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ABSTRACT

T h e  inclusion o f  cu r ren t  predic tions in conven tiona l  tide tables is ques tioned , 
since cu r ren ts  are  k n o w n  to have  a h igh level o f  irreducible variability and  since the 
quality o f  the  predic tions can seldom be contro l led  by a systematic  co m p ar iso n  with 
observa tions.  T w o  m o n th s  o f  cu r ren t  obse rva tions  at Race R ocks,  B.C., are checked  
against their  p redic ted  values : the accuracy  o f  the predic tions is found  to be m uch 
low er  than  tha t  implied in the  tables.

Tides and currents

T he sight o f  c u r re n t  predic tions a longside con v en t io n a l  predic tions o f  the 
w a te r  level in tide tables has d isturbed me for a long tim e because this implies that 
w a te r  levels and  cu r ren ts  possess the sam e degree  o f  predictability .  I suggest tha t  it 
is not so, by  com p ar in g  the  characteristics o f  the tw o  variables : the  tide (vertical) 
and  the c u r re n t  (horizontal) :

(a) Tidal elevations are  co h e ren t  and  change  sm oo th ly  o ver  h u n d re d s  o f  
kilometres.

C u r re n ts  corre la te  poor ly  o v e r  a few m etres in the  vertical and  over  a few 
h u n d red  m etres  in the  horizontal.

(b) T he  m e asu rem en t  o f  w a te r  levels is simple a n d  direct.
T h e  m e a su re m e n t  o f  cu r ren ts  is difficult and ,  as yet,  the re  exists no  definitive 

m e thod  to m easu re  th e m  reliably.

(c) W e  have years  o f  reco rds  o n  the w a te r  levels in o u r  m a jo r  ha rbours .
C u r r e n t  m easu rem en ts  cove r  an  in terval o f  a few days  to a few m onths .

(d) T ide p red ic tions are based on  the hypothes is  that the varia tion  in the w ate r  
level can  be m odelled  by a superposi t ion  o f  h a rm o n ics  o f  co n s tan t  am p litude  and  
phase ;  this hypo thes is  is sup p o r ted  by the reliability o f  the  predictions.
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C u r r e n t  p red ic t ions  are based o n  a similar hypo thes is ;  still, the assessm ent o f  
c o n v e n tio n a l  h a rm o n ic  ana lyses  o f  c u r r e n t  da ta  indicates they  seldom a c c o u n t  for 
m o re  th a n  60 to  90%  o f  the tidally induced  variability.

(e) The tide has on ly  one  degree o f  f reedom , the  vertical, while the  c u r r e n t  is 
a  d isp lacem ent w ith in  a fluid and  has at least tw o, if no t  th ree ,  degrees o f  f reedom .

(/) Tide p red ic tions  are contro lled  by co m p ar in g  th e m  w ith  later obse rva tions .  
If  ev e r  they are found  w an ting ,  the cons t i tuen ts  are m odified  in o rd e r  to im p ro v e  
them .

(g) C u r r e n t  p red ic tions  ca n n o t  be  checked  against  p redic tions in general,  
b ecause  the c u r re n t  m eters  have long since been  r e m o v e d  f rom  the site, o nce  the 
p red ic tions  find the ir  w ay  into the  tables. T h is  is their  m ost  d is turbing feature since 
the  scientific m e th o d  consis ts  in m ak ing  p red ic tions w h ich  are then  checked later by 
observa tions .  O ne  cou ld  pred ic t  the e n d  o f  the w orld  by the year  3000, bu t  this docs 
n o t  cons ti tu te  a scientific prédic tion , as o n e  m ay  ch o o se  to  believe it o r  ro t .  This  is 
the  very  posit ion o f  c u r re n t  p red ic tions ; they  m ay be right o r  they  m ay be w ro n g ,  
an d  the re  is usually  no w ay  o f  finding o u t  unless they are  checked  by fu r th e r  
m e asu rem en ts .

Ui) C u r re n ts  have  addi tiona l irritating character is tics  o f  their  o w n .  In zones  o f  
sha llow  depths an d  com plica ted  to p o g ra p h y ,  it of ten  h ap p e n s  tha t the ebb  an d  f lood 
direc tions  are  n o t  colinear.  A co n v e n tio n a l  analysis o f  such  a cu r ren t  will give 
m isleading results  : it will suggest th e  p resence  o f  a net f low w h ich  is com plete ly  
fictitious, it will u n d e re s t im a te  the length o f  the  sem im a jo r  axis o f  the ellipse 
c o m p o n e n t  an d  it will add  spu r ious  con tr ib u t io n s  to the  h igher  harm onics  (see the 
A ppendix) .  In addition ,  for any  depth ,  the  field o f  velocity  varies with the sta te  o f  
the  tide and  w ith  w e a th e r  p e r tu rb a n c e s ;  this type o f  variability, even if it has a 
period ic  co m p o n e n t ,  c a n n o t  be fully rep resen ted  by m e th o d s  applicable to  the 
vertical tide.

(/') M e a su re m e n ts  in o n e  area  o f  a strait m ay be quite  un represen ta t ive  o f  w h a t  
is h appen ing  in a n o th e r  section  because  o f  the  low  horizontal and  vertical 
c o h e re n c e  o f  c u r re n ts  : since c u r re n t  m e asu rem en ts  im pede  navigation , lines o f  
c u r re n t  m eters  in busy  c h a n n e ls  have to  be installed a w a y  from  w h ere  w e w ish  to 
k n o w  the  velocities. C u r r e n t  m e a su re m e n ts  a re  also a ffec ted  by w ave  action  in the 
top  15 m etres  o f  th e  w a te r  co lum n. T h is  is the zone  for w h ic h  we have the least 
in fo rm a tio n  w hile  at the sam e time w h a t  h appens  in these first 15 m  is o f  p r im e  
im p o r ta n ce  to  nav igation .

T h ere fo re ,  even  in the  absence  o f  ch e ck s  on  c u r r e n t  predic tions, I h av e  m a n y  
a p r io ri  reasons to d o u b t  the ir  ac cu rac y  using m e thods  a n d  hypo theses  identical to 
the o n e s  serving for the  vertical tide.

Check on the current predictions for Race Rocks, B.C., during the winter of 1978

C u rren ts  w ere  m o n i to re d  a lm ost con t in u o u s ly  at the site o f  Race Rocks,  B.C. 
(48°18’N  - t2 3 °3 2 'W )  b e tw e e n  N o v e m b e r  1971 a n d  M a rc h  1974. A dditiona l 
ob se rv a t io n s  w e re  ta k en  b e tw e e n  J a n u a r y  an d  April 1978. T h e  w ho le  file o f  cu r ren t  
da ta  collected a t  this site w as  kindly supplied  to  m e by  the  Institute o f  O cean  
Sciences. V ictoria ,  B.C., for fu r th e r  s tudy. It cons is ts  o f  22 sets o f  c o n t in u o u s  
m e a su re m e n ts  an d  14 o f  these  sets w e re  re ta ined  because  o f  the ir  good quality . T he



tide tables p red ic tions  cou ld  no t be che ck e d  for the  years  1971, 1972 a n d  1973 
because  Race  R ocks  w as  no t inc luded  for those  years ,  b u t  they  certainly cou ld  for 
the  yea r  1978 as R ace  R ocks  had  rep laced  the  s ta t ion  T u rn  Poin t in the  tables. 
R e co rd s  21 and  22 co v e r  the yea r  1978; u n fo r tu n a te ly ,  reco rd  22 cou ld  no t be used 
for the verification because  its sc ru tiny  revealed  p ro b lem s  w ith  the  data. Similarly 
record  20, cover ing  the o bse rva t ions  in 1974, h ad  to  be rejected fo r  the  sam e 
reason . This  under l ines  the  paradox ica l  n a tu re  o f  c u r r e n t  p redic tions,  since o u t  o f  
th ree  possible  sets o f  obse rva t ions  th a t  could  be used  to  con tro l  them , tw o  had  had 
to be rejected  because  the  obse rva t ions  w ere  « w ro n g  ». Still w e  are  left a longish 
record  ( # 2 1 ) ,  o f  acceptable quality , w h ich  w e  m a y  c o m p a r e  w ith  the  pred ic tions  
listed in the 1978 T ide Tab les  (A nonym ous).  R e co rd  # 2 1  covers  the  in te rval :

10 ho u rs  11 J a n u a ry  1978 to  10 h o u rs  17 M a rc h  1978, 
so m e  tw o  m o n th s  o f  observa tions.  T h is  ap p e a rs  as  the  on ly  reco rd  in exis tence in 
C a n a d a  w h ic h  can  be used to test the quality  o f  the  c u r r e n t  p red ic tions w h ic h  have 
ta k en  up  increasing space in the  C a n ad ian  T ide Tables.

T h e  c o m p a r iso n  be tw e en  obse rv a t io n s  an d  p red ic tions  w a s  d o n e  in the  
fo llow ing w ay .  T h e  original m e asu rem en ts  taken  every  ten  m inu tes  w e r e s m o o thed 
and  dec im a ted  to  o n e  va lue  per  hour.  T h e  m a x im a  an d  m in im a o f  Vu2 + v 2, the 
c u r re n t  speed , w ere  sea rched  for by in terpo la tion  a n d  the  c o r re sp o n d in g  tim es  w ere  
noted .  T h e  search  yields the  tim es o f  flood, ebb  an d  tu rn ,  to the  m in u te  a n d  their  
associa ted  speeds, to  the  c m /se c .  T h e  tide tab les  p red ic t ions  cover ing  the  in terval 
14 h 25 m in J a n u a ry  11 to  3 h 20 m in M a rc h  17 1978, w ere  key p u n c h e d  and  
en tered  into the c o m p u te r .  Since the  tim es and  speeds  in the p red ic t ions  are  
ro u n d e d  o f f  to the 5 m inu tes  and  to  0.1 kno t ,  th is  implies tha t  su c h  an  o r d e r  o f  
accu racy  is expected  f rom  the  predic tions.

Differences between the observed and predicted currents

T h e  quan t i ty  w h ic h  is o f  fo re m o st  practical im p o r ta n ce  is the  vec tor  
d if fe rence b e tw e e n  the  c u r r e n t  actually  o b se rved  a t  the  p red ic ted  tim e o f  f lood  or 
ebb , an d  the  p red ic ted  cu r ren t .  This  w o u ld  be the  drift  no ticed  by a m a r in e r  try ing 
to steer his ship by the  tide tables. T h is  can  be quite  large if  the  t im e o f  m a x im u m  
has been  missed by an  h o u r  o r  m o r e ;  o n e  m ay even  e n c o u n te r  s ituations w h e n  the 
tw o  cu r ren ts  po in t in opposite  directions.

O ne could  also use as an  e r r o r  p a ra m e te r  th e  v ec to r  difference b e tw e e n  the  
o b se rv e d  m a x im u m  c u r re n t  and  the pred ic ted  m a x im u m  c u r re n t ,  d is regard ing  the  
time diffe rence b e tw e e n  them . T h e  vec to r  d iffe rence o n ce  aga in  ca n  be qu ite  large 
if the re  are  appreciab le  d iscrepancies  in speed  or  o r ien ta t ion .

A m o re  con v en t io n a l  ap p ro a ch  is to  ca lculate  the  d if fe rence b e tw e e n  the 
ob se rved  and  pred ic ted  tim es o f  m ax im a ,  the  d if fe rence b e tw e e n  th e  o b se rv e d  and  
pred ic ted  speeds an d  finally, the d iffe rence b e tw e e n  th e  o b se rv e d  a n d  p red ic ted  
d irec tions o f  the m ax im a . H ere  I m a k e  a  distinction b e tw e e n  the  ebb  an d  flood 
cu r ren ts  in o rd e r  to check  if they  flow  in parallel d irec tions  and  if th e y  h av e  the  
sam e intensity.

I ca lcu la ted  all the a b o v e  m e n tio n e d  e r ro r  m e a su re s  for  the data  available at 
Race R o c k s  in 1978 an d  I give the  results  in T ab le  1. T h e  in te rp re ta t ion  o f  the
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vec to r  d iffe rences in the first tw o  panels  o f  the  tab les  is the  fo llow ing  : they  g ive the 
characteris tics  o f  the vec to r  jo in ing  the  pred ic ted  velocity  an d  the  velocity observed  
e i ther  at  the pred ic ted  o r  the o b se rv e d  time o f  m a x im u m ,  in o r d e r  to  fo rm  a closed 
triangle. T he  drift v ec to r  has an average  speed o f  0.65 kt, an  ave rag e  inc lination of
— 23° ( tr igonom etric  degrees m easu red  co u n te rc lo c k w ise  f rom  the east). It reached  
a value o f  4.0 k n o ts  b u t  it m ay  also be  0. T h e  ave rage  an g u la r  d isc repancy  be tw een  
the  tw o  vec to rs  is 74° w h e n  I d isregard  the sign o f  the  d isc repancy .  I n o w  m ove  
to the  d if fe rence  be tw e en  the  tw o  vec to rs  a t  the ir  respective  tim es o f  m a x im u m . 
T h e  m ean  speed  o f  the drift  is 0.78 k t ;  it reached  2.6 kt o nce  bu t it also m ay  be 0.
I n o w  rev iew  the  m o re  con v en tio n a l  statistics. I give th e  tim e an d  speed  differences 
for all f lood an d  ebb cu rren ts  taken  to g e th er  and  th e n  give separa te  statistics on  the 
flood and  ebb  speeds an d  directions. T he  average  tim e e r r o r  is -  10 m in u tes  and 
indicates tha t the  e r ro rs  in the pred ic ted  times are  m o r e  o r  less evenly  cen te red  
a ro u n d  the co rrec t  value.

T h e  R M S  value, h o w e v e r ,  indicates tha t it a m o u n ts  on  the  ave rag e  to 
40 m inu tes  an d ,  on occas ions,  it exceeds ± 100 m inu tes .  T h e  ave rage  speed  e r ro r  is
0.36 kt and  th e re fo re  indicates a system atic  u n d e re s t im a tio n  o f  the speed o f  the 
c u r re n t  at R ace  R o c k s ;  it has also a ra th e r  high variability  ind icated  by the  value 
o f  0.53 kt o f  the  s ta n d a rd  deviation . T h e  scatter does not reflect o n  the  qual i ty  o f  
the p red ic tions  bu t on  the variability o f  the c u r r e n t  at  the  selected po in t  o f  
m e asu rem en ts ,  one o f  the fu n d am e n ta l  charac ter is t ics  o f  cu r ren ts ,  as discussed 
previously .  T h e  statistics on  the flood and  ebb  speeds sh o w  th a t  the  ebb  c u r r e n t  is 
system atically  larger  than  the  flood c u r re n t  and  th a t  it is tw ice  as variable. The 
o r ien ta tion  d a ta  sh o w  tha t the  ebb  c u r re n t  is n o t  co l inear  w ith  the flood cu r ren t  
and  tha t  it is o r ien ta ted  to w a rd s  204° ra th e r  than  179° (271° T ru e )  as indicated  in 
the  tide tables. T h e  la tter statistics do  reflect on the  quality  o f  th e  p red ic tions  for 
R ace  R ocks  or,  m ore  precisely, on  th e  analysis.

Sources of errors and of uncertainties in the current at Race Rocks

C u rre n ts  w ith  a m a rk e d  a s y m m e try  in s treng th  and  d irec tion ,  b e tw e e n  ebb 
an d  flood, are  the  rule ra th e r  th a n  th e  excep tion  in zo n es  o f  sha llow  w a te r  w ith  a 
variable b a th y m e try .  T he  o b se rv a t io n s  at R ace  R o c k s  indicate th a t  th e  local flow 
has a highly variab le  charac ter .  T h e  c u r re n t  m ay  ro ta te  to the  r ight o r  to  the  left or 
it m a y  be rec ti l inear ;  the d irec tions o f  flood and  ebb  a re  se ldom  parallel an d  vary  
appreciab ly  w i th  t im e; the  c ircu la t ion  m ay be very  s t rong  at tim es, ru n n in g  mostly 
w e s tw a rd ,  b u t  w ith  episodes o f  easterly  flows. T h e  ap p e n d ix  s h o w s  the  misleading 
results w h ic h  can  be ob ta ined  by analysing  a s im ple  h a rm o n ic  c u r r e n t  run n in g  
m o re  s trongly  in the ebb th a n  in the flood direction. A drift d ed u c ed  f rom  a point 
m e a su re m e n t  o f  cu r ren ts  m ay  be caused  by an  a s y m m e try  o f  the  f low o r  by  a 
genu ine  c ircu la t ion  : the  s ituation  can  be clarified on ly  by  tak ing  additiona l 
m e asu rem en ts  ac ross  the  section. Table 1 suggests  tha t  the  ebb  c u r re n t  runs 
s t ro n g e r  th a n  the  flood by  som e 0.2 k t ;  this m ay m e an  a ne t  c ircu la t ion  (w hich  
c a n n o t  be p red ic ted) o r  an a sy m m e try  in the  f low  (w hich  cou ld  be  taken  into 
account).

T h e re  exists w ith in  the  da ta  an  irreducible variabili ty  w h ic h  c a n n o t  be 
im p ro v ed  by  an  analysis, no m a tte r  h o w  refined it m ay  be. T h e  14 go o d  reco rd s  at



R ace  R ocks  indicate tha t  som e 0.32 kt o f  c u r re n t  velocity c a n n o t  be represen ted  by 
the  superposi t ion  o f  a co n s tan t  c u r re n t  and  a set o f  h a rm o n ic  constituents.  An 
investigation o f  the net cu r ren t  itself du r ing  all the years  o f  obse rva tions  reveals 
tha t  its average  value varied  be tw een  0 and  0.6 kt depend ing  on the season, the  
flow being m ore  s teady  in su m m e r  th a n  in w inter,  w ith larger supe rim posed  
v ar ia t ions  o f  a sh o r te r  period.

T h e  fo llowing so u rces  o f  e r ro r  a n d  uncer ta in ty  exist for the  cu rren t  at R ace 
R o c k s  :
(o) a possibly fictitious drift,
(b ) a systematic  underes t im a tion  o f  the sem i-m ajo r  axis o f  the tidal co m p o n en ts  as 

indicated  by the  statistics on ^iv, so m e  0.4 k t  if not m ore,
(c) the  u n k n o w n  value o f  the  o u tw a rd  circulat ion ,  som e 0.6 kt at times,
(d) a n  irreducible variability w ithin the  c u r r e n t  signal o f  so m e  0.32 kt.

Totalling these  up, exc lud ing  a) a n d  b ) w h ich  can  be eliminated by do ing  a 
be t te r  analysis, I get a limbo value o f  0.92 kt on a c u r re n t  w hose  o rd e r  o f  
m a g n i tu d e  is 2.5 kt, so m e  37%  o f  it. I t ry  to pu t this unce r ta in ty  in perspective by 
assum ing  tha t it applies to the vertical tide at Victoria, w h ich  a m o u n ts  to 1 or  
1 1 /2  m. T h e  tide the re  is routinely  p red ic ted  to w ith in  a few m inutes  and  a few 
ce n t im e tre s  o f  its ac tual value,  except w h e n  the re  is a m ajo r  s to rm . I f  it had the 
variabili ty  o f  a cu r ren t ,  it cou ld  be missed by over  an  h o u r  and  by m ore  than  
30 cm , as if the re  w ere  a m a jo r  s to rm  all the  tim e; the  natives o f  Victoria w ou ld  
have  lost patience w ith  the ir  tide tables a long time ago.

G o ing  back to Table  1 a n d  taking a t value  o f  1.96 in x ± t a, it insures at a level 
o f  9 5%  confidence th a t  the  tide table predic tions will give a drift vec to r  o f  
m ag n i tu d e  less than  1.7 kt,  an  e r ro r  less than  ±  1.3 h ou rs  in the  time o f  m ax im u m , 
an e r ro r  less than  1.4 kt in the  speed o f  the  ebb  o r  f low c u r re n t  a n d  an e r ro r  less 
than  ± 3 5 °  in its direction , if we d isregard  the system atic  e r ro r  in the ebb direction. 
T h e  R M S  e r ro r  on  the  pred ic ted  time a m o u n ts  to  40 m inu tes  while tha t on  the 
speed  is 0.5 kt, besides its system atic  underes t im a tion  ; this is 5 to 8 times as large 
as  th e  accu racy  implied in the  tables. S u ch  p red ic tions clearly do not c o m p are  in 
a c c u ra c y  w ith  those  o f  the  vertical tide.

C O N C L U SIO N S

T h e  intuitive belief tha t  cu r ren ts  c a n n o t  be  predic ted  w ith  the  sam e level o f  
p rec is ion  as the  tide, has  been co n f irm ed  by com par ing  a set o f  observed  cu rren ts  
w ith  the ir  p redic ted  values : the e r ro rs  have the  sam e o rd er  o f  m agn itude  as the 
var iab le  itself. It is u n w ise  to  include su c h  pred ic tions in conven tiona l  tide tables 
b ecause  it suggests tha t  w e  can  fo recas t  cu r ren ts  as accurate ly  as the tide. 
S t ra ig h tfo rw a rd  analysis  m e th o d s  used to  p rocess  w a te r  levels can also give ra the r  
e r r o n e o u s  results w h e n  applied  to  cu rren ts .  T h e  s tudy  o f  cu r ren ts  is essentially a 
r e se a rch  p ro b lem  a n d  shou ld  not be co n s id e red  a m atte r  for routine data  p rocessing 
a t  th e  clerical o r  technical level. O nce  a set o f  cu r re n t  data has been carefully  
s tud ied ,  analyzed a n d  in te rp re ted ,  there  is no harm , on the  o the r  hand , to include 
so m e  statistics a b o u t  it in the pilot books .  T h e  times o f  tu rns ,  o f  ebb  and  flood could



be given by tim e differences w ith  the tide at so m e  nearby  m a in land  station, 
ro u n d ed  o f f  to the hour,  as well as the o rd er  o f  m a gn itude  o f  the  speed for large 
and  small tides. This represen ts  the m a x im u m  ex ten t  o f  o u r  k n o w led g e  ab o u t  the 
predic table par t  o f  curren ts .
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APPEN D IX

Spectra l analysis  o f  an oscillatory c u r re n t  w h ich  e b b s  a n d  f loods at d if fe ren t 
velocities in directions w h ich  are at an  angle distinct f ro m  180°.

Description o f  the current

It has frequency  s. It floods w ith  a m a x im u m  velocity  a ;  it ebbs  w ith  a 
m a x im u m  velocity b in a direction separated  by 1 80 + c° f ro m  the  flood direction . 
I w o rk  in tr igonom etr ic  degrees, tha t  is to say, I m e asu re  angles c o u n te rc lo c k w ise  
f rom  the  east.  I take  the flood direction as pointing  to the  east (0°); the  ebb  direction  
has the re fo re  orien ta tion  180 + c°.

Analytic description

I (a cos st, 0) for st s [ -  90°, 90°]

( (b cos  c cos st, b sin c cos st) for st e [90°, 270°]



Spectra l analysis

* ( t )  =  vo  +  “  v i cos sjt
j = l

1 r  3 j t / 2 s

0  =  —  J -1,/2, V dt
Z7T

1 / *  37T/2 , . ,
Vi = — j  _ / 2  v w  cos Sjt d (.stj

77 '

Only cos ine te rm s  su rv ive  in the  F ourie r  expansion  and  only frequencies  
being even m ultiples o f  s give n o n -ze ro  contribu tions.
Vo = ( (a -  b cos c ) / - ,  ( - b sin c ) / tt), a  fictitious drift c u r re n t  different from  c ^ O  and  

b
v’i = ( (a + b cos c ) /2 ,  (b sin c)/2),
a ' c o m p o n e n t  at the  f re q u en c y  s o f  the  cu rren t .  It indicates a rectilinear c u r re n t  
r u n n in g  in a direction  in te rm ed ia te  b e tw een  the  co rrec t  ones  and  having  a 
m agn itude  larger than  the  f lood c u r re n t  a n d  less than  the ebb  curren t.

v _ ( - ) n/2[~ 1 ____L_"
n 7i | j i  +  l n  — 1

((a  — b cos c ) , — b sin c) n  even

T hese  are fictitious h igh f re q u en c y  co m p o n e n ts  w hose  frequency  is an  even  
m ultiple o f  tha t  o f  the  c u r re n t  and  w h ich  are  crea ted  by this type o f  flow.


