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SUMMARY 

The t i d e  observed i n  n a t u r e  i s  made up of c o n s t i t u e n t s  wi th  per iods  equal  t o  
t h e  pe r i ods  of t h e  r e l a t i v e  as t ronomica l  motions of the  Ea r th ,  Sun and Moon, 
but  wi th  ampli tudes  and phases which a r e  unique t o  each l o c a t i o n .  The t i d a l  
p r e d i c t i o n s  p r i n t ed  i n  t i d e  t a b l e s ,  a r e  der ived  from a l a r g e  number of 
c o n s t i t u e n t s ,  and t he  f u t u r e  as t ronomica l  p o s i t i o n s  of t he  Ea r th ,  Sun and 
Moon. The numerical  model ler  o f t e n  r e q u i r e s  t i d e s  i d e a l i s e d  i n  some manner, 
and h i s  use  d i f f e r s  from t h a t  of t h e  hydrographer.  Th is  r e p o r t  is  a  
p r a c t i c a l  guide t o  t h e  numer ica l  model ler  i n  h i s  s p e c i a l i s e d  use  of t h e s e  
c o n s t i t u e n t s .  

A t  t h e  time of p r i v a t i s a t i o n  i n  A p r i l  1982 Hydrau l ics  Research Limited had 
t h e  b a s i s  of a  comprehensive s e t  of computer models f o r  s i m u l a t i n g  and 
p r e d i c t i n g  t h e  e f f e c t  of eng inee r i ng  works on c o n d i t i o n s  i n  t i d a l  wa t e r s ,  
which has subsequent ly  become known as  the  TIDEWAY system. 

The most impor tan t  component of any TIDEWAY a p p l i c a t i o n  i s  a  TIDEFLOW model 
which gene ra t e s  t h e  b a s i c  water  movements f o r  t r a n s p o r t i n g  t he  o t h e r  
q u a n t i t i e s .  The models a r e  based on w e l l  e s t a b l i s h e d  p r i n c i p l e s  of 
conse rva t i on  of mass and Newtons Laws of motion, i nc lud ing  f r i c t i o n  due t o  
bed roughness ,  p r e s s u r e  f o r c e s  due t o  d e n s i t y  v a r i a t i o n s  and wind s t r e s s .  

Fea tu r e s  of t h e  models a r e  t he  f a c i l i t y  t o  vary  t h e  g r i d  s i z e ,  t o  g ive  h igh  
r e s o l u t i o n  i n  a r e a s  of i n t e r e s t ,  and l o c a l  d i s t o r t i o n  of boundary e lements  
t o  improve the  r e p r e s e n t a t i o n  of t h e  n a t u r a l  geometry of t he  s t udy  a r e a .  

The models can be used t o  p r e d i c t  f l ood ing  due t o  t i d e s ,  f l u v i a l  f l o o d s ,  
s to rm su rges ,  cyc lones  and t r o p i c a l  storms. They a r e  a l s o  commonly used t o  
p r e d i c t  t he  e f f e c t  of eng inee r i ng  works on t i d a l  c u r r e n t s  and hence 
nav iga t ion .  Flow r e s u l t s  from the  models a r e  s t o r e d  i n  t h e  computer and 
subsequent ly  used t o  t r a n s p o r t  sediment ,  salt ,  h e a t  and p o l l u t a n t s .  

An important  a spec t  of any TIDEFLOW-ZD model a p p l i c a t i o n  i s  t h e  boundary 
cond i t i ons  used t o  g e n e r a t e  t he  t i d a l  flow. I d e a l l y  t he  boundary cond i t i ons  
would be p r e sc r i bed  from o b s e r v a t i o n s  of t i d a l  c u r r e n t s  o r  t i d a l  l e v e l s  f o r  
s p e c i f i c  types  of t i d e s  o r  t i d a l  sequences.  However, i n  p r a c t i c e ,  t i d a l  
obse rva t i ons  may no t  be a v a i l a b l e  at  t h e  r equ i r ed  p o s i t i o n  o r  f o r  t h e  
requ i red  per iod.  Under t he se  c i rcumstances  i t  is  o f t e n  necessa ry  t o  p r e d i c t  
t h e  t i d e  us ing  t i d a l  c o n s t i t u e n t s  ob ta ined  from c o t i d a l  c h a r t s  o r  a n a l y s i s  
oE record ing  t i d e  gauges. 
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1 INTRODUCTION 
At the time of privatisation in April 1982 Hydraulics 
Research Limited had the basis of a comprehensive set 
of computer models for simulating and predicting the 
effect of engineering works on conditions in tidal 
waters, which has subsequently become known as the 
TIDEWAY system. 

The most important component of any TIDEWAY 
application is a TIDEFLOW model which generates the 
basic water movements for transporting other 
quantities (Refs 1 and 2). The models are based on 
well established principles of conservation of mass 
and Newtons Laws of motion, including friction due to 
bed roughness, pressure forces due to density 
variations and wind stress. 

Features of the models are the facility to patch areas 
of finer meshes dynamically into the basic model, and 
local distortion of boundary elements to improve the 
representation of the natural geometry of the study 
area. 

The models can be used to predict flooding due to 
tides, fluvial floods, storm surges, cyclones and 
tropical storms. They are also commonly used to 
predict the effect of engineering works on tidal 
currents and hence navigation. Results from the 
models are stored in the computer and subsequently 
used to transport sediment, salt, heat and 
pollutants. 

An important aspect of any TIDEFLOW-2D model 
application is the boundary conditions used to 
generate the tidal flow. Ideally the boundary 
conditions would be prescribed from observations of 
tidal currents or tidal levels for specific types of 
tides or tidal sequences. However, in practice, tidal 
observations may not be available at the required 
position or for the required period. Under these 
circumstances it is often necessary to predict the 
tide using tidal constituents obtained from cotidal 
charts or analysis of recording tide gauges. 

The standard method of tidal analysis and prediction 
is the harmonic method, in which an observed tidal 
record is analysed for its constituents, and these 
constituents may then be recombined to produce tidal 
predictions during periods of no observations. This 
report does not set out to give a description of the 
harmonic method which can readily be found elsewhere 
(Ref 3). Rather it sets out to illustrate the 
mechanics of using harmonic constituents for numerical 
modelling applications. 



2 THEEARMONIC 
CONSTITUENTS 

Over 400 constituents have been identified, but many 
of these are small and for most modelling purposes 
only a limited number need to be used. These break 
down into four groups: Long Period Consituents; 
Diurnal Constituents; Semidiurnal Constituents and 
Higher Order (Shallow Water) Constituents. The most 
important are tabulated below: 

Name of Constituent Symbol Coefficient Speed Period 
Ratio ("/solar hour) (solar hours) 
(M2=100) 

Lunar fortnightly 
Principal lunar diurnal 
Principal solar diurnal 
Luni-solar diurnal 
Longer lunar elliptic 
Principal lunar 
Principal solar 
Luni-solar semidiurnal 
Lunar quarter diurnal 
Luni-solar quarter diurnal 

The coefficient ratios are theoretical values from the 
tractive forces, and are subject to modification by 
dynamic effects. However, it is usual for 
constituents within a group (semidiurnal or diurnal) 
to have relative magnitudes similar to the theoretical 
values. 

The long period, Mf constituent arises from variations 
in the declination of the moon. Its main effect is to 
alter the mean level of a particular tide. 

The diurnal constituents tend to be smaller than the 
theoretical coefficient ratios in European waters, and 
only produce a small daily inequality in the two daily 
tides. In other parts of the world, such as parts of 
South East Asia, the diurnal constituents predominate 
and the tide may be almost fully diurnal. In areas of 
diurnal tides the relative movement of the 0 and the 
K 1  constituents give the spring-neap cycle. In areas 
where the tide is predominantly semidiurnal the 
spring-neap cycle is given by the constituents M 2  and 

S 2. 

The N Z  constituent arises from the elliptical orbit of 
the moon around the earth, and effects the range of 
succesive sets of spring or neap tides. This causes 
high and low springs in some months, and high and low 
neaps in others. These sets of high and low springs 
or neaps occur in different months each year, 
repeating approximately every 4 years, though more 
years are needed for a complete cycle. 



The e f f e c t  of t h e  o t h e r  major s e m i d i u r n a l  c o n s t i t u e n t  
K Z  has  a  more d e f i n i t e  s e a s o n a l  e f f e c t .  T h i s  
c o n s t i t u e n t  has n e a r l y  t h e  same p e r i o d  a s  S  and s o  i n  
some months r e i n f o r c e s  and o t h e r  months reduces  t h e  
e f f e c t  of S2. Reinforcement o c c u r s  a t  t h e  s p r i n g  and 
autumn equinoxes  g i v i n g  r i s e  t o  l a r g e r  s p r i n g  and 
s m a l l e r  neap ranges  d u r i n g  MarchIApri l  and 
September/October.  These c o n s t i t u e n t s  a r e  i n  
o p p o s i t i o n  d u r i n g  mid-winter and mid-sumer  r e s u l t i n g  
i n  s m a l l e r  s p r i n g  and l a r z e r  neap ranges  d u r i n g  
December/January and J u n e I J u l y .  The e f f e c t  of t h i s  
s e a s o n a l  v a r i a t i o n  w i l l  o f t e n  be masked d u r i n g  
i n d i v i d u a l  s p r i n g  o r  neap t i d e  p e r i o d s  by t h e  r a t h e r  
l a r g e r  e f f e c t s  of NZ.  The average  from each p a i r  of 
s p r i n g  o r  neap t i d e s  w i l l ,  however, r e f l e c t  t h e  
s e a s o n a l  t r end .  

Shallow w a t e r  and bottom f r i c t i o n  d i s t o r t  t h e  shape of  
t h e  t i d e  i n  t h e  i n n e r  p o r t i o n s  of most e s t u a r i e s .  
T h i s  g i v e s  r i s e  t o  t h e  h i g h e r  o r d e r  c o n s t i t u e n t s  which 
can  be h i g h e r  o r d e r  harmonics of t h e  primary 
c o n s t i t u e n t  (eg f o r  M 2 ;  M4,  M 6 ,  M 8  e t c ,  o r  f o r  S  2; 
S  4, S  K, S  e t c )  o r  compounds a r i s i n g  from t h e  
i n t e r a c t i o n  of t h e  c o n s t i t u e n t s  such a s  MS 4, 2MS 
2SM2, M K 3  e t c .  The q u a r t e r  d i u r n a l  c o n s t i t u e n t s  M 4  
and MS4 a r e  u s u a l l y  t h e  most impor tan t .  A s  w i t h  t h e  
pr imary c o n s t i t u e n t s  t h e  s u f f i x  i n d i c a t e s  t h e  
approximate  number of t i d e s  p e r  day. A number of 
p r e f i x i n g  t h e  c o n s t i t u e n t  is  a  s c a l a r  on t h e  f i r s t  
te rm,  eg MS4= M 2 +  S 2  

2MS6 = 2  x M 2 +  S 2  
211S2 = 2  X M 2  - S2. 

From t h e  conven t ion  i t  i s  p o s s i b l e  t o  d e r i v e  t h e  
a s t r o n o m i c a l  argument and t h e  speed of t h e  c o n s t i t u e n t  
from t h e  arguments and speeds  of t h e  primary 
c o n s t i t u e n t s .  

For  example: 

a rg .  of MS = a r g .  of M p  + a r g .  of S  

and - 
h s ,  - h2 + OS2  

= 28.98410 + 30.0000 

= 58.98410 " /hour .  

For  t h e  numerical  models t h e r e  is  no need f o r  a  
d e t a i l e d  knowledge of the  a s t r o n o m i c a l  arguments a s  
d a i l y  v a l u e s  of phases can be found i n  t h e  Admiral ty  
t i d e  t a b l e s .  



3 TIDAL CONSTITUENT 
DATA 

For each constituent at a site two values are given, g 
and H. g is the local phase lag of the constituent 
compared with the phase of the same constituent of the 
theoretical equilibrium tide (derived by Newton) at 
Greenwich. The value of g is associated with a time 
zone. Consequently if the time zone is changed, phase 
g is changed. H is the amplitude of the constituent. 
Both of these values are essentially fixed for a site, 
although there may be a small seasonal variation. 

The data is normally available in one of two basic 
forms; sets of values at a location, or a 
chartlcomputer printout showing the values of H and g 
for a constituent over an area. Commonly, 
chartlcomputer printout for an area is restricted to 
four constituents, M2, S K l and 0 These four 
values are published in the Admiralty Tide Tables for 
a large number of locations. Fuller sets of 
constituents may be obtained from the Institute of 
Oceanographic Sciences or the International 
Hydrographic Bureau. 

4 TYPICAL 
APPLICATIONS 

The use of harmonic constituents for numerical 
modelling falls into two main categories: 

1. Reproduction of a typical tide; 
2. Reproduction of a specific tide. 

4.1 Reproduction of 
a typical tide 

The example illustrated here is a typical mean spring 
tide for European waters. As we are dealing with only 
a typical tide, the long period constituents can be 
ignored. The diurnal components can also be ignored 
as they are small. For a mean tide it is usually only 
necessary to consider the M 2  and S 2  semidiurnal 
constituents. the phase lag g is ignored and a good 
representation of a mean spring tide can be obtained 
by assuming that the two constituents M2 and S 2  are in 
phase. Similarly a mean neap tide can be computed 
assuming PI2 and S 2  are 180' out of phase, and 
therefore acting in opposition. The tide produced by 
these constituents is approximately a sine curve, and 
does not reproduce the strong asymmetry found in areas 
where higher order (shallow water) constituents are 
significant. In these areas higher order constituents 
need to be included. 

The phase of the higher order constituents cannot be 

chosen arbitrarily; once the phases of M2 and S 2 have 
been chosen then so implicitly have M,,, S,,, MS4, M 6  
etc. 



T h i s  can be s e e n  a s  f o l l o w s .  Suppose it is d e s i r e d  
t h a t  t h e  M 2  t i d e  s h a l l  commence a t  h i g h  w a t e r ,  i e  

where 

91 2 
= speed of M 2  ( O l h r )  

81.1 2 
= phase of M 2  ( " )  

t o  = s t a r t i n g  t ime of t i d e  c u r v e  

then  t h e  M,, t i d e  w i l l  commence a t  a  phase  g i v e n  by 

- %l4 t o )  = ( g M 4 -  2y1 2 t o )  = (9, 4  - 2gM 2  ) 

i e ,  t h e  s t a t e  of M 4  t i d e  i s  de te rmined .  

I n  g e n e r a l  t h e  r e l a t i o n s h i p  t a k e s  t h e  form: 

where: 
n is  t h e  number of pr imary c o n s t i t u e n t s  used t o  
produce t h e  h i g h e r  o r d e r  c o n s t i t u e n t .  For  t i d a l  
p r e d i c a t i o n  t h i s  normal ly  does  no t  exceed 3, and f o r  
mode l l ing  a p p l i c a t i o n s  2  is  l i k e l y  t o  be t h e  l i m i t .  

0, i s  t h e  phase  of t h e  c o n s t i t u e n t  
$i e t c  a r e  s c a l a r s  t o  b e  a p p l i e d  
ai e t c  a r e  t h e  phased of t h e  pr imary c o n s t i t u e n t  
g i  e t c  a r e  t h e  phases  of t h e  pr imary c o n s t i t u e n t  
g c  i s  t h e  phase  g  of t h e  c o n s t i t u e n t  

T h i s  is  b e s t  i l l u s t r a t e d  by examples:  

i f  t h e  M 2  t i d e  i s  t o  commence a t  phase  go, and t h e  S  
t i d e  a t  phase $ O ,  s ay ,  then:  

M ,, w i l l  have phase  2  0  + g  
1% 4  - 2 g n 2  

S 4  2 $ +  g s 4 -  2 g s 2  

MS4 
- '+ g ~ ~ 2 -  's2 

and s o  on. 

MS£ a l t h o u g h  a  long p e r i o d  t i d e  i s  e s s e n t i a l l y  a  
s h a l l o w  w a t e r  c o n s t i t u e n t  which sometimes can be 
s i g n i f i c a n t ,  and has  t h e  argument of S 2  - argument of 
M 2 .  Hence t h e  r e l a t i o n s h i p  f o r  t h e  h i g h e r  o r d e r  
c o n s t i t u e n t s  can be a p p l i e d .  
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The noda l  f u n c t i o n  f  o r  t h e  T i d e  f u n c t i o n  F can be 
t a k e n  s t r a i g h t  from t h e  t a b l e s .  The v a l u e  of phase  is 
c a l c u l a t e d  a s  fo l lows :  

T a b l e  V 1 1  
Phase = g - [a + 360 - A ]  

where 
w is  t h e  speed of t h e  c o n s t i t u e n t  
t is t h e  t ime i n  h r s  p a s t  OOOOh 

o r  Tab le  V 1 1 1  
Phase = g - [a + (EO + U )  ] 

 or c e r t a i n  model l ing a p p l i c a t i o n s  subsequen t  
rounding of speeds  may be needed t o  g i v e  a  r e p e a t i n g  
t i d e .  However, e x a c t  v a l u e s  of speed shou ld  be used 
t o  t h e  above r e l a t i o n s h i p s  when o b t a i n i n g  t h e  i n i t i a l  
phase.  ] Where s i m p l i f i c a t i o n  h a s  t a k e n  p l a c e  ( i e  
r e d u c i n g  t h e  number of harmonics ,  rounding o f f  speeds  
e t c )  i t  i s  a d v i s a b l e  t o  examine t h e  boundary t i d e  t o  
make s u r e  i t  g i v e s  a  r e a s o n a b l e  t i d e  curve .  The 
d e c i s i o n  whether  t o  u s e  T a b l e  V 1 1  o r  T a b l e  V I I I  v a l u e s  
w i l l  depend l a r g e l y  on what i s  a v a i l a b l e .  I t  may be 
p o s s i b l e  t o  c a l c u l a t e  t h e  boundary t i d e  u s i n g  both  
mettiods and examine which g i v e s  t h e  b e s t  s y n t h e s i s .  

5 TIME ZONES 
A s  h a s  been s t a t e d  phase  g  i s  on ly  c o r r e c t  f o r  t h e  
s t a t e d  t ime zone. I f  a  model c r o s s e s  a  t ime  zone, i t  
is n e c e s s a r y  t o  r educe  phase  g  v a l u e s  t o  a  common t ime 
zone.  T h i s  is  accomplished i n  t h e  f o l l o w i n g  manner: 
gc  = (To - Tc)wc + go 
where 

To is t h e  t ime zone of phase g ;  
Tc i s  t h e  common t ime zone t o  be used; 
w, i s  t h e  a n g u l a r  speed of t h e  c o n s t i t u e n t  (Ojhour ) ;  
go i s  phase g  a t  t ime zone To; 
g, i s  phase g  a t  common t ime zone. 
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