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Circulation of Water in the Atmosphere /

QIATaRoT A ST ST IREI0T

» Evaporation / aTsuleToT

e Condensation / T&TqoT

* Precipitation / a90T

* Hydrologic cycle / STellT =Ih

» ARIHASH A WAGIT (water vapour) arsq =y
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Evaporation, Condensation and Saturation of Atmosphere
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* Saturation of Atmosphere / dTATaIoT I m
» Condensation nuclei / @l =4 Fei3ie
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Vapor Pressure / dI®9 cdld

e Actual vapor pressure / ar&dide arsqd gdrd
« Saturation vapor pressure / H'Flc"f&cl' disy qdld
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 Saturation and Supersaturation / '\‘l?-[ﬁl'
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* Condensation / Weelel
* Relative humidity and temperature:



ATYET Tée 3N 5 uise

* Dew point temperature / N ﬁg AlYHTe
 Dew point depression and relative humidity

+ 3\ fdq e AR A9ET Ao

-+ 3N fdg AT ITHT G (heat index) ,

« INT HHTAT3AT ( precipitation probabilities) ,

+ 3T 3¢ T HHTGST (chance of frost). & TaTTATET
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AHTEAT ATIAT
* Psychrometers / HISshIHIET ATTHTYT




Dew and Frost

T 3T wIEe

° Dew
* Frost
* Frost point and deposition
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Dew/Frozen Dew 3T 3R ISTeT 309
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Frost ‘JF\IJQ-T
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Formation of Dew & Frost
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Condensation Nuclei /a8l A1fAs
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Fog / &g
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Radiation Fog /fafehior gl

« 9T & fafeor FHfAe (radiational cooling ) E@RT

IcTfed FIEY Heil et STl FIEY (ground fog) FeT
SATAT ¢ |

TUSE U I TIH ITOT FT & ST AH gdT (moist air) T
3 Id USH &aT (dry air) P Tk d3I Wd b a1 & 3T
Wwﬁﬁwﬁaﬁrmmﬁwa:mm
el JITMVT (absorb) FIAT &

+ ST, SAFAT, TEA ol A SSTENA ¢ |

I & FUT T §aT H gt cloil 33T &1 STl ¢34 surface
inversion AT § |

* FH W 33 fI Tg ¥ 337 & AR AJod(saturated) &
ST g |




Ground Based Radiation Fog / 3]'I33'3-1T‘21Tﬁ?|' T P
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Advection Fog / TSaaereT &%
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Advection Fog / TSdeRIe €Y

Wﬁ(—lds h Y old ?I?fro_-ITrWarm moist sdlk’ deldl %"3—ﬁ?
3791 3N foig & ATIHT 9T 33T &Y STl 8, Teh USdarleT ahlg Sielld
gl

g Y JoHG o I I %Imﬁré?ﬁrﬂvw ST E’IT-IT%‘r 7 oI
I FRTATIR(Ocean) &aT URlid de & ek W FHoR & gTell H gaAT
gl




T YhR & FlgY
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Upslope Fog / 3I9FellT higl




Evaporation or Mixing Fog / GINSIC Y] ?ﬂ%'l'
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* 2. Topography or orographic forcing - Fﬂ'ﬂ'ﬁ?f?l' qr a4 &y 3-TI'«'=Fﬁ' 3T

RAAYATT - Sl HT AT @ FhaT & 51T AT Y GgIET AT qEIRGl
a?rm#%mma;mmﬁmm%mwm%ﬁ#
Jg 39T ¢l

* 3. Frontal - 9ICal 9oTdT § S I gdT FT Uh gcIAT I3 YA W 38

& "I Fedl ST g, Al d W 93 &= & 39X el gar gidr gl T
‘Be IH, FH gar AR I3, gaEr F fiw b @A 2

* 4. Convergence - ﬁﬂ?ﬁ%ﬂﬁ@ﬁﬂﬁﬁﬂﬂmﬂm%

ST d UF WY Ya1§ FId 8, IT THolc 8Id ol THY FLFIH FoA133
3t R fr ufy de1 @ T+l &

e 5. Turbulence -

gar & AU eddies TAT FATS & HIY g4T HT Ifd & AR
qRade|



Clouds / dIcel
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Cloud names and classitications

dicel ATH 3T gefiehIor
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High clouds (CH)
Cirrus
Cirrocumulus

Cirrostratus

Medium clouds (CM) Base 6,500 -
20,000 ft

Altocumulus
Altostratus

Nimbostratus
Low clouds (CL) Base <6,500 ft

Stratocumulus
Stratus
Cumulus
Cumulonimbus

Base >20,000 ft



http://www.metoffice.gov.uk/learning/clouds/high-clouds/cirrus
http://www.metoffice.gov.uk/learning/clouds/high-clouds/cirrocumulus
http://www.metoffice.gov.uk/learning/clouds/high-clouds/cirrostratus
http://www.metoffice.gov.uk/learning/clouds/mid-level-clouds/altocumulus
http://www.metoffice.gov.uk/learning/clouds/mid-level-clouds/altostratus
http://www.metoffice.gov.uk/learning/clouds/mid-level-clouds/nimbostratus
http://www.metoffice.gov.uk/learning/clouds/low-level-clouds/stratocumulus
http://www.metoffice.gov.uk/learning/clouds/low-level-clouds/stratus
http://www.metoffice.gov.uk/learning/clouds/low-level-clouds/cumulus
http://www.metoffice.gov.uk/learning/clouds/low-level-clouds/cumulonimbus
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Cumulonimbus dicdel
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http://www.metoffice.gov.uk/learning/learn-about-the-weather/clouds/mammatus
http://www.metoffice.gov.uk/learning/learn-about-the-weather/clouds/funnel-clouds
http://www.metoffice.gov.uk/learning/clouds/other-clouds/arcus

Precipitation / EI"I‘I'
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1. Warm rain process /

I SR FiohaAT

2. The Bergeron (ice
crystal) process/
Solllel (F% Tohece)

giehar /

3. Ice multiplication /
q% 0T

Typical
raindrop
2000 pm

Typical
cloud draplet
20pm

L]

Gnndansahun
nucleus

0.2 pm

How many 20 um cloud drops does it
take to make a 2000 um rain drop?

V = 4/3pr3 = pd?3/6

(2000/20) 3= 1,000,000



Hﬁﬂ?l"v_cl' a supersaturated . L.
environment aTaTaToT &, Rain formation in warm

| Tl qTge T clouds (no ice) /
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Rain formation in warm clouds (no ice) /

ﬁmﬁaﬁm(maﬁ?ﬁ'&)

+ FAT3S IIYSIFC H THh
W/mﬁara:aaw
Feoll FIT q X qGoT FI
IF 9T AT GFar &

93 ¢ dsit & et §

 coud gopet U
'.%(1000 um) o

~ Raindrop (5000 um)

~ TERMINAL VELOCITY i
DIAMETER (um) m/sec ft/sec TYPE OF PARTICLE
0.2 : 0.0000001 : 0.0000003 Condensation nuclei
20 0.01 0.03 Typical cloud droplet
100 0.27 0:9:% 7 5 Large cloud droplet
200 , 0.70 2.3 Large cloud droplet or drizzle
1000 4.0 » 13.1 Small raindrop
2000 6.5 s 2040 5 Typical raindrop

5000 : 9.0 : : 2985580 Large raindrop



Ice crystal growth by vapor deposition (Bergeron process)
arsq AT § 9 fhTed g (9 gfshar
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Ice crystal growth by accretion

STcH WHIeT §1_STid 8 | 39
yfeRar &l ]
(Accretion) a1 &
T H AT AT &

— @hedT 31T (Graupel)
— 3T (Hail)



Precipitation in cold clouds / 38 dilcoll # guT

(d’iffusion/deposition) acaﬁr
S SGMET &l & growth of
large crystals

 JTd dde 9l (High liquid
water content) ITHYI /
et & RFAT 3k 5a
&Y doraT &l &




Ice Crystal Processes in Cold Clouds
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Hail / 3TeIT
& I A BTH
A h o~

Hailstone embryo

0°C- - - -\ - . — — — —Freezing level

golEele 3-1T3:I?ﬁ"\r W ded &

Rann showers and ha|l
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Lifecycle of a Simple Thunderstorm /

dwid & SliaeT<sh

Updraft

Glaciation
feHATTBIC

Rain shaft

Collapse

EIEG

Cirrus
“debris”

Pressure (hPa)

SURFACE

()

100 hPa--

300 hPa

Height (km)



Pressure (hPa)

Organized Squall Line /
HITST Squall TS

125 _ 15
Storm motion
250 - —_
10 g
= :
D
(<))
R T
500 .
5
ﬁ Inversion
] N — - -— <— Moist layer
1000 1l rf_ 1 I ‘// 1Ll P R — ——> ) - - - 0
320 340 0 20 40 Rain shaft } Gust front
Be(K) u(m s=1) ——» Direction of motion

(a) (b) (c)
* Decoupling of updraft and downdraft due to “shear” (vertical change in
horizontal wind)

o "Hal&" (SfaSr gar A FeaTeR IRGdd) F HFROT
39sI¥e 3R sfasve Hr FRmEe



Squall Line Structure /
Squall elTgel dIdedT

Outflow
boundary
(Gust Front)

ddg U 3-|oj39hd-|:

(1) STREN HFd TGl & A ol gar I SHie |
(2) T TR |

(3) ol ST ¥ WcH BleT |




S u p erce | | over shooting top

Thunderstorge '\) ”

40,000-60,000 ft —4 /

3 'l
g

mesocyclon
30,000 ft —4 °S°Qy

- Q\
- )
mid-level winds . forward flank |
~ rear flank ’ downdraft

downdraft

gust front



Supercell Thunderstorms /

FuIH JHIe
¢ IS '\‘:I?TW Uchol- EF»&T smgle ceII

storms dTel [l EI‘?f deh q:ﬂ {gd g,
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& T SFAer §
ot
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HAGUIEE gHT | (clockwise with height)

faolyarc:
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Tornados /
ddsy

» YA AT GanT
ScUIRd B afe
g Tdg & vortices
+ Hdg gare> 250
Hier ufg oe @
HFhal &
Y .l & ufy oy
1000 T 3itEd

RAlE, o9& 80 AR
T 3T 1500 O

e

S




$d TS B W@Wvorﬂuty%?&ﬂ%ﬁ?ﬁT{
wmamﬁmﬁﬁmgm%

(Surface (Vortex) $iaX
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* Cloud-to-ground

Types of Lightning / dT8efae & YR

(CG)

Intra-cloud (IC)
Ribbon lightning
Sheet lightning
Heat lightning
Ball lightning

+ FAT3S-C-AT33
(FﬂGﬁ)
+ Hc-dTeer (3TEHN)
- Raet fasrell

. 9fie fasTelt

o gIc fastell

. dler fasrelt
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Cirrus Clouds / T8I STcol

3T dIG ol (TEI 378
Middle latitudes & 6000
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Stratus Clouds / ¥¢cH dTcol
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Cumulus Clouds E-'{I;JEI:W dicel

eI [Aehrd vertical deveopmnt
o GTY dc ol S TATHeaT YehR & 3P oid &, ST gaT 31 ool
3TeRIT H Sae1 T 3Tel9T 81 o |
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Cirrocumulus Clouds @ﬁaﬂﬂw dic el




Cirrostratus Clouds f8UFeeH dIEeT




Altocumulus Clouds MW diqel

HETH S ol
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2000 3R 7000
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Altostratus Clouds 3-|U|<vc‘,{-§q{-l dic el
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Stratocumulus clouds

FEAFLFIAH dAeel

Height of base: 1,200 - 6,500 ft

Latin: stratus -
flattened; cumulus - heap

IMHAN W T 3 Re 4
gRANT AT 3R &
fedt qEt B g # g
T &1 F T ATy AR
gl ohd & T 3dch ag
WETW%I

LeCIFgFgold dicel Y
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Cumulus Congestus Clouds FJ&deld Pleoidecy Jeol

vertical development( FATeR TdhIH o T 6o oIl FATS H F3T &1
SITAT &, AT 3 HTT THR FT Teh 93T TR AdT 6 1)




Cumulonimbus dT¢el
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Anvil top




Lenticular Clouds

AfcaFger digel




Banner “Cap” Cloud S "sh9" STe.ol

Ueh olfCerge dGel Sil 9gTS 1 T & s [ g 3 Hafdd &
Q}IEIT»FEITGCFQNZI'EIFIT:Fcondensmg water vapor mﬂffﬁ%’l




Pileus Cloud Pileus dicel

Teh IATHTY STcel Sil FIHAH Sleel ¥ TEh 30 S T & §a131T & HROT



Mammatus digel
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Jet Contrails ST EISIEII 23
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Noctilucent dicel
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Effect of Icing on Aircraft / TdHTT 9T 9% & AT

Lift Decreases
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Weight Increases
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» Change in flight performance 3sTel gyeld # dead

» Increase in weight and uneven loading dalel 3T 3rgATT AfET A ag;f@r
» Engine intakes become blocked QGFI' $T dqeT L LT gl Irar

> Undercarriage retraction/extension problemsw ﬁgFQI?I' | TFHEAT
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> Control surfaces jam or become stiff fIFoT ATEl JTH AT FoOI &
> Communications affected 9 THTIAT

> Vision impaired T8¢ arfera
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Liquid state
0°C to -40°C



Tail stalls — loss of lift from horizontal tail



a) Rime ¥% b) Clear %
c) Mixed a% d) Freezing quT
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9@ 3rqoft ded Y &YSC g% Clear ice formation




9@ 3rqoft ded 9 ATAI0T g% Glaze ice formation




9 373of ded U fAfa % mixed ice formation
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(Source: NOAA Photo Library - National Severe Storms Laboratory)







National Weather Service
Hastings Nebraska



Boeing 727-200 operated by Capital Cargo met Hails climbing

from 30000 To 35000 feet en route Calgary to Minneapolis
over Alberta
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JHE HEWeld Landslides
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(1) Water comes from glacier is a single stream

(2) Large amount of debris lies on the path of this water
(3) Water moves down in two streams

(4) Water moves along in thin channels

(5) Kedarnath settlement

5 comm

Kedamam

(1) The channel of water has now become broader

(2) The debris in its path has disappeared, suggesting it has been
carried down by the water

(3) A new third stream of water has been formed

(4) Large amount of water has moved into the area from all directions
(5) Devastated Kedarnath settlement
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