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Shlokas for Invoking River Goddess

T 9 g 99 MR IR |
T Riey AR Seis 93 $% 11 Sri Bruhannardiya Puran

Meaning: O rivers Ganga, Yamuna, Godavari, Saraswati, Narmada, Sindhu and Kaveri,

please enrich the water | am bathing with, with your presence.

T Ry TR 7 gy Meral e |
HIAR IRG Ag-a-1a1 IHUGd! afdaT ||
&I St HERIRG! BT ST US| |

quTT: guiela: Jsaedn: Hd=g & HTaH ||

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.

T 17 99 UTUdhet JRRRAGafeeiRaTd |
Yfad 7 gfad T garf M YA aRoT a1 =R |

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.



Preface to the Second Edition

For human beings, water is not merely a substance that sustains life. Water management is an
elemental ingredient in the way people conceive the world and an expression of their thoughts
and emotions. Hydrologic knowledge in India has a historical footprint of several millenniums.
As in many ancient civilisations across the world, the need to manage and use water drove the
growth of hydrology in ancient India also. Evidences from ancient history provide an insight into
the hydrological knowledge generated by Indians more than 5000 years ago. What is less known,
however, is the rigorous discussion on several aspects of hydrologic processes in the ancient
Indian scriptures as we understand them today.

This report reveals that the knowledge of hydrology was pervasive in ancient India starting from
pre- Indus Valley Civilization days and has been discussed in-depth in Vedas, Puranas,
Arthasastra, Astadhyayi, Vrhat Samhita, Ramayana, Mahabharat, Meghmala, Mayurchitraka,
Jain and Buddhist and many other ancient literatures. However, it had remained unearthed and
unexplored in front of the world at large till the recent times. This report, like its predecessor, is
a sincere effort to present the ancient Indian hydrologic knowledge to the Indian and the world
community. The report has a special importance, particularly in an era of population growth,
environmental degradation and climate change leading to increasing hydrological extremes and
stresses. The climate change phenomenon would also have greater impacts on water and food
security. At the same time, the competition among various water sectors is increasing and thus
requiring a larger emphasis on water resources management to achieve the goals of sustainable
development (SDGs). The ancient water technologies discussed in this book should be
considered not merely as historical artefacts, but as potential tools for sustainable water
technologies for the present and the future.

While updating the report, a number of recent national as well as international research papers
and technical book published by various national and international institutions have been
referred. 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 the developments. While revising, the title of the report has been slightly changed from
“Hydrology in Ancient India” to “Hydrologic Knowledge in Ancient India”. I compliment the
authors of the first edition of the report for their vision and efforts. | thank Dr. Suhas Khobragade,
Scientist-F; Dr. P. K. Singh, Scientist-D; Dr. A. K. Lohani, Scientist-G; Md. Furgan Ullah,
ALIO; and Mrs. Charu Pandey, LIA for their sincere efforts to update the report. In this report,
material from various sources has been compiled. The sources and their contributors are duly
and thankfully acknowledged.

A softcopy of the report and more information about the institute is available at
www.nihroorkee.gov.in.
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Preface to the First Edition

While making a reconnaissance of ancient Indian
literature it was found that it contains a gold mine of
knowledge 1in hydrology. This encouraged the Institute to
attempt a thorough study of wvarious available ancient
literature t« arrive at a document compiling the wealth
of hydrological treasures hidden in Indian literature.
The report attempts at compiling information on various

component processes of hydrology and their interaction.

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

even as early as 3000 B.C.

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

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

to porove this thing in the area of hydrology.

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

in particular and to mankind as a whole.
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SUMMARY

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 built at Girnar in ca. 3000 BC.

The ancient Vedas, Puranas, Meghmala, Mayurchitraka, VrahtSambhita, 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 drought etc.

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 create a synergy of the
OLD and the NEW.
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Chapter-1
INTRODUCTION

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 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
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 against damages due to floods and droughts.

Humankind 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 (Muorinen 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 agricultural and 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 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 ancient world.

It is well known that in 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 alien races and alien

cultures in India.

Science in Ancient India

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 been ignored.

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.

In India, at the beginning of the third/fourth millennium B.C., 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 River.
The Harappan civilization was mainly located in present-day Indian states of Gujarat, Haryana,

2



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 at Harappa, Mohenjo-daro, Dholavira, Ganeriwala
and Rakhigarhi.

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),

AR A TR [T AT ST T T AT T |

ARIRUHEpRgagaMRIE< | sargs=<: | (RV.11,12.12)

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 goes on.

Indian arithmetic is remarkable in that there is evidence to show that as early as third century
B.C., 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 7" 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 VVagbhata 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 B.C.) (Prakash, 1965). Biswas (1969) has

rightly remarked that the growth of modern science in Europe would have been hardly possible
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without the background of pioneering contributions from India, China and Arabian countries,

well up to the 12" century A.D.

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.

Significance of Water in Indian Traditions

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 (Fig. 1.1). 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 special religious functions.



SRR T NN
Fig. 1.1: The Great Bath of Mohenjo-Daro (Source: Wikipedia)

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 low cost and sustainable water harvesting techniques were developed throughout the region.
The reservoir built in 3000 BC at Girnar and 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).



Fig. 1.2: Sophisticated Water Reservoir at Dholavira, evidence for hydraulic sewage systems in
the ancient Indus Valley Civilization (Source: Wikipedia).

In the Vedic and other Indian 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 1.1 presents some of the important shlokas in the

Sanskrit which are invoked while offering prayers to water as God.



Table 1.1: Some selected shlokas (prayers) invoking water as God

SHLOKA MEANING
g O | MUl IR § argHed §gd dRIdmel g 3R
T I8 SR R Wa &RaT 81 SUST Y& IR &H
U SRl g $9P (AT §H SAUDT 3R Id © |
ST fBT FATHARIT 7 Hof T | O Water, because of your presence, the atmosphere is
He UMY & 12l

so refreshing, and imparts us with vigour and

strength. We revere you who gladdens us by
your pure essence.

Y g: REaH T HIeIdg 7 |

g O | 370 30T 98 Y IR+ U1 §HAR 1Y 130
Hr NUHR T Af &1 3BT gt § BI a8 (U g
DI FAIFAH UM B |

JRAARG AR 1R O Water, this auspicious sap of yours,
please share with us, like a mother desiring (to share
her best possession with her children).
T O | 51 STUPT ITe! IR felt g&t ot & v
BT 8- 98 I¥ ofidd PR T B | B9 !
AT 3R THM o) TR & ERINUE IR INCIEE RIS
S |

ST ST T 7 1311

O Water, when your invigorating essence goes to one
affected by weakness, it enlivens him,
O Water, you are the source of our lives.

g Od | 51§ g9 3MTUST Yaq d ¢ o I9H Y fomar
B B BT HA & | S YHBEAN S faemm |
SYBGAR 3R YRl Bl

3 A SIRMYST 3t yag Uiy |

<RI Fa=g = 11
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.
T oMus! feouar iy yftrt & +ff TaRa 8 ! g o,
IR P8 ¢ b oMU ol &1 9gfad g He|

SR IrATOT &Ry oA |
SR RIGIEREECEIY O Water, may the divinity in Water dwell in

the farm lands. O Water, | implore you to
give nutrition (to the crops).




3rcg A Al Sfsweieid T Ao |
Y T fay=iya sl

g O, O A g2 9dN [ o § gar Bt gt

Ft 7 off ANg R

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.

3{T0: guitd WSl aRed TS FH |
e I =2 Nloll

g O, 3 sfwetg oSt §fedt R wEm d WERR §% €,
FUAT W IRR B & Y, AfGAGI DA THIdDh D
IR R BREAT RS

O Water, you are abundantly filled with Medicinal
Herbs; Please protect my body, so that |
can see the sun for long (i.e. I live long).

SGHIY: U d8d dfch 9 gRd AR |
TJETEAMNGEIT agT U Iagad ¢l

g o, g3 of off g¥ vahuat & U IjGR B 3R
W Af ¥ fogme Td fIeRl & @ &% iR W
Sfad § ot of AT § 3% R BRI

O water, please wash away whatever

wicked tendencies are in me, and also wash away
the treacheries burning me from within, and

any falsehood present in my mind.

MUY SRR ¥ THTH(E |
UIRATY 31 71 o A1 & g g (Rl

§ OId, 317 S I8! IR F WX U or | MU} TRT
Homr § | & oo & Mevts ¥ wwifed § Lorifd WM @R
I iRy gon 7 .oify Rygia. o o g a0 a1 &

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 lustre in me.

Hydrologic Knowledge in Ancient India

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 B.C.), 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 B.C.) 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 B.C.) 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 ancient times. 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.

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
Yajur Veda:

Hieed] JeFdeua |

TR Jeidbeua | | Igds, 18—9 | |

AT eaH Jeidbedand | | Igda, 18—17 | |

These hymns illustrate the importance of Yajna’s (I=i; Sacrifice) for rain, agriculture, and air or

environment and their interrelationship.



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 A.D.), Meghamala (900 A.D.)
and in other literature. The references to rain gauges are available in Arthasastra of Kautilya (400
B.C.), and Astadhyayi of Panini (700 B.C.). 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 B.C.) the reference to artesian wells is available. Ground
water development and water quality consideration were also getting sufficient attention in
ancient India is evident from the Vrhat Samhita (550 A.D.).

References to water management and conservation, well organized water pricing system around
400 B.C., 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, VrhatSanhita, 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 a Tripathi (1969),
Prasad (1980), Prasad (1987), and others have been reviewed, analyzed and presented in this

volume.

The various aspects of knowledge hydrology and water resources in ancient India have been

discussed and presented in this report under the following chapters:

Introduction
Hydrologic Cycle
Cloud Formation, Precipitation, and its Measurement

Interception, Infiltration and Evapotranspiration,

o~ w0 D

Geomorphology and Surface Water
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Ground Water
Water Quality and Waste Water Management
Water Resources Utilization, Conservation and Management

Concluding Remarks
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Chapter-2
HYDROLOGIC CYCLE

Hydrologic Cycle is a fundamental and important concept in hydroscience. The cycle involves
the total earth system comprising the atmosphere (the gaseous envelop), the hydrosphere (surface
and subsurface water), lithosphere (soils and rocks), the biosphere (plants and animals), and the
Oceans. Water passes through these five spheres of the earth system, in one or more of the three
phases: solid (ice), liquid and vapour. Figure 2.1 represents the various processes of the
hydrologic cycle.

Sublir_pation

o |

Desublimation

Evapotranspiration

Evaporation
e

~ |
V ey

Oceans

Groundwater storage

Figure 2.1: Representation of the various processes of the hydrologic cycle
(Source: John Evans and Howard Periman, USGS - http://ga.water.usgs.gov/edu/watercycle.html)

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

13



3eE MY Gy |
Sy gfeEE || RV, 1,6.4 1

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

convert it to cloud and ultimately discharge as rain.

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

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

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

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

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

T g gdAar foR: wygAviad |

qweaR o g | IRV, 1,19.7 11

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

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

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

which is continuously engaged in extraction and discharge of water.

Jfrss=iH™ fIdedET wrem 7 Afed TRRA |
gAR o 4 =R dreaq smeafesery: 1RV, 1,32.10 11
14



A QA HEd AfdH SRS 7 8= A |

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

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

A verse of Rig Veda further states as follows:

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

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

etc.

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

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

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

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

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

TR IGUIIIT: FAHI TGO |

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

stored there.

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

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

U U qYMS qUTTaeRI SaRIaarT: |

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

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

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

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

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

below:

fereaa=amaR dea-aamfe f3ra9 |

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

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

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

fAETasvll geeaTeiud df AT |

I FRHVIRIAT HHOTRT PRI USSR

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

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

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

U que AT AT AT agETiaRIvi |

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

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

and causes subsequent rainfall.

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

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

The verses 184.15-17 of the Mahabharata state that the plants drink water through their roots.
The mechanism of water uptake by plants is explained by the example of water rise through a

pipe. It is said that the water uptake process is facilitated by the conjunction of air.

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

JEAIIeldTeld JTed SfefHaad |

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

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

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

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

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

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

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

given below:

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

QEIHMY ddg STTSHRITARY 9 |

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

A TR ST AT A |

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

ﬂ‘lﬂQIglﬁ"dﬂl‘llq g THIY: |

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

YT YA gArageIRar: | | 1,54.33 11

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

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

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

CRETHTY TRTENY MEHYdRaY epaf |

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

QAT AT HANTRRI T |

RN avciegyHyRrer geerga | | Linga 1,36.39 ||

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

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

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

rainfall and loss of rainfall by wind etc. viz.

IRIE JHTRI] geAavaragdsr: |

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

ST AR gigal Aaar e |

gquisrsdr arggite wevd 4 || Linga 1,36.67 11

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

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

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

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

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

o

fedId gIAF: A HhAd ST |

r\(\i [Nl d

eI ggadTaeE vadd || Vayu,51.14 ||

FAHRAT A deds S |

HeT grgfETa fager oiel gfa 11 Vayu 51.15 11

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

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

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

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

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

rgeear aRfaeT aiiRon e 1A |

g@Tey: fog= & da fajew (1 11,9.138 11
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TR O e A T Jerotand |
AATEIRYT |l ¥« wagd || Brahmanda 11,9.1391 |

AT AGATHTERTATR S T |

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

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

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

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

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

22



Epilogue

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

knowledge of water science can be regarded as the great achievement of that time.
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Chapter-3

CLOUD FORMATION, PRECIPITATION
AND ITS MEASUREMENT

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 and 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 in ancient India.

Seasons and Clod Formation
The Rig Vedic Aryans had keenly and carefully demarcated the variation in seasons and divided

the whole year into six such divisions as the verse indicates:

A 9 wRAfgM: vggad gt |
Mg 7 ghud |1 RV, 1,23.15 11

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.

AT ST U I g Uh feed |
yatag v faei arfdfarmgamemafy quEgs 11 R.V., 1,95.3 11

Figure 3.1 shows the general cloud formation and associated processes, as understood in modern

times. The knowledge about cloud formation is also present in the Rig Veda.

25


https://www.britannica.com/science/vaporization
https://www.britannica.com/science/condensation-phase-change
https://www.britannica.com/science/atmosphere

Cooling, Rising, Condensing
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Figure 3.1: The process of Cloud Formation
(Source: https://climate.ncsu.edu/edu/CloudFormation)

Radiation, convection currents and rainfall as their effect, are described in the Rig Veda
(1,164.47, V11, 70.2 and 1,161. 11-12) through following verses.

SE I JRUINTAT U gy @WIRAT ) |

TR JSHEIT [ agaieqyar arg T=e || R.V., 1,161.11 ||

A AT I & T Rt g SR |
I T: B d 3Ee I gradiedt o sredia |1 R.V., 1, 161.12 11

FW I 8v: GuoTT 37U T feaeudf= |
T AgAIeAgawRIeggdd giodr =gad || R.V., |, 164.47 ||

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; 11, 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 v Rrersaf smares 8|
| Sy e~ 11 RV, 1, 27.6 11

26


https://climate.ncsu.edu/edu/CloudFormation

T8 T f=Tgar T w91 SR &Afd I |

IRFgAT Afe WfscramE: =g fea i RV, 1,32.8 11

The above verses explain that all that water goes to the sky with wind by the heat of Sun rays
and gets converted to clouds and then again after the penetration by Sun rays, 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 clouds which

are co-dispensers of moisture.

AT SITan: gHa: Arbdferr By forer uar argygr:
faRIfor: EIRIE IR ¥ IranTy <o sfged || R.V.,V,55.3 |1

During Rig Vedic times the seasonal variation of rainfall was known, which is depicted through
following verses (RV.V1,20.2 and V1,30.3) saying that the Sun extracts water from Earth during

eight months and then this water rains during rainy season of four months.

fear 1 gemias S <afegii fawas |

o

e Fegarar afdard e~geifas=r wer: || RV, V1,20.2 ||

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 clouds thunder.

3 T Ul ST Y B AMATEg gl IIEH |
Rrarfas FEmRRTTata g waaar i RWVL,1L,79.2 11

Following two verses (V.54.2 and V55.5) of the Rig Veda explain the cloud-bearing winds as

the cause of rainfall, viz.

T a1 AT Il aAIgel eagst: Uk |
¥ fagar <ufa granfa Bid: R ke 1| RV.,V,54.2 |

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 augment food, and are harnessed with steads
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(waves) that wander far and spread every-where. Combined with lighting, the triple-group (of

wind, cloud and lightning) roars aloud, and the circumambient waters fall upon the earth”.

SERIAT Ao FEAl gF gie auger gafior: |
9 91 91 JU S geia: g AaranT R egead || RV, V,55.5 |

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 verses 1,19.3-4; I, 165.1, and their relationship with clouds in I, 19.8 of the Rig

Veda, as follows:

A Al oAl fAgfded ST 31gs: | HOgART 31T e | |
AT YT JHAFRATICIA AT Fog e 3 e || RV.1,19.3-4 ||

3 I I IRAMRGR: FEHoTT |
Ao o g 1|1 RV.1,19.8 ||

Both of the above verses reveal the cause of rain, who commands the rain to come down and

execution of eternal laws.

The following hymn (1,38.7) of the Rig Veda reveals how the moisture leaden winds bring some

scanty rainfall in desert region also.

I YT Il gafoael BieaT: |

g @ua~garam || R.V.1,38.7 11

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=i), forests and large reservoirs, causing rainfall.

3 I AR el ey i PrRmgd; |

o goi=d goif~ et 371 g1 af g | |
TG e e ROl U ARge=idl o |
T 37%dT sareaHr faqee f4 g = 1| R.V.V.,53.6-7 ||
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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.

T § G MfhT GhAST IdT §a: |
FATIAL STIETeN TG Jof 7 Iy sread g9t 11 R.V.V,53.17 |

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 afererara (Taithriya 1V.4.12.3).

EERRER-ERIREEIRECCE
o3 feor er=fie SRR fosaewdrt: || T.5,4.4.12.3 ||

However, a better reference to rain bearing winds is provided in the Rig Veda (R.V. X. 137.2
and 1,19.7).
gIfadr ardl a3 RFERT WRTad: |

S8 T 3 o 91g W arg Isw: || RV X137.2 1)

In versa, V1I1,7.4 of the Rig Veda, the word 4 is explained to mean mist, with which one cannot

differ easily, if the content is taken into account, though at other places &g signifies rainfall.

U= #7odl g U Juafd udde | Femd o agi: 11 RV.VILT.4 |

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:

AT AT ST AYgA fqenfaTs STtk WEeH |

e BEmgen aoiva qars 9 gfawr 9w || R.V.X.98.4 ||

O O

FRATYs ITeGTRA~IT qdIAfger 3fferes |

c

T Srgg=teu geer qaro=r ufar gfarofig || R.V.X.98.6/12 ||

These hymns clearly describe that the water collected by Sun rays kept in kept in the sky safely,

and to create rain, one should take help of knowledgeable priests, who will do appropriate yajna
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(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 VVedic period the water science further progressed to a considerable extent.

That the rain 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,
O Ye that are rich in moisture (TS.11,4.8.2)”.

Y IARIAT Ao FYgdl g e qugen g |
goT gite fea sifew: wgg gori| TS.11,4.8.2 1

In Taithriya, 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 Parjanya to
rain (TS, 11 4.9.1).

AIeaART AoAES 3 {9 9 Hwigy Uk g Uds
geyd BN WU U ol Yo auid HId Aod: SITHTIAART qeamgTd
IRIAT T ARERAN grafa | TaRH goi gvaed = || TS.11,4.9.1 |

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.11,4.9.1).

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.

ARRRIETERT faal geend S AguT 9 AIQqdi ar Uy SIS 4T
TG VAT aueidl qwy garvenwar gite 7 Fafa || TS.11,4.9.3 |
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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:

qTg3 3T JWrRll [iAgd: U IYAMATSROT i) FIwer IHM: |

QIRTIT STUET 3UYAl I gHAY el Sgdy gsufd garg g=dfa <agaq || YV.L,12 |

This mantra (hymn) states that the substances like water, air etc. get polluted and if they will be
broken into minute articles by fire (with the help of yajna) they will get purified and pure rainfall
will occur. The hymn V1.10 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 XIII — 12 of the Yajur Veda also reveal the same fact as:

3T UBRETAT <41 e Hal [eagadsid: |
| IO i Teedl aasie otk | gsafarenET (1 YV.VIL10 )

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

9 d fagrer I g9 ST HIGH<R 99 |

TIBTRUT TgaT STe(dl argy Saremaeeri< || VS.XVII31 ||

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.1V.2-3).

3ITAT SRATHIR: A=Y go- gaa: Y= |
faeg g Ry g <1 |

Ifearva: YRRT g TRAIETaIaRa =i
al @1 fRrar e aR g9 wg 9o g || YVLIV.2

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”
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HET IR e f 4t A <fg )
IR FiaRaelal o =g <R 11 YV.IV,3 11

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 Il. 179). It also reveals that the

Sun pours rain water on moving earth with the help of wind (SV. Previous Il. 148) as;

Ffesl SaTfadl AERAT gu=y: | |

= quT Yaegar || SV.Previous 11.179 ||

=1 Tl SR ST |
Stem= Fadea | | SV. Previous 1. 148 1]

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

ATfY AT eI guT B RMod ST SR T 3rfershad |
I aRAISI Al 7 A1 gaaaaraad || SV. Previous,V.562 ||

3T gaH geefd gfie qaml ga |
Y gy w34 | | SV.Final,V.906 ||

SRNCREINNIENCIRCEIRS
srerERes ey faed gwafyy arie |
a1 IR @oiMe TH=arTeray il sfte=ag || SV.Final, XX.1802 ||

In Atharva Veda we come across the similar concepts and hydrologic knowledge as contained

inthe other Vedas. Verse (1,4.3), for example, states as:
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3T <1 B9 A IF ME: fUawd 7 |
R o 8fa: 11 AV.L4.3 ||

This verse reveals the concept of evaporation due to heating by Sun rays and subsequently life
giving rainfall. The Prithvi Sukta of the Atharva Veda (XI1,1.51) speaks of a violent dusty storm
which uprooted trees and calls it as AraRar:

g7 fgare: dferor: Hud= g ol AT IRy |
IR TAT ATRLII IS Hodearadied e |

I yarguamg arafd: |1 AV.XILLS 1

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.

Following the Rig Veda, the Satpatha Brahmana also recognizes sixty three winds (SB Part I,

2.5.1.13). The same text calls hoar frost as gzar.

3 U 7oar arguT ST §9 IR AR |
I @ B AT W g d g efawr faem | RV.VIINL96.8 1

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) axrEa (2)

Ay (3) fag=1ew (4) guH (5) T (6) J=ww and (7) snfifafafgs. The a=rea creates circumstances
which are responsible for condensation and good rainfall. The wauw 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:

AT (AT IRTERRETIH: | g~y <1 gu: | |
TT0AT EHETIRI | U HRIAfafga: |
USRI YA et | geefiRfa || Tai.Ara.,1,9.8 |1

The fag=ga gives rise to thunderstorm; the gua possesses some latent property or aroma which
it imparts to the objects with which it comes in contact, expanding quickly and the sz#er affects

the humidity or moisture content of the atmosphere. Theses six belong to a single genus and have

33



a single or similar region of activity. The snf¥fafefgy 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,l,10.9). These are: (1) sr=R or TR and (2) sgarwi. 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.

AIIAR e | et TR | MYYRYFRLAT |

Afgardmad || 1,10.8 || & gaw fafewa |
JEERTIR a9 | | =T qAIEThal 99 | o IgEreaEgsgy || Tai,Ara,l,10.9 |

On the similar lines, during the age of epics we get information regarding clouds, rainfall,
evaporation, snow, storms etc. Verse V11.4.3 of Ramayana speaks of three kinds of clouds - stga
(Produced from Brahma), s7=a produced from fire and werst (produced on a mountain flank).

White, red, blue and grey clouds are also referred to in the epic (V.1.81) as:

UTUGRROTAUITY e A aI = |
HIOAT HEHTOI AT gHRR || Ramayana V,1.81 ||
gRAarequiify FgmIfoT TN || Ramayana V,57.7 ||

Climatic vagary or absence of rainfall is referred to in Ramayana (1.9.9) as:

3rgRe: FERT I Faap9araeT | | Ramayana 1,9.8 11

ISl g gearai WAy gdeafd || Ramayana 1,9.9 11

Here, it speaks indirectly of atmosphere free from dust, fog, frost and mist. Similarly, the

condition of nocturnal sky (the moon from <igr or mist) is alluded to in Ramayana (1.29.25), as:

o9 Ta-TeR: gaagadtad: || Ramayana 1,29.25 ||

Mist and its disappearance through diurnal rise of temperature is referred to in 1,55.25 verse of
Ramayana, mist and severe cold in 111, 16.12, cold western wind made still colder due to the

effect of him (frost) in 111, 16.15, very dense mist in the vicinity of earth surface in 111, 16.23,
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water vapour hanging on the surface of the river structure in 111.16.24, dew formation on the

sandy margins of the bank in 111,16.24 and snowfall in I11,16.25. These verses are given here as:

gedl I arewr ar AR 9898 |

ATRITRATTY: e ABRAg 9hs: || Ramayana 1,55.25 ||

o~

(TGRS JIIIdT [BHTSOT: |

AMIgg RN Attt e || Ramayana [11,16.12 1|

gl e feafdgea A |
yarfa uf¥=mr arg: @rel fgporeiaet: || Ramayana 111,16.15 11

JNTTITITAAGT S RIHATIT: |
TRITT $9 eIt fagsn g=rera: || Ramayana 111,16.23 11

. o\ o
ATFeT~Td el Bdldel IR |

feafgargawin: wRar wia \ruad || Ramayana 111,16.24 ||

JURUTTedd HgcdTg HROGT T |

AITTIRAN gRIvT ¥avoierd | | Ramayana 111,16.25 |1

Verse 1V,1.15 of Ramayana states about the mountain winds. In another Verse (VI, 78.19) we
read about dusty, dry and gusty wind. Later on violent storm or tornado is also mentioned in
Ramayana (V1,106.21, 9rdr #usiereiar).

drehex fspr: wifid ga @rfwer || Ramayana 1V,1.15 ||

Like the Ramayana, the epic Mahabharata also contains valuable information related to
hydrosciences. In the twelfth skanda of the epic, atmosphere is divided into seven regions
(skanda, sphere, X11,328.31) and are discussed in considerable detail as “that wind which is the
first in above number and which is known by the name of uag 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.X11,328.36) as:
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girerI=Rel = I Har<l are: |
A IRgART 9 9 arergyae: 11 MB.X11,328.31 |

URIIFHITAT AT T |
YerH: Yo /T el A Al |1 MB.328.36 ||

The second wind called smas, 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 number and is known as Stz (MB. X11328.38-39-40).

IR TEARI fagewaee weTYf: |
el AW Harta fgdr: e 98 11 MB.XI1,328.37 |1

9T SISt 2regd AHEEIAT BRI - |
iRy A ¥ gard #=meer || MB.X11,328.38 |

T YA IIPEIRI STl |

Sgdreed ANl SiFaRIrER fder |1 MB,X11,328.39 |1

e [ ST IS 9eresid |

Iedl AW dfFswgdE: ¥ werf: (| MB,X11,328.40 |1

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 waz. Fifth layer is called faas and the sixth is referred to as uRRas. The
seventh called wrag (MB.XI11.328.41-42-43-47-48) refers perhaps to some cosmic region.

FHEIAAT 9881 AT T gord = : |

qUHIERAR™ w1 g=re=r || M.B.XI11,328.41 ||

Hedr = arfagT waf~d ded aT: |

ReToTIy R Heegquanta = || M.B.X11,328.42 ||

AT A gsfa A e e |
el waEr 9 arg: @ fRar: 11 M.B.X11,328.43 ||
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GTOUNITAEEN] 9 ﬂ*\‘l“IIrQCj“II'ﬂ

Uoad: W Hera faagr = 9rea: |1 M.B.XI11,328.48 ||

v gRqel AW 9 argeigdi &% 11 M.B.XI11,328.45 ||

I T RMAT I 7 e |
RIS M W arg; | gRfamH: || M.B.XI1,328.52 ||

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 wad®, aess (MB,V111,34.28),
grear (X1l 271.6) and 3d& (MB XIV 55.35-36-37). The gae® clouds are formed in the faas
layer of atmosphere (described before). The clouds brining rainfall in desert area are called 3.

These classification of clouds are different from those enumerated in Ramayana and Puranas.

A1y AR 991 ARG D |

TRgSoTeeR gueaRAaRedd || MB,XI11,271.6 |1

a1 W WA STAgu: RRT: |
RAITd YRR ARl O WA,
Sl HT ggaan: @Ifa It =1y 1| MB,X1V,55.36 1|

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)”, 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.

39T AeETdl f[aeaea o |armq || Vais. Sutr.V,2.8 ||
T3 fawmst gfere || Vais. Sutr.V,2.9 ||

I FARTIfg 9T e 11 Vais. Sutr.V,2.11 11
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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 as its non-coinherent cause.

YT |G Joedrq ga=H || Vais. Sutr.V,2.3 [

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 as its efficient cause.

qcra W || Vais. Sutr.V,2.4 ||

The phenomena of evaporation, cloud formation, classification of clouds and their relationship
with winds or regions of atmosphere (arave=21) are also quite satisfactorily discussed in several
Puranas (Vayu Chapter 51, Linga Vol.l, 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 or immovable objects of the world and due to insolation or Sun’s rays, evaporation

of that humidity takes place, and this process produces clouds. viz.

3 Al oaEaTe AAsiam || Vayu,51.23 ||

fallaN

HETET gocd e A Tae Ao |
AT FEAGITTA a1 gorfae: |
e g9 FArRETaray geard §9a || Vayu 51.28 ||

SIS YIRS (1‘{4'IIC&ICJ(1F"|H|

i gfasarar 3 wemsr @ERerar: || Vayu 51.29 ||

ST A9 o AT A9AT SIad. |9aT: |
fgcid yag arg #ema g @A 1| Vayu 51.36 |1

The above verses say that those clouds which give or sprinkle water are called #= and which do
not bring any rainfall are known as 3. There are three types of clouds (1) sm== (2) sg7at (3)
gers. These are connected with cyclonic (thermal and insolational), convectional (occurring in
northern continents, Siberia and equatorial regions) and orographic (occurring and proceeding
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from mountain flanks) types of rainfall respectively. According to above mentioned Puranas,
3m=1g oceurs 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 (sgs<1) 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
(gepvrar) clouds originate from or in the wings of mountains (wers+ar). 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 conforms to a large extent to the modern class

of altostratus.

The Matsya Purana (Vol.l, Chap.54) furnishes still more elaborate and scientific information
regarding clouds. It says that the clouds s 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, vdd, #9

and «i=fl. Then in the Verse 17 can be recognized further four classes of 7= clouds.

fayagTeavied HaHde gaRad |

ST AM d HET Jewdr siig dwe: || Matsya,1,54.9 11

Tl afae aRgHETR 3T |
SARITSTHATE g fadgarey | | Matsay,1,54.10 |1

AYHRITA A FAYHaRINT: |

ANl S Uoi=IRd@Redd femrar: || Matsya,1,54.17 |1

TSI gddrTSd HeTEr Wi 98 |

GeHd fgamd AR Siel Waq || Matsay,1,54.18 ||

Parjanys (gsi=1) and f&=s1 rain in the season of z#=1 and they are very useful for agricultural

growth is spoken in the verse below:
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gorar femrormeda ga=t Sfiaa=Tas |

quRay 9uif< ggi gg=itaggd || Matsya,1,54.19 11

Process of condensation and precipitation on hygroscopic nuclei are very carefully described in

a nutshell in the Matsya Purana (1,54.33) as:

gl Agva: JaT: YaRGRRAM: |

YR Ygq=garg=Tagararn | Matsya,1,54.33 |1

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 of rain”.

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.

YT YUTATA! ITIAT TN |

ABR BTetota Hrarg 5em 11 Vishnu,11,9.11 11

WRCAAGEH ARG TATY: UTIORARAET: | |

IYHT AaETe=l |fgar g+ 11 Vishnu,11,9.12 |1

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 gssx
and sfada®

AN Al TS| F=Ud: &b e |
|t @ ggawor: wrfor: groefEr || Meghadutam,Purvamegha.lb 11

o d faN

S &R Yatafad JeRIadeTl S @ Udbfagey smed 7u: || Purvamegha Verse 6 11

c

The Mricchakatika (600 AD) refers to a kind of cloud =ror (X.26) from which the rain streams
forth as from a bucket. In another context, the famous drama refers to a special type of rain
srrgite streaming forth as from a trough (X.39) viz.
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PIIVGIAYT BTeT BroTaremRerd dfY |
JFgitesd ¥ arore garfed: || Mricchakatika, X.26 |1

PIHAGHT A HGIFATd AR |

JgResd ¥ grogieRanTar || Mricchakatika, X.39 ||

Four types of clouds in all have been spoken of by Kalidas. They are amad, Sad, g=pr and =ior.
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 —

rgar foiell #e: Hadded agad: |

gshR] GEhRGICl GV TRITYRSD: | |

Kalidas Granthavali, Abhidhan Kosh, P.154 ||

In the library (Saraswati Bhavan Pustakalaya) of Sampurnand Sanskrit University, Varanasi a
manuscript treatise entitled as #e#ren is available. As the very name suggests, it is a work on
climatology and more specifically science of clouds. On the basis of content and style of dialogue
Tripathi (1969) tried to establish that Meghamala is a part of sar@atd=s (around 900 AD
around). wemre has 11 chapters. The first chapter of #emrer opens with the enquiry

HER DIgead D fdeoiid |
PG IUHY T IRR TR HIgeH | |
(Meghamala, Manucript No. 37202, Sampurnand Sanskrit University, Varanasi)

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 1. gge 2. F=2ITell 3. H<

4. YY1 5. dIgal 6. T&d 7. ddbd 8. WRAG 9. THBIEN 10. Solw 11. gware and 12. fawmya. 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 111™

chapter dwells on astrological influence on rainfall, climatology and economic condition of

people, state of plenty and scarcity and production of various crops. V™ chapter aspires to
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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.

AR AT Hef < BIge T |
6 ard f» o gad F1 Fro= | |

Plfcid I Tl TSerouTior AT 9 |

YT SIAGOIT Rerrorifey AT wde | |

gfeguritT a1 /e 2 Gwraeied wdq |
HIRAGUIT HIEE ATHIORIT 9 | |

= ArEfad I WS o | giead |
qretat ufad d g dTerRaar wadq | |

qar <fd wiasfa gel aaaa = |

gaiexordre EEw Sierdgad || Meghmala, Page 14-38 11

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 a condition of plenty.

qq faggemRrTen gl STerenfyofi |
Tféror IRG IR A dIHIfeeId | |

el gdardd Srad TS | |
Sferor g emeRl kel g el wad | |

qreu} AT aRIIaRE WA |

SN el <fd vermr=at |wdwws: || Meghmala, Page 47-48 |
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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 amgg, Tied, MR, aRue, Juda, RaRew< and Sifear.

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 <emeauarer 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. fada 2. dIfE 3. TSP, 4. dgd 5. X9d 6. fAVE (Fo1¥) 7. WIEE 8. AMEE 9. HEAT
and 10. weTaRas (Vol. V,121.138). These are arranged in space according to increasing height.
The outstanding Tantrik work recognized ten types of clouds 1. @ 2. witmEs! 3. AyarRayi 4.
WhI< 5. |ad 6. 9189 7. &P 8. Sid 9. s, and 10. WeRrga (wurereen). 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.

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. uriard
(easterly) 2. s&== (northerly) 3. sfrorara (southerly) 4. SR dike (northerly blowing from the
front) 5. warg® (undefined) 6. sféror gdgR (southerly strong wind) 7. sr=af@ersm (blowing
from the south-west) 8. amRdIsma (westerlies) 9. smRisi=1 (north-westerly hurricane) 1o.

IrFarygd (Unknown) 11. gf&roT Facge® 12. gagaR 13. &leror and uf¥em dioma 14, af¥=es (western
storm) 15. ST (northern strom). Later in the same continuation tornadoes are referred to as
wiferarard. This vocabulary had influenced the Arabian geographers and navigators and they
readily absorbed several of these Indian technical terms in their own language (Motichandra,
‘Sarthavaha’ (Hindi), P.202).

The ‘Prajanapana’ also refers to snowfall (fgw) and hailstorm (&=@) (1.16). The ‘Trilokasara’

(Passage 679, P.280) of Nemichandra says that there are seven types of @rere (periodic clouds).

They rain for seven days each in the rainy season. Then there are twelve species of white clouds

43



designated as o1, They also bring rain for seven days each. Thus, the season of rainfall extends
over 133 days in all.

The Buddhist literature also throws significant light on meteorology. In the narrative of the first
Jataka, named ‘Apannaka’, several climatological facts are described. In ‘Migalopajataka
(Cowel, Eng. Trans. Vol.1ll, P.164.), two violent storms are mentioned as @rerard (black wind)
and sz==1a (Tripathi, 1969). The latter is said to belong to the upper air (Samyutta Nikaya, Eng.
Trans. XVII. 1-9, P.157). The Sumeru mountain was frequently visited by a violent hurricane
(Scuresard or =vvrara) (Mahamorajataka No. 491, P.333; Harit Jataka No. 431, P.497). It

resembled whirlwind in movement. In ‘Milinda Panho’ hot wind or Loo is spoken of as ardray
(Eng. Trans. Vol.I1,1V,6.35, P.86). ‘Aryasura’ names four types of winds =it (Monsoon),
=oelfal (tempest), Scardard (hurricane) and gzemeaary (westorlies) (Jatakamala, ed. by H. Kern,
10.29, P. 90, 127, 133). In the ‘Vinaya Pitaka’ (III, V.9.4,P.85), whirlwind is called arqavscirer.
The Divyavadana’ speaks of some kinds of hurricane as @rferarara (Vol.1l,P.41), and of storm
accompanied by rain as arads (Vol.ll,P.163).The ‘Milindapanho’ (IV.1.36) says that there are
four types of rainfall: 1. of rainy season 2. of winter season, 3. of the two months g and sra=
(July and August), and 4. rain out of season. At a glance, it can be seen that the classification is

fully scientific.

The Buddhist literature refers to two general classes of clouds as: @re#= (monsoon cloud) and
arereme  (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.
sfdqgerss (cool clouds),2. swraarss (hot clouds) 3. swaarsa® (thunder clouds, it can be identified
with cumulus), 4. ar@aerss (wind clouds — perhaps clouds formed due to the activity of
convection current in the atmosphere) and 5. @vgare® (rain clouds — most probably

cumulonimbus which brings copious downpour of rain).
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 is a golden achievement of ancient times.
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Variation of Rainfall

According to the Matsya Purana, to the north and south of the snow-clad mountains (fesaa)
occurs the gug cloud which greatly increases the stock of rain. All the rain formed there converts
itself into the snow. The wind on the fewaa draws by its own force those snow flakes and pours

them on the great mountains. Beyond the féwaa there occurs little rain (Matsya, 1,54.22-25).

THR FHYSA= AR i T 7d: |

s ARARET g9ae 5fa w5 11 Matsya,1,54.22 1|

Scfedad: oIy =g Sferor |

qus AH FARATT ARgte faggd || Matsya,1,54.23 ||

AR yaaid ay a=g TRAGEHEH |
el feHadr argfed o= wgawad || Matsya,1,54.24 ||

IFITHII RifSaarr 7=1fiRe |
feHa=amfas= gitcRy aa: WA || Matsya,1,54.25 ||

Thus, there is a reference to a very important geographic fact of scanty rainfall or arid condition
of the Tibetan plateau. The 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 wag wind or air
current which makes the clouds produced by smoke and thermal activity full of water, so that

the clouds Puskara (g=pv) and gersi give copious rainfall”.

CEIIHY TRTERY ARl FehAT= |

AT T Fed ATBHRAT o dRareadrar==marg=r 9| | Lings,1,36.38 |1

¥l gATRATAT HANTRa < |

RIfT eI RIe: Jewiga | | Linga,1,36.39 ||

o e

faRdres aRIan: d JIEvheloiR: |

UeTSTT: gepRTEed auifd 9 I&1 e || Lings,1,36.49 |
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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 sweeping of strong westerlies. The same fact is stated in the Puranic line,

gaoneftedr agfdfe "ewa g 11 Matsya,Vol.l1,54.36 ||

Meaning: the air from the Pole drives away the rain,

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 VVrhat 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.

The verses 23 and 24 of the chapter 21 of VVrhat Sambhita 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 abundant rainfall viz.

ﬂfmI‘<\J1(1Ir'\'10(7I2II‘{ﬂHIQ*i"l“IC'IIN(*i\F\rI"lIHI‘Hi |

STTeRI@THRT THY T4 goaotarr | | Vr.S.21.23 ||

[ aN o\ o

A SATRRIBRONATIAT AHTSdl STl |

ST g9 gRINdgea=T: yqadra || Vr.S.21.24 ||

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.

ON ON

EESHNRRINE] dQ§i§H¢8I*QId1|

gaf
Tufcr gourfTgUote ar 11 Vr.S.21.31 ||

46



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.

RfdergRIden: R Aregwag ST |

faN o e

gftesTarfy fasrr Fawwmeare® || Vr.S.22.7 ||

HoT: Reem: Agared veTfeorTiafhar: |
a1 RIE gfte: adaan™ggy || Vr.S.22.8 ||

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).

U U] T f[IHeaReH |

G| JURYTARAT 470l G5 oA | |

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

A1l fed 9 uafa ardr a7 9 BIer |
T 9 gaRd oS weAaEd 1 g

HREBT AE - IR Peb Fvraar 1 |

derfageeT gitc: W Ugeaied 7 99 | |

If Sun is 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).
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Urgedlel JaT AT AATR § FEl WA |

o o

dalad ditca: Ylddl 'FCI'QT REURTAY: | |

c

If water appears to be dull, clouds are of the shape of mountain, quarters are clear, the sky is of
the hue of crow’s egg, there calm in the atmosphere and aquatic animals like high and others
disappear in the bottom and grogs make loud noise, very fine and copious rainfall comes soon
(Manuscript No. 34332, Page 18). Further, if the texture of the clouds resembles the wings of a

Partridge, rainfall occurs.

I Wet 9 favd M= af=fi: |
feereg fauem: wal: drhve™ Jer 79 | |

J IeT Iifd du: gd=: ¥eIel IaT |

Y@ FA ATGHIIGT VG greedheHT | |

Thus, it is evident that Mayuracitraka has attempted to formulate principles for forecasting
rainfall variation through the observation of natural phenomena and the synchronization and co-
relationship of the two. The symptomatic synchronization in the realm of nature is often
governed by laws having mathematical accuracy in which intuition of the animate (birds and the
animals) and scientific cause and effect relationship of events form the accurate base, provided
the observation has been made very carefully. In those ancient days, when advanced meteorology
and its complicated computations, computers and other cybernetics and servo-mechanic

contrivances were unknown, this was of special significance and most probably the only method.

Measurement of Precipitation

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. (Srinivasan et al., 1975).

During the Mauryan period, the raingauge was known as awi#=. Kautilya describes its
construction in these words “In front of the store house, a bowel (Kunda) with its mouth as wide
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as an aratni (24 angulas = 18” nearly) shall be set up as raingague (asfr=) (Arthasastra, Book I1,
Chapt. V, P.56 Shamasastry). A schematic of the modern raingauge is shown in Figure 3.2. By
comparing the dimensions of the ancient Indian and Symon’s raingauge, one can easily infer
about the level of knowledge possessed during that period.

12.5cm
........... <— Rim (30 cm above GL)
s 18 ';-.T:. Metal casing
. Glass bottle
' 5 (7.5-10 cm dia.)
= 2 ’ Ground level
GL_Sem cn L x—m‘&“a
som E——
. le—20cm—»|
55cm Masonry
foundation block
60 cm x 60 cm x 60 cm
Measuring
jar (glass)
" -
L ol
r 60 cm "

Figure 3.2: The Symon’s raingauge (Modern raingauge) (Source: Raghunath, 2006)

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 aspect in a nutshell 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 11, 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
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commencement and closing months of the rainy season, and two third in the middle, then the

rainfall is considered very even (ggareus).

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 ”.

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.

The author of Astadhyayi, Panini (700 B.C.) refers to the rainy season as urqu (1V, 3.26; VI,
3.14) and aut (IV 3.18). The former was the first part of the season. These two parts were known
as gd aut and srRawl (sramaremar VI 3.11). He also refers to adusmor (111, 4.32) as:

T JETOT SratvEr=Iawwd | | Astadhayai, 111,4.32 1|

Citing examples for measurement of rainfall Panini further writes 7r7ey g1 <@ (rain equivalent
to depression created by hoof of cow), ¥iamd gt <@: (rain equivalent to fill the furrow created

by indigenous plough). It is evident that the 7we was the measure of the lowest rainfall.

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 bowl (gvs®q) measuring one cubit, one should

tell the amount of rainfall, viz.

faN

BT HUSHHNHATIIHTTI

A'd
Q3 |

qSARII g Ha- fAgarserel gfaaq | Vr.S.23.2 ||
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For calculating rainfall he adopts weight measures of pala, drona and adhaka (4 sme® = 1 o1 =
200 uat, and 1 ames = 7 Ibs. 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 the amount of rainfall

in various lunar mansions as:

ERITIH RISy SIS KIT: |

TAATTY TR bearg <2 11 Vr.S.23.6 |1

S0 HETGRIETRUNe 97 IggaT: |
BT qoerdhfa: gaar fagiferatom: 11 Vr.S.23.7 1

USRal ded 9 fqeifcr |y ger sfde |

Mg gy gsadia: | Vr.S.23.8 |1

SaeETel g 9 Hifcrar arford <2 g1 9|
ey AT g feugrasd || Vr.S.23.9 ||

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)

I fafqwaurt: gem ferefear: &= am |
faafa g | ¥ g afe=eg: 11 Vr.S.35.2 ||

Parasara knew the contrivance of primitive raingauge and method of measuring the quantity of

rain received (Vrhat Samhita, Chapt. 21, Garbhlakhsnadhyaya). viz.

JAMEHISTAGRI QU1 fIard JHmr: |
g JETOT Aie=l fEre Sronayer | |

o o\ O\
IqIdRITS. TTellH e Tgdduhls. ellled |

qTUS quigHY], Smedayor || Vr.S.between 21.32 and 21.33 ||

Epilogue:
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.
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Condensation of evaporated water which is facilitated by the presence of dust particles etc.
(which acts as nuclei as per modern meteorology), effect of yajna (urs7), 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 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.

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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Chapter-4

INTERCEPTION, INFILTRATION AND
EVAPOTRANSPIRATION

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

ancient Indian literature.

Interception and Infiltration

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

may run over the ground.

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

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

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

uTe: AfeTedTre AT arft <= |

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

JFAVIAAT JATEd STAAG S |

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

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

others it is lower as:

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

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

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

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

after percolation.

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

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

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

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

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

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

Evapotranspiration

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

and form clouds as:

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

T dgaed f&d <ard: guaraT |

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

The verse 1,105.12 of Rig Veda says that the water from the sea etc., evaporates due to the heat
of Sun rays, which is the primary cause of rain formation. The same fact is revealed in the verse
IV, 58.1 of Rig Veda as:

AT SESRGUIRAT FFATEHIE |

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

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

is the cause of the rain and food production as:

SIRIATT) ggaaTen 3Teeg - |

ey forgaraar | RV.VIILT72.4 1)

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

transpiration as:

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

<dl qag-fa fexvagon wgeme: gl afmsvadad || Y.V.,28.20 ||
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It says that the vegetation attracts water from Earth and evaporates it to the atmosphere due to
heat, wind etc. to form clouds. Similarly, Atharva Veda (1V, 25.2 and 1V, 27.14) says that due
to universal Sun and air, the water goes to the sky and comes back as rain. The evapotranspiration

is caused due to Sun rays and wind as:

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

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

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

g Ifeeerr Al THAT SRR ISl He ARH |

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

The solar phenomena are associated with the vault of the sky or heaven, while lightning. Rain
and wind are referred to as occurring in the atmosphere (R.V., IV, 53.5, I11., 56, 1., 108.9-10) but
it is doubtful whether the Rig Veda knew or guessed exactly the limit or the vertical height of

the atmosphere, from these verses:

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

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

A weren RgarRa: G Brrarfaedy e |

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

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

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

have known torrid zone also.

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

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

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

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

IERTAMAT Yol qHIAT T g0 YRISRIERIHUT MEad+od

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

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

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

mythically the origin of the atmospheric regions.

IAHT 39 I IR fafd g=ra |

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

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

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

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

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

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

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

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

Ramayana.

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

In the twelfth skanda of epic Mahabharata, the atmosphere is divided into seven regions (Skanda,
Spheres) and they are discussed in considerable detail. The wind named as amag (M.B.XIl,
328.37), blows with a loud noise. Another wind which drinks up water from the four ocean and
having sucked it up gives it to the clouds in the sky and subsequently to rain god is called 3gz
(MB. XII, 328.38-39) as:

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

$¢d SISl 9redd AR dRIfd I: |

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

TR AN AIGRA T |

SEIEad Al s et 11 MBLXI11,328.39 11

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

THTETIIRARTISI FeTal Faaiea |

FAITERA = gaauryg goard || MB.111.3.49 ||

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

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

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

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

very scientific terms as:

AreAdTSITgdd FarTe | | Vais.Sutr.5.2.6 ||

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

and convection currents in the atmosphere.

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

described here:

T Awiaredadr: far |

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

3Tge: Yderdd dddrgds: Y- |

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

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

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

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

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

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

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

gaoTEgdieea garage s |

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

JI: fRuSiTe aRggaE |qaT: |

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

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

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

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

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

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

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

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

Ht[ﬁlélgﬁlbll‘lld Jg=giil THXY: |

d o

davcgqaeiicdretaRad fearee: || Matsya. 1, 54.321 ||
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The celebrated Jain treatise ‘Surya Prajnapti’ has dwelt upon at length on insolation, radiation
and reflection of the sun’s light and energy and heating of the earth and various surfaces. Its
conception of a contribution to “albedo” appears to be something wonderful, when we take into
account the fact that the work was composed at least nearly half a millennium B.C. The concept
of albedo is an important aspect of modern hydro-meteorology. The evapotranspiration process

is greatly affected by the albedo.

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

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

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

Epilogue

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

and evapo-transpiration?
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Chapter-5
GEOMORPHOLOGY AND SURFACE WATER

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 stream beds.

The knowledge about stream flow is an essential requirement for construction of hydraulic
structures such as dams. The first major human settlements in the Indus Valley (3000-1500 B.C.);
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, 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 as available in the VVedas and other ancient literature.

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) (fzzvarrd) which very well fits in the geological and
biological evolution of the earth with the water age, origin of zoophytes, primeval fishes, reptiles,

invertebrates, vertebrates and mammals.

=egw: fuar 7= 2 ORT gase SrsT A== |
I Aqge Jd Afegagramaodr smead || R.V.X, 82.1 ||

fRRUI: AR dRI SIa: UfoRa ST |
| SR YA giaAl $ <arg sfaw faem 1| R.V.X121.1 1)
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According to the Rig Veda, the earth abounds in heights, bears the burden of mountains and
supports the trees of the forests in the ground (&r#m). She quickens for she scatters rain, and the

showers of heaven are shed from the lightning of its clouds. The Earth is great (®€1), firm (g2)

and shining (ar5=).

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

T T SAf IRTOIAT fer |7 I ryay: |
gorr |qs Ryeerar 9 A gardr i weren aguE || RV, 88.6 11

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

AT I<gI <=L a7 goned || RV, 35.3 1

In the verses 1V,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:

Tl ST IATAT A S dTaNIRT FhTeTHTT: |
TaT fa geo fefe wafsa e afefaRfe sonf<a 11 R.V.1V, 18.6 |

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:

4 =l udaw gergaafiRsam =11 R.V.VI, 24.6 ||

By the time of Sam Veda, Yajur Veda and Atharv Veda, the Indians had come to acquire
sufficient knowledge of physiography and geomorphology. This is established by the
geographical technical terms — Sugar (mountain slopes, SV.1I, 5.9), gRu (cleft or W), Rrer
(stony place), eor (habitable place), @re (forest having a difficult communication), g5 (lake),
@ (rugged lands or bad lands) (TS,1V,5.9.1). In the Sam Veda, we come across a brief but fine
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description of a river mouth and a wave of the sea opposite to the mouth of a river sends into it
a portion of its water (SV X1V, 4). The prithvi sukta (XI1) of the Atharv Veda, furnishes a concise
account of physiography — mountains, snowcapped mountains, forest lands, plain areas (¥4) and
perennial stream or slopes (wad). Following hymn of Atharv Veda illustrates that if the water
source is on mountains, then the river formed will be perennial and will flow with high speed
(AV.1.,15.3) as:

Y FEAT HEa<gearss: | AV.1,15.3 ||

Similarly, verse 11, 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.

raT Feaemaegamane gaard | | AV.I1L,3.1 |

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 (fdmnfagrsig G.B.11,8). 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 (11,54.42.) the
plain tracts (11,56.11), sandy banks of rivers (Rama. 11,55.31):

ARYEUR ad<x=eR | | Rama. 11, 54.42 ||

T IR GHAGRRIG | gud e d1d rEdew &+ | | Rama.ll.56.11 ||

fallaN L (o
[EIEEEINCAS KIS RIS EIESIE] |

NSRRI g Year aar waq || Rama. 11,55.31 ||

Those lands watered by the Ganga have been described as dense and hard to track (Rama. 11,85.4)

as:

HART T TRGTOSH T |
TEMRI R0 <= Tl gva%: || Rama. 11,85.4 |1

Knowledge of water falls (11,94.13) and descent of a river (11,103.25) is described as below:
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o~ aN
STTHATAD GHG T < <[ |

Tafewiard A Save 39 fgu: 11 Rama. 11,94.13 ||

& AT XRIT AaT g || Rama. 11,103.24 1

ofre EAraTArTe el RradasdHd |

fAfeRee® <ol aq vag 9afafd || Rama.ll,103.25 ||

How after melting of snow, a mountainous topography becomes charming is spoken of thus —

fearey Afia ad<eq (Ramayana Il, 7.15). The author of the epic has also marked “river
erosion on non-resistant or soft steep river bank (11,63.46; V,34.19; VI11,14.18) as:

vulfg g Alcay diRARal gor || Rama.ll,63.46 |1

o &R 9 AR e e J3: || Rama.,V,34.19 ||
Href<a @ da1 J&m: gar g9 Sod 811 Rama,,VI1,14.18 ||

In the verse VII, 23.42 of the Ramayana, we read about the erosive action of the downpour of

rain on mountains. viz.

ﬂiquJ??‘CiIqubH'kifj\vlch'l\qi aTovUl: |

IRIfT T AT 9 #eIfIRA || Rama., VII, 23.42 ||

The Mahabharata divides the Himalayan mountains into three regions. It mentions large tracts
of desert several times (I, 70.2). In certain context the word =&z is used. Most probably it

indicates the land form which now-a-days is called delta.

U TalcrHdel: gfcqurdrsHi=ac: |

I gGHNTY Heegd |aed || M.B.,1L,70.2 1]

albeeiqHd drgeedes dwd || M.B.,1,70.17 ||
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 f&#== and that whose

water overflows the banks as sg&z (111,1.15). Glacier is named f2=r=t (1V,1.49) as:
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S RABIMARAv RS eARVIIGIaTAIgararaod s | | Astadhya.,1V,1.49 ||

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 at that time.

The Vayu Purana refers to various types of topography namely lakes, dales, barren tracks
(Chapter 38), rocky through between mountains (sr=rarefi) (38.36).

gf¥emrat faf3r dom ImRaforfaRT: |
ATIOIHAIRG A ST g st || Vayu.,38.36 11

The chapter 38 of Vayu Purana also speaks about the large number of hot springs in a

mountainous region (38.78).

TAT SITATCI ARIRT FgoTae™: |
AAREIRIA A0 T = || Vayu.,38.78 ||

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:

TaafY = qvy 9« G |
ThadhRaw o <3 Teeanfs faf: gar 1|1 Markandeya P.53.21 ||

I & gowreny auivae) fgsiem: |
Ayfedsot QT A9 adE 9Rd || Markandeya P.53.22 ||

The Vishnu Purana (11,5.3) classifies the soils of sub-terranean region in seven categories viz.
(1) black, (2) white or yellowish, (3) blue or red, (4) yellow, (5) gravelly, (6) hilly or boulder and
(7) golden hued, as:

Q[FAGO: YIT: BT AeABISIT: |
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AT I 43y aRurreAnvsar || Vishnu,, 11,5.3 11

The Vrhatsetrasamsa (6-7 century AD) (Tripathi, 1969) has many scientific and mathematical
enumerations conforming to some hydrographical or hydrological laws. Anguttaranikaya (before
400 B.C.) classifies lakes into four categories (part I, page 105, Tripathi, 1969).

Epilogue

From the above discussions, we see that in ancient India, the knowledge of streamflow and
geomorphology was well developed on scientific lines. A number of hydraulic structures were
constructed during that time for irrigation 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 ferem, gRur, eror, @ 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 B.C. These are in vogue even at present and hence, can be regarded as the important

achievement of the ancient Indians in this field.
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Chapter-6
GROUND WATER

Groundwater development and 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 6.1 shows the wells constructed in about

2600 BC, discovered at Lothal, an important Harappan site.

Figure 6.1: Wells discovered at Lothal, 2600 BC
(Source: https://rainwaterharvesting.files.wordpress.com)

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 scientific discourse on ground water.

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, astrologer and mathematician, Varahmihira (AD. 505-587), author of
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Vrhat Samhita, which is esteemed for its learning of many important branches of knowledge, 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 m to as 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, groundwater utilization by means of wells, well construction methods and

equipment are fully described in the Dakargalam (Jain et al., 2007).

The treatise on Dakargalam (science of underground water) by Manu is referred to in the Vrhat
Samhita. By the latest his time must be (400BC-200BC). Varahmihira alludes that #=1 ferferd
g@rte™ 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. VVarahmihira 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
Sambhita, 54.99).

AR GHT BRI I B doAaalld |
JTATA: HHdggaiRid Ard 96 | [Vr.S.54.99 ||

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 Rrr and Rrifds= used in this chapter
(Verse 54.1, 54.61-62) viz.

U] I I ISTRIAIg ShNiel A STolluier: |

g sy RRR<ea e gr=ratr= |@wer || Vr.S.54.1 ||

HEQY WAl RRT g JoId: R gaedn |
Wg HRATOMAG Jaerdwer: Ry = || Vr.S.54.62 ||
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The term =1 implies arteries of water or streams and the Rrifasm= 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 veins in the human body. From Verse 54.2 we learn that water table is

a complex function of rainwater.

U] o T AT TRl ageTfaRIvTd |
TARGE ggavidi v wied fafagesa )| Vr.S.54.2 ||

It means, the water which falls from the sky originally has the same colour and same taste, but
assumes different colour and taste after coming down on the surface of the earth and after
percolation. Figure 6.2 shows infiltration and percolation process for an unconfined aquifer

leading to different zones of groundwater.
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Figure 6.2: Unconfined aquifer showing different zones: uppermost soil moisture where
precipitation infiltrates downward to the water table where all the open
pore spaces are filled or saturated (Source: UNO, International programs)

In the later verses of Dakargalam, the modes of occurrence of sub-terrainian water and its depth
at different places are given. Verse 54.3, 54.4 and 54.55 inform us that the sub-terrainian streams
are rainfed in all the quarters and also apart from nine arteries, thousands more are present

flowing to various directions as:
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IO g (U A g RIh_T <dT: |
fereren: e gragrar faen gaqa: || VR.S.54.3 11

fequfoRTos @ RRT 799 7 weriRerrT |
gare: eraer faf: gar A gfedn 1) Vr.S.54.4

UTATATCETRRT YT wrfde] FRear Iree |
Hrofageen 9 o R 9|1 Vr.S.54.5 ||

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.

et Aoy Ausd: qrogRrer Jo Ui |
YeNedhyd ¥ qTaTol wafa argeer || Vr.S.54.7 11

Meaning: on digging we will get yellow frog at a depth of half purusha (1 purusha = height of
man with erected hand = 7.5 feet) then yellow soil, then rock and then ample amount of water.

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.

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.
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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.

STHgEr UTdedld! Ife Jad qaIuRe: |

aeATEEieuTed Afered govgd w@rg || Vr.S.54.9 ||

d o d
ST G dofid! IS TAISfTg: |

g wafa geefReEfad: geard (| Vr.S.54.12 |

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
water at a depth of 3.5 purushas at a distance of 3 hastas to the west.

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 — knolls — mounds — spires, or — 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 et al. (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 near a 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, active, persistent colony

of mould-building termites can be taken as an indication of underground springs in the proximity.

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 VVrhat Samhita
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relating the same. Following verse of Vrhat Samhita suggests that the author was aware of this

tendency of mould builders.

JeHIpTl UgFedl Jedmgewd: BT dger | | Vr.S.54.95 ||

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

found within it.

Similarly, Verse 82 says that if a group of five 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” X 55 =412.5 feet).

It is a matter of common observation that many times territories 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
Indian scholar has exploited this association quite extensively in the exploration of underground

springs as discussed below:

SHREgar |dT Ry wRar Rrar wam |
roerdl aRTE! AT Twore 911 Vr.S.54.87 |1

o ReAIuiiEmIeTea Faefier |

JeTIdpIgeRarE: dRfcegsy arg || Vr.S.54.88 ||

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 at a depth of 3 purushas”.

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, I. Clovatum), Masaparni (Glycine debitis, G. Labialis).
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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:

3T AN I[AA FJUN JOTArSI AT FETH |
AR RBRT gfeser gaaqed a1 g5 a1 Vr.S.54.52 |

Meaning: if in a grass less place, there is a patch of grass or in a grassy place, there is a grassless

place, water or treasure is indicated.

HUCTIBICHI FARTHATRAM: H: T2 |

QredT gouiad BPorged o= a1 @ | Vr.S.54.53 |

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 hastas to the west”.

JRITTSAT 15T AT a1 a5 AR ARG |
fawee = Rrr 78 dravare || Vr.S.54.60 ||

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 and is at a great depth from the surface

of the earth as:

7B 9afa fORT I qurd: wR yaeanfy |
rar eruTonfig derdver: RRr a1 Vr.S.54.62 ||

Geological strata scheme of the modern artesian well fully corroborates this.

In the Verse 102 of the Vrhat Sambhita , it is described how water occurs in a mountainous region.

it a1 HeaTaeT a1 IRT ARAT JOTTIA: |

RIIITRIIR GdA=—T= Y Jol gou=ra=1: || Vr.S.54.102 ||
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AITHRT ATHTS] UG &R &R BT BRIfT |
TITUGRTYT vl gfese gee 931 fretageerrar || Vr.S5.54.104 ||

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 and in blue soil underground water becomes pure and fresh.

In Ramayana we come across the knowledge of artesian wells. The verses V1,22.37-38 say that the
water from deep earth comes out by force continuously through the hole created by arrow of Lord
Rama as:

fAorfere: eRT @3 germetEw: || Rama., VI,22.36 11

TS FUHET JRFgard xraed || Rama., VI,22.37 11

| 9T T&T HAT 99T SI4 I |
|ad =Aiferd did wgewig gead || Rama., V1,22.38 ||

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 sr==oft (38.36). The chapter 38 of the

Purana also speaks of a large number of hot springs in a mountainous region.

AT §II Al ORI g7 e |
AAREIRRAT A0 T = || Vayu.38.78 |

The Gopath Brahmna was also acquainted with two types of springs or falls, namely hot and
cold (I1,8).

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).

TN I qug A< IR ATIT: |

T <8 Tavaa—faft: gar1| Markandeya.53.21 ||
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a1ty fegouTanty quivae] fgeire |

ayfeSa drr w9 9 9Rd || Markandeya.53.22 1|

The above discussions reveal that chapter 54 of the Vrhat Samhita is a very important treatise on

ground water exploration.

Epilogue:

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

altogether independently.
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Chapter-7

WATER QUALITY AND
WASTE WATER MANAGEMENT

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 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 major and 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 decreases rapidly in a landward direction.

In Vedas, we get some references to water quality, especially in Atharv Veda. Charaka Samhita,
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.
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In the Rig Veda, the verse V,83.4 speaks about the tree plantation, forest conservation and yajna
(@=) so as to create pure and healthy environment and good quality of water for well being of

mankind as:

o~¢

9 qrar afd goaf fage Serveiied fOwad @ |

X faegs Yauma S Iest=: gedt yawmafa 11 RV, V,83.4 |1

Likewise, verse VII, 50.4 of the Rig Veda also reveals the importance of Yajna (@) 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 sun rays are the agents to purify the water.

viz.

gfey oIl Jwredl |fade: UHd STYARATS 0T qfa=v) I 4 |

QIRTIT SIAT UVl ¥ $999 I5i Ty Jeidta gerg Jeafd <agaq || Y.V.L12 ||

In Sam Veda (Previous 11.187), we read that the Sun rays cause the rain to come in purest form

like white curd as:

TG g7 TN T BT SATRIRA |
graed faegdt || S.V.PIL187 |

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.

3Nl I T 3| 3R HEIWT: |

TSI WA defiedy =arer: || AV.V,22.5 ||

In the celebrated epic Mahabharata (X11,184.31 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 according to its taste.

<4 Sgfaw: drad =R o |
HEYRI AU PRIR: dewern || M.B.XI11.184.3 ||
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In the Vrhat Samhita, we find many references to water quality in the 54" chapter named
“Dakargala”. Verse 54.2 states that ground water should be investigated in relation to its

environment.

U Ui AT BATIREG THIT qgETaRIvT |
AR ggavial 9 Td wied fErfgema 11 Vr.S.54.2 11

AITHRT dTHTS] U &N &R Hiuell HRIfd |
SITATUGRIT 07 gfese Hee @t “frefagerma | | Vr.S5.54.104 ||

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 (&%am). 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:

SSOTTYRANEIR: TRTSTDIATTDHAD T |

PAPhaAgRIANT: HU varae: || Vr.S5.54.121 ||

BN Beh Adul (IR Afeled IS IIPHIY Had |
e vacFe g3d ggat ToRuved gad || Vr.S.54.122 ||

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
(amaem), 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
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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:

fa\daN

U STHATR FeHes. ol uurIer dalealafdaesgads Maes auom || X.2 ||

Meaning: “the water eliminates the fatigue of the body and mind, destroys weakness. It is good
for heart, gives satisfaction, soft, clear, origin of rasas, and destroyer of vomiting, sleeping

tendency and constipation”.

In shloka 3 and 4, the classification and nomenclature of different forms of water have been

given as:

ariR gt v i Wt fgami X.3

e =gfdel Urad gRISl HRBMaH |

AR = T gF Y gR Joneea | X4 1|

Water which rains from sky is called ‘Divyam’ and when it gets collected 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 ‘Dhavajalam’ is better, having full of qualities.

Similarly, shloka 25 gives classification of Terrestrial water (Bhauma Jalam).

Al frfecd werd ifdef g8 |

SRS URATY dd: AR HAr || X.25 ||

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:
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UG Ple(ugered Rt a: |

STl SRSl Qe ST STaad || X.26 |1

qEgdgaeTd AL AT : |

<Y 3T =ma Y devd Ster || X.27 ||

fRsfereeg a1 <o AR AR ¥d: |
ARFT Igad d=g AR g || X.28 ||

Sired afeldl vef ofqu oy e |

qf~gdcpbgaed f[derT &xd ag || X.29 ||

AU Rl w@rg R o TR |
AR g YR < e oy |
qYo} A JomETERTIagod || X.31 |

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 a good diet in 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, a large number of factors of ecology have also been considered.

Water Quality Standards

In the various reference quoted above, at various places, we come across the words such as fawre
(clear, clean, pure, pellucid, etc.), Ta=e (clear), =iy (blemishless), &gy (polluted) and frier (
(unpolluted).

Shlokas 78-81 describe the characteristics of the contaminated water as:

ffeed gfid foa~ uoRarae®md: |

faeol faRd A= gl 71 f@d St || X.78 ||
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(I'(\(\ ON O\

Cbcj’q B THHTSYUTHTATUITIGTH: |

g WA dRarsaRia©: || X.79 |

AT a1 | Ui e AT |

o~

A~ IREd FaamyegeA || X.80 ||

QI TREATTUTTIT AT ERGART |

HrATTATETR GG UgUead ar|| X.81 ||

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
movement, caused by untimely rain or the first rain water which gets collected in the ground,

such waters are the source of many disorders. Thus, they should be prohibited because the use

of such waters for drinking and bathing purposes, cause JuT, T, SvoER, AR, HUg, TUST
and so on. A critical study of other shlokas also clearly reveals the approach of ancient Indians

for water quality standard for different uses.

Variation in the quality of water with seasons, as also from different sources, has been explained
in shlokas 59-67.

T ARY A arsi a1 fid o |
= fafed drd RIRRMAY gerard 11 X.59 11

JHNSTAT: BT T a1 R e |
e AR e aa-adTsAAIgs: f[Audag-gernon wrgd a1 X.60 ||

sitefiie ar<aRel a1 ®Id a1 yrafy a9 |

I IRR AT ARHTES WA || X.61 |

[ECIINEERS SR RINERIGENN R

QEgEd M R qrosmed || X.62 ||

84



it MeTAIReTST A |

Ford XA ey ¥ oy guraad || X.63 11

IRfE TreogeareTRge feaq || X.64 ||

Uy IR ERISIG AT g TSI |
BIeR] HUET o dowd fad w1 X.65 11

qTe BIY TG IRTHIRaT Aooadig o |
Fifdd qrieNy T SomEs gIRgd || X.67 ||

Meaning: “water belonging to ponds and tanks during the season g&=1 (winter, i.e. November—
January) are good; during = (the cool season, i.e. January—March) also the same waters are
superior. During s&=1 (Spring, i.e., March—-May) and #rsv (summer, i.e. May-July) the water
belonging to wells, stepped deep wells and rocky springs are good. During s&=1 and 31 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 3Re 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 ¥Re season after the rise of star Agastya in the sky all 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”.

Factors affecting water quality

As seen from above shlokas of Bhava Prakash, we can identify some factors affecting the quality
of water. g9 <ieq i.e. glacial water ¥\ e i.e. ground water, rea e (river water), siefig
e (ground water flowing with artesian character), fsR (water fall water), @erT sie@ pond
Water), @u e (wells water), @issa 5ie (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
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geographic condition on the quality of water. These conditions are related to the differences in
the earth as sru, irer and wrERer regions as described before in shlokas 26-27-28. The effect of

agricultural soil on water quality (@<~ st@, Shloka 57) is also described. viz.

BaR: eFgfaase HaR dooledl W |

HeR JRAERE WR T avdad || X.57 1]

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.

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 PRy eIe oy |
Wi e gefd auvl garfe StaA || X7 1

PREBTS Ofel el faeie To o Rere |

eraY e A fcgephardad || X.19 1]

Here, ¥=r (Saumayam) means soft and e (ruksam) or sr=eei (darunam) means hard water.

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 scientific
and shows broad outlook of ancient Indians.

Water Treatment
Shlokas 5 and 6 suggest collection of water in golden, silver, copper and glass vessels or earthen
pots, after filtrating from cloth. It reveals the attention paid to get clear water.

[aad

Aot Yoid dTd hiesd draf=fid |

Ao oY a1ft wenfid ey 11 X6 |1
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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. and aromatic materials viz.

ffed =1y arie Faford gEanuay |
Jaol Iord e graror Ry || X.82 11

g3 - feaf e arfdd e |

BURGI JrTare e agartyed | | X.83 ||

g AirseEfa geergfaafsia |
WS FHeIhgadrd: IE wrearatoad || X.84 ||

o favfergeaTadberact: |

TR g gafeguare || X.85 |1

Meaning: “contaminated water can be purified by boiling, by exposure to the sun’s ray 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

2

etc.

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 measure drawback of the modern chemical methods of water treatment.

Wastewater Management Techniques
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 meriting a significant claim on financial and political resources as well on
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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.

The term sanitation is primarily used to characterize the safe/sound handling and disposal of
human excreta as well 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, social and 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.

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 of complex networks, especially in
Mohenjo-Daro and Harappa. Latrines, soak-pits, cesspools, pipes and channels were the main
elements of wastewater disposal. Figure 7.1 shows drainage and sanitation systems of Mohenjo-

Daro and Lothal cities of Indus valley civilization.
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Terracotta Drainpipe

—_ SE—

Figure 7.1: Drainage and sanitation systems of Mohenjo-Daro and Lothal cities of Indus valley
civilization (after Khan, 2011; Kenoyer, 1998)

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 small sump. Solids settled and accumulated in the
sump, while the liquids overflowed into drainage channels in 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 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.

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),
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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 150AD 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

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 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 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.
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Chapter-8

WATER RESOURCES UTILIZATION,
CONSERVATION AND MANAGEMENT

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 Jainism and Buddhism period
and channel irrigation was in vogue (Bagchi and Bagchi, 1991). McClellan 111 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.

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. Verse I, 121.8 of Rig Veda reveals the same fact as:

3T HRIfad SMal &1 §8 gHIRIeH™ I Soid |
B8R I« Afed garmgy TRvsEfafatary 11 R.V.1,121.8
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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:

1 FYEHEYIl HERIKIa T d e |
|Y: |l 3R /A 7 I I aviRgasee | R.V.VIIL3.10 ||

Il e 39 I RAeRefdar |
™ gr g aver | | R.V.VIILG.21 ||

Verses (VI1II, 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 as it is a gift of
nature for well-being of all.

Salg afor~adr 7 Rrsad e3=irs a1 VIIL49.6 1)

TRl WXy R 8 7ERawr I+ g8 |
IR ATGR: Yaiedl gadar 7aga=r oed || X.,64.9 1

Similar to Rig Veda, Yajur Veda also contains references, directing the man to use rain and river
water by means of wells, ponds, dams and distribute it to various places having need of water

for agriculture and other purposes as:

WZWﬂanwimﬂWﬂl

TH: oI I R I T4 79I 9 de=d =11 Y.V.,16.37 |1
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.

T Ig g¥auwd o 9fq dud a1 w1 efic 3 a9 fgwn 1) AV.IL23.1
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Verses VI, 100.2 and VI1,11.1 of the Atharva Veda explains that the learned men bring water to
desert areas by means of well, pond, canals etc. (V1,100.2). It also stresses that the man should
think about the drought, flood and like natural calamities in advance and take preventive

measures accordingly as:

IS AT T 3TUSHIDT JATRISaT TG |

9 <9 WRHe guaan faw 11 AV.VIL100.2 |

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., prosper all the

time as:

TN T I RIERMUN IRTHA H: Fayg:

Fwnfag Rrafa gveora a1 = 9 1@ w® s AV.XILL3L g

¥/ AT THI: Y T He e |
¥ I AW oma: vy A | =k || AV.19.2.1 |

Meaning: “That one should take proper managerial action to use and conserve the water from

mountains, wells, rivers and also rainwater for use in drinking, agriculture, industries etc.”

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 two areas as:

AT Fefe gRogd qaxiaya GvA1 G d |
| AT 4T g & R T werreRiend || AV.XX,77.8 1]

Water Resources Management

India has a fascinating and significant ancient tradition of conserving land and water 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 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
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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 system is shown in Figure 8.1.

Figure 8.1: Ahar Pyne system in Gaya, South Bihar
(Image courtesy: Hindi Water Portal;https://www.thebetterindia.com/6963/tbi-videos-magadh-jal-
jamaat-helps-revive-2000-year-old-flood-water-harvesting-systems-in-gaya-bihar/)

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
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 II, Chapt. 1,
page. 46). He further says that the king shall exercise his right ownership (Fm==) with regard to

fishing, ferrying and trading of vegetables in Reservoirs or lakes (¥qy)”.

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
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water with proper regulation facilities. Conduits were also constructed at that time to attain better
efficiency in irrigation (Bagchi and Bagchi, 1991). Figure 8.2 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 Asoka, by his provincial governor, the Yavana king Tusaspha (Shaw and Sutcliffe, 2010;
Kielhorn 1905-6, p. 41).

Figure 8.2: A view of Sudarsana lake Girnar, Junagadh, Gujarat
(Source: https://junagadh.gujarat.gov.in/photo-gallery)

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
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Arthasastra: “those who cultivate irrigating by manual labour (wmaf=m) shall pay 1/5 the
produce as water rate (Sg@m™); by carrying water on shoulders (wr=amomafam) = (water lift
worked by bullocks), 1/4" of the produce; by water lifts (&arimmsafdam) 1/3 of the produce;
and by raising water from rivers, lakes, tanks and wells (FfeeRrIaa®RTaETes) 1/3 or 1/4M of
the produce (Arthasastra, Tras. By Samasastry, Book I1, Chapt. XXIV page 131)”.

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 from any possible damage as:

Tl UTTIRIIATR] Gk Ot T AT

HERRART AwdT &1 Jraer: URa: |

1 Dfezefd ARERMRAT FrITqHEaRAT
aryToTfenRe a1 gfererd gool fgurearfaf: || Vr. S. 54.118 ||

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.

hpIICTHCIEDh G AlTeeToTgdaanI: |

HRABATATIB b qardmsreagadri || Vr.S.54.119 ||

el

Meaning: the banks must be shaded by Kakubha Vata,Amra, Plasa, Kadamba, Nicula, Jambu,
Vetasa, Nipa, Kuravaka, Tala, Asoka, Madhuka and Bakula trees.

In next verse (Vr.S.54.120), it directs the construction of spillway as:

R 9 "diidH®bee BRI RIHsaaaRani |

Prenferd FfdaR Hue gHar aa: uigfREdad 11 Vr.S.54.120 |1

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.
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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.

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 tanks and dams in the south India.

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 on account of 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 tank is easily attainable on
this earth.

From these points on comparison with the modern, science of water management regarding
construction of dams and reservoirs, we will find that the technique in those days was just
comparable to the 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. XI1V,PP.108, Quotes from Hemadri, Verse 39, through
Srinivasan T.M. (1970) as:

(1) Water oozing from the dam

(i)  Saline soil
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(iii)  Situation at the boundary of two kingdoms
(iv)  Elevation (Kurma) in middle (of the tank) bed
(v) Scanty supply of water and extensive stretch of land (to be irrigated), and

(vi)  Scanty ground and excess of water

Epilogue

The above discussion brings out that water use by means of wells, ponds, tanks and canals was
prevalent during the ancient times, along with the efforts to supply water in deserts also.
Organized water pricing system was prevalent and 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 astonishment and admiration of the readers.
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Chapter-9
CONCLUDING REMARKS

Water is most precious and critical natural resource for survival of all the living beings. It
hasbeen so intimately linked to our very existence and societal and cultural developments that
ithas 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. Throughouthistory, our vital relationships to water have led to material testimonials
of how waterwas 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 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.

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 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, VrhatSamhita, Mayuracitraka, Meghmala, Jain, Buddhist and other ancient
Indian literature which illustrate the status of the knowledge of hydrology and water resources

in ancient India.

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,
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hydrological processes and water engineering techniques have also been included to clarify the

concepts and help forming clear mental image of the developments.

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 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 ancient times.
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 India during ancient times.
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Albedo:

Alkalinity:

Arid Zone:

GLOSSARY OF TERMS

The portion of the total incoming radiation that is reflected back to space
expressed as a ratio of the reflected to incoming 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 region is 40-50 cm.

Artesian well: A well penetrating an artesian aquifer. An artesian aquifer is overlain and

Atmosphere:
Boulder:

Canal:
Capillarity:

Caverns:

Climatology:

Cloud:

underlain by a confining layer so that water in these aquifers occurs under
pressure. Boring in this aquifer causes the water to rise due to its 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 bigger than 10 cm in
size.

Artificial water course used for irrigation or inland navigation.

The rise of soil water by adhesion and surface Tension forces as a
continous film around soil particles and in 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 height above the land.

Condensation: The physical process of transformation from the vapour to the ligid state.

Convection:

Dales:
Delta:

Desert:

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

Open river valleys.

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.
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Drought:

Ecology:

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 cannotations 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 organisms and their
environment.

Environment:Sum total of all external conditions influencing the existence or

Erosion:

Evaporation:

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.

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

Evapotranspiration: Combined loss of moisture from soil by evaporation and from

Flood:

Flood Plain:

Fog:

Frigid Zone:

Frost:

vegetation by transpiration from a given area in a specified 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 a temporary rise in river lake or sea levels.

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 floor and is
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.

Geomorphology: The study and interpretation of the origins and development of land

Glacier:

forms on the 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
glacier ice.
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Gravel: A deposit of unconsolidated material ranging in size from 2 to 60 mm.
The particles are usually water worn and hence rounded, and are derived
from more than one type of rock.

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

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

Hurricane: A wind that has a velocity in excess of 32.7 m per second. It is tropical
cyclone occurring around the Caribbean Sea and Gulf of Mexico.

Hydrologic Cycle: 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.

Hydrology: The study of water on the earth. Including its chemical and physical
properties, ocourrence, distribution, and circulation on the surface and
below the ground surface.

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

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

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

lonosphere: The part of earth’s atmosphere extending upwards above the stratopause
from an altitude of about 60 km.

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

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

Mist: A reduction of visibility within the lower atmosphere to 1-12 km caused
by condensation producing water droplets within i.e lower layers of the
atmosphere.

Monsoon: 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.

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

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

Physiography: The study of the surface forms of a region. The word has changed its
meaning over the years from covering the whole of physical geography
including geomorphology.
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Plateous: An extensive elevated area of relatively flat land. Widespread movements
of the earth’s crust may result in vertical warping, which produces
plateaus and rift valleys divided by faults.

Pore space: The amount of space between the mineral grains of rock, soil or sediment.

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

Rain gauge: An instrument designed to measure rainfall. In its simplest form it consists
of a funnel fitted into acollecting vessel. Any rain collected in the vessel
over a set period of time is measured in a specially graduated measuring
cylinder, an exercise that occurs twice daily at most meteorological
stations.

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

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

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

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

Sluice: 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.

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

Spillway: An open or closed passage cut in soil or rock. When a dam is full, any

further incoming water flows over or through the spillway without any
damage to the structure.

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

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

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

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

Tornado: A violently rotating storm in which winds whirl around a small area of
extremely low pressure.
Torrid: One of the three divisions of the world based on temperature. It is the zone

lying between the tropics.
Troposphere: The lowest layer of the earth'satmosphere.
Turbudity:  The muddiness of water resulting from suspended sediment.
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Turbulence: An irregular disturbed flow of fluid e.g. water, air).

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

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

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

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

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

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

Water Veins: The underground structures throughwhich 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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