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INTRODUCTION

A t its  m eeting  in  M onaco in A pril 1969, th e  C om m ission fo r th e  In te r 
n a tio n a l C hart decided to recom m end  to  th e  In te rn a tio n a l H y d ro g rap h ic  
B u reau  th a t u n co rrec ted  echo-sounder d ep th s  be show n  on  ch a rts  of th e  
new  series, no a ttem p t being  m ad e to  ap p ly  co rrec tio n s beyond th e  2 0 0 - 
m etre  co n to u r for th e  vary in g  velocity  of so u n d  in  sea w a te r. T h is  decision  
ra n  c o n tra ry  to  p resen t IHB policy, as reco rd ed  in  B 185 of th e  R ep erto ry  
of T ech n ica l R eso lu tions. T he tim e  w ou ld  th e re fo re  seem  to have a rriv ed  
to  look aga in  a t th is  policy in  th e  ligh t of c u r re n t th in k in g . T he p re sen t 
notes, w ith o u t c laim ing  to be exhaustive , seek to  reco rd  a rg u m e n ts  fo r an d  
ag a in s t u n co rrec ted  an d  co rrec ted  so u n d in g s, w ith o u t, how ever, a ttem p tin g  
to  reco rd  a  conclusion  in fav o u r of one o r  th e  o ther. A ny o p in ions exp ressed  
a re  th o se  of th e  a u th o r, an d  do n o t n ecessa rily  re p re sen t th e  view s of th e  
H y d ro g rap h ic  D ep artm en t of G reat B rita in .

T he  a rg u m en t w ith  w hich  th is  p a p e r  is concerned  rep re sen ts  th e  rev ival 
o f an  old an d  o ften  rep ea ted  q u estion , f irs t  d iscussed  a t  th e  2nd  In te r 
n a tio n a l H y d ro g rap h ic  C onference of 1929: sh o u ld  ech o -so u n d er d ep th s  
o b ta in ed  in  th e  deep oceans, in  2 0 0  m e tre s  o r m ore of w a te r, be co rrec ted  
so as to convert th em  as n ea rly  as possib le  to  tru e  d ep th s , before th ey  a re  
in se rted  on n au tica l c h a rts?  T h e  1929 conference accep ted  the  p rin c ip le  
of co rrec tion , th o u g h  the  opposite  p o in t of view w as s tro n g ly  exp ressed . 
At th a t  tim e, echo-sound ing  w as in  its  in fan c y  and  still som ew hat su sp ec t, 
an d  th e  g rea t m a jo rity  of so u n d in g s show n  on ch a rts  w ere  tru e  d e p th s  
w h ich  h ad  been o b ta ined  w ith  lead-lines. In  1947 it w as resolved to  use 
M atth ew s’ T ables (B ritish  A d m ira lty  P u b lic a tio n  HD 282) to o b ta in  in te r 
n a tio n a l u n ifo rm ity  w h en  co rrec tin g  d ep th s . T he asso c ia ted  q u es tio n  of 
s ta n d a rd is in g  on a p a r tic u la r  velocity  fo r th e  ca lib ra tio n  of echo -so u n d ers 
w as a rg u ed  a t several conferences, 1 500 m e tre s /se c o n d  (820 fa th o m s / 
second) being adop ted  by th e  1962 conference in  p re fe ren ce  to  1 463



m e tre s /s e c o n d  (800 fa th o m s /se c o n d ). Of th ese  tw o speeds, th e  one chosen 
is a lm o st a lw ay s n e a re r  to  the  a c tu a l speed of so u n d  th ro u g h  sea w ate r. 
T h ese  v a r io u s  dec isions a re  reco rded  in  B 184 an d  B 185 of th e  R eperto ry  
o f T ech n ica l R eso lu tio n s (6 th  E d itio n  1965). H ow ever, th e  policies they  
re p re se n t a re  n o t im p lem en ted  by all m em b ers  of th e  IHB.

O th er re cen t d eve lopm en ts h ave also revived in te re s t in  the  debate  for 
an d  a g a in s t co rrec tin g  echo-sound ings. P rec is io n  D ep th  R ecorders (PDR) 
a re  now  av a ilab le  fo r use by b o th  su rveyors an d  n av ig a to rs , an d  m ethods 
w h ich  w ill rep lace  lin e a r  so u n d in g  by m easu rin g  d ep th s  along  belts  o r over 
a rea s  a re  a t h a n d  —  b u t th ese  tech n iq u es  a re  n o t yet m a tch e d  by high- 
accu racy  co rrec tio n  tab les  of so u n d  velocities. T he idea of n av ig a tio n  by 
d ep th  in  m id -ocean  —  fo r w h ich  a  new  US c h a r t  series spec ifica lly  ca te rs  —  
seem s to  be feasib le . S cien tific  an d  com m ercia l in te re s t in  the  oceans is 
in c reas in g  rap id ly , an d  it is a rg u ab le  th a t  n a u tic a l c h a rts  sh o u ld  ca te r  also 
fo r needs su ch  a s  these. A g a in st a ll these new  developm ents, how ever, m u st 
be set th e  tra d it io n a l ro le w h ich  th e  n a u tic a l c h a r t  p lays in  the  h an d s  of 
th e  n av ig a to r.

VARIATIONS IN NATIONAL PRACTICE

A co m p reh en siv e  s ta te m e n t on  th e  w ay m em b er co u n trie s  com ply  w ith  
th e  re lev an t p a r ts  of T ech n ica l R eso lu tio n s B 184 an d  B 185 w as included  
in  an  a r tic le  by  V i g l i e r i  in  th e  International  Hydrographic Review  in  
1953 i l ] .  I t set ou t th e  an sw e rs  received fro m  tw en ty -o n e  n a tio n s  to  a 
q u e s tio n n a ire  p u t by th e  IHB, th o u g h  u n fo r tu n a te ly  no t all th e  q u estions 
w ere  in  fa c t an sw ered . H ow ever, in  respect of th e  p rin c ip le s  w ith  w h ich  
w e are  a t p re se n t concerned , i t  w as fo u n d  th a t  a m a jo rity  of co u n trie s  did 
con fo rm  to  IHB policy. O f th e  n in e teen  co u n trie s  co n d u c tin g  su rveys in  the 
open  sea, eleven app lied  so u n d  velocity  co rrec tio n s  before  c h a rtin g  so u n d 
ings, th e  lim it beyond w h ich  th ey  w ere ap p lied  ran g in g  from  100 to  300 
m e tre s  in  d ep th . Ten of th e  n in e teen  used  M atth ew s’ T ab les —  includ ing  
a  N e th e rlan d s  version  b ased  on th em  —  w hile  J a p a n  p re fe rre d  K u w a h a ra ’s 
tab les, an d  G erm an y  used  D ie tr ic h ’s tab les in  th e  N o rth  Sea an d  B altic  in 
lieu  of M atth ew s’. As re g a rd s  th e  velocity  of so u n d  ad o p ted  fo r echo- 
so u n d e r ca lib ra tio n , s ix teen  n a tio n s  o u t of tw en ty -o n e  re p o rte d  th a t  1 500 
m e tre s /se c o n d  w as th e ir  s ta n d a rd , th o u g h  five of th em  also used  a second 
velocity . Six d iffe ren t velocities w ere in  u se : 1 450, 1 463, 1 464, 1 480, 1 500 
an d  1 600 m e tre s /se c o n d . No rep lie s  a t all w ere received a t th e  tim e from  
e igh t o th e r h y d ro g rap h ic  offices.

VALIDITY OF CONCEPT OF “CORRECTED” DEPTHS

M odern  P D R s are  capab le  o f the  exceedingly  h ig h  level o f accu racy  of 
1 fa th o m  in  3 000 fa th o m s [2] p rov ided  th ey  a re  p ro p e rly  m a in ta in ed . B ut



it  is f i r s t  n ecessary  to  consider, w h a t q u a n ti ty  is it  ex ac tly  th a t th e  PD R , 
o r co n v en tio n a l echo-sounder, is m e a su r in g ?  an d  secondly , how  p rec ise ly  
can  th ese  m easu rem en ts  be co n v erted  in to  “t r u e ” d ep th s  of th e  ocean flo o r?  
T h ese  a re  obviously  v ita l q u es tio n s , b o th  for th e  su rv ey o rs  an d  co m p ile rs  
w ho  a re  resp o n sib le  fo r the  d a ta  w h ich  ap p e a rs  on c h a rts , an d  fo r th e  
n av ig a to rs  w ho  m ak e  u se  o f them .

V ario u s  w rite rs  have co m p reh en siv e ly  tre a te d  th e  g eo m etry  of echo- 
tra c e s , fro m  D e  V a n s s a y  d e  B l a v o u s  in  1930 [3] to K r a u s e  in  1962 [4 ] . 
T h ey  hav e  show n  th a t, fo r  v a rio u s  rea so n s , the ech o -trace  o ften  does n o t 
give a tru e  p ic tu re  of th e  sea bo ttom , e i th e r  as reg a rd s  d ep th , or shape . As 
is w ell know n , the  d o m in a n t echo is r e tu rn e d  from  th e  p o in t n e a re s t th e  
sh ip : if th e  bo ttom  slopes, th is  p o in t is u p s lo p e  of th e  s h ip ’s p o sitio n , n o t 
v e rtic a lly  b en ea th  it, an d  less w a te r  is sh o w n  b en ea th  th e  sh ip  th a n  th e re  
rea lly  is. B u t S h a l o w i t z  h as  show n [ 5 ]  th a t  on ocean c h a r t  scales th e  
p o sitio n  e rro rs  involved —  an d , by an a lo g y , th e  d e p th  e r ro rs  —  are  q u ite  
in s ig n if ic a n t fo r p ra c tic a l n av ig a tio n a l p u rp o se s , an d  so m ay  be ig n o red  
w h en  so u n d in g s a re  p lo tted  on sm all-sca le  ch a rts . F o r exam ple , on  a c h a r t  
a t  th e  scale of 1 / 1  m illion , an  ex trem e  d e p th  of 11  00 0  m e tre s , ly ing  on a 
steep  g rad ie n t of 40", w ould  be d isp laced  by on ly  4 m illim e tre s . In  re a lity , 
a lm o s t 99%  of the to ta l a rea  of th e  o cean s is less th a n  6 000 m e tre s  in  
d ep th , an d  slopes are, in  the m ain , co m p ara tiv e ly  gen tle . S h a l o w i t z ’s 
co n c lu sio n  th e re fo re  ho lds good, esp ec ia lly  w h en  it is rem em b ered  th a t  
su rv e y o rs ’ an d  n av ig a to rs ’ PD R s a n d  ech o -so u n d ers  a re  eq u a lly  su b je c t 
to  th e  effect of slope —  a second sh ip  m ay  pass by a s e a m o u n t a t th e  sam e 
ra n g e  as th e  sh ip  w h ich  f irs t  rep o rted  it, a n d  reco rd  th e  sam e d ep th , b u t it 
m ay  be on a to ta lly  d iffe ren t tra c k . In  p rac tice , i t  is obv iously  im m a te r ia l 
if  th e  d ep th  is c h a rted  very  slig h tly  o u t o f its  tru e  position .

Should  th e  ob jective be ab so lu te  sc ien tific  tru th ,  th e n  th e  co rrec tio n s  
fo r slope described  by  D e  V a n s s a y  de B l a v o u s  in  h is  la te r  p ap e r [6 ]  w o u ld  
need  to be m ade. E ven so, a  tru e  re p re se n ta tio n  in  all re sp ec ts  of th e  ocean  
bed w o u ld  no t be o b ta in ab le  [4J. Slopes a re  show n on ech o -traces  as  h av in g  
g en tle r  g rad ien ts  th a n  is really  th e  case, an d  p ro jec tio n s  of v a rio u s  c o n fi
g u ra tio n s  an d  degrees of ru g g ed n ess  a re  rep re sen te d  a lm o s t u n iv e rsa lly  in  
th e  fo rm  of hyperbo lae , th e  c h a ra c te r is t ic  geom etric  sh ap e  of ech o -traces
—  th o u g h  a g rap h ica l m eth o d  h as  b een  devised fo r re c o n s tru c tin g  th e  
tru e  shapes of c e rta in  b re ak s  in  slope w h ich  p ro d u ce  h y p erb o lae  [7 ] . 
F o rtu n a te ly , th e  m in im u m  d ep th  is re co rd e d  w h en  a  so u n d in g  vessel p asse s  
d irec tly  over a sea m o u n t; b u t c e r ta in  tren c h es  an d  tro u g h s  a re  a lm o s t 
e lim in a te d  on  echo-traces, or m ad e  to  ap p e a r  sh a llo w er th a n  th ey  re a lly  
a re , o r d iffe ren t in  sh ap e . In  such  cases, o r w h ere  th e  g ra d ie n t is ch an g in g  
irre g u la rly , th e re  is no  p o ssib ility  of re c tify in g  th e  echo-trace . A bso lu te  
sc ien tific  t ru th  is no t, in  fac t, a lw ay s o b ta in ab le  u s in g  normal  echo- 
so u n d in g  m ethods. N arrow -beam , s tab ilised , d irec tio n a l se ts  com e n e a re s t  
to  e lim in a tin g  slope effect, an d  re p re se n tin g  tru e  fo rm s, b u t  th ey  a re  m o st 
su ited  to  de ta iled  su rv ey s of sm all a reas , a t m o d era te  d e p th  [8 ], T o  de tec t 
m ost com plete ly  th e  sh ap e  of the  sea  floor, ad d itio n a l s id ew ay s-lo o k in g  
tra n sd u c e rs  a re  re q u ire d  [9 ].

O f the  m in o r fa c to rs  in flu en c in g  th e  accu racy  of echo-traces, K r a u s e  
fo u n d  in  genera l th a t  th e  effect of th e  fo rw a rd  m o tio n  of sh ip s  — ca u s in g



an  echo  to be received  in  a d iffe ren t p o sitio n  from  w h ere  the  pu lse  w as 
tra n s m itte d  —  w as neglig ible , as w as th e  re fra c tio n  of th e  so und  ra y  due 
to v a r ia tio n s  in  the  so u n d  velocity  s tru c tu re  of sea w a te r. T he effects of 
sw ell an d  h eav y  seas, v a riab les  -which c a n n o t be elim ina ted , sh o u ld  also  
be m en tio n ed .

H aving  exp lo red  som e of the  lim ita tio n s  in h e re n t in  aco u stic  m e a su re 
m en t of d ep th , th e  n ex t p o in t to  co n sid e r is th e  accu racy  o f th e  co rrec tio n s 
ap p lied  to  co n v ert ech o -so u n d er d ep th s  to  “t r u e ” d ep th s  —  how  tru e  is 
“t r u e ” ? As a lre ad y  m en tio n ed , several se ts  of co rrec tio n  tab les a re  in  
ex istence —  th e re b y  p o ten tia lly  lead in g  to  s lig h t d ifferences in  value  due 
to th e  co rrec tio n  p ro cess  itse lf  —  b u t T ech n ica l R eso lu tio n  B 185 specifies 
th e  use o f M atthew 's’ T ab les  fo r th is  p u rp o se , a n d  these  w ill th e re fo re  be 
considered .

As re g a rd s  th e  m a g n itu d e  of th e  co rrec tio n s  in  M atth ew s’ T ab les, th e  
la rg e s t lies in  A rea 41 a n d  is an  in c re m en t of 319 m e tre s  a t a  d ep th  of 
10 000 m e tre s , fo r  ech o -so u n d ers  ca lib ra ted  a t 1 500 m e tre s /se co n d . To a 
n av ig a to r fix ing  h is p o s itio n  by so u n d in g s  over a p a r t  of th e  sea-bed w h ere  
th e  slope is 1 °, an d  n eg lec tin g  to co rrec t h is  ech o -so u n d er re ad in g s  to  ob ta in  
co m p a tib ility  w ith  h is  c h a r t ,  th is  in c re m en t cou ld  re p re se n t a p o sitio n  e rro r 
of over 18 200 m etre s. A t 25°, th e  d ifference w o u ld  be 684 m etre s. A less 
ex trem e M atth ew s co rrec tio n  o f 50 m e tre s  w o u ld  be eq u iv a len t to  an  
a p p a re n t p o s itio n  sh ift  o f ab o u t 2 850 m etre s  on  a 1° slope, o r 107 m etre s  
a t 25°. A t a  c h a r t  sca le  of 1/1 m illion , th ese  p o sitio n  d ifferences w ould  
m easu re  18, 0.7, 3 a n d  0.1 m illim e tre s  respectively . C learly, serious 
in co n sis ten c ie s  cou ld  re s u lt  from  m ix in g  co rrec ted  an d  u n co rrec te d  so u n d 
ings on th e  sam e ch a rt.

R ecen t c a lcu la tio n s , by C h a r n o c k  an d  C r e a s e  [10], u sing  W ilso n ’s 
so u n d  velocity  fo rm u lae  w ith  ex tensive  m o d ern  o b serv a tio n s  of te m p e ra tu re  
and  sa lin ity , have  sh o w n  th a t  th e  use of M atth ew s’ T ab les in  th e  M edit
e r ra n e a n  lead s  to  e r ro rs  in  d ep th  of 3 m e tre s  a t  th e  m ost. B u t such  e rro rs  
m u s t be la rg e r  in  a re a s  w h ere  o cean o g rap h ic  o b serv a tio n s  w ere, a n d  m ay  
still be, co m p a ra tiv e ly  sca n ty  —  a n  e rro r  of 25 m e tre s  in  a  d ep th  of 5 000 
m e tre s  h a s  b een  d em o n s tra te d  in  A rea 9 [1 1 ]. A n o th er effect of th e  
a r ra n g e m e n t of M atth ew s’ T ab les in to  52 se p a ra te  oceanic a reas  is seen in  
th e  a r tif ic ia l “ s te p s ” in  o cean  b o tto m  to p o g rap h y , due to  th e  use  of d ifferen t 
tab les  each  side of a rea  b o u n d a rie s  : th e re  is a m ax im u m  d isco n tin u ity  of 
15 m e tre s .

T ak in g  te m p e ra tu re  v a ria tio n s  in  the u p p e r lay ers  in to  accoun t, th e  
sam e w rite rs  h av e  sh o w n  th a t  it  w ou ld  be possib le  to  p roduce n ew  tab les  
of th e  M e d ite rran ea n  —  a d m itte d ly  a co m p ara tiv e ly  stab le  a rea  oceano
g ra p h ic a lly  —  w h ich  wro u ld  en ab le  echo-dep ths to be co n v erted  to tru e  
d ep th s  w ith  an  accu racy  of I m e tre . B u t co n v en tio n a l tab les, a im in g  a t a 
s im ila r  d eg ree  of accu racy , cov erin g  th e  w hole w orld , w ould  be ex trem ely  
bu lk y , a n d  th e  su g g estio n  is th e re fo re  m ade fo r a co m p u ter-co m p atib le , 
d ia g ra m m a tic  lay -o u t w h ich  w o u ld  also  avoid  th e  in accu rac ies  in h e re n t in  
th e  M atth ew s sy stem  of rig id  ocean ic  areas. A ny new  tab les m u s t still 
re flec t to an  ex ten t, in  th e  accu ra cy  th ey  achieve, th e  u n ev en  sp re ad  of 
o cean o g rap h ic  d a ta  ac ro ss  th e  w orld . A fu r th e r  co m p lica tio n  lies in  tim e- 
v a r ia tio n s  in  th e  so u n d  velocity  s tru c tu re , due to  seasonal or sh o rt- te rm



local ch an g es in  te m p e ra tu re  o r sa lin ity  —  b u t it h a s  been  e s tim a te d  th a t
3 m e tre s  w ou ld  n o rm a lly  be th e  m ax im u m  d ep th  e r ro r  d u e  to  th is  cause , 
a n d  less th a n  10 m e tre s  in  a reas  of m ea n d e rin g  c u r re n ts  su ch  as th e  G ulf 
S tream  [9 ] . F o r conven ience in  co m p arin g  h is  ech o -so u n d er d ep th s  w ith  
co rrec ted  ch a rte d  d ep th s , th e  n av ig a to r w o u ld  still re q u ire  co n v en tio n a l- 
s ty le  tab les , b u t to  be m anageab le , th ey  w o u ld  have  to  d ep en d  on a low er 
o rd e r of accu racy , say  5 m etre s. F o r th e se  v ario u s reaso n s, ex ac t c o m p a r
iso n s w ith  c h a rted  d ep th s  w ou ld  n o t be possib le , th o u g h  th ey  w o u ld  u su a lly  
be very  close, a n d  q u ite  com patib le  w ith  th e  effective level of accu racy  
o b ta in ab le  w ith  sh ip s ’ ech o -so u n d ers  (as p rev io u sly  described) an d  p o sitio n - 
fix in g  tech n iq u es .

As a  la s t po in t, in  th is  co n sid e ra tio n  o f th e  accu racy  of ech o -d ep th s  on  
c h a rts , it m ay  be recalled  th a t  n o t even  th e  old lead-line d ep th s , m an y  of 
w h ich  a re  of necessity  re ta in ed  on ocean  ch a rts , can  be g u a ra n te e d  as 
co m p le te ly  “t r u e ” d ep th s , as  i t  m u s t h av e  been  ra re  fo r th e  so u n d in g  w ire s  
to  be t ru ly  v ertica l a long  th e ir  e n tire  leng th .

THE NEEDS OF THE NAVIGATOR

F ro m  th e  n av ig a to r’s v iew po in t th e  ch ief ad v an tag e  in  c h a r tin g  
u n co rrec te d  d ep th s  m u s t lie in  being  able —  w ith in  the  lim ita tio n s  a lre a d y  
m en tio n ed  —  to  co m p are  c h a rted  so u n d in g s  d irec tly  w ith  th e  d e p th s  
re co rd e d  by  h is ech o -so u n d er. T h is  fa c ilita te s  n av ig a tio n  by  d ep th  a lo n e  
a n d  p ro v id es  a  u sefu l a d ju n c t  to  per se p o s itio n -fix in g  m e th o d s , o r p e rh a p s  
a n  a lte rn a tiv e  to th em  in  th e  event of o v ercast sk ies o r  m a lfu n c tio n in g  of 
so p h is tic a te d  e lec tron ic  sy stem s. S h o u ld  sh ip p in g  in  th e  fu tu re  tak e  to  
p a ss in g  u n d e r  th e  sea ra th e r  th a n  on it, th e n  th e  ca p ac ity  ra p id ly  to  co m p are  
d e p th s  on ch a rts  an d  ech o -traces cou ld  w ell becom e very  im p o rta n t. B u t as 
a  f i r s t  s tep , in te rn a tio n a l s ta n d a rd isa tio n  o f th e  velocity  of so u n d  used  b o th  
fo r  c h a r ts  an d  fo r ech o -so u n d ers  w o u ld  be  im p era tiv e , as w h en ev er th ese  
d iffered , d ep th s  w ould  hav e  to be co n v erted , if n o t co rrec ted , befo re  a 
co m p a riso n  cou ld  be m ade.

I t  m ay  be arg u ed , th a t  fo r n av ig a to rs  —  m an y  o f w h o m  sw itch  off th e ir  
ech o -so u n d ers  a lto g e th e r o u tsid e  th e  2 0 0  m e tre  line —  p o sitio n -fix in g  by  
d e p th  w ill a lw ays be a  p o o r su b s titu te  fo r p u rp o se -b u ilt sy s tem s, an d  th a t  
th e  fu tu re  w ould  seem  to lie in  b e tte r  a n d  ch eap er h y p erb o lic  o r sa te llite  
m e th o d s . F o r a system  d ep en d en t on d e p th s  to  be re a so n ab ly  p recise , a ll 
sh ip s  w o u ld  have to c a rry  PD R s, an d  th e  accu racy  of n a u tic a l c h a r ts  o f th e  
oceans w o u ld  h av e  to  be co n sid erab ly  im p ro v ed . O n a ty p ica l 1 /3  500 000 
c h a rt, a fo u r-fig u re  so u n d in g  covers an  a re a  of ab o u t 1 0 0  sq u a re  k ilo m e tres , 
a n d  its  p o sitio n  cou ld  be an y w h ere  in  a tw e n ty  sq u a re -k ilo m e tre  a rea , w h ile  
th e  ch a n ce  of a c tu a lly  p assin g  over an y  c h a rte d  so u n d in g  is very  s lig h t. 
S uch c h a r ts  a re  u su a lly  b ased  on sp o ra d ic  lines of p assag e  so u n d in g s , of 
v a r ia b le  v ertica l an d  h o rizo n ta l accu racy , a n d  th e  d ep th  c o n to u rs  th ey  show  
a re  few  a n d  u su a lly  on ly  ap p ro x im a te . H ow ever, im p ro v em en ts  in  th ese  
re sp ec ts  m ay  be a tta in ab le , as  w ill be m e n tio n ed  below .



It is p re su m e d  th a t  on th e  C o n tin en ta l S helf —  say  to  the 200 m e tre  
line —  it  w ou ld  s till be d esired  to c h a r t  tru e  d ep th s . A sm all co m plication  
w o u ld  th e re fo re  a r ise  a t th e  ju n c tio n  w ith  u n co rrec ted  depths. H ow ever, 
acco rd in g  to  M atth ew s’ T ab les th e  d isc o n tin u ity  w ould  now here  exceed
8 m etre s, a ssu m in g  a  s ta n d a rd  so u n d  velocity  of 1 500 m e tre s /se co n d .

STANDPOINT OF HYDROGRAPHIC OFFICES

C o rrec tin g  so u n d in g s  a f lo a t o r  a sh o re  is a lab o rio u s task , an d  th o se  
h y d ro g ra p h ic  offices w hich do so w ou ld  be saved th e  tro u b le  if th ey  reversed  
th e ir  p re se n t policies. T h ey  w ould  th en  be faced  w ith  th e  ta sk  of “de- 
c o r re c tin g ” th e  d e p th s  on th e ir  ex is tin g  c h a r t  series, a n d  th e  m ag n itu d e  
of th is  in  effort a n d  tim e  needs no s ta tin g . M ost c h a r ts  of th e  deep ocean, 
w h e th e r  p ro d u c ed  b y  offices fo llow ing a policy  o f t ru e  o r o f u n co rrec ted  
d ep th s , o f n ecessity  c a r ry  a m ix tu re  of so u n d in g s  on b o th  system s, due to  
u n c e r ta in ty  as to  th e  sy stem  follow ed on  som e o f th e  o rig in a l m a te r ia l used . 
C learly  it w ou ld  be w ro n g  in  such  c irc u m sta n ces  to  d e-co rrec t all so u n d in g s 
in d isc r im in a te ly  —  m an y  of the  o lder d a ta , too, m ay  w ell be su sp ec t as 
reg a rd s  b o th  d ep th  an d  p o sitio n , an d  th e re fo re  n o t w o rth  th e  troub le . T he 
best so lu tio n  m ig h t lie in  d e-co rrec tin g  ex is tin g  so u n d in g s on ly  if k n o w n  
to be su ffic ien tly  re liab le  (e.g. PD R ) th o u g h  all new  d a ta  w ould, o f course, 
be c h a r te d  u n co rrec te d  fro m  th e  o u tse t. E v en tu a lly  w hole c h a rts  w ou ld  be 
covered w ith  h ig h -q u a lity  d ep th s  co rre sp o n d in g  to echo-sounder read in g s, 
b u t u n ti l  th is  w ere so it w ou ld  he lp  th e  n av ig a to r, an d  th e  c h a rt com piler, 
if  th e  m o re  d o u b tfu l so u n d in g s  w ere e n te red  in  a  d iffe ren t style. H ow ever, 
it m u s t be em p h asised  thaL th e  saving of effort, ev en tu a lly  re su ltin g  fro m  
a ch an g e  to  c h a r tin g  u n co rrec le d  d ep th s , w ou ld  be reduced  un less th is  w ere 
th e  u n iv e rsa l p rac tice , so th a t  a ll d a ta  in co m in g  to  an  office, from  w h a tev er 
source, w as in  th is  fo rm .

C h an g in g  su rv ey  m e th o d s  are  a n o th e r  fac to r of g re a t im p o rtan ce  to  
th e  a rg u m e n t, esp ecia lly  th e  in tro d u c tio n  of m u lti-se n so r d ep th -m easu rin g  
e q u ip m en t —  en ab lin g  th e  s im u ltan e o u s  so u n d in g  of b ro a d  sw athes of th e  
sea bed, in s te a d  of m e re  lines —  an d  o f sh ip -b o rn e  a u to m a te d  data-loggers 
and  p lo tte rs . It is becom ing  possib le  to  p roduce, en tire ly  au to m atica lly , fa ir  
sh ee ts  of th e  ocean  floor, com plete  w ith  d ep th  co n to u rs  a t  as  fine  an  in te rv a l 
as is re q u ire d  —  a fa r  c ry  fro m  the  ran d o m  lines of p assag e  so u n d in g s on 
w h ich  ocean  c h a r ts  h av e  fo r so long depended . No d o u b t a sh ip -b o ard  
co m p u te r cou ld  be p ro g ram m e d  to con v ert its  d a ta  to  “t r u e ” d ep th s  p rio r to  
p lo ttin g , b u t w h e th e r  su ffic ien t w orld -w ide o cean o g rap h ic  o b serv a tio n s yet 
exist, to  en ab le  the  accu ra cy  of the  co rrec tio n s  to  be a t all tim es as g rea t 
as th a t  of th e  d e p th s  o b ta in ed  by th e  new  m eth o d s, is u n ce rta in . T he 
co n tin u in g  p rocess of re f in in g  th ese  co rrec tio n s  can, indeed , be reg ard ed  as 
an  a rg u m e n t ag a in s t m a k in g  th em  a t all. C learly , as  soon as  an y  apprec iab le  
q u a n ti ty  of ocean  su rv ey s have been c a rrie d  o u t u s in g  these  m o d ern  
m eth o d s, n a u tic a l c h a r ts  based  on th em  can  o n ly  follow  th em  as reg ard s  
t ru e  o r u n co rrec te d  d ep th s , an d  also as re g a rd s  th e  velocity  of sound



assumed, 1 463 or 1 500 metres/second. The alternative would be a truly 
enormous task of conversion of contours and depths. This must be a 
powerful factor in the present discussion.

As already indicated, the traditional style of nautical charts does not 
lend itself to navigation by depth. To this end, the HO/BC series of the 
U.S. Naval Oceanographic Office [12], planned to cover the waters off a large 
part o f the world ’s coasts on a scale of approximately 1/1 million, have 
depth curves at an interval of 100 fathoms down to the greatest depths, 
with little sign of generalisation. The recommended method of use is to 
plot a section of a ship’s track at chart scale, on a transparent overlay, 
with the PDR depth noted at time intervals of 10 minutes or so; then by 
matching the overlay with the charted contours, the ship’s position at the 
most recent time noted may be determined. Any nautical chart, which it 
may be desired to make suitable for true navigation by depth, would have 
to follow  this “bathymetric” style, w ith frequent contours based on 
uncorrected soundings. But as long as such contours have to be interpolated 
from sporadic passage soundings, they can only be approximate; only 
comparatively large-scale charts based on modern comprehensive surveys, 
such as are postulated in the previous paragraph, would permit consistently 
accurate navigation by depth.

For hydrographic offices which at present chart corrected depths, it is 
obviously convenient to record ocean soundings which they collect for the 
IHB ’s GEBCO series —  and also use on their own small-scale nautical 
charts, and probably in other ways —  in corrected form on their master 
plotting sheets. I f  such offices should change to a policy of uncorrected 
soundings on their nautical charts, they would for their own convenience 
be inclined to make their ocean sounding collector sheets conform. The 
conversion would be another considerable task, and they would be unlikely 
to have the resources to maintain a parallel set of sheets of “ true” depths 
specially for GEBCO.

THE NEEDS OF OTHER CHART USERS

Sea charts are primarily navigational tools and the needs of the mariner 
are, and are likely to remain, paramount. However, with the oceanographic 
explosion upon us, it is likely that other classes of user w ill feel an increas
ing need for maps of the sea, just as land maps are now put to many more 
uses than their original ones. Ocean scientists of various disciplines 
reputedly prefer bathymetric charts o f the oceans which show true depths
—  though C r e a s e  et al. [ 9 ]  stress that charts of true bathymetry can only 
be produced for closely sounded areas well covered with oceanographic 
observations. GEBCO is an example of a bathymetric chart which aims to 
depict true depths; no doubt small-scale nautical charts, if  as detailed as 
the U.S. HO/BC series, would also be o f great interest to the scientific 
community. But for commercial exploitation of small areas of the ocean 
bed, engineers w ill probably make their own large-scale surveys ; in such



cases relative changes in level are often the main interest, and the 
question of correcting depth is unimportant. Comparative newcomers to the 
community of chart users are international lawyers, starting with the 
determination of national fishing limits, and now concerned with devising 
limits of interest for the exploitation o f the resources of the ocean floor. 
For them, any consistent criterion, whether “ true” depths, or uncorrected 
depths based on a standard velocity o f sound, would appear to be highly 
desirable, and surely must be an improvement on the present variations 
between different nations’ charts.

CONCLUSION : TWO V IT A L  QUESTIONS

The problem with which this paper is concerned was debated at the 
1952 International Hydrographic Conference, and two quotations from the 
Report of Proceedings point, in the view of the writer, to the fundamental 
questions. Dr B o h n e c k e  of Germany said, firstly, that “ it was important to 
know if  the object was to work on behalf of navigators or to give an exact 
picture of the bottom of the sea” . Would a universal policy of charting 
depth values which could be directly compared with depth recorders be a 
definite advantage to mariners, or would they make much use of this as 
a navigational method ? Alternatively, should the chief objective be scienti
fic truth —  but does this presuppose a greater accuracy in the technique 
of echo-sounding, and in converting echo-depths to true depths, than is 
obtainable ? Clearly the views of navigators and other chart users should 
be sought.

The second question was posed by Vice Admiral D a y  of Great Britain, 
that “ it was possible that in the future sounding methods might exist by 
totally different procedures and this would entail a certain measure of 
confusion unless a standard method of showing actual depth had been 
used” . Admittedly the corrections needed to produce “ true” depths are 
subject to refinement —  but true depths are the only absolute criterion 
which is independent of the method of measurement. It is conceivable that 
new sensors might eventually be developed to enable the sound velocity 
structure of the sea beneath the ship to be determined simultaneously with 
the emission of the sound pulse, the travel time of which could thereby 
be automatically adjusted; or perhaps a non-acoustic method of depth 
measurement, immune from the varying effect of sea water on sound waves, 
might come in the future. A modern solution to this problem, by whatever 
means, would be a signal contribution to the science of hydrography.
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