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PRECIPITATION AND ITS
MEASUREMENT
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YT STl 2 |

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

HaH ST bl 3cafd

Seasons and Cloud Formation

AT Afee AT 1 IGhdT AR A=l | Jigd § qRac &1 Armai

Bl FEIRT a1 2 IR R a¥ 3T 39 a8 9 ©: 91 H fa91iord far &
ST Tt B T foham T i

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

Al ¥ AU ySgadl T |
MR 7 =R || RV.1,23.15 11
FT dfceh ATl bl T T § T o fob gF Hred 1 (e & i) gear &

St & fed & fu Ay s T E |

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

T ST IR oI s U RAhawy |
qatag o et TRfaHee SRS <ETaTss || RVL1,95.3 11

Hrared : S fQF—1a & {391 a0, 9fIwI 3R IH DIl ol FHra
TEI Bl el I B 39 {91 BIg Feg F9a T2 2 |
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3IRT SR ford H MY < & AR AT qIeell Bl IafRT 31R
Heferd UfshI1all 1 ST AT & | daell Bl Il b R H 3 k7
BTt H AT AIG[g o |

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

@ A W FTdE (I, 164.47VI1,70.230R1,161.11-12) # afvia fear war
=

Radiation, convection currents and rainfall as their effect, are described in
theRigVeda(l,164.47,VI1,70.2and1,161.11-12) through following verses.
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The process of Cloud Formation
(| / Source : https://climate.ncsu.edu/edu/CloudFormation)

SGIT RN JOT fTaay: WoRi =R |
SRR JGAETT Yo deaieqgwdl =g T8 || RV, 1,161.11 ||
I IS YT & wledl Rt 9 31 |
3AUCT U: PR d 3f&e T: WIS TAT 3fedre | | RV, 1,161.12 ||
SO R 8T GUoll 34T a1 feageaai |
d JggA<dargaRIagygd gfdl &gerd | | RV, |, 164.47 | |

FAAE B SUYd Tellpi H Ig Al Bl T & fb G bl ol auf o
HRYT €, IR e fAf= It | 7S 8Id 8 | vdg & B9 Tl (|,
27.6;1,32.8;1,32.14; 1, 37.11, I, 24.4; V, 55.3) I 3R &1 gRT UM &
TIRRYT GRT ATl & 6 AR R IHH IuF BT quiF B @, AR T
@ ITATIT DTS AT T8I BT HIROT e 2 |

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

ey Rl Reeiedl e1dTeh 3T |
Hel aTYY &RRT 11 RV, 1,27.6 11
IS 7 =TT T A9 wEIom S T |
AIREGgA AR IS aSaAie: uxgd: 2€yd || RV, 1,32.8 ||

QYR Tld I © fob A BT [BROT BT THT A HIRT U 8T o 12
TR H T ST & AR draell H gRafcld 81 S 2 3R R g @l
81 I 8 | el ST 8 b gl &Y wRuts & folv a1eel ScRer™l 2 |
FIAE P TP V 55.3 H Ifdelell dTeel & Uh A1l 3Madl & T Bl
IR BT TS R |

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

Al ST Jear: Arepgfarn: B forer gok argev:
faRIfdor: GIRIa Ye9a: g ITarTg AT 1gd || RV,V,55.3 ||

F T Af<d BTl & THI qUT DI ARG FTar sa off, o fferRaa
galdl (RV. VI, 20.2 3R VI, 30.3) & AETH W ST T B, RTas Par
AT & T G o116 HEMI & QIR gedl | Ul Hibrefan 2 3ik v gl

I IR FEHT & a9 Bbiel &b THI 99T B © |

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

fear 1 qrHfds AR Sy favesy |
3fe Agg=AUl afdaid g~oie @ |4 || RV.VI,20.2 ||
H1aTed : S I 316 FEN H ST @ Al DI BT B §IRT BRIT PR
TTGHRY H qUIdT & I BT TSI TS FE DRI Dl T8 DR A9 Bl gite

HND UG BT Ul DY |

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

FIAG & TAD |, 79.2 H HET AT & T I B
fopxol TfAH 9Teell W THhR & | 39 UPK,
YT dTel PTel dTGel ol R 8 | S9P 4T,
MBI g ! AU =Heh & AT BN
3T & IR 3fd H dreell dl o= & |rel a8}
M B |

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

31 I guor 3fW==i Qd: FHI ATG guH]
e |
Rrarfae wEERRETCa e
XAGI=g4T | | RV, 1,79.2 ||

FAE B ST &I ol (V.54.2 3IR V.55.5)
Tl el BaT3ll BT q9T BT BROT I 8, JAT
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Following two verses (V.54.2 and V55.5) of the Rig Veda explain the cloud-
bearing winds as the cause of rainfall, viz.

g Al HOAIY Iqdl JAgE! eagst: uRS: |

9 faegan qufd arfa e @R=amarsar kS | | RV,V,54.2 ||

H1aref : ‘g Ag—aryg, TR AN 5t H g9 €, I Siad @l e g, 31
3ITORT IThT A a8 &, d Ul AR |IoH 7 gl 3 &, IR 7 39
T A G & O R—GR a% FdF Herdh! & | THTeT & A1 fAeTaw,
BRT—aE (891, aTae SR fISTell ®1) SR | ol dxal &, AR
ged] TR STRIT | U FRIRar 2 |

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

JERIAT 7o FYadl I gie qugerm YR |
T 91 ST JU ST O YH AT AT 31geqd | | RV.V,55.5 ||
Hrare : 59 Telld W FHSIAT AT & & a1ed & =er arell ga1g 99s
H U1 IOTH & SR Ui UiRgel BIdx a9l Bl 2 | ST GBI, Fail
BT qYT BT HROT AFA dTel AP |, 19.3; |, 165.1 H AT A UGT SfT
JHdT B, AR SD ISl B AT FaeT Bl Feidg & IAP |, 19.8 H 34
YR 7T 1T B

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

A Hel ol fagfded qarar s1ge: |
HORTT 37 iR || RV.,19.3 11

AT YT DAY TSI |

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

3 T dvad RAARAR: AHEHSTT |
AR 3T 2 1| RV.,19.8 ||

ST Telld auf B & HROT BT qAd &, Sl I8 B B Aread
yfera &1 forarfad o 2 |

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

Frde & frefaRad wqfar Md (1, 38.7) ¥ UdT =refan 2 fh fore TR 4
T 9Tell BaT ARfA @ &3 BB 991 A 3 |

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

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

g’ g O

U R # a9 T gaiaRer ggar vg i

Prayer for rain and environment purification in the ancient India
(A / Source: Livetoday.online)
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FIdE B AP V, 53.6-7 I BH AT dfed AT & a9 B § Isf, I
IR I STATIIT B THRIHD JATd B 19 & A5 H ¥ ga7 Terar g |

From verse V,53.6-7 of the Rig Veda, we also come across the knowledge
of Rig Vedic Aryans about the positive effect of yajna's (I=1), forests and
large reservoirs, causing rainfall.
3 I R garar ey e e |
4 o= gorf=d e 3 gvaT T ;|| RV, 536 |
HTaref : d B A% SiH ST 8 Sl I, STl D ReTT 3R STATRAl &
o707 & guiell T &I ¢ |

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

HTared © S Y o dTell TR Y DI gie Rl B, 9 B A4l TeNT
G AR MR 37 T2 gt R gfte avd & |

Frdg & fr=ferRad wgfa fd (v, 53.17) $R1T &= & 6 gart foxwas
THR B B & | BT, SHS SToAary iR A Aaefl fafdref andy +ff
3IBIRT & 3R I dael TRIOTH HT3T & WY H AT STl 2 |

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

|l H A b YhHBI Il Ga |
THATERT S[AETN T ol 7wy e qov || RV.Y,53.17 ||

FIIG H HAAYT DI By W Iooid a1 [HeAdT 8, cfhT A1od & 9ol
SHHT FATTSID [JaRYT < & | BTeilfch, aT€ & PIel H Iofda Aledl d
AR B W< w0 A Gfeferdrd (QuiRAT v.4.12.3) @& w9 § Haiid
far T |

No clear cut mention of the monsoon is to be found in Rig Veda but the
Marut hymns give satisfactory descriptions. Monsoon is, however, clearly
referred to in the later period in the Yajurveda Samhita as Sfeterard
(Taithriya1V.4.12.3).

9 35 &3 AfeterdraqiA | |
g3l feer e SRR fAaesaiot: || 1.5,4.4.12.3 ||
gTetifds, auT aTell BaTall &I U SUYad HaH Fide (RN X.137.2 31R
,19.7) ® fear T & |

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

FUEIICIGIRCIRECIR N INRENCRH
S&f O T T arg IR ard I=U: | | RV.X,137.21 |

FTdE D TAlD, VIII, 7.4 H, g 2 @1 31ef © gy, O BIS sl |
quT I = 81 B b1, Tl AT BT &9 H QT ST 8, 3 Il
TR SEHT AU guf Y BIar 2 |

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

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

UGTEROT BT Zheg B R YT B H gl Dl 7e<d k7aa (RV.X, 98.4; X,
98.4/12; X.98.7 IR X, 98.11) H FFH=ITIAR SarT 7T 2:—

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

3 = soT ANl fauftars SaifRel Hee |
7 e =g IoRg <dr 9 gfdw ¥ || RV.X.98.4 ||
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JRAT5 IEGTRNATI T 3T |
dT AEa~IRCYoIT el <arfa=r Uit gfarofiyg || R.V.X.98.6/12 ||

3 Tl T WY A IO B 3 (b GI B fBR0N §RT U= uril Bl
JTHT H FRIET wU F W1 STl &, 3R g9 YT & & fory, fha
TSR JoIRl 1 #& ol @12y, Sl 99 & foy S a5 o |
ST dIeud & fob a9l H99 31 91l T8+ &1 IR 8 | 377 oI d4,
3FITT AHAE, TGda AR AAdds STefaryg (A= iR JH fgmT & aw
¥ BB ARIRET SIDHRI UKD BRI & oIl Fevds § 8l © | Ifdb A A=
T BIABATIIR I1& & BT B o, SHGTY T8 AT A <@ ST Fehell
2 % 918 & dfee BTet H STAMI= 7 BB AR TP W B |

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

-t

SRR, T L T ———

gy PN — |

9t : Arg| @ IRRefY &R greell & s &1 uRvmH 8

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

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

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

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

g IARTAT od: TR I IS e gafior: |
goT gt fag afew: |9 gor || TS.11,4.82 1|
IR H, 7 AT T WU ¥ Seoid [6ar 17 7§ & arg aR|=RoT aui

& B H U {4t 4ffiepT 97T & | 98 390 YDR DeT AT §— “dR:
fafder <9 S BIx 9 (T99) IS 0 auf R & | (TS.11, 4.8.1)" |

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

ARGAANT AN gid BW aRT: By IR & e
e B [ UG Yl Uoi JuIfcl I Hodl: RHIRDAMNT IZegld
gftr Mol Riada SR TRAogd N SRR agd gear 9
T T AR graf § Tars Yol 9y €| TS01,4.9.1 1|

Uf¥ed @ EaT 3IR INT &RT HR dTel AGA I Yd & gaT & a9 H§
S UfdTal H 9T AT’ — ‘2 7oA B, Il 9197 (S AT B W),
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Ig ufRad &a1 BT WIS gdheldT © | INad H 98 987 B & forg gdf gar
a7 BT 2 | I8 BT A9 B UHI Bl ©, 8T IuT bl Frafara ot
21(TS.1l, 4.8.1)" |

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

FIdfad T § Avaa: Al B g8 WY gdr o1 & diell & (a1 SiTe)
T B Bl UR B UHTE o |

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

ArIdargT faar qeda o8 FguT | AIgui a7 Oy e I
TN QANEIIT JuclT TG QAT gite 71 iy | | TS.11,4.9.3 11

FIIG Pl TRE Iofag |l BT, UFT AR YT GATAROT DI IYg B H
IS (@fere™) & UMTa & IR § 9ardT 8, i 991 & 8 H A4 dNal ¢ |
A B WA |, 12 T ISR 8—

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:

g Rl ] AfAge: U SYARIRESUT gfdHer IR AR |
EEINEINCHURCINGPREIASEE IR E IS URIUECE RINES CIG R E NI
<agaq |1 YV.I,12 1|

QU Telleh H DT A1 & b Sfel, arg anfe ugf¥d 81 offd & 3fik afe
J 31T (T DI ASS W) W BIC BIC VI H T IR AT d G & Sl
3R gg g9l 8RN | IG[ds & Ao VI, 10 H Hal 77 B b a5 9 uga
A G & AR & HROT BIC BIC YRATIRA # f1fra & ot 2

Emmision of nuclea in the atmoshphere through Yagys for pure rain
(@ﬁ/ Source : Newstrack live)

3R STy H T N & | $HY WRUR I§T BT g | S ORE el
DI IJAE D VI - 16 R Xl - 12 999 § 41 $F SR Yhe fhar 1
-

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

3T URBRTIMT qd: Wa=] Hal (e asid: |

| O YO arae TTesdl AHSTI Ao S FSafoRIfRT [ YV.VI0 | |
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I H B UM W Y BT ER B A 39 UHR < T 7 (@rora-i2r
|fgdr 17.31) :

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

AAIETT I SHI SIS gSHTRH<R 999 |
EROT UTgal STl Ag9 SARTHLR | | VS.XVIIL31 | |

Ias H Tt el 3R FERINRI UR g AT BN B YR el &
IR H S AT MY g7 | R HSARR | I8 A1 914 o &b g uri
aut & wreE 9§ | DSl B g BT 8 HWIId: S, A & FAH SR
IR DI g FRAT & (YV-IV. 2-3) |

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

SIS AIGR: Y= g Al gawa: g |
faeg f2 RY yagfa cdrefdana: PeRT gase |
QETTUARTRN af i fRare oAt aRed wg gof g=e || YVIV.2 ||

T BT aTEll S Herrd MR Iuf & HRUT & HY H ST ST o 7 G,
A gl & fafi= 9Tt # aut ofrd 8 |

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

TE ISR gEaTser™Y @l 7 fE |
TARITN BiTheae]alsaryg =ed <f || YV.IV3 ||

AW I€ quf & WA B I TR Afdd SR a7 § I8 W ©Y |
HEdl 8 fob G o1 2read A aTaai § T BT 2 3R 59 YHR a9
BT BROT g4 & (ALY 11.179) | I8 AT Il 7 & fob g &1 !
HERIAT ¥ T Yedl IR 87 &1 9T+ a4 & (TH.ALY 11.148) T

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

IJfewsT sFaTfadl HERU gu=iH: | |
T3 quT 7T | | SV.Previous 11.148 | |
gl qdiel SRAMAToIyfshe: |
STEr Facied | | SV. Previous 1. 179 | |
WM 98 @ g Tlld (v.562; 3ifcH v.906; iR ifad x.1317) a9t &1
OfshaT & 1T WA &1 ST AR AT 3R Afdd R =i I & |

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

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

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

AT aRAS RFT T AN gawaArdad || SV. Previous,V.562 | |
31 geAr geefd gite <dwl g |

SY Yad HITH | | SV.Final, V.906 ||
@ R eGSR oY | RIS Sifey fdwd qoafy ariv |

vl UR SISTHe THIHIDhE] SAThT S gy | | SV.Final, XX.1802 | |
JTddg H gH ST TRE B ARV AR STAfd= |aell S et ©
ST 3= Gl 7 AT | STERvl & foru, vali® (1,4.3), 39 UHR 8-

In AtharvaVeda we come across the similar concepts and hydrologic

knowledge as contained in the other Vedas. Verse (1,4.3), for example,
statesas:
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JUT AU &Y IF 9 e 7 |
R ed Bfd: 1| AVL43 ||
S ¥Ald d g DI fHRoT & 19 F arsdiahRoT iR 918 7 Siig= g+
qTell aul PI STALROI BT UdT FAdl & | 3erdds & gedl gad (X,
1.51) H R9® g ¥R I & IR | q0i9 2, Sl U] Bl IETS
BBl & MR T ATARTAT: HETTATR |

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

as AT ;
i fgure: uféyor: Hudf g guor: AT a2y |
TR ATl ATTRIIT IS HUaeaded geT |
T Faruargarcare: | | AV.XIL1.51 1
FIIE & A Tl ¥ Abd e © {6 s At dRifvre wu

A IR argHS ol ge-rsi, ARy U | A9 iR 9uf g & Ard
3R ATHTI: I AT AT ATl UiS 3Tefl I &7 9o el & |

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

FTdg & d1g, Fd9Y JTET0 H U foRAS UbR &I 8131 &l JHET 1T B,
(SB ¥IT |2.5.1.13) | I UTS ¥ HH& UTel DI YZal A7 | YHRT TATE |

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

3 uftewan A%dl IIgar ST 39 R AR |
I H: B A ARIER Y T GAT sfawr fa8H || RV.VINL96.8 | |

JARIT 3RUIHT (1.9.8) H HET AT © b IgHed H A UHR Bl
IRY—GRIY IT BN & ST IAT AR & A1 YR & dIael UaT el & | A
g (1) TR1E9 (2) Waud (3) Aer1gd (4) guH (5) 219 (6) T5HH 3R (7)
gAY | aRTEa S uRRACRT BT AT BT & ST Hew e iR e
91 & foy SRR & | WU 98 &, e arade @) Reifcl iR s a1
I T 98 B TG IS B 3TR ARIS T 31fdids HaTs IR 81 2 MR aut
& fory STARERIN 8141 B | 5 Pl 9l TS §9 UhR & —

The Taithiriya Aranyaka (1.9.8) says that there are seven types of air
currents or winds in the atmosphere which produce seven types of clouds
of the same appellation. These are 1. aRTgd (Varahav), 2. FFd9H
(Swatpas), 3. [Ag=~18d (Vidhunamhas), 4. 99 (Dhupam), 5. TaT9Y
(Shwapay), 6. ‘Eﬁ’a (Grihmegh), 7. JMRIRAMATGST (Aashimividwish),
The 9RTEd creates circumstances which are responsible for condensation
and good rainfall. The Loril is that whose temperature condition is little
affected by the insolation or Sun and perhaps occurs at a higher altitude
and is responsible for precipitation. The actual text of the mantra is as
follows:

ATTIEHALATY: RIGRIAYE: | g~ A1 gu: | |
TAT0A] EHETRARI | U SHRIAfAfgy: |
TSIRIRRTS G aRyf~ | efRMT | | Tai. Ara,, 1,9.8 1|
ATqref - faIgew el &1 ST <1 &; gU § B T T[0T AT I eIl
g Sl I8 Sleal ¥ [IRIR PR I Il bl UG Rl & o A1l I8
Ao H et B, 3MR TEHE raraRor @t TH AT AT DI GHIIT BT
2 | A B (aR18d, WU, fqeed, gud, a9 3R [eHHE) T 8l a3 &
2 3R U@ B a1 A RS & v € | nfifafegfay o1 dey s
I B 3R SHHT HRNferes U<er a1 &5 gdadi! ©: A el ©; gTetifd
I8 FHY Igal & oY AH ATl © | dIaall & I A1 I A1
YR 1 B3I B HT g1 AMd & | AfARAT SRvID & Ug 1.10.9 H, &I
3R UPR @ 9ISl DI Sl fHdT 7971 & (AT, TR, |, 10.9) | T & 1—
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Type of Clouds
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IR AT AR AR 2— IgA, U8l
arer IR qui B fay REER §, SR
TR 9Tel BT U & A 97 7 SR
arel & Y H UEAMT ST § | $9 UBR
I VI & A1 Gl Al UbR B qraall Bl
AFRIRET SRUTHT H U= TAT R |

The fagE9 gives rise to thunderstorm;
the €U possesses some latent property
or aroma which it imparts to the objects
with which it comesin contact, expanding
quickly and the“ﬁﬁﬂaﬁectsthe humidity
or moisture content of the atmosphere.
These six belong to a single genus and
have a single or similar region of activity.
The 3MRIHTETEST belongs to another
genus and its geographical realm or
region is different from the preceding six;
however, it is highly favourable for
agricultural purposes. These seven classes
of clouds bring rainfall with seven types of
winds. In verse 1.10.9 of the Taithiriya
Aranyaka, two more types of clouds are
mentioned (Tai, Ara, 1,10.9). These are: (1)
TR or AFER and (2) SEEMAL. The
former is responsible for profuse rainfall,
and the later is identified to be “the
moving nimbus fall of water”. Thus, total
nine types of clouds with their properties,
have been identified in the Taithiriya
Aranyaka.

T
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IR faa=a=H | Jgaera Arer: |
JMIRYRIIT | AIARIHIT | | 1,10.8 ||
& gaw fafecda | sgamiR aei | |
=afcl gATishar T | AT JPATTHAAGRY | | Tai, Ara, 1,109 ||

X1 UBR W, HEIHIA! B QR &4 draall, qui, arsiidRor, &4, wrl
3T & IR H SIFBRI Al © | MRV & Tl VIL4.3 H 39 UhR &
el & IR H 9qrT AT § — S1eH (S8 | Sa), 37y @1 |
ITH) R veSl (T gad [e R MG Awe, drd, et 3R wic]
qIeall BT WY Scolwd A-THT (V.1.81) H 39 UHR fhar Tar 2 :

On the similar lines, during the age of epics we get information regarding
clouds, rainfall, evaporation, snow, storms etc. Verse VII.4.3 of Ramayana
speaks of three kinds of clouds — 8T&5 (Produced from Brahma), 3711
produced from fire and G&TST (produced on a mountain flank). White, red,
blue and grey clouds are also referred toin the epic (V.1.81) as:

AIUGRIROTUTI ITATHS S 4 |
HIYAT HRHTO TEITOT THIR | | RamayanaV,1.81 | |
SRATOEUI AT TSR | | Ramayana V,57.7 | |
STy Hawll STAUTRrdT AT Iuf dl IFURATT BT Seeikd IR (1.9.9)
# 39 UK fhar T g -
Climaticvagary orabsence of rainfall is referred to in Ramayana (1.9.9) as:

JAge: GART 9 FallH9ATEsT | | Ramayanal,9.8 | |
JAGSAT oo FAIT YaefT | | Ramayana 1,9.9 ||

JEl, I AU WU ¥ g, DIy, Ulel R g | Fa arraRer sl a7
FRAT & | S RE, TR anter (HIeR a1 quR | @gH ) &1 Reafd &1
TTRIOT (1.29.25) H Seeltd 39 YBR fhaT 73T g

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

alludedtoin Ramayana (1.29.25), as:

erefig TaieR: gAdgaafaa: | | Ramayanal, 29.25 | |

e 3IR AT ¥ gig & Aegq | 3HD TG Bl BT Seold ARV &
|, 55.25 Tl H, g& 3R V0T S8 BT Ieold Il 16.12 H, URFAI ST
BARI & IFD (UTel) BRI IR Sl BN BT Iooid Il 16.12 ¥, gl Bl
A8 B AU & &3 H 984 ==l g BT Sooid 111.16.23 H, T4l HR1
DI Fdg W TACH! U I BT Ieord 11,1624 H fHIRI @t clreft
RN TR 3 & 69 BT Ioaid |ll, 1624 H THARI BT Iead I,
16.25 ¥ fohaT 77 2 | 3 valies F2f fay g &

Mist on water body
(AT / Source : Wikipedia)
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Mist and its disappearance through diurnal rise of temperature is referred
to in 1,55.25 verse of Ramayana, mist and severe cold in Ill, 16.12, cold
western wind made still colder due to the effect of him (frost) in I1l, 16.15,
very dense mist in the vicinity of earth surface in lll, 16.23, water vapour
hanging on the surface of theriver structurein I11.16.24, dew formation on
the sandy margins of the bank in I11,16.24 and snowfall in [11,16.25. These
versesare given here as:

gedl 9 ISR a1 AR J849E: |
AT TRIFARRMAT WRDR: || Ramayana 1,55.25 | |
IR TIRIIAT: G-I f2HTBOT: |

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

UIWIT §9 oled=d fdYsT g=RISi: | | Ramayana l11,16.23 | |
TSI~ oTelT B A IART: |
feAfaaTgwIN: ARl AT AFITH | | Ramayana lll, 16.24 | |
JYRYATed JgedTg RO 9 |
IATCIIRAMN U0 Fdwoier | | Ramayana l11,16.25 | |

MY & TATH 1V,1.15 H UBTS! a1 & IR | 11 747 & | T 3
Tl (V1,78.19) H B e WX, AT IR 1o dTell 81 & IR 3 Ugd & |
a1 H AR (VI,106.21) H YAUS B AT 9aex BT 9l ool fddn
TR | (V1,106.21, ITeT AOSARINET: [)

Verse IV, 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 (VI, 106.21, dTd

HUS TRIaT:).
deThax fehl=: WIid g9 =1fer: | | Ramayana IV,1.15 ||

R & &1 A ABTHI FeTRA | A1 STafdee | Hefed 9gqed
STFHN © | FeTdhd & dREd Whe (Wha, &, XI1,328.31) H ag—Hsd
T AT &3 H fEToTe fobam 1 8 SiiR g8 a1y Sl HUR [ 5 e
H Ul WM W 7 3R R Ya+ A1/ | ST ST 7, U8l A & A1,
¢ 3R T ¥ UST §U d1Gcll Bl HaTferd d_dl 8 | 59 UhR dchlatl
g | dIGcl @ "chi BT Wl GaTgHI AT | I8 8aT DT A okl &
IR a1l # U @ |YSD H AT & (TA.AL XII, 328.36) 39 TSR i

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

giRaRe g I3 | aa: |
AW argART o a1 areTggEsn || MB.XII,328.31 1 |

URIIYHLTATT HASTIIATHAGIS - |

TrH: YW HRT Ydsl =9 1ol | | MB.328.36 | |

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

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

S
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RN TR fageaed HeTgfa: |

JAMERT A FHaT T Taa=1 &+ || MB.XI1,328.37 | |

ST SIIMAYT Iedd AHTSIAT BRI I |
3fTaey drar I gar= HA4INoL || MBXII, 328.38 ||

TG AT aTgETRET 7ot |
IgTEEd Al SN faal || MB, XII,328.39 ||

A FATS SIHA o= s |

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

ATV ST TSl BT TERT <l & 1R S8 fafie= v # fawriorg el €,
ST 372 a9T HR B forg ferer <ol € @ik S Ud IR fhy STAT <l &,
T8 9Taall @l ST aTell JATaTS] & wU | I8 ST &, S5 a8
AT S ST ST &— UieEd! URd DI {998 Hel Sffdl & 3R Bl &l uRag
HEI ST © | ATcTd] URe o1 URTIE el Sl & AHId: BB alihed &
DI ST B © (THEL. XI1-328.41.42.43.47.48) |

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

HHEIHT qguT A Il Yeih o |
JUAIER AR Waf<] G | | M.B.XI1,328.41 ||
HedT I =1fdgT 9af~d Fad AT |
RETOTIT R HecaquaT=d < || M.B.XI1,328.42 ||

AT Gl gefa i e faemes |
Tqel: Hasl AW 9y ¥ fIRARH: || M.B.XI1,328.43 ||

STOUNATTAART 0¥ A4 |

Uodd: 9 et fadsr A9 9red: || M.B.XI1,328.48 ||

YS: GRIE 9 | argoradi &% || M.B.XI1,328.45 ||

I WEIRNAT IIedd 7 i |
URTGE! A WRI 91 ¥ GRICRH: | | M.BXII,328.52 ||

T, te XUl R, Wad f5d T a6 a1 T ar<fad ref
Qe el IT ORA © | A 9@ A1 gRIVI SIR 31 918 & Affecd § 41 Uiy
T & | FETHTT Gl $ IR I A Wl GGl BT U IR qefiepRor
AT R | SISl & IR UHR 8 HIdd, Teed (THAY, VIII,34.28), HISHTR
(X1l 271.6) IR Id® (TAAL. XIV 55.35—36—37) | TATED dIGdl AIASA
! fdag uRd (Ugel afvfd) § a9d & | ARl &rF H a9l o Tl
qIell BT ISP el ST © | Gl BT A GHTHROT AR SR GRION H

ol aefiepror A =1 2 |

Here, at five places, the term wind used, actually implies a sphere or layer.
These five names also occur in Puranas and other later literature. The epic
gives another classification of clouds also giving four classes of clouds.
The four types of clouds are Jadid, aaTgd (MB,VIIIL34.28), RHUSHR (XII
271.6) and 3d (MB X1V 55.35-36-37). The dcli8® clouds are formed in
the fd9g layer of atmosphere (described before). The clouds brining
rainfall in desert area are called Id- These classification of clouds are
different from those enumeratedin Ramayana and Puranas.

Al R HAT QaraRASD |
JIRISHIIER RUSHRAANRTH || MB,XI,271.6 | |
e MR wfowafa STerqur: @R |
Eded YRR arl O /A=<,
SIFeHET ST W IIAT A1 T 11 MBXIV,55.36 | |

ST 600—700 .9, H, BUME = U MBI G H U DI Hew 31
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faees ufdsan &1 Seora fvar & (@9, 93, 2.8) | S fewoft @t 2
g BT FEEA 3R ferest o ar T & 1T [AH @ BRI & |
HENTOIT @l Tl & IR H STd BT & &b “HENToI 3BT & YHTeT
& U B U 72 & (.33, A1, 2.11) [ HerTo & gRom sy
qTl & T AT SR 91eet ¥ faged g1 2 | 98 T avE W WK ®
fb g8 RN IHT o fb FERSHT g9THS MR FKTHSG MR
qracll & YHTd & HROT B T |

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

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

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

T FsETdl fder-od Aol IR || Vais.Sutr.V,2.8 ||
T3 fawensi gfefsTH || Vais.Sutr.V,2.9 ||

YT WA S9N =g Iq=1er: | | Vais.Sutr.V.2.11 ||

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

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

39T AN I[HedT 9a+ | | Vais.Sutr.V,2.3 | |

Tl V2.4, | I8 el AT & b &RT A1 FIRd gY ur=il a1 9uf &l &l &
AMYAT HAGH | 1 fIened STelig g8 & - ddb W,
THCTRYT & JATe] BRI 3R TR &b IR—FART HRT gRT HHT
BT E |

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

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

TIehRYT, qTael g1+, dTaell @ GHIBROT AR a3l AT IIYHS & &3
(aTTpe) @ AT I FaEl IR I s YRIVN (A7 37T 51, foiv e

S
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1, JTETTT 36, A TS | AT 54) H D! FAGoHIS ©d | Tl B
T B | ATEl B AT SART & IR 7 g gY a1g GRIT (51.22—25)
# T T ¢ fF HER @ ¥ e a1 srae avgait # T e €8Ik
3Au a7 gF &Y fHRON & BRI I THT BT ATHIHROT BT © 3R 39
UfhdT ¥ dTae @1 SURT Bl & |

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

3T Sl HasdTawl Ao | | Vayu,51.23 | |
HET GAofaRATaeT AfTo=d |
T TEAGITAd JeATH YT |
e g9 AR 9e AT AW | | Vayu 51.28 ||
ITARITSAT: WAy TRATH A |
i gfasardr 3 TR aRerdr: | | Vayu 51.29 | |
SHHAT A O HET 9T STasd 9T |
fgciid yag 91y Hered o AT | | Vayu 51.36 ||

SURIGT Il § a7 AT & fb ST 9t Uil < AT fosad &, S
Y HEd © IR Sl Big AT I91 T8l B S 319 & w9 H ST Sl o—
T UBR & 918l B & (1) T (2) FEHT (3) T&TST | A HHAIT: AhaTd
(T QiR gfafeRr ) daeda (ST AEEY, |gaRar ok
ARG &3 # 81 dTell) 3R Yddiy (Yad & ured ¥ ¥ ’fed iR
3IRT g&+1 dTell) a9 & UBR o | SUYad GRIVN & AR, AT Al
& AT § BIdl 2 3R Ig fastell &) o iR TeTsiEe | ¥fad a8l 8
3R ST IR T8 AP BT & AR USTS & ol &Fi § 8l & |

I8 U AT &l Al & SRR ¥ 91 @l & | I8 a7 sy o &
g (qul 79) & 9gd Mo © | 8991 dacl Fagd gRISl & HRoT
I BIA © | I ST T Aol (U1 A7 3116 Hiel) 31 & &3 # aui
PR © | W9 A RN © | JEhRI—dcieh (TaRTad) araall Bl
SSIH UETS! & Ul (YeTIWaT) I UgTSi H 8ldl © | S9% 3Md B
B 8 3R I T8 & IO Bxd & | 9 [Igd 5l 9 W B © 3R
TS auf e & St 3rdd famrerar) Bl 7 | I8 faa=eT S 81
TP SH T B e R e B 3T ¢ |

The above verses say that those clouds which give or sprinkle water are
called =1 and which do not bring any rainfall are known as 3747. There are
three types of clouds (1) I (2) g4 (3) UeTl. These are connected
with cyclonic (thermal and insolational), convectional (occurring in
northern continents, Siberia and equatorial regions) and orographic
(occurring and proceeding from mountain flanks) types of rainfall
respectively. According to above mentioned Puranas, 3= occurs in the
winter season and it is devoid of lightening and thunder and is of
immense expanse and found in the mountain foots also. It brings rainfall
within a radius of a mile or two. This description approximates most to the
Nimbus of modern days. The Brahmaja (§8H57) clouds are produced due
to convection currents. In precipitation they cover an area of radius of
nearly a yojana (five or eight miles). Most probably these are
cumulonimbus. The Puskara-Vartaka (§¥@RTe) clouds originate from or
in the wings of mountains (4&T4¥dT). They assume various forms and
produce deep rumbling sound. They are full of profuse water and bring
excessive rainfall which is extremely destructive. This description
conformstoalarge extentto the modern class of altostratus.

Y GRIUT (T |, 37e7.54) A draell & R H iR ¥ fawga aiiR
ISP DRI UK DT © | S04 HeT 1 & & el & BRI
STIae § | I aTGl 37asT 19 a1 R oed Y&d & | I MBR daerd Y&d &

42 K grEe IRd § SafageE 9 ———



ff%em—cb‘r\f

Anvil shaped cumulus
(F1d / Source : Wikipedia)

3R U AT b ST & AT 8T BT 9 ofdl & | S8 a7 Bl ANt Bal ST
¥ (21 10) | 3R TAID 17, 18 3R 19 BT AEIOTh wY I ARAT Bl 1Y,
AT T AFIDBROT & IR TG cll & AR 3T I < &, 1o, T, 7 SR 41T |
TAID 17 H ST 918l & R IR I BT YT ST Fhell @ |

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

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

fayagugauied AdHag gaiRdd |
ST A1 O HET QAT SR | | Matsya,l,54.9 11
fadrar emae argera afrifaT: |
AT TS 31edg Aty | | Matsay,l,54.10 ||
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AYHRTI A AITHIRING: |
TN 8T Yoi=ea@Rydd QTS | | Matsya,l,54.17 | |
TSI gadTTed e w98 |
Heid fgamid ARET STet WaH | | Matsay,l,54.18 | |

goi=T 3IR faTat 29d g § 991 xd & 3R I Y Ao o forw 9gd
STARN 8, 7 3T MY 3ol H o T

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

goi=l femToied ga=l easd™aH |
JuRay quf~d ggi F=I19gEd | | Matsya,l,54.19 | |

H GRIVT (1.54.33) H e H JATEARITE] WS R HE= 31R auoT Bl
gfshaT 9ga Araer & aftfa g—

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

frRresITdT FEr: geretl: YeIRgRITATY: |
JYRAT: JUTATIIRIATAGSINGT: | Matsya,|,54.33 | |
Jief : gl | U (@) gaT (I 91g B SaardTe! AHHl) ©
AU 37T TR 9T & 3MHR # FRar 2" |

Meaning: “the waters from the (vapours) of the clouds when brought
into contact with the wind (namely hygroscopic content of the air) fall in
the shape of rain”.

sy GRTOT (11,9.11—12) 9§ &1 ALAM~Th WU 4 arg HSeild T4l & AR
AT TRERITel I, HAR, IR Adi AT A9&, Tedl, g 3R Siad
TIOTIT ¥ TS BT JoI HRAT 6 |”

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

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

JYRAT: YAl IIGAT FHHQIRCT: |
GEhHR Blefolad da-marel 9ar: | | Vishnu, 11,9.11 | |

ARCHGEH IR TATT: YTFORTSAT: |
AJUBRT AR Aaar J | | Vishny, 11,9.12 | |
gRig ®fd difererd (100 £.9,) 1 dedll 3R Hag gL & IR |
980 BB A o | IBI7 $9 YPR dIacl bl IR a1 € I8 gu,
fISTell Ut 3iR EaT BT Y& Aol 27 (qaiHe Telld 5) | 377 1 0
(q@te, 2l 6) Bid = &I YR & qTacll B AM AT & JAT TR 3R
SICRED

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

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

SAGIACUNRITIR[EIhRe JATel T 2
YepfepUuSIT-Tdd-Y | | Meghadutam, Purvamegha.5 | |

ST a1 YaAfafed JEpRIadadMl ST o Yhiagey By Je: |

ST | | Purvamegha Verse 6 | |
TBHICHT (600 $.) UH UHR & dIGel BT HafHd Hral & oTaH o Tdh

eTwc‘ia%wsaﬁTﬁqodd‘\l%‘lwﬁﬂ"q’ﬁﬁ,HMg qred Udh QIfoTh
A e arell U@ faRy YR &1 a9l SIogie Bl Fafid H-dl @

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

HIRIHGIIE BIelT BITUTITRT A1 |
IAMaftesd AR SIVE galfed: | | Mricchakatika, X.26 | |

BIANGE IR G qf |

JTaftesd R KIUgReRanTdr | | Mricchakatika,X.39 | |

BTG §RT ol HATHR IR YHR & dIaall Bl a1 Hel T & | I &
3fTe, Had, TR 31X GI9T | 37Tad 91 el Al &, |ad qu91 9gdrd A
ST 8, TR d91 &I 916 BT HIRYT g1 & AR K107 BT R AT ST
& foTQ AT AP Agqel © | I8 Ferg § FfalRad ufdaar H wer
T 8-

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

Jmaal Foiel wer Haddasd dgad: |
JEhRI GEhRoTell SI0T: IRATYRD: | |

Kalidas Granthavali, Abhidhan Kosh, P.154 | |

U Ahd faeafdened, IRl & AR W JRidbierd H U
uigfeif e, foraenT Wiie HemTer 2, Suaed 2 | o fas 1 9 &1 uar
T B, I STerary fasm 3R fadivas qreal @ s & Ud T7r 7 |
Jare BT T 3R el & MR WX 3ardl (1969) 7 I wRIfid &=+
DI PR & B & HeHe SETIATAGaH (ST 900 $¥d1) BT Udh
%1 €, HEMTCT & 11 AN © | HEHTCT BT Ul IfeATY A9 &
TSI URH BT © |

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

e DIged B [AeSd |
PG qUR_Y J INR T DHIgeH | |
(Meghamala, Manucript No. 37202,
Sampurn and Sanskrit University, Varanasi)

UET AT IE qaTa ® {5 qrael 91 2, fasiel oo U Bl B, uaghy,
e AR IR 9IGdl & T T §° 918 H TAlld 20, 21, 22 H
URAR® ®Y | MR el § quiF o 1@m 7 6 ugre qeai &l
RIS vt 21 el 32 ¥ 68 T B4 UCT Il & [ dIGcll & a9
fe 4 IRE S e § SR S 1. g9y, 2. Faeel, 3.
DS, 4. UYHAT, 5. AIGal, 6. &I, 7. dbdl, 8. AR, 9. BHBIC, 10.
STel®, 1. I 3R 12, W™ — & w9 # F1fid far 72 2 | o
gD BIg ASID faa=oT gafvord el 2 | rear 2 faf=T auf &,
SHB! 9T R S I UG B e fawmyanstt ar Refei @
AT BR U IR YehTel STeTd] & | TIRT 3fehTd aui, Sferary fasim
IR Al a1 e Reafd, 59 @1 9gdad vd w1 & Refa @ik
faf =1 well & ST W ST T &I 9ol Rl 2 | 3cd
IR H Al & e HelHl ¥ a9l dl hld AR 3 AGH Heell
Rerforl o= =@t o 18 2| BIfde (racaRk—-daR) & IR H ogd &
HEl & P 39 789 & IR fafdy i & qree f9wr gy o oI € |
oy #  (RAR—TaR)) IS mTer areall | forT I8dr €, @ U 9ga
3BT TN & | IS ATE BT AEHT (THIRI—HRaN]) AHRI: ST Al
BT © (A1 BIg SS T8l &) A B[ (HRI—A1d) § IR gdf gand

S
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Y qut oIt © |

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

R AT B2f 3T BIgel T eervM |
& ard & &5 gad H Plel aufd | |
FIcTD Yol T_RAT o SUToT AT 9 |
3T Tqaauiify Tacorify A I | |
gfaauiity ar #en R gwrEvied 9oq |
HRIGUIT WIER AU 9T | |
9 ArEmfad i WS g 9 afteaq |

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

HEHTST & ST X H dTaell, ga1ei 3iRR fasiell W @i & | 999 Ugef,
g fafr=1 arafadl iR fastell @1 faensil & | aul & Asdey R
=l T & | R g4 aamr 71 © b SoR—qd 1 g1 i & forg
JATEDd B, IR0 Y BAT AN & forg e 7, <féro—uf¥er gt 5@

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

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

qq faegehRrET =t STerenfyef |
Tferor IRG BR ca AR | |
el gdards ST 9Ts | |
SleTor g &HdRI PR §: Gl Wad | |
roug] fedgr=aT arIcargRy Hd |
IR YHE! fd VAT WdEHE: | | Meghmala, Page 47-48 | |

HEHTCAT BT NTT—X dTacll b TR | FeOd 8 R dacll b 9IRS
STl &I Qe gy, RTdT Ugel 9 8 Soeoi fhar 131 &, 39
AT U 3R Tftopvor bl wftafera fovar wan & o ara gonfaan
DIfFCAR |

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

designated as 37, 7T, FTR, 3TRIUe®, Fudd, Raa—< and HIfCaTR.
feq I TEe AT N TATHE R TSGR o 3 4o T80 © |
IWTT [ B dFAD W, B STAaryg A9 AR ANH HeE Bo
HE<aYUl STHRI UTE] PR Fehdl & | S ATeTDh] H 2T Tbr o

gq1T, qTeal, ARl & AN iR dAag gedrRl (dadie & vV Ts)
(Pt 1969) T qui= fohaT 727 2 | 9% 9 I1g Ui &I Hefid F=ar 2,
ST TS Sadl 9 IS & fofq A& € | 9 g9 91 uef 5— 1. faqa, 2.
e, 3. ISTSD, 4. dgd, 5. Xad, 6. fAuTad (3519), 7. WRIEE, 8. 3Mdg,
9. HETag IR 10. #ET URAE (WS V121.138) | I 3fAReT H I&dil ®rds &
IR AR BT & | S difd &1 9 9 UHR & dIeal &l
UEAT 2— 1. qHHd, 2. UIoEsi, 3. fIsaRadl, 4. w1, 5. Had, 6.
gT8H, 7. YSPR, 8. ST, 9. SIEhd, AR 10. ARG (HUTAR) | A UDHR
Al g1l D HaTs B ATAR B © | TR FIfed H VAT ARIS ggell
IR AT & Sl dIGall Bl $HAg & IR NG BT 8 | I Il &
fh ST UHR & qTael aTgHSe H AT WR W B & |

The encyclopedic Tantrik literature also does not lag behind in supplying
information on hydrology. From the Tantraloka of Abhinavagupta, we can
find out some important climatological and meteorological facts. In its
Ahnika designated as GRITEaU®T are described winds, clouds, track of
winds and the allied phenomena (Vol.V of the Tantraloka) (Tripathi, 1969).
It refers to ten air channels (aTguer) which are perhaps peculiar to only
this text. Those ten air channels are 1.fadd (Vitav), 2. 3kdTfe (Ritarddhi),
3. aurg®d (Vajraik), 4. dgfd (Vaidhutam), 5. X&d (Raivat), 6. fa=mad
(Vishavart), 7. U<Tds (Prawah), 8. 3T1dg (Aawah), 9. H8ldg (Mahawah),
10. HEURTE (Mahapariwah) (Vol. V,121.138). These are arranged in
space according to increasing height. The outstanding Tantrik work
recognized ten types of clouds 1. 1125% (Mukmegh), 2. oy
(Pranivarshon), 3. faZratRasit (Vishawarivarshi), 4. b1 (Skand), 5. Fad
(Sanvart), 6. sligH (Braaham), 7. Y&hX (Pushkar), 8. éﬂ’iﬁ (Jimoot), 9.
S (Ishkrit), 10. ARG / BUTeel (Maheshikrit/Kapalotth). These
types also occur according to the increasing height. It is perhaps for the
first time in Indian literature that establishes the height of clouds. It
reveals that different clouds occur at different level in the atmosphere.

S
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99 e | WY ARH—fasmE @ &9 | By AT 3T © | ST
axd & (TS, 1969) | IANHT B UgE garelt & Udh gAl IRga
BT & (9—7 /913) SII— 1. YT 914, 2. S, 3. TIET0raTd, 4. SR
GRET, 5. ¥y, 6. TI&I0T Yd IR, 7. ORI 15713, 8. SUREISIY,
9. JURIKTITSI, 10. STRATD, 11. T Fag D, 12. AR, 13. TfEror
3R ufded 19, 14. YRR, 15. SR oY | 3¥) ey ® 918 #
qdSR P BIfAGIad B w9 H Fafid fHar AT — 39 IeTdel! o 3R
eraamRll iR ARIAST o gwifad fHar o iR =4 574 3 &8
AR Th-Tb! T BT U= AT (Arci=ig, Fefare ([Fa)), Ut 202) #
AT < AR dR forar o |

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

TSAaT H AT IHan (f2H) iR SAedfte (PR®) BT W1 Haw & (1.16) |
s & AR’ (@ 679, TS 280) H w71 1 & o A0 SR &
PIHE (A 91ee) € | IR & AIA H S 3 Ul d A1d i &
fore auf o & | TR The IIedl & IR yoTfedt & R <17 Bar
T 79 W ad e @ fog ant wRa €1 39 uaR avf ®g |

ety 133 feAi B a2 |

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

dIg AIfecd AT ARH— = UR Ayl UMl STerdl & | U8l ST &
SRT #, fSRIBT A ‘SYDT B, g STeraryg el Bl aui febam 1ar
2 | ‘TARTTATaTSIey (Prae, 3iUSl JgaTs AT |Il, IS5 164) H, T TS
BT BT Ieeid Bletard (PHlell gdT) 3R SRFRTT (FFUTS], 1969) & wU
H fohT AT & | YR dlel Bl HUNI saT (AP [Febr, SUSH rgars
XIll,11—9, I 157) W &M Pal Sl & | GHS Uad UR IR (29
THIA AT R A (SATCHATT AT EXVET) (AETFRSIAD H=T 491,
UST 333, BRA ST AT 431, IS 497) | I8 UgRT H gaex OidT fawrdr
2 | ‘fAfeieT U=al’ # T &aT AT o DI aIddd Hal A7 & (S argars
9T 11,1V, 6.35, IS5 86) | MR # IR UHR &I gamell & =4 g,
Faaier (\@FRE), gvsifd (CFve), SJdard () iR
T aTd (UfaH @1 3IR) (SITAHHATAT, Td. & §RT FHIad 10.29,
U5 90, 127, 133) | ‘fa=a fUdmemr (I, W17 9.4, IS 85) H, daeR &l
qITHTHSHID] — B8l AT & | feegde qhH & HF TR DI
PIfTHTATd (W 1I, IS5 41), 3R a9l & ArI—7T B DI drqdud
(T 1I, ISS 163) HET T & | FAfeiqu=ar (v.1.36) &1 dwe & & ar
UHR HI auf Bl 8— 1. IR S HIGH DI, 2. T D HGH DI, 3.
HEM 3MMTE AR S DI (JelTs AR IRA), 3R 4. AFGA & o1
quT | G Sfte 4, A8 S=AT S Wehall © fob a1l GXI TR H d=A1i~Tdh
=l

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

the 'Vinaya Pitaka' (111,.9.4,P.85), whirlwind is called qraAvSelldl. The
Divyavadana' speaks of some kinds of hurricane as ifefarard (Vol.ll,P41),
and of storm accompanied by rain as graasd (Vol.ll, P.163). The
‘Milindapanho' (1V.1.36) says that there are four types of rainfall: 1. of rainy
season 2.of winter season, 3. of the two months 3fT9T¢ and #1a (July and
August), and 4. rain out of season. At a glance, it can be seen that the
classificationis fully scientific.

dig IR dTell & &l A AT Dl AR HRAT & Wi— Blori
(AT dT&e) 3R DIl JE (W dTael T FARTAL dTel) (FaTavg
9T II, U5 34 F301d], 1969) | WY bR =1 qIGell Bl drar Sifor
iiepd fobar 8 (1T 111, JReTeh X1,32.1.1, U

L

.

200), 1. AIATED (AT dIG), 2. SWAATED
(T 9TEe), 3. I TAED (BT & qIGA—3A
qrgeed H e GgRT &I R & HRor
g dTel 91Gdl) 3R 5. 99 deled (au &
qIeel — FHAT: R Sl Fadd TR
AT H q97 AT ) |

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

Duststorm
(| / Source : downtoearth)

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

i
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which brings copious downpour ofrain).

¥ UBR, B9 9@d & & oI iR dig Wi (400 Y. & Ug) H drcal
3R BaT3ll HT 984 &l d=I+D DRI &, T o= MM AT
fIST & &1 ST AHe & | a7 IRMAE drel § Jer Frteqor yrdi= w1t
P VP @ U 2 |

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

aui # fafdeaar

Variation of Rainfall

AR RT0T & SR, 9% W 3MesTiad ugre! (f3Hdd) & SR 3iik ferr
# gug 91ee BId & ST a9f & WeR & 9erd & | 981 B drell Ry aut
% ¥ gRafid 81 Sl © | fZHad U= gd1 31U W & 9¢1 gRT S a%
@ T BT G ® IR S fIerne vgTel W el § | fRHad 9 W
% auT BICH & (A, |, 54.22—25) |

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

BRI FRGai eR si 9 B |
<faro fIRatsAr gxde i WIa: | | Matsya,l,54.22 | |
Sa[eHad: TR g SIeyoT |
qug A9 FARAT SRRErefddgd | | Matsya,l,54.23 | |

[N C ¢
ARAT gadd 99 TqIRAGEHH |

qar fewaar argfes T3 FHgHaT | | Matsya,l,54.24 | |
JTRIATHII RITa =1 ATRIRA |
feHg=Hfas= giteeiy aa: 99 | | Matsya,1,54.25 | |

39 IR, fofedcll ToR @1 31T qui a1 b Rerfcl b1 Teb a8 Hewayul
HITIfeTes e Hald © | UTeie Pret H ARAIAT §IRT S99 24 BT eI
3IR ST aTTd H S YT AR @7 Ui I & | fofr qrivr (g,
36.38.39 311X 49) HEJ T, "I8 UIF I A1g YATE & ST gU 3R ardg
I §RT STt & ¥R 8 dlaall Pl 1T 2, Tl GIpR AR UeTo]
JTeel TR a9 § 9" |

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

GaeI |y TRTERY MEHYdReae {ehHf |
T AT Hed AR AR TARAERAT 4 | | Linga 1,36.38 | |
31T AR AT |
JRIfOT JUHIHAIRIT: FEHGa | | Lingal,36.39 1 |

fAfR<<e arIdaT: Id Jageh oI |
UeTST: JWpIRTed quifd 9 I&T Se | | Linga,),36.49 | |

MY A\ a9 84 9adrar & & gdia gad aad § 9@ g9
qTel &5 Tlfd T Uit a7 Sg1 ® a8 # ) o) auf 781 <l € e dae
AT H I I WR =l aTell wfdkerme e gamell & SR 78
auf Bl 2 | gRTon Y L) T2 g AR,

Modern meteorology tells us that polar winds actually never bring any
rainfall in the year in the region under their influence — flanking poles or
Tundra, and only scanty summer rain occurs in those areas due to the
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sweeping of strong westerlies. The samefactis stated in the Puranicline,
N e e
TEI~gdT Joodlcg axd Fe™vsad | | Matsya,Vol.,54.36 | |

31ef : g | ga1 auf B R B |

Meaning: Theair from the Pole drives away the rain.

T8 AR gRT forkad geq |iear ok w1 a1 9gd Aswayul
TJ 2 S SToAarg AR HeH Gl MR 39X 8Y © | gieife 9
ST SIAMT ¥ WX &, S99 AT aeiii+ie q2d A1 8 | gaq |fedr §
STefary fa=i &iR 1A fIgi & I areamd (214, 229 iR 234) © iR
T BT YU U URURS Srell 7 fAwT o1 9uie oxd & | I8 dHaa
TN 1 o= FIRITeIg IRl ! 1 € |

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

JE I B ST 21 B TP 23 Td 24 U BRI & [ [dodhdd AHa
3frar ° qIed el Sital oY faener deell o sferEr vyl &
3Tgael B & TAT UgR 91 & Al 8 2 |

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

HFTRGI T TTRTATA A [T TS STATATH: |
STTIRATHRT THY T Yotiell: | | Vr.S.21.23 | |
AT BROMAAT H<HTOT STeaT: |

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

ol 31 39 Rerfadt ar 9 Geeh sraydl iR ==l &rar 8 ST e
auT & [T T FEiRd B &, BTellld Mg JRe Fael giteaior
H 3BT HH e UdId BT & |

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

USRS JGE e HPETaIST: |
Tufer sTafATgITST A T || VrS.21.31 1|

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

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

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

ARy RAET ATI=Ig yar: |
gftewaaTiy fasrr adawme =T | | Vr.S.22.7 | |
He: Revem: dedrea wefeorTfafhar: |
a1 Ve gftc: FaaanagEd || Vr.S.22.8 | |

ON (N

FRRTIIT3T 4, T8 el 717 2 b f9siell ¥ M2 fdwr g ared orll &
oy BT R® BId & R ST aret 3R NeHl Fha AT e AT FHh]
Uefl & T P B &, S araReT § @R B 8 SR 99T # T &
TH B & a1 AN & folT 89 aMe® B & | U (RRamR—si=aw)) |
DIEY T G4 D aofe I 6] a9l Bl © | (AFUIHS A¥qd faedfdene,
RADTeTd, Uil HET 34332, TS 36—37) |

In the Mayuracitraka, it is stated that scattered clouds devoid of lightning
are harmful to people and those of red and white silken or golden or
Kraunca bird's hue,embedded in the atmosphere and fleecy in texture are
always beneficial to the people. Causation of fog or mist in Pausa
(December-January) is conductive to good rainfall. (Sampurnanand
Sanskrit University, Library, Manuscript No. 34332, Page 36-37).

Uy HUNRI T4 [AHedReH |
T JURUTG-RITT S0 I3 I | |
Iyt T IR B arel Rl &R ==t SR 8Y, H8l M1 & fh 3R
A (SAIRI—HRaR)) H PIg UTell T8l ISl &, BT H dlg dqf gal
(FRE—AT) &1, A (ATd—3nilel) # BIg dTedl =&, IR (riie—Hs)
# P Mer—gfe 78, s @{E—) # Fafuerd 7 =2, ar avf &

AT H AT g1 BIell B (SURIT Uigfeifl, Uss 17—18), 3feifq

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

a9 fod T uafa ardr aifa T 9 Bie |
T 9 ARG o geEed T | |
PHREGT A4 7 IR Yep FvsIar 7 2|

qJerfiagesT gftc: W UIgedid 7 Hek | |

IS Jag & g 7 BT B, 3T B T BT Uhrer diel qof o7 gy |
3R 9Te e S oI iR HTel T & BId 8, A1 59 R0 3 3g! aut
B B | ¥ TR Ife g gag A1 S8 & Y T BT § Qe &
Y ST AT BT & AR dreelt &7 T et g A S 81 &,
ar aut 391 faet Bl 2 (SWRIad uigferfy, Uss 18) |

If Sunis hot in the morning, its light during the day is of yellowish hue and
clouds are fleecy and dark-coloured, the conditions result in good rain.
Similarly, if the Sun is hot in the morning or at the time of rising and
scorching at noon and clouds have a pigment of molten gold, rain occurs
during the very day (above manuscript, Page 18).

gIgedhicl I AT FeATT § Fel 9ad |

dagfed gitcs: Uradl 931 ToRmH: | |

S Uil gerer faETs <, 91Gel UBTS @ JAMHR & &, DI BT I DY
P IS OIT B, ATATARYT TN BT 3R STl SR $od XA THE PR
Bl 3R 37 Tt H IS BT S 3IR STefer qo1 AT HRd 8, A 984
3reE 3iR TR INT Slew Bil & (Urgfelfd | 34332, U 18) | $9
3TCTTT, 3R ISl Y g7de diak & gdf oI fagd) & ar auf e 2 |

If water appears to be dull, clouds are of the shape of mountain, the sky is
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of the hue of crow's egg, there calm in the atmosphere and aquatic
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.

IST STt 9 IR T G |
faereg fawet: |al: Srorve™ JaT 7+ | |
9 g7 9T quU: Ua: ¥efel IaT |
TG i~ AVSHIIIGT VTG et | |

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.

9 UBR, g W B & AgRIAHDBT
S g9l T & galgEE @ forg
Jipfdd Tl & Jadldd AR
quiFTHSG IR TN @ Redl @
AE—arl ® AqeE | Rigiarl
I BT YT T 7 | IR & TR
@ ATUMHS quid UT: IRy
FEIHAT dTel Bl gRT PRI fha
ST & T aae &1 sfdsi= (aferat
3R SIaR) 31X TRl & dsif+d
BRUT AR YT T FD IR
I B, AT TlIh dgd ATae=l
| foar w3 8 9y fee i H,
99 Sd AE fagE SR gaa
Sifed |UEl, HRgeR 3R I
ATsaRAfeRd 3R Fal—HdfAd Bl
S &1 o7 9 I8 Iy #g<a &7 o

IR FYad: ThHETE SUTT o7 |

has attempted to formulate principles

e . AR & UG SN d1eel : 99T & U Abdd
Thus, it is evident that Mayuracitraka Clouds resembling the wings of a Partridge: Indicator of rain.

(|1 / Source : Wikipidia)
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qui BT AT
Measurement of Precipitation

qYT & U H a7 BT A A GUHEGS H UHOT I & GO |
fReiRd BI 8, 3R B YPR & 7196 I7 g v9 3 39 &H &
foTq ome STt & | I < 9’ & forg gredm e € o ast A= a1
TOTTel! 77T <2 (SferoT fa'r) # AR eaa! gIRT @tedt a1 i) Sramedl
S 7 URS @ T 3R I8 Ul JERITET I RATAAT BT 211 ST & |
STRI @M 7 (ST ara ganfe, 1975) |

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

A BT & SR, 997 AP BT IUAE & ©9 H ST Sl A7 —
DI 1 gHS (AT BT g 37 2eal H AT &, “WSR & AM, T
BHERT (HS1) STADT H8 T ARTAT (24 3l = T 18 $9) ISl aui
AO® (TUHE) & ©U H AT far SR (@rfeme, fhard 11, s
V, UST 56 SITATRIIRA) | JATE(Teh N7 AU BT Udh AToTAT 3T SR T
o ¥ fa@mar 737 7 | Ui AR SR AIgHT & 99T A19d & AT
DI AT BRD, U AAY D ARM AM & KR $ R H JAE A
ST SRTTAT ST AT & |

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

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

fafre=T &= & a9t BT faaRoT S 7Y Sree! TORE | S0 o7 | Py &
MR & U W BT ool Ta! fhaT ST AHhdT B— “SIi~TeatT <20
(R @ < AT STell & R <) H B9 arell aut @l 16 GI0T &,
ST (9 <2T) @ ol H ST 4 31, 9 <21 o HfY & fory Sugad
2 (QATITH), SRHIH (FERTE) & <2 H 13.5 QI0T, 3rdcl § (Fvaa:
HTeAdT) 23 Q0T QAT ORI (TRFHT T2, HIhoT & <91), H et A=
H feHTerg @ ATl IR I <20 H STl STa—YuTell Y 2 SUINT &
ST § difeed & aie Id A3 & Geel § aut &3 & qiipRor Bl
fafy I # ScolEr g © IR 98 UHAE DT o@d & foTaie
HAYof YR SUHBTEIY & ford 99 favy & U sl ! ey H aarm @
(sTifyara=, 1975) | 399, I8 WK © & Difced gRT < T8 a9t @l 7719

ad: IYTATY T AR qETHTdY

Self recording raingauge and Ordinary raingauge
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o1 TG I & 7 SIAT ST TR U §, THAT 3k I8 ' & a8 s
HA IR H Fad HRAT & (1R, faare 11, sweara Xx1v, Ust 130)
Safh 89 3oThd XRgP AT BT SUANT B & | a9 & HNferd
feRon R ==l R Y Uferd Rl & b “STa aul @1 ruferd A &1
T s, a9f kg @ URH IR GHOH B AEE B R AR T
foge 4 H 81, 99 99 &1 98d SIfe FHM ®U A Sl @
(FTHTRYH) |

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

o 6 By sraegsddie & foy SHe @ S Aadl 8, aul &
GaTgHT ST T I JfReed H oI 31k rgwasi=g WU I fddId 8

T BT | 3IRT SHGT Sooid B §U 3 Yddh § &l 17 7 &
9 UBR DI a9l Bl qaiga gewdia &1 ReIfd, T 3R T (THET),
Teh B I, AT AR TR, IR G & Urepfcies AT TR icTed TSl o
ReIfAT BT ST Y ST T AT © | Yb DI ATl 3, TUT BT A

SRTTT ST |WehdT & |

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

qIeell @ GEfTHRT IR quT TAT FHY & URWR Hee IR Tl Bl gY AN
I Pel T [ “§{ d1ad A1 a7 T IR Iu1 R ©, AT ar 8
S BIE—BIE) 92 Sleld & 3R 116 4 & Sl I gu & |arer s <d
2| 519 BT 9§ qad iR G & GHTeT & A1 ARG auf Brell © 39d
A TS |9a B, iR a1l e st MRed 7 |

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

TR & ol@dh, UTOT (700 §.9,) < 99T & HIFH Bl U1gY (IV, 3.26,
VI 3.14) 3R 99T & ®U H Hafid fHaT 8 | Y arerr g BT Ugell 9T
o7 | 39 &I 9T} &I Yd I§7 1R IR a9 (Srauareskd: VI 3.11) & ®U |
ST STTCT 9T | Sv8 1= a9 Y707 (111, 4.32) BT 1 39 TbR A e fhar & :

The author of Astadhyayi, Panini (700 B.C.) refers to the rainy season as

S
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Eﬂ?{q(lv,3.26;VI,3.14)andEFGIT(IV3.18).Theformerwastheﬁrstpartofthe
season. These two parts were known as gd 99 and 3fqzawi

(eraeraTezrar: VIl 3.11). He also refers to a8 w7 (111,4.32) as:

Y THIUT HAITIRATRITREIH | | Astadhayai,|11,4.32 | |
Iyt & A9 & foly SSTERVI HT F=H <d gY Ui o ford §
MEER JEI <4 (T & G A §9 7S¢ S a-IeR quf), A1 ) ger
39 el (WeEll B @ S | I ol DI WRA & RIS I91) | I§
e 2 b SIS A% HH U1 BT A9 o |

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

U &I § S (T & QR A I TSeN) qui A9 6T G BIeT A0S oA
In the ancient time “Goshpad” (pit formed from the khur of the cow) was the
smallest unit of rainfall measurement

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

PIfced Bl TRE, HUME 3IR a-18 MR S 31T gaadl g=<f = W1 qu
A9 & T & SYBRYT BT 9uid fhar & 3R &8 991 fb 399 auf
& AT S | 37T 23 & TAID 2 H, I8 HEl & b T R ATa
& oY U MAThR Bl & FH0T (GHredhd) d= 99 B AT B

I <12y, g1

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

BRI BISHAHATGIATVIGET: |

TSR TG hH fAgaTosiel ufcre™ | VrS.23.2 ||

Hraref - U B oI AT dlel AR T BT TR deellbR HUS A
gftc & STel BT AYA HRAT AR, el | YUI 39 FHS H Iard Ul (Th
3MMeh) od SieT BIAT & | TaTH Uel Pl U 3N 3R AR ATGdH Bl T

ST BIAT & |

SR guT BT T & oIy I8 UTel, G197 81K 1S d (4 3MSH = 1 GV =
200 TeT 3R 1 3MEH = ST 7 UISS) & doid & U DI AR |
A9 & forg, auf & arafas awg & rafd § BeR # U g &F AT
ST =112 | 9 & AFAR 991 & IR0 WR <= 6, 7, 8, MR 9 Tellhi
H DI TS 2 988 Aiedl & I Tolid AR = derll § 9ui &f A3 &l
fafde o 21

For calculating rainfall he adopts weight measures of pala, drona and
adhaka (4 3Tgd = 1 ST = 200 Udl, and 1 3Mgd = 7 lbs. nearly). For
measurement, rain water received in the bowl during the actual falling

should be measured. The distribution of the rainfall according to time is
discussed in the verses 6,7,8 and 9. These verses of Vrhat Samhita specify
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the amountofrainfallin various lunar mansionsas:

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

ARy F@R: iy <90 || Vr.S.23.6 ||
S0 HETIRIETIRONY G G |
AT Usfadpic: gl faeifcraom: || vrS.23.7 ||
VBT ded 9 fauifa Ay <9 sfdeT: |
IMRYSATIITSIIY USRI | Vr.S.23.8 ||
USrEcETSl g8 9 Fffar afory <9 8 = |
RIGSCTae ST Qo Feuaraed | | VrS.23.9 ||

wraref : gva, gatyrer, gRRY, fEn, Yo a1 gfver e # afe
UqUIehIel H gfte &1 a1 Uadid § Aieg G197 gie B ¥ | 39 avE
AT, RST AR WA H TR GI0T, HiTdT § F QIT, ST, 79,
3R, ROl 3R Hf H <las KV, Yd BT § U=di™g GIvT, Geayg 4
=7 1o, e iR SwRTvTer # N 10T, JMT¥elsT # TRE &IV, S}
HISUET, IR BIS[HT SR A0 H g=dig QI0T, qa9Tsual iR g9 o
UTSE QIVT, 3TRA # 9IRS KIVI, TAT 3MM&T # AT Favorehral # gite ar a
YA H AORE ZIVT gite BI & |

T XXXV H, I e © [ SEEIY B T argHsdl H araall &
HIETH & G &Y fHvoT & quich fageryor &1 alRomd & (XXXV.1) |

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

T fafduaur: ga= faafeear a=r: | |
fqafe e HveImT 3 gea= dfewserd: || VrS.35.11 1

IRTSR YT auHTaeD 1 JfRT SR IuT B AHT BT ATI B A & IR
H ST o (G5 |3, TeT 21, THASHIATE) | 3fIfd,

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

Garbhlakhsnadhyaya). viz.

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

Tgfare. e fgagers. Taifed |
A0S qUIFEGHYDI, SIIATGHYUH | | Vr.S.between 21.32and 21.33 ||

SUHER

Epilogue

9 31T H WA fafe=1 =il 31 g5 Ul @rerdn & fb we fHmior, qui
IR TG 919 W G fed 119 U= IR H S BIfe BT 2T | a1iad el
ST FIA ST g DI S D SURATT § FIH BIaT = (ST Db
A7 IS @ IR If¥d & w9 § BRI BT 2), a9 & 8 H IS,
STl TRl JMMfe @ UWTa 31 d1Gell &1 aifixol S 391, aui
ITCTEART SR fefere afffa # 38! dRe | afvid fhar a1 2 |
Ui TeTel oI fdh JMhIeT & 1, e, fIoiel saudy anfe &
3R WX qYT BT G Seelka-1d T | 91 19+ & forg 33 fImRad
B Y o 3R I77ab RAGIT MY STefd= & |9 o Rar sds

o AT & oI K0T, U o7fa & It Bl 3Mmeffeieh XRaes A & oI
UR AT T 77 o |

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

g I aut & AT fafderdraii ok Ry arg &1 e & aidi bl
Qo H [er ol | {1 P & IRM, 9Ra & (a9~ &3l d auf &
fITROT BT GUF PRAT [HG o7 3R I© fded WR ¥ Ul dERIE Bl
IO T 19 3T ST 2 | Sefieh A Haell qea ¥ el s
&3 H Ayl BT 3R g §A3Hl & BRI Ayl 9 814 BT, YRION 3 QX
TRE FHA fBar 1 2| OF SR dig g™l | deal Bl aRdfdd
SdTg BT A ST | A a3l BT S 3R Id J91d Dl
AT AR §RT HeUT ATED STATI= & AR 8 | I T2 Tl

2 & wRd & U &1 | AaF 99 &R g ufthanil &1 99
ST oI, ST 31 STATIRT & aRIaR 2 |

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

58 ¥ Ul vRT # STafisria 9@ ———



	ctb cover-1-2
	Page 1
	Page 2

	CTB_1
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72

	CTB_2
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82

	ctb cover-3-4
	Page 3
	Page 4


