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IN ROD1JCTIO:~

An objecti ~‘e procedure for produc i n~ a t hree-di r .r ,s  I onal i~at~~’~~t i ca~
model of sound ~el ed t .v in th~: oceans h~s b~cn ch vr loped by t he U. S.

Nava l Oceanu qraphi c Off i re .  T h i s  m odel contains th ne~ rss .~ry stat sI ical

characteri st ies to fon~i the bas for ~~~ uH’t l  C prO Vi  i c r  ~ ieoat ion .

The niathe ;~ t.ica 1 procedure ; nrL:ssa ry to genc rcte a pri~~ i y  three-

dirnens lone l model of sound ve loc i t y  coeta i fling Ir~ ~‘i~ t~ l spat ia l um ’c ’ eucy

components in the vertica l planr’ are being i nclr~ c u 1 n the cw~pi il~
of such products as NAvoc : AN O ’ s ASW Pr id ic to n A, ec Char t c~

The accuracy of th is nodeli I sys t~~s for pr~Jic t i rq sound ve locitj

at dept h between 200 m a id 2450 at a y  lati tude and lom1gitude within

the model area has been demonstrated to be we ll ~i t h i n  ~ rn/sec. RMS . The

s ignificance of this model ing concept h~ s been demonstrated t hrough

rapid computer q (- :crdt ion of acoustic proVinCe charts as mentioned

above , as wel l  as a sound velocity envelope 1w- each delineated acoustic

province.

The v& l i di ty of the C ’cd e l  has been proven in the m d i  ~n Ocea n

(Arabian Sea) as ci s rwh. e , where cjoo i ~ ~r r e m en t  w~~~ found hE~ ween

sound ~~loci ty pitt i les C : .  iei-a ted by t~h~ mode l and measured cruise data.

The mean di f fcr enre between the model and the r~asured data in the
____________________
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I
DESCRIPTION OF THE SOUND VELOCITY I~it)[L

An objective procedure for producing a t -ee-di~ nns ional mathr: ,~t 1.ica l

mode l of sound veloci ty and o t t e r  oceanographic pa rc  ~ to ! ; has been

deve loped by the U. S. Naval Oceanogr aphic 0~ ; ice. This r~ud~l c r i ~a ins

the necessary statistical characteristi cs to form the basis for ti e

prediction of detection ranges~ acoustic survey dcs i~in , and eco~~t ic

province delineation . 
-

The model contains the mot hiwa tical procedures necessary to generate

a prima ry three—dimensional model of sound vele. ity containing horizontal

spatial frequency components ~cnn to 60 nauti cal mii i le ~jve lengths with

400-meter wave length resolution in the vertical plane. Multiple tects

have shown this model accurate within 2 meters/second RMS in predicting

sound velocity at depth between 200 and 24~0 meters at any latitude and
- longitude within the model area.

This model functions as follows :

1. The lat i t udes aid lorgi Lu c ~c.c of the corner nints of a polygon

inscribinç the area of interest def ine  the search area from which sound

vel oc i ty profiles will be extracted from the 0~i-S tatiomi (OSTA) data

tapes. These t n p e s  n i -c  a packed listing of all NODC station files

through 1970 and ~oretain sound vt~lco1t .y computed by wil son ’ s 1960

equation .

2
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2. A 1° wircator grid is constructed to contain the sea r h

polyq~)na l arr~ and provide for a 2° overlap into adjacen t arras ~ch ich

assur es cent inunity of contours into adjacrut areas.

3. Each USIA Station is tested to ascure cc niur.~mca to input

se lection c r iter ia .

4. Accepted stat ions moeti n~ m i  n ic : ; : 1  depth requi r ents but

fai l i ny to reach the desired a;\ irs’ snr:~ ic depth crc au er: Led by sound

ve locity extrapolated from surround ing data to the desired maximum

depth.

5. Accepted prof i les are subjected to cub ic spline interpolation

to yield a fin al profile from 200 to 2450 meters wi th values at every 50

meters (46 levels) a t each 1~ grid point.

6. A seventh degree least squares orthogonal polynomial is then

fitted to each fina l profile and the coefficients retained.

7. Ihe result ~nt  sct ~ of orthogonal polynomia l coeff ic ients are

f itted into a 30 x 30 minute gri~ by employ~nçm a three-phase algorithm

wh ich i nterpola tes rando ;a da t a .  Phase one pa oti ally fills the desi ird

gri d by ass~ a ing input va l ucc to the c los est  grid point. If more than

one point 1 l i es ncw r a q ive~ grid point , its value w ill be a we ighted

avcr,~~e of the~e in;u t v n l t e ~~. Ph~ce twa uses a tiadi fled version of an

a lqo r i th dev i loped by Sh’aj: ’d (1Y0S) to ex i and t h is partial grid ~~~~
•

c c ; ~~l e t i m g  i u ~id~rlc:~ and ad imIg cnuu~1h intc ,ie r celues to allow sp i inIn g .

FIm se thre e than re plete , qi id i s ith a bi cubic — sp l ll?e alyori ! h’n

of Da~is (1970) c~;l t e d t~ ice ar ’ av ra c ic 1 .

3
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8. The gridded orthoqena l polynomi a] coef f ic ients thr oub hl ~i e

fourt h degree are prefitted for sm oothing , and the ia gni tude of the

gradie nts are c~m~putcd and contour ed to yield secondary province bounddr ies

from selected va lues o~ the gradients of the coef f ic ients.

9. Po lyno~:iaI curves are comdutcd ire:: the resu I t an ~ i inear

correl a Li on ceefi i ci aii t i to ~ i ci d iii n in a l , tan , a i d  max i~~ai sound

veloc ity . T he ~;coq raph ico 1 posit io ns of gr id pou ts and the related

linear correlation coef f ic ie nts a id  groups of the latter characterize

the avera ge and  type ~hope of the sound ve locity prof i les for each

secondary p rovince .

10. The Navy Intu it Surface Ship Sonar Prediction Model ( N ISSM)

computes for each seco ndary sound veloc i ty prov ince ,the ~O: probab il i ty

of detection ranges in kiloyards ,and ml niniurn~ mean , and maximum sou nd

velocity profiles constructed from the given linear correlation coefficients

as well .

11 . iho distrib ution of detection range varia b ility within the

secondary provinces is analyzed to yield the final selection of primary

sound velocity provinces.

MODEL FUR THE ARAB IA N SEA

An example of the outpu t of this model is demonstrated in Standard

Navy Ocean Arc~ un~ Region IN- - i (the Arabian Sea) ul ere o r e can deli neat e

areas with similar coef f ic ients an d therefore with simila r sound velocity

characterist ice . Figure 1 indicates that this sea car be divided into

si x primary sound velo~ ity prov inces including the Gulf of Oman and

Pers ian Gui I . Fiqurcs 2 through 7 h p ict. :i ir ii :iai , ii.~ - ’n, a i d wa >: irium

sound ve loc i ty  st  actual-i in each pm o~ I5(  C . shoa Id hr na~ cJ that ea ch

provi mu. c has a di sti u My h i t ~e nt SI or

4
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A compan iron of sound vel oc i~ y ~ Files on -rat - i by t h e  m od -s i for

t his area w i t h :  n~ a red c i -u i se d . a i -li cat es quad a g :cc ; : ~ t (Co M e,

1974) . Si xt~ari stati ens ocre ’~ sd in the 1 a ian O~ r an d c mi mnj I he sea th—

west monsoon m•:ur~: C C -  :~~OOd to t hu rie-rc ~ a i d  ih~ r a n  di lru auce l ICS

found to he as lu -: as C , ti~ / 5 - L . ~~~~ Ccisec. ). F~q -i u ~s (after Cocko),

w h i c h  i1lustr ate~- cei: aui~is ioc:  ut m u  cu duLu wi Lb tiit ~~ el , dCrc-:ir tr ates

the model ’ s validity.

Detailed anaI ysc:~ of the eF fects of Lb’s m~~rth - est  ar id south n’~t

monsoons on the sound ve loc i ty  structure l f l  the Ar Ia an Sea (and I iai i en

Ocean) is contained in Fenner and Bucra (1972) . Iii C ii t ion , tabul ation s

of soun d velocit y at 1CO— ; ,utvr i n t e rva l s  b r lc i  1 ,00i aters , as well as

information on critical depths for tb Ar abian Sea are av ailable in

Audet (1975).

SUMMARY

A mathematical model has been dev e loped which can predict sound

veloc ity at depth betmec~ 200 and 2d50 ac L(’rs at any lati tude and longitude

w ithin the model are~i.

Application of this model to ibm 1r L ia ! i  Sea resulted in the

de1i ri~atic.~ of six distinct a c o u s t i c  It-uvinrer .

C r p a r siea s 01 sound v e loc it y pr ul ins a~- n m - a t c d  I - b e  o d l  for

each province with r ’ eac - u m - ed crui se data i, t i c ~ ti’ thaI tJ~ c t-Ic) is

v alid. Usa un~o di ffi r’ 0 ’  bt:-Im r- i 1 : -  el a d  aa~~. us! ds~ n in the

AraN iars hea is oi:ly 0.43 ‘ i/ - nc.
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