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REFINEMENTS AND INCREASE IN ACCURACY
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This paper is intended to supplem ent the paper ‘A dm ira lty  m ethod o f tidal 
prediction, NP 159’ by C om m ander N .C . G l e n , R.N., published in the  Interna
tional Hydrographic Review, L IV (l), J a n u a ry  1977 [1], and  should  be read in 
conjunction  w ith  tha t paper.

T he A dm iralty  F orm  N P 159 [2] is a simplified graphical m ethod o f ob tai
ning a  predicted tidal curve w hich gives a  good approxim ation  to tha t p roduced 
by a full prediction using far m ore data. A lthough at first sight it m ay appear 
ra ther tedious, no o th er m ethod o f  com parab le  accuracy approaches its sim pli
c ity ; thus, although  any  gain in accuracy is w elcom ed, any such gain m ust be 
w eighed against sim plicity o f application if it is no t to destroy the essential 
character o f  the  m ethod. This criterion has been carefully  taken into account 
w hen designing these im provem ents. T h e  first part o f  the paper concerns the 
simple application o f  an  additional 5 constituents, w hile the second p a rt show s 
how  a  p rogram m able calculator can increase no t only the  ease o f operation  but 
also the  accuracy o f  prediction  by rem oving  som e approx im ations w hich  have to 
be m ade in order to  keep the d raw ing  task w ith in  reasonable proportions.

A D D ITIO N A L C O N ST IT U E N T S

Seasonal corrections to M 2 and S 2

W ell over 400 tidal harm onic constituen ts have been identified, b u t a very  
large num ber o f  these have insignificant effect on the tidal level and  are not 
com m only  used in prediction. A m ong those  thought to fall into this category are 
tw o  w ith  speeds equal to  that o f M 2+ Sa and M 2~ S a . R ecent analyses have
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show n that at some ports the am plitudes o f these constituents are far greater than 
their astronom ical m agnitude w ould suggest and they therefore appear to have a 
large shallow  w ater element. These constituents have been given various names 
by different w orkers in this field. The United Kingdom H ydrographic D epartm ent 
and the Institute o f Oceanographic Sciences have mutually agreed to call them  
M A 2 (Speed 28.94 deg /hr) and M B, (Speed 29.03 deg/hr), see an unpublished 
paper ‘On the definition o f the annual m odulation o f the M 2 tide’ by  D.E. 
C a r t w r i g h t  [3]. The com bined effect o f these two constituents is to give an 
apparent seasonal variation o f  M 2 in bo th  g and H, and it is possible to tabulate 
it as such.

Tw o other constituents exist w hich have the same effect on S2- These are T 2 
(29.96 deg /h r) and R 2 (30.04 deg /h r). Unlike M A 2 and M B2 these tw o have 
significant astronom ical m agnitudes, and  they are allowed for in the calculation 
of A and F for S , (see Admiralty Tidal Handbook No. 3 -  NP i 22(3), para  4 [4], 
and C om m ander G l e n ’s paper, table I). H ow ever, recent analyses have again 
show n that the amplitudes are in som e cases greater than the astronom ical 
m agnitude w ould suggest, and thus they also appear to have a large shallow 
w ater elem ent. As w ith M A 2 and  M B 2 the effect is to cause seasonal variations in 
S , and these can again be tabulated, but in this case the purely astronom ical 
effect has to be subtracted before tabulation as it is already allowed for in A and 
F.

F rom  1980 onw ards Admiralty Tide Tables [5] will tabulate seasonal values 
of M 2 and S 2 for those ports w here the size o f the variation justifies it. This will 
be Table VI, and the ports affected will carry a sym bol referring to this table in 
the appropriate colum ns in Part 2. The total num ber o f  ports affected in all three 
volum es is about 2 0 , and the largest variation is about 60° in g (though this is 
associated w ith a very small value o f  H) and about 0.3 m in H. It m ust be 
appreciated how ever that the actual effect on predicted heights m ay be larger 
than these figures suggest as :

a) both M 2 and S 2 m ay be affected;
b) the value o f F by w hich H is to be multiplied m ay be as large as 1.3;

and
c) shallow  w ater corrections are obtained by multiplying the square and 

cube o f the sem i-diurnal tide by their respective multipliers.
Hence the resultant effect m ay be as large as 0.5 m.

The change in predicted height m ay therefore be significant, and as the 
application o f the correction is sim ple the criterion for its use is fulfilled.

Fortnightly variation in M ean Sea Level

There are several constituents w ith  a speed o f about 1 d eg /h r (i.e. 1 cycle a 
fortnight). Analysis show s th a t the m ost likely to be significant is the shallow 
w ater harm onic MSf. (E + u) o f  M Sf is equal to (E + u) o f S2-  (E + u) o f  M 2, and 
thus it moves through a com plete cycle as this difference moves from 0 to 0 : as 
this phase relationship is the sam e as th a t which governs the spring/ neap cycle it 
is possible to tabulate the effect o f  M Sf relative to the day o f springs. F rom  1981



onw ards this will be done in Admiralty Tide Tables as Table VI(a) w hich will 
include those po rts  w here :

a) the effect is appreciable;
b) the day o f  springs can be identified for a nearby p o rt in P art 1 w ith  

sufficient accuracy.

T he m axim um  effect found so far gives a variation  o f  over 1 m  betw een 
the extrem e values o f  m ean level (ML), an d  this w ould  justify  the inclusion of 
quite com plicated processes to  obtain the necessary correction. The application by 
m eans o f  this table is how ever so simple th a t any po rt w ith  a kn o w n  variation  
greater than 0.1 m has been included. As w ith  the seasonal correction  to M 2 and 
S 2, the ports concerned will carry a reference in the  appropriate  co lum n in 
P art 2. Inclusion o f  this table has m ade practical the inclusion o f  H arm onic 
C onstants for certain  ports, w hich w ithou t the table gave only  very approxim ate 
predictions.

P.H. Le B l o n d  in his paper ‘Forced fortnightly tides in shallow  rivers’ [6 ] 
p roduces m athem atical reasoning w hy  g o f  M Sf should also equal g o f  S 2- g  o f 
M 2, and analysis show s that this relationship applies in a large num ber o f  cases. 
W here this is so the M ean Level will attain  a m ax im um  at springs and a 
m inim um  at neaps, and  if M Sf is large enough  it will account for the  apparen t 
anom aly  that occurs at the head o f  certain estuaries, nam ely  th a t LW  neaps falls 
below  the level o f  LW  springs.

U SE  O F PRO G RAM M ABLE POCKET CALCULATO RS

T he rem ainder o f  this paper concerns the use o f  p rogram m able  pocket 
calculators to replace the graphical portion  o f  Form  NP 159. T he full m ethod o f 
prediction is itself a sim ple form ula, being :

f.H.cos [(E + u ) -  g]

repeated for each constituen t and for each tim e required. A lthough  the calculation 
o f this form ula is well w ith in  the capabilities o f  m any sm all calculators, a large 
num ber o f constituents m ust be used if a reasonable degree o f  accuracy is to be 
obtained. This m eans either that large am o u n ts  o f  data m ust be entered repeated
ly (w ith  the accom panying chance o f  e rro r) or that a considerable num ber o f 
data stores are required , and this limits its use to large com pu ters and the bigger 
desk top calculators. A dditionally , the calculation o f  (E + u) and  f, though  no t 
com plicated, is lengthy for a large num ber o f  constituents and w ill be outside the 
econom ical range o f  use o f  pocket calculators. It m ay also be tha t paucity o f  data 
m eans that NP 159 is the  best available m ethod  o f  prediction, in w hich case the 
follow ing m ay be taken  to apply to com puters, bu t it is no t w ritten  w ith  them  in 
mind.

A nybody w h o  is at all conversan t w ith  his ow n pocket calculator should  be 
able to w rite a p ro g ram  reproducing the graphical steps o f  F o rm  N P 159, w ith  
the accuracy slightly increased by the rem oval o f random  e rro rs  inheren t in a 
graphical solution. T he purpose o f  this section is how ever to  delve m ore deeply



into the reasoning behind NP 159, and  thus enable one to increase accuracy by 
rem oving certain approxim ations tha t had been included in order to keep the 
draw ing task w ithin m anageable limits.

The basic tenets o f the m ethod are :

a) that constituents close to each other in speed will have approxim ately 
equal phase lags (g), and their am plitudes (H) will be approxim ately 
proportional to their theoretical magnitudes. They can thus be grouped 
together under the heading o f a major constituent, as described in A dm i
ralty Tidal Handbook  N o. 3 [4) and C om m ander G l e n ’s paper [1];

b) tha t the 1 / 4 and 1 / 6 d iurnal tides are proportional to the square and 
cube respectively o f the sem i-diurnal tide, and that these m ove at twice 
and three tim es the rate o f th a t tide.

These tw o assum ptions are fundam ental to the m ethod, and are the m eans 
o f allowing for up to about 35 constituents w hile only using data for 6 (in this 
context counting f4 and f6 as constituents). W e are here concerned w ith using 
the properties o f  a calculator to m ake best use o f these assumptions.

(In w hat follows, M 2 is to  be taken  as m eaning ‘the M 2 group’, etc.).

NP 159 perform s the following operations:

(i) obtains the phase and am plitude for the M , tide at one tim e during 
the day;

(ii) obtains the phase and am plitude o f the S 2 tide for the sam e tim e;
(iii) hence by vectorial addition obtains a phase and am plitude for the 

com bined sem i-diurnal tide;
(iv) from this it derives a phase and am plitude for each o f the 1 / 4 and 

1 / 6  shallow  w ater constituents using the theory in (b) above;
(v) by advancing the com bined semi-diurnal tide at 29 d e g /h r  and the 

1 /4  and 1 /6  diurnal tides at approxim ately 2 and 3 tim es this rate, 
it produces a com bined sem i-quarter-sixth diurnal tide for 12 hours;

(vi) by assum ing that this tide repeats itself 12 1 / 2  hours before and 
after, it generates the curve for the rem aining 12 hours o f  the day;

(vii) it repeats steps (i), (ii), (iii) and (v) using K, and O, and a rate of 
14 1 /2  d e g /h r  to generate 12 hours o f the diurnal curve;

(viii) it assum es that the diurnal curve repeats itself w ith the sign chan
ged 12 1 / 2  hours before and after;

(ix) by sum m ing the curves in (vi) and (viii), it produces a com bined 
predicted curve for the w hole 24 hours.

T he following approxim ations are  used in these steps :

(a) it assumes that the com bined semi-diurnal tide moves at 29 d eg /h r. 
Even if A o f  M 2 changed at exactly this rate this w ould still be only 
an approxim ation, ow ing to change o f  phase between M 2 and S 2. In 
fact, exam ination o f  consecutive values o f A show s that the rate may 
vary from  this figure by enough to give appreciable errors at the end 
o f the day ;

(b) it makes a similar assum ption concerning the diurnal tide;
(c) it assumes that the values o f  F rem ain constant th roughout the day.



E xam ination  o f consecutive values show s that this m ay change by as 
m uch as 6 % in one day;

(d) it assum es the  precise repetition o f the curve at 12 1 / 2  hr intervals 
(inverted in the case o f the diurnals);

(e) the effect o f the above assum ptions on the sem i-diurnal tide m ay be 
am plified in the case o f the 1 /4  and 1 /6  diurnals.

All the above approxim ations can be  rem oved as follow s. This uses the 
essential p roperty  o f  calculators w hich is th a t they excel in repeating the sam e 
calculation over and over again using different data :

(1) by m aking the basic calculation for each tim e for w hich a prediction 
is required, using individual rates for each constituent, thus allow ing 
for change in phase rate due to S 3 and O ,;

F ig 1. -  T he A dm iralty  M ethod o f  Tidal Prediction -  N P  159.

* If p o rt data is entered  by pre-recorded card , provision m ust be m ade for entering 
values from  Tables VI and  VI(a) if required.
** See N ote 1 concern ing  interpolation ol A.



(2) although it is possible to use the astronom ical rates o f  the ‘Name 
C onstituent’ o f each group, greater accuracy can be obtained by inter
polation betw een tabulated values o f A if the num ber o f  steps/stores 
allow s this ;

(3) again subject to the availability o f steps/stores, interpolated values o f F 
should be used in preference to a daily constant.

T he above steps concern the accuracy o f  such a program  but, subject to 
availability o f steps and stores and general versatility o f the calculator, efforts 
should be m ade to increase the flexibility o f the program  to reduce the data 
input. The follow ing are suggested :

1. Reduction o f  the data entry by :
(a) recording and re-entry o f  data for ports which are predicied frequen-

ft? o-on fr\/  cVirmlH Q?lr*^xr fr\ r  om A n r lm p n fc  c j c  r ^ n n i r^ r l  Hv T  qKIpc

VI and VI(a)).
(b) enabling subsequent days’ predictions w ithout re-entry o f  port data or 

daily data already in sto re;
(c) enabling prediction o f  m ore than one port on the sam e day w ithout 

re-entry o f  daily data.

2. A utom atic production o f  hou rly  predictions throughout the day.

3. Ability to repeat portions o f the  curve com m encing at chosen times and 
using a chosen interval (e.g. 10 m inute intervals) over HW  and LW . A lthough 
individual heights can also be produced by these steps, they are generally o f  little 
value.

(It should also be possible to w rite  a program  so that in addition to the 
above it will produce both the tim es and heights o f  H W /L W , and to indicate the 
time at w hich a particular height is reached, bu t it is considered that in the type 
o f  port w here prediction is m ost likely to be used such figures may well be 
am biguous and it is generally better to  draw  a small portion o f the curve).

Figure I show s a possible flow chart w hich perform s the suggested func
tions.

Notes :

1. G reat care m ust be exercised in the interpolation o f the hourly  rate of 
change o f  A. It m ust be noted that the final step in the derivation o f  A is to 
subtract from  360° dl], p. 75). T hus although (E + u )  increases w ith  tim e, A 
decreases. Also the calculated rate m ust approxim ate to the astronom ical rate o f 
30° per hou r for the sem i-diurnal constituents and 1 5° per hour for the diurnal. 
Thus, if A 1 is the value for the first day and  A2 the value for the next, then 
(A2 -  A 1 )/2 4  ~  -  30° o r (AI -  A 2 ) /2 4 ~ 3 0 °  for the sem i-diurnal constituents and 
sim ilarly, using 15°, for the diurnals. T he actual steps to obtain the correct result 
will depend on  the calculator in use, b u t a convenient m ethod is to ensure that, 
for the sem i-diurnals, A l -  A2 is g reater than 600° by the addition o f  the m ini
m um  n u m b er o f  360°. In the case o f  the diurnals, use 300° instead o f 600°. 
Then the result o f  the calculation (A l -  A 2)/24  gives the hourly rate to be used 
for the day.



2. I f  there  is a shortage o f  data stores it is usually possible to store m ore 
than  one figure by placing them  (after applying a suitable m ultiplier) either side 
o f  the  decim al point. S trangely, such a m ethod  often seem s to reduce the num ber 
o f  steps required as well as the storage.

3. In  view  o f  the  in terpolation  used to  obtain  values o f  the rates o f change 
for A and F for the particu lar day, a rrangem ents should be m ade to prevent the 
continuation  o f  the p ro g ram  to the next day w ith o u t the insertion o f new  values 
for A and F and a re-calculation o f the ra tes o f  change.

4. It m ay be o f  interest to note that 24 h o u r predictions using this m ethod  
w ere com pared w ith  a  full prediction using 60 constituents. T he differences w ere 
com parable w ith  those found w hen using all the 25 constituents which can be 
obtained from  one m o n th ’s analysis. In fact, analysis over such a short period  
m ay well have erro rs in the constituents w hich  are greater than  those caused by 
the assum ptions m ade in the calculation o f  A and F. T herefore it m ay well be 
tha t, unless a long period  analysis is available, the predictions obtained by using 
the m ethod o f N .P . 159 and a calculator a re  not only the sim plest to obtain bu t 
also the m ost accurate.
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