18 MR S 31 gaadl I=<f = W1 qui
A9 & T & SYBRYT BT 9uid fhar & 3R &8 Iar fb 399 auf
& AT S | 7T 23 & A 2 H, I8 HEl & b T R ATa
& oY U MAThR HeR) & FH0T (GHredhH) B 99 B A= b

I =12y, JAT

Like Kautilya, Kanad and other precursor authorities such as Varahamihira
also describe the device of the father of the raingauge and tell us how to
measure rainfall from it. In Verse 2 of chapter 23, he states that
constructing a circular bow! (®Us®H) measuring one cubit, one should
tell theamount of rainfall, viz.

BRI BISHAHATGIATVTGET: |

TSR TG h - fAgarosiel ufere™ | VrS.23.2 ||

Hraref : U B oI AT dlel AR T BT TR delldR HUS
gftc & STel BT AYA HRAT AR, STl | YUI 39 FHUS H Iard el (Th
3Meh) Jod SieT BIAT & | TaTH Uel Pl Udb 3N 3R AR ATGdH Bl T

ST BIAT & |

SR auT Bl T & oIy I8 UTel, G107 81K 1S d (4 3MSH = 1 GVl =
200 TeT 3R 1 3MEH = ST 7 UISS) & doid & U DI YR |
A9 & forg, auf & arafas Twg o rafd § BeR # U g &I AT
ST =112 | F9Y & AJAR 991 & IR0 WR <= 6, 7, 8, 1R 9 Tellhi
H DI TS T 988 Aiedl & I Tolid AR~ =g derell § 9ui of A3 &l
fAfde o 21

For calculating rainfall he adopts weight measures of pala, drona and
adhaka (4 3Tgd = 1 ST = 200 Udl, and 1 3Mgd = 7 lbs. nearly). For
measurement, rain 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 verses of Vrhat Samhita specify
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the amountofrainfallin various lunar mansionsas:

N o
AT R AT TSR] VISR <[V |

ATy FR: Bicadryg <90 || VrS.23.6 ||
ST0] HETIRIETRONCY G G |
A Uofadpic: gl faeifcraom: || vrS.23.7 ||
VTR dvd 9 fauifa Ay <9 sfdeT: |
IMRYSATIITSIY USRI | Vr.S.23.8 ||
LEEE NG Fffar afory <91 & = |
RIGSCIae ST Qo Feusraed | | Vr.S.23.9 ||

wraref : gva, gatyrer, FRRY, fE, Y a1 gfver e # afe
UqUIhIel H gfte &1 a1 yadid § Aieg G197 gie B | 39 aRE
AT, RST AR WA H TR GI0T, HiTdT § F GIT, ST, 74,
3R, ROl 3R Hf H <las KV, Yd BT § U™ QIvT, Geayg 4
=7 17, feTRaT iR ScoRmyTeT # 9 Y07, S7TeeryT H RE SIV, S
HISUET, IR BIS[AT SR A0 H g=dig QI0T, qa9Tsual iR g9 o
UT%E QIVT, 3TRA # 9IRS KIVT, TAT 3MM&T # AT Favorehlal # gfte ar a
YIS H GRS ZIVT gite BIH & |

T XXXV H, I HE1 & [ SEEIY B T argHsd H aaall &
HIETH & g &Y fHvoT & quichH fageryor 1 alRomd & (XXXV.1) |

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

T fafqeraort: ga=e faafeean o=r: ||
fqafe e HRIT 3 gea= dfewserd: || VrS.35.11 |

IRTSR YT auHTaeD o1 T SR IuT B AHT BT ATI B A & IR
H ST o (G5 i3, TeaTT 21, THAHATE) | 3feIfd,

Parasara knew the contrivance of primitive raingauge and method of
measuring the quantity of rain received (Vrhat Samhita, Chapt. 21,

Garbhlakhsnadhyaya). viz.

AT hTRIAGNI STOTT T faulq YJHTOTC: |
¥ T Jie= faere Srontiayor | |

Tgfare. JarTe fgagers. Taifed |
A0S qUIFGHYDI, SIIATGHaYUH | | Vr.S.between 21.32and 21.33 ||

SUHER

Epilogue

9 AT H YR fAfe=T =il 3 g5 Ul =rerdn @ fob we fHmior, qui
IR TG 919 W G fEd 19 U= IR H S BIfe BT 2T | a1iad el
BT FEAA ST g DI S D SURATT § FIH BT = (ST Db
A7 IS @ IR TIfW® & W9 § BRI BT 2), a9 & 8 H IS,
STl TSl NS @ UWTa 3IR dIGell &1 aifiexol S 391, aui
ITCTERART SiR fefere afffa # 38! dre | afvid fbar a1 2 |
Ui TeTel oI fdh JMhreT & 1, e, fIoiel saudy anfe &
JMER WX qYT BT G Seelka-1d T | 91 919+ & forg 33 fImRid
B Y o 3R S77a RAGTT MY STefd= & |qa o R sds

o AU & foTU QIoT, U o7fe & It ol 3Mmeffeieh XRaes A1 & oI
R AT T 737 o |

From the various discussions presented in this chapter, we note that the
knowledge related to cloud formation, precipitation and its
measurement was of outstanding order in ancient India. Condensation of
evaporated water whichis facilitated by the presence of dust particles etc.
(which acts as nuclei as per modern meteorology), effect of yajna (I<),
forests, reservoirs etc. on the causation of rainfall and the classification of
clouds alongwith their colour, rainfall capacity etc. are thoroughly
described in ancient Indian literature like Vedas, Puranas, Vaisesika Sutra,
Astadhyayi, Arthasastra and Puranas. The forecasting of rainfall on the
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basis of natural phenomena like colour of sky, clouds, lightening, rainbow
etc. was noteworthy. The instruments for measuring rainfall were
developed and the principles were same as that of modern hydrology
except that weight measure of Drona, Pala etc. were used instead of
modern linear measurement.

g Wy aut & AT fafderdrali sk Ry arg &1 e & aidi bl
Qo H [er ol | {1 BT & IRM, 9RA & (a1 &3l d auf &
fITROT BT GUF PHRAT THG o7 3R I© fded WR ¥ Ul dERIE Bl
IO T 13 3T STl 8 | 3gfieh A Haell qeai ¥ el 3eh
&3 H a9l BT 3R g g3l & BRI aul 9 814 BT, GRION 3 QX
TRE FHA fBar 1 2| OF SR dig g™l 7 deal Bl arRdfdd
SdTg BT A ST | A a3l BT S 3R 3D J91d D
AT AR §RT BT ATED STATIS & AR 8 | I T2 Fld

2 & wRd & U ®1a | AaF 99 &R g ufdhanil &1 99
ST oI, ST 31 STATIH & IR 2 |

The Indus civilization was able to find the seasonal variations in rainfall
and methods to check the Indus floods. During the Mauryan period, it was
possible to describe the distribution of rainfall in different areas of India
and they are credited with the installation of first observatory worldwide.
Modern meteorological facts like arid region of Tibetan rain shadow area
and no rainfall due to polar winds are fully advocated in Puranas. The Jain
and Buddhist works guessed the actual height of clouds. Knowledge of
monsoon winds and their effects as conceived by ancient Indians is in
accordance to modern hydro-science. These facts show that there was
enriched knowledge of water science and associated processes, including
meteorology during ancient times in India, which is at par to the modern
water science.
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3ARICIol, 3id:XiGol

eren 4
CHAPTER

3R dredcdstol

INTERCEPTION, INFILTRATION AND
EVAPOTRANSPIRATION

STAfIS @b #, a8f & ®©u ¥ RA a1 g™, Faafld| o,
(3T STet) AR 319ars R YATd STt HeRUl & wU ¥ fhr |
ghe BIAT 2 | 39 IMYFTd TAfIs Arfeed # auf fadrer= Y wat Sirar
2 | ST 3IR Yolel STCTRId SR YAHR0T (G9T) §IRT I ¥R 38 8 3IR
JIIHROT gIRT R 8T X & | I & Teh] & favTor- o Feed fafa=
JALROTRAT B YT ARG §RT 3T TRE A Heu-T df T off | 39
T H 9 &7 H da IR I YA YR At § Sl U
ST & IR H GEY § =i &) 2 |

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

STqNeret 31X 3 d 3ol

Interception and Infiltration

SURTE TN BT AT 2SIl gl &1 I8 & §RT T8I [l Il 3R
S IaTAT afqd & ST 2 | JTURIE aui &1 JIA 6T 15—50% &
HHhdT 2, Sl fb UMl & doic &I Yo He@yul Uch © | By IR &
JUREA B Fhdl &, Sl U SN & AT WRIR b1 1 o Fabdl @
(IR 2010) | JTWEH ¥R HT SYANT I UHAT HT qUIF HRA ©
forg forar Sirar @ Rores o &1 et grT |rar a1 sraenfya fean
ST © (B1SH, 1933) 3R I TATSHRI Tsh & Hewdqol gehl # 3 Th
2 | STCfI=I Ish H el AeTANRI 3R i W fafi= wag! oot fist
H AT IR AIgHSH BT [T g9 ST © | ATt 1 HuR ISl
© 31X aTgHed H T9 T Herd! & 914 T b T8 Y IR A1 IR H 97
T8I ST | g1 @ YT ol STURIE 81 Feball & 31R Ul §IRT arsdiedoid
¥ STRANT BT S AP € AT I S IR G8 1 Fha & |

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

IR & HY AeH U RAI Alfecd H 3= fawai Jorm auf, 79
707 3fR gafaRoT Sfgavor R 941 IR I =il & uTa &) R
@ AT ST 91U S & | O3 Q) dfedar § 997 & 89 )
I B TG BT Seeied fhar a1 © (S1.99. 11, 4.9.3)

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

Argdargen fedr giteda wwer 7gu & At
a1 QY SNl AT IHeaneyd YaINeval aycgell
39y wadHar gite 7 Fafc |1 7S,114.9.3 11

HRETIRT & Yalld 184.15—17 H HaT 1T © fob Uler 31U+ ST & ur=it Uil
2| Ui gRT Ul @ Sod &I UfhAT BT U gy & HIEgH I Ul b
T B SR ERT A ST Ghdl 2 | g hel ol & b gar &
YT I ST I3 DI UfshdT FIH 81 SRl © | $69b gRI WK 17
et # @ ufhdT @ gRT UMl @ SR S+ $IR A fiRA & 54
BT U] I © -

The verses 184.15-17 of Mahabharata state that the plants take water
through their roots. The mechanism of water uptake by plants is explained
by the example of water rise through a pipe. Itis said that the water uptake
process is facilitated by the conjunction of air. This clearly reveals the
knowledge of capillary action of soil in movement of water up and down
as:

TS AfeTeldTTed AT arfy geiHTd |
afeyfafhacarea faad v+ gH || MB.XII,184.15 ||
JAAVNIIeT T Jeiled STefHTe R |
T UgTEYe: Ura: fUafd arey: | MB.XIL,184.16 | |

SEl I e @l 91 @, f[dgH, a1 AR 7 W w9 9 g&5d
TR @ IETeA Teldh H SHST Seoid {har 2 | UUH volid | garn
T B b B Wl IR Ol Wk S 2 3R 3 Il &R I8 e 2

Asfarasinfiltration is concerned, the scholar, Varahamihira clearly reveals
itin the opening shloka of the Vrhat Sambhita. Verse | tells us that at some
places watertableis higherand atothersitis lower as:

9T Jorre RRIET fardaft graf-r=aerm (Vr.S,54.1)

P A © b 9ol & T Ui &1 Ygiy A19a IRIR H 91 B TRE
T, BB I iR BB I |

It implies that the water veins beneath the earth are like veins in the
human body, some higherand some lower.

Yo g YT AR TR aRgeTaRIeTd |
AR agguidl @ TTd wied fifigeda | | VS, 54.2 11

g8d il BT Talld 54.2 I§ IT © b ATHIRT A FRAT g1 gedl &
I~ TRl & B8 T 3R AT W& P TSV Bl © | 5
UbR, T I8 © [ qu STl D1 WG oldl Bl A © | Joiol aul
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el BT TS e Held & | a9 STl &1 ol ®U A Yo il &1 78Il 3
Ifeh godl &1 Aes UR I 371 & 915 31X FI<T-HavT & d1& (A= 01
31R w@Tel BT T HRAT 2 |

Vrhat Sambhita verse 54.2 says that the water falling from sky assumes
various colours and tastes from differences in the nature of earth. Thus, it
implies that the infiltration of rainwater is the source of groundwater.The
ground water is a complex function of rainwater. Rainwater originally has
the same colour etc., but assumes different colours and tastes, after
comingdown to the surface of the earth and after percolation.

1200 ST & T ¥ 1YY AT gRT forRad T Talidl (MBI
g1 forRaa Rigid RRMMT &, wrT—2 e, Brare), 1969) H e
7 g1 Y T B forg s faaver yar fbg 7Y ¥ | PreR 3G won
ART" 2T BT YA {61 11 7 | T # g wd # dal 737 7 fh auf
& 3fd H fagfed dredt () gl o Aag iR udd, Us I
3IMEBTE IT IGAT & URT TIcd I8d & AR 84T 3R T B A &
ATETH § S Adel Y &Y B O © | S T WY A SHIFT A,
IRYfe 3T GTRT STURIE 3TR BT 1 T4 bl Affafe gRT F97 & |rer
S MG B & 72T BT Ul I © |

qYT SURTT US| & IMT—URT DI PIexT

Mist around trees after rain
(| / Source : Unsplash.com

Three verses quoted by Bapudeva Sastri (in
Sindhanta Siromani by Bhaskaracharya,
Part I, Goladhayaya, Tripathi, 1969)
belonging to an era prior to 1200 A.D.,
provide scientific details of the phenomena
of fog or mist (for which the term jt% lagfr
has been used). The verses purport to say
that at the end of rainy season dissipated
clouds (moisture) hang near the surface of
the earth and eclipse mountains, trees,
vegetation cover or gardens and disappear
through the activity of air and heat from
these surfaces. This clearly reveals the fact
of interception by earthy materials,
vegetation etc. and its disappearance with
time by the activity of airand heat.

arSdicHsiol

Evapotranspiration

AR 3R IOA—SToid 3R 3
STAfASTT UfhaTell & 1T 39 gl

e
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BT ey dfed 3R = Y= ARG §RT e8] TRE X FHSI 1T
o ST foh Ui ATfeed & R 8IaT & | F7d< (1, 6.10) ¥ I8 Sooid &
o T @7 fohRoT gealt ofiR o=y ugrell # fHif2d STl ®1 BIc—8ic Ul |
dlsdl &, T T BIC—BIC BT 8dT § Ied & IR gTad bT HH0T xR
g, T :

The phenomena of evaporation and evapotranspiration and its
interrelation with other hydrological processes were well understood by
ancient Indians as evidenced by Vedic and other ancient literature. In Rig
Veda (1,6.10) itis mentioned that the sun ray breaks the water contained in
the earth and other materials into minute particles, then these minute
particlesascend by airand form clouds as:

gl 91 AIfaHEe fear g1 arfiarefe |
g% el a1 o || RV.I,6.10 11
T dgaed fBd qar: guaray |
Fanufxa g 9 ardae gar facd 7 R e | (RV.,105.121

FIIG b TAAlD |, 105.12 H PHBT AT 2 b FY= e 4 ST g dl
fHRol @ T & HROT AT 8 ST ®, S a8l & §99 &l Urifid
BRI 2 | FTdS P Iollb 1V, 58.1 T HY T G2 I+ 3T 2 -

The verse 1,105.12 of Rig Veda says that the water from the sea etc.,
evaporates due to the heat of Sun rays, which is the primary cause of rain
formation.The samefactis revealedin the verseV,58.1 of RigVedaas:

YT Al ITRGUIYAT FHIATHAC |
g ¥ el gaf forgar qaamgas T | | RV.IV,58.1 | |

FIdQ B TAID NS, 72.4 H HET T © b argHSeld g1 A & BRI
T B I ©, R I8 T gedl T Ugadl © SIR ATadl Bl Iy H
gRafcid BT & 3R 3 d1eal & wU H Udhd PRl ©, ST 987 3R Qe
SATGH BT BRI & JAT—

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

SIRICAY Edare 3%8g- |

oG FTgaamyediq | | RV.VIIL72.4 | |

H1aref - I & AT AIRERLT IR I BT 2 3R T8 A9 Gax A
qPh UG ADR STEI—8] DI ATadl DI I H YR PR HY & ©Y § U
PRAT & 3R TR T8T U3 dreet B~—T Bdhx 99T § IROTT 8Ihx
3T & UG BT BRI T B, THT BT JTRETLT AT T’ B |

e Bl RS, Tgda H ATV & H—A1Y Ao b IR § B
=1 A1 |fferd 8, geor

Like Rig Veda, the Yajur Veda also contains some knowledge about
evaporationalong with transpiration as:

a1 QA aAed qal SaHTERI |
AT WA= 9A7 SUgga ageds ag I9i | | Y.V,28.43 ||
A SATafafERuayll FRRE: v SafirEaaed |
feamRgereTaRel QMg Sigga- a9 aoT || Y.V,28.20 | |

I8 HEdl 2 b I7wfd gl | uri &I AH¥d e § Ud TH, gaT
SR g7 argvied # aiftad ovchl & e argell o1 fafor g 2 |
T O, Jrdde (v, 25.2 3iR 1V, 27.14) | @81 A1 © {6 ArdHifie
T 3IR BAT & HRT, U IATRTLT H ST & AR I8 & w9 H a79d 37T
2 | Ao I @ fhRuif ofR gaT & HIROT BT 2, JAT -

It says that the vegetation attracts water from Earth and evaporates it to
the atmosphere due to heat, wind etc. to form clouds. Similarly, Atharva
Veda (1V,25.2 and 1V,27.14) says that due to universal Sun and air, the
water goes to the sky and comes back as rain. The evapotranspiration is
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caused due to Sunraysand windas:

AT FeArdr aRkHr rfdfarty amat s giiaeaRe |
T YR AR HeEE A A goradHed: || AV.IV.25.2 | |
310: AqaTg feaqeasi fRawgRdMRT I ot |
A AT FoaeR~ o Al gora<dsd: || AV.IV,274 ||

FIIE & TP 173.6 H B8l AT © & arg HSel - Yl Bl IRI TR A
BRI 2 |

Theversal,173.6 of the Rig Veda states that the atmosphere encompasses
the Earth.

g gfeeerm AfgT TR RAR el hed T |
9 a8 g1 gord 7 9AT Wi wewrdl sfuerda e || RV.I,173.6 1 |

gl H aTIIHROT GRT AT qIeel BT AT
Formation of local clouds in the forest by evaporation
(|1 / Source : Earth.org)

AR TG ATHIR AT W SSI &, STaid foiell, aui iR gar &l
RIS H B dTell HEHI8I & WU § Faid fbar Sidr & @R, 1V,
535, Ill, 56, |., 108.9—10) oifdh 3 UGI ¥ Ig AT Tl & foh Fvdq
DI IY—HSel DI ARAID AT AT HEATER HaTs DI Ul AT AT T |

The solar phenomena are associated with the vault of the sky or heaven,
while lightning. Rain and wind are referred to as occurring in the
atmosphere (R.V,,1V,53.5,111.,56, 1.,108.9-10) but it is doubtful whether the
Rig Veda knew or guessed exactly the limit or the vertical height of the
atmosphere, from these verses:

FfeET IR i FegARITHTHRI 2T |
31e: IR guorar f2 e ARy fad gaw || R.V.,108.9-10 | |
¥E ARl Ul feRl~e9dd afisqy 119 AN |
foraT FEIRIReReT o1 & ffed awd@T 1| RV, 56.2 11

A were RreaRE: wdFma A fiedy | |

FRATIRIITOTRHE] STITRERT faal fager g@m: | | RV, 1,565 | |
PreafRel afaar afge=r = KSR gRYEIT AT |

for faa: giordiRasr s=afa BREaRM =1 efd &= RV,IV,53.51

T UeT © s () uRReror # snerer & A @l i gfa, O
MR HAUSH, T SATRIE, T T[T gl BT TR ¥ | 39 He # U 98
T HE<dYUl U H H 7T B fh a1 SMehrer & <A favrar el Hs e,
HHATT HS el SR 3MMIT FSel © | IF: Gl o it ¥fiered, AHAT SR
IW[ ¥ oI 91T bR A 84 I8 |rae A 991 © fob a1 31 affa
ot R T 2T &3 & IR H T I iR I8 99a ® 5 S
FLT AT 3R AT @ forg 1R i & SR 92 rfoiiad &
T U AT & |

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

Ifedw T 3! ARE | WG o b 9l (A1 a+i) &1 uT @ & QiR
YT & BRI R BB Y919 8 (E1.T4, |, 1I, 4.9.3) |

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

ArRREg fear geHd S8 JgyT | ATl a7 U SISl
AT I VAN AT aRIel ST TN gite 7 3 | |
TS.,1,4.9.3 |

FIATY BT TR AR a1 BT TIRAT Ffam 7 W Fefia foar
2 | 1ft (RpFamy) aut & HROT g7aT ® (TR AR, 1, 4.10.2), TT—

The concept and role of insolation is also referred to in the Taithiriya
Samhita. Agni (Insolation) causes theraintoarise (T.S., 11,4.10.2) as:
IBRIATIT USi=d quIdl 1 gMeea RISIEFTIRUTS FawHrod
ACBUICARARHUICHR A S I JaRf 7% e AT Jal T
T ARl =S, IHMW: wiacae qufa geefefd wq O @
IYRCT d Sadl gAT $C o1 Yd W RS grafa ar
[l TS.1,4.10.2 ||

HEThIT AT, Jedl | AT DI X T & Irarvl, g Refcrl
3R gETER &3l & IR H 98 AN SIS URgd dHal & | Ayt
IRIHSAT TSI Welrd b1 A el # fawifora fasar o, &t
3ifer &5 e a1 B | MR (|, 47.4) URIOTS WU H aRIHSART Al
P IR BT gui HRAT 2 |

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

qIahT 39 9 TR ffd Ta |
ArodT gf fawearar feersar AT | | Ramayana.l,47.4 | |

e I iR Iz Ao SURA dreall & faArer a1 @ea A
O & ARF & wU H B HRAT 8 39 YbR THR™IT & IoATD VI, 43.
29 H HET AT S :

Intensive insolation and high temperature work as an agency of
destruction or dispersion of the existing clouds is spoken of in VI. 43.29 of

I d19 gRT FET dIqel o FHmoT
Formation of dense clouds by sun heat
(= / Source : Pixabay.com)
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Ramayanaas:

e IRKNE: HHEHATYA | | Ramayana.Vl,43-29 | |

TRV H, 89 Tl (11, 105.20) H I DI fHoN gRT arefienor & 1R 4,
3R Y & WR AT & HROT IIGall & g1 & R 3 (VIl, 32.68) TS
g, g :

In the Ramayana, we read about evaporation by the Sun's rays in verse
(11.105.20), and about the formation of clouds due to solar heating of the
ocean (VII,32.68) as:

MY eTog=gre] YT SiferAaiera: | | Ramayana,ll, 105.20 | |
ST MUY RTSTAIHATgET | | Ramayana,VI1,32.68 ||

R & Tl VI, 25.30 H A1 W= & UMl & A A9 ¥ TH 81 Bl
Hefid far T g |

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

QIRTHRITATHATGAATCTHT g9 HEIR: |

qal sdiq <eRiia: s HRadare: | | Ramayana.Vil, 25.30 | |

AETHI HEMRA & dIR8d Wha H, AIdTExoT &l ATd &3 (b, Tellg)
# fawifora fovar = 2, iR 99 R fawargds ==t @ =0 7 | 31dg,
T B BT (AR X, 328.37), SR W 37TaTST & 7T 981 & | U 3R
BT S IR AR A Ui G & 3R 39 B T8 ATHIeT H qIaall bl
3R 91 # 99T & <adT I9T DI I B © oI Il © A SSAE Pal
SITAT & (FETHIRA XII, 328.38—39), JIT :

Inthe twelfth skanda of epic Mahabharata, the atmosphereis divided into
seven regions (Skanda, Spheres) and they are discussed in considerable
detail. The wind named as 311dg (M.B.XI1,328.37), blows with a loud noise.

Another wind which drinks up water from the four ocean and having
suckedit up givesittothe cloudsin the sky and subsequently torain god is
called 352 (MB.XI1,328.38-39) as:

IR FEANI fAgaT ¥ ABTYfd: |
JMMERT A Harfa fgdia: e 99 || MB.XI1,328.37 | |

S I eread AT dRIfd 3 |
3Taey @ar I gaf~< FHINor || MB.XI1,328.38 | |
THEIRI FaHAl IRYERIAT STer |
SETGad ATl SHYIHArER et | | MB.XI1,328.39 | |

ZaT & STATdT, I DI ITWHSIT & & BRI & HY § AT AT 2 | I
gd g 9ardT © b G F1 dieil 3fR STt il &1 =771 bl arfiad avar
2| ST a8l &I BRT g1 & (ARG 11l, 3.49) | HAETHT &4 fafa=
UPHR & GGl AR ARIASHT URdl &I a1 ¥ <ar 2 |

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

TR AT fFaTal HealE=m |
HATSTERHTT = gduig goafey | | MB.II1L3.49 | |
Hegdroid d o YART IRER: | | MB.II.3.59 ||

T wore F A9, G, 525 H U B ATHEIT BT HRU $H THR

$S Bl BRI I 2" :

Kanada in his Vaisesika Sutra (Vais.Sutra.,5.2.5) explains the cause of
evaporation of water thus, “the Sun's rays cause the ascent of water,
through conjunction with air”:
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Evaporation on a Farm
(FTd / Source : Nationalgeographic.org)

ST arg FANTERIBUH | | Vais.Sutr.5.2.5 | |

B BUIE P IHSA H Ade gR3I &1 A1 919 o 579 9 9gd &1
IS 2Tea] § HEfHd B © —

Kanada was also acquainted with convection currents in the atmosphere
which hereferstoin very scientific termsas:

AreATdreAcAgdd AR | | Vais.Sutr5.2.6 | |

AE® 3R femoiiaR eidms s (1600 1) 7 39 fORaRYd® FHsmI
2 3R S M | TH U &) dacll o SR & A1 3 fear
(FPrateY, 1969) | g fHvITad U ¥ Rig &R © fh 781 reifve wome
®I U o b g @ ol argesa § IuRerd faferor iR Hasd

SRTRM & ATIH & Yedl Bl 79 Bl € |

Author and commentator Sankara Misra (1600 AD) has beautifully
explained this and illustrated it with the example of a kettle of water
heated from below (Tripathi, 1969). It conclusively proves that the great
philosopher Kanada knew that the Earth is heated by sun's rays through
radiation and convection currentsinthe atmosphere.

=1 gRTo7 &9 qard € & argvee ® Aid &9 uRd € (ard Whe) A1
AT YHR BI 8T © (A7g YRI0T 49.163) © | TRE YRIVT AT arg AN B
1T BT 2 (60.13) AT FITATIAN: HAT AT, 41.6—7 H I ATS
qECITd o |1 FEI 91 bel AT 8, ST I8! afoid g—

Various Puranas inform us that there are seven regions or layers
(aTd¥<h=¢1) in the atmosphere or there are seven types of winds (Vayu.
49.163). Narada Purana speaks of seven air channels (60.13) viz.
Wﬁﬂwﬁ:, Kurma Chapt. 41.6-7 also reveals same thing with little
variations as described here:

RATdAd AT ‘HLdCIIbCidc'HZ fca":l?ﬁl
A FhRIT 11 AIgHAGHT g | | Vayu.49.163 | |
Tge: YagTdd dadrgds: g |
Frel fqagedd dgged WIORTEE: | | Kurma.41.6 | |

T gRIEsad arId A F9: || Kurma. 41.7 | |

IHRYT, e I 3R I8 I IT IYHSd (@ he) & &l &
AT Y BT (AT TheT) By GRIVI (SBIUS TS I, eI 9, a1y e
51, fof¥T, 1, 41, 7, |, 54) H BB FATTSHS U | oI fhar 17 7
IR 39 vl W™ I=H T Yl gue teurg FHid fhar &, S
AHRIHAD ©F A T8 gardl & fb ARTARISTE & 39 T & A Bl
3 T 1T AT | /B U] DI IBT Igdl fbaT TATE |

The phenomena of evaporation, cloud formation and their relationship
with winds or regions of atmosphere (dTd¥%<h+2]) are quite satisfactorily
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described in several Puranas (Brahamand Vol.ll, Chapt.9.,Vayu. Chapt. 51,
Linga, 1,41, Matsya,l,54) and a full-fledged separate chapter has been
devoted to them in these topics, which positively evinces that due
importance of this branch of meteorology was realized. Some of the
versesare quoted hereas:

rgeear aRfIZd amiRenm dwd e |
qeTeY: fUe=aT 9 <o If’eR | | Brahmanda 11,9.138 1
T O AT I g Aerofard |
FTEIRUT Halwl: Jai: ¥« 9dgd | | Brahmanda 11,9.139 | |
auredl f2e 1t dear <9 foF e
YA ST @ garedd g | | Vayu. 51,111
YA RdIeed JAUG fasfa: |
TR ROl | Breifafaards: | | Vayu.51.12 1 |
JI: fHROTSITT qrg¥aci= Hae: |
STl STefHTaw] e fgol o™ | | Vayu. 51,13 | |

Y GRI0T &1 SuYer Ufdrerall | qaran 11 & b g o1 fhvol ga1 & A1
gl | Ul fHepTerdl 8 | foliT gRIOT (1, 41.11, 21 iR 30), fa=Iy wu 9
qrel & TR H G Y fHROT B AT BT ygEdT 8, S areet
31k a1 # 99T 7 R4l 81 ST B |

Above lines of Vayu Purana explain that the sunrays alongwith the air,
extract water from earth.The Linga Purana (1,41.11,21 and 30), specifically
recognizes the roll of sun rays in evaporation of water, which gets
converted to clouds and subsequent rainfall.

TRATT o9 9 A ysHmi § g, fafexor iR I & garer &
IRIacH IR it iR gedl iR fafi=1 w8l & av R &= afsa
BT 2| "IaeIdT STATS!” Bl JFAROM H ST AN g Teid
BT 8, 59 89 39 T2 Bl &9 H 3G 8 & I8 ST BH | HH T
T \EATeal 8.9, H fHaT AT AT | gdeldl el &l RN
IMYFTH STA—HIH IS BT U Hewdqol Use] © | dTIcdsi &l

afshar et & gHTfad BIdll & |

The celebrated Jain treatise 'Surya Prajnapti' has dwelt upon at length on
insolation, radiation and reflection of the sun's light and energy and
heating of the earth and various surfaces. Its conception of a contribution
to “albedo” appears to be something wonderful, when we take into
account the fact that the work was composed at least nearly half a
millennium B.C. The concept of albedo is an important aspect of modern
hydro-meteorology. The evapotranspiration process is greatly affected by
thealbedo.

ety ISR J&d | HeToM |
JEIAT STeR: ARTEARTHRAIS: | | Linga. ,41.11 [ |
TN qUd GI: fUa=r TaRaf: |
urffaTfafFsisar feer: YRR Ta 11 Linga. ,41.21 ||
T A9 WY T o G qud B
IJYRILAT IRfE T FGMHE Yaufd | | Lingal,41.30 ||
gaonfaficaream: At 4 T fosfa |
HITIRRY Tl SRR | | Matsya 1,54.29 | |
A7 ARATT SR A W |
ASITH: AR 3w IHAMSIA | | Matsya 1,54.31 | |
AYTGIGAAT Te-<dl THR: |
AR gaeTehIeRad faaras: | | Matsya 1,54.32 1 |

Tl 4, A 25 IT A D1 T (ATT &) YA 5, G 26) (T Ul &
®U H AT, I ® BT BT W) G B UBIeT & b, fafdor,
I, WRIE 3R 3fcel & FdHIvid HI TRl Bl Alh d=l-dh
faraRoT o 19T 7 | W Ugel, §1H 3R UG & STl (AR
BT M) ERT W T I & YHIRT & WRIacH R 419 RIgidl BT ool
g— fiR, I8 U@ 39 Agw@yul q20 &1 Hafid &rdl & & Mo
(375 7H) axgelt # +ff TRTac e Bl 2 |

In Prabhrta 4, Sutra 25, detailed discussions are there dealing with
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insolation or heat of the Sun (GT4eT=T), Prabhrta 5, Sutra 26 (designated as
a1 Ufcrefd, reflection of sun's light), presents a detailed discussion on
the phenomena of scattering of sun's light, radiation, insolation,
reflection and albedo and gives accurate scientific details. First, it
mentions twenty theories on reflection of the sun's light held by the
adherents of other sects (GR<IIRIBTEM). Then, it refers to another
important fact that unseen (invisible) objects also posses reflective
capacity.

g9l 9 T Jfdd 30 H HagT B Ui 3R gedl & s, STt el
IR SH@! Il 3IR TR iR I ATl & el H I B
fhROT & Jeg| & qUH D =@l B R © GI IS D D BT AT
FHET & b g o1 fRET fhvor, Seater fvo1 a1 e # @A T <l
2 39! g S5, QIUER 3IR o iR fafi=1 =it (A ameien) & Hewf
¥ Traf B ST 8 | S99 UdT Tl & fb S Brel & SR, Rl B
ST fafm ufehamell & &9 dh-iar Rigidl & IR H el dvE o

qar 1 |

JqIed & 9 for=T S fafdRor
Low energy radiation during sun rise
(|Id / Source : Wikipedia)

In aphorism, 30 of the 9 Prabhrta, discusses about
the nature of convection and radiation heating
through the sun's ray with reference to earth
surface, water bodies and its objects and
atmosphere and its continents. The author of the
Surya Prajanapti also speaks that slanting rays of the
sun give lesser heat and vertical ones greater heat.
This is discussed with reference to the rising of the
sun, noon and evening and different places (or
latitudes). This shows that during Jain period, the
Indians were well known about the heat exchange
processes with in-depth technical theories.

SUHER
Epilogue

I H URga A= dewl ofiR ==fell | uar
TIeAdT & foh Ui YR &1 ORI, 3fd-wicA
BT UfhATRAT & IR H Hewdqol AASl i o |
JAWT §RT JRITT STA Td YAl &I Fdg b
fpe 3= uaTell W) &t @ g, S b arg vd
ST §IRT 3G &l Il &, T AT 1 AT | b
T &4 Jar & b fied) "R g3 s
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RIE | T 2| $HGT U IRA™ §RT WE ®Y 9 A1 o iR
ST DI AT IRR H T/ & 1T o o ofl, [ A |9
AU BIc ©, Sl Yolel Bl A & | YrdI= ARG BT arsdIehroT 7R
IS & gR H AT g8 A A faefa o1 | gd &1 fbrol, gar
3T, Il SAE Mo & UHE BRI &, J§ I udT o |
UTAIE RATT = STAfISI ash, SHoll IRETR0T iR W ITa
3R UTpfad TIRRf®! T3 &1 91Y @ & ol ol & He<d
DI AMT AT | AR G, YH1el, 841, dlacl BT 07 e argee o
frerell tRa # BId ¥ | agHed B &M Aed, AT Hed AR 3T
HSeT H 3R Tolld BT TR 3R A9[d &3 H fafora fvam ma o,
ST Mg #w fagm & forg geria 7 | O Sl @ AremE i urel
did € S §d1 & A §RT YTH B & S H8RA H afvid
AEMRA PRI R I HeT, il 3iR Ul & Haer § SR &1 Mg
STAIROM &1 Yfie HRAT 2 | I8 724 & b diei 3R 9 onfe urhi @l =1
R HB Y9G IEJ 7, AEEMl 3R STl MEHR @ aroe &% H SR,
HIE gRTRI BT T3 IR I JH1T 6! e W =1 o | ETaliiy, T8
U STelfd=ie Aifecd 3 IRl 20 &l {95y 8 b TuRTe, 3id:- e
IR aricSE @ ufharell o fuiRa & @ forw fafdme
SUDBRT / Aheldh 39 FAT T I1 T8 |

The various references and discussions presented in the chapter show the
ancient Indians had developed significant understanding about the
processes of interception, and infiltration. The interception of water by

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

9I-3Mbid fasior 3k

dda! Sicl

GEOMORPHOLOGY AND
SURFACE WATER

qfeat 9 dae ag= @ forg afeds Siad & i wi & forg ey 2 |
Afedt ARl & 999 @ forg SuARf SHTE € 78 2 Sifug |t i @
g1 T MLt IR RS, fSSTell BT IUTeH, AT T URdE 3R Ao
Uit A & g f 9 & g BT SUANT R = | Ffedt 9 YR &
url iR uggell & forv vH@ Siefra uikRefdat &3 © | I8! 9@ b
Afet e A T B HEIH | Ul Bl A B AR I8 PR
AT ST BT STel | R Y & H FERIdT $Hcll 2 |

Rivers are invaluable not only for humans but to all forms of life. Not only
are rivers a great place for people, but people use river water for drinking-
water supplies and irrigation, to produce electricity, to transport
merchandise and to obtain food. Rivers are major aquatic landscapes for
all manners of plants and animals. Rivers even help keep the aquifers
underground full of water by discharging water downward through their
streambeds.

el ST STl demmel & fHr & foy gt yare @ R H§ 9
AT eTaea = | R =1t 7 ugell 91 A1d §RIaTg (3000—1500 .
), T2 R a1 T HRIdT P8l Sl 8, Sed ViR Bl STelld

JAAATHD! BIeTel BT Y& HRAl © (TS, 2016) | TSHT HLRIA B
3FaTS FHIG B & dT, dfad T I URY gl | dfad oF &
TR, 39 UE T ART Sia 3770: (A7) A fABRAT g 2 | T Bl
TATS] $991 Yd @ 916 & Alieicdd Haw 3R GRIdIad Al dead,
T &R o elia @t &1 faswm 3 oxd & | w1t qard € &
ARI BT & IR 9RA & R T & HEHI SR < & = 34l A
Riamg iR I9 & I & folv a1 ReaT # STelly el (97, e
3R $fiet) @1 oo b s o (21 safe, 2007, Gefdaw s,
2011) | JMETISTID wT 4, STH A P AN d1¢ Gl U W
[IeR PRe Scwetd AN & garoord off | I8 ey ey § Y—afapld
s iR Aad Tofas™ @ &5 # d<7 iR = Ui aife #
U YT §9 & R H =4l dRal © |

The knowledge about stream flow is an essential requirement for
construction of hydraulic structures such as dams. The first major human
settlementsin the Indus Valley (3000-1500 BC); called Indus civilization or
Harrapan civilization, demonstrated a high degree of hydraulic
engineering skills (Pandey, 2016). After the Harappan culture came to its
abrupt end, the Vedic age was started. According to the Vedic knowledge,
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all life on this planet evolved from Apah (water). Literary references and
archaeological data from about 6"century BC onwards indicate the
development of embankments, canals and other hydraulic works.
Literature suggests that there were a large number of hydraulic structures
built (dams, canals and lakes) during the Mauryan period in Indo-
Gangetic plains and other parts of the country for irrigation and drinking
purposes (Shaw et al., 2007; Sutcliffe et al., 2011). Surprisingly, many of
these structures were equipped with the spillways to consider the flood
protection measures. This chapter briefly discusses about the ancient
knowledge in the field of geo-morphology and surface water hydrology
asavailableintheVedasand otherancientliterature.

Frdfdd Ao (XA 2.4 3R X.121.1) a1 2 & Fie o IRy I
3R FEIST wWol 3vs (Yo1) (fBRepm ) ¥ gg ofl, S S gu
SIhIgCY, JAMfedbleld A8, NIgU, ABATH, HUDH AR
LRI BT IART & Yedl & I 3R Sifde b & 31y

2

The Rig Vedic hymns X.B2.1 and X.121.1 state that the creation had
started with the origin of water and the cosmic golden egg (embryo)
(fe=wa=r) which very well fits in the geological and biological evolution
of the earth with the water age, origin of zoophytes, primeval fishes,
reptiles, invertebrates, vertebratesand mammals.

<ggw: fUar w7 8 RT gas ST = A |

IQEIT AGGe~ Yd AMQGEargiadl e || RV.X,82.1 ||
RO FHIAAT YR SI1a: Uik AN |

A TR gl Tl B qarg sfawr fage || RV.X,121.1 1|

FIIG ® IR, G W YR ATAT § HARAT 8, I US| Bl WR
TSI & 3R HE H SITall & ST BT 81 (B7F01) | 98 <Iof a9t |
AT AT 8 3R IHD qIEall DI TS A W ] BN BE Sl & |

ged] (AE]) A8 B, §¢ 3R THHER @I & |

According to the RigVeda, the earth abounds in heights, bears the burden
of mountains and supports the trees of the forests in the ground (&41).
She quickens for she scatters rain, and the showers of heaven are shed
from the lightning of its clouds. The Earth is great (#21), firm (¢) and

shining (31SI).
FId: FTdfad AT DI Sl & ARIH I &AT D Tl Dl JTETROT
&7 A1 ST o7 ST & A1 Hava & 137 2 (Fe7d< 1X, 88.6) -

Perhaps the Rig Vedic Aryans had the concept of knowing slopes also of a
region with the help of rivers as indicated (R.V.1X,88.6) below:

T AT A aRoger fier T Sremd swat: |
aofi e Ryeerar 7 e A A befi RFU || RV.IV,88.6 | |

TE& & ydTe, o] et gl & e & 9% @1 Okl &, & IR |
T B I FAdS H Bl AT -

Talking about the river flow whose turbulence is lost after meeting the
oceans, the Rig Veda says:

] TG AT FHATE AT goIie |
T Y e fearasar Furd gk aRI: || RV 3531

FIdq @ AP IV, 18.6 IR IV, 19.3 § Hal AT & & Al A 3R
gred @ dfedt 1 9 U IR # I aren A, Feemi Snfe @
IS 8Y HETANRI &1 3R 9T & | 9 Sg—He I 3 BIHR I8l © -

Inthe versesV,18.6 and 1V,19.3 of the Rig Veda, it is said that the rivers are
the daughters of sun and cloud. They run towards oceans breaking the
soil, rocks etc.coming on their way. They flow in through zig-zap paths:

S
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NEREIESIE RIS
Fast flowing mountainous river
(@ﬁ/ Source : Wikimedia commons)

AT T AATII AT R HehITATAT: |
ol fd geg fhAe waia Hamdr ifa alRkfe st | |
RV.IV,18.6 | |

FTAE BTl D QIRTH, M VI e T—are?T ReIfd & 98 & a7
¥ IRFEIT O | TH TAld (VI 24.6) H UBTS! Q] & A A A
S T W 81 BT Soold 8i—

During the Rig Veda period, Aryans were probably acquainted with
the river velocity at different stages. One verse (VI 24.6) mentions
the high speed of mountainous rivers flowing down the slope as:

f AT 7 ydaw ysIgaMRsTa a9 |
d @t gegfafareraa anfst = sgffater st | |

R\V.VI, 246 ||

AHAS, TS AR AAGA] & FHI T, TRAAT 71 YT JITet
IR q—amagfa fag &1 wafa g oifsid &= form o | I8
AT qH-ND! g —SUYgAR (Udd TA™, AT, 11 5.9), SROT
(Wi AT HUR), RIT (TRl STE), 0T (8 I RIH), B
(@S AR aTel ST, ga (3al), a1 (dige qH a1 w@RE q#)
(FTHIT, 1V, 5.9.1) | AFAS 4, B9 4T & 48 BT U AT offh
S Ui fHefdr & 3R 94l & 48 & fARId 9% 3 T e
SHH D U BT TS |1 ATl 2 (ATHAG XIV, 4) | 1Tddg &l
ged] Jad (XIIl) Ui Yie— UgTe, I ¥ @b UsTs, a9 Y,
ST &3 () 3R IREARY 9RT AT AT (Udd) BT U Ffered
fIaRUT IR HRAT & | AAdds & AFAR AT TN BT AT ITS!
TR ¥, AT 4! IREARN B 3R S Ty & «rey gy (3rerddg,
15.3), AT :

By the time of Sam Veda, Yajur Veda and Atharv Veda, the Indians
had come to acquire sufficient knowledge of physiography and
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geomorphology.Thisis established by the geographical technical terms -
IR (mountain slopes, SV. II, 5.9), 3R (cleft or HUR), R (stony
place), &Il (habitable place), @Tc (forest having a difficult
communication), g (lake), yksi(rugged lands orbadlands) (TS, IV, 5.9.1).
In the Sam Veda, we come across a brief but fine description of a river
mouth and a wave of the sea opposite to the mouth of ariver sends into it
a portion of its water (SV X1V, 4). The prithvi sukta (XII) of the Atharv Veda,
furnishes a concise account of physiography — mountains, snowcapped
mountains, forest lands, plain areas (¥¥) and perennial stream or slopes
(ad). Following hymn of Atharv Vedaiillustrates that if the water source is
on mountains, then the river formed will be perennial and will flow with
high speed (AV.I.,15.3) as:

Y AT AHTG AT AGHIETT: |
T d: Farde = | AR || AVL15.3 1
3 UBR, AU B IAID I, 31.1 F f 3 T2 &1 i fhar 11 2
o fees gda 9 et arelt et TfHay # ) g5 &+ |

Similarly, verse I1,3.1 of the Atharv Veda reveals the same fact saying that
the rivers originating from snowclad mountains will keep on flowing in
summer also.

3TRT JSIITIIIHH YT |
qq o RO gaSS JAERT || AVIL3.0 ||

MY STEIOT 3, FHHR d8+1 dTell Aol & oy fqure 1 & | 39 41 &
UBR G AT STAYATd | ST SIar o1, [+ 9/ & T iR ide
Eharenfagrcdie Sdl, 8) € | uRig Agrie Mo # +f fafr=t yoR
BT YN faT a5 ufome! & 9gd 99g IR IS S &1 fAavor 2 |
T H SfectRad Uil | Hafdd | Y—d=i+e Ui, afear iR
3ATTdT 3R ISR, B AR BN (AR 11, 54.42), AAGA AN
(RTATIT 11, 56.11) AT & Xcivel A€ (MR 11, 55.31) © -

In the Gopatha Brahmana, the nomenclature for a meandering river is
faure (11.8). It was also acquainted with two types of springs or falls,
namely hot and cold (STAT®TIEIATT G.B.II, 8).The celebrated epic
Ramayana also reveals very rich and accurate knowledge of various types
of geomorphological patterns. Some of the geomorphological patterns
as mentioned in the Ramayana related to water are rivers and rills and
plateaus, caverns and fountains (Ramayana Il, 54.42.) the plain tracts
(Ramayanall, 56.11), sandy banks of rivers (Ramayanall,55.31):

ARTFAURAT I DH RS Rl Aiadr A At
HI¥dd || Ramayanall, 54.42 | |
AT IR GHABMRIT |
qu YW 1A rAHe S | | Ramayana ll, 56.11 | |
fAfaTefd il EaaRAIEM |
R SFBRIG gl Yed el 41 | | Ramayana ll, 55.32 1 |

T gRT S A B 1 IR UR $H-A | BT 9amr 7 & (T
II, 85.4) JAT-—

Those lands watered by the Ganga have been described as dense and
hard to track (Ramayanall,85.4) as:

HAT TN FRGTSH T8 |
MR 3 Q2T TSIUT G9I3: | | Ramayana I1,85.4 | |

g & SRA (11, 93.13) 3T Ud 7141 & 7GRl (Ramayana Il, 103.25) BT

Knowledge of water falls (Ramayana 11,94.13) and descent of a river
(Ramayanall,103.25) is described as below:

ST SN S 9d Shfcdan e |

Hafewicd Uel: ¥ds 39 fgU: | | Ramayanalll, 94.13 ||

S
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d el Id: HEBEURT JRIRG: | charming is spoken of thus - f2HTRI TG ArvdH=<<H (Ramayana I,
QT Healfheil T |al Gfaaehr=+H | | Ramayana ll, 103.24 | | 7.15). The author of the epic has also marked “river erosion on non-
CIBEZ IR ERID] ﬁmqaq—cﬁ:m | resistant or soft steep river bank (Ramayana ll, 63.46; V, 34.19; V11,14.18)
RafeRE® o1 ad Yag Wil | | Ramayana ll,103.25 | | L &
BUlfg Jg HIAY TIRARAT JAT| | Ramayana 11,63.46 | |
% & g & 919, TP TeTS! I fbart smhde & ol &, 39 I &N A |9IR Tdiae JAT 7T: | | Ramayana,V,34.19 | |
T YPR ¥ 91T fhar a7 28— AT TIHa aredvd R I, fief*q @ deT T wer 39 S § || Ramayana VIl 14.18 | |
7.15) | FBTHIA & ol - “TR—UCRIET AT 7RA TS T4l d¢ W T4l & _ _ .
UfohaT & qR ¥ oI b 7T § | 3ri :
How after melting of snow, a mountainous topography becomes

In the verse VII,23.42 of the Ramayana, we read about the
erosive action of the downpour of rain on mountains. viz.

SIREREIECER ISEIC LS CHS G
TRIT T Apgrrear g9 ABTRIRA | |
Ramayana, VII, 23.42 | |

HETIRA fRATed dal ol o &3 # faifora war 2 | g+
FE IR A6 & g YT BT Seold fHar 131 7 (1, 70.
2) | BB HeH § TdIHs’ AR BT YART o 717 & | Avad:
I AT BT I & T MTSTdhel Seel HaT ST 2 |

The Mahabharata divides the Himalayan mountains into
three regions. It mentions large tracts of desert several times
(1,70.2). In certain context the word F&Id<S is used. Most
probably it indicates the land form which now-a-days s called
delta.

S YdlcaHdel: efquraTsH-ad: |
W IIRITTHNTE Agegd qANTGed | | M.B.,1,70.2AA
b TeIqHd DI<Tgeadeas] 9 H || M.B.1,70.17 | |

Gomukh : The source of the river Ganga
(|1 / Source : Commons wikimedia)
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IO ST ITEITRY (600—700 §.9,) H &4 g He<ayul Y—afapfd A=
Ui ! @ R H YT oAl & HII—fase, g8t iR rae fheRT BT
drect 7 B e 3R ST Sie—Teldd axcll & SW Sqd BEd T,
(I111,1.15) | TR T AT (1V, 1.49) & €, JAT:

In Panini's Astadhyayi (600-700 BC), we come across several important
geomorphological patterns. The grammarian calls a river moving and
breaking its banks as =8 and that whose water overflows the banks as
357 (111,1.15).Glacier is named 2RI (1V,1.49) as:

SR AOUMAd OGS AR VIAGITTA ATATITOTHAS | |
Astadhya. 1V,1.49 | |

—~ — T —

Spectacular view of Himalayan spring
(|1 / Source : Indiaclimatedialogue.net)

HAIRIdTe & FHI Bifced (441 edTea] ST Jd) §IRT 31RIRA H It
3R 3T e R 984 310 UPHR I g &l TS © | fZqed 3R
HEH! 3R SRTAM ST &7 Sl {haT T & (31efm, IR
SR AT UsT 404) | AT M1 R =i SUTS, doR, BN A1,
UM 3R el 4 B a1 B 7, FTHA vl e 2 fb 39 99
I5 JaT fa=i BT 4T 31e6T 91 o |

Topography and geomorphology have been discussed very well in the
Arthasastra by Kautilya (4" century BC) during the Mauryan period.
Various types of lands such as“forests, villages, waterfalls, level plains and

uneven ground’, stretching between the Himalayas

- - | and ocean (Arthasastra, Trans. by Shamshastri P.404)

have been mentioned there. At various places he
speaks of fertile, infertile, cultivable, uncultivable and
waste land, which reveals that he must have
possessed good knowledge of the science of soil also
atthattime.

g YRIOT ¥ fAf=T ThR BT wIeTaRic srerid sha,
grfedl, doR ISRAT QAT 38 (38.36), URTST &
dI9 FceHI &1 (JTIaIUN) (38.36) T Seoikd fhaT
TATE |

The Vayu Purana refers to various types of
topography namely lakes, dales, barren tracks
(Chapter 38), rocky through between mountains

(ar==ro) (38.36).
gf¥emrat fef¥r T I=aRaIforfaRaRT: |

AT UIAIR T ST g ST | |
Vayu., 38.36 | |
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IR GRTOT # AT 38 H UBTS! &1 (38.78) H TS| AT H TH Al & aN
H Y gaqmr TR |

The chapter 38 of Vayu Purana also speaks about the large number of hot
springsinamountainous region (38.78).

AT FITATI AR ST |
ST REI-TRRAT AL I = | | Vayu.38.78 | |

=

- L
&7

ADST JRIVT (53.21—22) ¥, BH U [IH&0T UBR B RIATRI, S
fPATSATIRT 3R AT 37 <7 | UTS Sl & Sigl el offie 3
golgel & WU H 18R AT &, & IR § gui fHerdl & I :

In the Markandeya Purana (53.21-22), we come across a peculiar type of

topography found “in the Kimpurusaversa and seven other countries’
where water bubbles up from the ground as:

TIw@ft 9 quy @ FdgaraeT: |
Th b RARIAT <2 Termgenia—faf=gar: | | Markandeya
P.53.21 ||
a1y fhgourenty auivae] fgsie: |
AyfewsoT A g 9 IR | | Markandeya
P53.22 ||

fwy qRIoT (11, 5.3) SU—IACAT &3 B Al T |1d ol |
FIffepd &A1 = | (1) BIell, (2) Fwa AT Yl (3) el ar
e, (4) AYel, (5) IoRial, (6) UBTSI AT YRl iR (7)
o |

The Vishnu Purana (Il, 5.3) classifies the soils of sub-
terranean region in seven categories viz. (1) black, (2) white
oryellowish, (3) blue orred, (4) yellow, (5) gravelly, (6) hilly or
boulderand (7) golden hued, as:

YAARWI: YidT: DT AADTSIT: |
AT TF HA IRYUTATGATOSAT | | Vishnu,11,5.3 1|

JERIFNAAT  (600—700 g¥dl) (FOrdl, 1969) H bg
Igfe IR TR Hahdis € St BB To—aderT ddet

Hot water spring at Manikaran
('\‘Hﬁﬁ/ Source : Wikipedia)

T STAISTI 9} & g% € | ARG (400 £.7,
H Ugel) 7 el B AR AT @ 1, IS 105, TS,
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1969) H qiftera faraT ¥ |

The Vrhatsetrasamsa (AD 600-700) (Tripathi, 1969) has many scientific
and mathematical enumerations conforming to some hydrographical or
hydrological laws. Anguttaranikaya (before 400 BC) classifies lakes into
four categories (part|l, page 105, Tripathi, 1969).

SUHER

Epilogue

SR TRl ¥, 89 <@d 8 & UdH 9Rd ¥, 9RT Ja8 3R
Y—3MR I BT S ISATTH MR UR (S TbR I ARy o | Ri=ms
3R el IRl & foly S A & TR g STl A e off |
U d8dl el & AegT | &3 B ool R O~ =Roi & 987 & o7
SITFH @1 b= BT fadmrT fobar Tam o7 a1t 81 gaca AfedT maiR
TR RSN BT & 3R 89 gRT IHI—9 WR d1¢ & Ha™l |
IUuTS,; At &1 fReyer fhar Sirar 8, 9 989 W 91d o S f&
JMYFTh AW & ™Y © | 916 I g9 b foIg il § STaHrl o
a1 W1 DI T3 1 | A= UdR @ Tegiaar S |id, Set JuTd,

UETS, USR, IRfed [ fe & A—4r $g Hrifod o o
Rrer, gRor, &0y, AU ST H I | YA BT B0 i IUSITS,

G, Tel, IO, deb IMfe el eare] 8.9, ¥ Ugdl Bl UdR |
U B O | g8 = § ) I e § € ok gafere, 39 a7 #§ Ui
HRTT B U BT HE<dYl AT ST Fehdll © |

From the above discussions, we see that in ancient India, the knowledge
of stream flow and geomorphology was well developed on scientific
lines. A number of hydraulic structures were constructed during that time
forirrigation and domestic purposes. The techniques of knowing slope of
an area by means of a flowing river and dimensions of river at various
stages along with velocity were developed. That the mountainous rivers
are generally perennial and deposition of fertile soil takes place
periodically on flood plains was understood which is in accordance to the
modern experiences. The arrangement of sluice gates was also made in
the dams for flood protection purposes. Various types of topographies
such as springs, water falls, mountainous, plateau, eroded land etc. along
with many geographical terms such as e, gRoT, &0, AT were used.
Land classification such as fertile, infertile, cultivable, waste land etc. and
soil classifications, such as black, yellow, red, gravelly, boulders etc. was
well in vogue before 4" century BC. These are in vogue even at present
and hence, can be regarded as the important achievement of the ancient
Indiansin this field.
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TRR & P iR 31 Ip &t #, TEt 7wy 3 Tafaferat o1 ot @
SuReIfT AT el off, 981 R Urd &I A &1 9oiel BT [ddr4 3iR
SUIRT 980 He<dqUl 8T & SIerd & URY ¥ 81 & |HI dd, 3RA!
3R AT & STt Al A faare I fbar © 71 I8 Ud 984 Afd
JeHell AR faarai &1 fawy 8T & | A8 Sas!, B G (ST 2450
$Y) & IRM Y FRIAT BT Th TD T8 dg AT| BA o H,
Toiet(hd IR ST (2015) = UTAT fdb 28R BT HH A HH 700 B3AT I STel
et BT T | 39 FHII BT AMHR MATHR W oI UIhel & U & ATHY
B AT (@, 2015) | TSWT & TI I Al H (ST 2600 3.9,
ffia) @ 7o et @1 fam § et T Y|

Groundwater developmentand utilization has 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 puzzling problem and had been the subject of
much speculation and controversy. Mohenjo-Daro was a major urban
center of the Indus civilization during the early Bronze Age (around 2450
BC). Recently, Angelakis and Zheng (2015) found that the city was
receiving water from at least 700 wells. The design of these wells was
varying from circular to pipal leaf shaped (Khan, 2014). Figure shows the
wells constructed in about 2600 BC, discovered at Lothal, an important
Harappansite.

GROUNDWATER

Tl &1 YT afReHl fa=ie, i AMIa: R I8 J14ar off {6 SRl 4
T gTelT U=l 981 | U <181 T S Fadl &, SHd [9vard W)
SAMETRA oI foh— () st /AT H AT off 37 (i) g4l |ag aui & uri
BT AT T BT AT B g agd 1fdres srver ot | S SuRIa fFRER
Ragal & faudid, UrEbe YR A1t | Yold IR 98d JoIdi AR
I AT FHTIOT 2 |

The ancient western science of groundwater, which generally assumed
that the water discharged by the springs could not be derived from the
rainfall, was based on their belief that: (i) the rainfall was inadequate in
quantity and (ii) the earth was too impervious to permit penetration of
the rainwater far below the surface. In contrast to above wild theories, the

ancient Indian literature contains the very valuable and advanced
scientificdiscourse on ground water.

FAIG, AHdS 3R Agda H BH SIIdSMII @b 3R FHIll e &
HEH A STl SUIRT B ARG el 8, S W U | old &
SUANT BT S & | ol & & # URTg IR, sy 3fiv
ToTds, avTE fAfeR (8. 505—587), ged Hiedl oRgd, Sl S &I &g
Ag<aqUl AEmRIl BT HWEH & folt AHINd &, STdT ‘THRIcH A\ d
5491 LT, Yoiel I Wiol AR A= FTE! faRIvarsil & |rer SuANT
¥ Hafd &, RSTaer SuanT fhar Sar 21 (U9TE, 1980) | S99 U
AR B H AT STy Havdi H AR diel &1 geTriar S9!
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Ry GTE A b U fabRia wrex <irere # @iol 7Y 2600 ST Yd b By

Well discover at Lothal, a developed city during Indus valley civilization (2600 BC)
(A1 / Source : https://rainwaterharvesting.files.wordpress.com)

el ok Tcer |fferd & | 3 9l Haasd IR §B a1 A1fig geq
qrarervr # Sifads IR ity ash & forg fafire wfafsard €, e
HoRaey & AT JYh &3 H f[AHRIa qoral aRRerfaes a3 #
Ioa ATUET ST BIeh © | UM & STt Wk H XA & TR e, T4
3R SUBRYT THT e H 3] AvE ¥ Ifofd € (S 311, 2007) |

In Rig Veda, Sam Veda and Yajur Veda we get concepts of hydrological
cycle and water use through wells etc., which clearly imply the use of
groundwater. In the area of groundwater renowned astronomer,
astrologerand mathematician, Varahmihira (AD 505-587), author of Vrhat

Samhita, which is esteemed for its learning of many important branches
ofknowledge, in the 54" chapter entitled 'Dakargalam’, deals with ground
water exploration and exploitation with various surface features, that are
used as hydrologic indicators to locate sources of ground water, at depths
varying from 2.29 mtoas much as 171.45 m (Prasad, 1980).The hydrologic
indicators, described in this ancient Sanskrit work, include various plant
species, their morphologic and physiographic features, termite mounds,
geophysical characteristics, soils and rocks. All these indicators are
nothing but the conspicuous responses to biological and geological
materials in a microenvironment, consequential to high relative humidity
in a ground water ecosystem, developed in an arid or semi arid region.
Variation in the height of water table with place, hot and cold springs,

S
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groundwater utilization by means of wells, well construction methods
and equipmentare fully described in the Dakargalam (Jain etal., 2007).

H gRT TR (T STAfI=) IR forRd T T Seolkd g Afedr
H fopar T ® | AANETH T G STHT FHI (400 BC - 200 BC) BT
=Y | RTE AR &1 991 7 6 77 fRfRd SdhrieM W 9 4 g9
s % 79 & ArTe™ &1 $RTT oRar & | a8 W $RT FRar & {5 S ¥
Ps Il gl YRT H Wdd wU 9 39 R Tl gRT faaRid
forar o o | a”TE AR 7 R gRT e wR faRed tw ek
T+2J T IYART HFATA I & Wk & forg fovan 2 | e fam (\19)
U Yd ITRAT DI A ShIIGH (g8 Aledl, 54.99) DI aRI
g

The treatise on Dakargalam (science of underground water) by Manu is
referred to in the Vrhat Samhita. By the latest his time must be 400 BC -
200 BC. Varahmihira alludes that T faRferd gerTerd which clearly
indicates Manu's contribution to this science. This also indicates that the
science was cultivated in India several centuries before Christ and that it
was developed by indigenous people altogether independently.
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
Dakargalam (Vrhat Samhita, 54.99).

HREIAT AT SPrfel Iq G qeAdelad |
SITI: BeAdGgIRY AT G&d | | Vr.S.54.99 | |

SRl T% YfTT STet 3R STt dlferel &l Uah fase & wu # |e g,
Je Wfedl 54d ALY S SHNEH D wU H ANHI 7, BT Her
|deor 9 fear R € Id IR THRH & 3@, &5
qepeitep! Treal FART TR BRI &1 SUANT 39 e ¥ fhar 1 &
(3P 54.1, 54.61—62) |

As far as underground water and water table is concerned as a science, a
brief survey of chapter 54 of the Vrhat Samhita designated as
'‘Dakargalam' is furnished below. Apart from the wider term 'Dakargala’,
there are two other technical terms RT and RRIASTT used in this
chapter (Verse 54.1,54.61-62) viz.

g IING ° GErIAlE BRI U9 STATIATRT: |
g1 Fursy R fardraft gr=afr= |eim || VrS.54.1 ||
B9 9afa FRRT IO doIrd: R yaeanfy |
fra BTG Yaerd<em: RRT A0 || Vr.S.54.62 | |

RRT s &1 I 9= P AT A1 SRR 9 siar ® 3R
RRIfas= a~dd § STl TR &7 31 USTH BT 8 | SR Idd 54.1 8H
AT & o o AT IR U7+ T wR 1fdd 2 3R ERI A A I8 HH &
AT I8 AT IRR H 91 & G B | TAld 54.2 1 &1 I FoidT & b
ST dTfeTehT auT STeT T Udh Sifeel Yobrd & |

The term fRT implies arteries of water or streams and the RRIfdET=
exactly conveys the meaning of water table. Verse 54.1 above tells us that
at some places water table is higher and at others it is lower, resembling
the veinsin the human body. From Verse 54.2 we learn that water tableisa
complexfunction of rainwater.

U] qUIF AT ARG AT ageITfIeIeTd |
IR 9gavidl Ud gRled farfige®d | | Vr.S.54.2 | |

ST 31 7, I U SNTehTer W R &, S99 ol WU 9 Udh SidT 8l 37
T TS BIAT 2, offhT Jedl Bl As TR Al IR SIT-HAT & d1& 3TAT
AT 3R TGTE DT JSOT DR & | o S1fere STerya o forg fafd= e |
ST @Tel Y[STel B! TS AR ST-HT UfhaT Bl ST © |

[t means, the water which falls from the sky originally has the same colour
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quarters and also apart from nine arteries, thousands
more are present flowing to various directions as:

el A areTS
Transpiration
from plants

r s
Py

JOEATTAIA TR TaRUTAd g RIBRT T |
faetaredT: shaer: yreareri fae o | |

fiedt ¥ &=
Soil moisture
7 zone

VR.S.54.3 | |
feqafoRTos 9 RRT Fe+ il 7 ARTREERT |
CArIIT: Sraen faf: gar Jr@: i | |
S VrS.54.4 1|
zone UTCTATCEATRIRT 34T =gfae] HRerddn Iree |
HIofe[een 7 T RRIA=Er a3 | |
Vr.S.54.5 | |

TICC AT ST & AT 3R gl &l Aag 9 9

Y—oIdl &3 & A= gcdl, IU &3l R ulharel &I yeRia #xar ==

Figure showing various components, sub-zones and processes of ground water zone

(J1d / Source : UNO, International programs)

and same taste, but assumes different colour and taste after coming down
on the surface of the earth and after percolation. Figure shows infiltration
and percolation process for an unconfined aquifer leading to different
zones of groundwater.

THIAT & 918 B TAlD! H, Iu—&= H U+l &f IR iR A=
I R ST TET8 & IHR 3T 7T & | I 54.3, 54.4 AR 54.5 TH
R R $ i ST—a At et Wit RenfRat # anf & e g
OIS § 3R AT el & S7ermar, BoiRi IR 1 & Sif fafeeT faemai #
EESIRE

In the later verses of Dakargalam, the modes of occurrence of sub-

terrainian water and its depth at different placesare given.Verse 54.3, 54.4
and 54.5 inform us that the sub-terrainian streams are rainfed in all the

STOTR. BT T8NTs &l faff=T 3alldl & 98l &7 9
gfofd faear a1 B | TP 547 H WS AR MY
WAl @ AT ST d SuRAfT & fafy=1 <teont &t
quie fhaT T R |

Rock or soil structure and depth of water table from the surface of the
earth is described correctly in various verses. Verse 54.7 describes the
various symptoms of occurrence of water along with pervious and
impervious strata.

freaft amiqey Avgd: qTugRIer Ja UidT |
qeHadHed I UTNTUN g QIR | | Vr.S.54.7 | |

H1aref : GaTg B UR B AT HuT (1 GO = 1Y IS BTRil Aied TS
fdT B $HATs = 7.5 BIC) HI TExTg TR el Hed Herm fhx dreft
e, fhR gce 3R fh yafa A # urh |

Meaning: On digging we will get yellow frog at a depth of half purusha (1

¥ 81
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purusha = height of man with erected hand = 7.5 feet)
then yellow soil, then rock and then ample amount of
water.

ST UPR P 31T Il | o T 70 &= Rerferar ar
TRRfed favR &1 9uiF fear T &8 o
AT SRAT B SURAT BT AR HRAT FHT BT |
rd | avTe AR gRT afofd yfAeTa uril o @t
& Theilh, AT H UTpfdd wd A UG 4 dTel
fafere Hadi & Tdh BT STaaidhd IR AR BRa g,
e 8 el Rafa ik far arfes
M WU ¥ MU & &5 H YfATd sRAl o
SuRAfT | ST &1 el & |

Similarly, many other verses describe some 70 odd field
situations or ecological spectra from which it would be
possible to deduce the presence of underground
springs. Actually the technique of underground water
exploration as described by Varahmihira depends
upon a close observation of naturally occurring specific
signs in the terrain, comprising the flora, fauna, rocks, soils and minerals,
whose state and variation can be logically or empirically linked up with
the presence of underground springs in the vicinity.

R7E fAfeR grRT Ry MY favga faeaRor 3 v faeTar S v aTel R
AT STt & GAS B WU H D D ol D Y{HDT | qERTT St ol
B AT D RG], HOR TR URdl I f9eHT, TR drs dretl wel
BT TS BHRAT 3R AT @R SHD TH SUDR, MuRkio® wTe, T drel
I & STST T W YR IRAT, dAdhel, TICol 3R JRRT 3R U$ & 99T

Termite Hill : Indicator of groundwater
(?flﬁ / Source : Research Matters.in)

One startling factor emphasized in details by Varahamihira is the role of
termite knolls as indicator of underground water. Apart 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 refractory stony strata, sharpening
and tempering of stone-breaking chisels and their heat treatment,
treating with herbs of water with objectionable taste, smell, protection of
banks with timbering and stoning and planting with trees, and such other
related matters.

ged fedT & oI i Telld, 3fdel aHd A1 3 aovdfd
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SUINT Db =AY H HAZIAT R b {0 2 |

Some thirty-three verses of the Varahsanhita deal with termite, standing
alone by themselves or associated with vegetation, thirty with
vegetational factors alone and the remaining using other factors to help
in exploration.

STgeT URdeHIh] Ifq wad AT |
TEAEEIETUTRd Wfelet Joued w15 || VrS.54.9 | |

C o C
ST G Fefild! Al TG |

e wafd gevEfRETafad: 999 | | VrS.54.12 | |

Hraref - IS S 9T & FHIY Yd H b <Heb BT Il 8l d US b
afaror 7 I 211 B 0 W ST Y2 Bl TS W, ofd FHI T UK B
ITAT IEA ART HIST T BTl & (54.9) | T UHR, SR # < & Sl
AT 3G & US & Ufead H 3 81 &l g WR 3.5 oY Bl TExTg R
o et 2 |

Meaning: If there is a termite mound nearby to the east of a Jambu tree,
plenty of sweet water, yielding for a longtime occurs at a depth of two
purushas, at a distance of three hastas (cubit) to the south of the tree
(54.9). Similarly, an Arjuna tree with a termite mound to the north shows
wateratadepth of 3.5 purushas atadistance of 3 hastas to the west.

AT et T T 31 W17 § ‘Ue—f2ed’ @ WU | ST Siret
2 99 3l & fafor § 9 a1 St 999 drell fhe R ieR € 39
el BT IS gRT <G Bl Ald—A1Ss I1 RUId w8l Srar g | A
SUGHCTI iR IuwGfedda uRged @ waw e gRfrd
fIRIYATY & IR AT SRHAT & Wil 1 Theild H FAR Ty BT & |
{311 f3AT STaTE & HIch BT U DI STARABATY AT Ig Al
Bl § IR S8 SIeidT YEhIdBROT | 37U & &R & folg 3fu
Il # el bR H & Iaraxvl & WIaR AT Gl | Sh! Qs &

WIIR Y& 3R B B D MITIHAT Bl © | X1 UG 3T (1971) B
FTAR FIEIRD ®U A "l & AIaR BT drarerel Fiad T4 &R
(99—100% STUET SITET) TR T IEHT USAT © | T8 AT el
31 faw g fo 519 W <He &1 Gidell I1 AT BT IR &R
BIT B, 5 Bl IR Tel & AR TR w1 UR 317 S & 37 el
AT | AT A € | e & 9T AR 9 I8 ey Rarerr w8
Telid BIaT ® fh AR R dHIg STHI a8 & Aid & TN I |
Rerferl & Tgd, 7 4 9ot TR I SR & a1 I8 fohe=T 41 T&-1 27 |
IRl BIAIT BT ebedr # YfATTd SRAl & Hbdad & v forar oI
AT E |

The mound builder variety of the termites are responsible for the
impressive soil structure called 'Ant-hills' in lay terms, but referred to as
termite's —knolls — mounds or spires, prominences by the scientists. These
are familiar features of most tropical and subtropical landscape and are of
interest to us in the technique of exploration of underground springs.
Without exception, the water requirements of the insects are generally
very high and they need to protect themselves against fatal desiccation
by living and working within the climatically sealed environment of their
nest or within earth-covered galleries. According to Rao etal. (1971) the
atmosphere within the nest has to be maintained practically at saturation
moisture level (99-100% relative humidity). It is a matter of common
observation that whenever a termite nest or runway is damaged, the
insects immediately rush to the breach and repair it with wet soil brought
up from within the nest. From an overall consideration of the evidence it
seems to be safe to conclude that, while normally the insects use every
readily available source of water close to the ground surface, under
conditions of severe climatic stress, they can and probably do descend to
the water table, no matter how deep it may be. Hence, a well-developed,
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active, persistent colony of mould-building termites can be taken as an
indication of underground springsin the proximity.

S, /G (1979) 7 T YR 3R AT & <ferofl uor) &F & b
Afed & Tellpl & Aeg Y € | g8d |iedl & AT & Il I Ul
I © b i@ dI el I dTell SFd DI 39 UK & IR H udl
T |

E.G.K.Rao (1979) observed the alignment of the termite knolls in the dry-
jungle uplands of coastal Mysore as well as the Deccan Plateau area, and
testified the verses of Vrhat Samhita relating the same. Following verse of
Vrhat Samhita suggests that the author was aware of this tendency of
mould builders.

termites are found in a place, and the middle one among them is found
white, water should be declared in it at a depth of fifty five purushas (i.e.
7.5'X55=412.5feet).

I8 A Al b fa93 B fob Ul & fdeqel U &3 IR <19 &3
e 2, 3R I8 M= 529 & b 4 R ORE I 919 IT I gk
T 3B & | B IR SAS BT T T & oI 8 T8 faailds dl
3T B & | UTei WA fagmi =1 - a1y orgaR fTd
SRAT B WIoT H 59 Aedd BT BIB] SUANT HaAT 82—

Itis a matter of common observation that many times termitaries are met
with in close association with trees; and it is quite common sight to see
termite mounds completely covered over with grass or vegetation. Very
close observation is often necessary to detect the termitary. The ancient

eIl Udsdl JuhMgeod: RRT dae: | |
Vr.S.54.95 | |

Arqred - Ife 9 Sl & Td Ufad | B8 HUR
I3T B3N (cia) 9raT STl &, df 9 IR Sied
IR Uy el R |

Meaning: If in a line of termite-moulds one is
found to be raised up (taller), water vein is to be
found withiniit.

331 I8, TP 82 H Pl 1T © fb Ife vh o118
TR UiF SHD] BT FHE IR AT & 3R 399 4
I ITell AHE 81, 981 W Tgu g5 &I TR
(@i 7.5 X 55 = 4125 Hie) WX U GIffd
o ST =Ry |

Similarly, Verse 82 says that if a group of five

@ Il @ AT B Sacidd § old WX BT ATdheld

Evaluation of water level by observing group of Termite hill

(AT / Source : The Wire)
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Indian scholar has exploited this association quite extensively in the
exploration of underground springs as discussed below:

SEREGAT Aidl RgaR |rikar Rar w3 |
Ao IRTET SATSHAT TRHTdIT 9 | | Vr.S.54.87 | |

g ReATiiemaerefa Jasfe |

T DPTGRATANH: BIHAYHY 14 | | Vr.S.54.88 | |

SIORART, TRead T, GHRIB!, Aruel], 2rer g€l & Us AR oan
EHe & el & U ! &, 1 59 3 BT SR A 3 IOV Bl TeRTg
WRAAE |

Meaning : If Jambu, Trivrt, Maurva, Sisumari, Sariva, Siva, Syama, Varahi,
Jyotismati, Garudavega, Sukarika, Masaparni, Vyaghra Pada trees and
creepers are seen by a termite mound, there is water 3 hastas to its north
atadepthof 3 purushas”.

SIRIFT TArD! § IfeeRad Ues—diel & aawaf 9M 8— Siq (ol
SN, I S, Bgd @uitir Suem),  HiRd
(FafraRyeaaitam), Rgar (2), 9Rar (HsSaAd sSidw), Rya
(g UE— HHAE Jfefolad, SHATCRT g, TRt iffthRimfer,
RIS SacISald), FATHT (SHATBRUT Hdc~d — &l HIUR, HAI
ARG, GqRT ©Tg, INTAT JIFd—gIHTa1, A Dleidd ),
JHINBT (CTBIUANSTH SHIDBICH, A5, FAdCH), HATIT (AT
Sarsfes, S, oifdsiferd) |

The botanical names of the flora mentioned in the above verses are:
Jambu (Eugenia Jambos, Engenia Jambolana), Trivrta (Ipomea
turpethum), Maurvi (Sanservieraroxburgiana), Sisumari (?), Sariva
(Hemidesmus indicus), Siva (Several Plants: Cucumis Utilissimus,
Terminalia Chebula, Emblica officinalis, Cynodon dactylon), Syama

(Ichnocarpus fructens — black creeper, Krsna Sariva, Datura metal, Agalala
rox-burgiana, Panicum coloncum etc.), Sukarika (Lyccopodium
imbricatum, |. Clovatum), Masaparni (Glycine debitis, G. Labialis).

¥ UBR, g8 Al & IR 54 & (A~ 31 el fafer=T oteroni
B

Similarly, various other verses of the chapter 54 of Vraht Samhita are
related to the underground water exploration with relation to
combination of different symptoms, as below:

3l AN JAFAT TN JUraroi A AR |
ARAT RRT gfqseT gaded a1 g+ 9T | | Vr.S.54.52 | |

Hraref : afe fed a9 fOd9 o R, o8l W 919 81 I 9 91l
I OR, TR Xfed <= 8, d1 I8 U= AT WolT T Hebd @ |

Meaning: if in a grass less place, there is a patch of grass or in a grassy
place, thereisagrassless place, water or treasure isindicated.

HUCRIBUCHI FIATHRTRA: PHY: T4 |
ST Yoy BrTgad €= ar W | Vr.S.54.53 | |

ATaref : IR-PICIR UST & d19 U Heldi—Hheldl DICaR U I $HD
oo uf¥= &1 3R 3 BTl BT g WR 3.75 GBY B TERIS R U AT
T BT 3T HRaT 2 |

Meaning : A flourishing thorny tree in the midst of non-thorny trees or

vice-versa indicates water or treasure at a depth of 3% Purushas at a
distance of 3 hastasto the west”.

TR T AT a7 a9 aIR TR |
fdcan g RRT Agar dF9argoT || Vr.S.54.60 | |
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Hraref - STET S A GRT A7 ¢orl derdr &, 98f 2 JoF @ TexTs R
TR AT H Al By arfedl Bl | avre fAfeR | Aeverelid e § o
YA STl I 1 =il B 8 | I8 3T Bhed & (b SU—YHIT &RT AT 414
Tl R XA &3 | 3¢ Bl TG BT MBHR ofdl & AR gedl & |
A HIH! TETS TR BIAT &, AT :

Meaning : Where there is stream or smoke issuing from the ground, an
abundant water vein will be struck at a depth of 2 Purushes. Varahamihira
has also discussed the occurrence of underground water in the desert
region. He further says that sub-terraineon streams or water table in the
desert region takes the shape of the neck of a camel
andisatagreatdepth from the surface of the earth as:

B9 vafa RRT Jor dora: R yaedny |
AT HRATOMAG AeTHRmT: RRT A7f= | |
Vr.S.54.62 | |

MY Sga F31 o i IR ughy T aRE o
9 91 D e a2 |

Geological strata scheme of the modern artesian well
fully corroborates this.

ged Wl & Telid 102 H I8 9o f&Har 71 & 6
TETE! &5 H U B YT ST |

In the Verse 102 of the Vrhat Sambhita , it is described
how water occursinamountainous region.

YD ATHIE! BUTH &R IR HiUT BRI |
JAYTUGRRAT AU UfAe A G ATeTaRI-eRIA | |
Vr.S.54.104 | |

ST TeTd (54.104) Y SR U+l &7 Hee qard € | I8 FEar ? fh
qid & T B Hbxlell 3R el el I BT B 997 <ol 2 |
TR T B Fed aNig uer B o Sl 8, Ol el url @r
THDIE g 2 AR el AT H YfFrd uril g AR 1ol 81 S
g |

: "__p

5 ol

RITTITRIIR G-I ol TOTIRT: | |
Vr.S5.54.102 | |

ST T (IS TS B3)
Artisen Well
&g / Source : Daleswater.com)
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Above verse (54.104) explains the relation of soil and water. It says that
pebbly and sandy soil of copper colour makes water astringent. Brown-
coloured soil gives rise to alkaline water, yellowish soil makes water briny
andin blue soil underground water becomes pure and fresh.

TR0 H 84 Sogd B3l & R H U7 FeAdT © | TAlD VI, 225.37—38, H
HEl AT & b WA= M & IR RT 9910 U B & ARIH | T
ERAT A UM TR 97 et &, JoIT :

In Ramayana we come across the knowledge of artesian wells. The verses
VI, 22.37-38 say that the water from deep earth comes out by force
continuously through the hole created by arrow of Lord Rama as:

faTfra: ¥R I3 aEIRI=RIAY: | | Ramayana, VI,22.36 | |
THTE. IO dIRFYTd RATed | | Ramayana, VI,22.37 | |
| 9d a1 HUl 997 9 I |
|ad diferd drd 9g<id g | | Ramayana, V1,22.38 | |

g IS ©U A 980 W ¢ & IGd B¢ 91 §R7 FR=R 984 2 |
IR YRIOT H fART=T AT AR 3R It BT W Ioei fha
T & o Siiel, 99 U, 91, Usel & 9™ dcerl SR Erel
(ar=1of) (38.36) | GRIOT & LTI 38 H UBTS! &1F H Tl TAT H TH
SIRAT B 1T DY TS B |

It clearly and very scientifically explains the artesian well flowing
continuously with force. The Vayu Purana also refers to the various
underground structures and topography such as lakes, barren tracts,
dales, rocky rift valley between mountains <ol (38.36). The chapter
38 of the Purana also speaks of a large number of hot springs in a
mountainous region.

AT I A AR fgoT AT |
AAREITRRAT FSATOT 2T =1 || Vayu.38.78 | |

YT S0 AT ST YR & T 3R S SRAT AT ool guret o gRfrd o |
(I, 8) |

The Gopath Brahmna was also acquainted with two types of springs or
falls,namely hotand cold (Il,8).

ST 5 fUser srarg § Soord fhar AT B, WSy qRIOT HOEH
YR iR A1 3= <2 H YR S dTell e faateror terafrapfa
@ IR W UdT I © STal Uil SHIE | agard gU fHderdn © (55.
21—22) |

As mentioned in the previous chapter, in Markandeya Purana we come
across a peculiar type of topography found in the Kimpurusavarsa and
seven other countries where water bubbles up from the ground (55.21-
22).

T ° quY G T BArae: |
D BRARIAT 92 Temgania—fafgarn | | Markandeya P.53.21 | |
a1+ fhgouTentsy auivae] fgie: |

AYfHST TR g R AR | | Markandeya P.53.22 | |

Hraref : |1 At aul H HHer: FId—A Garad (Yadl & Be) © | STD
UAd U< H yddl ¥ fwell g8 Afear faeme € g fasian! s
fPYRUIE 3f1S a¥ €, S STdl SWE AT 8, Jifd 5 ARGy o Hef
B STeT B AR B |

SUY e TSl § T 2Tl & b geel WS BT ST 54 YoTel =IOl
IR U&H 9gd Agayul YU 7 |

The above discussions reveal that chapter 54 of the Vrhat Samhitais avery
important treatise on ground water exploration.
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JUHER

Epilogue

AT H U =l 3R e g 8 1 Horet SuiRefd, faawor, gderor
3R SUIRT BI IS TRV e TRE I fABiaa off | Ie! BRI
2 & TSuT TIdT & AN FHI3M DI TaTS BRI AR Yolel B SUATT B
ﬁﬂwﬁlﬁwﬁm%@w@ d\d & e, ﬂfﬁ%ﬂ%ﬂ%@‘mﬂm
fAedl, a7, Sig, Fce iR WSl 371fq oI ST Hdhddbl
@ GIRT ¥[oTel @1 YR BT I T T7 off, Sl T IvE & It
2 | YT IR §RT &9 & Clel Bl oTdl & Ydb He<dyul Adhdd b
HY H YANT AT 1T o7 | e T A A $7aT IuReAfT SR fA=Tam
AT SRAT &) SUSAIAT & 1T Hadd & ©U § ST 88 ¢ | MY
ST = A1 I8 wfua 6 € fob Sl & iR 70 &I @ragiie w5y
A I WR TR (99—100%) AT STl B Sl f¥ebe | Jfrd sRel &l
SURART BT ADhd B | AT H D3 Gl Gd AR DI AT ST
YR FeRT, fAR=T WMl W) YoTdt & gars &1 fawn # gRecd=, =
T T R S IR 19 W S ®R, T &R SS SRA, Bl B
AT ¥ Yolel SUANT, H31 & A0 & TR TR SUBRT, AT Siel
T IOTERTT IR &I T b I Y UTTel! & aR H TaT o | Siet Bl
I8 Iod WR BT A YT BTl H R D W AR §RT YR a_E
A3 R W fIH R fam T3 o |

Discussions and the references presented in the chapter show that there
were well developed scientific concepts of groundwater occurrence,
distribution, prospecting and utilization. It is for this reason that the
people of Harappan civilization were able to dig the wells and able to
utilize the groundwater. By means of hydrologic indicators such as
physiographic features, termite mounds, geophysical characteristics,
soils, flora, fauna, rocks and minerals etc., the presence of ground water
was detected, which is fully scientific. Termite mounds were used as an
important indicator of the groundwater by the ancient Indians. The
presence and variation of these indicators have been linked up with the
availability of underground springs in modern era too. Modern scientists
have also established that the moisture within the mounds is kept
practically at saturation level (99-100%) indicating the presence of
underground spring in proximity. Well before many centuries of Christ,
Indians were aware of underground water bearing structures, change in
the direction of flow of ground water, high and low water tables at
different places, hot and cold springs, ground water utilization by means
of wells, well construction methods and equipment, underground water
quality and even the artesian well schemes. This high level of knowledge
of groundwater in those ancient times was developed by indigenous
people of India altogetherindependently.
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Sict JUICH 3R

3aforec Sicl geielol

prer
CHAPTER

WATER QUALITY AND
WASTE WATER MANAGEMENT

X SfEr H, U @ STANT 7 WRed, TR 3R dearer & faf
3Tl iR =Tl 3iR Hed! ot ufafdfad fbar 7 | a8 faar fa o
Hifcrep, AAISTG IR ITRReIfTd areReT & 19 U Ao Bl
STITAT 8 Usel 9 & Urei fafhedr # <@ S Favd 8 | oI 4000 99
Ud, YRART ®I Ul Pl SAAB Y& B BT S AT| 918 H,
fewished Uil @ IOl Bl 98 9 @ oI, Ul BT BT 31R
TS, QM & SUIRT BHRA & ol ST ST o7 (IR, 377, gA.4T.
2011) | U 9T H MY ISP, 997 STt B YA ST DI IS &l
T A o | Wb 918 & AT I Ul Il b U1 81 © | auT Bl
aTl, JAfTeIfTd wU | STofas § 999 Yg U 7, ofd e W
IIATaReT H a9 Sfcl & (IR G931 H D3 Al {efim gfera arft ufd
SlTex Uil H U 81 ol © | a9 Sied, 519 gedl 1 IR FRar &, 394
gaT ¥ I 3R g1 A1 A arg S AERRE B BN DI el Dl
TITeT IR fAeTdr ® | 39 YR, 99T ol U A3 seldcialise a9
ST & o =1 A3 | W SR &g g9 92 R0 B & |
Oifed, a3y, IRRE, $fvH, deiRIss, disdei-e 3R
Aethe U UTd o | AT 3R A= Arggror il mdk )

AINE B § | ATENfd e, a9 S dal iR ARy &5 #
IR Y ¥ g @ BT 9 O © | [ AMETRT BRI H SI a9l el
&I HE BT el H AEAYUl Bl Hhd &, SATTE!, aTHH, SR
3R g & BUN gRT IAT AR & | HEANR & ARIUTH q97 & U=l
H ;1.0 el I Ui elex | &S sl fAefumd ufdelier d&
FARTSS BIAT & olfde] SHD! AT TS AT A Y BT f=m # aon
J gl Sl 2 |

Throughout the history, the use of water has reflected various
experiences and interpretations of and values about health, illness and
well being. The idea that water reflects a harmony between the physical,
social and ecological environment can already be found in ancient
medicine. As long as 4,000 years ago, the Indians were having the
knowledge of purifying the water through boiling. Latter, Hippocrates
was known to use both water filters and boiling to improve water quality
(UNESCO, IHP, 2011). The modern scientists at one time, used to consider
rainwater as pure like distilled water. But later studies revealed that it is
not so. The water of precipitation is characteristically the purest water in

S
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the hydrological cycle, but even so it may collect from less than 1 to
several hundred milligrams of dissolved material per litre of water during
its fall through the atmosphere. Rainwater, as it falls to the earth, has
ample opportunity to dissolve gases from the air and may also dissolve
particles of dust or other air borne materials. Thus, rain water becomes a
mixed electrolyte containing varying amounts of majorand minor cations
and anions. Sodium, potassium, magnesium, calcium, chloride,
bicarbonate and sulphate are the major constituents. Ammonia and
various 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 significant in altering
the composition of rainwater are the sulphur emitted by volcanoes,
fumaroles, springs, and dust particles. Rainwater close to the ocean
commonly contains from 1.0 milligram per litre to several tens of
milligrams per litre of chloride but the observed concentration generally
decreasesrapidly inalandward direction.

agl H, faRIY U 9 Jfrdde H, 89 Sl YUl & B AaH Held & |
TR AT, g AfRdr (QF1 gd a1 URME dig ) SR ST
eI Sfedm (odi TrdTe] Sw), JMgde (S & fI9i) W ugel & g
@ ARM W 99 & 9SR © | 37 991 9Tl A 9l 3, Uil o
TSR TR HHTYOT TGS bl He<d QU USe] & | AIHHT BT |1d Uhrel
(1671 TraTedl 1), S BRIG—Hd YT DIt & T Tgdiadh Jif
BT VS Ao ¢, A fIga w0 A uri &1 Jora<i § Hefoa 2 |

In Vedas, we get some references to water quality, especially in Atharv
Veda. Charaka Sambhita, Susruta Samhita (both of pre or early Buddhist
era), and Ashtanga Hrdaya Samhita (9" century AD) are the repositories of
knowledge accumulated on Ayurveda (Science of Life), during the earlier
period. In all these ancient standard texts, discourses on water quality
constitute an important aspect of Ayurveda. Bhavamisra's Bhava Prakash
(16" century AD), which is more or less a compilation of all the Ayurvedic

texts of earlier antiquity, also elaborately deals with water quality.

IS H TAld V, 83.4 H JETRIULT, I HREVT 3R IS & R H ATl
T 2 dIfh Ad ST B 9l & ol Y AR T IIareRv AR
3T T[UTa & Siel <h (10T BT Hapi—

In the Rig Veda, the verse V,83.4 speaks about the tree plantation, forest
conservation and yajna (I<l) so as to create pure and healthy
environmentand good quality of water for well being of mankind as:

g arar arta gt faega Semveifsied U= @ |
)1 fIvadt Yo S acasi=a: gedl awrafd | | RV,V,83.4 | |

w1aref - 79 @1 AR & 59 79§ FIH1 el BT 2 DI Ihg

Y€ SIel Ud TR ATTaRYT 8 TRV & HE<d Pl dal # gfofd faar war @
Importance of plantation for pure water and healthy atmoshphere is described in Vedas
(|1 / Source : Leek Gardem)

90 ¥ U 9RT # SRy 9@ ———



gl @ T, I DI &M R AR B B I g P ST A1
T g 9 Bl |

¥ TRE, IASE B Tl VII, 50.4 § A1 Uril @l gfg & ol Il & He<
BT U1 I © | IS H (|, 12), B YTl & AT & BRI HGY]
3R UgTef Bl BIC—BIC BN H AISHR, AT T GIRT 31T DI LGl
@ UIE 9Id & ®Y H ged 8, T R G o fHol urh B g e &
I © | 3FAT

Likewise, verse VII, 50.4 of the Rig Veda also reveals the importance of
Yajna (I in relation to purification of water. In Yajur Veda (1,12), we read
about the contamination due to combination of substances and about
fire as the prime source of purification, by breaking the substances into
minute particles, i.e. yanja, heat and sunrays are the agents to purify the
water. viz.

T el STl SR e SR R T <R |

QIRTISIERIAISIIUAISTSSHAE Tsi IR I=iufc Gerg g=idfc

SagIH || YV.I,12 1|

Araref : S ueref WA 9 AR @ o B € 9 &ift & Afe @
3ICIIEH URATY] Y IR Y & §1d R8T B4 © AR B G A1 81 S
£ IRV O IS & IS W a7y 3R gfie 5t Y S i iR gfte
BICi © I GO SUTF ¥ Yl I8! 8 Aebdll | g9Y fagTl i =iey o
EHHAT 3R arg AR Ter anfe ugred 9 Rreu fJen | e
AR G & 3D UBR B oAt SoTd 3rITq =T BT g PR
3IRT 1 WY BT g BN | ST STel 5 Yodl | SA=IReET Pl TSDHR a8l
H AlcadR R oAl a71fe yaTif T UT 81 & d UM 3iR Sl 7Y H W&+
qTel & I TEX HEA @ | UHT YT STET0T § He 6T I3 90 G &l 575
M ¥ aUH BB JEOU HAT B THIe 3 Hafden feeens 2 |

ATAE (S 11, 187) H &9+ QT © fb I & favol <21 Sl | aui

@ g ©U H 3 BT HROT ¢ & |

In Sam Veda (Previous 11.187), we read that the Sun rays cause the rain to
comein purestform like white curd as:

ARG 7% YTl gd gEd 3MRRA|
TR g || SVPILIST ||

Jerdde (T, 22.5) BT Uh Tlid NS O, Sd 991 3R WX STl
U dTel &A1 | B dTell SR & fIog FaR® SUr &)+ &
<o earg | germ

A verse of Atharv Veda (V, 22.5) directs to take preventive measures
against the diseases caused by the areas with much grass, high rainfall
and bad water quality, viz.

DT Y Yold— APl NI HSTIET: |
TSI FAART dfegdy =—er: | | AV.V,22.51 |

Hraref : 980 O drel 3R 984 gfte arel <2l H Sar ATfe T 3ffereh
B &, IS SHdT UG 3 |

URIg HAETHTR HEMRA (XII, 184.31 31X 224.42) H 9 U & WG &
TR S9S A= 701 & IR # UeT B | 39 oK, I8 WK & & I
HHY S WG & AR U Bl ora<i] bl e B & g fhy
MY o |

In the celebrated epic Mahabharata (XI1,184.31 and 224.42), we read
about the various qualities of water according to its taste. Thus, it is clear
that during those days efforts were made to specify the water quality
accordingtoits taste.

<4 gfae: urad F=Rf: g |
HERT AU HUTIIRT: Hewell | | M.BXIL1843 1|
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g el & "THFI e’ ATHD 54d AL H, X UM B JUTAT & b
A e 8 | Teli 54.2 § B8 1 © b oTdt dl SIia SHS JIiaRoT
@ g H BT ST AR |

In the Vrhat Samhita, we find many references to water quality in the 54"
chapter named“Dakargala” Verse 54.2 states that groundwater should be
investigatedin relation toits environment.

<&——Raw Water

Fine Sand
. €——Coarse Sand

<—— Water

7‘ Gravel

<€— Filter

€——Clean Water

STl e @Y 9 ugfa

Traditional technique of water treatment
(@T‘r / Source : Kiran Enterprise)

U quid AT ARG AT ageTfaRIvTd |
AR 9gavidl @ Td wRied fAIfIgerma | | Vr.S.54.21 |
JIThHY] dEHE] HU &N a1 BfueT B |

JAMUTUSIIAT T Ul & QT ATAIGERIAH | | Vr.S.54.104 | |

gad Wf2dT (54.104) H FACET & T BI STet OTAI BT LA ST TAT
2| I8 dedl 2 fF T Jad dhsaa iR el A urit &r FHterm
1 < 7 | R T D e A gl B o7 <l 7, Uiell Ime
AT @R T iR <ol 37 @t et urh @l g SiR Wit a9 |
ST I 0TI H R & ol T Siel SUAR fafer +ff e it o |

Soil colour has been described as an indicator of water quality in the Vrhat
Samhita (54.104). It says that “pebbly and sandy soil containing copper
makes water astringent (&ieT). Brown-coloured soil gives rise to alkaline
water, pale white soil to salt water and blue coloured soil makes water
pure and sweet”A water treatment method was also suggested to
improve the quality of drinking water as:

TSN SRS IRITABHAR: |
HADHATAIRIINT: HY USTA: | | Vr.S.54.121 ||
Y bod oavl favd Aferel Al argwafy Jad |
e HIIHeE GRE G TORUNTE o | | Vr.S.54.122 | |

QU Tlldh HEd & fob IASTTH BT b MASIOT (iferRam, SfifeHT a1
JMAITH BT 3D), AR B (ANRAR), SRR (TN), qHNISH Bl
ISR (ARS), IR FHAABI (IAT) HhT e & A1l FIad wd
T §HY H STl ST AT | A 9T a7 8, ARAT ©, DI, WX
WIS 3IR e Y BT 81 ©, g T, WIiate, FIHd AR I [
T 7T BT SITQAT | 59 YRR, I FHI )18 MAfeR =1 gfd ol & i
A YN ARG U 9T R @ ol o axat ey g &1 off | Sjad
|1 diel &1 FrEEl ST Jog 31 8 &R STHAR IR 9RA & ST
a1 el | Sueed © | urEe fRifdear veif 7 o fb =Re e,
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JH[a Hf2dT 3R reiged Higdl (@rvee gR), o= |rfes wu A
FEA (A8 ) & ®Y § ST ST & 31R I 31 Tgdiad Uef
AIaEH, ARITERT AT 3R 91d U, ¥ arjfes wU 9 dg3g
(BT 37) & W W ST S &, $94 W |/ U Bl O & FaH
IUAR ¢ | 91T TR H Py R a_db, oA, a9 AR qDH B
ferferear gt A 2nfAe b TQ € | 9T YT T <] ey fvTH 86
Tl &, ARl TS A A ST SITdl &, UTl o fafe=T gggell | Heferd
2 | I IWYad UTS (AR IR 9T BT 109 3rer) # A T Ut b
UG & BB USSPl f3AT AT & 3R YATE (1979) §RT I SH®DI
fareeryor foar 72 2 | Telie 2 ® ST & Hewayet 7[ur 3iR Siat @ forg
G STAAT 918 T 8, oivd—

The above verses say that a mixture of Anjanam (collyrium, autimony or
extract of ammonium), Musta tubers (Nagarmodha), Usira (Khas),
Powder of Rajkosataka (Torayi), and Amalaka (3T7dlT), combined with
Kataka nuts should be put into a well. If the water is turbid, pungent,
saltish, of bad taste and not of good odour, it will be rendered clear, tasty,
aromatic, and with other good qualities. Thus, Varahamihira at that time
presented a simple method for obtaining potable water from a
contaminated source of water. All above plant materials have medicinal
value and are commonly available in almost all parts of India. In ancient
medical texts such as Charaka Samhita, Susruta Samhita and
Astangahradaya Sambhita (by Vagbhata), collectively known as Brahattrayi
(Great triad), and three other ayurvedic texts Madhavanidanam,
Sarangadhara Samhita and Bhavaprakasha, collectively known as
Laghutrayi (small triad), some references to water quality are available. In
Bhava Prakash many parts have been incorporated from the medical texts
of Charaka, Susruta, Vagbhata and the Tantrik texts. The tenth chapter of
Bhava Prakash with 86 verses named as Vari Vargah deals with different
aspects of water. Here some aspects of water quality are presented as
given in above text (10" chapter, Vari Vargah part) and also analyzed by

Prasad (1979). The shloka 2 states the important properties of water and
its usefulness for the living beings, as:

T ST defies ﬁ@ﬁﬁqmﬁ? dRresfadargg el (g quuM |
T e goiveEe M 3 Wiidd deaes [qeRY Frfed

GruaSoilaTq | X.2 1|

HAraref - ‘Ol IR AR FF Bl AB DI R BT ©, PAGARI Bl T
PRAT B | I8 g2 & [T 31981 8, AJfe odl &, BFc], W, 4l B
AId & 31R T, g BT YGRT 1R FHeol BT T HT ¢ |

Meaning: “The water eliminates the fatigue of the body and mind,
destroys weakness. Itis good for heart, gives satisfaction, soft, clear, origin
of rasas, and destroyer of vomiting, sleeping tendency and constipation”.

ol 3 3R 4 §, gt & A= ®Ui BT fThRor 3R AHHRT 39 UhR
o T 8-

Inshloka 3 and 4, the classification and nomenclature of different forms of
water have been given as:

o gt giad e SafAfa fgem ) X3
foed agfde uiadd eRTS BHRBIeH |

AR T der 29 Y 9 JOnEH | | X4 |

O ST SATHTRT W SR & S T’ 8T ST 2 31k 99 I8 gl R
AT ST & ©Y § UHd &1 91T &, a1 S F0al gRT A1’ S8 Sl 2 |
e Sd @ AR AR # qieT T 3— IR MRl 9 FRaR
dIBR & wU H RAT 2, ‘SRHWIH T4 T8 UeRl & Chel &I e
RIRAT €, ‘AR gu 3ffe | Jad Bidl & 3R BAY fRA1ed & 9% 3
IAT & | SHH "ERISTAH J80R &, ToraH 071 a1 WRAR 2 |

Water which rains from sky is called 'Divyam' and when it gets collected
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on the earth or as ground water, it is termed as 'Bhaumam’ by sages.
‘Divyan' water is divided in four categories: 'Dharajalam’ falls as
continuous shower from sky, 'Karakabhavam' when it falls like the pieces
of stones, 'Tausaram' is free from the smoke etc. and 'Haimam' is caused
from the snow of Himalayas. Among these 'Dharajalam’ is better, having
full of qualities.

S TRE, Tl 25 H RIelIg Siet (¥ STetd) &7 aRfTahRoT feam 2 |

Similarly, shloka 25 gives classification of Terrestrial water (Bhauma Jalam).

A ferfad ger Fifae g |
STl URHTY dd: ATEROT AT | | X.25 | |

@1 3t B, MW Se A UBR BT 2 O SIRTe, *guH, iR
GERAH | SUYFd Tiet favToT S &3 o faRivdmell w amenRd g 8
378 S9! gafeReiy Refrl & rgaR fanfad favam ST 8, S—

It means, “the Bhaum Jalam is of three varieties viz. Jangalam, Anupam,
and Sudharanam. Above water divisions are based on the characteristics
of the regions which are differentiated according to their environmental
conditions, as:

femrera # f2 QreIfed & | el STelar]
A water stream in the snow clad Himalayas
(| / Source : Shutterstock)

FATCDISIIETTd fUcRadAT =a: |
T STl QNI TSl STt | |

X27 ||
Asfees] O qor 9 & A’Re: W/ |
TRAE Igadh T ARl FTH | |

X.28 ||
STl Aforel wel ofavi oy e |
Ifegerhedwl f[AeRM &d 987 ||

X.29 ||
U A= wrg R o9 % |
diegdcphheye [AbRTged a8 ||

X.30 ||

AR g AR <9 2ol g |
qUOT A JOMRTEERTERIN | |

X371 ||
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QU TAbl & ATAR, I 7 4 Us iR Uil A & o oy
3R a1 fapR UeT BT & O STTet &1 © 3R 37 &3 § S~ el dl
STRT UTi1 el STl & | o7 &3 # uril 31k Us UgR A3 3 2 &fiR a1a
3R &% T BT AhT H [eH & SHSD Sl Bl I STl Hal A1l & |
ST B, 3R 9@ Ul Bl ARIRYT STofH HEl SITdl & | STTel bl aTet
WRT, )7 8, fOxT 3R $% BT WH HRAT 8, YT Bl gaIdl <l 8, 3R N
¥ U 3BT JMMER 7 | 34 UM W, detrd, fordferdy, woR, ura &l &4
B dTell, B DI deTdT o aTell AR I ABRT &1 AT 2 | Ao
RT) BT FAT BRAT & | 39 UPBR, T Tal <&d & 1 Ul & IegI ¥,
TRRUTIST B 3h BRBT IR 9 faaR fbar T g |

According to the above verses, the country having sparse trees and less
water and having bad effect of causing pitta and vata disorders are the
Jangala region and water originated in this region is termed as Jangala
water. The region having plenty of water and abundant trees and able to
cause Vata and Kapha diseases is called Anupam and its water as Anupam
water. The regions having mixed characteristics of above two types is
called Sadharanam region, and its water is called Sadharana Jalam.
Jangala water is saltish, soft, eliminates Pitta and Kapha, promotes
digestion,and agood dietin diseases. Anupa water is tasty, oily, viscus, hard,
retards digestion, promotes Kapha and is a creator of other disorders.
Sadharana Jalam is sweet, promotes digestion, soft, cool, pleasant and
eliminates tridosa (three diseases). Thus, we see here that in the study of
water,alarge number of factors of ecology have also been considered.

5 [¢) JJUIC]CCII Hlclb
Water Quality Standards

FUR Ay Y fafr=T Hewt 4, = Wi w, fawre (W, W@, T,
IRt fe), wWeew (W), MRy (J1Y IM2d), dguH (I5fid) iR

et @ (TguoT 3fed) o Tes e & |

In the various reference quoted above, at various places, we come across
the words such as fa21g (clear, clean, pure, pellucid, etc.), ¥a=sH (clear),
T (blemishless), 5% (polluted) and et & (unpolluted).

YA 78—81 TN U & fARISTRAT BT $H YR d0I el o

Shlokas 78-81 describe the characteristics of the contaminated water as:

ffeed Hfie foer~ goidareesmds: |
faeof foRe @ geivg 71 f&d Se™ || X781
BT BTHHICTIOHATA GO : |
SRYITAAGE ARATERIA: | | X.79 ||
3FIid AT g U ded T |
I~ IRES AIQIIYDHIIUE | | X.80 | |
TR RATTATARRI JOMEAT RRAR |
BTG hUgIUsSIiad AT || X.81 |

HAraref - S So—Ufed, Hfgad, U, RaR T21 o 9 ©RIE g3,
X JUTaTeT, IERIE, TIT 1T i+ Jad &1 98 feddrl &1 arar | a9
B HGNT (el A & U, AR qm Jonfas | refed, §°
LRI 1, A AT AT Dl fhRoll | e, 947 g gl wR o qui
BT UHA STt AR fITST ZA Tt AT <7 AMRY | HROT fh— I 7T
A AUl &Y U B © | 39 YR & Sl I T DR 2T Ui 4 Jur
(RIT7), STHRT (M), SivfsaR, Wi, 1R @1 Avadr, srfasg=],
HUG, TATUS 3 I I & oI & |

S Tl & STFAR "I Sl fafrdY yesfa &1 81, s @l &, 8iiR
ORIl 3R B | TR &, WRE Y HI 8, 98 WReT & {1y 3reeT
TEI BIAT 2 | a7 YT, HHA & Ui, 79 NS | THT =il iR G AT
=le Bl AT & 197, 1991 fobedl gereret @, a1 e w9 a9f & BRoT
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T UE! N1 T U Sl ST H Thd 81 SITaT 8, U1 T &g faaRI 3irgfre araRRel a1 S a1 wgfy FaH |
HT A | 39 IBR, U & IUINT IR FEIS TAoH @ ot S I IRIS AT ARAYED WA || X.61 ||
g fhar Sr =mfey wife 59 e & Url & SUANT 9 ], far Afaavele T ehamergf: |
3IEATAT, SO SR, AR, HUg, TUST IS I &I & | 3T ATl SIHTE® A R SrEaIE || X.62 ||
BT Y AeYUl A T AR ITIFTT & Iy ureil &l I[orasit Aidh AT FIRIHTTReSTATTH |

& forg Ul IR & gftedior of W ®Y § Ydhe dxal @ | oo XATg+ wed oid ofg eI | | X.63 ||

According to these verses“waters which are of sticky
nature, containing worms and spoilt by leaves and mud,
of bad colour, thick, of bad smell, are not good for health.
Muddy water and water covered by lotus leaves, grass
etc., un-illuminated by sunlight or moonlight, lacking s

source of many disorders. Thus, they should be prohibited
because the use of such waters for drinking and bathing
purposes, cause JUT, JTEITATH, SIIUIGER, AR, HUS,
oSt and so on. A critical study of other shlokas also
clearly reveals the approach of ancient Indians for water
quality standard for different uses.

Ao AIai Ud g & TR U=l &l J[oradt H =TT |
I T 59—67 ¥ THSIRAT TATE |

Variation in the quality of water with seasons, as also from
different sources, has been explainedin shlokas 59-67.

A< ARY A drer a1 & WA |
A= fafed drd fRIRSf uer=ad 11 X.59 |
THTUTHAT: DI a1 AR T |
AT IR AT SIS | | X.60 ||

& . > ifﬁ : . Treatment of pond water by natural techniques
ad: | (AT / Source : NIH Roorkee)
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IR WA 29 | | X.64 ||
Uy gk ARSI A8 e, TSRToH |
BIAH HOFA a3 ds(od fad AqH || X.65 ||
qTe BIY ;IR FI[oaHd 4 |

PIfcid ANTINY o SToT™T= USRI | | X.67 | |

wrared : g9 3R RIRR kg # WRIER T TS BT S bR & |
I IR HST g # B, AL qA TIA B IRA BT ol fRABRY B |
IfEAm o9 & forg g iR Mo g # T4 &1 5Tet =181 YT a1y |
BRI {5 37 &A1 § Sa & favel gaii & el JMfe | Sfel gfua sram
2| 99 g ¥ Mg, aRke (RMarRia) 3ferar U &7 ool Ui
IR | TRE g H T4l Bl Siel a1 579 STATerd & HUR Ayl 3 33
@ faol gt & e Ay # = @) fhRel gt 8 U SR @t
O fRABRY 2 | 399 TRE B Sil STeATerd & S oiel Bl 3iTEd HEd & |

AP o : Ry, FHRIvARe, sFffs, R, saRer (3ere)
ST & Y1, IABRD, AR WU, HET Bl fBddR, Hdd, gebl AR
3Md & A 2 | BIs—dblg VAT 4l Bad & b IRG Fd H NI B
IS BN WR AYUT SieT 3B © | 95 G DI HAF & b Uy 7414 o
R (31e) BT e, AT H TSNT BI, BIS[H H BU BI, A H Alsehl
3R HIfcies qT AT (3FTE) H 1 STeTert & 5t fedd R © |

Meaning: “Water belonging to ponds and tanks during the season gH+
(winter, i.e. November—January) are good; during 3R (the cool season,
i.e. January—March) also the same waters are superior. During s
(Spring, i.e., March—-May) and I (summer, i.e. May-July) the water
belonging to wells, stepped deep wells and rocky springs are good.
During §9=d and U™ seasons waters of rivers should not be used for
drinking because during these seasons the river water becomes
contaminated with the leaves of poisonous trees etc. During rainy season
aubhida water (ground water of artesian character) or antariksha water

(the atmospheric precipitation) are good. During ?Rq season, waters of
the rivers and waters, illuminated by the sun during day time and by the
moon during nights, 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, soft and cool. During
YRq season after therise of star Agastya in the skyall waters become pure.
Vriddha Susruta said that during the month of Pusya waters from lakes or
ponds, during Magha waters from tanks, during Phalguna waters from
wells, during Chaitra Chaunjya (valley stream 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”.

UTofl <l T]UTerT bl GHTfdld bl dicd chReh

Factors affecting water quality

ST {6 W19 U @ IWRIGd IAldl | Q@ Sff Adhdl &, 8H ofal
U D1 YT B dTel BB HIRDI B Ugar B Abdl &, oI b
& ST AT fRAE 1 uTei, |1 STotH a1 ¥[oTdl, ATed STefH (4T BT
qTe1), &G STerq (FoTel ¥ IMMCRIT JAMTAAT & ATS F&+1 aTall),
SR (Fet JuTd aTelT STel), TEIT Sie (ATelTd &7 U, Hi el (3l
&I YN, Aoord Siel (AT 91ET BT ST, Tl 65) 3R D 01 BT
HTd YT H G 5T 17 &, ST O1=h &1 I[oTeiT UR HTifors Rerfa
@ YITd & ST BT ST 8 | ST foh TelTdh 26—27—28  Ugel afdfd &,
A Refodl gedt & fafi=1 wul, o, SiTel IR AERO H iR |
AT 2 | 9Tl I[oradT R B B S arell 7l &1 gqa W (SR
Siel, Tellh 57) aford & | Jfeilq -

As seen from above shlokas of Bhava Prakash, we can identify some
factors affecting the quality of water. 27 STei i.e. glacial water {9 STetq
i.e. ground water, ey STeTd (river water), 371G TG STeTH (ground water
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PERAT : BH STcl BT S8R0

Kedartal : An example of glacier water
(?Eﬁﬁ/ Source : Discovery Hike)

flowing with artesian character), sk (water fall water), TSIT STeT pond
Water), d1T 57T (wells water), dosd o7d (i.e. valley stream water, Shloka
65) and their qualities have been described in Bhava Prakasha in details,
indicating the knowledge of the effect of geographic condition on the
quality of water. These conditions are related to the differences in the
earth as 317U, STTeT and SATENROT regions as described before in shlokas
26-27-28. The effect of agricultural soil on water quality (TR STdt,
Shloka 57)isalso described. viz.

BHER: ST DR Touiel T |
HeR JRffte 9EgR TS qIvad | | X571

g8 YT DI UTERT IR TS alell g & G
&1 A1 IO BT © | |1 BT U A G B A-E B
& BT HHI AR IR & S80d A Ul DI I[ora
TR T dTel Y9Td &1 =l &1 T © (IATd 78 3iR
81) | ¥ TP I © fob MY STel YoTaT Hael
JTAIROME MR H I BTl H 37T axg I ST
NI

It also describes the effect of decaying vegetation on
water quality. Also the effect of stagnation and lack of
the penetration of sun light in water, on the water
quality have been discussed (Shlokas 78 to 81). These
verses show that the modern water quality related
concepts were well known during ancient times in
India.

U1 &1 HSRAT BT S B3 IADI (7, 19, 21, 24, 29
3R 43) # aftfa fvar a7 B, S Ao & SR
fAf=T STt & [oN BT Sgd B & -

The knowledge of the hardness of water has been
described in many shlokas (7,19,21,24,29 and 43) quoting the properties
of various waters according to origin as:

IRAR PRvemf gy o |
AR I ged U § olfe Staed || X7 ||

Arared : RIS STl FQIEATRI®, 3Yd 9 dTell, S, IR, A,
I, DR, A<D, Sia= By, Ure, igaeid iR J=oi,
SR T8, YRS, AT TAT JUHRIS & |
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PRDIS STel el faere 6 9 Rery |
TR0l Widel s fOcigehhardad || X191 |

Hraref - 3 91y iR AT & HAWT F TR & Thsl Fge Sl ofel
fIRAT B, SHDI FRBH™T STt (3ATeT) e B |

TET, NI T 3fef & Hg SR el AT 10U o1 31ef & B3R Uil |

Here, W (Saumayam) means soft and & (ruksam) or STa0T
(darunam) means hard water.

I & el | AT BT i fhar 7 8 | I8 ToATdh X27—31, X78—81
3R {B 3 TEAD! I W & | YT Bl ora AR Faferd
fw W™ I8 Hue FH! IS © IR UHE IRAE &
FATqD GREPHIVT BT T & |

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

ol JUdR
Water Treatment

TAId 5 MR 6, T BT HUS A B & 918 A, =TT, qid
3R BiA & a9 A1 A & aci9 A FU8 & G379 < 2 |
A I ST U e B oIy Sd gRT Y MY a1 Bt
Tl AT 2 |

Shlokas 5 and 6 suggest collection of water in golden, silver,

e S = . L R
; = e

e TR YL R o 80t

YRIA: gfid dRi T[Erd SIcanT |
Rretran agem a1 diara ufd = aq 11 X511
Aot IS AT WhIfed Braffnd |
HToT JoRd aTfY wifid aRyead || X.6 1 |

HATaTf : ERTS ST D1 IRHTYT— eRT—%0 A RIRT 31T STl W28 TR WX
fORT 31T 81, 312ran gefl g3 Y2l R FIRT 81 | IHHT I I BITHR ],
1<y, AlaT, Thicd, P rar e & U # wRax il 39 a1 9f1ar ©
TET ERTST STeT HEAT B |

Il 82 H, gH 9T AT © {6 U9 & Ul &1 SUAR T8 dRd AT

SITAPR 3R BIFDBR (hT ST AMRY | Tl 83 H TH Vo, URI 1fe

/

e = = A —_

copper and glass vessels or earthen pots, after filtrating from
cloth. Itreveals the attention paid to get clear water.

et & ga+l § UM & gl BT g
Storage of drinking water in earthen pots
(JTd / Source : Dreamstime)
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1 FSTIT ¥ 31X ST Tl & A1 Ul & SUAR BT Ul Il © |
7T :

In shloka 82, we are told that water treatment for drinking purpose should
be done by heating or boiling and filtration. Shloka 83 reveals the
treatment of water with the aid of heated sand, stones etc. andaromatic
materialsviz.
fHifed =y o FafG e |
gavl Iod g ool feearfy || X.82 1 |
eI I [aie e Arferd e |
HURSATAGRTATC AT GaTRITH | | X.83 | |
Y AeueHnd gastgiaarsia |
TS HAGHAY: YE AR | | X.84 |
R GIERPIDECRICER CNCH

TS o a9l HAleguaTq | | X.85 ||

araref - AT U DI [T |, I DI B0 & HUS H A AT
TH I, 1<), ST, IR A1 XA H gSIhR Y& (AT ST Fehell 8 AR 5
SHEBR, SicH! (THEAT, STTHAH TSHARH), T (ARTHER), DATFI A
SAHRIGH), UTe (TER, HHRIAI IS dgdbee) e F GIRT B
3R fhR AT HUS W BEHR BIC DIV I Jad UM -7 A1 & |
U G, ARN 3N I g B |l UGu0T Gad fhar S 2 | Il Bl
ST =Ry |

Meaning: “Contaminated water can be purified by boiling, by exposure
to the sun'sray or by quenching with fire heated gold, silver, iron, stone or
sand and flavouring it with the smell of Camphor, jati (Chameli; Jasminum
grandiflorum), Punnaga (Nogkesar; Calophyllum inophllum), Patala
(Padhar; cocsalpinia banducella) etc. and then filtration through clean
cloth makes water free from small germs. Purifying it with gold, pearl, etc.

also makes it free from pollution. Water should be made free from leaves,
roots, stalks of lotus leaves, gold, pearls, cloth etc.”

ST IUAR Ufhar & g uar gerdr € % O gu, am, e, 9|
IR GIT gedl & M & FoRIcTS YHTal &1 T § T w9 |
quIA © | U1 & SexMd, Rl §IRT Ul & gNd 8, ¥aTdl e & )
g1l T AT quie fHar 77 7 | & T8 SUR fafet | fd 78 awg
BT AATIHAT &1 & AR U & DI Ao+ o7 gRafdd &1 8, i
MY TTeT SUAR & IARATD TRIDI Dl Th T! HHI & |

From above treatment procedure we gather that the positive effects of
intense sunlight, heating, filtration, aeration and addition of aromatic
components are clearly revealed in the treatise. The bad effects of
stagnation of water, contamination of water by leaves, algae etc. are also
described. The treatment methods given need no costly inputs and no
desirable qualities of water will be changed, which is a major drawback
ofthe modern chemical methods of water treatment.

3TUfrC 5T Y el debeilch

Waste water Management Techniques

TSl B HHI AT ABTRT BT ST AT SEH A 31ferh A1 dh gTfad
BT & 1T 6 Yo STl & AT | STafd U STl SUAR U adi
PRI THT U JIIRTT AT 8 b &, eodl Bl AH T I
o ok o A=l & ATI—a1et 419 d SiIfa & faar R Udh
Hewaqul &1d & ®Y H AT Sl & | f[a9e) 200 (1892) & JIHR, ‘ANd
BT gfer Wik & sfagr # IRAfRIT 81T 27 | I8 PHeTad weodT iR
Jufdre ydee & He<d Bl YA ©9 | SRIT Bl © |

Lack of sanitation affects human development to the same or even
greater extent as the lack of clean water. While there may be an added
stigma to discussing waste treatment, sanitation is widely perceived as
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meriting a significant claim on financial and political resources as well on
the evolution of mankind. According to Victor Hugo (1892), ‘The history of
men is reflected in the history of sewers' This proverb adequately
indicates about the importance of sanitation and wastewater
management.

TSl W D SUINT &I ®U I A HA & AI—1 A
URE IeUTE | GRI&T /el s o f+ued 3R fge™ & forg far
ST & (3a-TeaR iR A1, 2008) | Fafdfed 2 & Agl, STt @i
wewdl © 41 & Gaul |, g ddh, AHISTS iR g1fih ROl &
gqd & HROT EHYT  Jafw gRadd < U & (ARRIee, 1998,
qIeh, 1999, ST fihaT 3T FAUTell, 2007, Ta=ITaR iR AT, 2008, ATHIAT
3R STSH, 2010) | BTAIfP SHIAT ¥, UM SeT BT 7T THST AT 2 |
AR STeT Yaer & fabr Bl UfshdT &1 g1 ¥R H By dI@dl g
Tl B TS 9N fh TR (1985), AR (1994), ARRIe! (1998),
faaret (2000), AR (2001) SR =Y A=Y (2007) | 3T BT H, ATBRIAT
3R 9134 (2010) =1 HIFG ST & SfTE H SMURNE Sel Uded &I T8d
FHIEAT UG D 7 | 39 FHIeT B H SR WE w9 | g o
=T AwIaTal H, UTeie Ry AIaT e, weadl & [ddrd & f[aug o
T B R |

The term sanitation is primarily used to characterize the
safe/soundhandling and disposal of human excreta aswell as other waste
products(Avvannavar and Mani, 2008). It is well known that the
relationship between humans, water and sanitation has seen substantial
changes, due to the influence of cultural, socialand religious factors
throughout the ages (Sorcinelli, 1998;Wolfe, 1999; De Feo and
Napoli,2007; Avvannavar and Mani, 2008; Lofrano and Brown, 2010).
However, all through the ages, wastewater has been considered filthy
(Maneglier, 1994;Lofrano and Brown, 2010). The process of evolution of
wastewater management through the ages has been discussed by

several authors worldwide such as Tarr (1985), Maneglier (1994),
Sorcinelli (1998), Viale (2000), Sori (2001), and Neri Serneri (2007). More
recently, Lofrano and Brown (2010) have presented an in-depth review of
wastewater management in the history of mankind. In this review work
they have categorically discussed about the evolution of sanitation
through different civilizations of the world, including the ancient Indus
civilization.

g T 1 g SISl D IR H DI (1997) BT el HRAT Sfed
BT o R4 oTexi o a¥1 Uget faafid o1 13 oS Urenfifear =1 gfaror
URRAT 3R AT & 37 QR &3l § a9 § IUIRT &I S dTell
APt & fory =i U™ @1 | JUfTe Sd Uded 3R Wadl gsul
AT & T8l e XTll Bl T faRvarg off (@R, 1991) | 59
3R, ATHRHT &R SIS (2010) BT Rebfs et € f6 U= &radt #,
Re] TRIaT e Uget Sfa Juldne SuER yorredt ot | et 3iR 5Tt
i Sfed Sead I 991 2, fI9y wU 9 A8 Sics! 3N ssWl &
31X | TiraTerd, ARE- dTel T8e, Blal, UIsY 3R aTdt Jmuflene fuem
@ g I o | o | R4y a1l 3 & Q1 ee’l A8 Siisl 3iR
SN BT STet BTN 3R FHTS RaveyT BT AT TATE |

It would be appropriate to mention Kenoyer (1997) about the new
heights of the Indus civilization, 'that many of the technologies first
developed in the Indus cities provided the foundation for later
technologies used in South Asia and other regions of the Old World.
Wastewater management and sanitation were the major characteristics
of the first urban sites of the Harappan civilisation (Kenoyer, 1991).
Adding to this, Lofrano and Brown (2010) found on records that 'the Indus
civilization was the first to have proper wastewater treatment systems'in
the ancient times. Sewage and drainage were composed ofcomplex
networks, especially in Mohenjo-Daro and Harappa. Latrines, soak-pits,
cesspools, pipes andchannels were the main elements of wastewater
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el / O R
Sanitation/Drainage
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Drainage and sanitation systems of Mohenjo-daro and Lothal cities of Indus Valley Civilization
(Eﬁﬁ/ Source : Khan, 2011 : Kenoyer, 1998)

disposal. Figure shows drainage and sanitation systems of
Mohenjo-Daro and Lothal cities of Indus valley civilization.

TRI DI ST (BRI el | SITST 3T o7 31R 3MUfire Sia
BT o7 ) SR & T I8¢ & AR § ST &l
AT 72T ol | §ad Ugel, AURIE Tl Bl SR—PIeT &
Yol UT8Y & HIEH | Udh BIC] 8lal § STl STl o7 | 3T
geref ReR B BT § ST 81 O &, 9 Blal 75% AN
Bl off, aRel ueTef s WR STt Rl a7l # 81 fou
ST o (ATBRTT 3R 818, 2010) | STod BRI ATeli &l
STl 3N B YRRl gRT &PhT Sl Ahdl AT, Sl IS
ERETG 3R ABIE Al @ SR gel AU S o
(aTe, 1999) | SH® 3T, Hs ATl B AfS—<erel TR AT
IR T I dife 5ol IR RY gonferat B sraeg B 3
AT ST D (T3S, 2010) | BIFEH 3R 31T (2013) = URIT &
fr A Sies! &1 o 9t IRTAT FpRT Jeas A

T g off |

The houses were connected to drainage channels and
wastewater was not permitted to flow directly to the street
sewers without first undergoing some treatment. First,
wastewater was passed through tapered terra-cotta pipes
into a smallsump. Solids settled and accumulated in the
sump, while the liquids over flowed into drainage channelsin
the street when the sump was about 75% full (Lofrano and
Brown, 2010). The drainage channels could be covered by
bricks and cut stones, which probably were removed during
maintenance and cleaning activities (Wolfe, 1999). Further,
cesspits were fitted at the junction of the several drains or
where a drain was extended for a long distance in order to
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avoid the clogging of the drainage systems (Wright, 2010). Fardin et al.
(2013) found that almost all the settlements of Mohenjo-Daro were
connected to the drain network.

SR H, IaH HERTSE H, I8 USRI foar a1 ® & STer arr gomedt
1375—1050 §.9, T YA H ol (fhah, 1975, WIS gTS, 2013) | 918
H (G 500 $.9,) ool @ STl (R goTtett # et & aa+l 9 a1
ARg dTel TS IT B dTel §a+ e o (fhap, 1975), 3R I8 AT
AT & b R Sl & AUer & oy HaR arel @il o1 v far
AT AT (AT, 1969) | TEIRIAT # AT TATed] 6T Y4 ¥, BN JURIE
STl I TASE] @ R UT8Ul §RT BRI ¥ dTeR MdTdl &) ARa- dTel T8al
H STt o (Rig 2008) | Ugell ATl ST Yd & QRRTH 9RA @ qfeyofl
AT & 3RIDHg H Sdol e & foly 1feral &1 IuART favar Sirar o
(BT, 1949) | D NI, 150 ST & JATAUYRT qdTied Alferdl &
STIANT | AURME STl gomferal # guR fHar | ($rell 1983) |
ARG (1997) 7 YT fh I8 UoTrell S &1 & Ui bl dBRY &R &l
off, ST Ul 3R VTS ST dTel 9RI T 21 9141 SIrdr o | 99
YRA &I JIT H, I§ 39 YUTell A ! Yob Aol faerwar off, &ial
IR STel YSTH Sl Bxe] URIE YdTs & foly o] fohar Tam o |

In Jorwe, in present day Maharashtra, it has been demonstrated that the
drainage system was implemented from 1375-1050 BC (Kirk, 1975;
Fardin et al., 2013). Later (around 500 BC), Ujjain's 'drainage system
included soak-pits built of pottery-ring or pierced pots' (Kirk, 1975), and it
has been supposed that ring-wells were used for the disposal of
wastewater (Mate, 1969). In the 3rd century BC at Taxila, domestic
wastewater was canalized out from the houses through earthenware
drain-pipes into soak-pits (Singh, 2008). During 1* century BC, drains
were being used for sewage disposal in Arikamedu, the southern part of
India (Casal, 1949). Further, the wastewater systems were improved
around 150 AD with the use of corbelled drains (Begley, 1983). Bhardwaj

(1997) found that this system was draining water from basins supposed to
be a part of a textile and dye industry. This was the unique feature
associated with this system as compared to the rest of ancient India,
where the wastewater disposal was implemented for domestic effluents
only.

.
Epilogue

S =il | g Fepy HdTelt 51 |AehdT & 6 Ui o1t & SR,
STl U, Weedl SR STURTE Sfd Yded Urenfial &f smegfia
JAIROMY I8 JA<S! IR I 91 i 3R IHd 18 & 7T H [
ITd RO H ol | STl gHTehRoT 3R GITaR0T & Heeg H e YTl
BT g1 IRRATADH! BT MY ATIROT DI FIE BT & | ST
TOTET HIFD], T @I O DI YHIAd $HR daTel HRE, & AR
T YT 1 JOT OR G47d, ReR 37R T8 Sl (bl & ara- &l HHl
37 ST =M & AR 91 o | STl SuaR el 8 e
TH YRl I 1, g0 19, AT, G ATl Pl Sirsr Mt Bl
JITETIT AT AT | A TP Mo T IRAER sH fhy O 8 IR
R BICTIATRIG TdRll B Jol-l H 98aR & Hifh g% Ul &
aieg oIl 3R Tl # gRad+ T8l 8T € | dalgd a [dbaiad
AR & Ar—A1Y Ry g1l Iadl & IR IfURTE od IUAR

DT & SR TR IURNE STl YoTTed! U Uil & Hd el
HABIC AT H SUANT Y S aTel dRID! | I 37fered Sugad o |

From the above discussions it can be concluded that during the ancient
times, modern concepts of water quality, sanitation and waste water
management technology were very well known to the Indians and were
in their advanced stages during the Indus valley civilization and later
periods. Water classification and viewing its quality in relation to
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environment satisfies the modern concept of ecology. Water quality
standards, factors affecting water quality, effect of decaying materials on
quality of water, lack of aeration in stagnating and deep water bodies etc.
were known which are in accordance to modern science. Water treatment
methods using filtration, pots of different materials like earthen, silver,
gold etc., quenching with hot stones, sun heating, aeration, addition of
aromatic compounds etc. were adopted. These methods are frequently

-, ERER ¥ AT B ,
Panormic view of Sunrise at Har:kizPaur

(JTT / Source : Wikipedia)
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used even now-a-days and are better than the chemical disinfectants as
there is no change in the desirable qualities and odours of water. Modern
methods of wastewater disposal systems based on centralized and
decentralized concept as well as methods for wastewater treatments
during Indus valley civilization were even better than those used in the
contemporary world.




SIcl JAIelol 3T=IPI,
e 3R gdoctlol

erer O
CHAPTER

WATER RESOURCES UTILIZATION,
CONSERVATION AND MANAGEMENT

faeg & w3 R @ dRe, YRd & O Iwgar At iR Seerll &
U faHRIT g8 ok Afedll It Wl &1 U uclieh 9+ g8 © |
SIT b Ugel Seord fobar € b Ry ardl awidr, & |qed urdi=
AR H | U ofl, fawg &1 Fa9 faga wwgan ot i+ s
IR S M [ dTel Hag U9 Yuiey | Arorag oex o, s¢i o
G DI Tb B Siel Jdg yorielt off | Ri=ng & forg 7811 & s
qcdD & AT Y DI Sh o, IH FHI TS WR R R &3 A R[H=ms
fehTIe,; STel Fad= dTell ddb-dh b Rid B TS off (AR, 2004) | 7
H I AT DI A Letl, AHIRTS G2, Y IR FHS §RT 318
g Bl & IR H W Iooid & | RIS I7et 3R dedd Ud Ud Bail
BT Ieord Al fafr= Sl (Fdg 19.4.2 /IRUG 2.9.4) (ST 3R
qITE, 1991) H BT 17 B | OIF iR dlg ¥ & SR R 3R I
qTel &1 TRg fAhT off U I9el Riams vaterd off (Sl &fiR qrry,
1991) | APl 11l 3R S (2006) wed € fb AR ST Ugell U4
AEYYl HEM BTSgiicid Fwdal oY | I8 99 99 & QRIE 9919 &

HAT & oI STl FAEHAN & HA ITANT qAT I ARG & qN 4
S & R BT ST |

As in many other parts of the world, civilization in India also flourished
around rivers and deltas, and rivers remain an enduring symbol of
national culture. As has been mentioned earlier, the Indus Valley
civilization, one of the earliest civilizations, was the world's largest in
extent, had great and well planned cities with public and private baths,
sewerage through underground drains built with precisely laid bricks,
and an efficient water management system with numerous reservoirs
and wells. Agriculture was practised on a wide scale, with extensive
networks of canals for irrigation. Irrigation systems, different types of
wells, water storage systems and low cost and sustainable water
harvesting techniques were developed throughout the region at that
time (Nair, 2004). The Rig Veda clearly mentions about the life style, social
structure, agriculture and crops grown by the society at that time.
Irrigation channels and kuccha and pucca wells are also mentioned in
different hymns (R.V. 19.4.2/RX2.9.4) (Bagchi and Bagchi, 1991).
Agriculture and livestock rearing occupied a prominent role during
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Jainism and Buddhism period and channel irrigation was in vogue
(Bagchi and Bagchi, 1991). McClellan 1Il and Dorn (2006) state that 'the
Mauryan empire was first and foremost a great hydraulic civilization' This
shows the degree of knowledge about efficient utilization of water
resources and their conservation for the welfare of the society during that
time.

A BTl & SR, < & faf— 234l & 9uf &1 &= SHeR) a9 &
fo1u auiHTI® %efid fhu 7T o iR YT & T8 SIHHRI & R R,
FHfY el gRT <2 & fafe= fawdl § I91 a9 & e R o &

(shfarad, 1975) | GRIAT &Il & &1 b @ folg ueil & #g<d &l
TSI BY, T AT YT FRIcTU STel GRTei o &3l o a1 Hifdd
off | 7 & T H, g4 GiY, BRe] AR 314 Sedl & forg Afeal, Hafl,
TTeIEl JNfe & AEIq I U & SUANT & By Ay Aeld & | kide &
TP 1, 121.8 H ST UHR B T2 BT YT AA & -

During Mauryan period, raingauges were installed in different parts of the
country to have areal information of the rainfall and based on the
information supplied, the 'Superintendent of Agriculture' gave directions
for sowing the seeds in different parts of the country (Srinivasan, 1975).
Almost all ancient civilizations were confined to the areas of

reliable water resources, revealing the importance of water
for development from very ancient days. During the time of
Rig Veda, we get many references to water use by means of
rivers, wells, ponds etc. for agriculture, domestic and other
purposes.Versel, 121.8 of RigVedareveals the samefactas:

31T HEl 3 Sfal &1 38 gHNTedy A Soa |
R I AfeT 3o 98 TR9FATs i ETaraq | |
RV.I,121.8 | |

HArared : g =i O I U ST W e SHId DI
3R QR JAYAT STHYYT AT A TSl BT TR BT 3
I B 7T, A1, FHIM, AN, T IS BT G a7 9
gadi # HT MM BT G, TR 3R 8IS 37fa gggRil @l el
3R ghg PR gy AT & Jad A FRIR A=< B U1
13T |

S UBR UT (1, 23.18 AR V, 32.2) THaEdl & b g3, qrerra

UTee BTl § STl AReT0T B Ugad il
Water conservation technique used in ancient era
(JTT / Source : Pinterest)

S & U1 BT STANT FHSIGR IR AT H HRD By
DI M IGTAT S Ahdl & | Fvds & b (Vill, 3.10) H
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fFHT0T & IR 3 Fal T 7, S fh dad qere Afdaal (R4 / 1)
P U W 9 B

Similarly verses (1,23.18 and V, 32.2) state that the agriculture can be
progressed by use of water from wells, ponds etc. wisely and efficiently.
The verse (VI111,3.10) of Rig Veda says about the construction of artificial
canals to irrigate desert areas also, which is possible only by efforts of
skilled persons (Ribhus/engineer) as:

AT FEHGSN HERUKIas givr o 24: |
HeI: 1 3R AT 7 G A iR Esha | |

Verses (VI11,49.6; X64.9) speak about the importance of water for
irrigation. The water from wells, rivers, rain and from any other sources on
the earth should be wisely used asit s a gift of nature for well-being of all.

Y 1 R THaY Afew fayfaatardraygy |
Salg afr=adr 7 R eR=is €T3 || RV, VIIL49.6 | |

HTaref : SeT 9 4R U 3 W Al A1 €, fafde w9 H |a b1 a4 arel
oS TRATR AT Ucref SR G wUl Sl A FAR A<DHRON DI

AIRIHR T HR B, SHISTT SHRT AT ITeh] AR ST S |

R.V.VIIL3.10 | |

ATaref - 39 W3 H HHARN B AfGHT BT g fbam T B
fob a8 B Al gRT 7% <2l § A1 STl BI ugeTHR
gl BT UGS, TTHR Il Pl G g AR THIGaRT
TAT FRIGIBRD Bl B BRI HHIART & Bl TRV BT
QIR & T HISI STTHT Bl B |

S A fecan g9 S RegRefdar |
3T W @ guer | | RV.VIIL5.21 1 |

Hraref : AR oy S uetef uem W e e |
feer, 9o e g @1 gf 81 | & 9ae! §AR fo 8% &1
U B T B R 31 Ifddar | a1 &
qAT ST Faell =7 Bt H AT 81 fic A AT U
311 3R STeT | T FEC 8 U™ HuT B |

ug (VIIl, 49.6, X 64.9) RATS & oIy UH & Ha<d T ORI
HA B | gl R 3T, AT, auf iR fordt off o=y Wi |
TS STeT BT SYANT FIGAT T ST =1feq Fifd sia
T & BT B foIg Tepfl T SUBR 2 |

REC : WRA B yrei Rieng ugfa
Rahat : Ancient irrigation technique used in India
(|1 / Source : Wikipedia)
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TRl XY R FERa Iwg qerof: |
IR ATGR: alded! gaaaadl Fga=i 3rd | | RV, X.,64.9 | |

aTell, 9819 dlell SR 3fARID Waeiel Afedl TAN &l ARI 3R
ST € | S N | Jad AT & FHH GERIRT Whfiard sof g4
AR 3R TRgad AT ded <dll & |

FIAE B FHM, ToJda W STHA DI B3I, T, qieil & Aedd q
IuT 3R 7T & STl BT SUIRT B & o7 3R B IR =T TSl &
fTQ Uil @1 sTarzaredr grel AR Il 0R f4aRdT PR & ez adr
=

Similar to Rig Veda, Yajur Veda also contains references, directing the man
to userain and river water by means of wells, ponds, dams and distribute it
to various places having need of water for agriculture and other purposes
as:

T AT ° U ° T HIeard d S g T
[AN 9 AR F TH AT 9 I 9 || Y.V, 1637 ||
Hrared - 7Yl BI =112 b AAT & AW, I, HUl, TATIR, 9
3R BIC ATAEI & STdl Pl ol Siel del e AR T 3Mfe H Bl &

geche 31, e, ol ToH 31T BT 3w ThR 93T |

JAdE W, TAR U IUA Sl HARE] R el ARET & H[IA

(@H/ Source : Civil Engineering Portal)

MWwaﬁaﬁﬁﬁﬁmW

Solani Aqueduct on Upper Ganga Canal in Roorkee region

SUANT & ARAH | G G & e 8 | 74,
HY S BT T, IR BT A ITANT
ST, AT I DI AT HH BT ST |

In the Atharva Veda, we have references to
drought management through efficient use 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.

3T I R o U qUT A W gfte o
T g 11 AVIL23. 1

Hraref : gfte, <, ou Snfe &1 Sel Jrgite
a8 Bl fAereR o anfe ugrell Pl S
B YR BT gl 3R F& ol &, AR g8
FIEH H G BT HROT BT 2 |

JUdde b B3, 100.2 3R IAd, 11.1 IAD
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A & o fagT™ @ Y, d1aTe, TR0 AMfS & Aedq | AwRely &3
STl T & (VI, 100.2) | 39 910 WR g fem 11 b w9 &l g, 916
3R Ui aMugmell & R H Usel H ArEl A1y AR dgIAR

faR® U HRAT AT

VersesVI,100.2and VII,11.1 of the Atharva Veda explains that the learned
men bring water to desert areas by means of well, pond, canals etc.
(VI1,100.2). It also stresses that the man should think about the drought,
flood and like natural calamities in advance and take preventive measures
accordingly as:

g Al <aT ISP ARG Tagadh |
A9 Qaugde guadr fawe || AV.VI,100.2 | |

A1aref : RS9 UBR A8 aNT A9l H §, TSI, STa—Tell 3
§RT STel ST G UTd &, I &1 A9 fasi gIR7 311fees <19 fAerey
I 84 |

JFIddE & Tl X, § IR AT 2 b S AT A1 uRaes, RS,
YA A SU™NT BR &, d 8- I Y B & -

Verse XII,1.3 of the Atharva Veda explains that those who use rainwater
wisely by means of river, well, canals etc. for the purposes of navigation,
recreation, agriculture etc., prosperall the time as:

IR T I RIERMN IR Hed: Fa9d; |
IS fS=afa groresTd A1 A g qd | || AVXIL13T
31 T STl e g AT |
o O AFTSIGT JMU: I T A= st || AV.2.1 ||

wraref : efdd @1 dF, SN, SqEn anfe # S & forw uETe,
i, AT iR auf STat & U & e & oy e yeged HRarg

DAl AR |

Meaning: “That one should take proper managerial action to use and
conserve the water from mountains, wells, rivers and also rainwater for
useindrinking, agriculture, industries, etc.”

S UBR, 3frddg (XX,77.8) BT U Tolld ol &l e a1 @ fb 9
HY, IFINT 3MfE TG oIl SUALT IR & ol¢ T T &3 & 41
AI—uReass o1 Ffaar uae w1 & forg ugrel R Iugad Te)i Bl
AT |

Similarly, one verse of the Atharva Veda (XX,77.8) directs the king to
construct suitable canals across mountains to provide water for his

subject for agriculture, industry etc. and to facilitate navigation between
twoareasas:

3T Jafe gwed caxidydd axAr g d |
| AT AT areEr &Y R TET FOIRSRIAIOM: || AV.XX,77.8 | |

Hraref : 9 O S AT | TRl | 7L ATt BT HR U Bl
el ey Jnfe IR | U= T 2, 98 fagr i & 1T H—o+ &
foTT AT T GTeTR 3R B AT ATHd deTar @ |

ST HHI Yeieret
Water Resources Management

IRA # 9 3R Tl & RN B T MDY D 31X Agwayof TRUT & 31R
ST Al TR T B U URURD HRETIT Y3fl T Ul hxd © |
oI 9 31T & AR™ H =@l DI T8 © b Y B MaeIdhdT &
SrfaRad ff Ireie YRd | 5T Yde9 & fAsi= &l Sl Je<d foar Tar
o7 | A1 I & FHY, T &3 ¥ ABR 3R UIg 918 P el 8g AIBYI
T 2 | IR AT IR deddll aTel ST 9, Sl STl A gt
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SN o5 BIET ATl a1 H3W uigeN @ &fd # A B o | RimE &
I 3R ERI & U P 3ddh & U UIgd U UbR & SIdoi
oA I Sl 4l W SR B O | U0 & AR WR @R IS YoTel! &
o % fegrar T 2 |

India has a fascinating and significant ancient tradition of conserving land
andwater and even today, local people follow several such traditional
conservation practices. As discussed in the beginning of this chapter, out
of the agricultural necessity, the science of water management was given

gferor IR & AT &5 | U ER urge Rierg yurmen

Ancient Ahar Pine irrigation system used in Gaya, South Bihar
(| / Source : Hindi Water Portal)

considerable importance during ancient India. During Mauryan era, the
Pynes and Ahars (the combined irrigation and water management
system) in Magadh region were effective water engineering tools. Ahars
were reservoirs with embankments on three sides, built at the end of
drainage lines such as rivulets or artificial works like Pynes. Pynes were
diversion channels led off from the river for irrigation purposes and for
impounding water in the Ahars. As a representation, the Pyne-Ahar
systemisshownin Figure.

IuT D AMHAT T HH BT Y PR B oIy Y
TS AT o | U8 i H 9gd el ave |
afofd &— “aui & ATAR (HH AT SATQT) BN Aefierdh
BT S 51 Bl 997 ARy RN ar a1 ifdrd ar &F
STl @1 JAMEeIHAT Bl 2" | ifced BT del & b
ST BN ST F W 918, STAR 7fe AT a1 ar
JREATAT AT A HRAT AT AT fhsdl o=y aIa 3
Wiger arfey a7 sRfeme ((refeme, aFemeE R
3faTtad JI 9T 2, AL 1 TS 46) & AR So
GG B TR BT AT BT aTeli Bl Wid, AS®,
TABS! AR AT AP Aot & B Ahd © | 98
3T HEdT & foh TSt STermert 4 siiel (Aqy) # Foel
qehs, BT 3R ATIR B & FaeT § 30 T
AT (FATRIH) BT G BRATT |

Agricultural planning was common so as to manage the
rainfall excess or deficit. It is very well elaborated in
Arthasastra as: “according to the rainfall (more or less)
the superintendent of agriculture shall sow the seeds
which require either, more or less water”. Kautilya says
that “king should construct dams, reservoir etc. filled
with water either perennial or drawn from some other
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source or he may provide with sites, roads, timber and other necessary
things to those who construct reservoir of their own accords (Arthasastra,
Tras. By Samsastry, Book Il, Chapt. 1, page. 46). He further says that the
king shall exercise his right ownership (¥T=3#) with regard to fishing,
ferrying and trading of vegetables in Reservoirs or lakes (AqY)".

S G STel ERT & Bl 9@ & ol Tdl & AU deaell Bl
fRmror foar o | Sfera faffraae gfaenen & |y 98 & ST &
STANT B & oY T I & A1 RS (g3l o= qiell o1 fHfor
fopar o | Riems (T &R 91T, 1991) W ST S&TdT UT H_ &
o0 S T Seyed &1 A1 7T foar wram o | o | Faiyw 91 &
AIADTS & QR (AT SEARTE &1 gaeid siia &
e T 2 O Ui TTeeR, 9% qRW g
R fobam T o1 3R 918 H 3R & ARIADIS D T
il TR, J9 ST T (2 3R gfdetw, 2010,
fheal= 1905—6 TS 41) RT HeNfAT b 3 |

During this period, embankments were constructed
surrounding the fields to increase the water holding
capacity. Dams were constructed at strategic points
with sluice gates to harness river water with proper
regulation facilities. Conduits were also constructed at
that time to attain better efficiency in irrigation (Bagchi
and Bagchi, 1991). Figure shows the Sudarsana lake,
Junagadh constructed during the reign of
Chandragupta Maurya, by the provincial governor, the
Vaisya Pusyagupta; and subsequent improvements
involving the addition of conduits during the reign of

gt 21 H, vrefda® iR 0 (2011) 7 #e U<w H dqdr 94T SU—aR1=
(TR IR ¥ IHAT BT U HEaS Aa)) H A9l |ige (Vb uRig dig
R T4 Il @ Ua favad farvmaa wordl) wR srgee™ fhar| 3%
RSt & o @8 9 el | S=1F uran {6 3 91 o & Aqed &

Ryl & U &af= ST P MR U I91U 7T 81T | STATIRIT o feoig=
P I[ATdT, IS I H W BH H HH o R Ryardet a1 IuRefa, S
ST 50 9T BI §T¢ TR J7afSy & foTg 91T 1Y o I8 <wiar & fob
q1¢ X 9Td BT Y e far 7 o | S &7 el g6 S afell
3IR 98T T 1 faRIa feRoT <t & S AR ArHTsa a1t H Ri=ms & fog
1T 1Y o | UTHT 1 ATt Yomfordl T e i oiiR fafvaHi & g

Asoka, by his provincial governor, the Yavana king
Tusaspha (Shaw and Sutcliffe, 2010; Kielhorn 1905-6, p.

41) A view of Chandragupta Maurya era Sudarshan Lake, Girnar, Junagarh (Gujarat)

(|1 / Source : Junagarh.gujarat.gov.in)
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& IR 318! TRE A UEfA b 11 o | faRiy w9 ¥, Us |Ifed 5Tt
o EIiRoT yoTTell, S St UeEe &1 Ud Ayl 2T 2, BT 41 g9
NI W {31 737 off— "SI T 81T | 5TH B (BE U= T+ &J )
A &d € 9 IS BT 1,/5 BT g BT qed S S OAnT
ST §RT STl T YANT B & al SUST bl ARl IT AT {3
T PR B wU H QI (IRA, FERTET §RT IFfad K 2, e

14 It 131) XXIV 5 131)" |

Recently, Sutcliffe and Shaw (2011) explored the Sanchi site (a well-
known Buddhist site and a UNESCO World Heritage site) in the Betwa
river sub-basin (a tributary of Yamuna in Ganga basin) in Madhya Pradesh.
They found a number of dams equipped with spillways. They found that
these dams would have been built on the basis of a sound knowledge of
the principles of water balance. In addition to the design of the reservoirs,
the presence of spillways on at least two of the larger dams, which would
pass floods of about 50 years' return period, suggests that flood
protection was also taken into account. The Arthashastra of Kautilya also
gives us an extensive account of dams and bunds that were built for
irrigation during the period of the Mauryan Empire. The water supply
systems were well managed within the framework of strict rules and
regulations. Specifically, an organized water pricing system, which is an
important part of water management, was also developed during this
period as evidenced by following lines of Arthasastra: “those who
cultivate irrigating by manual labour (&¥aTsafc#™) shall pay 1/5 the
produce as water rate (SSPTMITH); by carrying water on shoulders
(Fp=muTafcHT) = (water lift worked by bullocks), 1/4" of the produce; by
water lifts (FATar=THafciA) 1/3“ of the produce; and by raising water
from rivers, lakes, tanks and wells (Ff&EREddBIRUGTETEH) 1/3% or 1/4”
of the produce (Arthasastra, Tras. By Samasastry, Book I, Chapt. XXIV
page 131)"

ge< AiedT H, 89 arerdl & MA@ IR | | e Ao § difd
STt I BRI FUTRd SR FRIETT (BT ST b, STATRIRI BT &l B
foTg geTRIYYT & YR 3R SRR Bl fHAT WY F9IfaT Joar & a4
@ forg fFr UaR 2 :

In Vrhat Samhita, we get a few references regarding the orientation of
ponds so as to store and conserve water efficiently, plantation types for
bank protection and proper sluicing to protect reservoir fromany possible
damageas:

Il UNTYRIIARY iR gl | AR

BT ERRAT AT AT YTIer: UR: |
- (N o [N -

7 AfTBfd AREAERYT AHTTARA

UTSTOTGHRE ar ufcrerd govi fgureanfaf¥: || Vr. S.54.118 1 |

Hraref : gd | uf¥ed Qe o 3R Rerd Ush drelid | ofd 99 T Ul
RET ¥, Sdfh SR | SRV Y IR Rerd dreid ganaii gRT Sarg T
oTexl §RT WRIE 81 91T & | 39 ReR &+ & fory, SaRi &l ddhs! &
AT AT YRR & AT AT ST TRE AR ARI—UTH &I ST Bl BN 3R
gl 37T §RT RGN HR AT HRAT TSl © |

Meaning: A pond laid east to west retains water for a long time while one
from north to south is spoilt invariably by the waves raised by the winds.
To render it stable, the walls have to be lined with timber or with stone or
the like and the adjoining soil strengthened by stamping and trampling of
elephants, horses etc.

hpICTaCIEhar: Hi T ddaIu: |
\ C ON N o
BRIBATATHHL DI B [AAH AT | | Vr.S.54.119 | |

H1aref : TN Tl BT BIHHT dTd, IFRT, W4, Had, Mdal, S, o,
AT, FHR1aET, T, STRTHT, FHT IR Iael 3Mfe Ul | resiad
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BT TAMRY | 3TTlT U< (U S 54.120), T8 Raerd & fAmfor o7 e axar g:—

Meaning : The banks must be shaded by Kakubha Vata, Amra, Plasa, In next verse (Vr.5.54.120), it directs the construction of spillway as:

Kadamba, Nicula, Jambu, Vetasa, Nipa, Kuravaka, Tala, Asoka, Madhuka

and Bakula trees.

AISi—dTel : ST 91 gRT 11 oraresy § ffHa sher
Bhoj-Tal : A lake constructed by Raja Bhoj during 11" Century
(AT / Source : Inspirock)

gR I Aaifedidae BRI RrenRsaaanRant |

Hrenierd Mfda’ Hure Geam aa: drgfRmEayH || Vr.S.54.120 | |

qraref : g @ RN @ U TRl | s
ART Yo 3R S9I1R-IT ST 9180 | QOeR & fae
TP U9 ®l Uh WH § dg fbar Srar g, S
el iR R el & I 9 & A
STehel BT BT © |

Meaning: 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, which is fastened to the earth with
mud and clay.

39 oI ¥, B9 99T Adhd © fb YA WRA H
STel Uded ®l Sfad A8 el &7 o @R Ut
BIC Ugfall UR T &1 fom 1w o |

From this discourse, we can realize that the water
management was getting due importance in
ancient India and even bank protection, spillway
etc. and other minor aspects were given due
consideration.

T IIRA H R Sl & I I IR &1+
foar ST o | A= ddiiel &1 ar] fba
AT o7 3R FAM Wy ¥ =T At o
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SRR dRIT & i & forw far ar on | v gydia 8 ar & b
STAfIS IR U & {10 faoIy ®rf <féor wRd # oiRc # oMU 87 |
IY 1369 S0 b WIRPRT WAGRT & UIRefHell Cb b RTATel™d SfEToT 4Ra H
S 3MR 9rert & fHAfor A1 favega fafer R yreprer Srerar 2 |

In ancient India much attention was also paid to the proper location of
artificial tanks.Various techniques were applied and equally different
materials were utilized for the construction of works. It appears that
special works for treatise on science of hydrology must have existed in
south India.The Porumamilla tank inscription of Bhaskara Bhavadura
dated A.D. 1369 throws an abundant light on the elaborate method of
construction of tanksand dams in the south India.

U AR # Ud 318 S & Tch] &I 2! avg | qui+ fahar Tar
2 | e (TorRnthar gfSaT, dfegd, U 108, AR | SERT, 3738,
ST SITH, 1970) & TR, Tdh 3 < @I [faIRad 12
SMATIHATY B (i) Yab XToTT AIRTIOTAT & HO, 7R, T 3R zermy
g9 3R URifg @ ST Waw aTelT BT AMRY, (ji) STETOT o TSI
(GF—3T) @l M1 MRy, (i) doR M & Aol SHe g
AIfRY, (iv) BT A T 1o 2 TR g8 arell 41 IS a=l &) &8I
AR | (v) TBTS!, T BB 2R <o & Hud H 81 @112Q | (vi) (TETST
@ 39 9NN & 9149 H) HOR TR Bl <1aR &1 U aig (W), 9ga dar
T8I, olfbd §g BT AMRY, (vi)) B DI TRB B ol drell A
(FeT—ReRT) BT 3R FIRT B gY &1 A (SH) B AT, (vii) T,
MY 3R TERT BT d1RY, (ix) e 3R Sl YR dTell U WaT
BT A1TRY, (x) TSI &5 Wt 3R WK # WHE 8T AT, (xi) Y T+
BT T (AT, T ) o usTs & 317 (31fe wI) & Aot fha
BT ARY iR (xii) (S7eT 70T B Dol § FHIA) GHWi BT TP T BT
<MY | § 12 IR VTSI H §9 YAl R AT H T b cb
T ST DT © |

Constituents of a good tank are well described in ancient literature.
According to the Sastra (Epigraphia Indica, Vol, PP. 108, Quotes from
Hemadri, Verses 37-38, Srinivasan T.M., 1970), the following are the 12
essentials of a good tank as: (i) A king endowed with righteousness, rich,
happy and desirous of the permanent wealth and fame; (ii) Brahmana
learned in hydrology (Pathas-Sastra); (iii) Ground adorned with hard clay;
(iv) A river conveying sweet water (and) three Yojanas distance from its
source; (v) The hill, parts of which are in contact with tank; (vi) Between
(these 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; (xi) A water course (i.e., the sluice) having strong
eddies onaccountof the portion of the mountain (adri-sthana); and (xii) A
gang of men (skilled in the art of its construction). With these 12
essentials, an excellent tankis easily attainable on this earth.

e fdgell 9 a6l ok Semerl & FHivr & Hey W o gdgT &
IMYFIh, fae= & @ ol § gH Ui b SiEl e |/
MAIGATAT PHT Fag & 99 fadl B dPhAd AMYFd dRhd
ST & a_TeR ol | §7 12 SIFaRIal & AT—AT B8 Qi &l 41
U AT ST STATRI Bl SYATATT DI HH DR <3 AR STel FRET0T
qf¥ehet BT ST | A ]IV (T fSaT, aTegd X1V, PP. 108, fRHfa
A TG, TAI 39, SN SLUH. 1970) TR & -

(I) 971 9T T et
(i) oravig et

(i) T TSt B WA IR Ry
(v) & (CF @) § TS (A1)
(
(

v) O B HH Y iR Rifea 4 &1 s o
vi) STTAT HET SR U &1 STferahar
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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 modern
sophisticated engineering, as far as general requirements are concerned.
Along with these 12 essentials, six faults were also recognized which will
reduce the usefulness of the reservoir and water conservation will
become difficult. These faults (Dosas) are as follows (Epigraphia Indica,
Vol. X1V, PP.108, Quotes from Hemadri, Verse 39, through Srinivasan T.M.
(1970) as:

() Wateroozingfromthedam

(ii) Salinesoil

(iii) Situation atthe boundary of two kingdoms
(

(

(

~

iv) Elevation (Kurma)in middle (of the tank) bed
v) Scanty supply of water and extensive stretch of land (to beirrigated)

vi) Scantyground and excess of water

SUHER

Epilogue

ST T4l | UdT Il & b FHa3l, ATeArdl, bl 3R T8I & AdHq
OTT T SYANT YT DIl § Udferd o, ATl &1 Fexell § A1 uril a1
3MYfel & gAY T o | HfST et Hed FeIiRor gomedt vaferd off
3R 918, T 3M1f Urehfcies MUl & RS SUrd Iucre o | el
3R areral &I T faffrT ik AR, smaead i 3iR et efdat

DI 3T ATLIHAY, Tl qedy Frefl, Raerdst afe R g e
e 7 o | ol & W oI SiR A=, T4l dTay & IR,

qrefiehRoT 0T, YT Yae 3MfS & &3 H Iod WR Bl b U
fpar T o7 3 YBR, U YRd RiEe IR O ORI H
IRIP & &7 d e & Sog WR W o7 | ANl & forg 98adx
UISTel 3L & 37Tl BiY U g™ & oy YRA # U= 99 &
QIR ST Th RS GIALTAT Bl WII=T D1 75 AT | Urdi= 9IRd Sied
e @ & H rAfd Urfereiiat o | Ui &It & dSif=d SUBRON
P YT H 39 IS BT Sol@-1Y [ABTT UTed! | 3Mead 3R JIrdT &
AT R AT |

The above discussion brings out that water use by means of wells, ponds,
tanks and canals was prevalent during the ancient times, alongwith the
efforts to supply water in deserts also. Organized water pricing system
was prevalentand preventive measures against natural calamities such as
floods, drought etc. was common. Construction methods and materials of
dam and ponds, essential site and other requirements of good tanks, bank
protection spillways etc. were paid sufficient attention. High level of
development was achieved in the areas of proper location and
orientation of tanks, lining of banks, evapotranspiration control, drought
management, etc. Thus, ancient India was at a high plane of development
in the field of engineering in irrigation and water conservation. State-of-
the-art irrigational facilities were established during the ancient times in
India for increasing agricultural produce apart from improved drinking
water supplies for the people. Ancient India was highly progressive in the
area of water management. Such remarkable development in the
absence of scientific instruments of the ancient times invokes
astonishmentand admiration of the readers.

S
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Jddol fcoault

erer 9
CHAPTER

| UIORI & Sifad Req & oy STl Haifee 9g9ed iR Jg<aqul
UTehfceh HATE B | T8 SaIil Aolgal | AN 7RI qAT AT 31R
ARGITD B A ST gAT & b I8 A9g Ydldpdre, URURIE,
TSI SR G1fiies fawdTal &1 AT 99 11 B | fdwd @1 Ao Fwiamsii
& AN @ Sifa 3R SaT—RR BT 3MBR < H STl &l Y Ag<aqul
AET &1 7 | R e # S 9 R |dy fhd Agaqul § g9®]
HIftTes 1T I8 © fh B9 STl T SUANT, Yeed H¥ [T € 3iR I8
TR fory fhdeT Jeuae & | STd & yare & & o &1 ugen
Ahel U = wU | RiErs vareHl & forg Bt ol srasgadrall |
URT o7 | STAMIAHI— @b, Fle! ST, Yoiel AR auT STl DI Ul Bl
3fferen faega |HST & A1, Fel aul F Tl IRl | Aolgd 3R
I STet e YoTTet] fadmRad &1 T8 o |

Water is most precious and critical natural resource for survival of all the
living beings. It has been so intimately linked to our very existence and
societal and cultural developments that it has become the source of rich
symbolism, traditions, rituals and religious beliefs. Water played a pivotal
role in shaping the life and living standards of the people of the great
civilizations of the world. Throughout history, our vital relationships to
water have led to material testimonials of how water was used, managed
and valued. The first successful efforts to control the flow of water were
mainly driven by agricultural needs for irrigation purposes. With a more

CONCLUDING REMARKS

detailed understanding of the hydrologic cycle, nature of surface water,
ground water and rain water; robust and sustainable water management
systems were also evolved in all the civilizations that prospered for
thousands of years.

mreaTfoRd faerT @ srfaRad, Ureie wRA 9 O @& faarT & +f
e fHar © | fava & Javy 991 201 YRS 9 fAamRad awrdmei § 9
Te Ry BTl FwIaT & Sl o Sfaerge qRda 99 #erg Y 4§ s
IR TS & fadprN @& ¥R &I <l g | 91T fh o=+ (1989) =1 S
B <t o 5 Ry & S & ufd *ue A & ol oM Wi o |
S=I ufafed Ffear & uriHr @ 8k 3= Us foer s fean | Jaf &
I A oTdhR U IR Aifec # a5 @ 39 e &7 (STefasi=
afgd) Seoi@ B | dfesd Hifewy, iR, RIVG Hid, gecdfadr,
FIRTARE®T, FEATAT, OF, dig SR = Ui |ifgi § U 3
HeH SUAE § Ol UTdIF WRA H STAfdSe iR STel ™Al @ S df
Rerfar &1 9o PxaT B |

Besides the spiritual growth, ancient India also exhibited the growth of
science. The Indus Valley Civilization, one of the earliest and most
developed civilizations, was the world's largest in extent and epitomises
the level of development of science and societies in proto-historic Indian
sub-continent. As rightly observed by Jansen (1989), the Indus people
were known for their obsession with water. They prayed to the rivers
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everyday and gave them a divine status. Ancient Indian literature, dating
back from the age of the Vedas, further witnesses this development of
sciences (including the water science). Numerous references exist in Vedic
literature, Arthashastra, Puranic sources, VrhatSambhita, Mayuracitraka,
Meghmala, Jain, Buddhist and other ancient Indian literature which
illustrate the status of the knowledge of hydrology and water resourcesin
ancientIndia.

SO 89 YR ORI ®rell § STelfds= ddell dadf &l
foaR 9 TsdTd &Yd &, 999 ST & RS d=if+e YN & by
JAMHYPH AMATH SR & | AHFT | S8 UIIE 9RO & BRI Bl
BT TRE I YoIRad fhar Tar @ S 999 e &l M= %y 3,
IR Iy wU | YRT H STAfds= & Adr & Fhd ga= Hd o |
Ui YRA H STel W WO A9 & b & SIgaer 1l b g
AT ¥ Y 3R ARSI FHET §IRT W1 Gh11RI fohar 11 & | 39
QIH DI UBIRG B G g8 G H YFd I AR
UHIRIT dh-ATd] GRID] Bl FAH AT BT BT YT fhar 737 2 |
JTALRUTR Pl TS R TSR &) T ARG Bfd 999 § TSR]
Tihamalt SR STt SIFAATDT dehiTenl dl Y AfFAferd fham Tar g |

As we investigate deeper into hydrologic references in Indian mythology,
many fascinating dimensions of the early scientific endeavours of
mankind emerge. Fortunately, the ancient Indian works have been well
documented and provide us with pointers to the human history in
general, and growth of water sciences in India in particular. Number of
research works related to water science developments in ancient India
have been also published by national and international research
community. While updating this book, an attempt has been made to
incorporate a number of recent national as well as international research

papers and technical book published by various national and
international institutions. Figures illustrating various concepts,
hydrological processes and water engineering techniques have also been
included to clarify the concepts and help forming clear mental image of
thedevelopments.

T, S B 19 ©, 98 & dfed A1fecy iR 3 Urie WRe Arfec
H STerfas=a gfhareti iR STel S faer iR udes ugfoai &
6% UgAsl UR e T, ST i 89 o1l S 9Hsd € | afdw wrfecd
3R 3= U R Wi ¥ I [A9g iR 9 favqa =i @ T
2 | I8 3fd T9a 2 % 89 orgva o iR STl FHTEEl & SUART 3iR
Y BT SHRT aHE YOl OR U2 SolU 3R §AR URURE S
3R FIER BT WHR N 3R I8 AP HaH H AN B | ST,
YT FHA DI AR Ui BTl DI STA—Urenfifdal o U el o
IR & | BTl BB & A, adHT H SUAN H ATY S dTel
QUHRYN T SR JFUART & T # ofck 2, 79 N ot Rygial #
PIs 3R 7Bl 2| IBf db b fhdl TwIar &1 Sias Sell | Hdfea
EaTgdl AFG] BT fIhRT 8Tt 8 | 78] 8 gdhdl & | Sarexvl & foIy,
IqAE H Ugad dIel | gt 3R W’ | Sfdl arer arel!
I YOTTelT YT BTl b SIRT 41 7R H off |

What is less known, however, is the rigorous discussion in the Vedic
literature and other ancient Indian literature on several aspects of
hydrologic processes and water resources development and
management practices as we understand them today. It is high time that
we realize and question our current systems of water resources utilization
and management and acknowledge our traditional wisdom and
practices and apply them to the modern context. Hence, a comparison of
hydro-technologies in ancient times to that of the modern times is
required. Although to some extent, there are differences in the tools and
techniques used today and the scale of applications, still there are no
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differences in the fundamental principles used. Even the lifestyle related
to the hygienic standards of a civilization may not be a recent
development. For example, flushing toilets equipped with seats
resembling present-day toilets and drained by sewers has existed during
ancienttimes.

3T H, STerfdsm= R WNfiie) & &5 § g9R IR IRIRS o9 &

| ] -
MEEN nmm Dom an:n

o ! . i ! :
AL DD L SODNDDDD =g BA T T

3Nl ¥, I8 Aewaqul iR STANM & o STel 3R AFa & d19 & dae
DT AT YT BTl D! Al TEAdYd D [T Y |

Finally, in view of our immense traditional knowledge in water science
and technology, it is important and helpful to study and represent the
connection between water and humans more deeply as was prevalent in
Indiaduring ancienttimes.
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Heal aiF (€ YFame) : B @fierg) § Rera dia e sR&Iem @id gRT 150 $46T1 g4 (AT wRa &1 ue aiy
Kallani Dam (Grand Anicut) : The 1* Dam of India build by Chaul King Karikala Chaul in 150 AD located at Tiruchi (Tamilnadu)
(|1 / Source: Pinterest)
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Albedo:

Alkalinity

Arid Zone

Artesian well

Atmosphere

Boulder

Canal

GLOSSARY OF TERMS

The portion of the total incoming radiation that is
reflected back to space expressed as a ratio of the
reflected toincoming radiation.

A term used to represent the content of carbonates,
biocarbonates, hydroxides and occasionally borates,
silicates and phosphates in water expressed in ppm
(part per million) or mg/lit of equivalent calcium
carbonate.

Region or climate lacking sufficient moisture for
crop production without irrigation; upper annual
limit of precipitation for cool region is 25 cm and for
tropical regionis40-50 cm.

A well penetrating an artesian aquifer. An artesian
aquiferis overlain and underlain by a confining layer
so that water in these aquifers occurs under
pressure. Boring in this aquifer causes the water to
rise duetoits own pressure.

The word atmosphere is taken to refer to the
gaseous envelop of any heavenly body, and
especially that of the earth.

Largest unit in sedimentary rocks. Soils etc. usually
biggerthan 10cminsize.

Artificial water course used for irrigation or inland

Capillarity

Caverns

Climatology

Cloud

Condensation

Convection

Dales

navigation.

The rise of soil water by adhesion and surface
Tension forces as a continous film around soil
particlesandin the capillary spaces.

Synonymous with cave, though sometimes it
implies a cave of large dimensions. A cave is the
under ground hollow space in the earth's crust
which may be entered from the surface.

It is a subdivision of meteorology which deals with
the average or normal or collective state of the
atmosphere over a given area within a specified
period of time i.e. it studies the sum(total) of all
atomospheric infiuences. Principally temperature,
moisture, wind, pressure and evaporation.

A mass of small water drops or ice crystais formed in
the atmosphere due to condensation of water
vapour at great heightabove the land.

The physical process of transformation from the
vapourtotheligid state.

A process of heat transfer within the atmosphere (or
within a gas or fluid), which involves the movement
of the mediumitself.

Openrivervalleys.
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Delta

Desert

Drought

Ecology

Environment

Erosion

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.

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

Lack of rainfall so great and long continued as to
affect injuriously the plant and animal life of a place
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
different can notations in 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 recognized only after two years without rain.

Science which deals with interrelations of
organismsand theirenvironment.

Sum total of all external conditions influencing the
existence or development of an organism or a
community.

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

Evaporation

Evapotranspiration :

Flood

Flood Plain

Fog

Frigid Zone

Frost

Geomorphology

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

Combined loss of moisture from soil by evaporation
and from vegetation by transpiration from a given
areainaspecified time period.

The flow of water which causes submergence of
land not usually covered with water, or an increase
in the depth of water on land already partially
submerged, through atemporaryriseinriver lake or
sealevels.

The low-lying land that bordrs a river and is
subjected to periodic flooding. It is camposed of
deposits of sediment (alluvium) of variable
thickness laid down by the flood waters above the
rock floorandis bounded by low bluffs.

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 less than 1 Km is the
internationally recognized definition of fog.

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.

A weather condition that occurs when the air
temperature is at or below 00C. Moisture on the
surface of the ground and objects freezes to form an
icy deposit.

The study and interpretation of the origins and
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Glacier

Gravel

Ground Water

Humidity

Hurricane

Hydrologic Cycle

Hydrology

developmentofland formsonthe earth's surface.

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 glacierice.

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

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 duringits formation.

The amount of water vapour present in the
atmosphere.

A wind that has a velocity in excess of 32.7 m per
second. It is tropical cyclone occurring around the
Caribbean Sea and Gulf of Mexico.

The cyclic movement of water between the
atmosphere, the land and the sea. Water 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 bodies as precipitation. This water
may runoff the land in rivers streams into lakes and
the oceans or move under ground as ground water.
Water keeps on moving continuously among above
facets of hydrological cycle.

The study of water on the earth. Including its

Infiltration

Insolation

Interception

lonosphere

Meander

Meteorology

Mist

Monsoon

Perennial river

chemical and physical properties, ocourrence,
distribution, and circulation on the surface and
below the ground surface.

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

The radiant energy that reaches the surface of the
earthfromthe sun.

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 theground.

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

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

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

A reduction of visibility within the lower
atmosphere to 1-12 km caused by condensation
producing water droplets within i.e lower layers of
theatmosphere.

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

Rivers flowing throughout the year are called

136 3K Ui 9Ra A SafEm 9 ——



Pervious Strata

Physiography

Plateous

Pore space

Precipitation

Rain gauge

Rain Shadow

Reservoir

perennialrivers.

A rock system through which water can pass freely
as a result of joints, bedding planes, cracks and
fissuresintherock.

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
geomorphology.

An extensive elevated area of relatively flat land.
Widespread movements of the earth's crust may
result in vertical warping, which produces plateaus
andriftvalleys divided by faults.

The amount of space between the mineral grains of
rock, soil or sediment.

The particlesof water or ice that form within clouds
andfall towards the earth's surface.

An instrument designed to measure rainfall. In its
simplest form it consists of a funnel fitted into
acollecting vessel. Any rain collected in  the vessel
over a set period of time is measured in aspecially
graduated measuring cylinder, an exercise that
occurs twice daily at most meteorological
stations.

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

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

Saline soil

Semi Arid

Sluice

Snow

Spillway

Stratosphere

Temperate Region:

Termite mound

Topography

Erosion of the soil surface by shallow short-lived
channels.These small channels are calledrills.

A group of intra zonal soils that contain  high
concentrations of salts such as common salt. They
often occur in semiarid and arid areas where here is
strong evaporation.

The climate of the areas between desert and
tropical grassland. The mean annual rainfall ranges
between 100 mm to 300 mm.

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

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

An open or closed passage cutin soil orrock. When a
damis full, any further incoming water flows over or
through the spillway without any damage to the
structure.

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

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.

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

The surface features (i.e. land forms) of an area of
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Tornado

Torrid

Troposphere

Turbudity

Turbulence
Waterfalls

Water lift

land or sea bed.

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

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

The lowest layer of the earth'satmosphere.

The muddiness of water resulting from suspended
sediment.

Anirregulardisturbed flow of fluid e.g. water, air).

A steep cliff like section of a river channel down
which water falls vertically.

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

Wateroozing

WaterTable

Water Treatment

Water uptake

WaterVeins

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

The upper surface of the zone of saturatedrocksi.e.
rocksinwhich all voids are filled with water.

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

Water ascends upward through the capillarity of soil
and root system of plants. The utilization of water by
plantsis termed as water uptake.

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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