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COURSE LEARNING OUTCOMES

Guir

Upon completion of this course, students should be able to:

2. Assess currents and tidal processes.

s 1

Learning Objectives
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LEARNING OUTCOMES

Guir

Upon completion of this topic, participants should be able:

e To assess tidal effects on the ocean water.

* To understand different tidal levels.
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WHAT ARE TIDES?

Guir

* Very long-period waves moving through the oceans in response to the forces exerted by the
moon and sun.

* Originated in the oceans and progress towards coastlines.

* The regular rise and fall of the sea levels causing change in current speed and direction.

Name Typical Periods Wave lengths Forcing Mechanism B High tide
Ripples <02s 102 m wind on sea surface
Sea 02-9s 10s of m
Swell 9-30s 100s of m E ! |
Internal min to severalhrs  1-300m current shear on stratification E E ?lzrgszi;nes i E
Planetary and - ' : Manmade sill
Topographic hours to days 100-1000s km bathymetry/atmospheric pressure : Tidal marsh :
Tsunamis 15 minto1 hr few 100s km seismic, landslide, meteorite impact E E
I 1
Tides several hrs 100s -1000s km gravitational (moon and sun mainly) e H Igh water — Maximu m helght reached by 3 rising tlde

* Low water — Maximum height reached by a falling tide
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TIDAL

CYCLE

Water level (m)

Crest = High tide

Guir

Term

Definition

Tidal range

Vertical height from high to low

Tidal period

Time between highs or lows

Crest = High tide

Trough = Low tide

18

p > Time (hr)

Trough = Low tide

A

A
F
\ 4
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IS TIDES A SHALLOW WATER WAVE?

Guir

Because of its long period, the tide propagates as a shallow water wave even over the
deepest parts of the ocean.

L >>d; d/L<0.05 = Shallow water

e _'f{ - _l, o S
: l |
O
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FORMATION OF TIDES

Earth to Sun = 149,735,000 km

] P
| |
SLII"I [ ] H L] .
® Moon = 7.3x10™ metric tone 221077 Tides result from the gravitational
e ctons attraction of the sun and moon on the
L
Earth to Moon = 384,835 km oceans of the earth.

* Newton’s law of universal gravitation: The greater the mass of the objects and the closer
they are to each other, the greater the gravitational attraction between them.

* The moon has the biggest influence (about twice the sun’s gravitational force on the
oceans) because it is close. The sun tugs on the oceans too, but since it’s so far away, it

has less influence than the moon.
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GRAVITY & INERTIA FORCES
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Low tide
Tidal bulge due to inertia Tidal bulge due to gravity :

High tide

Moon's
gravitational

High tide - ¥ |
pull }

Low tide

* Gravity: The major force creating tides O QA INTERNATIONAL

* Inertia (counterbalance gravity): Caused by centrifugal force

* Gravity and inertia created the two tidal bulges on the earth.
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TIDE GENERATION

2 forces operating on the water envelope:
Gravitational force (F ) & Centrifugal force (F)

Fi = inertia - {rotaton)
Fg = gravitational attracton

F. pull the water away M,
’ Moon
from the Earth’s r
surface >
Water surface without F
g . . R
and F, (Solar tide) Fg = M,M,/r2 Most area, experience two high fides and two low

tides every lunar day (Note: Solar day — 24 hours;
Lunar day — 24 hours 50 minutes)

© 2021 UNIVERSITI TEKNOLOGI PETRONAS
All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.



SOLAR DAY VS LUNAR DAY

The moon moves this . and this much
much in 8 hours . . in 24 hours

Moon )< - “
Earth . . \ﬂ .
S North North North North North
(7 ’ . = 4 <y
) Pole. g s Pole Pole Pole Pole
8:00 P.m. 4:00 A.nm. Noon 12:50 P.M.
on Day 2

Noon

|¢——— 8 hours >« 8 hours >l 8 hours ——————>}«—— 50 min —>]
1 Solar 1 Lunar

Start
day day

© 2007 Thomson Higher Education

Christian Calendar Lunar Calendar

Rotation of the Sun-Earth system Rotation of the Moon-Earth system

Based on
Day Solar day Lunar day
No. of hours in a day 24 hr 24 hr 50 min
No. of days in a month 30.42 days 29.53 days
29.53 x 12 = 354.36 days

30.42 x 12 = 365 days

No of days in a year
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DAILY INEQUALITY

: \A AN
Latitude \/ \/ \/
g"‘fﬁ:? «— Equilibrium Tide
] Moon
Equator Earth
SIDE VIEW

When the moon is in the plane of the equator, an observer traveling along a constant latitude would
experience 2 tides of equal height height per day.
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DAILY INEQUALITY

Latitude \/

«— Equilibrium Tide

_ _ Moon
Declination

SIDE VIEW Q

When the moon is in the plane of the equator, an observer traveling along a constant latitude would

Equator

experience 2 tides of equal height height per day.

When the moon has a North /South declination with respect to the equator, he /she would experience 2
tides day of unequal height.

Daily inequality is the difference between two successive low or high tides.
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DAILY WATER LEVELS

Rise HW

Rise

T
=

Daily inequality

1

Daily inequality

Flood

A
\ 4

| Flood Ebb
|

A
—
4
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TIDE PROPAGATION

Guir

Path Without Coriolis Effect
Tide propagation and the amplitude are influenced by:

* nearshore hydrography
* bottom friction
* the rotation of the earth (Coriolis acceleration)

* resonance determined by the shapes and depths of the
ocean basins.

Path With Coriolis Effect
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DIURNAL & SEMIDIURNAL TIDES

Guir

Diurnal Tides Semidiurnal Tides

(Daily Tides) (Half Daily Tides)
| Tidal Day ) [ — = At
* Tidal Poriod ) Tidal Poriod Tidal Period

| i = i e
b

1

]

i

==l
EEaSpEsRESsNIEE

B e
5
7
/

pr | ——1—
SEMIDIURNAL TIDE

* One high and one low tide per day * Two highs and two lows daily tides are

* These have periods close to 24 hours about the same height

* These have periods close to 12 hours
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MIXED TIDES

Mixed Tides

Lowor Low ‘Watar

* Variable height between lows and highs (a large inequality in the vertical range)

e Mixture of semidiurnal and diurnal
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SEMIDIURNAL TIDES d
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DIURNAL TIDES

= Do San, Yietnam. F=20.29 - | -~
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One high and low waters each day
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MIXED PREDOMINANTLY SEMIDIURNAL TIDES @!»

4
b

>an Francisco, California [37°45"'N] F= 0.91
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Two high and low waters each day during most of the time, only one
high and low water during neap tides
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OCCURRENCE OF TIDES

A north-south cross-section through the Earth's
center; the ellipse represents a merdian section
through the tidal force envelope produced by

the Moon.
Moon
(at high
declination) C' (Diurnal Tide)
AN i :
o \ (Mixed Tide)
i k. \‘{Semidiurnal
k ) T Tide,
S /' Equatorial
Moon Type)

(directly over
the equator)

Earth
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OCCURRENCE OF TIDES

Equator

Semidiurnal tides
- Diurnal tides
— Mixed semidiurnal tides




OCCURRENCE OF TIDES

South China Sea
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MOON'S SYNCHRONOUS ORBIT

Guir

Seen from above the earth's North Pole, the moon's
orbit carries it counterclockwise around the earth once
every 29.5 days.

As it follows its orbit, the moon itself also rotates
counterclockwise and keeps the same side facing the

(Not to scale)

earth.
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SPRING TT1DES

When the sun, moon and earth are all aligned (occurred during the new moon and the full
moon), the gravitational pull of the moon and sun are combined, resulting the lunar tidal
bulges added on top of the solar tidal bulges. At these times, the high tides are very high
and the low tides are very low. This is known as a spring tides which occur twice a month.
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NEAP TIDES

First quarter

Third quarter

When the moon is in the first and third quarters, the sun and moon work at right angles,
causing the bulges to cancel each other. This result in a smaller difference between high and
low tides and is known as a neap tides. Neap tides are especially weak tides.
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ANIMATION: SPRING & NEAP TIDES

Phase: Full Moon
Tide: Spring

© traleebayseaangling.com
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PROBLEM

=
(4
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Elevation (m)

o
o
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—
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——

[
&
(4]

1 July 1 August

Determine the following:

a. The type of tides

b. The occurrences of new moon, 1% quarter moon and full moon
c. The possible dates for spring and neap tides

d. Maximum tidal range
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SOLUTION (B)
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Tide Time Series in the Philippines Showing Neap and Spring Tide Cycle

Lunar phase . D Q O
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TIDAL DATUM

Charted
elevation
— MHWS e
+, e DENANG o e e
Spring F
range N| s i i Sealevel _
cap i s e i i i
PG e s dsm e s T ............... Meanleel .. ........ T
_* —_ _MLWN_ Drying \ _ _ _ _ Height

height

""""""" v

i ¢ Chart datum
Charted
depth
Y

* A tidal datum is a standard elevation defined by a certain phase of the tide.

of tide

e Tidal datum are used as references to measure local water levels.

* Coastal water elevation are referred to a variety of tidal datum e.g. MSL (mean sea
level), ACD (Admiralty Chart Datum), etc.
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TIDE LEVELS
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Description of the Tides

Coastline in both on the Example of Half a Month

maps and charts Tide gauge

Spring tids Meap tide Spring tide
¥ L

v
HAT = Highest Astronomical Tide
MHWS = Mean High Water Springs

AT s ATV AETIR A AL

SRR |'nlmmm_ 2 ¥ W Y&l

— N
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TIDE LEVELS

Term Definition
High water/tide Highest level reached at a place by the water surface in one tidal cycle
Low water/tide Lowest level reached at a place by the water surface in one tidal cycle
Mean high water The average of all the high water level at a place over a period
Mean low water The average of all the low water level at a place over a period
Mean tide level/ Average of MHW and MLW within a certain period at a place

half-tide level

Mean water level | The average of all hourly water level over the available period of record
(MWL)

Mean sea level (MSL) | Average height of the surface of sea at a tide station for all stages of tide over 19
years period, usually determined by hourly height reading measured from a fixed
pre-determined reference level.
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Tide Height, Bridgeport Cn, L5 A,
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TIDE LEVELS
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Term Definition

Mean high water spring (MHWS) | Average height of the high waters of spring tides at a place over a period

Mean high water neap (MHWN) | Average height of the high waters of neap tides at a place over a period

Mean low water spring (MLWS) Average height of the low waters of spring tides at a place over a period

Mean low water neap (MLWN) Average height of the low waters of neap tides at a place over a period
MHWS .
MHW o
(5]
| . (@)
T MHWN o ) E
w © c
— o Q © o))
| __.< g _______ 8 S C e
3 g @ &
- MLWN = = 3
MLW =
MLWS '
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TIDE LEVELS
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§ Tidal day >
<— Tidal —
Period
Datum
) 12 18 0 6 12 18 0 hr Higher High
B Lower High « Water
3 * / Water
2 T#dal Tidal
1 ise Range
0 \ > Time
-1 U \/ Higher Low
\ Lower Low Water
Water
Term Definition

Mean Higher High Water (MHHW) Average height of higher high waters at a place over a 19-year period.

Mean Lower Low Water (MLLW) Average height of lower low waters at a place over a 19-year period.
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TIDE LEVELS

Term Definition
Lowest Astronomical Tide (LAT) The lowest tidal level which can be predicted to occur under average
meteorological conditions and under any combination of astronomical
condition
Highest Astronomical Tides (HAT) The highest tidal level which can be predicted to occur under average
meteorological conditions and under any combination of astronomical
condition

* LAT is commonly used for hydrographic charts to minimize the possibility of navigators
running aground at low tide.

* Land elevations are usually referenced to MSL so care must be taken in combining
topographic and hydrographic.
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LEVEL CONVERSION

Ouir

2102 5 10

1. Hydrographic chart

------------ ACD
“+" = pbelow ACD ; “-" =above ACD Ve [

2. Land surveying chart
“+” = above LSD ; “-” = below LSD tve I

____________ Datum
10 -2 -5 -]O
-ve [ TtRE

Hydrographical chart

3. Tide table

+ve T
“+” = above ACD = _____l_______. ACD/LAT

Land surveying chart
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LEVEL CONVERSION
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d=22mLSD = 2.2+ 1.5=3.7mACD

S _ ol HAT=3.0mACD

_________________________________________________ oo e .. MHWS =2.2mACD
. S N MSL=1.9 mACD

2.2m —
e 1 71 (RIEICIEIEIE BRI e Ny 4 B NI, AU LSD=1.5mACD

LAT=ACD=0m
d=0.8mACD = -19+0.8=-1.1m MSL

.
|

10 m 50m
9.8 m

d=-5.0mACD = -5-19=-6.9m MSL

d=-10mMSL= -10-(2.2-1.9) =-10.3 m MHWS
d=-98mACD = -98-15 =-11.3mLSD

Land surveying chart
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PROBLEM
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If MSL =2 m above ACD, determine the water depth at A.

\ | l
\ | %
\ | |
\ | I
\ \ |
V A=-4m |
' e | \
\ | |
\\ | |
| . . A MSL
\ | | Solutions: 2m |
ll |I : 4'“%; """" ACD
I [ | : — — m
. | . d=2+4=6m Sea bottom
. A
| | |
I | |
I | |
I | |
/ | |
i | |
/ | '
/ | ,’
// ,’ '
/ | |
/ ,’ I
/

All levels in meters ACD
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PROBLEM

Find:

Tidal levels at Port Dickson: a. MHW and MLW

LAT  =0.00m ACD b. Mean neap & mean spring ranges

MLWS =0.26 m ACD
c. Mean range

MLWN =1.09 m ACD

MSL =1.50m ACD SOLUTIONS:
MHWN = 1.91 m ACD a. MHW = (1.91 +2.74)/2 = 2.33 m ACD
MHWS =2.74 m ACD MLW = (0.26 + 1.09)/2 = 0.68 m ACD

b. Meanneaprange=1.91-1.09=0.82 m

HAT =3.40m ACD

Mean spring range = 2.74 - 0.26 = 2.48 m
c. Meanrange=2.33-0.68=1.65m
or (2.48 + 0.82)/2=1.65m
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TIDE PREDICTION

Guir

* A long record (should be 19 years long) of the tide measured on a continuous basis by a

tide gauge is needed to analyzed and then predict the tide at a particular location.

* The tidal elevation 1 above a selected datum can be given by

No.of <

used

N
components n= A+ZA1 co 2T77t +Ai Time
1 _

l J Period

Vertical distance from a datum Amplitude
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TIDE PREDICTION

Guir

Tidal ratio determines the importance of diurnal and semi-diurnal harmonics.

: — TIDAL PREDICTIONS
Constituent Description
: : : : M, Semidiurnal Constituents
K;1+04 K, Soli-Lunar constituent — Diurnal tides ,r\ P /‘\\
o M, +S, 0, Main-Lunar constituent — Diurnal tides oS N NS
M, Main-Lunar constituent — Semi-diurnal tides
S, Main-Solar constituent — Semi-diurnal tides
F Tidal form

0.00-0.25 | Semi-diurnal tide

0.25-1.50 | Mixed, Predominantly Semidiurnal tide

Maximum Tide Level: 1.50 - 3.00 | Mixed, Predominantly Diurnal tide
Summation of the

> 3.00 Diurnal tide

amplitudes of the tidal

harmonics to the mean

Max tide level =M, + S, + K, + O, + Z

water level, Zo.
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PROBLEM

Classify the form of tide at Harbour X.

Guir

Constituent

Period (h)

Amplitude (cm)

Ki

23.93

31

1

25.83

26

O
M,

12.42

45

S

12.00

10
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SOLUTION

Constituent Period (h) Amplitude (cm)

K, 23.93 31

| 25.83 26

O
M, 12.42 45

S, 12.00 10

_ K;+0; _ 23.93+25.83 _
My+S;  12.42+12.00

2.04

F Tidal form

1.50 — 3.00 | Mixed, Predominantly Diurnal tide
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TIDE TABLE

Guir

* The equation can be used to predict future tide levels at
the location where the analyzed record is measured.

* The predicted results are published annually by National
Hydrographic Centre for selected ports — Tide Table.

* Data are presented in terms of the elevation (Above
Admiralty Chart Datum, ACD) and time of high and low
tide levels.

* Does not include meteorological effects that may be
active at a particular time.

© 2021 UNIVERSITI TEKNOLOGI PETRONAS
All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.



\

- > Pulaw Layvang-Layang o

LAUT CHINASELATAN
(South China Sea)

© 2021 UNIVERSITI TEKNOLOGI PETRONAS
All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.



TIDE TABLE

Pelabuhan Klang, Selangor Darul Ehsan
Tide Table April 2019

Date Time M Date Time M Date Time M Date Time M ARAS PASANG SURUT PELABUHAN PIAWAL
0da0a 37 0233 08 0472 a5 0323 15 TIDAL LEVELS AT STANDARD PORT
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1 1621 41 9 1421 10 17 1654 5.0 25 1515 18 . :
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0441 41 0252 10 0516 48 0347 19 sEISA | 58 s= Do | 2 3 =
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Tidal levels:

LAT =0.00 m ACD
MLWS =0.26 m ACD
MLWN =1.09 m ACD
MSL =1.50mACD
MHWN = 1.91 m ACD
MHWS =2.74 m ACD
HAT =3.40mACD

Iy 13

Guir

What is the water depth at @ ?
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