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Timeand TIDE wait for none!!!



Tides are an important physical forcing on the ocean
particularly the coastal and estuarine seas !

Tide is the periodic rise and fall of a body of water due to gravitational
interactions between the sun, moon and Earth
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Different positions of the sun and moon
create two different types of tides:
spring tides and neap tides Residual force is the difference between
the gravitational force and centrifugal force
Spring tides L°WT‘E‘°M High Tide
Tide Type L D) ' \ s '
Nap tides ' Third Quarter Moon
= O Hi_thirI..e
New Moon 1 2,

O ' First Quarter Moon

LORORIY [BUCnEARIE)



They are very important for a proper understanding of :
physics, chemistry, biology and geology of the coastal and estuarine waters

The tidal range is the vertical difference
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The same location in the
Bay of Fundy at low and
high tide.

The maximum tidal

range is approximately
17m

between the low tide and the succeeding high Tidal Range

tide.
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Low Tide




High Tide
April 20, 2001

Low Tide
September 30, 2002

Tidal extremes - The Bay of Fundy

Vegetation is green, and water ranges from dark blue (deeper water) to light purple (shallow water)



Tides at Halls Harbour on Nova Scotia’'s Bay of Fundy.
This is a time lapse of the tidal rise and fall over a period of six and a half hours.

There are two high tides every 25 hours.



Presence of tide

The most obvious indication of the presence of tide at any location

(coastal or deep sea)

Isa characteristic, sinusoidal oscillation in the water level/ pressurerecords,
containing

either two main cycles per day (semidiurnal tides),

one cycle per day (diurnal tides),

or acombination of the two (mixed tides).

So aTotal of THREE TYPES

The advantage !!

No matter how complex thetidal curve may appear, tidal oscillations can be broken
down into a collection of simple sinusoids (even up to 115 in number).



BUILDING BLOCKSOF THE TIDE
major tidal constituents contributing to the astronomical tide

M, - Principal lunar semidiurnal constituent

S, — Principal solar semidiurnal constituent

N, - Larger Lunar elliptic semidiurnal constituent
K, - Luni-solar declinational diurnal constituent
O, - Lunar declinational diurnal constituent

Compound tides and over-tides contributing to the astronomical tide

M, - First overtide of M, constituent (speed: 2 x M, speed)
M - Second overtide of M, constituent (speed: 3 x M, speed)
S, - First overtide of S, constituent (speed: 2 x S, speed)

MS, - A compound tide of M, and S, (speed: M, + S, speed)



Tidal

Period

Description

Nature

Component | (solar hours)

M2 12.42 Principal lunar semi-diurnal
S2 12.00 Principal solar semi-diurnal
N2 12.66 Larger lunar elliptic semi-diurnal
K2 11.97 Luni-solar semi-diurnal
K1 23.93 Luni-solar diurnal diurnal

01 25.82 Principal lunar diurnal | diurnal

P1 24.07 Principal solar diurnal | diurnal

Q1 26.87 Larger lunar elliptic diurnal

MF 327.90 Lunar fortnightly Long term
MM 661.30 Lunar monthly Long term
SSA 4383.00 solar semi annual Long term
M4 6.21 Compound
MS4 6.10 Compound




Harmonic method of classifying tides at a location

The tidal constituents (M2,52,K1 & O1) can also be used to
describe the type of tide (ie semidiurnal, diurnal, or mixed).

Tidal Form Number (TFN)=(K1+01)/(M2+S2)
TFEN < 0.25 : tides are semidiurnal.
TFN between 0.25 and 1.5 : mixed mainly semidiurnal

TFN between 1.5 and 3.0 : mixed mainly diurnal
TFN > 3,0, tides are diurnal

This requires us to do the tidal analysis !!
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The declination angle (of sun or moon) and the proximity (of sun or moon) give
rise to the various frequencies and magnitudes, known as the “tidal species”.
(easily done in TASK — 2000 software)



Sum
of
individual
tidal
components
gives
the
resultant
predicted

sea level

TIDAL PREDICTIONS
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(up to 115 components in TASK 2000 software)

Just a few minutes in a modern computer....



In the past !
61-Component Tide-Predicting Machine
Germany, about 1950.



Tide Measurement — Past (too many manual interventions & mechanical

parts)
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Tides can be measured using a
simple graduated staff




Tide Measurement — Present (Highly automated)
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Incl. Near Real Time reception via satellite connectivity

-un “ Radar tide gauge

J _ e _ Non-Contact Water Level Monitoring

Real time data available
in INCOIS website
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Diurnal Tides
60° B Mixed Tides

The same tidal forcing has different results depending on many factors, including coast
orientation, continental shelf margin, water body dimensions.

Diurnal tides : mainly experienced in the Pacific Ocean.
Semi-Diurnal mainly experienced in the Atlantic Ocean.
Mixed : experienced in the Indian Ocean, Gulf of Mexico, and Australia.



Daily predicted tides being provided by INCOIS
173 locations and being updated........



INCOIS dissemination of tide data

INCOIS
Country Stations
India 136
Myanmar 12
Sri Lanka 11
Bangladesh 9
Chagos 5

Provided to users absolutely free in their desired format and dissemination mode



Constituents stations
<10 69
11 to 20 3
21 to 30 32
31 to 40 61
41 to 50 O
51 to 60 13

When more harmonic constituents are used

TASK, 2000

predictions are more accurate !

Permanent Service for Mean Sea Level

and

Proudman Oceanographic Laboratory,

UK

software was used for the predictions

More accurate
predictions



Comparison between SOI Tide Tables and INCOIS tabulated data

GALLE
(Sri INCOIS SOl INCOIS SOl
Lanka)

PHASE Time Time  Height (m) Height (m)
01/01/10 High 02:47 02:46 0.75 0.76
01/01/10 Low 08:59 09:12 0.17 0.16
01/01/10 High 15:13 15:10 0.63 0.64

01/01/10 Low 20:51  20:58 0.21 0.18



The Indian situation
and
Peculiarities !



BHAVNAGAR

Approx. 12-14 metres tidal range




Predicted Astronomical Tide for Bhavnagar2 (Long:72.15E Lat:21.8N)
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20. Sep 21. Scp 22. Sep 23 Scp 24 Secp 25 Sep 26. Sep

Date & Time (IST) IST=GMT+5 hr 30 min

-2~ Predicted Tide = FQ (First Quarter) + FM (Full Moon) = LQ (Last Quarter)
+ NM (New Moon)

Time (IST) Time (IST)

21-09-2016 08:15 AM 10.35 21-09-2016 01:49 AM
21-09-2016 08:20 PM 8.98 21-09-2016 02:28 PM 2.91

22-09-2016 08:59 AM 10.11 22-09-2016 02:29 AM 2.15
22-09-2016 09:06 PM 8.45 22-09-2016 03:17 PM 3.28
23-09-2016 09:49 AM 9.81 23-09-2016 03:13 AM 2.08
23-09-2016 10:00 PM 7.93 23-09-2016 04:14 PM 3.62
24-09-2016 10:47 AM 201 24-09-2016 04:04 AM 3.06
24-09-2016 11:00 PM 7.05 24-09-2016 05:19 PM J.64
23-09-2016 11:52 AM ol 25-09-2016 05:00 AM 3.48

Five day predictions (time series as well as high and low tide timings)




Perigean spring tide
along with wave set up
Damaged some pockets

of low lying areas in Kerala,
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[ Kerala ]

Swell Wave height {m) and Direction (9)
Forecast for 02.30 IST 24 Jan 2015
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Arrows indicate direction of wawe in degrees from MNorth
Colour Scale indicate wave haight in m



The consequences !

Photo 1: A residential building settled nearly 40cm in Kidapuram South. The stagnant
water after high tide is seen on 23 February 2015. Note that the steps at the entrance
have settled into the soft clay.



Why tide is important for Storm Surge studies !

Storm surge occurs near high tide Storm surge occurs near low tide
Storm surge is the change in sea level caused
by storms.....

resulting from low pressure
high winds

Flooding by “inverted barometer effect” and
high winds, high waves and high rainfall and
high tides compound the damages



Indian east coast is very much cyclone prone as compared to

the west coast ! (4:1)
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Phailin Cyclone
October 8-14,
2013



Xy, Proudman Natural

% Oceanographic Environment

| Research
Laboratory PSMSL| Council

TASK

Tidal Analysis Software Kit

POL/PSMSL Tidal Analysis Software Kit 2000
(TASK-2000)

C.Bell, J.M.Vassie and P.L.Woodworth

Permanent Service for Mean Sea Level,
CCMS Proudman Oceanographic Laboratory,

Bidston Observatory, Birkenhead,
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STN: Chennal 2014
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Hourly predictions for Chennai (2015-2055)
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Mumbai - Mixed semi-diurnal — Spring-Neap Variability is seen



STH: Paradeep 2074
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Paradeep - Semi-diurnal — Spring-Neap Variability is seen



STH: Kandla 2074
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One year prediction at Kandla based on one month observed sea level data !



Unigue phenomena : Tidal Bores (Hooghly River, Kolkotta)
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Published online: 29 Dec 2009



Validations (Very Important) !

Sample plots showing the quality of observed sea level and predicted tidal heights.....
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Jalidations !

Sample plots showing the quality of observed sea level and predicted tidal heights.....

———— OBSERVED ———— PREDICTED

2.40 | 1 1 1 1 1 | | 1 1 1 1 1 1 1 1 | | | 1 1 1 1 1 | | | |

_ MARMAGAQ | i

200 l r ‘ [

180 —

1.20 — | ‘ -

TIDAL HEIGHT (m)

0.80 — ’ -

.40 — \ —

.00 I & T § F Tl o d i T T T T E L Tzl i aJ i a4 & T Tr F 1
1 2 3 4 5 6 7 8 9 19111213 14 15 16 17 18 189 20 271 22 23 24 25 26 27 28 29

APR




080 — —

0,40 —

0.0 — —

Sea Level{m)

—0 40 -

—0 A0 — —

AN FEB MAR APR A JUM JUL AG SERP acT PO CEC

2008

WZ4+G4

PAR

High Correlation between Visakhapatnam and Paradip (600 km) NON-TIDAL sea level



netres

Importance of sea level data in the context of oceanogenic mulit-hazards
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DART Buoy — Integral component of
Tsunami early warning system

1 - when DART sensed the
earthquake

2 — Tsunami wave passes by the
location three hours later !!

Notice that the tidal variation of sea level height is far greater
than the tsunami induced height changes in the open ocean













