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Introduction

It has becom e increasin g ly  evident to the U.S. Naval O ceanographic 
Office that the accuracy o f the K u w a h a r a  sound speed equations [ 1 ]  
presented as a function  of tem perature, salin ity , pressure, and latitude is 
not sufficient for present day needs. In situ  m easurem ents of sound speed  
in sea w ater have indicated  that at som e depths the speed calculated  by 
the K i ' w a h a r a  equation is 3  to 4  m etres per second too slow . B ecause o f  
this recognized need, a conference of interested parties w as held  at the  
H ydrographic Office (now  U.S. Naval O ceanographic Office) in  May 1 9 6 1  
for the purpose of resolving w hether or not a new  equation  for the calcu la
tion of sound speed should be adopted. It w as agreed by m em bers o f  the 
conference that W .  D. W i l s o n ’s  equation [2] should be adopted for U.S. 
Navy applications. T his decision  w as reached w ith  the know ledge that 
currents research m ay y ield  equations w h ich  are som ew hat m ore accurate.

A c c o r d i n g  t o  W i l s o n , t h e  m e a n  s t a n d a r d  d e v i a t i o n  o f  t h e  e r r o r  b e t w e e n  
his e q u a t i o n  a n d  m e a s u r e d  s p e e d s  o v e r  t h e  r a n g e  o f  v a r i a b l e s  ( t e m p e r a t u r e
—  4 °  C  t o  3 0 "  C, s a l i n i t y  0  ° / 00 t o  3 7  ° /o o .  p r e s s u r e  1 t o  1 0 0  k g / c m 2) i s  0 . 0 3  
m / s e c .  W i t h  t e m p e r a t u r e  a s  t h e  d e p e n d e n t  v a r i a b l e ,  t h e  m a x i m u m  s t a n d a r d  
d e v i a t i o n  i s  0 . 7 4  m / s e c  a t  s a l i n i t y  0  ° / 00 a n d  a t m o s p h e r i c  p r e s s u r e  ( 1 . 0 3 2  
k g / c m 2) ,  a n d  t h e  m i n i m u m  s t a n d a r d  d e v i a t i o n  i s  0 . 0 8  m / s e c  a t  3 6 . 5 5  ° / 00 
s a l i n i t y  a n d  4 2 0  k g / c m 2 p r e s s u r e .

T he accuracy of the adopted equation  at values greater than those  
show n above has had som e lim ited  evaluation by W i l s o n . T he differences 
between the m easured and com puted velocities at som e sam ple extrem e 
values are :



T em perature Salinity Pressure Difference
30.13“C 41 .15°/00 Surface 0.13 m /sec
39.85°C 34.99Voo Surface 0.06 m /sec
39.85°C 4 2 .15°/oo Surface 0.85 m /sec
39.85 °C 42 .15°/oo 381 k g /cm 2 0.65 m /sec
20.11°C 34.99% o 1 150 k g /cm a 0.21 m /se c

Tables

To facilitate com putation of sound velocity, Tables of sound  speed  in 
Sea W a ter  (SP-58) w here developed by the Oceanographic Office using the 
W i l s o n  equation program m ed for the IBM 7070 com puter.

A lthough W i l s o n ’s  equation is entered with pressure as a variable, by 
assum ing a uniform  water colum n of 0°C tem perature and 35 °/oo salinity  
a depth-pressure relationship  is established so that the tables can  be entered  
w ith  either depth or pressure as a variable. The tables are so designed that 
a m inim um  of interpolation is necessary for the pressure-depth correction. 
Salin ity can be read to the nearest 0.01 °/00 and tem perature to the nearest
0.01 °C, thus elim inating interpolation  of these A^ariables.

The foregoing application of a uniform  water colum n depends on the 
assum ption that sound speed at a particular depth is a w eak function  of 
the tem perature and sa lin ity  structure above that depth, an assum ption  
supported by investigations of the U. S. Navy E lectronics Laboratory [3 ] , In 
addition, direct com parisons were m ade at the O ceanographic Office 
betw een the speed presented in  the tables using the pressure-depth rela
tionship  and those com puted by using the actual pressures. Sound speeds 
w ere com puted at standard depths, in one case using pressures com puted  
from  in-situ  tem perature and sa lin ity  values and in  the other using  
pressures from an assum ed water colum n at 0°C tem perature and a salinity  
of 35 ° /on. In the G ulf o f A laska and the Philippine Trench, this m ethod  
indicated differences of 0.1 m /sec  or less above 4 000 m etres depth. In the 
P hilippine Trench at 8 000 m etres, the difference w as less than 0.2 m /sec . 
T hese com putations indicated that the changes in pressure attributed to 
differences in tem perature and sa lin ity  from 0°C and 35 °/oo have only a 
m inor effect on the sound speed at any depth.

Sound speed program

A sound speed nom ogram  and structure form w as drawn from the 
values of sound speed given in th e tables of SP-58 (figure 1). As in the 
tables, the pressure-depth relationship  is based on a 0°C and 35 °/00 water 
colum n. The m ain body of the nom ogram  presents sound speed as a 
function  of tem perature and depth w ith  salinity held at 35 ° / 00. Sound speed  
can be read to the nearest 0.5 m /sec . An inset is provided to correct the 
speeds for salin ities other than 35 °/oo-

The tem perature structure at an oceanographic station can be plotted  
on the nom ogram  to determ ine an  approxim ate sound speed. Large errors 
in  absolute speed w ill occur in nearshore areas or enclosed seas w here the





sa lin ity  m ay deviate radically from  35 ° / (>0. The general shape of the speed  
structure can be easily determ ined for the normal oceanographic environ
m ent.

Station data on m agnetic tape

Sound speed is com puted from  oceanographic station data stored on 
m agnetic tape by using a program  developed at the U. S. N avy E lectronics 
Laboratory w hich  has been m odified and rewritten by the O ceanographic 
Office for the IBM 7070 com puter. The program utilizes a basic form ula  
developed by E k m a n  to calcu late density and includes a term  w hich  com 
pen sates for the variation of gravity w ith  latitude. The program  em ploys 
a pressure correction routine based on a procedure developed by N. P. 
F o f o n o f f  [4 ] . T his routine provides pressure at any given depth as an 
integrated function of tem perature and salin ity  in  the w ater colum n from  
the surface to the point of interest. The atm ospheric pressure is taken as 
the surface pressure and the surface water density is com puted as a 
function  of tem perature, salin ity , and pressure. The sound velocity at 
th is level is then  com puted by m eans of the W i l s o n  equation. Once th is 
speed has been com puted, the pressure and density term s at succeeding  
depths are determ ined by a m ethod of successive approxim ation taking  
into  account pressure and density  term s o f the preceding depths as well 
as in-situ  tem perature and salin ity . Sound speed at each data point is 
calculated  w ith  the W i l s o n  equation em ploying in situ  tem perature, sa lin 
ity, and corrected pressure. The process continues until the deepest data 
point is reached.
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