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The air around the earth is called the atmosphere:-Differ ¥
called by different names. '
The chemical composition of dry air is remarkably constant everywhere over the earth's
surface and up to a height of at least 19 kilometers. Chemical analysis shows that the amount
of each gas is as follows:

the atmosphere are

Gas volume %
Nitrogen 78
Oxygen 20.9
Argon 0.9
Carbon Dioxide 0.03

There are also very small amount of other gases.

Vertical structure of the atmosphere

The figure illustrated the vertical structure of the atmosphere. The lowest region is called
TROPOSPHERE. The properties of this layer are as follow:

-this layer contains the greater mass of air

-almost all water vapor and clouds contained

-the most impaortant feature of this layer is that the temperature decreases with the height.
-the thickness can vary between 9 and 16 kilometers. The height is about 9 kilometers above
the poles and is about 16 kilometers above the equator.
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Higher in the stratosphere, a small quantity of ozone is found. Mainly in layer about 20 and 40
Xilometers above the earth's surface. The oz ayeris i i
i Lb’ "”b ﬁ e AL /“gﬁ)ff @gﬁl%ﬁl’.my\ is important because ozone is strongly

a rbs radiatjon,of c‘értaln wave-lengths emitted by the sun. if this ozone layer was not

Q@) Fresent ah exéessive amount of_;c_r'i-violet radiation would reach the earth with harmful
effects @many forms of life.
Other layers of atmos hﬁre after troposphere are stratosphere, mesosphere and
ther:os}:ﬁgre. The region between atmosphere layers is called as Pause.
The boumdary between troposphere and stratosphere is called as tropopause.
The boundary between stratosphere and mesosphere is named stratopause.
The boundary between mesosphere and thermosphere is mesophause.

Adiabatic change of temperature

C )n&wf air temperature due to increase or decrease of its volume (height) without
exchange of heat with surrounding.

This is the name for change in temperature, pressure and volume wl'}iyl(produc ina

-

_ +substance when no heat is allowed to reach or leave it while it is bei gfal\b_p)_r)gs_sici_gr
‘mw When the air is compressed (volume decreased), its temperature rises, and when it
is allowed to expand.mojume increased), its temperature falls.

lggfn&met od of re/frigeration, a compressed gas is allowed to escape from the cylinder and
imrrapid expansion, it cools enough to cause freezing.

Wet and dry air
Any parcel or sample of air that is fully saturated is called wet air or saturated air.
Any sample of air that is not fully saturated is called dry air.

/ P /

v/ DALR (Dry adiabatic Lapse Rate) iy _C;.,t"
The temperatufe of a dry parcel of air, which is made to rise, falls at :Téfgid)_r rate of 10 °C for
every km of afcéﬁt i.e., the adiabatic lapse rate of a dry parcel of air, or Dry Adiabatic Lapse

\, —
C')/:o ﬁ::t’é (DALR) is 10 °C per km.

~~//SALR (Saturated Adiabatic Lapse Rate)

The/esmgeLature of a saturated parcel of air, which is made to rise, falls at a rate of
Mg_te_ly 5 °C per km of ascent i.e., the adiabatic lapse rate of a saturated parcel of air,
“or Saturated Adiabatic Lapse Rate (SALR), is about 5 °C per km.

Stlﬁ is less than DALR becauﬁ,’asctgje!rﬁtura)t?d‘i&@ Fooled, it%}—g&o lTold wate LZ
<IBEO'UF degpeases and the Ekcess mois uré Sc))n enses into water (ropléts. This condemsatior
releases l(gggn_t heat that warms up the parcel of air. The temperature of the rising parcel of
saturated air, erefcge falls only by about 5 °C per km instead of 10°C.

SALR is sliﬁiﬁarfaﬁbfﬁ"l’ess at the equator and more at the poles.

-_—

~— A
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b/’ . g g i
Stabile of Air éf/i;—d Sy N | |
Atrmosphere is said to be stable when distribution of temperature and pumc}lty with height
SRR etcrn .
are f.liCh that any small displacement of parcel of air by force, tend to restore the parcel to its
rimer level,

In othe irwhich i ding to return to its
rwords, a parcel Of&f\‘g{g\'}_ fo[fgd upward or downward, tending

s . ) .
original position calledca)s stable air. it_c‘fc_c_né_s’_when lapse rate is less than DALR and SALR

nstableair FR >D ALR (An Ste 1”\@ Vel L‘j{‘\fﬁj’ﬂ S =t
The atmosphere is said to be unstable when distribution of temperature and humidity with
hefght are such that any small displacement of parcel of air by force, tending to move it
furthér away from its former level.
In other words, a parcel of air which is forced upward or downward, tending to continue up or
down. It gccur wtqe:n lapse rate is more than DALR and SALR
J\]éutraﬁ'éuﬁl'i\r?EOf air

clvw‘a parcel of air is forced upward or downward, it remains in the same position without
any intersion to move further away or return to its original place
IfFE\LEEEv—ironmental Lapse Rate) concide DALR when parcel is dry or with SALR when parcel

———

is wet, then parcel of air wgcu,s digplaced upward, is the same temperature of surrounding
air at that level and have n t'endfenEy to return original place.

Stable oo SAhe e Lo it

Conditional Stability . o ANSfable <sAheosh J‘:}C‘CJJIy-;kﬁ
If the environment is such that the actual lapse rate existent is less than DALR but more than
SALR, conditional stability is said to exist
This means that if the parcel of air is dry, it is colder (and hence denser) than the surrounding
air at the same level, and would try e!ow to its original position i.e., stable
equilibrium.
If the parcel of air is saturated, it is warmer (and hence less dense) than the surrounding air at
the same level, and would try tpwards, in the direction of the original disturbance
i.e., unstable equilibrium. In this case, Stability or instability depends on whether the parcel is
dry or saturated; this condition is referred to as conditional stability. SALR < ELR <DALR
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Atmospheric temperature

The temperature of air depends on a number of factors, the first of which is amount of heat
entering and leaving the atmosphere. Nearly most of heat is reaching the earth from the sun
in fgr_m of wave in@small wavele_nga which travels through the atmosphere |ﬂgh‘g>

_ speed>No energy is losfbyggcbiagi)on during passage through the space. On the eart\i{ (sea and
land) these waves are paﬂlvz:t&g@t_ by the surface (causing increase of temperature) and
partly argmtpﬁlﬂqge in the form ofT@é}vMe long wave

radiation is partly lost to the space and partly absorbed by the atmosphere (causing increase
of temperature)

A\l —

TNater.present in atmosphere as vapour or as cloud absorbs onlya smal'l?r:e‘lction of the
Incoming short waves radiation but strongly absorbs the outgoing long wave radiation.
On cloudy nights, part of the outgoing radiation is absorbed by clouds and partly is reflected

back again towards the surface: That's why cloudy day is warmer than clear day. (Green /
house effect)

# IR
The se%sfgé 550 _,Tx;-é;i P A s

Due to tift of the earthi@_g,_the angle of sun ray direction will vary by chgnge of seasons. On
beginning of spring and autumn. The angle between sun and equator iﬁj_ijjtherefore sun will
almost be on equal distance from north and south hemisphere. During northern spring and’
summer, the sun will be above the north hemisphere and during northern autumn and winter;
the sum will be above southern hemisphere.

jg . S-Q“""’L/MSJ

/2 P ;
iurnal variation of atmospheric temperature

It has been observed that atmospheric temperature reaches its maximum at about 1400
Hour's local time and reaches it's minimum at about half-hour after. §9grise. Since this
happens once per day this is callegl;_d—i'g'rjal variation of atmospheric temperature /
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\/6iurnal range of atmospheric temperature

The difference between the maximum and minimum values in a day is called the diurnal range
of atmospheric temperature for that day.
Diurnal range of air temperature over land is large (as much as 20
very small (less than 1°C) for the following reasons:
2 z
0296l :
‘La nd, being a solid, has a low value of gpecific heat so heats up or cools very quickly.
But Sea, being a liquid, b’fﬂf{ valug of specific heat so heats up or cools very slowly.
i HE Sun s retaified lyaf ntimeters deep)
- Heat recewectf{}om t Eéun is retained by the top Igy@r of lapd{only a few ce p
. =& 2 e i & v —/th £ b
aa?%%s‘a&sqj conductor of heat. But at sea heat is distriblted over a large mass of water by

°C) whereas over sea, it is

h_______/
coravectien currents

-Evaporation of water during day causes adiabatic cooling which balances some of the
Heat received from the sun.
h 1 / \ f, ' //
Atrmospheric pressure e e /)9‘9 o Sy, |
trnospheric pressure is the force exerted, per unit area, by air. It is thus the weight of the
—-——-—-——-"M_"'— O —

o -~
- L BT Y . .
:C// column of air above a unit area.

|

b L

PHHDVLDLOLOLOLLLLLLLLOLL

Units of atmospheric pressure

Pascal (Pa), equal to one Newton per square meter (N/m?).

1 bar=100 000 pascal

1000 mb =1 bar =750.1 mm of mercury

1 bar=1.02 kg per cm2 or 10.2 t per m2

The average atmospheric pressure at the earth's surface is about 1013 mb.

Semi-diurnal variation of atmospheric pressure

Due to many causes, which are not fully understood, atmospheric pressure changes with the
time of the day. It has been observed that it is maximum at about 10 & 22 hours'and /
minimum at about 04 & 16 hours Local Mean Time: Since this happens twice a day, it is called’

~semi-diurnal variation of atmozpheric p#es \e, \G\;)

The average semi-diurnal rang gmolfe’)m e tropics than in middle latitudes
mb mb

1-5— —WI'S
1-op~ 1
g e
. S
2 W)
Q-5 8 4 o-S
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oA + § o
20h  LMT
—0-5} —-C-5
- 1O} ——=Llot. 0-10"Nor S d-10
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Mean diurnal variation of pressure
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= ttee 1osts and other surfaces after a c clear, afm calm night, when the air next to the ground has

— In gther words, Dew point is the temperature at which condensation to water dropiets occurs
C))fjiaat in a cargo hold Tyl Ol 2 STEZ

-.- —— —

).n.d
gﬂl}y is the quantlty of water vapour Mﬂ the atmosphere.

olute humidity 19“.

v
' Absolute humidity is the mass”of water vapour contained in a swle/of air. It is usually

expressed in grams per cubic meter (gm/m3).

Relative humidity (_w'

>
Relative humidity is the peﬁﬁtage ratio of the actual water vapour contained in a given'
——

sample of air, to the maximum quantity of water vapour that the sample can hold at that
temperature.

Iftheatge’p«perature of the sample of air is raised, its capacity to hold water vapour increases

mg that no water vapour is allowed to come in or go out of the sample of air,
relative humidi humidity decreases - the air becomes relatively drier. The opposite happens if the
sample of air is cooled — its relative humidity increases. r~

The diurnal variation in relative humidity is approximately inverse to the diurnal variation of /

temperature. That is the relative humidity will be mwn at about 1400 andy;m‘(m at
about half an hour before sunrise o =

L ’ I L
L,,} T_% gt T*-? w/’/"‘-'-’ —70““" "//‘*-‘*“
Saturation and dew point , 7 -

| (z50 (o)
if a sample of air was progressuve!x ooled, its relative humidity would steadily increase i. e.,

the air would become relatively more moist. At some temperature, the air would become wet
i.e., its relative humidity would become 100%. The air is then said to be saturated and the

(}j‘ezperature at which this occurs is called the dew poi perature Eggat sample of air.
D

ew point of a sample of air would depend on its temp ature & relati umldlty

-

Sweat in a cargo hold is the condensation of

damage the cargo. The formations of sweat t lie ifi the subject of meteorology when sample of
air is cooled below its dew point. o

\/ .
Q.D/JJ/_\—““? Dby (5 — 0 SNy
Hoar frost- (sodhs d \Zeo L
Hoa‘ﬁost s the frozen equivalent of dew. Sgft white ice crystals in the form of feathers or

r vapour into droplets of water .Sweat can

\‘3‘&\

cooled sufficiently for condensation to occur and the temperature near the ground has fallen
T N e
below 0°C .

Rime —> > wckd ok, =37

If temperature of water droplets is below freezing point (super cooled droplets) in contact to

any cold object they free@)ﬂme }ely and called as rime > (,u/é b}/
(Rime is the name given to a depdsit of ice that forms on the windward side of an exposed
object)
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Latent heat et 17 S .

Latent heat is the energy absorbed byor released from a substance during a phase change

= __? f;’é__.__.
from a gas to a liquid or a solid or_vice versa
f‘a><¢fsobars o _!

Lines Jé@:gg ﬁ)i s having the same atmospheric pressure a@e time of q_uservatlon Atis

ence, its value, when

JLEJortant to(tf ote that atmospheric pressure may change frequently:
stated holds good only for that particular time.

Iso bars cannot cross or meet because one place cannot have different values of atmospheric

pressure at the same time

(esué.&(sotherm . .
he time of observation

Lin esiwnm Places having the same atmospheric temperature at t

‘.—

:zé-,—'b Pressure gr:sflxlﬁﬂt is the fall of pressure witlr'distance: If the distance between consecutive
%‘«7: isobars is small, the pressure gradient is said to be hi r]d strong winds are expected to
(}—7@ blow. If the distance between consecutive isobarg is large the pressure gradient is said to be
!/ (;f—b small and winds of lower speed will be expecte%f
e - T T 5 75
) fe - vgarometrlc tendéncy (pregt(;‘reﬁkti:ncy) B C’J("’ Y G u‘,:afb‘)

T - Pressure tendency is the difference between the atmospheric pressure 3t the time of

(:":,; observation and the atmospheric pressure w[. (It is__r_a't_egf change of pressure
“"‘: wit @ ressure Tendency gives the forecaster a good idea of the rate of change of

ﬁ‘?i;: pressure, which is useful for predicting the movement of pressure systems r

S - bt e () i 2 02 > CoLsh
‘i—‘ P V/{i’égdlctlon of wind direction ozt PRy . o/‘w

’i 2@’“ or|61|s force : 5 -

< On the surface of the earth, winds always try to blow from an area of high pressure (HP)

f':i' = towards an area of low pressure (LP), because of gradient force

'5]": The effect is strongest at the equator than the north and south poles. Regions along the

= equator, therefore, have the highest temperatures all year round.

%.rlg Warm equatorial air over very large areas rise up into the atmosphere (low-pressure). This
ﬁ;ja—? space is filled u\é;th cold dense air, flooding in from the poles (high-pressure system).

_;33/,'; As the earth is constan otating, the winds which are blowing from the north and south
| towards th’ejtlu tor, s ciéfl__ggtgiby the earth’s rotation. When moving objects are viewed in
(:' = a reference frame, their path looks curved. This is the Coriolis Effect, and it is simply caused by
@ = the earth’s rotation. Coriolis force always acts at right angles to the direction in which

(:d,:, The wind is blowing. This effect makes wind system to be deflected t icright inkhe

Q/:, northern hemispherg and to be deflected to thei thd Southern hemisphere

(3:’/_:, Coriolis force is minimum at the equator and increases as latitude increases, becoming
T | maximum at the poles.
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Earth with NO rotation

(5
Earth with rotation

Coserver iocation

Effect of earth rotation
Winds actually blowing over any area are the resulta

Because of this, it will be observed that:

-Winds blow spirally inwards towards Low Pressure area, anticlockwise in the N.H and
clockwise in the SH

gt

nt of gradient force and Coriolis force

IS

ﬁﬁﬁﬁﬁﬁéﬁﬁﬁAﬂAAA

- Winds bow spirally outward from the centre of Hi

gh Pressure area, clockwise in the NH and
anticlockwise in the SH.

C

NORTHERN HEMISPHERE -
c
G ¢
2
< . l—vl Low Uﬂpj_cutw( g,xL:-
G !
The effect of friction S YIINEYS (5.4 lodech b H'a hc:]i
Frictiomn the underllne area will cause a bit change in the wind direction and also will C’J
_affect e wind speed. :

Cyclone or low pressure

the{southern Hemisphere. The pressure gradient is usual!y r .
reaching the centre, the air moves up as a strong upward current, resulting in clouds of very
high vertical extent and heavy precipitation
Anticyclone or high

in thegouthern . CT
ow wind spe} 3
o SRR

NMORTHERN HEMISPHERE SOUTHERN HEMISPHERE X
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= Surface winds
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B . straightisob

= 5 traight isobars

,:;, 3 Straight isobars are said to exist when the isobars run straight and nearly parallel for a few hundred
- 9 miles. The pressure gradient is usually low, resulting in low wind speeds. Wind direction and force

a > remain co star)} 3 \qng as the isobars remain unchanged.

- = The weath aés@%ated with straight isobars cannot be defined as it depends on the properties of the
- 7 air mass in which these isobars exist. The straight isobars are expected to present in the area far from

i - ~ e . .

ﬂ.u < center of Low or Hiih pressure system and in the warm sector of a frontal fﬁressmn.

[ (/’fb W '\ 5 sl . : : . Aoy
7 y Bl 05 (09 - W, W Y e, 5> 08 b3 =)
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NORTHERN HEMISPHERE ( Low )

2 S —— g4 O st ‘gk -
fal Sebays
—— RS S .1 008

— — =} 02
- ‘\D‘- P - /
Buys Ballot's(LJéL)Jw 2 Gerl

Eacexhegtrue wind 3

-

Caution when applying buys Ballot's Law

1-Near the equator: Buys Ball‘ot's\l:p%w should not be applied within a few degrees of the equator. This
b

is because Coriolis force is iible at the equator and therefore the winds blow directly across the
isobars from HP to LP areas.

yut 'y lefe) oy
(?/)‘L?o (_‘W Mi@@May not be the free unobstructed wind. it may be wind
deflected by the land.
Secondary cyclone or secondary low ’L
Sometimes a low is closely followed by another, within jts pattern of isobars. The first one is called the
primary and the second ane, the secondary. The latter is so named only becaW C’IFFI'IEdaE‘rbLH:it

possesses all the qualities of the primary. Cﬁ}l;‘j/ I L,g_i ;/, >
DU :

,_\/f-
d thiII be on your the’Northern flemisphere, and

the Southern Hemisphere

SOUTHERN | HEMISPHERE
PRIMARY LOW SECONDARY LOW

NORTHERN
HEMISPHERE

NORTHERN HEMISPHERE
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Vﬁrdge (wedge) of high pressure “ﬁ) )‘f‘) e

T Lﬂm‘em’e%rea ressure indicated by isobars extending out fro@
ofTo —— T e E

clo
Z
2yThrough W pressure
-
G Ancénclosed area essure indicated by isobars extending out from dépression (low)

vcoL calers
Col is a saddle back area between two high and two low pressure systems. A Col situated

e

between a primary low and sgcondary low 4
WocﬁwithaCOL | /.Cu’ High \’}L‘“’YO—’”{"’ Shaes Col
(Lpgdnfml esweather can be associated with a COL e o (_;.,, I
-Tight vanable 3/;5%:1’;  arecexperienced ut not for long., O | ek el = ol Tgrimarg A e
)

o

3

U UL R
R R R R R R TR R R AR o

= /Sudden change/ e’a‘ﬁm‘gr 15 hﬁé’} 4 /(p | L.u—» (; ..a__i»-o,o
b ) Relative humidity is fairly high and ﬁgﬁ'tnmg | lightning may be seen. Fog and thunderstorms may be experlence
{g
1’4\ .1 =
f’J,_ H J >).>)/
s
'@J s os
) NORTHERN
%—: mua cal -—
1018 mb |

7 -

' HEMISPHERE
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e Beaufort scale (4?)»0 Qﬁg;

= 5 Commander Beaufort, of the British Navy, devised a scale for estimating wind speed at sea

— (J’ —_—— —S_-_E%]%{——

E = based bn observations of thesea surface and the effect the wind had onrtfié ¥ails of a war ship. He,
E’ ’ there?ore, used the word?q“ﬁlnﬁérce and not 'Wind Speed'. As a sailor, Beaufort felt there were 13
- levels of behavior that mariners could recognize in

:r, ) Oto12.

| In 1838, the Beaufort wind force scale was made mandatory for log entries in all ships of the Royal

= 5 p y

H“ Navy.

; ? Subsequently, the WMO (World Meteorological Organization) accepted the Beaufort Wind Scale and
- 3 internationally standardized the probable wind speeds attached to each Beaufort number.

5 - The Beaufort wind force, and hence the wind speed, may be judged by the appearance of the sea only
N . in open, deep waters. In harbours, rivers, lakes, and other areas close to land, the actual wind speed
; ’ may be much higher than that estimated by the appearance of the water.

_l: » The scale formed basis of wind force effect at sea, beaufort scale has been allotted for range of wind
< - speed and simple conversion of wind speed to scale is possible.

I -

- ¥
i
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Baeufort wind scale

J__}j(’)\l"‘é.“-; x|
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ool 147 )

DPQ(‘(I.P‘IW’O (4] .

= : ; L Likely
: Beaufont | Descriptive | Mean Wind Speed L
g*’ Number term Equivalent Deep Sea Cri}enc{ Ln;agtw;va Seg State
;Q oL : : ight (m)
] Knots mfs
E P ad - b o . '
0 ; Galm ({_[/! <1 0-02 | Sealike amirror 0 0 Caim
O,/y), 1 Light Air 1-3 03- 15 | Ripples win the appearance of scales are | 0-1 (0-1) 1 Calm
: | = ' formed, but without foam cresls ‘
i 2 Light (‘:-J 4-6 1-6-3-3 | Small wavelels, slill short but more 0-2 (0-4) 2 Smoolk
breeze )\ pronounced; cresls have & glassy
Q’, appearance and do not break =~
3. |Gentle 7-10 .| 34-54 |Large wavelels; cresis begin to breal; 0.8 (1-0) 3 Slight
breeze : foam of glassy appearance: perhaps
. _ scattered white horses

4 Moderale 11-16 55-79 | Small waves, becoming longzr; fairly 1-0 {i-D) 3-4 olig| it

breeze frequent white horses

5 Fresh 17-21 8:0-10-7 | Moderate waves. taking a more 2:0 (2-3) 4 fModerale

: breeze pronounced long form; many white horzes :
: are formed (chance of some spray)
6 i Strong 22-27 | 10-8- 13- | Large waves hegin la form; the white 3-0 (4-0) 5 Rough
i Breeze foam crests are exlensive everywhere
{prabably some spray)

7 ear Gale 28-33 13-9- 17-1 | Sea haaps up and while foam from 4-0 (5-3) 5- 8 Rough
breaking waves hegins 1o te blown in {o Very
strcaks along the direclion of the wind Rough

B Gal >b 34-40 [ 17-2-20-7 | Moderately high waves of greater lenglh; 55 (7-5) 8- 7 Very

“ 2 edges of crests begin lo brezk inlo Rough o
- spindrifl; feam is blown in well- marked High
- sireaks alang the direction of the wind
9 Severe or 41-47 | 20-8- 24-4 | High waves; dense streaks of {oam along | 7-0 (10-0) 7 High
Strong Gale the _dlrect_:on of the wind: crosts of waves
g taa begin to topple. Wwmble and roll over:
spray may aifect visibility
10 Starm 48-55 | 24-5-28-4 | Very high waves with long overhanging 9:0 (12:5) ; 8 Very High
' crests; the resultant foam, in great’
patches, is blown in dense white streaks
along the direction of the wind; on the
whole, the surface of the sea takes a
while appearance; the lumbling of the sza
becomes heavy and shack- like; visibility
' alfected
11 \fiolerb G)ﬁ, 56-63 |28-5-32-6 | Exceptionally high waves (small and 11:5 (16:0) | 8 Ve;.- High
Sior medium sized ships might be for a lime
2 - fost to view behind the waves); the sea is
(5 7 completely covered with long white
patches of foam lying along the direction
"of lhe wind; everywhere the edges of the
wave crests are blown inlo frolh; Visibilily
-affected . : )
12 Hurricane 64.and | 327 and_ | The air is filled with foam and spray: sea | 14 and over g .
' L — o — over aver completely white wilh driving spray; Phenomenal
T = vlslbilnv severely affected
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@Q(RESSURE MEASURING INSTRUMENTS 9 b

s S, 25
The mf{.i:'t}ry g;:;)meter Qbﬁg
The ms an instrument for measuring atmospheric pressure.
In its simple rm the mercury barometer consists of a glass tube, closed at one end, filled with
mercury anc}f;qeﬁ'te?d into a bowl containing mercury. o
It will be noticed that the mercury level in the tube drops by a certain amount and then remains
steady. This is because atmaspheric pressure, acting on the surface of mercury in the bowl, balances
the weight of mercury in the tube. Atmospheric pressure, therefore, is the weight of mercury above
the level of mercury in the bowl

| Vacuum

¥ ol Glass | i
M Vacuum Tobe “He i
| —————T | "
GLASS il e
TUBE« i i

= Mercury

L Scale

MERCURY€

;i' mssuro

'lﬁ*é

1

o0 e ABOUT 760 MM

N

G ~ CISTERN €={i:;::

**‘i, 3 ">-}ju LB - Reservoir
5.
s. 1w

= easons why mercury is used in barometers
g'J U =7 (»Z 1) Mercury has a high relative density; therefore, a mercury barometer is less than one
9 Meter high whereas a water barometer would have to be over 10 meters high

i 2) Mercury does not wetglhe glass surface as other llqu'dm -k

'ej_ 3) Mercury is easily visilgfe. '/_“; _Lbu_n\
cj N 4) Mercury has a uniform coefficient of expansion so temperature correction can eaS|Iy be applied

\

AN
00“00000000000

SR TSR I T g

accurately. s it
5) Mercury cannot escape easily through the leather washer on tomglstern during
transportation of the barometer, owing to its high viscosity —>

6) Mercury has a low freezing point (about 39 C) and a very high boiling point (over 350°C) and hence

is suitable for marine barometers. L:{u L=

Correction of barometric readings ur"’ jéy__, il
All barometric readings should be reduced to a common datum - sea Ievel in
atitude 452 vith no error due to temperature. All barometric readings should, therefore, be
corrected for height, latitude, and temperature and mdex error before making entries in the Logbook

(a) Reason for height correction:

_Atmospheric pressure decreases as height increases. The reading on the bridge will, therefore, be
lower than the reading at sea level. Since we have the reading on the bridge, but have to report the
pressure at sea level, we have to correction for height to the bridge reading at the rate of 1
milli bar for every 10 meters above sea level. S=—=u

(b) Reason for latitude correction:
Since the earth's polar radius is less than its equatorial radius, the gravitational force at the poles is
_greater than at the equator, therefore, weighs more at the poles than at the equator.”
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(c) Reasoﬁgr}tjemperatfr; :o?rg;lgg&"‘" e 6°JJJJ’0)‘” Lob e 2snm <= Fos L
Each mercury barometer is constructed to show correct readings at a particular temperature called
the standard temperature, which is 0°C (273°K) for modern barometers The standard temperature of
the barometer is' mentioned on a brass plate attached to the metal case of the barometer,
If the temperature of the barometer is different from its standard temperature, the pressure

indicated by the barometer has to be corrected at the approximate rate of 1 milli bar for 6°

_difference. The correction is additive if the actual temperature is below the standard temperature and
. vice versa. U el df
S iorass Plate — Goa VW lool, e

(d) Index error: (Q‘*‘ e D CPsrut &

If a barometer does not give the correct pressure in spite of proper corrections being

Applied for height, latitude and temperature, the difference between the corrected barometric
pressure and the actual atmospheric pressure is called the index error of the barometer, posut:ve if
_the former is less and negative if the former is more

€

-

@he aneroid barometer ‘9(3%1‘ 5 C),/l, s 4.

e.g. if corrected barometric pressure is 1004.8 mb and the actual atmospheric pressure is 1005.2 mb,
the index error is +0.4 mb. Index error should always be applied, as per sign, to the barometric
reading.

2) As close to the center line of the ship asq -—
b “rfpurs l" lJ))JWL‘.)LAcXJ

3)@%&% >
4) Away from w c}u‘l S
temperature

6) On a bulkhead not subjected to excessive vibration.
7) Top part of marine tube should be at eye-level or a little lower to allow easy reading.

Location of a meter on a ship S >
1) Inthe w e\h = h
ds€ or chartroom for easy accessibility to the navigating ofﬂcers 1 -
o

(A)r{e%c’)ld means without 1|qU|d A sealed chamber made of v&ry.ﬁmetal having a partial vacuum

msndeTg_e imcannected, EB qﬁl of levgs and springs to a'ﬁointer fitted over a circular, graduated
e thi ﬁ

scale n S Metarhas lastic effect
When the a 5 uc pressure changed, the chamber gets compressed /expanded and the

movemenT s tra sm:tted mechanlcally to the pointer that then registers a higher/lower reading on
the scale. The larger the chamber the greater the accuracy of the aneroid barometer

pointer

> e P
RIGID ) ————-e-n-
JOIHISJ—'“ === CHAIN

\

S spindle

VACUUM CHAMBER ——

ANEROID BAROMETER = souftuen NS A

Precision Graphics

Precautions when using an aneroid barometer
Tap the face of the instrument lightly to release any sticking of levers or pointer due to frlctlon

’ 2 PUSh] RO
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G’] ’ Advantage§ of aneroid barometer C LR
(ﬂ\"‘“"d!—’ﬂ-m}ayw b)-bei’d{ L
(‘,J- 2 Itis a robust andé%zn}tg,ct(jpsgument. Changes of pressure are easily detectable.,
E For this purpose, afixed Eo‘rﬁ‘&ﬁ- is pro'y‘iﬁgz,; jthcg-Led)to the)_gl ss face of the instrument. After
(ﬂk a tapping the instrument, the fixed p&iritev: apgﬁe with the dial pointer, after some time the
@] ; instrument is tapped gently again. If the dial pointer now lies to the right of the fixed
,‘—] - Pointer, the pressure has risen and vice versa. The amount of rise or fall can also be noted.
S oW, e T S —
) a @e precision aneroid barometer
& ; This is a compact (small), robust (strong), accurate, aneroid barometer that has replaced the
@ ~ Large, mercury barometer that was fitted on ships in the earlier days
r‘ b It has a micrometer arrangement for reading to 0.1 of a milli bar.
S| o (i F Sl
@ MMICRDMEIER 1— LMTA)L’Q\ MRS '\-\“\e’
(s] ) = ADJUSTMENT —ri‘me- fure)
\'L
@l - SIMPLIFIED SKETCH r ‘}gilggfkv 2 - GMT .~ Gfec.n}u.'ck b -h-Me- "
GJ D) (ELECTRICAL SYSTEM = Lé’i):‘“/ > dem el )
3] - . NOT SHOWN HERE) 3= SMT = Stan davd mesn .h'"\c:)
i . 2
@ : CSL'Fg MCan +:-\€,)
S
.
,aj_ - % N
& :
"/J _: % JEWELLED PIVOT
=~ HAIR SPRING
—J,,..; VACUUM CAPSULE
?J_.; PRECISION ANEROID BAROMETER

=B
.éf- 4 The barograph
"“L; he barograph is an aneroid barometer that gives 5 record of pressure on a paper chart.

EJ - Such a chart, with a continuous barograph trace on it, is called a barogram.
@f . For climatic record purposes, the barograph is always set to UTC (GMT) not to ship's time.
i
-
a9 Construction of thQBarograph
3 - The vacuum chambeér consists of a series of rr;'etﬁl bg)ﬁe's_ay;fnged vertically. Change of atmospheric
W‘" pressurejcauses the,tgﬂ of the chamber togscé'n or #dscénd and this movement is conveyed by a
) lever systé\rhqgo a stylus (pen) that moves up or down on the chart.
ﬂ ) The,effart is fixed on a cylindrical drum that rotates at a uniforgrspeed beong r (gtion per week.
j ) Thﬁi‘fi‘of the stylus has a detachable pen that contains one'drop oTls_gw d’f”yin‘éﬂnﬁpecially
3 - Supplied for this purpose. _ . _ ﬂ;U;J ) ] s
R The entire barograph is provided with a hinged glass cover, to keep out gusts of wind and dust, and is
:‘-'J ? mounted on sg{‘rnés and rubber pads to reduce vibration.
= 3 G B B s CE > Ot
j - The chart or barogram —-‘%&’wﬁr‘” YW T Y s >= L S b
o
- A
;‘ v The vertical lines of the barogram that indicate UTC are at two-hougntervals and are’curved, D
- 2 So that changes in pressure areithout creating an error in time. .
N . The chart is fixed around the drumby means of tWO’ClJLJ‘j&nE at th one at t
g ¥. one long clamp equal to the height of the drum.  oJ - )
= ; : . .
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The latter end of the chast should overlap its earlier end so that, in the event of the paper not being
changed (due to %ﬁgﬁ@at the end of a week, the pen will not catch on the edge of the paper and
tearit. (p,),/(j}@ 2@@_

Before handling the chart for renewal, the pen must be pulled clear of the chart by means of a pen
release lever, provided for this purpose.
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THE BAROGRAPH Altilude and e
ura chart drum
Advantage of barograph o ] PP R

The thermometer
e thermometer is an instrument for measuring temperature.

Description & vl "y\}_;. Lﬂ),léé);,/)

A tube of glass is attached to a bulb containing mercury, evacuated of air and sealed at its open end.
When heated, the mercury in the bulb expands into the tube.

When the temperature increases, the mercury in the bulb expands and the length of mercury in the
C%érgﬂélezts mare. When the temperature decreases, the mercury in the bulb

Lontractsand ghe length of mercury in the column get less.

The tube is gradUatéd with two reference points - the freezing point and the boiling point of water.
The graduation differs from type to type. g

The World Meteorological Organization has adopted the type where the freezing point of
water is 0 °c and its boiling point, 100°c. The length of the tube between 0° and 100° is divided into

100 equal parts e
here are two other types of graduation and they are shown here for academic interest only.

Celsius' Kelvin and Fahrenheit
Freezing point of water 0%, 273k, 32°f
Bailing point of water 100°c, 373°k, 212°f

T e TP

Reasons why mercury is used

(i) Easily visible.

(ii) Large, uniform coefficient of expansion.
(iii) Does not wet the glass.

(iv) High boiling point {over 350°c).

(v) Fairly low freezing point (about -39°c).
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THE HYDROLOGICAL CYCLE / ;s / .
i ) i\ r f'"‘ ¢
(’lﬂ)'ng‘ﬁ /} v ¥ .
- # 'y ‘ y
jhrm; maln stages; > latl (e lara ,/)" |
There are three main stages in the hydrological cycle - Evapiration 1, ;;n:a;:.ion and precipitation

!
& (:vnpnrmlon:_ls,lhr: transformation of water Into water vapour, it J{E;l Hefated if the air is
Warm and dry . o | -
During evaporation, latent heat I ff’r 'i{‘r-’ ﬁ o # air Surka
4 atent heat Is absorbied from the surrounding air and from water surfacs,
~~Condensation: I4 the transformation of water vapour into water, It is the opposite of Eragoration,
During condensation, latent heat i« given off 1o the surrounding air,
Condensation accurs il air is cooled below its dew point, This is usually the result of;
* Contact with cold surface of land or ses,
* Adiabiatic cooling when air rlses,
* Contact with colder mas<amof alr,
¢ Precipitation: Isthe name given to water drops from clouds, which fall towards the Ground_Y/hilst
falling through diffewrz s of atmosphere, the water drops may freeze into soft ice (snow) or into
el e b > .
A and fog , are not called precipitation because the water droplets rerain suspended jn the air and
do not fall, :;urru.-tlmﬁ:reclpltatfon evaporates completely, during its transit through the

atmosphere, and doés not majh the gmuqdj It may then be visible a4 vertical streamers below clouds
and is ca!lmvif_{ﬂ:w) el d  ad DA LY VIR P T
b

AT i o NG A 115 D P gy 55 o et s vimes
" (Drizle: Bine drops of water/lameter less than 0.5 mm. Termed heavy or light depending on
.~ 7 Intenilty o-f precipitation
. R::IrpWatcr drops larger than 0.5 mm diameter, Termeg heavy or light depending on intensity of
4 ., Precipitation 2P I ek 8301 s
\AbJ mr:tpSomctM(ain and snow fall together or partl\; melted sngizflak{.-i fall. This is called sleet
ey Pailalls of Fard Ice, 0.5 to 50 mm diameter or mor
:) 2 PallBalls of hard ice, 0.5 to 5 eter or more,
iy
Clouds eo e
When air is cooled below its dew point temperature, the excess water vapour condenses in;/o,‘ )23,
Minute (very small) particles of water, which remain suspended in the air. Millions of such particles,
close together, become visible as cloud. T

U"CUUUUUUUUUU&JL’GO!’:}‘J'J'JJJJ]

Clouds can form at any helght 'from sea level up to the tropopause, they are hence grouped
¢ According to thelr helght of base above sea level
Low clouds conslst entifely of water droplets and have their bases between sea level and 2 km height,
Medium clouds have the prefix "Alto” to théir names and consist of both, water droplets and ice
Particles, but more of the former.Their bases will be between 2 km and 6 km above sea level,

e ——,

High clouds have the prefix "Cirro” to thelr names and consist entirely of ice crystals. Their bases will
he between 6 km above sea level and the tropopausé, T p

High level clouds: Cirrus {C1) < Clrrostratus (Cs) ~ Clrrocumulus (Cc)

Medium level clouds: Altostratus (As) - Altocumulus (Ac)

wﬂ, evel clouds: Cumulus (Cu) - Cumulonimbus (Cb)

w/
1!ngrrus: Silvery, high clouds appearing like feathers or fibers, Belng so high up, they always have a

background of blue sky and, during twilight, often appear bright red or yellow. On dark nights, cirrus
can he detected only by its dimming effect on stars.

ARCUREURE R RIS BN S IS IS IS S S S
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d through which the sun or moon appears very dim

4. Altostratus: A thin greyish or bluish veil of clou
asifs € sunand moon are hazy and not clear enough for

een through frosted glass. The outline of th
altitude observation by a sextant.

3. Altocumulus: Clouds in patch, layer or sheet form, white or grey or both in colour. Have dark
shadows in between and in regular patterns aligned in one, or sometimes two, directions.
, even layer of dark grey cloud with light and dark patches. It has a dry look and does

not cause precipitation. It resembles fog, but is not experienced at sea level. It can obscure the sun
completely and can greatly weaken daylight

7. Nimbostratus: A low, even layer of dark-

grey cloud generally uniform and threatening in
Appearance with no light coloured patches

- It has a wet look. If precipitation takes place it is
_ pletely obscure the sun and greatly weaken daylight.
8. Stratocumulus: Clouds consisting of a layer or patches of globular masses which appear soft. They

: patches generally align themselves in regular patterns in
one, or sometimes two, directions.

9. Cumulus: Brilliant white, thick clouds with flat bases and rounded cauliflower-like tops. Dark
Shadows are usually seen in them. The outline of each such cloud is very clear cut

They may have very great vertical extent. Precipitation, if any, caused by even, well developed
cumulus is light.

10. Cumulonimbus: Mass of grey, heavy cloud having its base in low cloud level, of great vertical
Extent, with its top well in high cloud level

The top of a well-developed cumulonimbus cloud will have attached to it, a cap of white cirrus cloud
in the shape of an anvil

;F/ORMATION OF CLOUDS

Clouds are formed in four main ways:

: 1 = 2 4 ! .
(a) Turbulence: /st: L 2= oD . &
Strong winds blowing over uneven ground strike against the various obstructions and the

% H coueh st i ‘H’—_—i\. it IS » ‘o ' —
A;r g;ts deli;lected upwards. This cause thorough m1x1ng52$vt‘}rlsriﬁa:“ 'dasit_Pegf,Tséeé’ bcg‘oou W= dew P
Adiabatically

J;-Q

200000000 0K

. . it el
If during this process, the air gets cooled below its dew poiMuds will form. These clouds will be of '
an even, layer type (stratus) and their bases will generally be not more than 600m high. Conden Sed
P

TURBULENCE CLOUD

( ]

........

N Y S
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V@Orog phig lifting: ﬁ;
W@a warm;7moist wind blows against a mountain range, it begins to climb up the mountainside.
E;t.rring tﬁi‘s"SSEe’ﬁt! it cools adiabatically and after cooling below its dew point,
Orographic clouds are formed. These argof the stratus type. If the mountain is quite high, further
Ascent results in nimbostratus and conti uQus precipitation. ) > ‘:J?D/)
On the windward side of the mountain peak, Clouds are forming steadily whereas on the leeward

Side, they are dissipating at the same rate

./(c) C%'n’\r‘géi::
When a parcel of air gets heated due to any local cause, it expands, becomes less dense than
surrounding air, and rises. This is called convection current. This local heating can be caused by
contact with warm sea or ground. So long as the parcel is warmer than the surrounding air at each
level, it will continue to rise (unstable condition of air).
During this ascent, the rising air cools adiabatically and, when cooled below its dew point,
condensation takes place resulting in convection clouds ’
That is why a large island (more than about 10 miles long) in mid ocean may be seen to have a
stationary cumulus cloud above it during daytime.

Itis for the same reason that, during daytime, the coastline of A large landmass may have a long line
cloud above it, parallel to the coast
The greater the ascent of air, the greater the vertical extent of the cloud

™~

= |
7 TS

COMVLTTION CLOVD

CONDENSETION LFVFL

1

CONWICTION CURRENT
SEASUNFALE

(d) Frontal lifting: . ‘
Where a warm air-mass and a cold air-mass are in contact, their line of seggr tion, at sea

Level, is called a front. The boundary between them is not vertical. It is inclined towards the colder air
mass because the cold air, being denser, acts like a wedge and lifts up the warm air.

w1 )E s
é/‘T/cé’Fﬁdj’J‘”) e | 577
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Visibility
Visibility is the transparency of the atmos
object can be clearly seen and distinguished in normal daylight.

Visibility can be reduced by liquid or solid particles in the air as in the following cases:
(a) Mist or fog (b) Precipitation (c) Spray (d) Smoke (e) Dust, etc.

phere and is defined as the maximum distance at which an

Mist/Fog

Mist is said to exist when visibility is reduced by water particles that have condensed on dust, minute

particles of salt, etc., but are so small that they remain suspended in the air. If mist becomes dense

and reduces visibility to 1 km or less, it is called fog. Mist can occur when relative humidity is an low
as 80%

Mist is always experienced before and after fog.
Haze

If visibility is reduced by solid particles such as dust, sand, volcanic ash, etc., in suspension in the air,
Haze is said to exist. Haze can, in rare cases, reduce visibility to 200 meters or less.

Spray

Spray is the name given to small dro

plets of water driven by the wind, from the tops of waves. Spray
affects visibility when the wind forc

e is 9 or more (wind speed of over 40 knots).
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i U‘Tl;/; Spray is the name given to small droplets of water driven by the wind, from the tops of
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Visibilitynw) ¢ 2\
Visibility is the transparency of the atmosphere and.is defined as the maximum distance at
which an object can be clearly seen andﬁ&inéﬁﬁﬁ&i_in normal daylight.

Visibility can be reduced by liquid or solid particles in the air as in the following cases:

(a) Mist or fog (b) Precipitation (c) Spray (d) ggnoke (e) Dust, etc.

Jlt./lei‘é /Fog ez ) 2GS \;r:’étfchcg e Foq jl Jdam Q/ij/-

Mist is said to exist when visibility is reduced by water particles that have condensed on dust,
minute particles of salt, etc., but are so small that they remain suspended in the air. If mist
becomes dense and reduces visibility to 1 km or less, it is called fog. Mist can occur when

relative humidity is an low as 80% yales 0
. Mist is always experienced before and after fog. P f\ g
y .2« Haze P b;)>),/ /é’.& e

If visibility is reduced by solid particles such as dust, sand, volcanic ash, etc., in suspension in
the air,

Haze is said to exist. Haze can, in rare cases, reduce visibility to 200 meters or less.

waves. Spray _
Affects visibility when the wind force is 9 or more (wind speed of over 40 knots)

{’\<‘ o-‘-G-\B —> F LA

/ TYPES OF FOG

1. Radiation fog wh g/f

_ Also called land fog pecause it forms only over land, not over sea) During the night, land gives
off its heat very quickty. On clear nights, the radiation of heat from the land surface into
space is quicker as it is unobstructed by clouds. The air in contact with the ground thus gets
cooled and if cooled beloi its ew point, a large quantity of dew is deposited. If, however, a
light breeze is blomf’rﬁg??_ﬁr_&ﬁérﬁg causes the cold from the land surface to-be
communicated to the air a couple of meters above the ground and s%’éﬁ w fog called 'ground
fog' results. The visibility at eye level above this ground fog may be good but, in the fog, it
may be only a couple of hundred meters or less. If the wind is a bit stronger, radiation fog
may extend up to a height of about 150 meters or so above the ground. Strong wi
too much turbulence, resulting in low clouds (stratus type) and no fog.

S cause;
=5 [dena Tty

S Ve[ wed
Radiation fog, which can for -m may drift on to rivers, harbors, lak other

coastal regions. For example: fog on the Thames River, Dover Straits, the Sand heads of the

Hooghly, etc. _

Radiation fog forms over land because of the large diurnal range of air temperature over

land. It does not form over sea because of the very small diurnal range of air temperature
R

over sea.

Radiatioi ioi reaches its@i_rmbout half hour after sunrise because air temperature is

at it§ that time. It generally dissipates after the sun has shone for a few hours and
the land surface has warmed up. R3S . .

oY -
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Conditions favorable for radiation fog are: O = 2,
* Large moisture content in the lower layers of air. e
* Little or no cloud at night. &
* Light breeze at the surface. 5‘,"
* Cold wet surface of land.

&

2. Advection fog. i
Is also called sea fog because it is mostly found over sea. It can, however, form over land G’l

also. It is formed when Iows over old surface of sea or land. When

the most air is cooled below its dew point, the excess water vapour condenses into small

droplets of water on dust or minute particles ogﬁfesulting in advection fog.
Wind causes advection fog to form and also to spread. If the wind is quite strong, turbulence

causes advection fog to form to considerable depth. However, very strong winds carry the
moisture too high, resulting in low clouds (Stratus type) and no fog(.s hmg ah'r\c{)

The possible time of occurrence of advection fog can sometimes be predicted by plotting the

Temperature of the sea surface and the dew point temperature of the air as two separate
curves against ship's time as shown in the following figure

In the case illustrated, it is observed that the two curves appear to converge. By extending
the two lines as shown in dotted lines, it is noticed that the curves would intersect at about
1400 hours. We can then expect to experience advection fog at about 1400 hours.
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3. Sea smokas Y &/ lj)/)' o Us
When very cold, dry air passes over a relatively warm sea surface, the water vapour,

evapoma surface, is quickly condensed into water-droplets and it appears as

if vertical streaks of smoke are rising from the sea surface. This is called steam fog or sea
Smoke .it is commonly seen in the Arctic Ocean.

4. Smog is radiation fog mixed with smoke’ey5 &Jh_)
Smoke + Fog =Smog —
e (510l .
It is a thick, black, oppressive blanket, which not only wets all exposed surfaces but also
Makes them black due to carmcles in the smoke . :
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';_i 8 5. Hill fog or orographic E/O)g: N hen a wind comes against a mountain range and begins
e_[,__g Qz%)TQS_tlimb over it, it progressively cools adiabatically. After dew point is reached, any
~d 0 ) urther cooI!ng causes the excess moisture to condense into water droplets forming hill fog
c’l s Or orographic fog
c~=>.9 Wind

AR
G | 5 Buys Ballot's Law
G"I "s Face the true wind and the low-pressure area will be on your right in the Northern
G "5 Hemisphere, left in the Southern Hemisphere. T -
g,]l .5 Beaufort weather code

S
il I | |
(,"J : . ) of ‘
P ) o & O |
?7_3 Weather EE: Weather EES
?*»:5../ Vi é’ - 3 -
GJ\JS.A A gt
s & 1Blue sky (0 - 1"/’8 Qouded) b ¢ Overcasl sky (wholesky | o

18/ covered — unbroken cloud)
gj‘g Y Sky parily clouded (1/8 - 3/8) | bc Passing showers fsi*"gﬁf': p
ST - ~ 3 Cloudy (> 3/8 clouded) ¢ | Squally weather’'=5"c¢=| g
S ~r ol Drizzle d | Rain r
gjg Wet air (without precipitation) | e | Sleet rs
:SI%,' e Fog S f_ | Snow _ s
,;-._,J'- ewwislialap Gale C G Q'f’) g | Thunder > >Oxsrs ||
ST 9 | Storm™( ©LE) G | Thunderstorm with rain | tIr
5] 9 | Hail Cci ) h | Thunderstorm with snow | tls
7 P(, 7 _Precipitation in sightof ship | jp | Ugly threatening sky LU
5]‘ 3;{..\1:@1,_»54 Line squall. . o34 | kg | Unusually good visibility | v
— 3 | Storm of drifting snow ks | Dew W
? | Sandstorm or dust storm kz | Hoarfrost X

:] ? Lighlning . ' _ I Dry air y
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- 2
:] | . Y (]
<P R L do g T o
5 ’
5 | '
-~
™ -

Scanned with CamScanner



()L"/)C}ﬁ/< = Lt s @d’d@"’&)@:‘“’bbﬁé‘lﬁ’

=

N Y . |
. : = Ol e (_,; > ] 5
G:M’>L. __‘_/,} L_’?’I‘)-:'IJ §Ai l:‘\:\:‘J,> ‘U"_"w'ﬁ'q‘:\:\;s
ﬁrue and Apparent Wind > I?i'(;:i’éﬂ,;/" Gl st oS
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The direction and force of wind experienced on a moving ship is the apparent.wmd. This is oo
the __g:ﬁé”rlt_of true wind and ship's reversed movement, For making log entries and o o
weather reports, it is true wind that is required, not apparent wigfs+Y : ( ij . o
- L5b o gy oaat e )é’ég,ﬁ

Important note: Wind is named by the direction from which it comes. ) pithd g
Anemomepef <& >23c2C il
Imagine a vessel steaming 000 (T) at 20 knots: g,-e
e 2
L. If there was no true wind at all (calm), the observer on the vessel would feel the apparent :’ c
wind coming from North at 20 knots. Actually, the air is still but the ship's movement causes .
this apparent wind to be experienced. & p
"-.. e

a
2. If the true wind was coming from North at 10 knots, the apparent wind, to an observer on =T__E
the vessel, would be from North at 30 knots. ,,’____!
o e -

.
3. If the true wind was coming fromigu;b,at_lz_knots, the apparent wind, to an observer on = -
the vessel, would be from North at 8 knots. — anly
4. If the true wind was coming from South at 20 knots, the apparent wind, to an observer on g 1
the vessel, would be nil (calm). :—I ’
d’l p
5. If the true wind was coming from_South )

\

at 24 knots, the apparent wind, to an observer on

Sonk ’
the vessel, would be from South at 4 knots. :-] 3
e 4 I
' | | -
Outin open sea, theg[[gizgign@d force of true wind can be judged easily. The direction of ;—-I_l '
true wind would be at right angles to the_ Iiie? of waves. =1 .
Note: A c_l A
(1) A shipboard anemometer measures speed of apparent wind. | K
(2) The direction of wind obtained by observing the line of waves is the direction of true AI.‘
Wind 1.
(3) Direction of smoke from the funnel on a moving vessel is direction of relative wind c—l/‘
= Ik
Worked example 1: T ; a 14 ; : e‘l ‘
Course 045° speed 15 knots, Apparent wind 100° At 20 knots. Find the direction and speed of c‘I
. T e —_— a, '
true wind, )L.Gﬁ[}c)«:éé@y_ggéﬁ =< |
. o
Consider a triangle OA T where, (€ Q:)\_pé, e/dpdb,) G:’:O gd; - ; #\: l.*
AT is the course and speed of the vessel| e - l .
,§fﬁ,u//},‘"?/0T is the direction and speed of true wind =nee O’ﬂd@)éf‘fcrﬂ/ Anemoweh ,34/%% :‘l "
\}/ OA is the direction & speed of apparent wind. a2 " ]
. . ? ¥ ( 5."“""" o gt
Pjﬂ >0 .‘@M = “ ) 0P # '
1,5 oo ot P sl oy * Sy
¥ ‘ {

; .R.LS.L. maritime institute , Busheh E. i ~
r:iﬂ/) Eant ¥ l LR.LS.L. maritime ins W@‘;Jy r center Capt.E.Esmaeili ‘]
P55 IDJ/)"? 6'9’/),1, . ‘]
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(’;i 3 Draw a line representing North-South and take any point A on it. At "A", draw an angle equal

5—, o to the course and cut off "AT" equal to ship's speed, using any convenient scale.

G a "AT" represents the course and speed of the vessel.

, | = At "A", draw an angle equal to the apparent wind and cut off "AQ" equal to the apparent

- a wind speed, using the same scale.

& - "OA" now represents the apparent wind.

~3 rs Join OT and this represents the true wind. Using the same scale as before, convert distance

. ) "OT" into knots

= [_3 To obtain the direction of true wind, draw a North-South line through "T" and read off the

f [ 2 angle between it and "OT".

@‘]'5 In the example, the true wind in this case is 147° at 17 knots.

<

~ T: Worked example 2:

"’Ta Course 200° speed 14 knots. True wind 300° at 18 knots_ ’ b * ’ 1 l

< Find the direction and speed ofapparent wind. sl G > /‘D ts G2 )’)

= =]

-Tﬁ‘/ Y Al AG/L;(J b(,«v«-\))b

2T, HohS T ¥ \
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Draw a North-South line and take any point A on it. Draw AT equal to course and speed of
vessel (200° at 14 knots), using any convenient scale. At T draw a North-South line and insert

the true wind OT (300° at 18 knots), using the same scale.

Join OA, which now represents the apparent wind.
Using same scale, - convert distance OA into knots. The angle that OA makes with the North-

South line at A is the direction of the apparent wind. Apparent wind in this case is 258.5° at

20.8 knots.
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Worked example 3:
Course 160° speed 10 knots. Direction of wind (obtained by observing line of waves) was

270°. Wind speed by shipboard anemometer was 17 knots. What direction and force of wind
is to be entered into the ship's logbook?

7/,
A%
°

-
o
z
=]
3

Worked example 3

> {3

\ True wind W, 17.6 knols - force 5 2l ®

Draw AT = Course & speed = 160° at 10 knots. At T, draw a North-South line and insert
direction of true wind, 270°. Centre A, radius =apparent wind speed of 17 knots, cut off the
arc AO. OA now represents the apparent wind and OT, the true wind. Distance OT Converted

into knots is the speed of true wind.

Examples for exercise

1. On a vessel steaming 346° at 15 knots, the apparent wind was observed to be NW at 22
Knots. Find the direction and speed of the true wind. (Answer 275° at 12 knots).

2. From a vessel on a course of 243° at 12 knots, the apparent wind was observed to be 120°
at 15 knots. Find the direction and speed of the true wind. (Answer 095° at 23.8 knots).

3. On the monkey island of a ship doing 117 at 16 knots, an anemometer and wind vane

Showed 15 knots and 036°
Find the direction and speed of wind required to be mentioned in the weather report.

(Answer 344.5° - 20 knots).

4. A vessel is steaming 267 at 14 knots through. a $rye wind blowing from SE at 11 knots. Find

The direction and speed of the apparent wind-g¥<denced. g-\noswer 216° at 10.5 knots)
- [} \4_: ﬂ l.
Gevetal dishibution / Aigh N N\ @
a’f Pye sure. Low e
\ LU e°
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PERIODIC AND LOCAL WINDS D9 ¢f G/"’) & by YRy N2
7 b é. . |
vAand breeze: s> ¥ (o]

During th the land gives off its heat very quickly and the air in contact with it also
cools rapidly resulting in a high pressure over the land. The temperature of the sea surface,
and hence the temperature of the air in contact with it, remains fairly constant resulting in a
relatively low pressure over the sea.

The isobars run roughly parallel to the coast. Since the distance between the HP over land
and the LP over sea is small, the wind blows directly across the isobars "from the land

_towards the sea". —_ 2
The land breeze sets in a couple of hours after sunset and blows until about half-hour after &)
sunrise

WK e =3
A

AN AP o*ff;é«o,»-r’%
. Z
L <;/tiﬂefé%‘c4M’<%ﬁ>mLa

Lew pressufe

Psen S\oed slalche] fele 3k

UG un)e b ¢ UF

During thg the land gets extremely hot and the air in contact with it gets heated,
resulting in a low pressure over land. The temperature of the sea surface, and hence the
temperature of the air over it, remains fairly constant resulting in a relatively high

_Pressure over sea
The isobars run roughly parallel to the coast. Since the distance between the high and
The low pressure areas is quite small and the pressure gradient is fairly high, the wind blows
directly across the isobars from the HP over the sea, towards the LP over land.

" The sea breeze usually sets in by about 1000 or 1100 hours local time, reaches a maximum
Force of 3 to 4 by about 1400 hours and dies down about sunset. In rare cases, sea breezes
have been detected as far away as 100 miles from the coast.

/ —
T e PWWQ»mwﬁﬂ%wMWQCHv#Q
: ; i —
e 3o Laf ) e 2ok e T

\/é : R 3 @ ‘ é\fw‘d\b; V) (‘jrao{.'cnf JUYIae

ce
batic wind:

On clear nights, the land surface radiates its heat into space very quickly resulting in a_cold
layer of air next to the land surface. If the ground is sloping, the air on top of mountain is

Scanned with CamScanner



e i

colder and hence denser than at the(h;rrr.Air at the g of theﬂ’tarts sliding down due to
gravitational force and is called a 'Katabatic wind"{in Greek 'Kata' means 'down')

If the mountain is high and the slope is steep, katabatic winds can reach sea level with force
7 or more in a very short while.

A
atic wind:
During daytime, the land surface ge ated quickly, resulting in a layer of warm air next to
the land surface. The air onfop of the hi is warmer and hence less dense than at tg}‘ﬁéh/

‘“‘“”é - The relatively colder air moves upward, thus displaced from the valley, slides gently up
the mountain side. This is called an Anabatic wind (in Greek 'Ana’ means ‘'up’)

@ “;“'@

%hn wind effect —> /149 & L& %

Fohn Wind Effect is an effect whereby the leeward side of a mountain range is drier and
warmer than the windward side. This would be more pronounced if the wind was blowing
from sea towards a coastal mountain range, as the air would then be moist. Fohn wind effect

bt the DALR and the SALR of gir as illustrated
is the dlrect/e;ult of the dlffe etween the and the 0 au L,J)uﬂ/ U,J,)

cond ensuc e el L
JE i o N ot 537 e

Scanned with CamScanner

LT
DD D

\

33

=3

BN 0N N O B N

\

) O OO

AR

R

AR

o
=

he N
=

=

!



® O
J";

W)
&l
DDDY

P

\

\

TR YWY

|

L)
-—-——-—-—?—-—-d

0099

100 @eeeeeOEOQO0 O

When moist air blowing against a mountain, it begins to ascend and its temperature drops by

5° C per km height (SALR). As the air temperature reduces the relative humidity will

increase. On reaching a certain height, the air will be satu;a_ted and condensed out

_fhfe—excess moisture in the air is given off as orographic cloud and then heavy ram falls on the

windward side
leeward side, the temperature of the air would increase at 10°C per

While descending on the leeward side, shin

km (DA LR).. This is because; the air has lost its humidity and now is dry

The result will be so that on the leeward side of the mountain, the air will be drier and
 leeward side of the mountain,

warmer than the windward side
Strong Wind

—————

——
Z
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<
£
<
< 2
A
o
=
= |
-2,
0

GENERAL PRESSURE AND WIND DISTRIBUTION

The figure gives the general pressure and wind systems which would exist if the entire
surface of the earth was water only. Since such is not the case, variation of the above

conditions occurs over large areas of land.
The ideal condition

POLAR
HIGH

PP AR AINDS”

—— = T earnam - T 0
7] ¥ g ¢ > — . - - - -
G RSN

00~ reumrasre LOW.
- Frin A Q) S
/. wesierues” /S \//“/ e S Ee e "\ \\\
i N M T X
30°—— sus-rcmicar HIGH 7 vugn o High - 3\ RztsanEs I

2 I 1RADES # F

tovareasse LOW- (ITCZ or Doldrums )

NN Nomioess\N NN

(il

0% —— swr-reorices HIGH
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80°__ 1qurrmatlLOW
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-permanent low at equator Ci 012 YY\J:))
-permanent high at 30 north and south
-permanent low at 60 north and south
Permanent high at north and south poles

QO QQQOPPPP

U . &,
0-30'N J0-30s
Trade winds: Are S.E and N.E winds blowing from subtropical area towards equatorial area in
N and S hemisphere Gl
A)ldrum:(lTCZ:intertropical convergence zoon)

&
Area of permanent low on the equator. The Doldrums are located a little north of the P
equator, but the effects can be felt from 5 degrees north of the equator to 5 degrees south. "”II
of it. The trade winds border the Doldrum both to the north and south. Air rises straight up ' .fﬂ
rather than blow horizontally. The result is little or no wind _ ”

Sen swels (U 5}*’)@’(} s k"l’
Idealized Earth __ 0o om0 rem 3 oy

22 & ol d—ols'-—\a'ﬂ
:(.:/‘U’/J:)) d.t; ﬁf“t:;%

oy
<y
< |
I
<1
“1

l‘

) Suf)!.-up'r-al high

[/
I j
l

v ”"ﬂm.a:.l tr adn \-.m.,s
o

Q

/Monsoons of the Indian Ocean (South West Monsoon)

Ay

During northern summer, the continent of Asia gets very warm and the resultant low
pressure over with a pressure of about 994 mb. This low is considerably lower than the
equatorial low of 1012 mb and hence a pressure gradient exists from the equator towards
"NW India. The SE Trade winds, blowing from the oceanic high of 30° S towards the equatorial
b __low, crossover-th or and blow, as7a strong SW wind called the SW Monsoon, towards
‘the Low over NW India The SW direction is the result of gradient force and Coriolis force. The
S > Ll SW Monsoon blows from June to October and brings heavy rain to The Wes@w
/u"f) Wiﬁesh Whe_vmﬂo isa or 8 in the Arabian Sea
.’ _and about 6 or7 in 1€ Bay Jay of Bengal The same SW Monsoon is also experienced in nthe
f’d N “China Sea (and all over the world but its effect is greatest in Arabian Sea, that is why, SW
A /Z monsoon is mainly named for ﬁ:rablaf Sea and Indian Ocean)
uL:'d.E‘f—“'}d (-0 (QJJ(S(SBLD((\\?;/)(DQJU}”Q,J;I 7\f<

P“\zr“lﬂb/) SoloNalk o )7,
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/The North East Monsoon

During northern winter, the continent of Asia gets cold and the resultant high pressure over
-——-—._ﬂ-'—_'—' T i
it centers gver Siberia with a pressure of about 1036 mb.

——— e
uatorlal low of 1012 mb. Remains practically unaffected by the change of season. The

anticyclonic winds, around the Siberian high, reach the Bay of Bengal and Arabian Sea as the
NE Monsoon with a force of 3 to 4. Heavy rain falls on the East Coast of India. The NE

Monsoon blows from December to April.

In the China Sea the pressure gradient is larger, resulting in wind force between 5 and 7. The
wind direction in this region is between north and northeast. P

- -
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The hygrometer

The hygrometer is an instrument for obtaining the relative humidity and/or dew point

temperature of air. .
The type in use at sea on merchant ships is called thygrometer or wet-and-dry-
bulb hygrometer or psychrometer. '

v

Description Solem— Yoy Ll

The hygrometer consists of two identical Celsius thermometers, one called the dry bulb
thermometer and the other, the wet bulb thermometer.

The wetéa |b_::c£¢3rmometer has a thin, single layer of muslin or cotton tied around the bulb
by a few strands of cotton wick. The extra length of the strands of wick is immersed in a
bottle of distilled water. Both the thermometers are enclosed in a special, ventilated,

wooden box called th{gt’évensaﬁ-ErEéhl‘

Principle

Because of caplll)dy actlon the muslin always remains damp - water is drawn upwards, from
the Bottle through the strands of wick,

If the atmosphere is dry, rapid evaporation takes place from the muslin. Since evaporation
causes cooling, the wet bulb thermometer will show a much lower reading than the dry bulb
thermometer. . 4

If the atmosphere is humid, evaporation from the muslin will be slow, and less cooling of the
wet bulb will take place. The reading of the wet bulb thermometer will then be not much
lower than that ¢f the dry bulb thermometer.

In other words,@e difference between the readings of the wet bulb and the dry bulb 7
Thermometers (called the depression of the wet bulb), gives an indication of the relative

humidity of the air /]\ \&/ Rc\a‘\"\V@
The greater the difference, the lower the relative humidity and vice versQ DGP - w¥s
\v\uwtc‘\*d

To find relative humidity and dew point

Meteorological tables, entered with dry bulb reading on one axis and the depression of the
wet bulb on the other axis, give the relative humidity or the dew point of the air. Separate
tables are provided for relative humidity and for dew point. Separate tables are provided for
use with the hygrometer and with the whirling psycrirometer.

Precautions when using a hygrometer

-The Stevenson's screen should be on the windward side, in open air, away from artificial
Sources of heat (heaters or blowers) -

-It should be about 1.5 m above the deck for the&nmnq.émtﬂfthe observer.

-Sunllght falling on the Stevenson's screen is permitted but not directly on thermometers.
~It should be far away from metal bulkheads ,etc., which w:ll cause heat radiations that can

Affect the readings.
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-In any case, the muslin and strands of wick must be changed once a week. This is because
solid particles are left behind by the evaporating water. These particles subsequently

Prevent free evaporation and the wet bulb reading wilLJbe higher than the correct reading.

That is why distilled water is used. Even then, the distil!ed water available is rarely as pure as
We would like it to be. =0,

'Thhc’”'d be only just dagl)g 'F{%g:,much water on it, or too little, will cause error in

wet Bulb reading. This can easily b réz: ied by adjusting the number of strands of wick
leading into the water bottle.

-The water bottle should be washed and the distilled wate

rinitrenewed once a week.
..Th

should be clean and clear of drops of condensed water. -

- e Ve
- =/ wﬂ)’ﬁ!”(’j’bDY Jiwd’kwﬂfl‘
Wet bulb reading higher than dry bulb .~ 2 Fe b Y fo) L

—

o
-
This can happen only under the following circumstances: e
- — 7 . >
_ T 92 5 Sy B 8;,‘1
-Insufficient evaporation taking place from the wet bulb dug to (fust! salt or other impurities
‘ —_— ————— e, -
on the myslin, or due to no water on the muslin. 22 c;’l
gL L'(_;’Ld,'cgo_,'\_, @ C"l
-Insufficient tim= interval allowed after shifting of Stevenson's screen to windward, addition I
i T — e o —
of distilled water, renewal of wick or water, etc. ¥ ¢ G-=at? ff"i" = WSk 33,3; ¥ 551
f T -dvuzu&@ﬂ{é ) e Cj
= 1w ™ . 4
-Difference in the sensitivity of the thermometers whereby one of\them is SIO\W‘ID recording C“:l
R : :
sudden changes of temperature. N\ \ L ;. I
" -Fagul broken th t e
-F ty or bro ermometers.
_“Faaulty or brokent ]

The Stevenson screen

This is a wooden box specially constructed to house a hygrometer. It wa

'] 5 ,A.\/ s
Thomas Stevenson vJ Ufﬂ o, < Cl—l
Itisa w.qode.n cupboardAith a hinged deof. The door, the back and thk two sndesl‘are a -
fitted \E?rt’ﬁ'" S whicl'de air 0 ely without letting in direct solar radiatioior re- \ ’l
radiated heat from ship's structure. The&(slats also keep out rain and spray. There are various \ c-l
types of Stevenson's screens. The type found on ships is the portable type. \ -

If sunlight is allowed to fall directly on the thermomete.r it wmy hot and the readi? \“‘ I
Shown by it will be the temperature of the instrument itself, not that of the atmosphere.f \ -

Inside the screen, the thermometer will show the temperature of the atmosphere becaulse of .C'_I
The shade and the free circulation of air & . I

- V-3

During the night, if the thermometer was out in the open, its bulb would radiate out its s . c_l
Heat very quickly, much quicker than the air and would thus show a lower than trl;ehrea ing | c.j
of atmospheric temperature. The thermometer will then show the temperature of the 3 01
Instrument itself, not that of the atmosphere. cj
3
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S The whirling psychrometer

=) This is a very efficient type of hygrometer. Hence its basic principle is the same as
) hygrometer

)50 57 Qﬁi«‘:’@ﬁ‘j"ﬁﬁ?ﬁé?
g @ teonsists &f a light wooden frame, pivéﬁii’,m revolve smoothly around a handle. The frame
elsius thermometerStmouhited on it. One of them has a layer of thin

D mirrh'ly around its bulb, and is called the wet tgjlh,me mometer.

- When required, the framg(is held horizontal and, using a dropper, one drop of distilled water
5 is made to falkopffie WS{in to make it dampev ey

| /’,\/‘! The frame is t@n@%d/a'round in open air fo m%:two minutes before reading off the

‘ - /

‘ 5)\»4” wet and dry bulb temperatures.
By entering meteorological tables with the dry bulb reading on one axis and the depression

o Of the wet bulb on the other axis, the dew point and/or the relative humidity are obtained.
l Ay Different tables are used for the whirling psychrometer and for the hygrometer in the
- Stevenson's screen because of their different rates of evaporation
I
L
%:
2 ek | — = Relative \r\um:i:"r&
]—3 — SE—— ___\/
] =2 Dry Bulb | Number of degrees difference between the wet- and dry-bulb
I °Q) readings (°C)
rz 123 ]laf{s5|6{7!8]|9]n10
10 [88%| 77 166 | 56 | 45 | 35 [ 26 | 16| 7 | -
X 11 {8 [ 78|67 [ 57 47 [38 ]2 19 ] ]2
9 12| 89 | 19 | 68159 |49 |40 | 31 | 2 a5

B3 (8|l le st @131 6] 9
4 T [soile6 [ 21a3735 271 181N
15 19 |80 | n je2lsalast3yin nln
1619 |81 | 722 63 |55 147039131 241 17
17 {918 | B {64 |56 |48 ] 41133 2] 19

)
N
Q 18 191 [ 8 [ 13 Ves |57 150! 47352 [n
| N——

T

19 91 [ 82 | 74 | 66 | S8 | 51 | 44 37 (30| 2

""" pi] 91 | 83175 |67 |59 152" 45 138 3! %

|

N 9 |83 1 75 168 | 60 1 53! 47 1 40 | 34| 27
|
|

B S—

= :::‘

=
[i,]l]?fj o Q p 22 1 9 |8 | 76 |69 61 | 54148 | 4135 29
ey Al B 19 ;8417 1696215 49! a3
i 8 | 77 |70 | 63 i 57 S0 M 3§
= . 92 | 85 | 77 1 71 | 64 , 57 1 5i | 45 | 40 ; 24
Q’_\\j % [ 9 |6 [ 8 [ 11 | 65 |58 52 %1435
e | B8 | 8112 [s |93 ar| @]y
- jrae e 8 | 9318 {19 |72 (6660|5449 a3 38
{ [ 29 | 93 |86 | 936761550 a4 39
30 |93 |85 18 {13 [67]61 155507 a5 | 40

| »

3 93 | 86 | 80 | 14 | 68 | 62 | 57 1 51 [ 46 | &

\

T yyyesaa
=
!1

-—_h—-di—ndh——dh——l_-ll——-l‘h—-d‘h—‘
PVOOWOOWOVOVOOVY

l == 2 |93 (8708 {74 [ 655 a1 @
i THE STEVENSON B [ 93081 [8 [ 7569 |63 58 531 as | &3
I/J SCREEN 3 193 {87 | 8 | 75 [69 | 641 59 | 54|49 a4
] ~, '

L~
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AIR-MASSES AND FRONTS e
huje area e
Air-mass may be defined as aquantity of air with dimensions of abou_t__S_O_OM,!__mﬂL-‘_S_Of e
so, With little or no horizontal variation of any of its properties, especially temperature e
Because the temperature of air depends almost entirely on contact with the earth's surface, P
the air over Polar Regions will be cold, while that over the troplcs ‘will be warm, Air-masses ""r;
are named by the sources 'from which they. oggl_rﬁt_e_,j\f:) L “L:"" Cr‘;
For an air-mass to change its temperature by 10° to 20°C, it may take ‘weeks e
P
Factors affecting the properties of an air-mass N
1. Its source region. —» 150 38 Tud :__N
&

2. Its track over the earth's surface. %b,)-ééb Ccre o/,/({)//_y}*ﬂ -

3. The extent of convergence and divergence. B - -
4, Its age. -’=7L>)P,iu rs/jb/,lsjfc \%,,,ly ML oamal (;a,‘aﬂ‘e)!‘;j _;,-,_5
5. Its rate of travel. S vQ’J_zL’ L‘/(’pué (d::,(\.n% obo | :;,_,e
-
ource regl,on‘»'"{'—)| 5 & ,»w S P - T -
ésser{f(ﬂaractenstlc of air mass is umform distribution of temperature and humidity in 5’;
orizontal plane. Theajr masses are formed over theTegions where the earth's surface v’rf"'h
temperature is neare@zniform and the wind.is_com tively ﬂght These factors ensure that - g
‘air can remain in the region long eno%%ﬁ?ﬁﬁws and properties. = 0
The area in which an ass originated is called source region)in theses area the pressure =
gradient is generally s@ !fjl% and the horizontal movement of air is slow. Thus allowing plenty ng
of time for the surface characteristics (temperature and humidity) to penetrate upward to ‘-"[9
considerable heights G)> RN -
G"’e
Track over the earth's surface: -
5 = _aslw g N . e R - anl
If it passes over large expanses of water, it will be moist and if it passes over land, it will be L&
dry - Lo
AR IREA A 2\ —=uk - Le
The extent of convergence and divergence: c- oV ,_[
Convergence at lower levels (as in depressions) causes air at the center to ascend. _ V= €
Divergence at lower levels (as in anticyclones) causes air from above to descend. Both u"/ou rl.ﬂ
convergence and Dlvergence cause vertical movement of air resulting in proper mixing of the rl 'y
air of different levels and thus th they influence the properties of the air-mass, especially "“"I )
relative humidity and temperature lapse rates. “ a
o\ B~
Age: o R J
The age of an air-mass is the number of days it has spent in its source region. The longer it & l-_‘\
Has stayed there, the greater it is influenced by the climate of that place C"—l"\
el
c;
Rate of travel: K1
Consider an air-mass moving over an area outside its source region. If it moves quickly, the C;_I. 5

area over which it blows does not have sufficient time to significantly influence the

woy - 5‘;,;_:"
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Properties of the air-mass. Hence a quick moving air-mass retains most of its original
characteristics.
If the air-mass moves slowly, the area over which it blows has sufficient time to influence the
Properties of the air-mass. Hence the characteristics of a slow moving air-mass may be
somewhat different from its original characteristics.

< SelArcC f&a{ol\

Relative
The air masses are classified as follows:

a) An absolute classification based on principal source regions in which the following
descriptive terms are used to describe the air masses

lassification of air-masses

. /5 -//4 » (_){’:—;
-arctic (A) ~> C3iaGars p 300
-maritime polar (mP) —a \-,J'f/J’/‘) 200

-continental polar (cP) —=> o P

-maritime tropical (mT) —% by A
. . - -~
-continental tropical (cT) ~ S5 (v

-Equatorial (E) > '.7-,1»,»_,‘5; Al Y- masS

b)BﬁIative classification based upon the temperature of the air relative to the land or sea
surface temperature in the area under consideration.

-Cold air masses are those whose temperature near the surface is below the temperature of
the underlying land or sea surface

-warm air masses are those whose temperature near the surface is above the temperature of

~“the underlying Tand or sea surface.

Since the temperature of the underlying surface will vary according to the weather recently
experienced in the area considered, it will be understood that what is termed "cold" on one
occasion may be termed "warm" on another.

Life history of air masses o
@))/J/:*—?U

As soon as it leaves a source region the properties of an air mass begin to be modified. These

maodifications mainly result from changes in the nature of the underlying surface. The effect

of these influences depends upon the time which has elapsed since the air mass Left the

source region
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.
-"% S An air mass is a{la&gﬁ%ﬁair} with a reasonably uniform temperature, humidity and pressure. It
e”‘i 3 ' " can have a horizontal extension of thousands square miles and adopts the characteristics of the
Q-" . surface below it. It acquires its properties from the earth surface, while spending days to weeks
e N over the same part of th h.-Afr-mass tends to move as a unit by itself. Once an air mass moves 0
i 7 8 out of its source region, itis 'nelo"dﬁ"ied as it encounters surface conditions different than those found?)> < |,
[ ., . ; e e : -
pad in the source region. Such as, if air mass near North Pole moves southward, then it_encounters —¢/s, ¢,
(= ' =~ . | warmer land masses and consequently, it is heated by the ground below. Air masses typically -
£ P @ collide in the
P l = Middle latitudes, produces various weathers.

> l i The best source regions for air masses are large flat areas (over sea, land or icecap) with uniform = = e
3 ' = temperature and light wind. This type of earth surface ensures that the air remains in this area long 'Aiﬂ
a-l - time, to acquire the underlying surface characteristics. The resulting air mass becomes virtually =~
z - homogeneous throughout and its properties become uniform at each level.
. l - ! It is classified either_maritime or continental, . Maritime air originates over oceans and is generally
G'I : humid, whereas continental air originates over land and is relatively dry. Air masses_are also
& l = .‘ classified according to their approximate environmental origins, such as Polar, Tropical or
& | * me described as below.
& [ ; Polar region is the area of the globe, surrounding the poles. The North Pole and South Pole being
= l the centers, these regions are dominated by the polar ice caps, covering Arctic Ocean and the
PR continent of Antarctica. This region receives less solar radiation, as the sun's energy arrives at an
. | - oblique angle, with more absorption, scattering and reflection for longer distance through the
=l 2 Earth's atmosphere.
5' It is the source region for Arctic air mass (A), Antarctic air mass (AA), Polar Continental air mass (Pc)
= l : and Polar Maritime air mass (Pm),
; ' - -/1 Arctic air mass (A) is an air mass from the region, which is north of the Arctic Circle (66° 33'N)
‘-"'I ” and around the Earth's North Pole. :
»‘-';r-l (Approximate location for Arctic air mass is around 600 - 900 N). This area includes the Arctic
— <l Ocean (which overlies the North Pole) and parts of Canada, Greenland, Russia, Alaska, Iceland,
= ] 2 Norway, Sweden and Finland. it consis? F];’g Zg},,ice-covered ocean. There is a permanent high-
"’] 7 pressure area in the vicinity of this arés. In-#his region, gentle flow of air over the polar ice fields,
- l allows an arctic air mass to form.
s ) This air mass is characteristically dry aloft and very cold and stable in the lower altitudes.
. L’J /4. Antarctic air mass (AA) originates over the Antarctic ice-cap and the surrounding ice shelves and

: l ") pack ice. It is extremely cold and dry. Its temperature is colder the arctic air mass. Approximate

:‘ l ) location for Antarctic air mass is 600 - 900 S. -

3 J/ 4 .A Coptinental polar air mass (cap) originates over the regions consist of all land areas, dominated

\ J A9 by the Canadian and Siberian highpressurecells. In the winter, these regions are covered by snow

:‘_ J /) and ice. _ . _ < B

: J s "~ —"Dueé to extreme cold and the absence of water bodies, very little moistur vailable here. Soitisa

— ' .2 cold and dry air mass, but warmer than the arctic air mass located to the north.N.B. The polar air
J/ 7. ;- “masses do notinclude:all the airs at the poles (some areas are covered by Arctic air and Antarctic

/'y w2+ air):So polar.air-masses are generally found in latitudes between 40 and 60 degrees.
) = ——"'—-“_____-_—

j’, ot
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v/ 4. Maritime polar air mass (MP) is the air mass originates on the maritime polar source regicfns;_
' consist of the open unfrozen polar sea areas, in the vicinity of 60° latitude, north and south. It is a

cool and moist air and brings mild weather to coastal locations. Maritime polar airﬁﬂargngr}_mnf
continental polar air in the winter, as the surface temperature of the ocean is higher; s_lmllarly
‘opposite phenomena happens during the summer =

Tropical region is seated in the equatorial regions of the world, are limited in latitudes by 2§°_26_'@__
of northern hemisphere and 23°26'S of southernhemisphere.lt is the source regions for Continental _

N e e T e — _ 3
tropical air mass (cT) and Maritime tropical air mass (mT). Approximate location for these Tropical

air masses arel150 to 350 N or S.

/ 1. Continental tropical air mass (cT) originates over the continental tropical source regions..
Generally these tropical regions are located between latitudes 25°N and 25°S. The large land areas
located in these latitudes are usually desert regions (such as, Sahara, Kalahari etc). The air over

these land areas is hot and dry. It has extremely low humidity.

-

V' 2. Maritime tropical air mass (mT) originates over the large zones of open tropical sea, along the
belt of the subtropical anticyclones. These air masses are warm and moist. These are responsible

- for most of the precipitations at east of the Rocky Mountains in the United States. ’

=

Equatorial region is the area at approximately equidistant from the North Poland South_P_o_l_e_, which

divides the Earth into Northern Hemisphere and Southern Hemisphere. Here the temperatures are

higher year round, with some exceptions during the wet seasons. Convergence of the trade winds

from both hemispheres and the intense insolation over this region, causes lifting of the unstable,

moist air to high levels. The surface of the Earth at the equator is mostly ocean. It is the

Source regions for Equatorial air mass (E).

/1. Equatorial air mass (E) is warm and has high moisture content. Approximate location for
Equatorial air mass is 150 N to 150 S.

Classifications of air masses:

a. As per source regions, air masses are 7 types, as below,
1. Arctic air mass (A)

2. Antarctic air mass (AA)

3. Continental polar air mass (cP)

4, Maritime polar air mass (mP) - .

5. Maritime tropical air mass (mT)

6. Continental tropical air mass (cT)

7. Equatorial air mass (E)

Below diagram shows the source regions of 7 types of air mass, including directions of their
passages, above earth surface. AL L :
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b. As per temperature, air masses are 2 types, as below,

1. Cold air mass: whose temperature near the surface is below the temperature of the underlying
land or sea surface? It may come from polar region and normally moves toward lower latitude.

2. Warm air mass: whose temperature near the surface is above the temperature of the underlying
land or sea surface? It is usually of tropical origin and normally moves toward higher latitudes.

Ant is defined as theﬂww of different density, humidity and
temperature, on the earth surface. Its top is extends not only in the horizontal direction, also in the
vertical direction. Normally this is inclined towards the colder air mass, which is around 0.52 to 1¢
with the earth surface. e
This inclined or sloppy surface of the front is called Frontal surface.

—

3 B WARM AIR MASS -

COLD AIR MASS

EARTH SURFACE

FROHT
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Fronts are generally moves with winds movements, but do not move as quickly as wind.,In the

Northern Hemisphere Cold fronts and occluded fronts usually travel from the northwest to

southeast and warm fronts travel from southwest to northeast. In the Southern Hemisphere, the

reverse happens. This movement is caused by the pressure gradient force (horizontal differences in

atmospheric pressure) and the ;adpﬁs\fiﬁfgfl_Ffontal zones can be slowed down by geographic
__features, like mountains and large bodies of warm water.

— e — —_— —
v —~————

old front devolves, when cold air mass replaces relatively warm air mass. After cold front passes
over a place, the temperature becomes lower then it was before. Cold fronts can move up to twice
as fast and produce _sharper changes in weather than warm fronts. On weather maps, the surface
position of the cold front is marked with the symbol of a blue line of triangle-shapes, pointing in the

Direction of travel.
e el

./Warm front devolves, when warm air mass replaces relatively cold air mass.After cofd front passes

over a place, the temperature becomes higher than it was before. A warm front moves more slowly
& ———

than the cold front, because cold air is denser and harder to remove from the earth'’s surface. On

) weather maps, the surface location of a warm front is marked with a red line of semi-circles,
|
l

pointing in the direction of travel.
Statlonary front is a non- moving boundary betweeri two air masses; both are not strong enough to
replace each other. They tend to remain essentially in the same area for extended per periods of time,
usually moving in waves;m are marked on weather maps with _@lt_emw_ljiﬁ;_
curcles and blue spikes, pointing in opposite directions, indicating no significant movement.
~Occluded front is formed, when a cold front overtakes a warm front. It lies within sharp trough, but
the al mass behind the boundary mmor cold. Occluded fronts are indicated on a
weath r map by a gurple line with alternating half-curcles and triangles pointing in direction of

tra él. Occluded fronts usually form around mature low-pressure areas. Below are the symbols of

(,

DN ANDOVNOANDHNDHAITANARDD®®®® O S

pes of fronts. 7
/ . i

= ”
h/a./m B 45){.‘ Co'(J & c}
% &
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YD b o iy =
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th ey o Paged 15 7% e z
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-
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) {'3 Below chart and diagram are describing the weather experiences during the passages of a warm

s | front.
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Worm Ffon'+ |

: Before - During : After
Elements
front passage front passage front passage
Temperature ~ Steady or slowrise ~ Warming ?l;l\?erﬁnnig%f:hen
Pressure Decreasing steadily Decrg__gi‘é"fﬁg stcfﬁpqd sfgz;fee' fien
Winds ) .
Increasing and somie.. DI tﬁe tead
(northern times backing. e "?;an ey
hemisphere)
_ ::sUsUiaily none,
Precipitation or drizle®, ight drizzle sometimes light
. rain or showers
S EiruSkcimostratus, N
£ altostratus, Clearing with

Clouds Low N ':'bost_ratus. scattered stratus.

nimbostratus in

Visibility Poor or hazy

Dew Point Rise, then steady

Below chart and diagram are describing the weather experiences during the passages of a cold
front. :

BacKing >eebo 0,550, 54 6255 Empesbuad”

hrm

warm & . ' ol

U\A d
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= . Before During After
S Elements | |

; front passage front passage front passage
3

g Temperature  Steady Cooling suddenly ~ Steadily cooling
=

-

) : : Lowest% then==, . ,
IE Pressure Decreasing steadily suddefiincrease ;. Increasing steadily
2 |

| j increasing and Backing a little after
FZ - Winds (northem " = o squall, then may
;'3 hemisphere) backing. sometimgs, steady or' veer further
2 becomes squall

5 o in a litfle squall

-

Fg Precipiation Showers_zfollowed by
2 ;

| Altocumulus or

; : Cloud Alto stralUs Cumulus

2 - Good, except in
%,’ Visibility Showers

[: . Dew Point - Falling

P

- )

>

2

m

1/3

~9

-4

<

9
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Depressions, sometimes called mid-latitude_ cyclones, are areas of low atmospheric_pressure,-
located at areas between 30° and 60° latitude. It develops, when warm air from the sub-tropics
_meets with cold air from the Polar Regions. It usually has well defined warm and cold fronts,

Depressmns along with fronts have a lifetime with birth and death. Qjﬁnﬁgﬂf\a depression
various from200 to 2,000 miles; they may be deep when pressure at their center is very low and the
isobars are tightly packed.

~ Depressions are formed at the boundary between two different air masses. This depression is
normally associated with cloudy, rainy and windy weather. This occurs, when warm air is forced to

rise over cold air, Here warm air is traveling faster than cold air or warm air travels in opposite

direction, which are described as below,

p———
Cold air Cold air
N «—
Warm air

lg- 4]
Jr= (PN

Since this depression is formed at frontal area of different air mass lso known as_Fron
depression, The formation process of this depression is called_Frontogeneses; 5|m|larly decay or
weakening of a depression is called] On a weather chart (synoptic or prognostic) a

-~

e ———

%

"depression appears-as a set of closed curved isobars, with wind circulation anticlockwise-in-the

" northern hemisphere (as below diagram), clockwise in the southern hemisphere.

e — T T oS e T e —
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s(fe cycle of a polar front depression:

wind circulation.

)R;

A diagram of a depression
showing isobar, warm & cold -
fronts, warm sector, with

Movement of depression s

\

[
%

Cold air mass

The front, being the interface of two different air masses, becomes a wave form. This wave

undergoes a cycle, which finally generates a depression. Life cycle of this polar front depression has
four stages.

3>/

[n g

'r‘

Cold air mass

E—,
——

watm air mass

Cold air mass

/
v—“"—f'-"/.-::.\‘“"

Figu_re 1

Figure 2

Cold air mass

Warm air mass

Warm air mass

Cold air mass

_~

\ ‘,d Warm air mass

\r

Figure 3

. Figure 4

Above are the 4 stages of the life cycle of a polar front depression
{for Horthern Hemisphere)
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%st stage (Figure 1): Two different air masses are traveling at opposite directions. They meet along a
line, which is called frontal boundary. ' : :
2nd stage (Figure 2): A small wave-like disturbance develops on the frontal boundary between the

two air masses. :
B e
_}L[o,‘o

3rd stage (Figure 3): The system is about developed and two distinct fronts (warm & cold front) are
formed as part of the system. S

4th_ stage !Figure 4): The cycle is completed and the depression is formed, with wind circulation
kantuclockw:se and inward direction to low pressure (as it is for northern hemisphere)

s
\

Family of depression:!

Before we have considered the formation of a wave-like disturbance, along small section of a front.
But sometimes with each outbreak of an air mass develops a series of waves along the front and
each wave forms its own wavelike disturbance. So from two or three to five depressions can form
along particular front. The initial depression is called primary and others are called secondary
depression. These secondary depressions sometimes grow very quickly into intense low with almost
same characteristics as primary low. Primary along with another or a series of secondary
depressions is termed as Family of depression, which is shown as below figure.

Below diagram and chart are showing the cross-section through a depression, which is providing
the weather conditions (cloud, precipitation, visibility, temperature etc.)
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COOL AR '
R Coldfront "

Sky clearing ‘f':‘)" 7;}' )

Showers
‘f!’ N

CROSS SECTIOH THROUGH A

West

Ilovement of Depression

i’ 14 COOL AR

o
Wik 1yt

DEPRESSIH

@ East

At cold front _
Ilo ,,é

55
Behind the cold fron

| strong and gusty wind

Clear skies for a while or
cumulus cloud.

Air pressure steady.

Visibility good.

Temperature
is mild.

cloud may
thin and
break

“\ Air pressure falling

Wind veers

Nimbostratus cloud building and
thickening

ain becoming heavier.

Visibility deteriorating

Forward of warm front

Altostratus and cirrus clouds.
Rain turns to drizzle.

Air pressure steadles

Visibility is poor.
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Cold fronts travel more quickly than warm fronts and eventually the cold front _catching up the
warm front, which causes the warm air to be undercut and lifted up from the surface. When this
| occurs, then it is called occluded front or occlusion of depression. Occluded fronts or occlusion of
depressions are ‘indicated on a weather map by a purple line with alternating semicircles and

triangles (as below diagram) pointing in the direction of travel. They usually form around mature
low pressure areas.

L e o B ) Lo

1l \A_I_amc_c_luii_on: In a warm occlusion (figure 1), less cold air mass, which is overtaking the warm
front, rides over the very cold air mass, while lifting the warm air mass. After passage of warm
occlusion, the air temperature becomes higher than the before.

2. Cold occlusion: In a cold occlusion (figure 2), the less cold air mass, which is ahead of the warm
front, rides over the very cold air mass, while lifting the warm air mass. After passage of cold

\ There are two types of occlusion,

|

[ occlusion, the air temperature becomes lower than the before.
& =%

i 2
Figure 1 Figure 2

Warm air mass

Warm air mass
Less

Less | Ve cold
y
\'. co d :;? cold air mass
' |lair mass i o
0 [ 5]
) Sea level - Sealevel -
WARIM .OCCLUSIOH R : CGLD QCCLUSIOH

Weather sequence of occlusion: It is more or less same as depression, except frontal weather
conditions, as here front occurs once. Common characteristics associated with occluded fronts have
been listed in the table below.
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rElements l Before Passing While Passing After Passing
[Winds - (Southeast to south [Variable West to northwest
Colder (for cold
Dropping (for cold occiusic(m)
Temperature - peclusion) %,
gt lwarmer (for warm
Rising’((for warm .
occlusion) occlusion)
Pressure _|Falling - LoWer.,temperature. Rising :
Clouds Ci. Cs, As, N5\ " “INs and &b co, ogr ecattered
. |Light, moderate or Light to erate %d) L!ZZ
Precipitation rl;fght.‘__.r;t;jﬁc»'dt?rate or, |heavy contlnupqs'--«;ﬁ, |precipitation D .
eavy precipitation . - jprecipitation or “iii{followed by general -
B, “%, :.{showers clearing
Visibility Poor:during Poor.during Improving, after
e O precipitation precipitation precipitation. .

e

e
AR

Py

Within a few days of occlusion, frontal depression fills up and is no longer recognizable,

Instability line is a narrow, non-frontal line or band of convective activity. It forms in moist,
unstable air. It develops ahead of a cold front and sometimes series of these lines move out, ahead
of the front.

Dry line or Dew Point Front is a boundary, which separates a moist air mass from a dry air mass.
Here a sharp change in dew point temperature is also observed. These are most commonly found at
places like Rocky Mountains (eastside of it), Texas, New Mexico, Oklahoma, Kansas etc. At night and
early morning, fog and low-level clouds are often existed on the moist side of the line, while

generally clear skies are marked at the dry side.

Scanned with CamScanner



D29

&

TR7 %7

X

!

VAV 0VVVUVLVOLVULUVLUUVVLLULUVWLLLE

NI\ BN BB

e Mbedic Madid AstanPoor

Y RORRS . : “afPecled bY
i d“_.é"-'(_’lw - warim , mols: oqf wofVie s Qorc e
VTropical RevolvingStorm (TRS) — -S€ tom? —25 27 L
_ 500 Km (.200am) far Crom €huater (5°)
Tropical revolving: storm (TRS) is a warm-core Iow -pressure system, around which
the air circulation is anti-clockwise, Tn the Northern Hemisphere (NH) andcr_:lOCkLlse,_
in the Southern Hemisphere (SH). It consists of a_rotating mass of warm and humid
air “and creates thunderstorms with strongﬂi, flooding rain, hlgh waves,

dies, when moves over land. For "this re reason, coastal reglons

Recelesgwges from a tropical cyclone whereas _inland regions are
relatively safe from this.

The dlameter of a tropical storm is normally less than 500 nm even can be only 100

nm at its early stage of development. T

TRS is common in various places of :h“e world, but they can be cajled as below local
trams, ) cf (usl,)\.w eV Tegeo, oo, W 3 (eo&m e S s Lo W o

y : (Cof\vef&tl\ CP) ) b
2. “Hurricane” is used in the western side of north Atlantic and south Pacific,_. !. ) L

3. “Cordonazo” is used in the eastern side of North Pacific. \)’ C)/cF cs*” 2 n INY2A2
q

5

. “Typhoon” is used in the western side of North Pacific. d‘Vr‘ c,/(,o @&y) C}’(f Gﬁ {J._)\ ﬂ K

. “Willy - willy” is used in the eastern side of South Indian Ocean. o) (N

. “Cyclones” is used in the Bay of Bengal and Arabian Sea.

On the night of 29th April 1991, a powerful tropical revolving storm struck the coast
of Bay of Bangle, at Chittagong, Bangladesh, with wind speed of around 250 km/h.
This storm forced a storm surge of 6 meter, over a wide area and killed at least
138,000 people, with heavy damage of estimated amount 1.5 billion US dollars. The
hlgh velocity wind and the storm surge completely crushed the large coastline,
houses, lands, structures etc.

Cyclone Sidr was another strongest TRS for Bangladesh. It formed in the central Bay
of Bengal and quickly strengthened to reach winds of 260 km/h and finally hit the
land of Bangladesh on 15th November, 2007. As per Red Crescent society report, the
estimated number of deaths was 10,000. The large areas of Patuakhali, Barguna and
Jhalokati districts were hit by the storm surge of over 5 meters. About a quarter of
the world heritage sites of Sundarbans ware seriously damaged. Total damages of
this Sidr were approximately 450 million US dollars.

At Bay of Bengal, tropical revolving storms are most likely to develop in May,
October and November but'may occur in any month. The following terms are used to
describe the cyclones.

1. Low pressure are or low, where wmds are less than or equal to 17 Kts.

2. Well marked low, where winds are within 18 Kts to 21 Kits.

3..Depression,. where *winds-are within 22 Kts to 27 Kts, with radius of disturbances
44 km. _

4., .Deep'.i Depression;:ii where winds are w1th1n 28 Kts to 33 Kts, with radius of
dtsturbances 48 km.

5, Cyclonic Storm, :where:' winds are within 34 Kts to 47 Kts, with radius of
disturbances 54 km.
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6. Severe Cyclonic Storm, where winds are within 48 Kts to 63 ks, with radlus oi

disturbances 64 km.
7. Severe Cyclonic Storm with a Core of Hurricane wind, where winds are - . o, Tl
/sy kg L2

within 64 Kts to 118 Kts, with radius of disturbances 74 km. 0 // AT
8. Super Cyclone, where winds are 119 Kts or more, with ,W &

km. :
Prediction of cyclonic storm in the Bay of Bengal and issuance of timely warning s 2
the job of the Storm warning centre (National weather forecasting centre),Dhaka. o
The cyclone warning system is well known in Bangladesh.” Following information are “
normally included in each warning, g
1. Position of storm centre. ' . &

. . P

2. Direction and rate of movement.
3. Areas likely to be affected with the names of Upazillas (administrative unit

in Bangladesh), if possible.
4, Approximate time of commencement of storm.

5. Maximum wind speed expected.
6. Approximate height of storm surge/tide.

Storm Warning Signals in Bangladesh: The ‘meteorological department uses separate
codes of signals, for maritime and river ports. Code of signals, which are used at

maritime ports of Bangladesh, are as follows,

Code of storm / Weather forecasting /
signals '
Distant cautionary | There is a region of squally weather in
o which a storm may be forming. ,
signal 1 _
Distant warning / A storm has formed. /
signal 2
ot
7
]
e |
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Local cautionary ~[Portis threatened by squally weather.

signal 3 ; . = :

Local warning Port ‘is threatened by a _storm, but danger nc_>t yet
T sufficiently great to justify extreme precautionary
signa measures.

Local danger Pprt will experiencg severe weather from a storm of
signal 5 slight or moderate intensity. Storm expected to cross the

coast to the south of the port.
Local danger Port will experience severe weather from a storm of
slight or moderate intensity. Storm expected to cross the

sgnale coast to the north of the port:.

Local danger Port will experience Severe™ Weather from a storm of
: slight or moderate |nten5|ty Storm expected over or

S near the port. &

Local Great danger Port will experlenq severe weather from a storm of
— great intensjty. Storm:expected to cross the coast to the
Signa south of the‘port.

Port willzexperience “sg

Local Great danger
signal 9

Local Great danger
signals 10 L,

P

Basic requirements to form tropical storms: There are six main requirements to

3

Kky/),,\develop tropical revolving storms. These are the basic requirements, but do not give

any guarantee of forming such cyclones. °

1. Sufficiently warm temperatures: Normally an ocean temperature of 26.5‘%/is the
minimum requirement for TRS formation. Warm ocean water must exist over a
sufficient depth of at least 50 meter. These warm waters are necessary to fuel the
heat engine of the tropical cyclone.
2. Potentially unstable atmosphere: There must be an atmosphere that cools quickly
with_height, so that it becomes potentially unstable. If the air is unstable, “then it will
continue rising and the dlsturbance will grow. Thls is required to mamtam convectuon
for an extended period of time. i
3. High relative humidity : A necessary amount of relative humidity must be present
in the lower to middle levels of the troposphere The required amount of humidity is
about 50 to 60%. '
3. Adequate value of Coriolis Effect: It has been observed that TRS does not form
within 3 degrees latitude from the equator, as Coriolis Effect is negligible _at_the
equato'i'——s‘aha minimum :distance ofjo_q_m_f!om the equator is normally needed to
from TRS. o o : . .
' 5. Largest low pressure: Pressure must be lowered with largest amount and this LP
area must be ‘surrounded by areas of HP, which is: requnred for preexisting near-
surface disturbance.

Scanned with CamScanner



Limited vertical wind shear can be positive for
less than 10 m/s between the
wind shear can blow the tropical

6. Limited v_ertical wind. shear:
tropical cyclone formation. This amount should be
~ surface and the tropopause. On other hand, strong

cyclone apart.

Structure: Parts of a tropical storm are described as below,

Wind direction :
Anti-clockwise

- at outer storm
area, with angle
of indraft of
about 45 degree

wind direction:
Antic-clockwise,
but at about
circular path,

at eye wallarea

Eye or vortex is a roughly circular area of comparatively light winds and fair weather,
available at the center of a severe tropical cyclone. Weather in the eye is normally
calm but the sea can be extremely violent. There is little or no precipitation and
sometimes blue sky or stars can be seen. The eye is the region of lowest surface
pressure than the surrounding environment. The diameter of an eye can be around
40 km and also can range from under 10 km to over 100 km.

In severe cyclones, the eye usually looks like a circular hole in the central cloud mass.

Eye wall consists of a dense ring of cloud and tall thunderstorms that produces
heavy rains and usually the strongest winds (about force 6 or 7) at about circular

path. This wall is about 15 km in height, with diameter between 100 mile or more,
into the atfnosphere. Changes in the s'truc'ture of the eye and eye wall can cause
changes in the wind speed, which is an indicator of the storm's intensity. The
pressure gradient in the eye wall is very steep and barograph trace will show as near
vertical curve line. (Shown at below figure) '
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Outer storm area is the area, which is out side of the eye-wall and can extend up to
1000 km from the cyclone center and contain heavy rain and wind squalls with wind
force 6 to 7, as well as tornadoes. Here pressure gradient is much less than eye wall.

Here angle of in draft of wind is about 452 and this gradually decreases to 02 in the
eye wall. In this area, the cirrus cloud can be form of strands or filaments with
aligned conditions and points towards the storm center. Here visibility is excellent,
except in occasional shower’s areas.

Cirrus Canopy (in other words CDO or Central dense overcast) is a massive outflow
of cirrus cloud in the upper atmosphere, which is produced by the extremely
vigorous uplift of moist air, within the clouds of the eye wall. This forms a -huge
canopy over the cyclone, making satellite location of the TRS system center difficult
during the early development stages, before the eye shows through the canopy.
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VERICAL CROSS SECTION OF A TROPICAL REVOLVING STROM
CREATED AT HORTHERN HEMISPHERE

Route of TRS: Most of the TRS systems form between 10 and 30 degrees away of the_
equator and 87% form no farther away than 20 degrees of latitude, on both

—hemispheres. On the other hand, due to negligible Coriolis effect, tropical cyclones

rarely form or move within about 5 degrees of the equator. Tropical cyclones move
slowly westward when near equator and then intensify as they move further.

Initially TRS travels between W and WNW in the NH and between W and WSW in the
SH. During their passages, they curve away from the equator, which are N,then NE in
NH and S, then SE in SH. These recurving are normally done at about 302 N and 30¢ S.
Again sometimes a TRS does not recurve at all and continues on same route, until
cross the coast line.

The of speed of TRS is usually about_10 knots in their early stages, which increases a
little with latitude, but it_seldom exceeds .15 knots before recurving, but thereafter
20 to 25 in usual, though speed of 40 knots or even more have been reported.
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TRACK

SOUTHERN HEMISPHERE

Route of a TRS is 2 types, " .
1. Track'= The route over which a TRS is already passed.

2. Pathihe predicted route, over which, there is a possibility of the TRS passing at

near futureN_s, oo L5 ol
Another point on route is called the Vertex, which is the western most point, of the

TRS, when recurving takes place. Above attitude of speed and route, is not 100%
correct for all storms. Some examples of abnormal track of TRS are given at next

diagram, (Source: Bay of Bengal Pilot)
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Semi circles: If a storm is divided along the route, at which the storm is passing,

then we get 2 parts, which are,

1. Right hand semicircle (RHSC): It is the half of the storm, which lies to right

of the observer, who faces aldng the route of storm. For a stationary observer,
here the wind veers steadily. '

2. Left hand semicircle (LHSC): It is the half of the storm, which lies to left of

the observer, who faces along the route of storm. For a stationary observer, here
he wind backs steadily.

Right hand semicircle
(RHSC)

“<<—Routte of storm

N\

Left hand semicircle
(LHSC)

In the northern hemisphere (NH), conditions on the right-hand side of storms are

more severe than those on their left-hand sides. For that reason, in NH, RHSC is
“called the "dangerous semicircle” and LHSC is called the "navigable semicircle”.
“There are several reasons to make these conditions of dangerous and navigable

situations.

In NH, normally a TRS forms at latitudes between 52 and 202 N and recurves at about

latitudes 302 N. On the other hand, both westerly's and north-east trade winds blow

from 302 N at NH. So if we look to below diagram, then we can see both winds are

about in line with the wind

Direction of right hand semicircles and against the wind direction of left hand

N semicircles.

1_ OoOJ\m&r\‘l’Alg
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. Westerlies winds

Dangerous
semicircle (RHSC)
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!
EQUATDIlf

SOUTHERI HEMISPHERE

The TRS spins and travels at the same time, which also creates stronger wind
conditions on RHSC for NH. In the SH, the situation is reversed. So again, as per
navigator’s judgment, semicircles are two types, which are, : '

1. Navigable semicircle— It is the side of a tropical cyclone, which lies to the left of
the direction of movement of the storm in the Northern Hemisphere (to the right in
the %Hemisphere), where the winds are weaker and better for the
navigation purpose, although all parts of TRS are more or less dangerous to mariners.

2. Dangerous semicircle— It is the side of a tropical cyclone, which lies to the il_gm of
the direction of movement of the storm in the Northern Hemisphere (to the left_in
the Southern Hemisphere), where the storm has the strongest winds and heaviest

———— —e
eas. '

Below is one more term, which is also used for safe navigation purpose at TRS.

Dangerous quadgant: It is the forward quadrant of RHSC in NH and LHSC IN SH. In

this quadrant, the wind’s rotation pulls us toward the center, with maximum
apparent wind spe

LW‘IQH"J
T '

LW CD&nACv’aWE)
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How to Read Weather Maps’

Weather maps as they appear on TV, in a newspaper or here are called 'surface charts' or, more correctly, 'Mean Sea
Level' (MSL) charts. They show what is happening at a set time where most of us need it - at the Earth's surface. They do
NOT show what is happening at higher levels, where the wind flow may be doing something entirely different.

The Isobars

Those plain lines that curve across the map are called isobars (iso = equal, bar = pressure). They join together places with
the same mean sea level air pressure (weight per square area of air above). Some have numbers on them showing this
value in hectoPascals.

Isobars and the wind

Isobars can tell us about the wind. Christopher Buys-Ballot (1818-90), who was a Dutch meteorologist, made the vital link
between isobars and wind in 1857. In the Southern Hemisphere, his rule is as easy to remember as three L's: If you LOOK.
into the wind, the LOW pressure is on your LEFT

So from the isobars you can estimate the winds, but it is not quite as easy as Buys-Ballot's law. Here are five wind tips:

1. Winds blow almost directly (but not quite) along the isobars. This is just another way of giving Buys-Ballot's law.
In the Southern Hemisphere the flow is CLOCKWISE around LOWS and COUNTER-CLOCKWISE around HIGHS. In
the Northern Hemisphere the flow is the other way around. In the picture to the right, the wind direction is given

by the red arrows.
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2. The closer the isobars, the stronger the winds.

This varies with latitude ... on a weather map with isobars 4 hectoPascals apart, a spacing of about two degrees latitude
(with straight isobars) means fresh winds about Auckland but a gale over Fiji.

3. Surface wind 'leaks' across the isobars towards low pressure, by about 15 to 20 degrees over the open sea, but by as
much as 30 to 90 degrees over and around land. This time, the red arrows show the wind directions as they are more
likely to be - gently flowing across the isobars towards lower pressure

4. Because of the 'spin-out’ effect when turning corners, the wind speed can be:
-Up to 20% higher than the isobar spacing would suggest as the air turns around (and out of) a High
-As much as 20-40% lighter than the isobar spacing would suggest as the air turns around (and into) a Low.

-The blue arrows show the wind as it is likely to be; the red arrows show how the wind would be if it flowed parallel to
the isobars. The longer the arrow, the stronger the wind.

-Where the flow curves strongly around the High, the blue arrow is longe the brown arrow, meaning the wind is
2 Riabedieaired S
stronger than the isobar spacing suggests.

-Where the flow curves strongly around the Low, the brown arrow is longer than the blue arrow, meaning the wind is
weaker than the isobar spacing suggest
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ol U 2Tl o (PAS

6).\/6 L_;./_L' g—ﬂs tﬁg“d-’"
AT ALFEES

Scanned with CamScanner

' 2T @ OO OO0 QDD OO ANAATDAIDANNDNDODDODS 92



s

‘

VN

)

e Y e kil

4

\

2

W
QVOOVOOOVVVUUVIULUYULYYY

)

\

—_—

)

YV

\
L

RS DS

\

1

\

VOOLVVVULLL

\

‘l' - 'l'
S T Y Sy w———

;bébébbbbbb

. ® »

B TR s T e i

3. Isobars are only smoothed-out approximations and only tell about the general wind flow, not the details. Wind flow

- over land is not simple ... it is like water flowing over a rocky brook, eddying around corners and rushing between
boulders. Actual wind accelerates down valleys, bends around headlands, bumps about abutments, is contorted by the
coastline, dips and dives over hills and dales, eddies behind mountains, and gallops through gaps. There is a natural
reluctance for surface wind to move over land in the cool of the night or near dawn, and it may be drawn onshore during
a hot day (sea breeze), or offshore at night (land breeze). Mountain air cooled at night sinks down valleys and flows out
to sea (katabatic wind). These effects do not show up in the isobars on the weather map but can halve or double the
local wind speed, and distort its direction (always towards low pressure).

One terrain effect does show up on the weather map: chains of mountains distort isobars crossing them. In the example
to the upper right, the Southern Alps buckle the isobars coming in from the Tasman Sea, with a build-up of pressure on
the windward side and a counter-balancing drop of pressure down-wind from the mountains. Because of this distortion,
avoid trying to use isobars over mountains to work out wind direction. Also, in general, avoid using isobars to work out
wind flow over high ground. Also shown in the example to the upper right, in red, are observations of the surface wind at
Met Service stations for the same time as the isobars. The "long" part of the wind arrow shows the direction. As can be
seen, some winds line up nicely with the isobars and others are almost at right angles to them.
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The Highs

When isobars enclose an area of high pressure this is called a_ﬂi@_cﬁ_rlti_q_fglg__ngand its center is labeled on a weather
map by an'H'. The term 'anticyclone' is a bit of meteorological jargon.
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980-1000 hPa, and o(:a deep or Intense Low below 980hPa. If there are two or more centers the Low is said to be
complex. If the central pressure Is rising the Low Is sald to be filling or weakening. If the central pressure Is falling the Low
is said to be Intensifying or deepening. The satellite picture to the upper right (from the satellite GMS-5, courtesy of the
Japan Meteorological Agency) shows cloud patterns fairly typical of those assoclated with Highs and Lows

Alr Masses

An air flow originating from a prescribed location (warm, cold, molst or dry) is called an air-mass. Air-masses are named
according to w\h_gz they have come from and each has its own characteristic temperature and humidity.
( = =

e

e

© A tropical air-mass conslsts of air flowing from the troplcs (WARM)
o Apolar air-mass consists of air flowing from polar reglogs_(COLbL

o A_nlgljtlmg.alr-mass is one flowing over a large sea area (MOIST)

e

o A continental air-mass s one flowing over a large land area (DRY)
The air-masses reaching New Zealand are generally either maritime polar or maritime tropical.
Fronts, Troughs and Convergence Zones

A front marks the boundary between two air-masses, and appears on the weather map as a line with triangles or
semicircles attached.

e @ ront is the leading edge of an invading colder air-mass and is marked by a line with
triangles pointing to where it is moving. Cold fronts push in underneath the warmer air ahead of them, forcing the warm
air upwards and making cloud and areas of rain. The cloud band Is usually about 50 to 400 kilometers (30 to 200 nautical
miles) wide. As a cold front passes by: any rain clears but showers may appear, humidity drops, air temperature usually
drops, pressure rises and the wind changes direction.

¥y W We
‘An occluded front or occlusion occurs when a cold front overtakes a warm front, so that all that
e 8y N DT e s AT O,
remains of the original warm air is trapped above, where it cools making dense cloud and rain. It is marked by a line with
triangles and semicircles on the same side, pointing to where the front is moving. As an occluded front passes by: any

rain becomes patchy, wind eases, the rate of pressure fall may level out but air temperature does not change much.

W W A stationary front Is one which has lost its impetus for movement, so that neither air-mass is

making much progress. It Is marked by a'line with alternate triangles and semicircles on opposite sides ... the triangles -
protruding into the warmer air-mass and the semicircles protruding Into the cooler air-mass. It takes a while for a
stationary front to pass by: any rain clears only slowly and temperature and pressure do not change much.

When isobars make a sharp bend around a Low, this bend area Is called a trough of low
pressure or simply a trough. Troughs are also often shaped like tongues and usually contain weather similar to lows and

fronts.

- S \_ Horizontal convergence is the coming together of two flows of air. When these two flows of air
are from different air masses and significant cloud and weather result, the resulting line of convergence is commonly
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" Warm, occluded and stationary fronts weather map showing:
-Highs and Lows

-Troughs of low pressure and ridges of high pressure
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Five Different Types of Weather Maps

Weather maps show different weather indicators to tell about prevailing weather conditions
in an area. Weather maps come in different types, telling a different weather story with each
one. Some may show the atmospheric pressure, or temperature. Some also show multiple
types of data in order to give a well-rounded indication of the weather conditions in a

particular area.

Pressure Maps

Pressure maps are measured in millibars, and tell the reader. wher re is high atmospheric

pressure, as compared to average sea-level pressure, and where there is low atmospheric
pressure. In general, high pressure areas mean that the air is very stable, and usually denotes
_good weather conditions. Low pressure on the other hand, means that the air is less stable,
clouds can form and | rain or_storms could ensue. According to Weather Questions (see

Reference 3)Malr pressure systems are caused by the heating and cooling of air

masses; they vary daily.

Station Model Maps

Station-model maps show the weather conditions at a particular weather station. T/he_u‘egort

on all kinds of weather conditions, such as. temperature,}lumldlty, air pressure, cloud cover or
’wmd _speed.-Station-model maps are written in meteorological syml?cﬁ?hat denote the

different weather elements, and larger area maps are made by combining the station-model

maps frommultiple stations. _
Aviation Maps

Aviation maps are live weather maps specifically containing information necessary for the safe
_flight or aircraft. Information such as mp@ and’dﬁe_ctﬁn @w / point readings, flight
,adwsory lnfﬁ?ni_tib‘nptemporary flight restrlctlons cool and warm weather fronts and icing’ sy
areas areall displayed on aviation maps. This information is updated in real time so that | pilots
have an exact map of weather conditions and fllght conditions and can safely navigate the

skies.

Temperature Maps

Temperature maps show the current temperature in either a color scale or by temperatures in

- _numbers on the map surface. Temperature.maps are one of-the most common types of

mmaps and often combine with cloud cover and precipitation to give a basic weather
indication for newspapers and news programs.

Streamline Maps

Streamline maps show the wind patterns in particular areas. Streamline maps use isobaric
pressure readings as part of the process but combine and convert the data into much more

useful images of actual wind patterns rather than just a pressure reading at different points.
According to the Australian Bureau of Meteorology (see Reference 5)a streamline chart is -
particularly useful in tropical locations, given that the pressure gradients |w_mggi§re

weak and don’t glve good indications of wind condition.
P,
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CONVERGENCE AND DIVERGENCE

Convergence is the accumulation of air in a region or layer of the atmosphere, while levels. -
Coincidently, this is also the layer of maximum winds in the atmosphere; cores of jet streams are
usually found here. These high-speed winds are directly related to convergence and divergence. The
combined effect of wind direction and speed (velocity) is what produces convergent and divergent air
flow.

IMPORTANCE OF CONVERGENCE AND DIVERGENCE

The importance of convergence and di-vergence is related to pressure changes at the surface and
eight changes of the constant-pressure levels. As the air accumulates i e 300-200-mb stratum
over a region, greater pressure is exerted throughout the atmosphere. It’s like inflating a tire.

As the air flows into the stratum, the pressure increases. Barometric pressure at the surface rises, as
do the heights of the constant-pressure levels. Put another way, we say that upper-level con-
vergence causes pressure and height rises. The exact opposite effect takes place when air is depleted
from the 300-200-mb stratum. This is where we deflate the tire. As the air flows out of this stratum,
pressure is lost. Barometric pressure at the surface falls, as do the heights of the constant-pressure
levels. We say that upper-level divergence causes pressure and height falls.

Convergence and divergence aren’t the only processes at work in the atmosphere that can

cause pressure and height changes, but you’re going to hear these terms with increasing regularity as
you progress up the AG rate ladder. They are primarily used by forecasters to explain why systems
are expected to fill or deepen during the forecast period. Since the upper winds are the producer of
convergence and divergence, you should be able to recognize the flow patterns associated with their
production. The flow patterns range from simple to complex.

CONVERGENCE AND DIVERGENCE (SIMPLE MOTIONS)

In order for convergence to take place, the winds must be such as to result in a net inflow of airinto a
layer or region. At the surface, low-pressure systems are associated with con-vergent flow. The winds
cross isobars toward thecenter of the low and push the air in the center upward into the atmosphere.
The currents are illustrated in figure 1. The upward vertical motion is a prime contributor to the
occurrence of precipitation. In meteorology, convergence is classified as horizontal or vertical,
because there are horizontal and vertical currents occurring in the atmosphere.

In order for divergence to take place, the winds must besuch as to result in a net outflow of air from -
a layer or region. High-pressure systems are associated with divergent flow. The winds cross isobars,
flowing out from the high’scenter and depleting the air within the high. The air a_bove the high sinks _
to replace the outflow of air at the surface. This downward vertical motion (subsidence) is associated
with dry air. Divergence can also be classified as horizontal or vertical, depending on the wind’s axis.

See figure 1.

The simplest form of convergence and di-vergence is the type that results from wind direction alone.
Two flows of air brought together, no matter what the angle, result in convergence. Where the air
flow splits and winds go in different directions, divergence is occurring. Figure 2 illustrates these

} types of convergent and divergent air flow. '
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Wind speed in relation to wind direction is also a contributor to convergence and divergence. If the
5 wind speed decreases downstream, there’s a net inflow of air into the region, and convergence takes .

place. If wind speeds increase downstream, there’s a net outflow of air from the region,
and divergence occurs. In an area of uniform wind speeds, if the winds fan out (split),

f-‘-\_/\

B.

The fact that contours converge or diverge doesn’t necessarily indicate convergence or divergence,
because wind speeds must also be considered. If wind speeds increase downstream and the contours
spread apart, supergradientwinds are said to be occurring. This com-bination of wind direction and

speed produces divergence. On the other hand, if wind speeds decrease downstream and the
contours converge,
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Figure 1.—Convergence and divergence. (A) Vertical perspective; (B) .
Horizontal perspective (Northern Hemisphere).
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divergence occurs. If these same wmds are brought together, convergence occurs. See figure 2, view
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DIVERGENCE WITH SUPERGRADIENT WIND

e

CONVERGENCE WITH SUBGRADIENT WIND
Figure 3.—Convergence and divergence in supergradient and subgradient air flow.
subgradient winds are occurring. This combina-tion produces convergence. See figure 3.

There are other cases where itis difficult to tell whether divergence or convergence is taking place:
When wind speed decreases downstream and the contours spread apart, both convergence and
divergence are indicated. The wind speed suggests convergence, but the spreading contours suggest
divergence. A similar situation arises when wind speeds decrease downstream and the contours
converge. Here, we're looking at speed divergence and directional convergence. These are complex
motions, however, and a special evaluation is required to determine the net inflow or outflow.
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/PART A~ ANTICYEIONES AND DEPRESSIONS o2k

_ stable cendition I
High Pressure Systems —>» T<ocbay/ are Ear (,«om EAG/"\ o»“\e,/

A high pressure system, also known as an anticyclone occurs when the weather is dominated by
stable conditions. Under an anticyclone air is descending, forming an area of higher pressure at
the surface. Because of these stable conditions, cloud formation is inhibited, so the weather is

usually settled with only small amounts of cloud cover. In the Northern Hemisphere winds blow
in a clockwise direction around an anticyclone. As isobars are normally widely spaced around an

anticyclone, winds are often quite light. )
Anticyclones can be identified on weather charts as an often large area of widely spaced isobars, -

where pressure is higher than surrounding areas. Fo— w
condensaltion 4/){) Lo CB"LJJL:))«’»

Winter Anticyclones
In winter the clear, settled conditions and light winds associated with anticyclones can lead to

frost and fog. The clear skies allow heat to be lost from the surface of the earth by radiation,
d frosts. Light winds

allowing temperatures to fall steadily overnight, leading to air or gro
along with falling temperatures can encourage fog to form; this can khger well into the following
morning and be slow to clear. If high pressure becomes established over Northern Europe

during winter this can bring a spell of cold easterly winds to the UK.

Summer Anticyclones
In summer the clear settled conditions associated with anticyclones can bring long sunny days

and warm temperatures. The weather is normally dry, although occasionally, very hot
temperatures can trigger thunderstorms. An anticyclone situated over the UK or near continent

usually brings warm, fine weather.

Low Pressure Systems
A low pressure system, also known as a depression occurs when the weather is dominated by

unstable conditions. Under a depression air is rising, forming an area of low pressure at the

3 .-_-_- -
- This rising air cools and condenses and helps encourage cloud formation, so the
misphere winds blow in anticlockwise

weather is often cloudy and wet. In the Northern 7
direction around a depression. Isobars are normally closely spaced around a depressions leading

—to strong winds.
Depressions can be identified on weather charts as an area of closely spaced isobars, often in a

roughly circular shape, where pressure is lower than surrounding areas. They are often

accompanied by fronts.

PART B — LIFE CYCLE OF A DEPRESSION

Origin and Infancy

Initially a warm air mass such as one from the tropics, meets a cooler air mass, such as one from
the polar regions. Depressions which affect the UK normally originate over the Atlantic Ocean.
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Maturity

The warm air rises up over the colder air which is sinking. A warm sectol
warm and cold fronts. The mature stage of a depression often occurs ov

Occlusion

The cold front travels at around 40 to 50 miles per hour, compared to t|
travels at only 20 to 30 miles per hour. Therefore the cold front eventu:
warm front. When this occurs an occlusion is formed.

Scanned with CamScanner



®
— o 2]
VRVERVEY

!
k.

T 1 1 1

d

1 | | L | ? «8 7§ r 3

l‘ip

L
)

1 K KT N W ¥

VUUUUULUT

VOOVOOVUVVUUUUC

Y

Death

Eventually the frontal system dies as all the warm air has been pushed up from the surface and
all that remains is cold air. The occlusion dies out as temperatures are similar on both sides. This
stage normally occurs over Europe or Scandinavia.

PART C - DEPRESSION CROSS SECTION AND WEATHER SEQUENCE
Cross-section through a Classic Depression

Most depressions have a warm and cold front, more mature depressions may also have an
occluded front. The diagram below shows a cross-section through a depression, showing the
warm and cold fronts and an indication of the associated weather.
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