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GOVERNMENT OF INDIA

FIRST MATE OF A FOREIGN GOING SHIP (PHASE - I)
FUNCTION: NAVIGATION (Management Level)

PAPER: METEOROLOGY

TIME: 2 HOURS PASS MARKS: 50 MAX.MARKS: 100

NOTES:

1. Question No.1 is compulsory.

2. Attempt any FOUR questions from the remaining 5 Questions.
3. All questions carry equal marks i.e. 20 marks each.

4. Use Admiralty Tide Tables 1992 Edition (ATT 1992).

Q.1.

1.

10.

11.
12.

13.

14.
15.

16.

Tide calculations for Standard Port and Secondary Port (including shorter method of harmonic method)

Calculate by SHM Shorter method the HOT at Port Adeliade (Outer Harbour) on 20th"February 1992 at 0930
Hours LT. (Ans: 1.096 mtr)

Calculate by SHM Shorter method the HOT at MASQAT on 10th®Aprili1992.at 0600 Hours LT. (Ans: 1.28 mtr)

Calculate the HOT at Sultanpur (No. 4344, ATT-2) at 0900 Hours Local Time on 19th April 1992 by SHM
Method.

Find the HOT at Cape Town Harbour on 6th March 1992 at 0830 Hrs by SHM method.
Find the HOT at DERBY (ATT No 6278, ATT-lIl)/on4th Feb:1992 at 1330 Hrs by SHM method.

Using the Harmonic Constant method findsthe Height ofiTide at 0430 Hours on 2nd Jan 1992 at VLISSINGEN
(FLUSHING).

Find the Height of Tide at 1330 hours on 14/02/4992 at 1330 Hours at Sunday Island.
Find the Height of Tide at Bhavnagar (#4346) on 9th Feb 1992 at 1200 hrs by SHM Method.
Find the HOT at Cape Town (ATT Vol 2= #3782) on 12th Jan 1992 at 0600 Hrs

Find the HOT at Cape Town (ATT Vol 2- #3782) on 19th March 1992 at 1430 Hrs using SHM Method of Tidal
prediction.

By using SHM Method, find the HOT at Woods Hole (#2790) on 10th March 1992, at 1730 Hours LT
Calculate by.SHM method, the HOT at Good’s Island (ATT-3) on 20th January 1992 at 1300 Hrs LT.

Calculate the HOT by Harmonic Constant method for the port of Mumbai, Apollo Bandar at 0630 hours GMT
on 15th January 1992 (Use Shorter Method)

Find the HOT by SHM method at 0518 hrs LT on 23rd April 1992 at HONGKONG, Port No, 7110 (ATT Vol-llI)

Using Simplified Harmonic Constant Method, find HOT at Hoek Van Holland (No. 1505, ATT Vol-1) at 0800
hours on 13th March 1992.

Find the HOT for Coconut Island (#5807) at 2030 hours on 26" February, using shorter method of SHM Tide
calculation.



Q.2. Tropical Revolving Storm (TRS)

1) State the conditions favourable for the formation of a Tropical Revolving Storm. (19 times)
(OR),
State the factor affecting movement of TRS? (4 times)

2) What are the warning signs of an approaching Tropical Revolving Storm and the weather associated with it. (12 times)
(OR),
What type of weather is associated with ‘EYE’ and ‘EYE WALL’ of a TRS

3) With respect to a TRS explain: i) Tropical depression ii) Track iii) Path iv) Trough v) Vertex vi) Dangerous:Semi Circle
vii) Navigable semi-circle viii) Dangerous Quadrant +1 ix) Navigable quadrant x) Vertical wind shear xi).Characteristic
and Alternate path

4) What is TRS? With suitable sketch describe its structure, formation, development and decay. (3itimes)
(OR),
With suitable diagram, Explain the structure of TRS? (4 times)
(OR),
Draw a cross section of TRS showing areas of cloud and precipitations (2 times)
(OR),
Explain well developed TRS structure with diagrams.

5) Explain with a suitable sketch the movement of a tropical revelving storm inithe Northern and Southern
Hemisphere. (4 times)
(OR),
Explain with the help of suitable sketches the most probable path ofa,cyclonejin the North and South Hemisphere (2 times)
(OR),
Describe with a neat sketch, typical path of a TRS in Southern hemisphere. Why does TRS not always follow such a
track? (4 times)

6) Draw the isobaric pattern of a well-developed TRS. (2 times)

7) Give the names of the TRS in different parts of thexworld. (3 times)
(OR),
List the areas where tropical storms frequently’'occur and their approximate yearly frequency together with local
names. Mention against each areasithe period of the year when TRS generally develop. Which are the regions in the
world free of tropical storms and why?

8) Avoiding actions in NH:
a) With the diagram, explain avoiding action for TRS in Northern Hemisphere (7 times)
(OR),
Explain the actions towbe taken by own vessel in the dangerous quadrant of a TRS in Northern Hemisphere (4 times)
(OR),
Describe the avoiding action in northern hemisphere for a ship in (i)in dangerous semicircle +1 (ii)Navigable semicircle
(OR),
Avoiding action to be taken if you are in the right hand semi-circle of a TRS in Northern Hemisphere.

b) Explain your actions in avoiding a TRS in Northern Hemisphere when it is near the point of re-curvature with the
help of safety sector method.
(OR),
Your ship is bound from Norway to Miami (Florida) in the month of October. You are receiving storm warning giving
you the position of eye of TRS every 6 hourly. How would you avoid the influence of TRS by the use of “Safety Sector Method”?
(OR),

If you were receiving weather reports giving position of centre of TRS with its movement, how will you keep your vessel safe?
If know the position of storm’s centre, Use Safety Sector Method



9) Avoiding actions in SH:
State your actions to avoid getting closer to the eye of TRS if you were in Southern Hemisphere. (5 times)
(OR),
Describe the practical rules for avoiding eye of a TRS in the southern hemisphere. Support your answer with neat
sketches. (4 times)
(OR),
Explain the evasive actions to be taken by own vessel in the path of a TRS in Southern Hemisphere.
(OR),
What action to be taken if vessel in southern hemisphere is in the path of the storm and preséntly. experiencing
winds BF scale 5. Assume navigable waters all around.
(OR),
What action to be taken if vessel is inside navigable quadrant in the southern hemisphere

Other Avoiding actions:
b) Action to be taken when the approach of TRS is confirmed. (2 times)
Write joint answer from 8 & 9

b) If the position of your ship is in the dangerous semicircle of a TRS what action youwould take to keep your vessel
safe. (2 times)
Write joint answer from 8 & 9

b) With respect to Tropical Resolving Storm (TRS) explain the following: Yourare bound from Amsterdam to the West
Indies and you receive weather bulletin and visual warning of hurricane moving N.E., and that its centre will pass over
or near your position. State what action you would take,giving,yourredsons.

Write answer from 8: Avoiding action in NH

b) While heading N.E. in the North Atlantic (Latitude 102N) at| 10 knots, you receive information that a tropical storms
in the vicinity is travelling at 15 knots, wind variable.moderate SW’ly swell. What action would you take? (2 times)
Write answer from 8: Avoiding action in NH

10)a) What are the causes for curvingiand,re-curving of TRS? (2 times)
b) Why does a TRS re-curve and what'is the importance of cyclostrophic wind in TRS?
c) Why does the speed of TRS increase after re-curving? (2 times)

11) State the regulation givenyin SOLAS regarding reporting a TRS & list the information which must be included in
such a report. (4 times)
(OR),
Describe the messages required to be sent as per SOLAS. (2 times)

12) Describe the following in respect to Tropical Revolving Storm (TRS):
a) Why ITCZcannot be termed as an Equatorial Front or Inter-tropical front. (3 times)
b) What'is,the reason for fewer occurrences of T.R.S. formation in South Atlantic and eastern part of South Pacific?

c) Why do TRS usually form on the Western extremities of the ocean?



Q.3) Climatology/ Frontal / Non Frontal depressions

1) Write short notes on following: a) Depletion of ozone layer and its impact on environment b) Frontolysis and its
significance to the mariner. (9 times)

2) What are the causes and effects of Global Warming? How it is affecting the change in the weather? (7 times)
(OR),
Describe the effect of accumulation of greenhouse gas in the atmosphere

3) Describe the characteristics and weather associated with various types of clouds? (3 times)
(OR),
Describe the characteristic and weather associated with the following types of clouds: i) Altocumulus:ii)
Nimbostratus iii) Cumulonimbus (5 times)

4) Describe the weather associated with the passage of warm front and Occluded front. (4 times)
(AND),
Describe the sequence of clouds and weather at cold & Warm front (3 times)
(OR),
Explain the sequence of weather when a cold front passes over an observer in the NortherniHemisphere.

5) Explain the term “air mass” and “front”. With suitable sketches, explain thelife cycle of a frontal depression. (3 times)
6) Explain why ITCZ cannot be termed as an Equatorial front or @an Inter-tropical front.

7) Make plan and cross sectional sketches of a typical frontaldepression‘in.the Southern hemisphere, showing the
probable path, fronts, isobars with pressures, wind dire¢tions& forcesand clouds.

8) Describe in detail the probable sequence of weatherthat would be.experienced during the passage of the warm
(or), cold front by an observer to the north (or), south'of this.depression. (2 times)

9) Explain in detail weather sequence on-board avesselin Southern Hemisphere as it passes north of a SE moving
frontal depression a) On passing the warm front b) Within warm air mass c) On passing the cold front Illustrate your
answer with a neat sketch

10.a) ‘Frontal Depressions are encountered in‘a,row’. Justify your answer with the help of suitable sketches (4 times)
b) How is a frontal depression formed?
c) Sketch and describe isobarsand wind circulation in a frontal depression. (2 times)
d) Describe in stages the farmationof ‘non-frontal’ depression+2

11) Explain the process of frontogenesis.

12) What is an airfmass? How are air masses classified? b) What will be the effect on weather when an air mass
situation over NorthAAmericaimoves towards the Atlantic Ocean in summer and winter. (3 times)

13) Describe thecharaecteristics of a region acting as the source region for an Air Mass

14) Define adiabatic changes & environmental lapse rate. Describe how lapse rate and condensation level determine
the formation of different types of clouds. (2 times)

15) What is adiabatic and isothermal changes and it’s significance to weather?

16) Describe the effects of temperature changes over land and sea? (3 times)

17) Explain the importance of humidity, temperature and wind shear on atmosphere equilibrium
18) Explain Buy’s Ballots Law, Veering and Backing.

19) Describe the characteristics and location of Trade Winds.

20) With suitable diagram, Describe the local winds for the Mediterranean Sea



21) Why is it that in some ocean there are Trade winds and in others in the same Latitudes there are monsoons (2 times)

23) Write short notes on: (a) Geostrophic Winds (8 times) (b) Cyclostrophic wind (c) Absolute Instability of Air (3 times)
(d) Refraction of Sea Waves. (e) Warm & Cold Front (3 times) (f) Occluded Front

24) Write short notes on: i) Air mass types ii) Types of clouds associated with warm front of a TLD iii) Global warming.

25) Write short notes (Any Five) (i) Col. (ii) Semi-diurnal Variation of Atmospheric Pressure (iii) Advection Fog (iv)
Thunderstorm (v) Fohn Wind Effect (vi) Families of Depression (2 times)

26) Write notes on following: a) Coriolis Force (5 times) b) ITCZ c) Pressure Gradient (4 times)
27) Write short notes on: i) Wave nomogram ii) Wave refraction iii) Occlusion

28) Write short notes on: i) Synoptic charts ii) Prognostic charts

FOG

29) Define surface analysis and prognosis charts. Explain how you would use these charts for: i) Detefrmination of
surface winds ii) Forecasting the movements of fronts iii) Forecasting of sea fog. (8 times)

30) What are the causes of sea fog? State the localities in which it is most frequenti(2 times)

31) List the area and seasons in which sea fog is to be expected. Explain.how theloccurrence of sea for can be
predicted on board ship (3 times)

32) Write notes on: a) List different types of FOG. b) Explain why thereds persistent.fog'off the Grand banks of Newfoundland.
33) Explain how advection fog and radiation fog are formedsWhich one does not form over the sea and why?

Q.4) Ice/ Atmosphere

1) Explain the purpose, duties and responsibilities.of International Ice Patrol? (7 times)
(OR),
Describe the function of International Icé Patrol. (7 times)

2.3) Explain the formation of sea ice (5itimes)
(OR),
Explain with block diagram.the various stages in the development of sea ice. (2 times)
(OR),
Explain with help of agsuitable diagram the sequential formation of sea ice. (2 times)

b) Describe the factors on which the movement of sea ice is dependent upon. (2 times)
c) State the limitations ofiradar as a means of detecting ice. (2 times)
d) Explain‘the precautions to be taken when navigating in or near an area affected by sea ice. (3 times)

e) Describe the signs which may indicate proximity of ice on clear days and nights
(OR),
Explain,signs of approaching Ice bergs and actions will you take on seeing these signs.

3) What do you understand by Fast Ice & Pack Ice? Explain with help of a sketch the different manners in which river
water (fresh water) and sea water (salt water) freeze as air temperature falls. (6 times)

4.3) What is an iceberg and how it forms?
b) Write down different types of icebergs found at sea

c) Explain the formation of icebergs from floating glaciers, ice shelf and characteristics of each.
(OR),
Define an iceberg. Describe the icebergs of Arctic and Antartic



5) Describe the Ice bergs of Arctic region and usual path they take. Describe the life span of Arctic region Icebergs (5 times)

6) Discuss with the aid of suitable sketches the normal season and probable movement of North Atlantic Icebergs from
birth/origin to decay. (8 times)
(OR),
How do icebergs of the northern hemisphere form and decay? (2 times)

7) How is sea ice different from icebergs?

8.a) Describe the factors which may give rise to ice accretion and methods of reducing ice accretion. (8 times)
(OR),
Describe the accretion of Ice and what precaution are required to be taken to avoid ice accretion.on-board?
(OR),
What is ice accretion? What are the conditions when this can occur on board? (2 times)
(OR),
Explain the three mechanisms of ice accretion on board a ship.

b) What are the duties of Master when such conditions are encountered at sea? (2 times)
9.a) What do you understand by “Ice Accumulation”? (2 times)

b) What precautions would you take to minimize ice accumulation on board? (3 times)
10) Hazards associated with ice accretion and ice accumulation{(2 times)
11) Explain the phenomenon of freezing spray and actions tolbetaken to minimize its effects

Ques) Briefly explain the formation of sea ice, icebergs,in higher latitudesin Northern Waters? (3 times)
Write joint answers from Ques 2.a & 4.a

12) Information given in ice charts

13) What all details are promulgated in the ice report?
(OR),
What report you will file on encountering ice at'Sea.

14) Write down the obligation of Ship's Master far reporting dangerous ice

ATMOSPHERE
1) Describe in detail (with.the help of aneat sketch) the conditions and values of lapse rates, which lead to stability / \
instability at atmosphere. (5 times)
(OR),
What is an adiabetic process? Discuss Stability of atmosphere in detail giving suitable sketch

2) Write short notes on Diurnal variation of temperature and atmospheric pressure? (4 times)

3) What'is atmosphere? Write its constituents and structure. Atmosphere remains in contact with the earth’s surface —
explain how.

4.a) Give a graphical representation of how atmospheric temperature varies with height in different layers of atmosphere.
b) With the help of a sketch, explain “General distribution of surface temperature and atmospheric pressure” on
Earth’s surface. (2 times)

5) Write short notes on (with neat diagrams)
a) Isobars b) Isallobars c) Atmospheric pressure RIDGE +1 (d) Anticyclone +1 (e) Ridge and trough isobaric pattern

6) Write notes on: i) Geostrophic wind ii) Gradient wind +1 iii) Katabatic wind iv) Sea breeze

7) Write short notes on the following: i) Eckman spiral ii) Vector mean current iii) Corona (2 times)
ANSWERS FOR ATMOSPHERE ARE COMBINED WITH Q.3(CLIMATOLOGY) ANSWERS




Q.5) Ocean Currents/ Waves

Ocean Currents

1) Explain main causes of ocean currents. Give example of two warm ocean currents and two cold currents and causes
of these currents. (2 times)
(OR),
What are the primary factors influencing the motion of surface currents. What is the indirect effect of wind on the
surface currents & how do they affect the strength of currents as well as local climate? (2 times)
(OR),
a) Explain reasons of current. (6 times) b) Identify any two major ocean currents and write short notes onithem.

2)a) Describe the effect of wind blowing over a long coastline and how this influences the currents.in the South Pacific
Ocean. (2 times)

b) Describe the effect that the rotation of earth has on ocean currents. Why is the direction of the surface current in
any particular area parallel to the isobars there?

3) What are the differences between a drifts and stream current? Mention a good example of each. Name the
prominent currents of South Pacific Ocean? (3 times)

4) Explain briefly: (i) Drift Current (ii) Upwelling Current (iii) Gradient Current (6.times)

(OR),

Explain the cause of Gradient Current. (2 times)
(OR),

Briefly explain Gradient Current and Up-welling current. Give suitable.examples (4 times)
(OR),

Explain with a suitable example upwelling current and its effect on‘weather. (3 times)

5)a) Why the surface currents attain higher rates in Western side of oceans as compared to Eastern side of Ocean (2 times)
b) Eastern shore of large Ocean are prone to which currents? Give some examples.

6) Describe how the weather is affected by.various currents?

7) Describe the surface current circulation in thelNorth & South Atlantic Ocean along with the causes of formation of
these currents. (4 times)
(OR),
Describe with suitable sketch the Ocean. currents of North Atlantic Ocean. Identify the warm and cold currents. (3 times)

8)a) Explain with reason the flow of'surface and under current in strait of Gibraltar. (5 times) : North Atlantic Ocean
b) Explain with sketches, the formation of Benguela Current on the West coast of Africa. (3 times) : South Atlantic Ocean
9.a) Describ@with suitable sketch the Ocean currents of North and South Pacific Ocean. Also identify the warm and cold currents.

b) Describe the cause of formation of Kuroshio Current in North Pacific Ocean. (2 times)
10.a) Sketch and’describe the currents of the South Indian Ocean. Also identify the warm and cold currents.
b) Describe the current circulation in Bay of Bengal during SW Monsoon and NE Monsoon. (3 times)

c) Give a brief description of the currents in the Arabian Sea for January and July. Explain the reasons for the
difference during these months? (2 times)

11)a) What are the wind and current a ship will face in its journey from Liverpool to Cape Town? (2 times)
b) Describe the current prevailing in Mediterranean Sea and Black Sea. Give necessary sketches (2 times)

Ques) Discuss about the various names of ocean currents in different ocean areas? (2 times)
Write joint answer from Ques 7,9 & 10



12) Describe the forms of display which are commonly used to depict ocean current (2 times)
(OR),
Describe the various forms of depicting ocean currents on charts.

13) How does the ocean current charts help the mariners?

Waves
1) Explain: (i) Trough (ii) Crest (iii) Wave Length (iv) Wave Height (3 times)

2) Define speed, period, length and significant wave height. What is their relationship? What are the factors governing
wave height and direction.

3) Explain methods of estimating wave heights and wave periods. (3 times)
4) Explain the shallow water effects on a wave when it is approaching a coast line.
5) Write short notes on: i) Storm surge ii) tsunami iii) freak waves iv) Refraction of Sea Waves

6) State the causes of Southwest Monsoon in the Arabian Sea. What effect dogs it have on the general surface current
circulation in the Arabian Sea? (2 times)

Q.6) Weather Forecasting/ Weather Routeing

1) Describe various types of Weather Facsimile Charts¢/ Weatherrelated information available to the mariner. How
are these charts used for Weather Routeing purposes? What'do you understand by Vessel's performance curves and
their use? (8 times)
(OR),
What is the different weather information available from the charts received by a facsimile receiver? (2 times)
(OR),
Describe Ship’s Performance Curves and theiruse in ship’s weather routeing. (2 times)

2) What is Ship Weather Routeing? Wiriteits.objectives. Also write the process of carrying out Weather Routeing. (5 times)
(OR),
Explain the method of\Shipboard weather routing with suitable diagrams. (5 times)
(OR),
What are the gbjectivesiof Ship Weather Routeing? Describe the method of the shipboard weather routeing taking
an appropriate ‘example. (2 times)
(OR),
a) Describe theimethod of weather routeing using forecast data. b) Describe the information which can be used
from touteing,charts, sailing directions and Mariner’s Handbook for weather routeing. (Write answer from Q.5)

3) Enumerate the factors to be taken into consideration for ship’s weather routeing? (3 times)
(OR),
Your ship, a bulk carrier, carrying steel cargo is due to sail from Southampton to New York in the month of
December. What all are the factors you will consider regarding weather routeing for your passage across the Atlantic
Ocean? (3 times)

4) a) What are the advantages of ship’s weather routeing?
b) What are the limitations of weather routing? (2 times)

5) Identify the various types of weather routing services available for shipping and describe any one of them. (6 times)



6) Describe optimum routeing. How would you achieve the objective of weather routeing in optimum routeing? (6 times)

7) a) Describe the procedures for climatological routeing. b) Explain the purpose for Maritime Forecast Code and data
given by MARFOR. (3 times)

8) State the differences between weather routeing and climatologically routeing. Explain how you will carry out
weather routeing on board your vessel. (2 times)

Q.6) a) Describe briefly the importance of weather routing discussing the factors that are taken into consideration for
weather routing. (2 times)

Write answer from 5: Factor to be taken into consideration
b) Discuss how weather routing helps in the safe navigation of the vessel.

Write answer from 2: Objective of weather routing

Q.6) Describe optimum routing and explain the methods used on board ship for weather routing. (2 times)
Write answer from 6: Optimum routeing
Write answer from 2: Method for weather routeing

b) Explain the information contained on a Surface Analysis Chart.
Write answer from 1: Surface weather analysis chart

9) List the information given in Shipping Forecast issued for coastal areas. (2 times)
(OR),
Explain the contents of coastal weather bulletin issued by Indian Meteorological Department

10) a) List the information given in Synoptic Weather Chart. What information‘can a mariner obtain from it? How
would you find the pressure gradient from it? (4 times)

b) List out various information given in weather faxscharts and wave charts? (2 times)
¢) Write down the information given in a weather routeing chart
11) Describe various methods/ sources of information inputs for making of analytical weather for synoptic hour.

12) How is weather forecasting carried out? Show by:an example how you would make a short time weather forecast.
Use a simple weather map of a frontal depression locating your vessel in the warm sector in the Northern Hemishere

13) Describe Significant wave height and fetch. (5 times)
(OR),
Describe significant wave height and the factors that influence the height of wave. (4 times)

14) a) Explain: i) Wave!Chart i) MAFOR Chart iii) Significant wave height b) Explain wind rose chart. (5 times)
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(including shorter method of harmonic method)
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&
we tan taKe "
My --29 : —3
Sp- 30 tamn from ATT (XKViD)
Ky - 15 p
Sy - 139 ﬂ
13) 31 Ky 4o be wHter in 300 j;‘ﬂ
FOR 32 . 32ML = 30M2t 30482 -
8 3252: 31MyT 318 -
fop 33 ° 33M, = 3004 1310, +329 &
- K.
DR gint =% R cosv =Y 9
P R = ff q
SinY oY :—g
@ K &'1)7‘ - ‘q
K (oS CL’/ Qe Hadlr / !
O Tar - * gine 3 o |
é/ TONO - v | Y i@ +
4 TanQ ¥ __’
o A
(ﬁ LA (;f) Sine j : ,/\r *; + 4!.
@ ks 7“'&’),,/6 S"’LY ) Cose - /‘Y\ r ?2 g - 180-% ',
> A ‘ T000 + T 6 - q
LF Cos? / ‘ AOH ;4
@ qe 7(!_1,)4/32 Mf \ / (
(22 &) aL + (
y =156 (27% Quad) sin 9 (
= 164 Tan + ‘
(7 Rz ‘Bgints BIRE s +
R = 02378
Cinlé4
FOR 36 —360 if VAU comes move than 360°




25 /03 /2025

Explanation ATT S4LL0ce nwnber wise

P
»
™
™
™
™
» Line 4 At - pn seme A8 | 1ok vawe of A (Toble vil)
" tne 5° AL - on next aay |
: Lne ¢: - 42 > @-(B
» Line F: 360n
3 N 10 bt setected by own (4 0% 2) - Tt is necemwauy to make
Dr My k Sy moYe 4hon 600 L ky &0y move than 300
. Lne & & (AL+A2) +360n = p
) 4 @ T @ - P
> Lne 9 : Phy 2 Bfn
: bne 10 > A1 > Llne®
5 Lne 11 : & 2 3° (1ide tasle pavt [1T)
i Lne 12 © AL+g 2 [O+@D
» Life, 3% : F2-\004ext doy ) o boie o £ v il
» ) 7
L : -
' e M : Fl 01 yome Ay |
, Line 1s : FL-F1 =P
) 7 & -9=7
’ U")@ 16 P/Z‘)— = @/24,
: fne 1F - Time=T (Time at Which we need 40 find HOT)
i Hie 18 @ /oy > Lline(d
) LNe 19 phaxT 2 @B x (@
' Lne 20 © ALtg 2 (1D
) | . T
. Lne 24 . (A1+g) - bThy = 0
L 2> @ -19) - @
Lne 22 - sin 6
Lne 23 : (p§@
Une 24 - Plyg 2 tine (16
Line 25 = PluxT » (/@ X @@ ,
Line 26 : FL 2 Line (19
Une 23 ;. FL+PTfay = Ft !
> (4)/@d)+25 =t |
Lne 28 : H 9 Rm (Tide Tasle part IT) |

J
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25 /03 J282s

LUne 29: HxFt 2 29 x (3

Line 20: (HxFYSNG > (YK ED

Noje. Compute 0nlyfor My & S

Line 31 : (HxFt) (050 3 29X B

NOTe - (ompute for Qur fOW, but 3144 40 bt ytlen in 30 Oy

Line 32: RSinr ! R cos7

32 M, 3 30M, T 308, = R SNy

32 8,2 31My £ 345, =R cosr

Note : compude onty for M, 3 8
) 7 /J <

Lne 33 v : R

BSM&?TM’,/‘%ZML) = 'Y/f’/ 'TM"/K'S/””’\ Qlro Jee

\32 82/ / (R cer] quad gnt

338, > R&inr=32mM,

?

Q - BZMi /K oy K(S’/’/)r /Q ke \[32!\4),2 4 39 32

snypm, | Siny

NOte - Compute 0nly /__/01 My b &
i 7 :

NS

Line 34 9y : R*

348 = (335)” - R

Line 35: f5 F

fe | 7ige dovie bart 1

Fiac

0 - If no dota tare volue zew

Line 36 d4_f‘ :D:p

C(4. = Q—Y*f"' /34. - RZX F

3¢Ma+3SMy |z 345, %355,

Note - Substract by 360, if valug 15 more 0 360°

AECEREEECECOCCCCOONOCROLEENTO0CALELEP,

Lne 37: 37 : K

3F My 9 3r = 3X 33M,

3%82 2 R% = (235,)°

Line 38 : ‘,fé 4 Fg

ﬁ, ZT/d& toble Paid 11

3

b o andn. tavo verthite, 72Y0

ARRERES
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Line 39 : dg: :
ds = 37 +4, D¢ = R°K Fe |
= 3TMy+ 38M, | = 378, +38M,

Une 36> : D4 o5 dy

Line 39 = : ¢ cos dy

Line 40 . H.O0T = ML+ EHHCo56 + Pgp 0 dy + Dg CO5dg

SH-M (shorter methog

4 Al (Tabvi)

11 g (Part1d)

19 plagX T

21 (A148)- P Ty 26

22 Sin @

23 0§ 6

21 FLtPTg = Ft (same ap r1)
28 H

30 (HXFY Sine

21 (HXFt) sk

_r_(_--.--...-PT----I--T-'---

32 LSy Rcesr

33 T*R (a,éoo Jee quadians)

. 5]
3% Dy:gb; gviK

538 fefe, foiF [ sung by 360" (f move 4haq 340"
v

36,39 de: D4, dg: D¢

36> Dy (08 de

39— D (OJ dy

40 HOT

)
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)
: 2%/03/2025
] :
y Buestion:| Cafeutate H-0-T by Wing SHM method of Goods Isiand, on 20" Ton
) 1992 at 1300 H-RS LT
)
] ' 2 —
: PoTt | G00D's TSAND | | MEAN LEVEL
. ATTNO- | 5890 | | Zo |24 ‘l
; DATE | 20-01- 199> f lsea_sonau, COYYECtimn [ +0 ]
. TIME zonE | - 1900 | | Sumz ML | 22 j
' i
] : :
b My Sy / Ky ’ 04 _
) 4 AL (Tab V1) 358 DA s | 888y | 4B )
: 11 g (Part ) 127 319 ) 204 138 l
a 5 Time at whvch pe 9%13 20x) ISX13 12-9%
) 19 P/ZVXT m’fé«o fod o1 IZL'JS?? 2393 ; 195 3150'27‘ L
, 20 (AL4G)- PTag = ® | 1089 -54 | 344 03 |
) 0| - Sine | toost | -ogeg | | —— 1
) 09 s O oy | : 0 1 |
' E |-0309 | t0S2 | +09cs | tpagy| |
. | M Py = Ph(simenssy) | 4023 | 202 | 226 135 | |
, 28| H (e past ) 0SO | 023 | 068 oyr | i
| 20| (HXFE) sin @ L e e P g I
, ! l
: 21| (X ry) cos e | —0190 | +0138 | +0-823 | +0.566 |
Jr| Rsiny : K cosy |
' v o0 (Kbl’)r‘ | +0-395 -0 )BS).

33| YR

2 Ouad - 19p"7

91-S(%-), 0-398

[ 30Mm,+ 305, 3IM, 35, i L
L

|
| |
0158 | 2925 | poes

34437 ZY:K"’/ 3r; RS 195
3438 | fo2 By, f¢ 0 F, | 324 | D064 0 | 0 -
36839 " " [dez 27494 | 92 -ROXF4 | dE= 3777 f =R°KF
> ol b X0 1S9 p-009 2925 | j>6o h i
7 De Cos dy -0-008 | -
29|— :Dé oS dc ‘ 0 -
HOT =ML+ SHFL (058 + Dg (of dg +2D¢ Coscly -
(3+31+34> +35)
= 228+ 1-33% + (-0:008) +0 H
= 3 603”\ ﬁ}_
i
R &iny -39S H
R= 0395 _ o 202 W‘
I
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: 18 o4 /2025

: |
: Qued:- | Find e heght of hde at 1930 his for BOOM (AT vol | #1539¢) on

) 2" Feb (992 ¥ _

' Sof= || Remarks Hi HW Lo LW

\ Time ot stondadd port | 0720 | 1994 | o131 | 1357

) Time difference fov sewndaa port +0115 +0116 | OISy +0153

: TiMe at Seeondazy pore | 0835 200 | 0315 | 1550

g Helghe gt Stosdamt povt | 56 | 53 04 | 02

: ‘Seasonal CoYf"ofsfmdamL port (o) (D00 | (D0 oo | (oo

: ononeded height ot Stondard prt | 56 52 04 | 02

) %Heighrd/%fv for secndary port 002 (0 (502 ()02

' Unioveested height for sewndagy port 54 | 52 02 00

: Seasonar cor ™ for eondaly port |+ 00 f @00 #0:0 (00

) Hught ob Qwoddry port | 54 | 5.2 02 00

)

: Note -

) (i) 1839¢ Port BOOM {5 ot there in Part- [ , +haths tO?]« we Wil not

) e SHm

b (i) Standars povf for BOOM IS ANTWERP

b

(iii) TO calciate HOT at 193004, We autwerp giaph

g

B
» |
] L
1
|
' |
i
N 1
) -
A B
L J
| P W —— S e — = = S —
Hw L) }
e ‘
] 0000 + 0) 0008 +0)88 S a3 = 1'% -
D 012l +015Y 3 [
110 N ¢
) 0500 ~ i I 00 1+ 0159 .
Y320 40/ls -
o7 } § it /,
A 12 D125 h¥ 20min- |G w 2ho0n 1200 $0rs= -
X i Em 1253 +01s3 ¢ xol1<3 =628 oo
' | 100 + 0110 1800 40150 >7n-r‘- L
1944 2h Yy G Q4
' & m
L
5.8 * D-2 0-9 _o\(/ |
h
) =% ) il
> 0. |
) N s
) 4. ¢ 09 Prs 0 2.
) \
A u
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H-OT Ot BOOM on 24%feb 1992

D325 0-2
083S i
1650 00
2100 52

NOT at 1930 hu=!

tfcqeneq990000oeeareo

vse groph - [SS0 00 1Qmﬁwaﬁde;5.2
. 2100 5.2 Y |
WV
gpnng 55
Neap 1.0
[ 8cem ]
t ios
8
o F2x02,= 0:p50m

S0 taxe-thg 1930 verhical Uine 0150w Qb Of Pt cuxve

J % SEieae g
From_—+hore  dyar® horizontal (ine upto when it Aouches the H-w-Le

LR \RL TR \

A
Draw  yertical Une (up 0 down)

HoT ot 1930hs S 3-4m

mmn&mmhmi 1\«\5\1\‘“@1\&?\\&\1@
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18 /04 2005
Rued™- | Find. +the height of Tide ot Bhownogar (#4346) on gt Feb 1992 @ 1200k
= by Havmonc Comstont method. |
Port | Bhavnagar Mean (el
ATT NO- 42 44 ; ZO(FM"E/’ orTablevi) | 6.04
Jode | OJ™Feb, 1992 2 | Searonal eorvrettion | —0-4 |
Time 70e| - 0530 3 ML 594 I
NOte - jn Colwmn Zo gjoey O, 1hal means See Tovk V1
Step 4 - Check the f)p‘(/ﬁ 0vfum moon negrest 10 g Fep 16 on 37 Feb |
Step 21 See vame of fmm Toble U1 1€ Y =2 |
That meon spn'rtg 1ide Wil tare pla on  Fuu M0 + X :,_
g dfel 32 =5Mfe
Step 3 1 e are caltuloding tide, for 9™ Feb ie ¢ Aoy offer 79 1iole :
Cheex on 47 dgy column ogipst Fort 10 j.e vome of Zo I
TiMme 1200 hyg H-C M, 5y Ky Oy |
4| AL(Tan vin) g 014 907 178 |
i g (Part @) 143 190 092 075 |
o axT TN P A0 e 0 |
20| (A149)- b Ty = O _87 156 239 86-2 |
22 Sine 0999 | -0qo? | = Il
ke s e 0:052 | 0914 | -v'SIS | 0-066 |
2#|  FtyF1) D.90 1-20 104 D 0% t
29 H | 1y s 0.9¢ 076 03¢
0 (HXFY) 8ine T e v |
3 (MXF) oS¢ o1yt =054 ~0:395 | 0022 |-1219
> 31| R&IAY : R COSY [ i e - - i
bo - Preorr |23 72 R (e quachont) o7 F8) T34 | ﬂh
-360°  3¢4%| Jr:R¥ 4 Ar: RS 1492 [-655 43-3 | 39-792 |
95 3¢ -{—41.F4 I f6: Fe 265 0-032 | 133 | 0003 |
BN Y TR b U v - R vl
3¢ 1> Dg WS Ay 0218 |
152 D Sy -0 |

R -

R gnY - -32-292
= 3414

—3-292




HO-T= ML + ZHFtcso +D¢cosde + ¢ osdy
5:94 +(-1279) +:0-218 +(- 0118

V)

L
= 4 .F6Lm ﬂ
|
WSy 2002 | Find out the earliest +ime on Am 25t March 1992, jo that o swp Of ::
MOXimUm VGt §'S Mty COn 40il OUE, Keeping an UKC 0f IS muz, whie e
possing OURT ShoOL (depth marked 4.2m on %hwt) Ot Wept Post (#2908)
So1”:- U 0wt - 65 2
n™ uke.: LS mtz
MiN U &
Jepth veguuved . 8-0 mer. =
lowent depth - 4-2meT =
HOTveq, © 3-8 mlr Z
By Secondaxy povt, cau” HME k heighc at west Fort ﬁ
U | § &/
~ ¢
Bé/ Wing Qioph, find owt egrliest fime 00 AM pdhen H-0-T I 3~8mﬂ-:
ST , _A , x —
2eC 2020 | A VESfeL IS SChedwtfds 10 pass undes hgh tension cables in QOSTENDE o
(ATTL NO- 1S64) at 1200 b3 on 4 Feb 1992. The charted depin e
uder the Cable is 6-20m Qnd. their n@}ght obove, MHWS s Shopwn C
e
s 20-40m - -

The vessels droft is expecten o be §:sm even keel and. the Cou
hghest point of Ship is 28-S cm (boue e kegr - Detormine her (&

Ve ande oueshead. Clearance -

1" | H0-T Gt 1200 hvs on 4 Feb 1992 3-373 m (Cakt? by SHM method) ;
For vk ¢ - for overheao clearonc - (v

CD:. 620m ActuaL height of Cavie - Chorted, height + MHWS — HOT (&

HoOT @ 3:373m . = 2040+61 - 3373 F?

9:573m = 23123 m (:Z

DYOFt © Q- Sm Aivdraft of vesset = 285- 85 (o

UKC : 1-0F3m = 20m (o
Cleqrance below cable = 23127 - 20 Z:

= 312Fm (¥
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25 0y /2025
QU5 00 | O 1230 hOUTS 00 20™ Feh 1992 , I
T T @ o] |n
Al D44 o)) 308 ns h
B 034 043 00S 174 #T‘
T, e (B | e S ]
(ALg)-P e = 0 55 | 84 1255 122-25 hi
Sing 0-968 | 0935 | | ——_| ]
0S8 0250 D105 -0.58) - 0:53¢ H
FE= FL oy 1e? 089 1-26 il
H 180 | 053 006 008 il
(HXFt) Sin @ 2:108 | 0670 S =Sl
(HXFt) coS€ D545 0.0 —0:03) _o-0sy o=
R SinY: R cos¥ 2778 0616 j
v R (e qudiny) | 33491 | 2845 Ii
2Rk 3K sraag | goss | 232494 | o30m | |
fe:Fg & f6 Fs - 327 0036 2739 D 013 h
de - 24 L do ¢ 12)99¢ - 0-29) 15199/ 0299
D4 03dg oI5t L
D¢ cos dy | 0263 | JW”
pot | ODSTENDE Mean (eueL b
ATTNO- | 1564 70 \ 269 j"
~ Dote | 20 feb, 1992 - Sewonay comeion | o [l
Time o | M- | 259 | I
HOT = MLt EHFE Co56 + D¢ cosdy +D608dg i
c 2594+ 0:53) -~ 0154 -0-263 i
= 2T04m

Fov UKC, | Fot pverhead cearpnce -

CD!§-20m ACuaL hejght of (Gble = Chartes height +MHWS - HOT
HOT. : 2-7Ym = 20°YO+50-2-80%:-2259%n
§-904m AN draft of VUL = 28.5 - §:5= 20-0m
Dwaft: §5m | Cleorente buow (gble = 22-59 - 20
UKC [ O YlYm = 2:596m
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)
)
; 30 /05/2025
: JAN 2025 | Colauate b,v(/ Simple Harmon'c short methol, the heighs of fide at fort
y 0712023 | Adelasde (outs HArbow) on 20™ Feb 1992 at 0930 L~TV/ 0000 HRS M T
» JUNE 2022 PORT ]Amemwecou;%{ e MEAN LEVEL
: ATT NO- | 6160 Zs 1-59
s DATE 20 Feb 1992 SeqionaL covredion | -0 033
» - TIME 0930 L'T ML 1.557
»
b
> H-C My $2 Ky 01
3 Ay 044 011 308 118
» g - 105 1% 050 024
i b/t “es | Taes | Tuis | -iees
5 (A119)- P T/24 =6 ~126°5 - 98 2155 g-95
» ¢ine ~0-80¢ | 0990 | < | TS<_
o 050 ~0'595 | -0:133 | —o0-8(4 0 985
’ Fr=F 1.21 127 089 1.2
: H 0- S0 049 025 016
9 (HKFt) sine ~048¢ | —0'616b =l
. (HKFt) c05@ ~0:3¢0 | -0:086 | —0-181 0199
s Rsiny : R sy -1:102 RN

T R e gawar) | piany | 1189

gy R* & 3¢: K3 135932 41y 23-893 1681

ﬁ: Fo ko Fe D o 0 0

de ' D¢ & dyt D¢ 135922 0 23398 o

D 05 da 0 ' |
D¢ s dg 0 \
HOT= SHFt 0O+ MLt Dg oSdq +D¢ (S dg

= 1155F + (-0'Y28) +0+0

=4129m

IEEFEGEEEEEESE ESF S S SSTE S




Q.2 Tropical Revolving Storm (TRS)
(Page No 27 to 48)

Notes by: Anupam Singh Rajput
For more notes visit the website
marineredition.com
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@
01/05/2035
Q2. | TropicoL Revolving Storm (TRS)
Quas 1) | State the (onditions favowraple for the formaiion of a Tvopical
Revolvm/q Storm. (19 times) R, Stotethefadtor affecting movement of TRC? (4-times)
Ans:- | The conditions favguradie for the formation of TRs are as follows:-

e e, Swface temperatwre,

- The. Seov durface temperatwe must e 2FC oY moig

* When §ea, duac temperate is above 23t , the wattr evaporates Yapiay.

F AS I NSeL dndb ools, woder vapour Condenses info cloud ane 1N

~This_condensation prowess Teleases (a1t hegt which caused, Mmore ar 10 Nse-

F TS fuarther lowers Fhe, Suvface presure, intensfying e storm.

(i) Fix amount of Conous Force

* For the formation of TRS, the Cycularion i§ requiect

* HeAty the Hformodion con 1012 piace, where (onols foree is available

“That W why, within o beit 0f50(¢gree Logtuae of both Sides of equator ng

c(ycwna famu

* USualy formi/develop ot tadifuse between s°and 20" of both yaei:

(i) Low pressure areq, sumounded by areas of High presure arep.

In Jow pressure , the @ /s muzg upwaro

*AS Qur wsed, 1t create space near the sur{acy -

* A always moves £rom high pressuye 10 Lw presure.

 §0, qurounding igh presswie Area. push ay 1OWRIA he (oW preywe cester
» QUL tothe Eavh)) yoTadion (ool force) ,the /WOU/W Y Stars spining |

Whith IS the, fauoambéc (onartion for he fo//naj;m of TRS |
(iv) Pre-easting near surface dsturbance. |

+ A weather ditwéone LKe o TOPILAL WaWE oY LW presure dystem & necesdyy

10_Ktart the development:

* IF 1S UKe oo 4park thot s vequveds o Start afire.

(V) Weo: prevostilg coinds

< Hf the preucuém,y wind Qre 00, The O woukd 19t e vernealy

* Tt wouled e canned. off honzmm(/;/ ﬂ)ereb,y not a,aomq a TRS ’/07%/)7

1t hogpens derng chosge of 5eas0n jn m/d/ AomL- mid Tuie L from Oct to Dec




(v)) High hwwdity

+ A TRS needs (0t of moistwe in the Qir, ths N cayeds humidiy.

- The. more moistwe theie 1S, the. move heat g&i el Lol -

TS makes the (U ghter and, e faite), WhICh mukel the. 4101m gy 2

Kuesy | What are +he waming &;qm of N appmadm/g Tropital Rem/wo/q Storm anct
the weather amouatid with it-(12-tmey
(0R),
Whot tyjpe of weatner is amocated wrth 'EYE' and 'EYE wAL Of A TRS.
Am:- | The waming & ,qru of an ap,omadmg TRS gre a3 fojlows -

@ Swel,

* Swas aXe the, waves ﬂomrm 0 a distant TR

77)64/ have a g waue Lggth and oppear in & Uik, 4ULCCessign.

- From 1he et//e oL vegion, they emeige radiuy in ou directi o and

A RV R ¢qnvocmmn

TeQh Hhe. ot husdieds of mitel gugy

(i) Rapitd fou in otmosphent pressure.

*ThIS IS one of fhe earuest Si9n

- The, Qtmosphent pressure faus dteodsy.

+ A SUdden ands continuol drop in baromeint, pressure indicais, there. s

a TRS in #he ity
v

(iil) Cfoudsd

L UrYw touds moving oudword, from the dform Lnter.

T/UCK@/mq of Chouds £rom gy 10 QUostTatud 10 nimbostral -

* These Clougt bn/}yx heau/y Continuos run eorth WOW% gaze /m&g Winol-

(V) Ohan,ge in Sea temperatwre k Humiguty,

* Sea Awface 1OMperotUre Jn(reases-

* Humidsty bewmes very /W'

< AIr becomes heaurer.

(v) Weather Reports ond warning.

* Storm warming bulletind (stued by Mereorolggical d@aftmmz 1or good.

gwdw)w 7‘07 1MANNEIs .

de aHenHon 10 0y mention Of bW presdre areds devewaping jnt0

Y depreusons.

tqo¢b¢Wo¢¢m¢ob¢ooomvdoo%w
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01 o5 /2025

The weater anooated wih gye and Eye wal of 0. TRS are au Foljows:-

i EYE EYE WAL
Atmasphenc | The lowest atmosphenc presswe |« EXEmey (ow and. rapidly faing
presswe | ina TRE pewrs in-the e(’(ie as yow appyoath the @j@ WL
1510 20Hpa foulof pressure is expected, |- PTESIUYE gTAMEND 1S high
In extreme COIEA, conter pressure ic |- Barom eter veading can drop below
0 Ow a» 920 Hpa 9sohpa in &froq;] q/clor)ga
Clougy + SKY may be partly o fully deqs, Towenrfzq a/)wL 4hape cumulorvmbig
in weu- developed stoms | clouds gives torrential yain
- Divectly qbove e, o smou urouiar - Nimbostratus Cloud, il qive
potchof b 4Ky may be deen. | heavy coninuos raun.
“Eyfe 1§ Sunowded by 10119 cumu + Cloud bae is tow - Tt may
-onimow (oud, fovming a sadium | extend, neaiy o sen. 1evel due 1o
APPeAYONLY, if vViewed from inside  mOistwe content: i
Winds -Ligh/t winds o1 complete cam- | - Styongest wind of the entive storm
+ Often egs +hon 10 Knots. + CON 4O UPH0 400 140 KNOLS
« Windl fs cyaoru'o (antiCiotkwie jn NHA |
ClOCKWISE in SH)
Winds 1S guaty, sfting and. cause
extieme tructural & S€a impact
T&npemﬂw SU}]N Imueae of tempesature due Compavpdively (esser temperatune
10 adiobodic heating of &Ub&/dmg air- | oue 10 rain- |
Vi&r‘bUté; qumemxy/ good m;bbﬁ/ Undex the nimbastratus clouds,

VisSibUty beomes poor due to yain.

Ques3)

WA Yepect 1o o TRS, explam:

(i)

Tvopical epression

Ak -

* A tropicak qepression fs the invtiak ox;qamzeao (oW - presue dytem thats

Con intensify into & trgpical storm, c//clone 07" Hurmcane depﬂ/)wn/ on

OCean and. AAMAUPhenc condition.

* It is#he frst STA9¢ in e aevélopment of oo potenal 1ropal storm:

+ The. mavimam Sustqined, wind, within o 1ropicale dEpreNion are. 34 knofs or (ess.




05/06 /2025

* The (wﬂwpheﬁo presiwe /s rrutdﬁ Low, UAMW 10091007 hpa

+ Moagrate 1o heayy romfaik

- Modgrate 11 high Swelt
v

@ | Track 5
Ans- |sThe. area, over which SIOrm Qrea, hi plready pased: (s
« It i the. honzontoL movement of fhe dtorm’s center over time- ‘Z

T s influened bé/ Hmosphenc (irouation, CoNOYS efrect and steenng LN

—_
o & 4

(i) | Podh ; ::
Ans: |- Tt IS the movement patfern of+he &t0Ym as it Hawey auol #he oM O (A
over Lond, ¢!

It IS e divection in which ctorm IS movig.- %‘“
TS influeed, by wind dystem, covol fre ad presure yystem- ‘J
ARES i

(V) 7?0u,gh L’g
Ans - Imqqh IS (0/}9/ narvow area. of Tmreg/ (ow atmojphenc presure /eﬁéﬂa’/ {:
{mm 0. centraL (ow-presuie vegion.) X

CTF it Q. dashed, Or Sovol Une Shown on weadter chort whith Yepreents a g
deprey/oﬂ (t
«TOUhy a1E AWOURLed with weather gystom bKe fronts and clouds: %

777¢c/ ) bnfLy cloudy voum, Hundershowess honges M winds Qreann. ®

A8

(v) | vertex «®
Ans- |+ Tt /s the weitemmort point Yeached by #he orm cerer before rewryy- g
< It 1S the furthest westerly (ongrtude 1he 4torm center will travel cw/my -

S TYd/edU/y K |

The, term “vertex” Showlds not be ONfuweds with vOYtex which 16/ 10 J:

center com aveq, of 1he 4torm- b -

.

* | Vortex or eye N

i

t s Hhe conter catm of +he gtorm

-l



=

<
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|
0506 /2025
X | Right Hond SemicirCle (RHSC)
Ans:- | ThE haif of the 4o center that Geto e mght hand 4ide of e
pbsevver who fac&! Aong he patn of e 4torm-
X | [oft Hont Sewoicie (1HSY)
A - | The holf of e toim centtr that ies 10 the (Rft hands 410k of the observer
who faces aLony #he path of the 4oim.
(Vi) | Dangerous Semi- Circle
U . ; S
Ak | Kight Hond, §emv - TCE(RHSG) 1) Norher HOmisphere ands Left Hoand Sem-urie
(LUHS ¢) 1N SOuthexn Henwsphere 1s Dangerows Sem-circse.
v
(vii) | Naugasle Sew - (ircie
Ang - Le#UHa/)cL §ew - CrUL (LHIC) i NOYIhem Hemvsphere gnd: Rght Hona Semi-orie
(RHSC) in Southern Henusphere  j¢ Nawgable e -orte
(vii) Dongerow Quadrgnk
ans: | -Tne advance (/aﬂdra/w Of RHSC in nH & LHSC /n SH 1S Wemm quadiont |
< When ewstene Of the TRS 11) 1he mez/;}/ has been wnﬁ/maw/ evasive acton
has 10 be 1aken 10 Keep the vesel Out of Hhis guadiant
IX) | Nawgable quodront
A= | The advaice quadrant of LHIC in wH & RHIC inSH 15 nawigasle quadrand:
(x) | VeritaLr wind: shear
A= |- Tt vefers 10 Change in wind, Speéds v Chrechion qirh the hejghtin atmosphere

It means windi at qefferene auortudes are blowing at aufferew Sspeed or

In diferent girections.

* High winds shear disprganize +he CoNvedhion Qugs weakew 07 destroy the
7 174 {
Storm-
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(Xi) | Choractenstic Poth

A | =Tt 5 the preducted OF auerdse poth that oo TRS usually follows bded or

qummw C(/mawco/q;/

mvm?vfnyzn

[1‘ 1S basey on ﬁ/p/cab Horm bepawiowr (N Q x@mﬂ

It hetp fovecast “the UKy movement of he RS

(xii) | AHernaEe Podh-

rvdvv

Ang- | " T K o secondayy, possible deuiation in +he TRI tratks hat the 41orm mght

10ke_olue 10 Chan;mg atmosphenc conaution-

- It represents o vanation from_the expected forewst poth.

* Tt helps mQrines 4o_prepare. 0¥ YOPIL CouNie quteration, if storm changel

A/Yeeon anex,vectec%t/. |

m.-nduhnwJHHJNMMEHM
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Aue 4)

INhat is TRS T Wih switable sketch destnbe fts strutture, formation,

clewelopment ONd decay - (3timed)

“or),

Wrth switable diagram, Explointhe dtructure of TRI? (+time)

(0R),

Prow g cross Section Of TRS Showing areon of douds aad. precpitations(2-time)

(9R),

EXploin wel daveloped. TRS Structre with diggram

Ans.-

* A Tropea re(/o/wny storm (1RS) 1§ @ YGpidly - rotatigg Storm chosactenzed

by Low presswe. conpe, stong winds and & dpiral armﬂmwtof thund erctoms

These opical Cé/dOﬂéJ 1ake. bIrth in 1he. earm oceanc req/on and. move

towardy he womm%s

“TRC 1e0dy 10 move in ONt- Cockwise 1N NoYthern Hemisphere ande clotkwise m

Southern  Hemvs pheve:

“TRS e a ,qrecw dﬂ/)?@f 7‘0J/VW//}¢ r@qamwa of where fl?(;y Qe encowriered

and. ofeqwre a Apé’acw Jtugy

* Whenger a. yejseL 1S in an af&b where TRS Qe OK@}L/ 10 be encountered.,

Careful watch Shoulds be kept for e, wammq &/,(}/u of 0n_agproacng RS

ol Take eary evasive auion:

Structuse of TRS:

(i) Eye O vortex

+ Both howzontal, Qnd, verfical wise, jt s e innermost portion of the

motwed, Cyclone

I IS @ diameter of 10-30 km

“Thid Qrea is cavn with UHe doud ands (0w roin beloue the cwfnfuya(fome

Keepe the cou mays awgy

*The temperatwe. jnside e i ma;/ be about 5T highe’ than e SUrrouwnding

i) 5:,'(1 waL ov inner mq wea

77)@ diameter 1§ 30-50 K/)’)

“ThIS Qréa hai moximwn wind, speeds Whith can 40 pto 100-140 knots-

« Temble thundés, contmiios Ughtrvng heayy Continuos Yaum fromthick aat

A Al I AL A AL B L A AR B AR AN R B L A AR L A B R A A A B R B B 2R BN BE BB BN BN BN A
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NImboStiatus & Cumuonmbiy (louel

Voilet wing, anay Jqually weather with fidal, wowe ana gtorm Jurges

(i) Quter mq areg/ puter Storm pren

*The. diameter /s 50-300 km

*Inhis area, Stegth of wind Speea. decréqses Yapiay.

“There will be increade in presiwe.

*INtNSIty of Yhinfaul will decréase.

*Eye o &/e UL mq/on 1§ e (ore of the g,yc/oae Tt s ypto S0 Km-

i i) st k)
|
[ [ [ N 5
BN B YRR s sy
g \N \ MUTH o/ e T
—— : 7 ~_ LT
AN B I
g | Ky
AftostrOdus. \ \ L v / f Ao Statwy
— /: I\* : , : /‘ y : / = S —
/ .3 \ ‘ . 8 :/
outer Storm Area \\ 2 | ] 2 { Outer Starm Area
R e L B | 2 e |
&g \% v | EL § St ,‘
o5 L1 sl wie oy .
, " | [ = < 1
Qoqﬁnws —— '. { “‘“"'_‘“g[") Comhinuos rain {
SR eavy Raire Heovy Rain {
1
Formadion o J TA’S G ﬁq
RS forms in_pre- exiihing nedr surface disturbed cveq of oten 4
“The Sea surface f@nperamfé mut be 27°c or more. i
*The formcwon con 0Ke place, where conoti f’orce N quwlable :
' Usuaw formi/develop Qt (ofitude berween s° 00 20 of 1907‘7‘7&/5161 §
There’ will be Yopi falL of preulse jn #he centrat reqon. o

“Theve will b8 weak ,meuwm windd -

* B TRS needs (ots of moisture i air 4hat js H/qh ﬁCl/Wdfﬁ/

A Easa s
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Deuelopment of TRS :

IMMMWE §toge: The (ol of pressure in e centrol Y8910 (ONMnues

vey m,ﬁ/a;/./ e cfoud. and. rarn ge ongoneed ina spirae bond

Motured Jfa,qe At i ﬁa,qg L fau in PYCIWe nds InCrease jn wind speed

are &fopped The. dreuadion expand outwards with h/,g/) wiNd, Pt

EXteIng move 10 4ne nght Sioe e Qaf),qemw {eme Orae

Decgy of TRS:

“The T/%f §tarts deccy//r;q aue 10 7he -

« LAk of moistue, it

" When enters he land, : due 10 e Youghness of the land,, the frichonal dreg

Yerords the wind, speed.-

*The System alo d@caw Whe)) 1t Moues OVer @ Cojds Dean Surface where e sea

Surfac@ LMPUALWE IS (69400 26¢

*ThiS happens when TRS moves novthwards 10 higher (afitudes

Quéi

EXploin wih o Juitatie sKetch the, movement of o tropiral Yevolng Stoim W

IN the: NOYhern ona. Southern Hemvsphere (#1rmey)

(0R),

r

Exploin with the hélp of Surtable sketches the. maost provanle path of & yeone
In e NOYth and, South Hemvsphere. ( 2-tiniey) |

(®),

Descnibe writh q neat SKetch, typicak poth of A TKS in Jouthern Hemsphere:

Why doet TRS not always follow Such & Ak (4-time)

Ang:-

A Tmp/[cw revo/vmq §I0YM(TRS) moves Qlong & curved, path que 0o
v

preva/an;/ winds and. Conous CHect

Nom‘hem Hemusphere

Souther  Hemisphere

~OMginates i lofiude between 5 &

+ OMginates in Latude belween s & o |

___-r-(--v-v—-r-vv-r-'wrﬁuvaq"r?W"F"'-

00069 NoYHR 20 Deg. Louth 1
. INhaly travel between Westward |- InfhiQlly 1ravel betwes) mestward
| M. /\Jormwwwarct, ,qwowcb by and &ouihwwwam, quded by ] i

ade dinds afs/)eéfta,t 0bout 12 Kots.

Trade winds ot speed of about 12 Kipfs- | |
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OO

 AS It MOves polewaicd, /t get influened, - AS It Moves polewarsy it get influenced

by westerve & ey curve away by westerve koY Curve oy

from the_ Equator from the Equator
s TH QUUVE f0 N 0Nl -thén vecuwe 10 |« It cuve 10 § and +hen vecurveta
NE- SE-

‘After Yewmry,fhe (peed of TOpeL intreqses 0 Qbout 15-20 KIS

-Sometimed, . TRS dped not curve O Yeurve at i, but Coninues on its

OVIginaL path, Croisel the Coodt aad quisipates @wCsz thereafter aue

10 an‘c-ﬁ”on el (ACK Of MOSTWe -

*In o day, it can Cover 4 dstane of about 300 KM

There fs 0 te/)cw)gy 10 MOVE 1N Yl Of warm waoger

+They wedken as they enter in (old water 01, §tnke a. ot

/\ \ — PATH
A MR |

R

=

/ DANGEROLS ™

; o —
SEM[-CTRULE
R | e BIDaH

+ATP

\(ERTEX

NAVIGABLE
SEMI-UIRULE

-chhﬂﬂ-h&&nckkdwnk#innhﬁmnmndmou&ﬁvnhﬁmm&&
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Rues 6) | Drowthe sobant patter of 0. wel devetoped. TRS (2.timey)
Ans - ke R
POLAR EASTERUES
z 4 A A
i 60°N (SUB POLAR LoW)
INESTERLIES Colill , 7 F

/l X
! 30"N (SUB TROPICAL HitH)

v

e ]
\
NE TRADE WinD £ / /) S m gl f
£ 4 ¥V ¥

|

| - ERUATOR (1TCZ) |
| ' G Y T |
SE TRADE wind | ’\\ | IH\,/C) ! | |
~ j/ 30°S (SUB TROPICAL HIGIH)
WESTERUES . &\
N\ A S
B — £0S (CUE POLAR LOIN)
POLAR EASTERLIESL ™ NN
~_ N N
90 ¢ POLES

The 1s0banc pottern auocated. with a wel geyetoped, TRS are -

0) LOW pressure is Swriounded by hgh presiuse
b) Prejsure gmdjenf s veyy n/;m

¢ [sobars are closed. shape.

&) Wind Speed i< very high
&) wind coverage it LW

#] In Novthern Herusphese,the Wind dimedtion (s aticlockwisg and

In Southern Hemisphere, e wind. diredtign 15 Clockwise

g) Formation of vanow Uouds aNd which (eady to predpitations:

Queyy | Give the named of the TRS in gifferent parts ofthe wortd (3-times)

AnS- | i) North Altantic (westem Sicle) Humeane Juneto November
(i) Noxth Paufic (western Sicle) Ty phoons June o Novemoper
(iWNovth pacific (Easterm Sidk) Humcone Jwie 4o NOvember
(V) Sowth Paufic (Westerm Side) Hurmcane Deember 1o ApYIL
(v) SOuth Indsvy Ocean (Eastern Side] | INilly wiilly Decempes +o April
(vi) South Incign 0Cedn (Westen Side) | Cycone Decemper 10 AprL

S S W WYY W W WY WY WY W W P Y 9 Y P e WYY Y P Y 9D Y 9 Y U PP R VWS




.

, =

07 /06 /2025
07 /0€ /2035 e
£
Vi) Indjon vegion- Avpbion fea CYeone | MOy, 0CH0beY & Novembey g
viit) Indian ¥e4ion- Bay of gegar | Cytlone M0y 10 Decembes ;
X) Phulippined Bag f‘jo &
(x) Japan TOfw =
©R), &

Lt the Qreas where tropicok storm fYQQMfk{ pocur 0nd. Fheir approximage &

Wil

\/eara/ frequenyy togetner With LocaL names- Mention ogoinit eacn arearthe o

penod/ Ofme year “when TR genemy/ develop < Whith we the ngq,om in-the :g

wordl free of tropical Jtormi & wn;/f

ANS -

The areas where topical som freqym@ pecy - their (ocalL nemes -
QppYoX imaele yearly freW%/ |

Same s above

The Jegioms in 4he. wond freg of topial 410y & their Yeasu dare o

fOHOws '

(0) Fquadonias Region

« 0°10 S°N/JS

- Reason - Corjolis fore is Joo wepk o iniate cydsne YOLGHn

(b) PolaY Kegion

- Above 60°N & 6D%

« Reason : Seq. curface temperature @ve 400 mid 10 Sustain Storm formation

() South Atlantic dcean

Reason . High wind, Shéar
v

Cooler (oter

LACK of pPre-existing disturbances

(4) South- east PaUfic Ocean

Reason: (pld, ocean cuyrents

Strong verdicat wind, shear

;dunhddah%4ovk+dvvk%dvvvdmvmvéwv
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) Rues §) Avorqu AEioNs N NH '

: 0| With +he. diggram, explain quoiding action fox TRS in Northern Hemisphere (7-times)
C Ans- | STEPL: oamw THE BEARING OF THE STORM CENTRE

* Face the wind, and, acwrdm/q 70 Bz,w Ballots (o, the Storm center will

Ve 8-12 point on /c/ow Wht i /VH

v Hhe presyre his ,faufn 5mb_ below normaL, QUOW 12 points a4 it meand that |

Either e vesiel is m the outer Hinges of a. well developed TKS, 0Y A new TRS
A famufl/q N v;(//w;y

*If he preuwa hay FQUER 20 mb 08 mOre below NoYmal, auo v 8 points as it mead |

that +he veISeL 1S near #he eye of 0. wew developeds TRS

- = —~— - | e e

STEP2 : IDENTIFY IN WHICH SEMI-ORUE \ESIEL LIES

“\ ? o
\i\/ e RHSC. IS W

/ \"Z g “—— DANGEROUS SEMIURCLE in NH

LHSC ¢ \\

NAVIGABLE — > \\

SEMT-TRUE %
1N NH \\\

_\ |
TRACK OF THE TRS

For e stationary observess, if the wind veexs, vesel is in RHSC and, if the

Winds backy vessel s in LHSC -

$0,we con say, in NH,

Iif 4he windu veers, vesiel is in Dangerous Semidrde b

)]t the. Windo backs, velseL is in /\jaw'ﬁajo{e Senv- divete -

whilg dmrmrwy/ the (env-Circte,he fallowing point Showid, be noted. :

- Winds observation o be Ooggew Query howr during bad. weather, and. showid |

be. compred with ot 2 hourf earoef |

Veerm,c] 0 baKINg, onee deteded, showay be continuos i-e. veenng wind. 4 houtd, f

continue 4o veer and. o bawr}} wind dhoulds comtinue 1o badk. (H-the wind,

VEOrs at Hst aad +hen hacks, 0T if it bAKS Ot firtt aad then veers,the vesel |

MUt have passe from one §emi-Ure into 0nothes, due 1o chan,qe of path

0f the storm) l
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S
E
R

L

”{)arm/q the 1wo howt interval, whle veenng 07 backing Of WINd. i being

deadeds, the obwerver mut be stationay (y

I 0 vewer was peraKing g RS, 03, I Opproacking o sfafonagj TRS

from its veay, the Wi Would, vees in LHSC pad. batk in the. RHIC.

STEP 3 TAKE AVOIDING ACTION

b DA b\ bl o B R

'Af)}/ avo;dmg Achon showd M o Kegp the vesiel wel out of eye/eye-walk

- If & vesseL is in Dd/)ﬁemuf §env- Uraef Dongerous quadyank (gico)

> Proceeds @ fout s practicaie

= Keep wind 1-4 points onthe stbasbow, L points for slow veisé-

- Kegp atdenng ourse gi-the wind veers:

If QL vsseL, 1 in NOwigobie Semi-airte novg avle. guadiont (1hsc)

— Proweed w fost @ pradicable

= Keop wind, about ¢ points on he sthd. quarter-

= Kegp autenny (owrde as the. wind bau -

*This qetion Showd, be Kept up witil the. preswe v15es back to noymal

(e Uil +he. veweL is outside the puter Goym area. .

ﬁﬁﬁvvm?mvvwwwvvvﬁmvf¥u
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R0 8b)

EXpiain your actions in avoiding a TRS in NO¥thern Hovthern Hersphere when it

(( NeQr the, point Of Ye-LUVAIUNE. (oith +he help of Safety sector method.

Ans -

+ From he. 1eported. positiont of the center of Storm, LAY off its Hack and

S - — — — _— — -_— —

the distanwe 1t (s expected 10 progress in 24-houis:

* From +he. yeported. center, Lay off +wo Unes #0°0on ethes side of the ack:

© With e centre of +he Jtorm s the. entve & estimated Progress 10 24hs

U QYatus, Cut an oxe on two Unes on erer §ide of 1he track.

* TS il fovm A Sector, into whith Storm ceqte iy expewted, 10 move wrtfin

L
)
P A Ow0D
' ’ﬁ/?e/ next 24-”0(/”\(‘ r -Y 80600, j5Kts
) ; -
N 77 BN
' e \CC)a
L N ~ /Vs%o\ \f
€ Vl e e
v 0000 ~ e, \
J/\ ‘ 7 \

’ \ \ = 4 \
) IO - B L.
r P

\ ,/lSFﬂ =
l \ A //‘ e //

W3\ s
) \ w?um:ﬁ {

A

) 6@3\/ \ /

vl
’ ' 0600 \ 0K/

0000 )\6 Kts

Avoiding action (povided. if +here 15 sufficient sea yoom) :-

« Proceed a moximun safe speed 4o get the dnp oudside of vy e o

earu/ W posble -

I SPUP qﬁmd/ herself ot or near+he point of curvature of +he atorm.

[N Suth Cases il +he efforts must be mode 1o awold cromf?;] aneads

of the s, and 10 stay clear of the (uea- info whith +he stoym may

TN after ve- i ving-

* (N ool dfagaram at 1200, With Svpotc,the Horm (s 1epovted at Hi,now

!YIOVVI/q NE

Sedor 3 ft dyouon From Hhe plot, it (£ evident hat i Sup continugs her Sy

cowse, She wilf I be da/;gerocu proxfm/fy Of Storm .

%erefore, a bofd, cwtemﬁon of CouIse, js made. b Speed. (& [nCreared.-
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Rues 9) | Avoiding actiond in SH: (8-

Stote your action 4o avoid geﬁmg closer to the eye of TRS if you were %

in &omem Henusphere (51101@4)

@+
(08), (6

Dotbe the pradical vutes for avoiding eye of A TRS in the Southern (%~
Hermisphere- Support yous 0ASwer wrth ncax SKetChey (Mvmea) :

Py~ | STEPL - DBTAIN THE BEARING OF THE STORM CENTRE &
- Face he. wind, ande acordn 7 0 Buys Bauots Law, the atorm centre Wil g

lie 8-11 point on your oeft in SH (¢

| the pressure has fauen smb below noYmaL, Aow 42 points b 1t means :

thot erther the vesieLis in outerfringes of 0 wew developed TRS, o7 @ new o

TRS IS fomung jn iunty. ' s

‘i the pxeﬁwe nay folen 20mb 07 more. below normaky Auow & points a4 (t Mewy (&

4hat he vesielL 1s near the eye of @ wew developed TRS (=

—%5
STEP 2 IDENTIEY IN WHICH SEM|- CIRCLE VESSEL YES (&
- — / TRACK OF THE TRS (&

/=3 (&

== ™

/)/»" e — ,‘__HSC/L‘, 8-

RHSC K /I <= DANGEROUS SEMI-CIRUE (&

NAVIGABLE SEMI-CRUE ——— /// . . iNnSH. Y
N—CH /

o /. ®

== s

v/ P

For g todionary objervex, if the wind veert, veyel is in RHIC andy if the (g

Wind, backs, VQU& js in LHEC - ;c

S0, we con Say, 10 SH, ;

I he wind veers, velseL fs in Nay; ;;abze Semi-ircle k b

It the wind badd, vesseL is in :Dan,qerow Semi-arole - @

While dﬁi@r/m/l!f),q the demi-Circie, fhe following point showd. be notet”  (®

. Wind. obsexvation 1o be (099ed. every houy dun/)/q bad. weathes, and z
Showd. be. compareds wWHh Hat £ hours eqslier &
+Veenng & batking , once detectesl Should, be continuds i-e-veerng wind. 4hould (g
conﬁh’u&.m veer and & bactmcg Wil Ahould. continug, 10 bakk. ;;

(»
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*Dunng the two hour interval, while v@erm;; or bawrg of wind is being

dedded, the observer must b Sonayy

* I O VesseL was overtakn LS /{ a,vproadun/y ‘3 Atnﬂooa;y TRS f1om jts

TeQy, the. Wi wowd. veey in LHIC and backs inthe RHSC-

STEP 3 TAKE AVOIDING AC(TION

' Hn}/ cwo:dmg Action shod im0 Keep the vesiel oud of €ye/eye wall -

. (fa vesseL is in :Danqemws Seme - Circie) Dangevous quady ol (14 sc)

= Proceed s fast Q pracicanle

— Keep wind. 1-4 points on+he port bow, 1 pojnts for Slow vedsel.

— Kegp auenng cowrse ab the wind, backs -

‘MO vessel is in Navigasle Senu- Civele [NOVigable quadvant (HSt)

= Proceeods asfakt ay practicable.

= Keep wind, about 4 points onhe port quaer.

—Keep autenng courte pjthe wind vees.

“ThiS Qeton ghoute be Kept up wtil the presswre 7iegs bak o normot

16 UL the vessel & putside the outer storm ouea-

\

Pl N
ﬁﬁ\@ \'dz \
R z QPIV“ u \
/(2\!% @0))\%0& \J |
S I el
((,,\JDR,,T\E"X —N\ J— / :

4 3R B B WYY W WYY P PRPEESEYIIFPIPIIFIIPIF ISPV OV S ST E DTS TS
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Quer 10-0) | INhaE Qe the causes for cwvr'nﬂ and. ¥e- wfw'qg of TRS! (2-times) ;
And:- | - INhen the TRS Teadh highes tudes *lhey/ charge the ayection- -
*AS It moves pojeward, it gef nfluenced b,q westerues !xﬂﬂy cwve awgy :
from the. Equator &

10 Nor#hen Hernisphere. , it WOVe 10N and hen rewrve 1o NE, andy .

In Southern Hewsphere, (t curre 40 & md hen Yeawve 10 SE- 3
Causes of cumo,q L Re-cwving of Tk are Aol ows z

(@) Conolis force ¢

AS TRS moves awq;/ fmm the Equotoy, Conous forcg INCreas , caw//;y it @
Curve. paleward towards higher (oditudes o

(¢ Sfeen/)/q coinil ;
The movement of TRI (€ fgwdﬁat by r0de wndl - Changes 1n these wWinel leads o

10 cwworg o1 re- cww% €

(¢) Swb-Tr0picaL H;gh-Preudre belt €
The Jub-i0pical Mdge stoers the TRS wetward,- when he RS reachds e b
Wektenn edge Of he adge, it Curves polewrd & EAIWArd - his iy Te-cundtie- o

(d) westerves - 5 ®

At nvd - (otHudel, 1t ,qet DfULNEL by e WESVE b U NE 11 NH & SE :

(N S$H- -
@wpo,qrap@«/ ande Land Interattion . -
'\fearb/y MOWNaIn Y099€s OF COQUtE (N dugntty infuence md momy @

the Hovm's pajh :

(@

b | Why doer a TRS 7e-Cuve gnd. what s 4he importance of gy dostrophic w. (g
in TR (@
Ans:- | Cawe of uving & 1e- curving qre - x
Same @ 100 e p
IMpor 10mce of gyclostophe wind. are QJ follows (4
'(;chﬁmp/u‘o (5/% 1§ aform of Winee that OCLUIS in 1he Clved parn E

0% pressue gragint- a

v I COMIbULY 10 he JHeening of e storm, he(pm// jt move aeg its (4
cuved. path . L

iy
‘u
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*The. CytbSTYopNe wind, alpng corth other forces (ke the. Comots force and.
pres ure grodsents, Contnbutts +0the. overaw circutdion POIN of #he TRS -

“Ihe gyLiostrophic: wind jnfluesies he airtibuton of moisture, heat, and.
momentum (WHtn he. 410rm.

40C) b\/b;/ Aotk the speedt of TRS jncrease after Te- carwW (2-time)
e Speedt of o Tiopical Revolving Storm (TKY) increases after recumgy aue
10 the inflene of the westestiy:
EXplanadion :
*TRS curve N in Norhem Hemisphese & S in Southern Hemsphere
*Then it ve-cusve NE in norhem Hemisphese b SE" in Southers Hemviphete-
' The TRS cuive k ye-quve 1owardd ocegnic high situated ot arouwd 30ag
NOIth & South of Equator
* AS we Know,
= e s Woh at 30°N k tow at 60N - |
= AS wind. blow from H; gh 10 Low 1‘
7 (ind blows £xom 30°W10 60 S KNOW Q4 wWesterles (They ave named Westerti |
becaue they are going from west 10 East) |
* After Tewmw dug 10 the effect of Westerven,#he speed of e tropicat
TeU0Uig Storm jncrease |
CAS wesrerie aure 4019 i redion from west 19 ease, andy after rewm/)//o
TR are 0 /qomy I AYection Now Eastenly.
tONCh Adds 4@—/;59 Speed_of Tropicat /eeuow/@a Storm. |

>
#:

Ques 14) | State the regutation ,qzum N SOCAS quardm,y repormy A TKS & vJt the
z/)formaﬁoﬂ Whith. Mt be. includeds 10 suth a eport (41imes)
(OR),

DOIGE the mesoge Tequised 1o be Jent as per SOLAS (2-timey) .
ANS- | SOLAS CHAPTER V, REGULATION 32

TYopicar (ycones (Storms)
If0Ymation 1549 be tramitted, henever-the mastts gy good Teason 10
beleve that a tropical Qyclong i dﬁu@iop//y 0¥ eXitt in the /)@U‘g/zbowhooat-

7--v--—wrv.—---r—vv[-r-vr'q’o'CUP7."I‘T".-Y-'.'T"'T-.-
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AS much as pYodcabie, following information Shoutd, mdyde i he meigge:

. A Storement that @ 119pical Golone hw been encounrered.

* Time, date (V7Y and- position 0F #he. dp When D6SEIVaHON 18 +oken

© Conedted, bavometyc pressurt (stodethe unit)

* Baromemc fmot@o;;/(ﬂ'he chanqc in bavomerc pressuve aumrz,q the post

thvee, hows)

cTYue winds durection.

. State of 1he sea

* SWelL (Sught, moderate, heay) and. true girethon from Whith. it comer-

- Period. ov lengih of SWeLL (short, quer age, (ong)

“True (ouse k speed, of Ship-

Supsequent observod o

' When qu master how reported. o. TKS or other dangemw Jorm it i¢ desirable

but 10t 0bugatory , that fuxther observafion be mode. and. ﬁa/amﬂed/

hovrly , i pracicanie, but in 0ay Case not more +han 3 hours, as oy

he. Ship Temaint gwyder the infuence of stoim.

* WINAL of Beaufort FOree 10 or avove for wWhith no sorm wammy has beer

reueved, it s to dea wim grorm  ptherhan TRS-

mvﬂvv?wv?wvdvvrvwvmhfwvvhnnmn

* When §uch Storm s encautered,, e, mesage. jhoudd, Lontain simyar

[forMadion but excludimg -the detaslk comerning $ea and SWeu -

Kues 12

Dacnbe 1he fO//owmg 11 1ePeUt 10 Tropical Revowing Storm [TRS) :

Why T1CZ camot betermed, as on Equitonal Front oK Inter- Tyopicar

Front (3 time)

Ans:-

The ITCZ 1§ not an equatonak front because S primanly a. zone of
COVEIgence (where he trade coindi of the. Norhein ane. fouthein Hemphere

MELL, wherens , Front (I ov bowndary §eperating qishnt i masses

Explanqiion:

ITCZ as . Convergen Zone

The [TCT 18 o bett Of clouds and TQnfaL that eaarees the globe near the

Equator, whexe e trade wind, Convege. Thie (onvemgence is dnver & w//zy wr

in fhe_equatonaL vegion due 1o inrene solar heating.

1W1?ﬁ$ﬂ%ﬂﬁ??$m?m?v
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Fsonts as Bounoony :

Fronts QIC boundanel between diferens aiv masies (oith distinct temperatuie

anie MOjItWe Charactenstick- A cold 5ot is . bound gy woheie cold wv /s

dupl acm/y warmer it while & warm front 1S q, bowndary where warm i

d/dp/aUrW cooler gis.

b) | What isthe veason for fewer ocIrenes of TR formation in fouth Atantic
and. pastem pait of Sowth Pavfic?
Ans - | The veason for fewd 0CUMTOIRs of TR formadion /n South AHANC G

eaiten port of Sowth pavfic are g -folfows -

(i) Covjer Sea Suiface Temperature

The. BM/?W cuvent in +he Alanfic ona +he PeIU LUt in he Pavfic bnﬁ

Colel water eguatorward, Yé’dé/W/ 1he. wamth neeged 10y TRS famaﬂm

(il) $hong wind, dhear

VerHicaL wind. dheas (1ot is ohagge in wind, speed ard gisectivn with Lrtude) is

UMJ;JW &mqu 1) 1hese nﬁgm @wmpﬁ/;q +he owa/weao AVerHin and.

mtaﬁon needé)ab for TRS formcwm

(i) LAtk of pre- emmy sturbonte

Pre-ewstin 79 low ,DreJJare System_axe. ofte) necesary for Ry o develsp,

hese arﬂ/ ey common in Soudh Attantic ad  easfem Souwth PACHT-

Why do TRS waualy form on the riestem extremsties of the otean'!

Ans:-

The reason why TRS U uasy form on the wiestern Extyenvfies of #he Ocean

are @ folfows -

(1) Waymer §ea. §uiface Temperature

TNt pQut of Tropical 0Cea (UKe v ester PacHit, Western nd ar 0lm) wually

have h;qw Seq {uiface +omperature due 40 Oean et & salar heatiy.

s Wam water pyovides the lateat héat erergy required for TR dguklopment -,

(i) DCeon curvent and. Heat accumusartion.

£ N _MOSt 0Cepn, wWarm eguatoval cidient flow westwaid, gy heat

1oAY e weltern Side-

* Lke I patii, North/South Equodoniol cunyenl push wgrm water weftard.-

vaauwuwu‘-r-.v.ru-p-U--"I'Iqu-'_wl"ﬂwﬂiup-——
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(i) H//]h humidly ond, §hong conveuinn

qiep

warmer waref tead. o more QUOIOOYWIOVL ‘feAUXJ‘MQ " //\lﬂh bwmd/W ancl

INtee conveion - eyetial fo¥ 9;/010% formadion

* ThS (eads fo &tron nger vertical clouds development Gnd. stom jnfemif; cation

() Lower wind shear

© INestemn part of oan Dffen hoawe Weaker vertiwl wind, 4heas, whith /(

estential for RS 10 olevelop and- mantain Strucse:

+ High winil sheay wm/ya g/ame OWOIUZMOO

(v) Presence of Low- tevel disturbanes

«The ITCT IS wuauy more active in WesteIn 1opjiol 0.

TS inCre@se the Chance of pre-exidting (ow preywe disturbances, whih
! v

con develop mto TRS:

sivnbd&xnéﬂvv»évaréﬂvvvwvvk¥ﬁvvrvdvvn$1
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Atmosphere

Troposphere :

> It extends from sea level to about 9 km. in

the polar region and to about 16 km. in the B
equatorial region. : SF e 4
> Most of the air mass and water vapour lies e emere
in this region. *.. ,;;';g’
> Temperature decreases with height at i i N =
about 0.6° C / 100m. (Lapse rate). - S, %
Variations in this value are common. - esaiutes] R
> Sometimes due to local influences gl i N O]
e thin layers are formed in which o ’m m? R
temperature may remain constant (r ( ] - E.f,.‘.,') . ) ‘

(ISOthermal layel’), or VectorStock VectorStock.com/30349471
e through which the temperature
may actually increase with height (Temperature inversion).

» Normal weather phenomena, clouds and storms occur in this region.

Composition of gases in Troposphere

» Composition of main gases present in this region, expressed as %age of
the total volume, are approximately as

follows :
« Nitrogen --- 78.09%
« Oxygen - 20.95% '{
- Argon — 0.93% Tropossies

e Carbon dioxide --- 0.03%

» It helps in supporting plant and animal life
on Earth, but it has very little bearing on
meteorological processes and properties.

» In addition to the above composition, the air
contains substantial amount of water vapour, which varies considerably

depending on the temperature of air and the amount of evaporation and
condensation taking place.



» The amount of water vapour plays a vital role in determining the
meteorological processes.

» Density of atmosphere reduces with height, but the rate of decrease is
more at lower level as compared to that at higher level.

» Nearly half the mass of the

atmosphere lies below 5 km. and nearly

two-thirds lies below 9 km., with no

definite upper limit.

» It has been observed that meteors

entering the atmosphere at a height of

130-160 km. turn white hot due to

friction with air. This shows that air is

present well above this limit.

Tropopause :

14504m
> This is a thin layer separating the o S0 001
Troposphere from Stratosphere. ; B
» This is so called because at this level the

T0km

- i g

) . L s Stratopause a

fall of temperature with height abruptly S e
3 Stratosphere .~

20 km|

stops.

10km

Troposphere |
1

0
Tamperature (C)

Stratosphere :

» It extends from above the
: Tropopause to about 50 km.
joto50km  STRATOSPHERE above the sea level.

OZONE LAygp » The temperature remains
steady with increase in height
and even increases slightly
with height in the upper part.

> At about 20 to 40 km. above sea level

there is a thin layer of ozone, which
absorbs the ultra-violet radiation of the
sunlight and thus prevents damage to
all forms of life.




Stratopause :

THERMOSPHERE

]
o

» This is a region of about 5 km. which o S—
[ 50 &
separates the Stratosphere from the < MESOSPHERE g
T 60 40 @
* g —-_— EbfaLE —~
Ionosphere above it. £, S—— -y
— OZONE LAYER — 20

N
=]

=

Ionosphere : | shutterstock.com - 1399107920
» It is sub-divided into Mesosphere or the

* D-layer, and

» the Thermosphere or the E & F layers,

above the D-layer.

» Thisis an

electrically

e e ey conducting region,
Wthh helps in reﬂectlng the radio signals
back to the Earth and thus helps in
propagating the signals to very large - )
distances. oo CROR

» The optical phenomenon Aurora occurs “5
within this region.

shutterstock.com - 706382296

Diurnal variation of Temperature

Factors governing the variation of temperature

Altitude of the Sun

Length of the Day

High Latitude of the Observer
Cloud Cover & Water Vapour
Dust & Other Pollutants
Ocean Currents

» Pressure Distribution

VVVYVYYVYY

Altitude of Sun :

e When the Sun is at a low altitude

» the insolation (Solar Radiation) arrives at an acute angle to the Earth’s
surface.



>

Much of it is reflected back
to space as short wave =4
radiation, without affecting

o a D
the surroundl'ng air. y s,
Some of the insolation, / s
/ ey

which is absorbed by the
Earth, is spread over a large

!
¢

EHT/ é"’ /

i LS L
o
B

surface area.
Thus, the temperature of the Earth does not increase much.

When the Sun is at a high altitude

» The insolation (Solar Radiation) reaches the Earth practically at
right angles.
» Much of it is absorbed
and re-radiated later on as
; 30 60 %0 long waves, which heat
: : = the surrounding air.

om  ATEm om om . . .
00%)  /(87% (50%) | 0%) \ > Also, the insolation is
concentrated over a

small surface area and so the temperature of the Earth increases.

Length of day :

>

>

This will determine the amount of insolation received by the Earth’s
surface and the consequent heating of the air above it.

The length is based on the declination of the Sun and the latitude of the
observer as follows :

If both declination and latitude are of same names i.e. both are North
or South, then the length of the day is longer than night.

Furthermore, the length of the day will increase if the values of
declination and / or latitude increase.

If both are of opposite names i.e. one is North and the other is South,
then the length of the day is shorter than night.

Furthermore, the length of the day will decrease if the values of
declination and / or latitude increase.



High latitude of observer :

» As declination of the Sun is
maximum 23.5°, its altitude

during the day will always be
low for any observer in higher

er
solstice

latitudes.

» So, all the insolation will be received at an acute angle.
> Hence the heating of the air will be
less, as explained above, even though the

" length of the day may be long.

» Cloud cover and water vapour will affect the heating of air as
explained in the previous Sub-sub-sub-topic.

» Dust and other pollutants will absorb part of the insolation and thus
reduce the heating of the Earth’s surface and the air above it.

> Ocean currents close to the coast will affect the temperature of air in
coastal regions.

» Pressure distribution and the resulting wind systems will change the air
temperature of a region by bringing in warm or cold air mass from the
neighbouring regions.

Temperature zones

» Due to the inclination of the Earth’s axis the declination of the Sun
changes from 2372°N (Tropic of Cancer) to 2372°S (Tropic of Capricorn).
Hence during the year maximum heat is received within this region.

» From 23%:°N to 66%2°N (Arctic circle) and from 23'4°S to 66'4°S
(Antarctic circle) the Sun’s rays reach the Earth at an inclination to the
surface and hence the amount of heat received is comparatively less.

» The Polar regions above 66'2°N and S receive very little sunlight and
heat.

» Due to the above reasons the Earth is divided into the following
temperature zones :



NP e Torrid zone : From 23%°N
to 23%°S.

o Temperate zone : From
3N 235°N to 66'42°N and from
23'2°S to 66°2°S.

« Frigid zone : Above 6672°N
and S.

« Lines joining places having
the same temperature are
called Isotherms.

23%°S

Diurnal variation of air temperature

>

>

After sunrise the amount of insolation received by the Earth keeps on
increasing with the increase in altitude of the Sun, as explained above.
This continues till noon after which the insolation received by the Earth
starts reducing till sunset due to decrease in the Sun’s altitude.

As the temperature of the Earth’s surface starts increasing during the day
it also starts re-radiating heat (terrestrial radiation) and this amount
keeps on increasing as the temperature of the Earth’s surface keeps
increasing.

Before noon the insolation is much more than the terrestrial radiation.
Hence the temperature of the Earth and the air in contact with it keeps
increasing.

Around noon the insolation reaches its maximum value and then it starts
reducing but it is still more than the terrestrial radiation and hence the
temperature of the Earth and the air in contact with it continues to
increase.

After meridian passage of the Sun the gap between the insolation and
terrestrial radiation keeps reducing and around 1400 hr. they become
equal.

Subsequently the terrestrial radiation becomes more than the insolation
and so the temperature of the Earth and the air in contact with it starts
reducing.



> Hence the maximum air temperature is experienced at 1400 hr. to
1500 hr.

» After sunset there is no insolation, however the terrestrial radiation
continues during the night, but with a reducing rate, due to reduction in
the temperature of the Earth’s surface.

» Hence the temperature of the Earth and the air in contact with it
continuously reduces during the night.

» Soon after sunrise the insolation starts increasing and equals the
terrestrial radiation i.e. the temperature of the Earth and the air in
contact with it would have reached its minimum value.

» After this the air temperature will again start increasing.

« The above analysis is based on clear sky without pollution or water
vapour. Presence of these ingredients would considerably alter the above
data.

Diurnal variation of range of air temperature over land and sea

» Over land, variation of temperature may be as high as 20°C
» While over sea it may be only 1°C.

The reasons are as follows:

a) Specific heat, b) Conduction, ¢) Convection, d) Radiation,
e) Evaporation

a) Specific Heat

» It is the amount of heat required to raise the temperature of unit mass
of a substance by unit degree.

> Specific heat of land is low as compared to that of sea.

» During the day, even though the amount of insolation received by the

land and sea are the same, the temperature of land increases considerably
more than that of sea.

» Hence the air above land is hotter than over sea.

» During the night the land re-radiates heat faster than sea. Hence the land
and the air above it cools more than sea.



b) Conduction

Land is a poor conductor of heat as compared to sea.
The insolation received by land during the day remains concentrated

in the upper few centimetres only, -ﬂ_/?ﬂ—
While the same insolation received by sea =~ o %
spreads over a large expanse. ) b ( Tm%u&»w
Hence during the day, the temperature of «Seaii

air above land increases faster and more _ I m:m T
than that over sea. e
For the same reason at night, due to terrestrial radiation, the
temperature over land falls faster than over sea.

c) Convection

—_—— » Convection currents in the sea help to
spread the heat to deep waters and the surface

nnnnnnnnnnnnnnnnn ind

T remains comparatively cool.
comvecton  » Hence the air temperature above it also
remains less.

» There is no such thing on land.

d) Radiation M

Radiation penetrates deep into the sea whereas it J/"\

GROUND-
EEEEEEEEE

cannot go deep into land.
Hence the land surface can heat the air above it

to a higher temperature than sea.

e) Evaporation

> Evaporation of water is continuously taking
place at sea whereas it is practically negligible on land.
> Latent heat required for it is derived from the

. sea surface, which helps to cool it and thus reduce the
temperature of air above it.




Relative Humidity and Dew Point

Humidity

> Evaporation is the escape of water vapour from the surface of water.

» This goes on continuously and it increases with the increase in the
temperature of water.

» Considering that three-fourth of the Earth’s surface is covered with water,
large quantity of water vapour is formed in the lower levels of the
atmosphere.

» Quantity of water vapour present in the atmosphere is called Humidity.

Absolute Humidity

» Actual mass of water vapour contained in a parcel of air is
called Absolute Humidity (gm./m?)

Relative Humidity

» The ratio of the actual amount of water vapour contained in a given
mass of air, to the maximum amount of water vapour it can hold at
that temperature, is called Relative Humidity (RH).

» It is expressed as %age of the maximum water vapour it can hold.

Present quantity of water vapour
Maximum quantity of water vapour

RH = x 100

» Capacity of air to hold water vapour increases with the increase in
temperature of air.

» If the temperature of a given mass of air is increased but there is no
change in the amount of water vapour in it, then its RH would have
decreased.

> Hence the RH of an air mass is inversely proportional to its
temperature.

» This also implies that diurnal variation of temperature will cause a
Diurnal variation of RH.

» When a given mass of air at a given temperature is holding maximum
amount of water vapour, then the air is said to be Saturated or its RH is
100%.



Dew Point --- Measurement and its significance

>

Consider a mass of air at a certain
temperature and having some RH.
If it is cooled, then gradually it will
reach a state of saturation.

The temperature at which it reaches this

state is called Dew Point of that mass
of air.

Hence the Dew point of a given
sample of air depends on its initial
temperature and RH.

Hygrometer or Psychrometer is used to

obtain wet and dry bulb thermometer
readings.

Psychrometric Tables and the Sling Psychrometer
Table 6.3: Relative Humidity Psychrometric Table

Wt Bulb Bepression

Dry Bulh Temperature

Starting ‘
Saxurath_n le) meamw’/
Cl | /
w Cooling
-3 — e o g ]
>
v
& .
& Cooling 1
o e s et 2
«<
o]
-4
<
>
Dew-Point 2 QV.’-""OII'.I 1
) R s
TEMPERATURE

Enter the meteorological

tables with the dry bulb reading

and

the difference of wet and dry

bulb readings to obtain the values
of Dew point and RH.

By knowing these values ventilation of the cargo holds may be restricted
or allowed to prevent damage to the cargo, as follows :

Cargo Sweat

If a ship is carrying cargo from cold region to warm region then the
temperature of outside air will be more than the temperature of the cargo

and the air inside the cargo hold.

Cargo sweat

Cargo sweat

Warm l Warm
warm moist air
admitted to

Ship’s sweat
Air warmed
and given moisture
b
Cold ) Moot Cold

(Sl a4

: Ship's
at : *
© swea 5\\ '

Warm¥ Warm

Cold

&

Warm cargo
(loaded in warm area)




» If ventilation is carried out and the warm air from outside is allowed to
enter the hold then this air will be cooled by coming in contact with cold
cargo.

» If this cooling continues beyond the dew point of the incoming air then
water vapour will condense on the cold cargo, called Cargo Sweat.

e bk st ot »  To prevent this cargo sweat

§ Restrict ventilation when the

_ temperature inside the cargo

i hold is less than the Dew point
\w' E of the outside air.

~ === > Ifsuch restriction may

= . damage the cargo inside the hold

then de- humldlﬁers should be used on ventilators so that much of the

water vapour in the incoming air is removed.

Ship Sweat

» If a ship is carrying cargo from warm region to cold region then the
temperature of outside air will be less than the temperature of the cargo
and the air inside the cargo hold.

» If ventilation is

not permitted then

the warm air inside

Ship's sweat

Cargo transfers heat and .
moisture 10 air the hold will be
Cold — Cold cooled by
Ship's conduction due to

\(sweat contact with the

shipside steel, which
Warm cargo : is cooled by contact
(Ioaded in warm area) with the cold water
RS G / outside the ship.

J

Cold |Cold

f/
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If this cooling
continues beyond the

Cold Air _—Vents Closed Cold Air

dew point of the warm
air then water vapour
will condense on the
shipside steel,

called Ship Sweat.

To prevent this ship
sweat allow
ventilation when the
temperature inside the cargo hold is more than the Dew point of the
outside air.

Lapse Rate

>

The variation in environmental lapse rates throughout the Earth's
atmosphere is of critical importance in meteorology.

» This is particularly more in case of tropopause.

» The atmospheric temperature varies with the height.
» Air temperature readings at different heights can be
received from instruments carried by various means such

as radiosondes, rockets, etc.

Environment Lapse Rate (ELR)

>

The ELR is the rate of decrease of temperature with height in the
environment.

It is obtained from the environment curve.

The rate is not constant and varies with the amount of solar radiation
reaching the earth's surface.

The larger the amount of solar radiation reaching the surface, the higher
is the surface temperatures and the greater the ELR.

The average ELR is between 38°F ~ 39°F per mile but it may vary
considerably.

The ELR is said to be positive when temperature decreases with
height in the environment.

It is Zero when temperature is constant with height (isothermal) and
ELR is negative when temperature increases with height.



Environment Curve

within different layers of the atmosphere.

> Radiosondes are used by —— L
meteorologist to measure the . :
environmental lapse rate and s .
compare it to the predicted adiabatic E
lapse rate to forecast the likelihood
that air will raise. g
Charts of the environmental lapse T e Y E
rate are known as thermodynamic e

., diagrams.
5% > The graph obtained by plotting and
e a joining these readings shows the

Temp. | 271 K

variation of temperature with height
in air which is static.
. © > This graph is called the

00, environment curve.

Pressure . 1 mb

0°C =273 K

o
Pressure in mbars

j Ozone layer,

200 250 300

» The curve will usually show a Ao
general fall of temperature with
height in the environment. i

» It will also show that the change of —. L%
temperature varies throughout the ..l ° :
height of the atmosphere.

enonmanscre L At

some
e (50 i i¢.  levels the variation of temperature per mile
Pressure 0.08 mb 098§

: = may be greater than at other levels.

» At some levels, the temperature may even
@ increase with height.

» In other

0°C =273K 3

S
Pressure

words, the %

temperature lapse rate is not constant for 7 . 7 - s

Pressure 0.047 mb - 0.06 §

all levels of the atmosphere. re-amk 175

Explore the interactive below to study the o f TR
variation in pressure and temperature with height L B

260 250 300
Temperature (K)



Height | 80  km
Temp. 181 K )
Pressure 0.009 mb

70
0°C=273K

=

5 301

3

2 s
20
15
10

60-
, 50-
£ 40
E oo

250
Temperature (K)

null point absolute zero (0 K), the

Pressure in mbars

» The temperatures here are given in the

Kelvin scale.

» The Kelvin
scale is an
absolute,
thermodynamic
temperature

scale using as its

Environment Curve
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Variation of atmospheric pressure with height

» Atmospheric pressure decreases as height N
Increases.
» The graph of the lapse rate of atmospheric

pressure against height above sea level is a

Atmospheric
presure 5
(em of Hg)

curve.
» The average lapse rate is about 115 mb per km
height in the lower levels of the atmosphere
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(up to 5 km height).
» At higher levels, the lapse rate is higher.
i > Instruments that measure height above sea

= level, called altimeters, work on the predictable
lapse rate of atmospheric pressure.

boldmethod )

Variation of temperature with height

Normal Conditions Temperature Inversion

» In the troposphere, the
temperature of air normally falls
steadily as height increases.

Cold Air
Cold Air

Warm Air - Inversion Layer
Cooler Air

» Sometimes, local influences cause

Cooler Air
Warm Air

the temperature of air to: -

.
i
k. J

EEEEE
.

(a) Increase with height instead of "
falling. This is called a temperature inversion.

OR



(b) Remain constant with height. The air is then said
to be an isothermal layer.

However, both above conditions, (a) and (b), are

temporary and will return to normal subsequently.

Adiabatic lapse rate of temperature

» Adiabatic change of temperature of a parcel of air is the change in its
temperature due to increase or decrease of its volume, without any
exchange of heat from the surroundings.

» If the volume is increased, the temperature of the parcel would decrease
and vice-versa.

» This is due to a law in physics.

» If a parcel of air is made to rise in the atmosphere, its volume would
increase in accordance with the rarer air at that height.

» This expansion causes the parcel of air to cool, though no exchange of
heat has taken place with the surrounding air.

» This cooling is hence adiabatic.

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.

Adiabatic changes

DALR (Dry Adiabatic Lapse Rate)

» It has been observed that the temperature of a dry parcel of air, which is
made to rise, falls at a steady rate of 10°C for every km of ascent i.e., the
adiabatic lapse rate of a dry parcel of air, or

> Dry Adiabatic Lapse Rate (DALR) is 10°C per km.

SALR (Saturated Adiabatic Lapse Rate)

» The temperature of a saturated parcel of air, which is made to rise, falls at
a rate of approximately 5°C per km of ascent i.¢.,



» The adiabatic lapse rate of a saturated parcel of air, or Saturated
Adiabatic Lapse Rate (SALR), is about 5°C per km.

» SALR s less than DALR because, as the saturated air is cooled, its
capacity to hold water vapour decreases and the excess moisture
condenses into water droplets.

» This condensation releases latent heat that warms up the parcel of air.

» The temperature of the rising parcel of saturated air, therefore, falls only
by about 5°C per km instead of 10°C.

» SALR is slightly variable — less at the equator and more at the poles.

» When we require an average value of the adiabatic lapse rate of any
parcel of rising air, and we do not know its exact moisture content, an
average value of 6.5°C per km height would give a reasonably
approximate result.

Stability of air

» A ship may be unstable, a person may be mentally unstable, but air? Yes,
air also can be unstable!

» Equilibrium of air is its tendency to return to its original position, when
slightly displaced by an external force.

» In the accompanying diagram, consider a point P at sea level, having an
atmospheric temperature of 15°C.

» If a parcel of air at P is made to rise slightly by some disturbance, its
temperature would fall by 10°C per km height (DALR)

» If the parcel is dry, and by about 5°C per km height (SALR) if it is
saturated, shown by the DALR and SALR lines.

Absolute stability

» If the surroundings (environment) are
such that the actual lapse rate g
existent is less than DALR and g
SALR, absolute stability is said to : :
exist (see ELR (1) in figure).

> i.e., if dry, the temperature of parcel at ié
1 km height is 5°C :

0°Celsius

Atmospheric Temperature



Height Above Sea Level (kilometres)

__________________ sgeeeeeo-opeeoooeoon > if wet, the temperature of parcel at
*# 1 km height is 10°C

Absolute
Stability

> Present temperature of surrounding
air at 1 km height, as per ELR (1) in
"""""""""""""""" figure, is more than 10°C.

»  The parcel of air is thus colder and

-

hence denser than the surrounding air at
that level and it would hence try to return
e i i below to its original position.

-10°
Atmospheric Temperature P

» Since this happens regardless of whether the parcel is originally saturated
or not, this condition is referred to as absolute stability.

Absolute Instability

» If the environment is such that the actual lapse existent is more than
SALR and DALR, absolute instability is said to exist (see ELR (2) in
figure).

» i.e., if dry, the temperature of parcel —  ___________________ O R .
at 1 km height is 5°C oo

» if wet, the temperature of parcel at 1 ity
km height is 10°C

» Present temperature of surrounding
air at 1 km height as per ELR (2) in
figure, is less than 5°C.

Instability

-

Height Above Sea Level (kilometres)

» The parcel of air is thus warmer and

Gleemcmre e

1
0°Celsius 5o 10° 150

hence less dense than the surrounding @
air at the same level and would thus

Atmospheric Temperature P

try to continue upwards in the direction of the original disturbance.
» Since this happens regardless of whether the parcel is originally saturated
or not, this condition is referred to as absolute instability.

Conditional Stability




» 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 (see
ELR (3) in figure).

> i.e., if dry, the temperature of

vo

Absolute
Stability

parcel at 1 km height is 5°C

> if wet, the temperature of parcel
at 1 km height is 10°C

> Present temperature of
surrounding air at 1 km height
as per ELR (3) in figure, is
between 5°C and 10°C, v

Instability

Height Above Sea Level (kilometres)
=

;
Glecmmmmmemo

E
0°Celsius 50 10° 15%
Atmospheric Temperature P

» 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 to
return below to its original position i.c., 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 to continue
upwards, in the direction of the original disturbance i.c., unstable
equilibrium.

» Because stability or instability, in this case, depends on whether the
parcel is dry or saturated, this condition is referred to as conditional

stability.

Neutral equilibrium of air

» If the ELR coincides with DALR when the parcel of air is dry or with
SALR when the parcel is saturated, then the parcel of air which is
displaced upwards, is at the same temperature as that of the surrounding
air at the same level and would have no tendency to return to its original
position or to continue to move upwards in the line of original
disturbance.

» This condition is called indifferent or neutral equilibrium.




Diurnal variation of pressure

» Pressure is the force /unit area.

» In case of atmosphere the pressure will be the total mass of air, upto
the top of the atmosphere, standing over a unit area of Earth’s
surface.

> This has been estimated to be about 1 kg. / cm?,

» Instead of air if we consider a heavier material like mercury then a
column of 750 mm. of mercury will exert the same pressure as the
total column of air.

» This column is called a Bar and for measurement purposes it is
divided into 1000 Millibars.

» Under the SI system of units, the pressure is measured in Pascals
which is same as Newton/m?.

1 Millibar = 100 Pascals, 1 Bar = 1000 Millibars = 100000 Pascals =
1 Kg./em? = 100 KN/m?

Semi-diurnal variation of atmospheric pressure

» Owing to many causes, which are not fully understood by man,
atmospheric pressure changes with the time of the day.

» It has been observed that it is highest at about 1000 and 2200 hours and

» lowest at about 0400 and 1600 hours Local Mean Time.

» Since this happens twice a day, it is called semi-diurnal variation of
atmospheric pressure.

Semi-diurnal range of atmospheric pressure

» The difference between the maximum and minimum values is called
the semi-diurnal range of atmospheric pressure.

» The average semi-diurnal range is more in the tropics than in middle
latitudes.

» In tropical regions it is about 3 mb (i.e., up to = 1.5 mb from normal)
and

» In UK (lat 51° N) it is about 0.8 mb (i.e., up to = 0.4 mb from normal).

> In high latitudes, it is negligible and frequently masked by fronts and
frontal depressions.

» The rate of change of pressure at a given place is called Pressure or
Barometric tendency.



>

>

It is usually measured for a period of 3 hours to enable the meteorologist
to prepare his weather predictions.

Lines drawn on the chart joining places having the same barometric
tendency are called Isallobars.

Geostrophic wind

>

>

By simple logic wind would blow from high-pressure

© Low
" Pressure

area to low-pressure area or from isobar of higher value
towards isobar of lower value at a velocity or force
called the Gradient force of wind.
» This force is directly

1000 "rfsmmmm!' , related to the pressure
1004 mb l"mrr;x Wind . . . .
oog g O l._m_lcuﬂ"_'mw.... gradient in the region or inversely related to

—-— the distance between the isobars, and acts at

- right angles to the isobars.

Due to rotation of the Earth the Coriolis or Due o the ot i
Geostrophic force is created which acts at

Objects deflect to the right
in the northern hemisphere

O—

Narthern Hemis phere

right-angles to the direction of motion of
the wind and deflects it to the right in the
Northern hemisphere and to the left in
the Southern hemisphere.

In a Northern hemisphere consider that isobars are running parallel to

Objects deflect to the left
n the southern hemisphere

each other.

The wind will blow at right angles to the isobars towards the low pressure
according to the Gradient force.

At the same time Coriolis force will act at right angles to the direction of
wind and deflect it to the right.

T e >  The resultant wind will blow at some

PGF
A 500 mi

P e angle between the two forces.
AR . »  As the direction of wind changes, the

oF
P
e 512 mb

direction of Coriolis force will also change,

HIGH PRESSURE

while the direction of the Gradient force will
remain the same.

» Hence the resultant wind will continuously change direction to the right

and follow a curved path.



At some point the two forces will Pole_ce

. O
become opposite to each other and Tt ¢ ¢

. . 912 = | } Gaostrophic
wind will blow parallel to the CY o B —E
. . e\ ‘
isobars towards the right of the 016 — T‘ % T !

{ Coriokis force

original direction. This is
called Geostrophic wind.

920

High equator

Exactly the same effect will occur

in the Southern hemisphere except that the final direction of wind will be
to the left of the original direction.

Geostrophic force is minimum at Equator and increases with the
latitude of the observer and reaches maximum at the poles.

Within few degrees of the Equator this force is negligible and so the
wind practically blows across the isobars in accordance with the
Gradient force.

The above analysis is based on the assumption that the isobars are
parallel.

However even if these are curved, the net result of the wind direction
remains the same.

So, in the Northern hemisphere if isobars are in concentric circles with
the low pressure in the centre, the Geostrophic wind will circulate in an
anti-clockwise direction and cut inwards across the isobars and spiral

towards the centre. (A) (B)

. . . OV ligh
Similarly, if the high e g W s
pressure is in the centre noy, ol N o |
then the Geostrophic ' : Pl e

. . . . nal Tf‘:,::!;'h:: ‘l'_: an r,u\;:-_.ll).-..:r'xl
wind will circulate ina '\ Toms wod Y loce

. . . — Y Centritucal— TS~—___ ¥ Centrilugal ™
clockwise direction and ~———y oo — force

cut outwards across the isobars and spiral away from the centre.
Exactly opposite will happen in the Southern hemisphere.

Buys Ballot’s law is derived from the above principles.

It states that in the Northern hemisphere if the observer faces the wind,
the low pressure will

lie to his right, and }{
vice-versa in the ’ﬁ‘
Southern hemisphere.




>

This law is not applicable close to the Equator as due to absence of the
Geostrophic force the wind blows across the isobars.

Frictional force

» The Geostrophic wind may be deflected slightly due to friction offered by
land or sea over which it is blowing.

» In addition, this force also counters the Geostrophic force and reduces its
value to about two-thirds over sea and to about one-half over land.

» At more than 600m. above sea level this force is normally not present.

» The resultant wind direction will be inclined at 2T TR
an angle to the isobars depending on the ’//' ‘/ /::\
quantum of the above forces. [/ \

» This inclination is called In-draft. .. ‘.,f = |

> It has been observed that over land the In- \\ & y /
draft is about 30° towards the low pressure, ) . :: //f
and over sea it is about 10°.

» At high levels the wind blows practically ——
parallel to the 1sobars due to absence of the frictional force.

» If there was no Coriolis Force, the Global wind belts at the surface would
blow strictly in the North- South direction.

» Due to the rotation of the Earth, any movement of the air in the Northern
Hemisphere is deflected towards Right and in Dot th et ision
the Southern Hemisphere is deflected to the -
Left.

» This apparent deflection is called the Coriolis
Force. it southrn omiphare

» The amount of the deflection the air makes
depends on a speed at which the air is moving and its latitude.

» Thereby slowly moving winds will be deflected only a small amount,
while Stronger winds will be deflected more.

» Likewise winds blowing closer to the Poles will be deflected more than
the winds at the same speed close to the Equator.

» The CORIOLIS FORCE is ZERO at the Equator.

RECAP

» Pressure Gradient causes the air parcels to accelerate across the Isobars

from areas of High Pressure towards the areas of Low Pressure.



The Coriolis effect then deflects air parcel to the right in the Northern
Hemisphere and to the LEFT in the Southern Hemisphere.

As the wind gains speed, the Coriolis effect increases in magnitude until
it balances the Pressure Gradient Force.

The result is an unaccelerated Horizontal wind blowing parallel to the
Isobars that is called the Geostrophic Wind.

Trade winds and Westerlies

Trade Winds

>

>

Trade winds roughly cover almost the entire area

tween 30°N and 30°S latitudes on both sides of the equator.

The trade winds are a result of a pressure gradient from the sub tropical
belt of high pressure to the equatorial belt of low pressure.

In the northern hemisphere, the wind moving towards the equator is
deflected by the earth’s rotation to flow south-westward.

Thus, the prevailing wind there 1s from the north east, and it has been
named as the North East Trades.

In the southern hemisphere, deflection of the wind 1s towards the left, this
causes the South East Trades.

The trade winds are considered to be steady and persistent in direction.
They bring heavy rainfall to the eastern coasts of continents lying within
the tropics because they blow on-shore.

On the western coasts of continents, these trade winds do not bring any
rainfall as they are off-shore winds or winds blowing just parallel to the
shores.

So the western areas within the tropics suffer from aridity.

This explains the great deserts of the Sahara, Kalahari, Atacama and the
Australian deserts, all lying on the western margins of the land masses
within the tropical latitudes.

Westerlies

>

>

>

The Westerlies or the prevailing westerly winds blow

between 35° and 60° north and south latitudes

From the sub-tropical high pressure belts towards the sub polar low
pressure belts.

In the Northern Hemisphere, the Westerlies generally blow from the
south west to the north east, and



» In the southern hemisphere from the North West to the south east.
Westerlies are not as constant in strength and direction as the trade winds.

Y

» They are rather stormy and variable though the main direction remains
from west to east.

» They are also known as anti-trade winds, because their movement is in
the opposite direction from that of the trade winds.

» In the northern hemisphere, land masses cause considerable disruption in
the westerly winds.

> But in the southern hemisphere, between 40°S and 60°S, the Westerlies
gain great strength and persistence because of the vast expanse of oceans
in their belt.

» This made the mariners of old call them the roaring forties, the furious
fifties and the screaming sixties.

» In olden days, sailing vessels had to face great danger while sailing in the
opposite direction in the face of the prevailing westerly winds.

Polar, Ferrel and Hadley Cells

Polar Winds

» The winds blowing in the Arctic and the Antarctic latitudes are known as
the polar winds.

» They have been termed the polar easterlies, as they blow from the
polar high pressure centers towards the sub polar low pressure belts.

» These winds are extremely cold as they blow from the landmass
capped with ice.

» Southern hemisphere has more regular polar winds than the northern
hemisphere.

Hadley Cells

»> Hadley Cell is closer to the Equator,
consists of winds, converging and rising,
at the Equator and then diverging
North and South of the equator as it~ smesince :
reaches the upper Troposphere. padiey m,.\

» The wind then sinks at 30° latitude
(North or South) as they converge with
the Winds in the Ferrel Cell.

» They hit the surface and diverge back to the Equator, to complete the cell.

Mid-latitude c

Hadley cell

ssss



This provides the Equator-ward wind component of the Trade Winds.

Ferrel Cells
WD » Ferrel Cells, as winds sinking at 30° North &

~ Polar cell
Sl R

520 aising warm, South Latitudes and then travelling Pole ward as

'~ moist air

N el they hit the ground and diverge with the winds
W :; /)l}f ‘::L:::E:;d'evce" from Hadley Cell.
< %M' > This provides the Pole-ward component of the
/ f ; naaey el Mid-latitude Westerlies.
7> coovary ait » This wind travels towards the Poles, until
)%f Ef:i&g!:;,::‘r:m' o they converge with winds in Polar Cell at 60°
"~ Descending Latitude.

cold, dry air

» This wind then rise up and spread out equator-ward to complete the cell.

Polar Cells

North *=— _ Descending
-old, dry air
Pole C-....__‘ =

\ ) Rislnu wm

» Polar Cells has winds rising up at 60°
Latitude and spreading out Pole ward as they

reach upper Troposphere.

» The winds sink down at Poles and then

diverge towards the Equator, until they reach

60° Latitude where they rise up again to

7 complete the cell.

= ‘//;zamm > They provide the Equator-ward
component of the Polar Easterlies.

Rising warm
moist air
f\Hadley

Cell

Pole cold, dry air

CORIOLIS Force and its effect

» If there was no Coriolis Force, the global
wind formed at the surface, will strictly
blow in the North- Soth direction.

»  Due to the :
rotation of the CORIOLIS FORCE AND
oneasieie i Barth, any CORIOLIS EFFECT
movement of the air in the Northern
Hemisphere is deflected towards Right and in
e o nemiconoe - the Southern Hemisphere is deflected to the
Left

Dhue to the earth’s rotation

Northern Hemis phere

Southem Hemisphere

O""




» This apparent deflection is called the Coriolosis Force.

» The amount of the deflection the air
makes depends on a speed at which
the air is moving and its latitude.

» Thereby slowly moving winds will
be deflected only a small amount.

» While Stronger winds will be
deflected more.

» Likewise winds blowing closer to the Poles will be deflected more than

the winds at the same speed close to the Equator.
» The CORIOLIS FORCE is ZERO at the Equator.

Major Pressure Belts and Wind System

WESTERLY BELT:

90°N

High Pressure

/pon.:/é.neyle.

Sub-Polar Low Pressure

/ Prevalll/x{g' Weslerll;«(

» On the Pole-ward side of the Sub
Tropical High Pressure Belts, are 60°N

the regions where the mobile asoN

: Sub - Tropical High Pressure (Horse Latitudes)
depressions and anticyclones of the — 22:5Nf;:i 4
temperature Zones are found. ol

...................................................

» As this pressure system moves A

Sub - Tropical High Pressure (Horse Latitudes)

\‘ Prev-lll\q Wes(erlic\:‘i\

Sub-Polar Low Pressure

pnra N

High Pressure

generally from a Westerly
direction, they cause considerable
variations in the wind direction and
fall at any given place. 9078

» On the whole, there is a Hajor fressure Bells and Wind System
predominance of Westerly Winds.

» In the Southern Hemisphere these winds often reach gale force and they
are known as the Roaring Forties

Sub Tropical Anticyclone Belt

» These are belts of Light and variable winds.
Fine clear weather marks the central regions of
the Sub tropical High Pressure Belts.

» They are mainly located 30 deg to 35 deg North
and South are referred to as Horse Latitudes. & 4




Trade Wind Belts

ws.»  This is the belt of winds which exists
on between the Sub tropical Anticyclone and the
/ﬂﬂ‘im il o// " ITCZ . )
Ty / /me »  The Notrh East Trade winds are in the
. / ,n{:m;;’,m, E:wg‘im{fmf -.f:-’ Northern Hemisphere and the South East
A \ \ iy .+ Trade winds are there in the Southern
e ' " "~ Hemisphere.
\\wf m\_\__ ) P _
s Lo g LR T »  The general tend of trade winds as shown

e

—I.i by the Vector.

» Mean winds and the mean position of the ITCZ are illustrated below for
January and July.

» Note that the typical North East Trades evident in other areas are absent
in the North Indian Ocean.

» In July, the particular feature of the area are the MONSOONS.

» The wind direction and speed with an air trade wind belt varies, the
average strength is force Four, with the general tendency to increase in
strength during the Winter season.

» The common cloud is Cumulus with vertical development and showers.

» Occasionally Trade winds may be absent. Their place can be taken by
Tropical Storms.

Doldrums Belt

» This is the Zone of Light and variable winds which form a narrow belt
between the Equator and about Latitudes 12° Noth which varies with
Longitude and the season.

» The doldrums are generally known for Light and variable winds.

» But storm, Heavy Rain and Thunderstorms are also experienced.



Global Winds

» At the most fundamental level,
the global winds are set in
motion by differential heating of
Earth's surface by sunlight, i.e.
the tropics are warm and polar
areas cold.

» This differential heating gives
rise to pressure differences and,
consequently, to the pressure
gradient force that compels air to
move.

» Ultimately, as we saw earlier, the
moving air redistributes heat
from areas of surplus to areas of
deficit.

»  Remember the

vertical motion of air at

High and Low pressure
\3 centers described in the
" previous section,

iy

» At the equator, the warm
surface causes low pressure and _
rising air.

At the poles, cold air produces high pressure and sinking air.

If Earth did not rotate, this would describe the global circulation.

Air would rise at the equator, flow at high altitude to the Poles, then sink
and return to the equator along the surface forming two gigantic
circulation cells.

» On planets like Venus, with negligible Coriolis force due to very slow

VYV V V

rotation this is, in fact, what happens.



Global Pressure

>
>

On Earth, however, Coriolis makes the situation more complicated.
Air rises near the Equator, but rather than flowing all the way to the
poles, Coriolis deflection produces sinking air at about 30° north and
south latitudes as shown on the right side of the diagram below.

This vertical motion in the tropics is so well defined that it has a name:
The Hadley Cell. Rising air in the Hadley cell along the equator produces
deep clouds, thunderstorms, and rain in a band of low pressure called
the Intertropical Convergence Zone (ITCZ).

Sinking air near 30° latitude causes high pressure areas called

the subtropical highs.

The highs produce clear skies and calm winds in a latitude band
sometimes called the Horse Latitudes, which lie just north of the
Hawaiian Islands and dominate Hawaiian weather.

Coriolis makes the air flow at higher latitudes even more complicated, but
in general air flows out of the subtropical highs poleward along the
surface then rises again at the Polar Front, which wobbles between 50°
and 70° latitude.

At the polar front, air rises, producing cloudy skies in a band of bad
weather sometimes called the Subpolar Low.

At the highest latitudes, circulation is similar to the Hadley cell, except
much smaller.

T, Descending
N{Id' dry air
—
> Rising warm
'~' oist air

Air sinks over the poles, where Polar ot~
. . . Fole
High pressure, clear skies, and cold air

dominate, then flows equatorward and 5.
\\) Descending
,..ﬁnld, dry air
\ \Hadley

" Cell

@ Rising warm
moist air
f\Ha dley

Cell

rises again at the Polar Front.

These large circulation cells produce

global pressure bands in latitude zones
as shown in the accompanying diagram
as HIGH (30° latitude and the poles)

and LOW (equator and 50-70° — Z>ul
latitude). ol [

The surface pressure bands not only determine the climate at their

Descending

L{ﬂ? cold, dry air

location, but also drive the vast global surface winds.



Studying the diagram will help you, not only in this class, but in
understanding the weather wherever you travel in the world.

Global Winds

The diagram above shows two idealized views of air motion, the vertical
cross-section shown on the right and the horizontal winds drawn over the
image of Earth.

Look at the very center near the word "Equator."

Notice high pressure is to the north and low pressure is at the equator
itself.

Remember the rules regarding air motion in relation to pressure
differences.

Imagine standing on the high pressure area in the northern hemisphere
looking equatorward and holding out your right arm.

The PGF sets air in motion from you toward the equatorial low.

The moving air is then deflected in the direction your arm points, to the
right, by Coriolis.

That motion forms the northeast trade winds as shown in the diagram.
Now do the same for the southern hemisphere.

Imagine standing on the high in the South Pacific, and looking north
toward the equator, holding out your left arm this time.

Air is deflected by Coriolis to the left, in the direction your arm is
pointing, forming the southeast trade winds.

The trade winds, so-named because of their dependability for sailing
ships, are usually very reliable and cover nearly one half of Earth's
surface.

Trade wind weather is generally dry and sunny because of the subtropical
High pressure influence.

Areas near the equator lie in a low pressure zone (remember the ITCZ
from the Global Pressure section above?) where winds are generally light
or calm, a condition that mariners term the doldrums.

(This is a good place to note how winds are named: winds are named for
the direction they come from. So, northeast trade winds come from the
northeast, westerly winds come from the west, sea breezes come from the
sea, valley breezes come from the valley, and so on.)
Now apply the same reasoning to the winds between the subtropical highs
and the polar front, or subpolar lows.



Air flows from high to low pressure and Coriolis deflection

produces westerly winds in both the northern and southern hemispheres
between about 30° and 60° latitude.

Westerly winds tend to shift direction much more than the trades and also
tend to be more blustery.

In the southern hemisphere, they blow with such ferocity that mariners
named these latitudes the Roaring Forties, Furious Fifties, and
Screaming Sixties.

The highest average wind speed, in fact, occurs off the coast of Antarctica
near 60° S latitude at over 60 kilometers (37 miles) per hour. That's

the average wind speed.

Cold Polar Easterlies cover the highest latitudes for the same reason
easterly trade winds prevail in the tropics.

Finally, one should note that the diagram shows a very idealized version
of the global winds.

Heating and cooling of land surfaces causes much variation, such as
seasonal monsoons in tropical Asia.

Nonetheless, it generally holds true, especially over the oceans.

For the purposes of testing and your own long-term understanding of the
weather in other parts of the world, memorizing the yellow global wind
and pressure belt diagram will be quite helpful.

Sub tropical oceanic highs

>
>
>

You have studied the forces that cause wind over the oceans.

The movement of wind varies.

The wind blowing over the polar regions, the tropics and in the temperate
regions all have their own distinctive characteristics.

In places the winds blow permanently in a particular direction throughout
the year.

These are known as permanent winds.

They are also called as the planetary or prevailing winds.

Certain winds blow in one direction in one season and in the opposite
direction in another. They are known as periodic winds.

There are some local winds too, caused by local factors in different
parts of the world. Let us study these in detail.

The planetary wind system includes the High & Low Pressure Belt.
Winds tend to blow from High Pressure Centres to Low Pressure Centres.



>

Land masses cause considerable disruption of the winds, particularly in
the Northern Hemisphere.

Trade Winds

>

>

The Trade Winds and the Westerlies are the main planetary winds of
the world.

Trade winds roughly cover the entire area between 30 deg North & 30
Deg South latitudes on both sides of the equator.

The Trade winds area are a result of the Pressure Gradient from the
Subtropical belt of High Pressure to the Equatorial Belt of Low
Pressure.

In the Northern Hemisphere, the wind moving towards the Equator, is
deflected by the earth’s rotation to flow south westward.

Thus the prevailing wind there is from the North-East, and it has been
named as the North-Easterly Trade Winds.

In the Southern Hemisphere, the deflection of the wind is towards the
left, this cases the South Easterly Trade Winds.

Westerlies

>

>

The Westerlies are the prevailing westerly wind blow between 35 deg
North/ South and 60 Deg North/ South latitudes from the Sub-
tropical High Pressure belts towards the Sub-Polar Low Pressure
Belts.

In the Northern Hemisphere, the Westerlies generally blow from the
South West to the North East, and in the Southern Hemisphere from the
North West to the South East.

Periodic and Local Winds

Fohn wind effect:

>

>

Wind from sea having high Relative Humidity (RH) strikes a mountain
and starts ascending it.

The temperature of the rising air will decrease at DALR and its RH will
increase.

Once the air mass becomes saturated the temperature will decrease at
SALR, which is less than the DALR.

This will cause rain on the windward side of the mountain.



» On top of the mountain the temperature of air will be very low, and it will
be saturated.

» When the air mass descends on the leeward side of the mountain the
temperature will rise and the air will become unsaturated.

» As it descends further the temperature will increase at DALR and the RH
will continuously decrease.

» Hence near the ground level the air on the leeward side of the mountain
will be drier and will be at a higher temperature than on the
windward side.

» Also, rain will be experienced on the windward side and not on the
leeward side.

Land and sea breeze:

» Due to low specific heat of land as compared to water, it gets heated
during the day and cools during the night, faster than sea.

» Hence there is always considerable difference in temperature of air over
land and sea.

Sea Breeze

» During day the air mass over land is very hot so it becomes lighter than
the surrounding air and hence rises, thus creating a low pressure over
land.

» As the air mass over sea is not as hot
so there is a high pressure over the
sea.

» Distance between the high and low
pressures 1s not much i.e. the pressure
gradient is high.

LAND BREEZE| .

» Hence winds blow directly across the
isobars, which run parallel to the
coast, from sea towards land. This 1s
called Sea breeze. > S

» It normally sets at about 1000 hr. s wae
with force of about 3 to 4 and dies down by sunset.




Land Breeze
» At night temperatures and pressures over

land and sea are reversed and so winds
blow across the isobars, which run
parallel to the coast, from land to sea,
called Land breeze.

» It normally sets in about 2 hours after
sunset and lasts till sunrise.

» Sea breeze is much stronger than land
breeze.

» These are normally experienced upto

shuttersteck

about 20 miles inland from the coast and
are prominent along high, dry, rocky or desert coastline.

Katabatic wind:

» On clear nights the land becomes colder than sea.

» If there is a high mountain close to the sea, then the cold air on top of the
mountain being heavier tends to flow down the slope by gravity and
blows across the sea with force 7 or more.

» This wind is not based
on pressure conditions

Afternoon

and hence cannot be

predicted.
> These are experienced in | yasabaticwind Anabatic wind
Adriatic Sea. off (mountain wind) (valley wind)

Greenland and Norway.

The mountain cools down, the air The sun warms the mountain,
becomes heavier so it descends. the aire is lighter and ascends

Anabatic wind:

» During day air in the valley becomes warm due to contact with land
surface while the air over land at higher altitude is relatively cold.
» This causes the air to blow gently up the slope of land with little force.



Tornado:

This is a violent whirl of wind of about 100m. diameter having cyclonic
winds of 150 knots at its centre.

It appears like a huge dark funnel shaped cloud with its base in the sky
and tapering down to the ground.

It mainly occurs in Middle West and Central plains of USA. It occurs
when the Maritime Polar air from NW overruns the Maritime Tropical air
from Gulf of Mexico.

Waterspouts:

>

>

This 1s usually formed when a Tornado travels to sea from land. It is
similar in appearance to a Tornado but not as violent.
It usually lasts from 10 to 30 minutes.

Nor’wester:

>

>
>

These are thunderstorms experienced in the State of Bengal at the head of
the Bay of Bengal, from March to May and they cease once the SW
monsoon sets 1in.

They occur in the afternoon around sunset time particularly after a hot
day, and last for 3 to 4 hours only.

They approach from NW direction and hence this name is given.

They move slowly over land but once at sea they pick up speed.

Elephantas:

These are squalls, blowing in from South or East, experienced on the West

coast of India in September towards the end of SW monsoon.

Etesian:

This is summer winds blowing from Northerly direction in the Aegean Sea and
Eastern Mediterranean.

Gregale:

This 1s NEly wind blowing in Western and Central Mediterranean in winter, off

the coasts of Malta and Sicily.

Harmattan:



This is Easterly wind blowing on the West coast of Africa from November to
March. Coming from the Sahara desert it is dry and brings lot of dust and sand.

Khamsin: This is a Southerly wind blowing in Egypt and Red sea from
February to June. It is hot, dry and dusty.

Levanter: This is Easterly wind blowing in Straits of Gibraltar which brings
cloud, haze and fog.

Bora: This is Katabatic wind blowing down the mountain on coast of Adriatic
in winter.

Mistral: This is Katabatic wind blowing from North to NW direction down the
mountain slope into the Rhone valley.

Norther: This is Northerly gale occurring in winter in Chile, Gulf of Mexico
and Western Caribbean.

Pampero: This is a strong squall occurring from June to September in Rio-de-
La Plata at the passage of a cold front when the wind backs suddenly from
North to South or SW. It is accompanied with rain, thunder and lightning.

Sirocco: This is hot and dry wind coming from the deserts of South Africa into
the Mediterranean.

Shamal: This is usually a NWly wind in the Persian Gulf and Gulf of Oman. It
can be a normal wind or gale associated with depression. In some areas it even
blows from West or SW direction. It brings lot of dust and fine sand, which
reduces visibility considerably. During summer the wind force may be upto 7
but in winter it may go upto 9.



Southerly Buster: This is a Southerly wind occurring on the SE coast of
Australia, mainly in summer season, from behind a cold front.

Sumatra: This is SW squalls occurring between May and October in Malacca
Straits and West coast of Malaya. These are accompanied with thunderstorm.

Gradient and cyclostrophic winds

Pressure Gradient Force

LY eGer - »  Wind is movement of air in the
.. 'High G Low . .
" Pressure %, "pressure ~ atmosphere caused by differences in

Lt atmospheric pressure between two localities.
»  The atmosphere tries to achieve uniform
pressure by transferring air, from one region of
high pressure (excess air) to another region of
low pressure (deficient air), in the form of wind.

» However, wind does not blow directly from high to low pressure.
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» Due to the pressure gradient, geostrophic force and frictional force, wind
tends to blow in a circular manner around regions of high or low pressure.
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» In the case of severe depressions, the angle of in-draft is greatly affected
by a third force called Cyclostropic force and is explained later on
under Tropical Revolving Storms.

Cyclostrophic force causing the Gradient wind

» As stated above, the winds circulate around a low pressure like in a
Tropical Revolving Storm (TRS).

» This creates the centrifugal force, also called the Cyclostrophic force,
which acts radially outwards opposite to the Gradient force and thus
reduces its value to some extent.

» In effect it causes a reduction in the angle of in-draft because the other
forces stated in the previous Sub-sub-sub-topic are not affected.

» As the winds come closer to the centre of the storm, its force increases,
which also increases the Cyclostrophic force.

» Hence closer to the centre where this force 1s maximum, the winds blow
practically parallel to the isobars. This is called Gradient wind.

» Cyclostrophic winds are characterized by a balance between the
pressure gradient force and the centrifugal force, primarily
occurring in small-scale, curved wind flows like tornadoes or dust
devils, where the Coriolis force is negligible.

¢ What is Cyclostrophic Wind?

Cyclostrophic wind is a type of wind circulation that results from a balance
between the local atmospheric pressure gradient and the centrifugal force.

¢ Where does it occur?
It's most prominent in small-scale, high-speed, curved wind flows, such as:
o Tornadoes
« Waterspouts
o Dust devils
o Other small atmospheric circulations

¢ Why is the Coriolis force negligible?



In these small-scale systems, the curvature of the airflow is so great that the
centrifugal force (the force that pulls objects away from the center of a curve)
becomes the dominant force, outweighing the Coriolis force.

* How does it differ from other wind types?

Unlike larger-scale cyclonic systems (like hurricanes), cyclostrophic winds can
rotate in either a clockwise or counterclockwise direction, depending on the
specific conditions.

« Example:

» Imagine a tornado;

» The air is swirling rapidly around a low- Crclosrophic
pressure center.

» The centrifugal force, due to the rapid
rotation, is balanced by the pressure gradient
force (the force that pushes air from high to
low pressure), resulting in a cyclostrophic

wind flow.

Centrifugal
Force

A line drawn on the weather map, connecting points of
equal pressure, is called the ISOBAR.

i N w - The change in pressure measured
" Pressure - ' \% Pressure

B across a unit distance is called a
Pressure Gradient.

. This gradient results in a net High | Net | sov

. . . Pressure | Force | Pressure
force that is directed from High Pressure to Low
Pressure. This force is called a Pressure Gradient
Force.

1004 mb 1000 mb

This force triggers the initial movement of the air.




Doldrums

>

The equatorial region is relatively warmer, causing a low pressure
area known as the doldrums (also known as the equatorial low).

It is a belt of light converging winds and rising air.

Sailing vessels tended to drift a lot due to less or no wind movement at
all.

The doldrums, a term originally used by sailors, is called the Inter-
tropical Convergence Zone (ITCZ)

General wind and Pressure System

The general pressure and wind systems which would exist if the entire surface
of the Earth is only water —

>

>

There would be a permanent low pressure area over the equator
(equatorial low) and at 60° N & S (Temperate latitude low).

There would be permanent high pressure area at 30° N & S (sub- tropical
high) and at also the poles (polar high).

Wind would blow from area of high pressure (HP) to area of low pressure
(LP) being deflected to its right in the northern hemisphere and left in the
southern hemisphere, as shown in the accompanying figure.

Because the winds converge at the equator, that area is called the
Inter-tropical convergence zone (ITCZ).

The converging air would ascend, with little or no horizontal movement.
Sailing vessels used to be stuck for long periods for lack of wind to
propel them.

Hence this area is also called ‘Doldrums’ meaning area of inactivity

or stagnation.

ITCZ (Inter-tropical Convergence Zone)

>

>
>

Inter-tropical Convergence Zone (ITCZ) is also known by sailors as
the Doldrums or the Calms because of its monotonous, windless
weather.

It is a low-pressure area where the NE and SE trade winds converge.
It encircles Earth near the thermal equator, though its specific position
varies seasonally.
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Thermal Equator, also known as Heat Equator, is a belt encircling the
Earth, defined by the set of locations having the highest mean annual
temperature at each longitude around the Earth.

It 1s not identical to the geographic Equator.

Chennai, India, at 13° N 080° E is considered to lie on the thermal

equator.
( B G T o ]
€ » Bras > The movement of the thermal
“.ra.  equator causes the prevailing pressure and

.~ wind pattern to move to the north and

/ south as shown in the image.

> It is important to understand the

cause and impact of the ITCZ.

> Let’s take a look at the trade winds

and air masses over Africa.

e > North-east trade winds originate
from the tropical continental air mass.

South-west trade winds originate from the tropical maritime air mass.

The tropical maritime air mass originates in the Atlantic Ocean in the
vicinity of the Gulf of Guinea.

Since it s originated in tropical latitudes, it is very warm with high
relative humidity. This causes unstable weather in the region.



» The tropical continental air mass
originates in the large land mass
in low latitudes, such as the
Sahara Desert.

» Since it originated in tropical
latitudes it is very warm and its
relative humidity is low. This
causes stable weather in the
region.

» When these two air masses
meet, moist air is forced upward.

» The rising air is cooled adiabatically causing water vapour to condense,

resulting in a band of heavy precipitation around the world.
4T 2 W As the ITCZ moves north it carries

\W'e

the tropical maritime air mass winds over
the land.
_____________________________ > This will bring wet weather.
— - AR A= > Because of the influence of
neeceee WY e y<"- tropical continental winds, places north of
the ITCZ will be experiencing hot dry
; weather.
B | Eczsamary I Thunderstorms are common
o phenomena beneath the ITCZ.
» Because of ITCZ’s nature of changing location, rainfall is affected in

many countries near the equator, resulting in the wet and dry seasons of

the tropics.
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Q.4) Ice/ Atmosphere

1) Explain the purpose, duties and responsibilities of International Ice Patrol? (7 times)

(OR),

Describe the function of International Ice Patrol. (7 times)

The International Ice Patrol is an organization operated by the U.S. Coast Guard, established in 1914 after the tragic
sinking of RMS Titanic in 1912.

It monitors the presence and movement of icebergs in the North Atlantic Ocean, especially around the Grand Banks of
Newfoundland.

The International Ice Patrol (IIP) is recognized under Chapter V/Regulation 6 of SOLAS titled, “Ice Patrol Service”.

Purpose of International Ice Patrol Services:

In general, to contribute to Safety of Life at sea, Safety of Navigation and Protection of the. Marine Environment.
To monitor the extent of the Iceberg danger near the Grand Banks of Newfoundland.
To provide Limits of All Known Ice (LAKI) to the maritime community.

Duties and responsibilities of International Ice Patrol Services:

Surveillance of Icebergs by regular aircraft reconnaissance (survey to gain.information)and satellite monitoring
to detect icebergs drifting near the Grand Banks of Newfoundland.

Collect data on sea surface temperature, ocean currents, and weather to predicticeberg drift.

Provide daily North Atlantic Ice Charts showing iceberg danger zones.

These are broadcasted to ships via radio, NAVTEX, and satellite systems.

Helps mariners plan safe routes around ice-prone.areas during iceberg season (typically Feb—Aug).

Necessity of the Ice Patrol Services

The cold Labrador Current, carries some Ice Bergs south to the vicinity of the Grand Banks of Newfoundland and
into the great circle shipping lanes between Europe and major ports of the East coast of USA and Canada.

In this area, the Labrador current, meets the warm Gulf Stream and the temperature difference between the two
air masses is about 20°C, which results in'Déense Fog.

The combination of Icebergs, fog, severe storms, fishing vessels and busy transatlantic shipping lanes makes this
area most vulnerable for navigation.

While sailing through this area, ships try to make their voyage as short and as economical as possible (Optimum
Routeing).

Therefore, ships in.the vicinity of the “Limits of All Known Ice” (LAKI), normally will pass just to south of this
boundary.

For vessels crossing the North Atlantic Ocean, the farther south the Ice Limits are, the farther the ship must travel
to avoid theicebergs.

2.a) Explain the formation of sea ice (5 times)

(OR),

Explain with block diagram the various stages in the development of sea ice. (2 times)

(OR),

Explain with help of a suitable diagram the sequential formation of sea ice. (2 times)

Formation of Ice is a complex process. The fresh water and sea water freeze in dissimilar manner.

Formation of Sea Ice

> With Salt present in water, it delays the lowering of temperature of the water to below its normal freezing point.

> The higher the salinity the greater will be the effect on the freezing of water, i.e it takes longer time to freeze.

> As the surface water cools, it becomes more dense and sinks, being replaced by warmer, less dense water from below
which in turn, is cooled. This is continued and called Convection.

>The formation of Ice at Ocean/ Sea thus take sometime to form than does the lake ice in similar conditions.



Stages in the Development of Sea Ice:

(i) Frazil Ice
e Tiny needle-like ice crystals suspended in supercooled water.
e Occurs when sea surface temperature drops below -1.8°C.
e Appears as slushy water.

(ii) Grease Ice
e Asfrazil crystals accumulate, they form a greasy, soupy layer.
e Looks oily or slick, hence the name.
e Still not solid — flows with water movement.

(iii) Pancake Ice
e Grease ice begins to consolidate into round, flat disks.
e Disks collide and form raised edges.
e Common in turbulent seas.

(iv) Nilas
e Athin, elastic, new sheet of ice formed from freezing of grease ice.
e Dark, flexible, and up to 10 cm thick.
e Can bend without breaking.

(v) Young Ice
e Transitional stage between nilas and first-year ice.
e Thickness: 10-30 cm.
e Begins to stiffen, with surface ridging possible.

(vi) First-Year Ice
e |Ice that has grown through a single winter.
e Thickness: 30 cmto 2 m.
e Harder and less saline than newly formed ice.

(vii) Multiyear Ice
e Survives one or more summer melt seasons.
e Thicker, more compact, and less saline than first-year ice.
e Appears bluish-white, and is stronger.

Development of Sea Ice
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b) Describe the factors on which the movement of sea ice is dependent upon. (2 times)
Main Factors Influencing Sea lce Movement:

(i) Wind (Primary Driving Force)
e Wind is the most important factor, accounting for up to 70—-80% of sea ice drift.
e Acts on the surface of the ice, pushing it in the wind direction, slightly deflected due to Coriolis effect.
e Stronger wind = faster ice drift.

(ii) Ocean Currents
e Subsurface currents like the Labrador Current, Beaufort Gyre, and East Greenland Current influence the
direction and speed of sea ice.
e Seaice drifts slightly slower than the underlying current.

(iii) Coriolis Effect
e Due to Earth’s rotation, ice movement is deflected:
e To the right in the Northern Hemisphere
e To the left in the Southern Hemisphere
e Causes ice to move at an angle (typically 20°-40°) to the wind direction.

(iv) Ice Type and Concentration
e Multiyear ice or thick ice moves slower due to its mass.
e Thin or new ice moves faster and responds more quickly.to wind and.currents.
e Dense ice packs move as a unit, while loose ice responds more individually.

(v) Geographical Constraints
e Coastlines, islands, and shallow areas (shoals, sandbars) block or redirect ice flow.
e Ice can pile up (ridging or rafting) near obstacles.

(vi) Temperature & Melting
e Melting reduces ice strength, making it more fragile and mobile.
e Brine drainage also affects ice’buoyancy:and motion.

c) State the limitations of radar'as a means of detecting ice. (2 times)
Limitation of RADAR as aimeans of detecting ice:

(i) Difficulty in Differentiation: Standard marine radar cannot reliably distinguish between different types of ice, such as
old ice and first-year ice.

(i) Sea Clutter: Sea clutter, caused by reflections from waves, can mask the return signals from smaller ice features,
making them difficult to detect, especially in close proximity to the vessel.

(iii) Growlers: Small pieces of ice, like growlers, are particularly difficult for radar to detect due to their small size and low
radar cross-section.

(iv) Weather Conditions: Heavy precipitation, such as snow or rain, can interfere with radar signals, reducing detection
range and making it harder to identify ice.

(v) Ice Thickness and Meltwater: Thick ice or ice with meltwater on the surface can reflect radar signals in a way that
makes it difficult to distinguish from open water.

(vi) Limited Range and Resolution: Radar has a limited range, and the resolution may not be sufficient to detect very
small ice features at greater distances.



d) Explain the precautions to be taken when navigating in or near an area affected by sea ice. (3 times)
Precautions to be taken when navigating in or near an area affected by sea ice:

(i) Route Planning and Ice Information
e Use updated ice charts from authorities like the International Ice Patrol (1IP) or national ice services.
e Use ice routing services and plan the safest and most ice-free route.
e Avoid routes through high-concentration or multiyear ice, especially if vessel is not ice-class.

(ii) Use of Navigational Aids
e Use radar, ice radar, and satellite images to detect icebergs and ice edges.
e Keep radar gain and clutter settings properly adjusted.
e Use visual lookouts during daylight hours, especially during fog or snow.

(iii) Slow Down Speed
e Reduce speed in ice-infested areas to minimize impact in case of collision with ice.
e Slower speeds allow better maneuverability and reaction time.

(iv) Maintain Effective Lookout
e Post extra lookouts (including from bridge wings or crow’s nest).
e Use binoculars and infrared/thermal cameras (if available) during low visibility.

(v) Avoid Ice Pressure Zones

e Avoid areas where ice is compressed by wind or current—risk of hull being trapped or damaged.
e Watch for ridging or rafting zones.

(vi) Avoid Close-Quarter Manoeuvring
e Avoid sudden helm or engine movements in ice.
e Do not attempt to turn sharply or back into ice.unless-specifically trained and equipped.

(vii) Prepare and Protect Equipment
e Ensure all deck machinery (anchors, winches, rudder) is free of ice and functional.
e Cover air intakes and other vulnerable machinery to prevent ice blockage.

(viii) Monitor Weather & Ice Forecasts Continuously
e Continuously monitor updates via:
e NAVTEX
e SafetyNet (Inmarsat-C)
e HF/MF/VHF broadcasts
e |ce patrol websites

(ix) Be:Prepared for Emergency
e . Keep lifesaving appliances ice-free and ready.
e Have anemergency plan in case the vessel gets beset (trapped) in ice.

e) Describe the signs which may indicate proximity of ice on clear days and nights
(OR),
Explain signs of approaching Ice bergs and actions will you take on seeing these signs.

Signs of Ice on Clear Days & Nights

(i) Blinking (Ice Blink)

e White glare on the underside of clouds caused by sunlight reflecting off sea ice.
e Appears as a bright patch on the horizon.

e Seen above ice fields even when ice is not directly visible.



(ii) Sudden Drop in Air or Sea Temperature
e Indicates approach to colder ice-covered waters.
e Rapid drop in sea surface temperature (SST) is especially significant.

(iii) Change in Sea Surface Appearance
e Ice-infested waters often appear:
= Greener, duller, or glassy.
= Less wave activity or smoother surface due to ice dampening.

(iv) Floating Fragments of Ice
e Presence of growlers, bergy bits, or small ice floes.
e May be difficult to detect by radar, so visual lookout is essential.

(v) Wildlife Indications
e Birds, seals, or penguins can indicate nearby ice fields or icebergs.
e Marine life often follows ice edges.

(vi) Other Ships Altering Course
e Observing other vessels taking avoidance actions or slowing down may indicate ice presence.

Actions to Take on Seeing These Signs

(i) Reduce Speed: Slow down immediately to give more time to.maneuvere and reduce collision impact risk.

(ii) Post Extra Lookouts: Use binoculars, night vision (if available), and assign extra watchkeepers on bridge wings or
monkey island.

(iii) Alter Course: If ice is sighted ahead, alter course.well'in advance. Give wide berth (at least 1-2 NM) to any sighted
iceberg or icefield.

(iv) Use Radar Carefully: Tune radar settings to detect'small targets (use short range, high gain, low clutter).

(v) Monitor Sea Surface Temperature: Keep logging SST using engine room sensors or sea water intake thermometers.
Sudden temperature drops indicate ice nearby.

(vi) Inform Engine Room: Put engine room_en standby in case rapid maneuvering is needed.

(vii) Report Ice to Authorities: If uncharted ice is found,report to the International Ice Patrol, nearby vessels, or
relevant NAVAREA.

(viii) Follow Routing Advice: If in Narth Atlantic, follow [IP-recommended iceberg limits and ice avoidance routes.
Avoid night navigation in icebergzones if possible.

3) What do you understand by Fast Ice & Pack Ice? Explain with help of a sketch the different manners in which river
water (fresh water) and sea water (salt water) freeze as air temperature falls. (6 times)

Fast-lce: Fast ice'is a sea ice which remains stationary, being attached to the shore, rock, shoals, icebergs or other
obstruction. It does not move with winds or currents.

Pack Ice: Packiice is afloating sea ice that is not attached to any land or fixed object. It moves freely under the influence
of wind, currents; and tides.

The process by which river water (fresh water) and sea water (salt water) freeze as air temperature falls:
Formation of Sea Ice
Same as Ques 2.b

Formation of Ice in Fresh water

> The loss of heat from a body of fresh water takes place mainly from the surface exposed to the air.

> As the surface water cools, it becomes dense and sinks and is displaced by warmer less dense water from below
setting in Convectional Currents.



> The warm water having come on top, will be cooled and continuing the process of overturning, i.e setting up the of
the convection till the entire body of water attains a temperature of 4°C.

> The maximum density of fresh water occurs at 4°C, and the upturning will be ceased and

> Thus if further cooled, the cooling of water below 4°C, causes an increase in its volume and consequently decreases in
density and so the convection stops.

> Once the stable condition is achieved, cooling of surface water leads to a rapid drop in temperature and formation of
ice begins when temperature falls to 0°C.

> The thin layer of Fresh water staying on top can then be rapidly cooled down to the Freezing Point and the Ice forms
on the surface, while the underlying water may still be close to 4°C.

4.a) What is an iceberg and how it forms?

e |cebergis alarge mass of floating ice, having a height of at least 5 metres above sea level.
e It could be of glacier or ice-shelf origin, and which may be afloat or aground.

e Sizes of icebergs are small, medium, large and very large.

e May be described as tabular, domed, pinnacled, wedged, dry-docked or blocky.

Formation of an Iceberg:
(i) Snow Accumulation
e In cold polar regions, snow falls continuously over manyyears.
e The snow gradually compresses into firm (compact snow) and then into glacial ice under its own weight.
(ii) Glacier Formation
e Over time, this compressed ice forms a glacief, which slowly moves.downhill due to gravity.
e The glacier flows from land into the sea or toward.an ice shelf edge.
(iii) Calving
e When a glacier or an ice shelf reaches the ocean, large chunks of ice break off from the edge.
e This process is called calving.
e The broken-off chunk becomes an icebergand begins to float in the sea.
(iv) Drifting
e After calving, the iceberg floats (since iceiis less dense than seawater) and drifts with currents and wind.
e About 90% of an iceberg is underwater, only 10% is visible above sea level.

b) Write down different types of icebergs found at sea

(i) Tabular Iceberg: A flat-toppedriceberg whose horizontal dimension is much greater than the vertical dimension.
Most show horizontal banding of snow layers.
(ii) Domed Iceberg: Aniceberg which is smooth and rounded on top.
(iii) Pinnacled Iceberg:An iceberg with a central spire, or pyramid, with one or more spires.
(iv) Wedged Iceberg: An iceberg which is rather flat on top and with steep vertical sides on one end, sloping to
lesserssides on the other end.
(v)Drydocked Iceberg: An iceberg which is eroded such that a U-shaped slot is formed near or at water level, with
twin columns or pinnacles. This is also referred to as a twinned iceberg.
(vi) Blocky Iceberg: A flat-topped iceberg with steep vertical sides, usually a fragment of a tabular berg.
(vii) Glacier berg: An irregularly shaped iceberg.
(viii) Iceberg Tongue: A major accumulation of icebergs projecting from the coast, held in place by grounding and
joined together by fast ice.
(ix) Sloping iceberg: An iceberg which is rather flat on top and with steep vertical sides on one end, sloping to lesser
sides on the other end.
(x) Weathered iceberg: An iceberg that shows marked signs of deterioration from the effects of atmosphere and
ocean.



c) Explain the formation of icebergs from floating glaciers, ice shelf and characteristics of each.
(OR),
Define an iceberg. Describe the icebergs of Arctic and Antartic

Icebergs from Floating Glaciers (Tidewater Glaciers)

Formation Process:
e Snow falls in highland polar regions and compacts into ice over time.
e This forms glaciers that flow slowly downhill under gravity.
e When a glacier reaches the coast, it may extend over the sea, becoming a floating glacier
e Eventually, due to stress and buoyancy, chunks of ice break off the edge—this is calving.
e The calved ice floats away as an iceberg.

Characteristics of Icebergs from Glaciers:

e Usually irregular in shape (domed, jagged, pinnacled).
e Contain many cracks and crevasses.

e Often smaller than icebergs from ice shelves.

e Seen in Greenland, Alaska, Arctic etc.

Icebergs from Ice Shelves
Formation Process:

e In Antarctica, continental glaciers flow outward and formrhuge floating platforms over the sea called ice shelves.
e These shelves are hundreds of meters thick and extend far into the sea.

e Due to internal pressure, wind, and tides, large flat sheets of ice:break off (calve) from the ice shelf edge.

e These become massive, tabular icebergs.

Characteristics of Icebergs from Ice Shelves:
e Very large and flat-topped (tabular).
e Often hundreds of kilometers wide and long.
e Have steep sides and may rise high above the sea.
e Common around Antarctica.

5) Describe the Ice bergs of Arctic region and usual path they take. Describe the life span of Arctic region Icebergs. (5 times)

Icebergs of the Arctic Region:
e  Origin: Arctic icebergs are primarily calved from glaciers along the coast of Greenland.
e  Major sources: Jakobshavn Glacier (West Greenland), Scoresby Sound (East Greenland)

e These glaciers flow into deep fjords and release large chunks of freshwater ice into the sea, forming icebergs.

Usual Path of Arctic Icebergs
(i) West Greenland Current: Icebergs drift south along the coast of Greenland via the cold West Greenland Current.
(ii) Labrador Current:They enter the Labrador Sea and are carried further south by the Labrador Current. This current
bringsithem'into the North Atlantic Ocean.
(iii) Grand Banks of Newfoundland: Many icebergs reach the Grand Banks, off the coast of Newfoundland, which is the
southernmost limit of Arctic icebergs. This is the same region where the Titanic disaster occurred in 1912.
Greenland -» Baffin Bay - Davis Strait - Labrador Sea - Newfoundland (Grand Banks)

Life Span of Arctic Icebergs
e From calving to melting: About 1 to 3 years.
e In open sea (post-calving): Most last several months, depending on:
e Size
e Water temperature
e Wave action
e Air temperature




6) Discuss with the aid of suitable sketches the normal season and probable movement of North Atlantic Icebergs from
birth/origin to decay. (8 times)
(OR),
How do icebergs of the northern hemisphere form and decay? (2 times)

(1) Origin of Icebergs of the North Atlantic Region:
e  Origin: Arctic icebergs are primarily calved from glaciers along the coast of Greenland.
e  Major sources: Jakobshavn Glacier (West Greenland), Scoresby Sound (East Greenland)
e These glaciers flow into deep fjords and release large chunks of freshwater ice into the sea, forming icebergs.

(11) Normal season of Icebergs of the North Atlantic Region:

Season Activity Level
Winter (Dec-Feb) Minimal calving
Spring (Mar-May) Start of increased calving and iceberg movement
Summer (June-July) Peak iceberg movement and southern drift
Late Summer-Autumn (Aug-Oct) | Iceberg continue to melt and decay in warmer waters

(I11) Probable movement of Icebergs of the North Atlantic Region:
(i) West Greenland Current: Icebergs drift south along the coast of Greenland via the cold.\West Greenland Current.
(ii) Labrador Current: They enter the Labrador Sea and are carried further south by the Labrador Current. This current
brings them into the North Atlantic Ocean.
(iii) Grand Banks of Newfoundland: Many icebergs reach the Grand Banks, off the coast of Newfoundland, which is the
southernmost limit of Arctic icebergs. This is the same region‘where the Titanicdisaster occurred in 1912.
Greenland - Baffin Bay - Davis Strait > Labrador Sea > Newfoundland (Grand Banks)

(IV) Decay of Icebergs of the North Atlantic Region:
e From calving to melting: About 1 to 3 years.
e In open sea (post-calving): Most last severalimonths, depending on:
e Size
e Water temperature
e Wave action
e Air temperature

e large icebergs may survive several months to a year, but most melt completely in the North Atlantic before
autumn.
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7) How is sea ice different from icebergs?

Sea ice and icebergs are both forms of ice found in the ocean, but they originate from different sources and have distinct
characteristics.

Seaice is formed from the freezing of ocean saltwater, while icebergs are chunks of freshwater glacial ice that break off
from glaciers or ice shelves.

Sea Ice

Origin: Forms directly from the freezing of seawater at the ocean's surface.

Composition: Primarily composed of frozen saltwater, with some brine (salt water) trapped within its structure.
Formation: Forms and melts entirely within the ocean.

Thickness: Generally thinner than icebergs, typically ranging from a few centimeters to a few meters thick.
Extent: Covers vast areas of the ocean, particularly in polar regions, but its extent fluctuates with the seasons.

Icebergs:
Origin: Formed from glaciers or ice shelves on land. They break off (calve) from these formations and float into the ocean.

Composition: Primarily composed of freshwater ice, which is less dense than saltwater.

Formation: Formed on land and then float into the ocean.

Thickness: Can be significantly thicker than sea ice, with some icebergs being massive structures.

Extent: Individual icebergs can vary greatly in size and shape, from small growlers to massive tabular icebergs.

8.a) Describe the factors which may give rise to ice accretion and. methods of reducing ice accretion. (8 times)
(OR),
Describe the accretion of Ice and what precaution are required to be takento avoid ice accretion on-board?
(OR),
What is ice accretion? What are the conditions when this can oceur on board? (2 times)
(OR),
Explain the three mechanisms of ice accretion on board a ship.

Ice accretion, also known as icing or glaze, refers to the process where ice accumulates on the surface of an object,
typically a solid object, due to freezing precipitation or the freezing of super-cooled water droplets

Factors Which May Give Rise to Ice Accretion
The transit of a cold frontal system in winter'will rapidly bring down the air temperature, causing the vessel’s steel
structure to cool.
Ice accumulates on shipsidueto three causes:
e Precipitation (rain,‘drizzle.or snow) falling on very cold decks and freezing into ice called hoar frost.
e |If the sea surface temperature drops below + 4° C, Water coming on deck - spray (wind force 4 and above)
and/or water shipped (dueto pitching or rolling in heavy sea and/or swell).

e Direct freezing water.droplets in form of fog or mist falling on very cold masts, rigging and superstructure —
called.rime. It forms on the windward side only and can grow up to one centimetre per day.

Dangers of ice accretion
e  Crew cannot go on deck for any work, especially for dropping or picking up anchor.
Stability of the ship would be reduced — weight of ice above would decrease the GM and also the range of
positive stability.
e If such danger is critical, vessel have to steer into lower latitudes — higher temperatures - till the ice melts off.

e Any electrical machinery on deck may not function.

e Vessel’s trim may change by the head causing difficulty in steering.

e Pipelines on deck may freeze.

e Viscosity of hydraulic oil in the systems may increase.

e (Castings made from cast iron could fracture.

e Icing of bridge windows could occur leading to difficulty in maintaining proper visual lookout.
e Deck scuppers may be blocked.



Preparations if Ice Accretion is expected/ Precaution required to be taken to avoid ice accretion on-board

e Take additional bunkers as an allowance for manoeuvring in heavy weather and for deviations due to ice and ice
accretion.

e Maintain a large stock of de-icing salt on board.

e Change to lower sea suction and provide temporary steam pipes at the intakes.

e Cover the mooring lines, cable drums, etc., with plastic covers.

e Cover all exposed motors and control stands.

e In exceptional circumstances, and subject to the vessel’s stability, reduce the ballast tank levels if there is a risk
of the ballast freezing.

e Check the ballast air-pipes for clogging with ice, prior to any ballasting or de-ballasting.

e Ifice accretion is rapid, then maintain steerage away from the spray.

e Keep both anchors slightly out of the hawse-pipes, so that ice formed inside the hawse=pipes can be broken by
heaving the anchor.

e Cover the spurling pipes.

e Cover the fairlead openings by canvas and wooden templates.

e Keep crowbars and ice-picks ready for use.

e The crew should be appropriately clothed according to the temperature and wind conditions.

e Keep the Radars on ‘stand by’ if not in use.

e Switch on the bow thruster heater for about 3 hours befere arrival, and turn.them slowly every hour to ensure
that the oil is warm.

e Check electrical insulation.

e Drain the fire lines on deck and grease their expansion joints.

e Spread de-icing salt on decks.

e Lower a length of manila rope in the scuppers to preventiicing.

e Switch on the heating coils of the emergency generator.

e Follow the manufacturer’s instructions with regard to.the engine cooling system. Fill it with a solution of water
and antifreeze at the recommended/ratio to provide protection down to at least minus 40° C.

e Maintain the outside air-circulation‘into the engine room at the minimum required.

e Close all doors to all spaces.

e Close the Fore Peak tank manually operated valves.

e C(Close all tank manholes.

e Turn on the accommodation heating and ensure that the sanitary and domestic water flow is satisfactory.

Methods of reducing ice accretion

Heating: Applying heat to surfacesusing hot air, resistive heating elements, infrared radiation, or microwave heaters can
melt ice or prevent its formation.

Mechanical Removal: Techniques like pneumatic systems, water jets, or ultrasonic vibrations can dislodge ice buildup.
Expulsive Methods: Using pressurized air or other means to physically expel accumulated ice.

Ice-phobic Coatings: Materials like super-hydrophobic surfaces can reduce ice adhesion and promote ice shedding.
Surface Geometry: Modifying surface shapes to minimize water droplet impact and ice accumulation.

Anti-icing Fluids: Applying fluids that prevent water droplets from freezing or delay the freezing process.

De-icing Salts: Using chemicals like sodium chloride or magnesium chloride to lower the freezing point of water and aid
in ice removal.

b) What are the duties of Master when such conditions are encountered at sea? (2 times)

It is the responsibility of the master to monitor routine navigational, meteorological, and environmental data including
ice data, ice charts and satellite images when navigating in colder regions or seasonal winter regions where ice
formations could be possible.

Write more same points as of Precaution required to be taken to avoid ice accretion on-board from Ques 8.a




9.a) What do you understand by “Ice Accumulation”? (2 times)

Ice accumulation refers to the build-up of ice over time, typically caused by freezing rain, sleet, or freezing drizzle.
It can also occur through the freezing of water vapour (rime ice) or the re-freezing of melted snow and ice.

Ice accumulation may occur from three causes:
e Fog, including fog formed by evaporation from a relatively warm sea surface, combined with freezing conditions;
e Freezing drizzle, rain or wet snow.
e Spray or sea water breaking over the ship when the air temperature is below the freezing point of sea water
(about -2° C).

b) What precautions would you take to minimize ice accumulation on board? (3 times)

Write same points as of Precaution required to be taken to avoid ice accretion on-board from Ques 8.a

10) Hazards associated with ice accretion and ice accumulation (2 times)

Write same points as of Dangers of ice accretion from Ques 8.a

11) Explain the phenomenon of freezing spray and actions to be taken to minimize its effects

Icing from Sea Water

e When the air temperature is below the freezing point of sea water and.the ship is in heavy seas, considerable
amounts of water will freeze on to the superstructure and those parts of the hull; which are sufficiently above
the waterline to escape being frequently washed by the sea.

e The amounts so frozen to surfaces exposed to.the air will rapidlyincrease with falling air and sea temperatures;
and have in extreme cases lead to the capsizing of vessels.

e Nevertheless, the dangerous conditions are those; inwhich strong winds are experienced in combination with
air temperatures of about -2°C or below; freezing rain or. snowfall increases the hazard.

e The rapidity with which iceberg accumulatesiincreases/progressively as the wind increases above force 6 and as
the air temperature falls further below about-2°C.

e It alsoincreases with decreasing sea temperatures.

e The rate of accumulation alsodepends on other factors; such as the ship’s speed and course relative to the wind
and waves, and the particular design of each vessel.

12) Information given imice charts

Ice analysis charts: These.charts indicate amounts and boundaries of each type of ice, ice-packs, ice-leads and ice-bergs,
based on actual observation.

Ice prognosis charts: These charts contain the same type of information as ice analysis charts, but predicted for a
specified future time; andiare usually made 12 hours and 24 hours in advance.

After studying thesituation shown by the ice analysis chart and taking into account various factors such as winds,
currents, temperatures of air and sea, etc., the prognosis charts are made by experts.

13) What all.details are promulgated in the ice report?
(OR),
What report you will file on encountering ice at Sea.

Extract from Regulation 32 of Chapter V of SOLAS 1974, entitled ‘Information required in danger messages’:

e Ice, derelicts and other direct dangers to navigation:
o The kind of ice, derelict or danger observed
o The position of the ice, derelict or danger when last observed
o The time and date (Universal Coordinated Time) when the danger was last observed.



e Subsequent observations: Sub-freezing air temperatures associated with gale force winds causing severe ice
accretion on superstructures:
o Time and date (Universal Coordinated Time)
o Air temperature
o Sea temperature (if practicable)
o Wind force and direction

Examples of messages

Ice
TTT ICE. LARGE BERG SIGHTED IN 4506 N, 4410 W, AT 0800 UTC. MAY 15.

Icing
TTT EXPERIENCING SEVERE ICING. 1400 UTC. MARCH 2. 69 N, 10 W. AIR TEMPERATURE 18F (-7 S EMPERATURE
29F (-1.7C). WIND NE. FORCE 8.

14) Write down the obligation of Ship’s Master for reporting dangerous ice

Write same as Ques 13
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Q.5) Ocean Currents/ Waves

Ocean Currents

1) Explain main causes of ocean currents. Give example of two warm ocean currents and two cold currents and causes
of these currents. (2 times)

(OR),
What are the primary factors influencing the motion of surface currents. What is the indirect effect of wind on the
surface currents & how do they affect the strength of currents as well as local climate? (2 times)
(OR),
a) Explain reasons of current. (5 times) b) Identify any two major ocean currents and write short notes on them.

Main causes of ocean currents are as follows:
(i) Gravity
e Diameter at pole is lesser than the diameter at Equator, hence the gravitational pull at the Pole issmore than at
the Equator.
e This causes the water at Poles to subside and is replaced by the water from Equatorial region.
e This helps in creating a flow of water from Equator towards the poles on the sea surface

(ii) Coriolis force
e Due to rotation of the Earth, the movement of water will be deflected to the right in the Northern hemisphere
and to the left in the Southern hemisphere.
e This force is minimum at the Equator and maximum at the Poles.
e This causes the water to flow in a circular fashion in all the oceans.
e In North Atlantic and Pacific Oceans, the currentsflow in clockwise direction,
e While in South Atlantic, South Pacific and Indian Oceans currents flow in anti-clockwise direction.

(iii) Wind
e The impact of wind on sea surface and the resulting friction' between water and air creates a flow of water in
the direction of wind.
e This is very prominent in the Arabian sea during SW monsoon, which causes the current to flow from the SW
direction, which is against the normal clockwise flow during other parts of the year.

e Similar effect takes place in the.Bay of Bengal during NE monsoon when the current flows from NE direction
against the normal clockwise flow during other parts of the year.

e NE and SE trade winds blowingtowards the Equator cause the Equatorial current North and South of the
Equator to flow.in the Westerly direction.

e Similarly, Westerlies blowing in.Lat. 40°N cause the North Atlantic and North Pacific currents to flow Eastward,
e While the Westerlies.blowing in Lat. 40°S create the Southern Ocean current.

(iv) Pressure
e In high-pressure region, the water level will tend to fall, while in a low-pressure region, the water level will
tend to rise.
e This could generate a flow of water on the sea surface from low pressure region towards high-pressure region.

(V):Precipitation
e Heavy rainfall in a particular region will increase the sea level.
e Consequently, this will generate a flow of water towards an area having no rain fall.

(vi) Density
e Density of water increases due to increase in salinity and due to high evaporation, while it reduces due to high
temperature.

e Combination of all these factors can cause the water of high density to subside, which will be replaced by flow
of water of less density from another region.

(vii) Coast-line
e A current flowing in a particular direction due to the above causes will change direction due to land masses or
coast line in its path.



Warm and Cold Currents

Whenever a current is warmer or colder than the sea through which it flows, it is called a warm or cold current

respectively.

Warm currents: When a current from equatorial regions passes through higher latitudes, it will be a warm current.

Warm currents are generally experienced along the western shores of large oceans.

Examples of warm currents:

. The Gulf Stream,

. The North Atlantic Drift,

. The Norwegian Current,

. The Brazilian Current,

. The Kuro Shio,

. The Alaskan current,

. The East Australian current,

. The Mozambique current,

. The Agulhas current.

Cold currents: When a current from higher latitudes passes through lower altitudes, it will be a cold current.
If it came from polar regions, it will be very cold.
Cold currents are generally experienced along the eastern shores of large oceans.

Examples of cold currents:

. East Greenland current

. Baffin Land current (Davis current)

. Kamchatka current.

. The Labrador current,

. The Portuguese and Canary currents,

. The Falkland current,

. The Benguela current,

. The Oya Shio,

. The Californian current,

10. The Humboldt current and

11. The West Australian current.
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2)a) Describe the effect of wind-blowing over a long coastline and how this influences the currents in the South Pacific
Ocean. (2 times)
Write joint answers from Q.No.1 & 9.a

b) Describe the effect that the rotation of earth has on ocean currents. Why is the direction of the surface current in
any particular area'parallel to the isobars there?

e Due to rotation of the Earth, the movement of water will be deflected to the right in the Northern hemisphere
and to the left.in the Southern hemisphere.

e | Thisforceis. minimum at the Equator and maximum at the Poles.

e  Majorsurface currents are driven by wind, which drags on the water surface. The Coriolis effect deflects these
wind-driven currents, causing them to form large, circular gyres.

e The pressure gradient force causes air to move from high to low pressure. As this air is deflected by the
Coriolis force, it flows along the isobars (lines of equal pressure).

e Similarly, surface ocean currents, driven by wind, also tend to flow parallel to isobars due to the same balance
of forces.

3) What are the differences between a drifts and stream current? Mention a good example of each. Name the
prominent currents of South Pacific Ocean? (3 times)
Write joints answers from Q.No.4(i) & 9.a



4) Explain briefly: (i) Drift Current (ii) Upwelling Current (iii) Gradient Current (6 times)

(OR),

Explain the cause of Gradient Current. (2 times)

(OR),

Briefly explain Gradient Current and Up-welling current. Give suitable examples (4 times)

(i) Drift Current

Drift is the direct effect of wind blowing over long stretches of ocean for long periods.
The frictional effect of the wind, on the sea surface, causes the sea surface to move.
However, Coriolis force deflects the drift current to the right in the northern hemisphere (left in the southern
hemisphere) by about to 30° to 45°.
Example of drift current are:
¢ North and South Equatorial currents are caused by the Trade winds.
¢ North Atlantic and North Pacific currents are caused by the Westerlies.
e Southern Ocean current is caused by the Westerlies.
The maximum strength of a drift current is only up to about 2 knots.
If, however, there are other strengthening factors such as gradient, shape of the coast, etc., the drift current
can increase two or three-fold and is then called a stream.
Movement of a large mass of water in a definite direction is known as stream current. It is faster than the
drift. Example: Gulf stream, Kuroshio Current

(ii) Upwelling Current

When wind blows across the ocean surface, they can push surface water away from coastline or in open sea
areas. The outflow of water from the coast is.replaced by.an upward/vertical movement (upwelling) of sea-
water, from a depth up to about 150 metres or so.
Since this upwelling takes place from below, the water that comes to the surface is colder than the
surrounding sea-surface.
Upwelling is a significant process that replenishes nutrients in surface waters, leading to increased biological
productivity and supporting rich marine ecosystems.
Upwelling currents are experienced along the eastern shores of oceans, in low latitudes where direct effect of
wind blowing over long stretches.of ocean for long periods.
Example of upwelling current are:

e Canary current and Benguela current of the East Atlantic.

e Californian current and Peru (Humboldt) current of the East Pacific.

(iii) Gradient Current

A gradient current is caused by differences in level (resulting from natural slopes or build-up by winds) or by
differences in density (resulting from differences of temperature or salinity).
The greater/the salinity, the greater the density and vice versa.
The lower the temperature, the greater the density and vice versa.
When different water-masses lie adjacent to each other, gradient currents are set up between them because
of differences in temperature and salinity.
Example of gradient current are:
¢ The surface current that flows from the Atlantic into the Mediterranean is a result of differences in level.
¢ The Mediterranean Sea, being land-locked, experiences severe evaporation. Since the input by rivers
and rain is very small, its level falls and a gradient current from the Atlantic flows in through the Strait
of Gibraltar.
e The northerly current along the east coast of Africa in the Arabian sea.
¢ Along the east coast of India in the Bay of Bengal, during the latter part of the NE monsoon, flows
against the NE winds because of a thermal gradient.
e The gradient is formed by the cooling of the waters at the head of the Arabian Sea & Bay of Bengal by
the cold NE monsoon during December and January.



5)a) Why the surface currents attain higher rates in Western side of oceans as compared to Eastern side of Ocean (2 times)

e Western ocean currents are stronger than eastern ocean currents due to a combination of the Coriolis effect,
prevailing winds, and the shape of ocean basins.

e The Coriolis effect, caused by the Earth's rotation, deflects ocean currents.

e Inthe Northern Hemisphere, currents are deflected to the right, and in the Southern Hemisphere, they are
deflected to the left.

e This, along with wind-driven surface currents, creates a westward-flowing current along the western side of
ocean basins, known as western boundary currents, which are faster than the weaker eastern boundary
currents.

Here's a more detailed explanation:

Wind-driven circulation: Prevailing winds, like the trade winds and westerlies, create large, circularsurface currents
called gyres in the major ocean basins.

Coriolis effect: The Coriolis effect causes these gyres to displace their centers westward, resulting in strong western
boundary currents along the eastern coasts of continents.

Western intensification: This westward intensification of currents occurs because the Cariolis effect is stronger at
higher latitudes, and the flow is channelled into a narrower band.

Steep ocean-surface slope: The transport of surface waters towards the western boundary causes the ocean surface to
slope more steeply on that side, resulting in faster geostrophic flow.

b) Eastern shore of large Ocean are prone to which currents? Give some examples.

e The eastern shores of large oceans are primarily prone to cold currents.
e These currents transport cooler water from the poles.or high latitudes, typically along eastern coastlines in
both the northern and southern hemispheres.
e Warm currents, which transport warmer water fromthe tropics, are more commonly found along western
coastlines.
Examples of cold currents along eastern shares:
e  Humboldt Current (PacifieOcean): Flows southward along the coast of South America.
e  Canary Current (Atlantic.Ocean): Flows southward along the coast of Africa.
e  Benguela Current (Atlantic Ocean): Flows southward along the coast of South Africa.
e  (California Current,(Pacific Ocean): Flows southward along the coast of North America.
e  Kurile(Oyashio) Current (Pacific Ocean): Flows southward along the coast of Asia.
e  East Greenland Current (Atlantic Ocean): Flows southward along the coast of Greenland.

6) Describe how the weather is affected by various currents?

Effects of ocean currents on climate

The effects of ocean currents on climate are numerous and a few are listed below as examples:
> UK'and northern coasts of Europe are to warmer in January than Newfoundland.

> The Westerlies, blowing over the former, come from over the warm North Atlantic current and carry the oceanic
influence farinland, whereas the Westerlies over the latter, come from cold hinterland.

> Ports in Eastern Canada (latitude 55°N) are ice-bound in winter, whereas the ports in Norway (latitude 70°N), are
not ice-bound.

> Callao (latitude about 12°S), in Peru, is about 6°C cooler than Salvador (similar latitude) in Brazil.



7) Describe the surface current circulation in the North & South Atlantic Ocean along with the causes of formation of
these currents. (4 times)

(OR),
Describe with suitable sketch the Ocean currents of North Atlantic Ocean. Identify the warm and cold currents. (3 times)
North Atlantic Ocean
Ocean currents in the North Atlantic Ocean are as follows:
SrNo Name of Current Warm or Cold Direction & Other description
current
1 North Equatorial Current | Warm Current | These currents originate at about 23° North and flow due WEST
at an average speed of about 0.7 knots.
2 The Gulf Stream Warm Current | These currents originate in the Gulf of Mexico.and NW of Cuba and
flows NE along the eastern coast of the United States and Canada.
3 The North Atlantic Current The eastward moving Gulf Stream widensand changes
direction to NE to form the North Atlantic Current.
3.a Norwegian Current Warm Current | NE Drift Current is the NE extension of the Gulf Stream, which
continues to carry warm water towards northern Europe
3.b Irminger Current Warm Current | Part of the NE Drift current branches:to form Irminger Current.
Irminger current flows NW.and curves to meet the
East Greenland Current.
3.c East Greenland Current Cold Current | This current flows on'the east coast of Greenland. It flows South
West and South.
3d West Greenland Current | Cold Current | The West Greenland current continues to flow along the west
coast of Greenland and through “Davis Strait” and “Baffin Bay”
3.e Labrador Current Cold Current “| It flows from the Arctic Ocean, south along the coast of
Labrador.and around Newfoundland, to the Great Banks. It
carries large quantity of ice with it.
4 The Canary Current Cold Current |'lt flows southward along the western coast of Africa, and then
westward towards the Caribbean.
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South Atlantic Ocean

Ocean currents in the South Atlantic Ocean are as follows:

Sr No Name of Current Warm or Cold Direction & Other description
current
1 South Equatorial Current | Warm Current | It is flowing Westwards, under the influence of Trade winds. It is
found South of the Equator and parallel to it, in Lat. 20°S
2 Southern Ocean Current | Warm Current | It flows Eastwards and part of it curves towards North on

passing the Sothern tip of South America (Cape Horn). It
continues to flow Northward as “Falkland current. and meets
the Brazil Current which is flowing in the opposite direction.

3 Brazil Current Warm Current | It is also a warm current in continuation of the South Equatorial
current flowing Southwards.

4 Fakland current Cold Current | Itis a cold current. It is coming from Cape Horn to meet the
warm Brazilian current in'Lat. 40°S where Advection fog is
formed.

5 South Atlantic current Cold Current | It flows Eastwards-into the ocean: It is joined by both the above
currents

6 Agulhas current Cold Current | Itis comingfrom the Cape of Good Hope. It meets a part of the
Southern'Ocean.current and flows Northwards.

7 Benguela Current Cold Current 4. It meets the Agulhas current near West coast of Africa, and It

flows NW wards to ultimately meet the South Equatorial
current to.complete an anti-clockwise circulation.
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8)a) Explain with reason the flow of surface and under current in strait of Gibraltar. (5 times)

The Strait of Gibraltar is a narrow waterway connecting the Atlantic Ocean and the Mediterranean Sea.
It exhibits a very important and unique two-layer flow system involving surface current flowing eastward and
undercurrent flowing westward.

Here's the detailed explanation with reasons:
Flow Pattern in the Strait of Gibraltar:
1. Surface Current — Eastward (from Atlantic to Mediterranean)
Direction: From the Atlantic Ocean into the Mediterranean Sea.
Reason:
¢ The Mediterranean Sea has high evaporation rates, especially in the eastern part (due to hot and dry climate).
e This results in a net loss of water from the Mediterranean.
e To compensate for this water loss, Atlantic surface water flows eastward through'the Strait of Gibraltar.
e This inflow is warmer, less salty, and less dense compared to Mediterranean water.

2. Under Current — Westward (from Mediterranean to Atlantic)
Direction: From the Mediterranean Sea into the Atlantic Ocean, at depths below:150-200 m.
Reason:
e The water in the Mediterranean becomes more saline and denser due to:
e High evaporation
e Limited freshwater inflow
e Restricted exchange with the open ocean
¢ This dense water sinks and flows outward at: depth into the Atlantic as a subsurface counter-current.
Known as the Mediterranean Outflow Water (MOW).

b) Explain with sketches, the formation of Benguela Current.on the West coast of Africa. (3 times)

Direction: Along the south-western coast of Africa, the Benguela Current flows northward.
It is a cold current which meets the Agulhas current near West coast of Africa, and It flows Northward
to ultimately meet the South Equatorial current to complete an anti-clockwise circulation.

Formation:
South Atlantic Gyre: The Benguela Current is part of the larger South Atlantic Gyre, a system of rotating ocean
currents.
South Atlantic'Current: A branch of the West Wind Drift (Antarctic Circumpolar Current) flows eastward and
then northward along the coast of South Africa.
Prevailing Winds: South-easterly trade winds blow along the coast, pushing surface water away from the
shore.
Upwelling: This offshore water movement causes cold, nutrient-rich water from the deep ocean to rise to the
surface along the coast, forming the Benguela Current.
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9.a) Describe with suitable sketch the Ocean currents of North and South Pacific Ocean. Also identify the warm and cold currents.

North Pacific Ocean

Ocean currents in the North Pacific Ocean are as follows:

Sr No Name of Current Warm or Cold Direction & Other description
current
1 North Equatorial Current | Warm Current | It is flowing Westwards, under the influence of Trade winds. It is
located North of the Equator and parallel to it, in Lat. 20°N.
2 Kuroshio Current Warm Current | Itis continuation of the North Equatorial current nearPhilippines,
flowing NE wards along the coast of Taiwan and Japan.
3 Oyashio Current Cold Current | It flows SW wards along the eastern coast of Hokkaidoe (Japan) and

then curves eastward towards the Pacific Ocean.
It meets the warm Kuroshio current, due'to which Advection fog is
formed on the East coast of Japan.

4 The North Pacific Current | Warm Current | It is continuation of both the above currents flowing Eastwards
in Lat. 40°N.
5 Californian current Cold Current | Itis continuation of part of the North.Pacific current flowing

Southwards along the coast.of California. It finally joins with the
North Equatorial current to complete a clockwise circulation.

amlm
]

- IR Warm Current

-' Cold Current:

e ] N i,
k o
. - .-*"
S North Equatorial Current =
HIHTH 1_ L 5 + ‘_f. sy
= r‘ . e e = e e el e e e e e I e e e i..*-
—r - Equatorial Counter Current




South Pacific Ocean

Ocean currents in the South Pacific Ocean are as follows:

SrNo Name of Current Warm or Cold Direction & Other description
current

1 South Equatorial Current | Warm Current | It flow westward and slowly turn SW and later South along the East
Coast of Australia to form the East Australian Coast Current.

2 East Australian Current | Warm Current | It is continuation of the South Equatorial current flowing
Southwards along the coasts of Australia and Tasmania.

3 South Pacific current Cold Current | It flows Eastwards circumventing the Earth. It is joined by the
East Australian current at South of New Zealand:

4 West Wind Drift Cold Current | It flows eastward that encircles Antarctica and connects all
three major ocean basins (Pacific, Atlantic,.and Indian)

5 Humbolt current (Peru Cold Current | It flows Northwards along the Peru coast (western coast of

Current) South America), and it finally joinsthe South Equatorial current

to complete an anti-clockwise circulation.
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9.b) Describe the cause of formation of Kuroshio Current in North Pacific Ocean. (2 times)
The cause of formation of Kuroshio Current in North Pacific Ocean:

e Factors like wind patterns, water density differences (due to temperature and salinity), and the Coriolis
effect (caused by Earth's rotation) play a role in shaping the Kuroshio ocean currents in North Pacific
Ocean.

e The Kuroshio's origin from the westward-flowing North Equatorial Current. This current is driven by the
trade winds and is part of the larger North Pacific Subtropical Gyre.

e Bifurcation: As the NEC approaches the Philippines, it encounters the archipelago and begins to split. This
splitting is influenced by the Coriolis effect and the presence of landmasses.




10.a) Sketch and describe the currents of the South Indian Ocean. Also identify the warm and cold currents.

South Indian Ocean

Ocean currents in the South Indian Ocean are as follows:

Sr No

Name of Current

Warm or Cold
current

Direction & Other description

South Equatorial Current | Warm Current

It is flowing Westwards, under the influence of Trade winds. It is
found South of the Equator and parallel to it, in Lat. 20°S

Mozambique current

Warm Current

It is continuation of the South Equatorial current. After striking the
East coast of Africa, it flows Southwards along the African coast.

Agulhas current

Warm Current

It is continuation of the Mozambique current. Part of it flows
further Southwards and goes around the Cape of Good Hope to
form the Benguela current on the West coast of Africa, and
another part flows Eastwards.

Southern Ocean current Cold Current

It flows Eastwards circumventing the Earth and is joined by the
Agulhas current.

West Australian current Cold Current

It is continuation of the Southern Ocean current flowing
Northwards along the West coast of Australia, and finally joins the
South Equatorial current to complete an anti-clockwise circulation.
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b) Describe the current circulation in Bay of Bengal during SW Monsoon and NE Monsoon. (3 times)

During South West Monsoon:

During the southwest monsoon season (June-September), there is a southwest ward-flowing current along the
western coast of India.

This current is caused by the southwest monsoon winds blowing from the Arabian Sea towards the Indian
subcontinent.

In the Open waters this current is Easterly.

The coastal circulation of water in the Arabian Sea and Bay of Bengal is both clockwise and is strengthened.

During Northeast Monsoon:

During the northeast monsoon season (October-March), there is a reversal of the currentsalong the eastern
coast of India.

The northeast monsoon winds blow from the northeast towards the Indian Ocean, causing a.northeast ward-
flowing current along the eastern coast.

In the open waters of both Arabian Sea and Bay of Bengal, the current sets in a'westerly direction.

Near the coasts of the Arabian Sea, there is a weak circulation in the anti-clockwise. direction.

In the northern part of Bay of Bengal, the circulation is clockwise.

Later NE Monsoon Circulation (FEB- APR)

In the open waters near the Equator, the flow changes to Easterly.

Near the coast of the Arabian Sea, circulation is reversed to.Clockwise direction.
The flow of water in Bay of Bengal however remains unchanged.

The currents are much variable in this season:than from November to January.

c) Give a brief description of the currents in the Arabian Sea forJanuary and July. Explain the reasons for the
difference during these months? (2 times)

Current in the Arabian Sea for January
See NE monsoon of 10.b

Current in the Arabian Sea for January
See SW monsoon of 10.b

11)a) What are the wind and current a ship will face in its journey from Liverpool to Cape Town? (2 times)

Region Winds Currents Effect
North Atlantic (Liverpool) Westerlies (SW) North Atlantic Drift Adverse wind and current
Subtropical High (~30°N) Calm/light Canary Current (southward) Favorable current
NE Trade Belt (30°N-10°N) NE Trade Winds North Equatorial Current Favorable wind, side current
Equator (ITCZ) Calms, squalls Equatorial Counter Current Unpredictable

SE Trade Belt (5°5-30°S) SE Trade Winds South Equatorial Current Favorable wind, westward set
Subtropical High (~30°S) Calm/light Benguela Current (northward) Adverse current

Cape Town Approach Westerlies (SW) Benguela + eddies Head wind, adverse current




b) Describe the current prevailing in Mediterranean Sea and Black Sea. Give necessary sketches (2 times)

Mediterranean Sea

Sr No Type of current Name of Current Direction & Other description
1 Surface Current Levantine Current It flows eastward along the southern coast of Turkey and then
turns southward along the coast of Syria and Lebanon.
2 Surface Current Western It flows eastward along the northern coast of Africa and then
Mediterranean Current | northward along the eastern coast of Spain and France.
3 Intermediate and Mediterranean This is a deep, saline water mass that flows out of the Strait of
Deep Currents Outflow Water (MOW) | Gibraltar into the Atlantic Ocean.
4 Intermediate and Western Cold and dense water that forms in the Gulf of Lions and. flows
Deep Currents Mediterranean Deep | towards the east in the deep layers of the Wwestern
Water Mediterranean.
Black Sea
Sr No Type of current Name of Current Direction & Other description
1 Surface Current Black Sea Surface This generally flows inza clockwise direction in the open sea,
Current driven by the predominant wind patterns.
2 Intermediate and | Black Sea Deep Water | It forms in the central part of the Black Sea due to winter
Deep Currents cooling@nd freshening of surface waters.
It flows towards the Black Sea basin's deepest areas.
3 Inflow and Bosporus Currents The Bosporus Strait isia‘crucial chokepoint where water flows into
Outflow the Black Sea from the Mediterranean (known as inflow) and out
of the Black Sea into the Mediterranean (known as outflow)
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12) Describe the forms of display which are commonly used to depict ocean current (2 times)
(OR),
Describe the various forms of depicting ocean currents on charts.

Ocean currents are depicted on charts using a variety of symbols and notations, including arrows, colour gradients,
and contour lines, to represent direction, speed, and sometimes temperature.
These charts aid in navigation, weather forecasting, and understanding oceanographic patterns.

Here's a breakdown of the common methods:

1. Arrows:

Direction: The direction the arrow points indicates is the flow of water.

Length/Colour: The length or colour of the arrow can sometimes indicate the speed of the currentsLonger or brighter
arrows may represent faster currents, while shorter or paler arrows may indicate slower currents.

Example: A chart use a long, red arrow to show a strong, warm current like the Gulf Stream.

2. Colour Gradients:

Temperature: Colour gradients are commonly used to represent water temperature, with.warmer waters often
depicted in red or orange hues and colder waters in blue or green.

Example: A chart might show a warm current like the Kuroshio Current with areddish huejtransitioning to cooler
blues as it moves towards higher latitudes.

3. Other Symbols:

Current Roses: These diagrams show the frequency and direction of currents at a specific location.

Current Speed: In some charts, specific speed values are’indicated alongside the current direction, often using text or
numerical notations.

Streamlines: These lines represent the path of water flow and can be used to visualize complex current patterns.

4. Chart Types:

Routeing Charts: These charts are used for general route planning and often display major currents, wind patterns,
and other navigational information.

Oceanographic Charts: These charts provide more detailed information about ocean currents, temperature, salinity,
and other oceanographic parameters:
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13) How does the ocean current charts help the mariners?

Ocean current charts help mariners in multiple important ways that enhance navigation safety, efficiency, and fuel
economy.

1. Efficient Route Planning
e Mariners can use favourable currents (e.g., Gulf Stream) to increase speed and save fuel.
¢ Helps in avoiding adverse currents that may reduce vessel speed and increase fuel consumption.

2. Estimated Time of Arrival (ETA) Accuracy
¢ By knowing current direction and speed, mariners can calculate more accurate ETA.
e This is especially important for port scheduling and logistics.

3. Fuel and Cost Savings
¢ Sailing with favourable currents reduces engine load, leading to less fuel usage and lower operational costs.

4. Safety and Maneuvering
e Currents near coasts, straits, or river mouths can affect maneuverability.
¢ Knowledge of local currents helps in safe berthing, unberthing, and transit through narrow waters.

5. Emergency Situations
¢ In case of engine failure or drifting, current charts help predict drift direction.and rescue planning.

6. Weather Routeing Integration
e Ocean currents are used in combination with weather forecasts. for.optimum routeing, avoiding both heavy
weather and unfavourable currents.

Waves
1) Explain: (i) Trough (ii) Crest (iii) Wave Length/(iv) Wave Height (3 times)

(i) Crest: A crest point on a wave is the highest point of the wave. A crest is a point on a wave where the displacement
of the medium is at a maximum.

(i) Trough: A trough is the opposite of acrest, so the minimum or lowest point of the wave.
(iii) Wave Length: It is a'horizontal distance between successive trough & crest.

(iv) Wave Height: It is twice of amplitude. It is vertical distance measured from crest to trough.

Wave Characteristics

: wavelength R
' ‘ -4 cresl
ave
ampitude
............................ wave
height

e trough




2) Define speed, period, length and significant wave height. What is their relationship? What are the factors governing
wave height and direction. (2 times)

Wave Speed: Also known as wave velocity. It is a speed at which wave move forward.

Wave Period: It is the time taken for two successive crest (or trough) to pass a fixed point.
Or,
It is the time elapses (pass) between passing of two successive crest (or trough)

Wave Length: It is a horizontal distance between successive trough & crest.

Relation between them: Wave Speed (C) = Wavelength (A)/Wave Period (T)
Where: C=Wave speed (in meters/second or knots)
A = Wavelength (in meters)
T = Wave period (in seconds)

Factors Affecting Wave Height:

1. Wind Speed: Stronger winds means more energy transferred to water which causes higher waves.
2. Wind Duration: The longer the wind blows, the more energy it gives to the waves, increasing their height.

3. Fetch: Fetch is the uninterrupted distance over which the wind blews. So, Longer the fetch, larger the wave
height.

4. Water Depth: In shallow water, wave height increases and the wave becomes steep and unstable. Waves slow
down and rise as they approach shore (shoaling).

5. Current and Wind Interaction: When current opposes the wind, wave height increases and becomes choppier
(e.g., Agulhas Current).

6. Original Sea State: Existing waves (swell‘'or sea) may combine (constructive interference) or cancel out
(destructive interference), affecting total wave height.

Factors Affecting Wave Direction:

1. Wind Direction: Waves generally.travel inithe same direction as the prevailing wind that generates them.

2. Coriolis Effect:.Due to Earth’s rotation, wave direction can bend slightly to the right in the Northern
Hemisphere and to the left in the Southern Hemisphere.

3. Coastal Shape.and Bathymetry: Waves bend when entering shallow water at an angle. Coastal headlands,
islands, and seabed slope can'steer waves.

4. Ocean Currents:Strong currents can deflect or steer waves from their original path.

5. ~Swell Influence: Distant storms generate swell waves that can travel long distances and influence local wave
direction.even when wind is calm.

3) Explain methods of estimating wave heights and wave periods. (3 times)
Method of estimating Wave Height/Wave Period

1. Visual Estimation (Shipboard Method): Mariners estimate wave height by comparing waves to the known height of
the ship’s parts, like Freeboard, Bulwark height, Height of deck from sea level. Used mostly at sea by officers on the
bridge.

2. Use of Wave Buoys: Moored buoys are equipped with sensors to measure: Vertical displacement of sea surface &
Significant wave height (average height of the highest one-third waves)



3. Radar or LIDAR Systems: It is mounted on ships or platforms to measure the wave profile using reflected signals. It
calculates wave height from wave crests and troughs.

4. Satellite Altimetry: Satellites like Jason or Sentinel use radar altimeters to measure sea surface variations. Global
wave height data can be obtained from this method.

4) Explain the shallow water effects on a wave when it is approaching a coast line.
Shallow water effect on a wave are as follows:

(i) Decrease in Wave Speed
e In deep water, wave speed depends on wavelength.
e Inshallow water, speed is governed by water depth.

(ii) Reduction in Wavelength
e Since wave period remains constant, and speed decreases, wavelength also reduces.

(iii) Increase in Wave Height
e Asthe energy is compressed into a shorter wavelength, the wave height increases:
e This causes steepening of waves.

(iv) Wave Refraction
e When part of a wave enters shallow water before another part, it slows down earlier, causing the wave to
bend (refract).
e Waves tend to align more parallel to the shore.

(v) Wave Breaking
e When the wave becomes too steep (height-to-length ratio 1:7), it becomes unstable and breaks.
e This creates surf and releases energy on the coastline.

(vi) Wave Shoaling
e The entire process of wave height increase, wavelength decrease, and speed reduction in shallow water is
called shoaling.

5) Write short notes on: i) Storm surge ii).tsunami iii) freak waves iv) Refraction of Sea Waves

i) Storm surge: A storm surge is.an abnormal rise in sea level generated by a storm, such as a hurricane or cyclone, that
is separate from the normal astronomical tide. It's essentially the ocean water being pushed inland by the storm's
powerful winds and low atmospheric pressure, causing coastal flooding.

ii) Tsunami: Tsunamis are giant waves caused by earthquakes or volcanic eruptions under the sea. Out in the depths of
the ocean;tsunami waves do not dramatically increase in height. But as the waves travel inland, they build up to
higher and higherheights as the depth of the ocean decreases.

iii) Freak. waves: Rogue waves (also known as freak waves or killer waves) are large and unpredictable surface waves
that can be.extremely dangerous to ships and isolated structures such as lighthouses. It is defined as waves whose
height is more than twice the significant wave height. They can be caused when currents or winds cause waves to
travel at different speeds, and the waves merge to create a single large wave.

iv) Refraction of Sea Waves: Refraction of sea waves refers to the change in direction of waves as they move from
deeper to shallower water. This happens because the speed of the wave changes as it enters shallower water, causing
the wave to bend and align itself with the coastline.



6) State the causes of Southwest Monsoon in the Arabian Sea. What effect does it have on the general surface current
circulation in the Arabian Sea? (2 times)

Causes of Southwest Monsoon in the Arabian Sea:

(i) Differential Heating of Land and Sea: During summer (May—June), the Indian subcontinent heats up faster than
the Arabian Sea. This creates a low-pressure area over land and a high-pressure area over the sea.

(ii) Shift of the Inter-Tropical Convergence Zone (ITCZ): The ITCZ moves northward over the Indian subcontinent.
This attracts moist southwest winds from the Indian Ocean.

(iii) Development of the Mascarene High: A semi-permanent high-pressure area develops over the southern.Indian
Ocean near Madagascar. This high pushes strong south-easterly trade winds, which cross the equator and deflect. due
to Coriolis force.

(iv) Coriolis Effect: When winds cross the equator, they get deflected to the right (in the Northern Hemisphere),
becoming southwesterly monsoon winds.

(v) Thermal Low Over Northwest India: A strong thermal low develops over Rajasthan and Pakistan, intensifying the
pressure gradient, pulling moist air from the sea.

Effect on Surface Current Circulation in the Arabian Sea:

The southwest monsoon winds (June to September) dramatically alter/the surface current pattern in the Arabian Sea.
Key Effects are as follows:

(i) Reversal of Current Direction

e Normal (NE Monsoon or Winter): Surface currents flow clockwise (North Equatorial Current to West India
Coastal Current).

e During SW Monsoon: Surface circulation becomes anticlockwise.

(ii) Somali Current Formation
e Strong SW monsoon winds cause the Somali Curfent (off the Horn of Africa) to flow northward.
e This current resembles a Western Boundary Current, similar to the Gulf Stream.

(iii) Eastward Flowing Monsoon Current
e Astrong eastward monsoon current develops near 10°N, crossing the Arabian Sea toward India and Sri Lanka.

(iv) Upwelling Along Arabian Coast

e Offshore winds cause.upwelling along the coast of Oman and Somalia, bringing cold, nutrient-rich water to the
surface.

e This affects marinelife and fishing activities.

(v) Strengthening of Surface Turbulence
e Strong winds lead to increased wave activity and surface mixing.
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K@q Informadion - Speed of Mgjor ocean cunent

Jivedtion of ma/oer 00ean (et

(vili) Spreficant wemther prognom Chart

Use: 1 helps 19 visualze fufure atmosphenc Siate

It helps 4o Choose & voute with fouorakle weather cordsion

K&y Information - pressure pattemn

Fronts

Wing.

Temporatuwre

Psed pi tadion

Nimied roady

AnseEtSTaatroeT
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Ship's Performance Cuve

‘T3 grophicar oY tabway Yepresentations how the WP spetdy fuel

consumption, and ngine.powes) vary wnder differeat sea. tates

Tt IS wegl 10 etimate the, mip's spe% while tran ifing the fovecast

Sea $tates

“The curves indicatt, the effect of heady beam & following aeas of vanous

s/;)mﬁca/ut wave heght on +he Awpd effecc

20— e e SP NP L
T
S
— ~
61— —Seg
A .
i § 14 L 86’ ~
P4 - y
2 (e é’réqd
Q 10 6@ >
o
% \ e )
o 87 .
E ~
‘S &7 \ ~
4_-—
D4+
2 I 1
1 T T + 1 t T +
i

WAVE HEIGHT |N METRES

-In the performane uaveg

heod meau any divection between Mgt aheads & 60 on eithes side of bow

beam mewy OVW divection. betwedn beom & 30° on epthes side -

fouowm/] meon a/% direction  petuebn ’nghi wtern & 60" on gither Side of quater

. Seperate perfomanca QUYVe  ghouldl be dYaun fov balldst & loadeq, ondition.

oo g I owuwg.y drawn Ot m,qmeo full ahead -

These curves Qe baseds on attual sp's TYaiL 0Y modeL tehg and are

ungue 10 each vesseL

Use in ShpP's weather Rowfemg

(1) \/O)/@?& p{anrvn;f

T+ helps 10 ostimate totas passoge ime_and, fugl nswption. wider

{orecost weather condition. * |
(if) Route. Setection

It helps o Select Yoube where S Speeds wolld drop 4 igrvficantly-

(1) ETA mansgemer.

It hetps0 adjust Speed.to maintain e by taking weathes factor jnfo mm

777,"1"'.Pﬁ-"1"v'y.qr-v—-rv-‘
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Ques 4

IWNhat 15 Ship weathes Routeing ! Wnte is pbjective - AlSo, wirfe the. proces

Of Carying out Weather Routting (S timel)

oK),

%

EXploin the. method. of Shipboarde weddher youtegg wrfhswfabled/c;qrmm'”&ﬂ

ANS .-

Ship Weathes Routemg

T is the. procen of plasning and 4eesting +he most safest, effident

\‘Y‘l'ﬂ‘&?‘l?’i’?i‘!ﬁ

and, economical, Y0ute 7‘bmb Pl vo,y@gp/ baseds on yeal-tme fovecasted

(Weadher Condrtions, 46 states and veueLs performance. Charadtenihis -

Tt holps Quoids Severe weather b ensure imely ond Aubl efivent pasigge -

pljective of Ship weather Routeing ;

* Ensure mfwy of veweL, crew ord o

CeTTOrT

 Avoid. adueise wéamer Uke tropicar dor, , ghsed, Strogy windi

» Minioy ¢ FULL (pndumprion z%/ Jelfcﬁfzfy TOUte. (0ih War&bl& WAk CATTENL-

' Reduce royage #ime onds QJsist 49 ETA management

* Protect wfg}o from da/W dug 1 frowo,y, p/f(/v/W or 11 47Es of pate”

» Improve J//Up i /perfwmmc& by choosw Condrtion that Yeautl 4w on

Matinely and he

Method- of carr////}y out Wearher routdmy-

teotreO O

(1) Voyage p/a/)n/ry

kS
g
I &
o
§
Q
&l
S
2
3
§
S
<
]
&
3
S
§
S
S
b

Youte aid, operdrional Gmits

vdv

Uqu histontal weathts dotd ond Yourery charfs, an intiaL TOUIE /i1 chosen,

cong/deﬂoy prevaiyy weamts (Ondr#on, SCAIONAL HHOYM aad 0ean current- o

 Factors (ke Ship's huil 001, Spetdls copabliyy 01d its Yelponsg 10 warou -

Seq stodes e consiaered”

(ii) Weather Qouteing Semie or Software (1f wedy

* [Nput Ship’s performance (urve-
+ System suggest optimum Toule based on current gud forecat condrtion

« Maser hoy f104 aw#;onﬁ/ 70 Quept oF /77041/75(/ Jt-

Qﬁﬁxh%qv

(i) Reak fime weogher mom‘vr/p;

« ReqL ime. weazher nformadion fs YU eved 01-boards ViaL wesdher faLsimvite,

Nautex, INMARSAT - EnC (Safetynet] oy, inernet (i auailable)
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R

» “The, slp reciever weather YUt ond. Aavisores g formadion on
» Windy wowe hegnt, viblify ande atmayphenc PUNE - .

" “Thi_dBsnis anayed 40 0oty poserias weather hazarai and opimze
» e Jp't couse.

v (i) Reat time adjustment

I qdverse wearner prOUTeL, the 4hip may be odviseq, 4o divert +o
Ii a_safer voute or acg/wr 1S spedd. - i

v . /f adverse weather 15 ,mrea/‘aec(, 1he 4hip MOy auter its course 10 avord

b the Youghet sea and, ngh vIngy-

'r  If adverse wepther s predicted, the smipl Speeds mly be agyuten, 1o

. pptimise fuel EIfueY and minmvze the et of waver

’ EXAmle - Weddher Youting 1o avojd o Tropicat §10rm

. (i) voyage Pionning.

L “The 1B route was plamed, based. pn prevaiing westerves, currents ana.

) deMonar weother.

' S The dhip deport, forecut predict +he. formation of TRe. |
L (il) Wepther Routeing senice oy Software (1f wed) |

e weather mu?ﬁnfq Software detews 1hat 4he. cform; pYYeaed. patn inferedts “
e sWp’s youte. |

* Baseds on e fOTeCast, the Software recommergy a noriherly deviotion,

10Kng the dhip above the Storm's frack-

(1) ReaL time. weather monitonng.

' CoNinuos moniong of weadher precut and. advisony vip weather

focsimie, Navtex, INmARSAT - EGL (Saferynet) or /ntemet (if avataie)

' MONAOr the poth Lfrack of TRS N

(1v) Reak fime._agyjustment |

: ‘ : , —
* VeseL wil auer s COUNE 40 Quord. 1he Youghest gear and wgh winds- el

——
T

¢ H/O/V}y ‘/M ")M YOME/‘I'/’LQ Ca’pfaj/l OPT 740 md,d&‘l JPM JW/V;;fo /WI’U/WZé ]
fuel consumption and, avp wiecesary §Hvew on ship- |

 The S pagres South, and. e dhp Yesume 17 onginaL Toute one aear ||
iy v

0f e hazardows weatnex.
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Ques 3

Enumerate 1he FaUort 4o be 1Ko 10fo consideration for thips weather

Youreng ! (3time)

Ank:-

The {dttors +v be 10K o consideration for 4hip's weather Youtéing are
Qb follows - .

Ship's Charactenstics

W TYpe of veliel,site, draft

¢0 toaded ) fauost

(i) NatWe of cargo

(V) Ship's performmee. cuve

(v) Nowigational egupment

weagner condition

(1) teamer fovectst(eind, wawes, swedy preyure yyster, mzboy 19y etc)

() Seo. stoxe (wave heght, direttion, pervd)

(111) TRS armng.

(iv) Carvents and. +daL stream

(v 1 information

Otheny

0] Mau/;;aﬁon hazard

(i1) 7SS, resticred, coater, No-Go avpas.

(111) ECA qreas , MARFOL Spey aL areas:

(iv) FUeL quoslability ond. bunkesng plan

(v) ETA Tequiyement 07 chartes pary femy.

Kuestq)

what aie. e advartoge of Ships weather rocdw;qf

Wie aniwer from §m0-2 , Dbjecve of weather md&%

ROV OCATION (&“(‘-(‘ AR EEIEEEETE €T LT TS

What Qxe the vwtations of weather routting ! (24imy)

Ans -

- Forecast inaccurave may tead 1 poor mdz/y AL0Yjond-

- Qudden 07004&3 in weamef Cconaition, Such A mp/d, Aseopment 0f O Afomom

incorect stoym aus, cONn Yot e effecvenes of weather mww deusiond

v In Some. Yemote Té;q/orw 07 danf;g perodk of poov Jazelite cm/erqye/ dNps

aand

MY ot Tevele Bimely weather dptn
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' Not swtable for aw ship 1ypes

+ Requires accurate dhip pe:forma/)ce dota. for optimaL yoyuts.

- Over-venee on Software may reduce humdn judgement:

“In Some Cases, increared VO/a;fe dutance.

* Commucation 19ues may dg@, updoted. weasnes 1nformation .

- Regwmr;/ or Naw; ,qaﬁoncw vestnchions may vt youte Aexbuty suthai Tis.

+ Some. weather TOOW/)/Q §ystem con be complex 10 operate, and iy YequIe

speulized, TYa/fz//),q for OffiCeXs Andl Créw-

Rugd 5)

/aemg/ +the, vanow YZ/P(JA Of (Weather Youting sexvees vaitasle for shipping

and. deseibe, any one. of +hem. (64imes)

ANS -

(1) Ship performob/c& ophmvzation 4ystem

(1) Bonvoyage Sysrem

(i) Meteotrroup’

(iv) StormGeg

(v) WNI (Weosher news ING Ocean 7outing

(vi) Now/metes

(vi) Appued weather teomology

(vin) Flestwleather

(iX) Jepessen Monine (-map)

(¥ Fleet Qgcision Support System (F255) by Ass. |

DEsCnption of one of them

ST0vmGeo

* |t Gsures vesel Jafa;/ ond. el eﬁﬁamgy whle cwoxdxgy adverse weather.

1 ooffers detasled voyage planvng ond pmwd/@y 1eaL fime advice for |

Youte ad/wfm&m based on updarea, frecwts:

Key featwe: ‘

Reor time weather wpdatel

Roude gptimvzation

Fleet MONHOIYg  seniees

Custorizaple Yeports b0sed on yessel Qpesehng condiion iNduding e9emy ehieny. |
U ¥ ¥ v

1

’-'-F-o-—rqr-rTT--TUC'.Yw!!’!"F.‘W""V“-P"-

)
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Ques ) | Descnbe Ophmum YOutey - How would ;/0«4 AUV the, Objecve of weahes ¢ .
T0uteing in optimum mu:!z?m,q (677me4) -

AN - Opﬁmum muﬁ?u;g [y pmcw of optimising /p/cmggz angmyj a 4hpl b

voyage, eﬁsaav/;q vesreL’s Jafeﬂ/ ﬂwc €%ﬁam/ ond. yeduteds wygge e

time whie fang weafﬁerfgrgcam, YeaL—Hime. Wearer Condimon and 4ps ‘A

porformone. CharaUOISH 110 qecount

The qoal 15 not 70 Qwoids Qi QAWerse weathes but 10 finar the best

baltvie fo mvmze 4ime of ot and ful Consumpon WIhowt pI e .
the vewel at m/c -

Leather forecaits, Ship charadenstid and Speval cago T@@wfeméfut t
The, objectve of weather vouteitg in dptimum YOuteny 1§ QL by~ -
a/ F)na%zm,q +he Conart1o } :
L00K 1 awoids Storm 1racks, rogqh §eQs and, e mzarad, mami Mfy 75K pe
10 he vessel, cvew and cargo: €
(8) Improving fuel effitiony - ©
& mm,q OUONOHE. Oind Ond, CUsTeTrs ond auodig aduerse caod/ﬁm;@
it con 4,;/ruﬁca/u‘;7 Teaue Full nsumprion. J’
) E Vauwdm,y goute. option ®
8,(,1 aﬁ(/szy 1e0-fime weathes data, Whith auow for agjustment 10-the (&
Touse, m//urm;/y dely coued, due e wearrer f:
() Selecting Sofe Toute ®.
8y 0djusting countes & speed based, on (eames rouf&r//y, 1t hew protect veuel, (€
cxew&car;,o fmm effoct of rouygh Sead oad, MMz dam%& i:
(¢ optimising_speed, and efﬁﬁ/é’ﬂg/ &

8;/ aﬂUz,/}g Ship’s p@pformaf)w CHAYACtenshts, it helps 1mprove hp’s &

perfarmance b,(/ dmo&@g oNdrion #qar YeAUCE JtreM on machme(y cma *

huu -

+%#$a

R
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 Ques | Decnbe the procedure for chimatologitat Youtenyg (3imey

' Ans - | Climatologscat roafelaq Vol yuing Long-Term eveather and aeanogigpre

dato. 1o pion shp's route, #hu, rywum/my el +me, andyfuel Consumprion

I maxmw/'zg Jafe;ﬁ/

Ths_process Teues on w)derffandw histonicad poaterns of WOmdd, Currents

A eher 1o Select +he, modt %auombl@ TOULE, /oY SPeUAL SeasD) ard

YZJ,C}/O'?S

More. detasted PYoceuie for Clmatolggical Youteing are as-foliows -

 Collect vquge re(ajed, Infoymaton (,/@ departure destinadtion port, draft,

- - - - T - - - -

natwe of cago erc
 TOKE, Teforentes from. Pilot charts, Routeing crarts, Sasting abirection and. 0ceon

PASL094 0¥ The wortd

- Gother histoncaL data on wind and, current POSTRITL, WOWE hogns, weahe |

condrtion and sea surace femperawure-

Analyze s data 10 1Aty preudning oadtion and Typrcats 4easonat

Vanations

- ldentify Seawsonal hazards:

- Compare. with atdernatie. yourés

* Baveal 0n the C{andjo{%z/caé aata., pipn youde that minmvsed 1he. impact

of Qdvéise weathey “ond. ocean (onditions.

ANy QUCMOIC TOIE IN Case QAL (ondition (liffers from auerage ook

' Include choosen voute jn paugge plon-

%owh wmafo(%y moum/;q 1 hasea on histoneal dotd, alwoys Che Kk

OCfUéL(/ weaher fOXfC&Aﬁ bg/om MJWM

H EX,D/a/h the. puipose 40§ Mantime forecst (ode and clata given by the
MARFOR, (3 imey)
ANS- | The. Mantime forecat code (MARFOR) IS o 410ndardized format used by the
p I

MEONOlngs (ot OXgaNation 1o 1rammit mame (oeasher forecut CRMY and

CONGSely 10 shipy at sea. |

Tt provides eYeOL weathor -Yelated. information that heips the. veweL plon

for gafe Navganon and. gphimum Youreny,
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Puspoies of MARFOR:

+ To provide atondordized. manne. wegthes forectyt.

=70 ensure, wiHform interpretranon of met@omwwmm~

. T0 QUsict in Sofe vyage ,o/a/m/;ui

' To support optimum  weathes muwrw

+ TO ud. in dpudion maﬁ/,zq dumﬂm heau/q weoher

DofoL given by MARFOR:

 SpeUit SeL QP name. o7 CoOTdNaLEs

» Date and ime(uTg of forecast (/abd/t%

W0inds Speeels Ondo dive ciond

- Waye hezg/hf ol qurechon

ol * Swel height, direchon. and penod -

* Expectell visiolty Yonge

+ Rain, fog, Squatls, snow etc- (If any)

e Meon (e level pressure -

* Presswre tendany-

* (e, sorm OF fyopical (Yclone (i any)

Que 8) | Stotethe differene between weathes Toutety ande Limoolggy rouderny.
Exploun how will youw can;c/ oul weather mufefry; 0n-boards your vesel (MmeA)
Ans:- Aspect | Weathes Routeing (matology Youteng
Based oa ) Reaw, Hme or {ofecadfed/  Hictoneal datr
| weathe doda
When wed, | during voyage or afew dap | In egvi® I/Oya&?a pta/;/u"/géq
| before departuse sige.
Purpose | To determing the bat vou | To détermine he best route
based. on veaL-tme weathes | based on Long tem weather
condstion podterns 0
doto. Souxee | INEaaher forecam , SOtelyte Pilot chart, Kouﬁm charts,
L0140 INMARS AT~ EGC(Saferynedf| Sailing direction, oy Pausge
Nautex efc - © Horthe world

mmnmhﬂﬁnmﬁvvvbﬁﬁvvkvﬁvcwwvvkémvvr#ﬂvvhvm??bﬁﬁﬁa
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19 Jo¢ /2025
chxm%/ f/]h acray oait uses Oeneraized guudancy may vay
cunent dedd. and, fovecasts. | from present condition.
Flexibility Route qve adjusted, guring | Routes awe pre-determined ond.
y the voyage i ubualy fixes:
Example, AVOIdINg o TRS déveloping | Chotsing g nordhern youte aus |
@) me 10 THPAN I | in Alontic in July fo ovoiel hwmcanes r

Proce duwre o Cary out wearthes roufem/g o1-board -

T O e T e e | e w w w wr W e W W W W

Some s §-2
Rues 9 | Listthe information given in Shipping  Forecast jSsued for coastaL aread (2-+1mei)
o R
' EXplomn the. contents of coastal weathes bulletin 14sieds by Inden Meteorlppcal
: Depirtment
LAk | Same au Q-7(b) : Dodte 41U by MARFOR.
U L4
8Ques 10.0)) Hst the informadion JIV&n I §ynoptic. weddner Chart - winat nformation can
0. MONEY pbtin from it 7 How would, youfind. presiure Hmdjw fromit? (4-timey)
Ans:- | SYnopht, weahes chort

The word ”St/nOpﬂo means o Summady of the cwvent grtuation

ttis @ weather chart whith provides current weathe Situation by dplgying

VaNous Nmrwrow;ym/ elementss ONd, +helr dsstnbutions UKe quy Pfesmre

wind,, rempermre and. clouds cover, UAmﬁ gymbol and. Unet-

INfOYmMadion given in Synoptic weethis chart :

- [SObATL

HIgh(H) oL Low (L) presswre Qureas-

- Prosswre, ’rendan;;/

© Fronts.

* Windo divection, and. §pedd -

« Cloud. Cover.

- Temperature

- Vidlb Uty
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* InJeother phenomena, Like Rain, 09, snow, thuiderstorms etc.

* precipitation.

Infoymogion o_ monnes can obtan from it -

+ Lines Joining points of equaL odmosphénc preisuse:

- ATP0s of cteuetopm,q 0¥ aeca;/mg ,w\cf&ﬂ

(Lhaﬂ/)é m aﬁnmphenc preuum “n LaAt’ +Hhree houi -

+ Brea of two distintt i magse

N

s (01N direction ond. gpeeds

« LikeUhood, andu nensity of preapftaﬂon

- e empemmr@

SIbOW ()

- Prediction of 'rwrz,fn,gfgnaw , thundesstorm efc-

« Sea. conditions -

0 Aind. pressure gmabemt 11om (Qs/r)opﬂo chart -

* Identity isobars Qround. e artw of interest

* NOHO +he, Preuwe viuwe

e MeWE the dirtonce betaeon 1Sobars on +he. chart uM,qW, thart SCHe.-

+ (JSe 4he formiua :-

pregure g{adfent Prese gyfference [hed)

dutance (nm or kM)

10

Hst ot vanows informodion ﬁfuen i weathes fapumile charts and wave

vo(*dvqm«oﬁnomdronhJvdnnh&dnnh&danh

charts!, (2 timey

A weother fF0ramile hart is o ;;rapmcau Weather chart that s troammted c—

VICL Yodjo or Satellite and Yeaeum 0N-bOAYLL 4vp LONIOR help MAanNnes <

Wdesstand, and. prepare £or cument oY fovecasted wegthes condifion at sea.

The variow type of westhy/ fadnile charts, their we for weather

chqu pwpoxeo k (oeother Yelgteds informahon augilabie are -

Same(u&l

Wnte oL 1(}//_;9@1 L Key /’/)fmmodv'on Oa,/vm in hose. Charts.

nﬂﬂﬁh.ﬂﬂl’mmﬁﬂv
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y/

Wowe, choits

AL Speufit Hime, based on actual obsesvedion

T T weather charfs that pYovidey wave conditiond ouer o (Brge seéa aréa

+ 1T hélps understand the, CUTent state. of 1he Seq

\

- IS e ctun/;/q Qyage plaming and weaher oty

Pupose. :

-To 1dentrfy areas of Wgh Sea ands Swelt

»To help Swps quajel YOUgh Jea. Condshon

-0 plon pptimum voutés for wmport, fuel effioenty and cazyo Jafe;y

To anticpate ,017‘(/?/% 109, Slommig s parametit TOu9.

[nformation ,cpup/; in wawe. charte

'ngﬁca/w wave Hegnt

- Naug direction

* Wawe penogs
. Swew ’

 Sea ytate

+ COlowr shadéd, contous:

404

Wity down e informadion giver 1 o weaer Youteing chart

AN -

1H [ 0 westhe Yooy chart ot prondel chmotre and naygatont gate

for . speofic 0ceon qrea at @ §peCific month.

1Mede charts Qre basea on tong-term clmotolgical averages and are

wmmooy/ published rnO/Hh/y

190 wed cwmfy VQya9e ponvy ond C@mam/%c/ muf@/zo

pUrpose

- 70 /dmﬁé/ Qreas of frequent Storm or adverie current

“T0_help ship aword fmuqh €4, Londstion.

“To plon optimum roam for comyort, fubL efivony ord cago daﬂf%;y
~To Qntiopate wind ande Sea congtitond- i

i, e el VLl o, i Tl Sl il Tl Pl neilli s Bl il . Tl S P2 S B I . . IR . . B RS R R

70 COver weather condrrion +hat chaf}qe —/hromaut he. Year

*“To_Support i route p/anruf,Ly




Information ;puea In (eomher mafe///zq chart.

« Posifion of m0¢0r ports

* Recogruseds Aivppfﬁq WL NV dutanies between +them

+ (OINL 10588 dhowing wind. Speed and direction

Fre@wg and mf%!rﬁy of Stosms:

* L m/bm,‘y (Rieas

* Sea and. gir temperatue

« AT preguse

" Jce yrvfs

- OCep CuyYents.

- LIS of 100dime Zonés:

&uey 19| describe vanous methods/ Sources of information inpuds for maxing of iigyrcal

WeBHEr for §ynoptic hous-

A~ | The yanow methods/souredy of Jformadion inputs v maﬁ/g of anaytial

poeammer for J/(/oopm hour qre Qs folfows:

() Sur faw weather observafion.

cland. bowed storond

Vowﬂmfy 0bJ em/}y $hps

- Offshore. piotform

« Mogred. oceon buoy:

(i1) Upper qur obiervadions

 Radi0S0n ok

« (eather ballons

(11}) SatouHe datd

Polor ma ,qemfaﬁma;y sateute

() Rodar gata

Providey voinfau //)fequ [ MOUENRNE pf H1rdeis1orms Ghe-

(v| ACroft pbssvaton

COMMIGAL WYCraft  pYoulles vind and temperatdre gt vanows aeftude.

&1m¥m¥v%¥&¥m$mﬁﬂﬁﬁmﬁwvvﬁWf?v@dQVYQQﬂmmﬁwﬁﬂﬁnnan
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Qués 12)

How /¢ weather {orecazmr;q camed OuL 7 Show by an example /70(/0/(/061 wolld

MAKL & shovt Hrme weczf/zerfﬂreczuf

5

- Weatner foreccwt are nude b;/ colecting quantrtafive cmm AboUt e (o

Sare of e aXmosphese, (and " ocethy g, amg meteorolggy 10 project

how he._atmosphere. il dvaf;ye oL a g/um p/ace

* Theve_are. vanou teghnigue nvalved " weaﬁaerﬁsew% from 4/mple L

observation to. by /Q/Ijq CompIex  Computentésl mathemencal mMogel:

High Speed, Computers. MEteorolgial Jorels7es aid wepmmer radass are 100l
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be eﬂgoe(mt

W Hhe presiwe digp it 10pity Q. (ow preﬂcme yystem s opproachiyy, and #ee
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EXample of Short-term forecast

Aveq. . |S'N, 6S°E (vadiw 100NM)

Forecapt vajd - 0600 0TC 10 1800 UTC

Wind. @ NE 25-30 Knots, quatiflg 3S KIS in squatl

Sea. 1 Rough

Neodnes OVE%CaAt, Frequent Showess o thundesstormi.

Visibilit : Reduced £2 NM in yan

Procsure ; chmg Steadiy.

Outlook. @eepru/y] L0 movm;; NI - (pNartiona Uwg 10 deteriorate further
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o0t r T TI019000000T
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- T
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QU 14)0) Explan -

)| Wave chart

AnS- | Same o Q- 10-b

)] MAroR chart — (5 timet—
Ans.- | Same u Q-Fb
(i11) | Spgreficant ywawe heght

Ans:- | Some a) /-no-13. )
b | Explain wind. vose chart (54ime) |
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QbOUt e winde at @ parmcuar (pcation OUer A speufitetfime perod

Tney_depitt she frequeny ood dtie/gth of #1e windo biowing from Vi
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©OR), in other worgs

Wind, Y05 is o //ro,ab showm;; he peed, diretfion ands freq}xeogf of wnd  _

Wind yose d!ar/m/n consist of ree components:-

@ 8oy 26 yadial Unes, Whith YEPYRIENIS he. I direction.

© S0 10 conuentric line, whith indscates the wind frequency.

© (olowr coded bass on each Yadial ine, Wtk indicates the wind <peed.




