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Sonar niapping of S C h J l S  of fish in surf.ic c watcrs where who-sounders are ineffrctive is inllucnced 
by changrs in the effective range of drtection caused by changes in the sound velocity profile as well 
as by vertical migration\ and charigrs in packing density within the schools. 

Analysis has bccn madr of 38 sound vrlucity profilrs over a short period in one rrgion and their variation 
coiiipared with tha t  in a inass of data for tht  California arra;  the. short-term variation was of coinparablr 
magnitude to that over a 20 ?car period, with cffective detrr t im range varying five-rold. As analysis of 
the sound velority profilrs at  c ; r h  school mipping station is impractical, a statistical approach is made to 
determine an ‘average' rITecti\c detrction range. ‘This u t i l i~ r s  historical data, partitions arras and seasons 
according to intimsity 0 1  variation in the soiind vclority dat;i, ;illocates sound velocity profiling so as to 
reduce the standard error of thc iriran sound vr l<~ci ty  gradirnt, in upper waters to a uniform value for 
all arcas and sr.isons arid thcn, for tlir,r priiIili~>, crratrs a pi-obability diagram for corrections to thr  
number of targt’ts detrctrd at \ ~ r i o u s  rangi’s a i d  drptlis. An csaniple of the application of the method 
is given. 

INTRODUCTION 

Fish school inapping \\ ith soiiar is n tccliniqur tlc- 
veloped (Smith, 1370) to study tlie scliools of the 
northern anchovy, Engrtrirlis m o ~ d n s ,  which arc nbun- 
dant in the California Ciirrent region off the wrst conqt 
of North America. Sonar mappills provides estiinatt,s 
of the horizontal dimenhions of fish scilools sild nn 
rstimate of the number of fish schools: and their cross- 
srctional arm per unit ;lrea s u n  eyed. This technique 
\vas developed because f i J i  schools arr freqiicntly found 
in the upper mixed laycr of the ocean where cclio- 
soundcrs are relatively ineffectual at countiiii; or 
measuring them. The  following tliffic iilties IiaLe l r c n  
noted for echo-sounder surveys for fish st.liools: ( I )  
These schools may be shallower tliaii the eAo-somtlcr 
installation or within tlw -/one below the echo-soiinder 
whcrc the outgoins pul,cd emission preclii~lcs targt-t 
reception. ( 2 )  Biases in estimating tlie c!epth, iliick- 
ness, and compaction of the school may I.ejult from t h e  
reaction of fish to thc approaching ship. (3) ?’Ire 
transrct of the ship over the school only infreqiicntly 
coincides with the major or minor axes of the school. 
thus leading to biased ectimatcs of Iiorizontal school 
dimensions. (4)  Multil)le eclio rcturns from near- 
surface schools may lead to biased estimates of school 
thickness. The major biases of the sonar mapping tecli- 
nique are changes in elfcctive range of dctcction caused 
by changes in packing density within the schools, ver- 

tical niiyation of the scliools, and regional, seasonal 
and short-tcmi changcs in the sound velocity profile. 
IIo\vr\c.r. the range of cieirction is frequently triiq to 
liundrctl, of times the width of the echo-sounder braxn, 
antl n iiiuch larger sample of fish sc~l~ools is obtaincil 
per tinit ship time. 

Prior to an error e\.aluation cruise in 1968 (Smith, 
1970), i t  was planned that repetitive temperature pro- 
files would be taken to enable description antl analysis 
to be made of internal wavcs and their attendant l a y  
tracing profiles in the tidal period part of the internal 
wave spectrum. The  expected tidal period was not as 
important as internal waves which had shorter periods 
and higher amplitudes. Relatively coherent time clian- 
ges were observed at 5-minute intervals. Tcinporal 
changes of this order implied spatial changes in the 
temperature profile which could not reasonably be 
monitored from a moving ship. Thus ,  the expenw of 
measuring and analyiing these changes for all fish 
school mapping surveys appcared prohibitive. An ef- 
fective raiige estimate is essential to quantitative sur- 
veys, and a statistical approach to tlie definition of tlic 
“average” effective range was souglit. T h e  38 profiles 
taken for the coherent analysis of the tidal period in- 
ternal waves were thcn reanalyzed as though they were 
indepenclrnt samples of the effective range in this 
area. l l i c  variability in tlic temperature and sound 
velocity gradients in this 3-day example was then 
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compared with thi. cliiiiatic \ .Lii,iiiilit! in tliecc pro- 
perties a s  rcvcalcd by l o  
pcrtics in this and o ther  

I t  is tlict p~irpose of t l i i r  pa1)rr to  exanline the im- 
portancr and tracta1)iIity of the ititc*rn;ll \vave prohlcrn 
with rcqaid to appl!iny iiilliiawl cstiiiiatrs o f  traiis- 
mission loss to tlic c1eucril)tion 01' thc. pro!>.ii)ilit>, of 
target detection by ranee alii1 t l ( , l ) ~ i i  ant1 tlir nieasiiw- 
ment of t;irSet streiigtli of those tar-qcts I( 
analysis rind description oi thr  :i8 trst-temperature 
profiles will be rcportcd. thr  \ xiabili ty in tlieimal and 
sound \-clocity profiles \Gill hr compared with statistical 
summaries of li)-di.oyrapliic and batli~tlicirno=m~,liic. 
measurements taken in Calilornin Curl-cnt area. and a 
procedure for the allocxtion of soilrid \ elocity estinin- 

SOUIiCES OF D.\I'.\ 

All climatic data  \vcrc olitniti!,tl from t!ic% ; i i t . l i i \  ('i 

of the National Oceanographic Data Center of tlii' 
Envimniiiental Data Service of tlic National Ocennic 
and Atmospheric Atlministi :ition oi t ! i c  Unii:d Stair, 
Dcpartincnt of Commerce. ' h e  tcmipcratrires. siiliiiitics 
and sound velocitic>s \vci'c o!itaincd froin approsiiiiatcly 
11 000 liydrojirap!iic stations at  eacli of 12 tleptlis 
above 300 m. 'I'licse include all tlic s t a t ion  arcliivcd 
for the area under consideration siricc 1939. 111 ntldition 
the ternpcratures \<ere obtained from the 33 183 batliy- 
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thermograph (BT) profiles taken in this area since 
1939 in which temperatures were recorded every 5 m 
in the upper 45 m. This latter file apparently contains 
2.6 % of all BT's eier taken (Coupcr and LaFond, 
1970) and 13.8 % of those taken in the Pacific. A 
crude attcmpt to remo\e the bias of sourid velocity 
calculations from temperature profiles was to apply 
a\erage salinities by depth, month and y e a  to each 

of the temperature profiles. Another analysis of the 
theniial profiles used a constant salinity of 34 %o. 

T h r  rapid sequence expendable bathythermopph 
( X B I )  data weie taben by Sippican* equipment from 
the RV "David Starr Jordan" while underway at ca. 11 
h o t s .  Tlir data were digitized manually by 5 111 intci- 

* This does not constitute cndorsemcnt of this coininercial 
product by the U.S. Government. 

Table 44. Sound velocity profiles (m sec-l) cvaluated for range of detection of - 30 dB sonar target at 20 111 

depth 
Short range 

c E E E E E I E E E E E E 

0 

10 
15 
20 
2 i 
30 . . . . . . . 
3. i  , . , . . . . 
40 
45 
50 
70 . . . . . . . 
90 

I IO 
130 . . . . . . . 
150 . . . . . . . 

. . . . . . . 
J . . . . . . . 

. . . . . . . 

. . . . . . . 
, . , . . . . 
. , . . . . . 

. . . . . . . 
, . , . . . . 
, . . . . . . 

. . . . . . . 
, . . . . . . 

1517.0 
1515.1 
l.Xi43 
1502.0: 
I .XI I * I  
1500.5 
l-t!li*!l 
1-4117.3 
1497.4 
I#),?. L- 
I -l!li.3 
I 4!1 I -3 
I4!)0.0 
1 i89.7 
I -1-!10.0 
1190.0 

I i 1 ! l a 3  

1.5 I Ii.0 
I i 17.4 

15 1 (i.7 

E 

0 . . . . . . .  lil(i.i 
:) . , . . . . 1 .-I 1 (j.0 

10 . . . . . . .  l i l 1 . l l  
15 I i o  i . ! l  
20 . . , . . . . 1 . N  4 4  
2.5 . . . . . . . 1 . i O O ~ l  
30 . . . . . . . I i00.2 
35 , . . . . , . 1-l!l7.3 
10 . . . . . . . 1 k 9 t i . i  
45 , . . . . , . 14515.1 
i o  . . . . . . . 149.1.8 
70 1 4!? I .3 
00 . . . , . . . 1189.7 

110 . . . . . . . 1489.3 
130 , . . . . . . 1488.7 
150 . . . . . . . 1488.7 

. . . . . . . 

. . . . . . . 

E E f E E E 

(To be continued.) I5 
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Table 44 (continued). 
Long range 

0 
5 

10 
15 
20 
25 . . . . . . . 
30 . . . . . . . 
35 
40 . . . . . . . 
45 
50 . . . . . . . 
70 . . . . . . . 
90 

110 
130 . . . . . . . 
150 . . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

.. . . . . . 

1517.0 
1516-5 
1516.3 
1515.6 
1510.7 
1503.7 
1501-2 
1500.3 
1498.7 
1496.5 
1495.5 
1492.4 
1490.3 
1490.0 
1489.6 
1489.6 

1517.0 
1517.1 
1516.3 
1511.2 
1506.9 
1504.1 
1501.2 
1498.6 
1498.4 
1497.1 
1496-5 
1494.8 
1492.7 
1492.3 
1492.3 
1492.6 

1516.2 
1516.3 
1515.2 
1507.4 
1505.6 
1501.1 
1498.2 
1496.3 
1495.7 
1494-7 
1493.8 
1490.6 
1489.7 
1489.7 
1489.6 
1490.0 

1517.3 
1517-1 
1516.6 
1514.3 
1512.3 
1504.4 
1500.9 
1499-6 
1498.4 
1497.5 
1495.2 
1491.7 
1490.6 
1490.6 
1490.6 
1490.3 

1516.5 
1516.3 
1516.0 
1510.6 
1504.3 
1501.1 
1499.9 
1498.6 
1497.4 
1496-8 
1495.5 
1492.7 
1490.9 
1490.3 
1490.0 
1490.3 

1516.5 
1516.3 
1516.3 
1515-0 
1504.0 
1502-8 
1501.2 
1499.0 
1498.1 
1496.1 
1495.9 
1494.1 
1492.3 
1492.0 
1491.9 
1491.6 

1516.5 
1516.3 
1516.0 
1515.8 
1509.1 
1503.4 
1499.9 
1498.6 
1497.7 
1495.4 
1495.2 
1492.0 
1490.0 
1490.0 
1489.6 
1489.6 

1516.7 
1516.3 
1516.3 
1516.4 
1510.7 
1502.8 
1501.2 
1498.0 
1497.0 
1495.4 
1495.2 
1491.3 
1491.6 
1493-4 
1494.7 
1494-0 

1517-0 
1516.3 
1516.3 
1516.1 
1512.0 
1508.6 
1502-9 
1500.3 
1499.4 
1499.1 
1495.2 
1491.7 
1490.0 
1490.0 
1489.0 
1489.6 

1517.9 
1517.4 
1517.5 
1516.7 
1515-0 
1506.0 
1500.6 
1499.6 
1498.1 
1496.5 
1495.2 
1492.4 
1491.6 
1491-2 
1491.3 
1491-3 

1.5 17.0 
1517.1 
1.7~17.2 
1517.3 
1516.8 
1514-5 
1507.7 
1502-0 
1499.4 
14517.5 
14!16*2 
14'32.0 
1490.6 
1490.3 
1490.3 
1490-6 

1516.5 
1516.3 
3516.3 
1516.4 
1516.5 
1510.8 
1506.4 
1501.3 
1498.7 
1496.5 
1494.5 
1491.3 
1490.3 
1490.0 
1489.6 
1490.0 

vals from the surface to 50m and by 20m intenals 
from 50 to 450 m. Characteristic salinities were taken 
from a T-S diagram for this area and season. 

METHODS OF ANALYSIS 

The ray tracing program was operated by the Ocean 
Operations Project of the US. Navy Fleet Numerical 
Weather Central, Monterey, California. Parameters of 
the program included a source depth of 3.65 m, target 
depths of 4, 10, 20, and 50 m, source frequencies of 11, 
29.8, and 75 kHz, arbitraiy surface and bottom charac- 
terizations, and stepping angles of 0.2' from 0.02' to 
14.76' down and 0.05' from 15.00' to 30.00' down, 
with a transducer w!iich is 10' between the 3 dB down 
points and declined downwards 4' from the surface. 
Estimates of transmission loss to the four taryet depthc 

Table 45. Mean gradients (n,sec-lm,-l) for the 
sound velocity profiles in the upper 30 m 

Detection range 

(4 Short Medium Long 
Depth 

0 - 0.2 - 0.1 - 0.0 
5 - 0.7 - 0.3 - 0.1 

10 - 1.0 - 0-6 - 0.4 
15 - 0.7 - 0.6 - 0.8 
20 - 0.5 - 0.9 - 1.0 
25 - 0.4 - 0.6 - 0.7 
30 - 0.4 - 0.5 - 0.5 

were reported in 10 yard intervals to a point that ex- 
ceeded the combined threshold specified by minimum 
target strength (- 30 dB), receiver sensitivity, source 
level, and attenuation. Transmission loss variations 
were evaluated at  29.8 kHz,  for targcts at 20 m depth, 
at  ranges of 250 and 300 m. 

RESULTS 

The data were examined to detrnninc the rffects of 
transmission loss variations on target detection. The 
maximum range of detection vaiicd from 256 to 1344 
m in the 38 ray trace analyses. 1 hcre were modes at 
detection ranges of 400 and 800 m. These detection 
ranges are illustrated in chronological order in Figure 
205. The detection range at a target depth of 20m 
has bcen used for an index of effective range. In Table 
4.2 the thermal profiles are listed in increasing order 
of the effectice range and are arbitrarily divided into 
short range ( < 450 m) ,  medium range (450--750 mi ,  
and long range (> 750 m) .  The \ ariation in detection 
range is apparently caused by changes taking place in 
the theimal profile in the upper 30 m. For all three 
ranqe categories the mean slope for the sound velocity 
profile is 0.5 metres per second per metre depth ( m ,  
sec-lmZ-l) bctween the surface and 35 m. It is ap- 
parent from Table 45 that the differences are caused 
by the distribution and intensity of the gradients in the 
upper layer. 

To  see whether this series of thermal profile samples 
taken in October of J 968 is representative of the kinds 
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250 111 300 111 A to B 

Time range loss A loss B loss C 
2 0  in 'Transmis. Transmis. Tmnsniis. 

(m) (dB kin-') (dB km-l) (dl3 km-I) 

Table 46. Statistical summary of sound velocity and sound velocity gradient profiles and comparison between 
October 1968 and long-term regional profiles in October: sound velocity in m/s, and sound gradient in 
m/s/m depth 

250 111 300 rn A to  U 

l 'inie r m g r  loss A loss B loss C: 
20 i n  Transmis. Transinis. 'Transniis. 

(ni) (dB km-I) (dl: km-1) (dl3 kin-') 

Depth 
m 

Short 
0812 256 204 
0806 31 1 206 181 65 
0222 357 201 178 75 
0351 375 196 1 G8 43 
0630 384 206 182 75 
1 I06 384 197 170 48 
ni4.7 393 204 182 83 

- 

0 . . . . . .  
5 ...... 

10 . . . . . .  
15 . . . . . .  
20 . . . . . .  
25 . . . . . .  
30 . . . . . .  
35 . . . . . .  
40 . . . . . .  
45 . . . . . . 
50 . . .  . .  

hlrdium 
(16'2 7 531) 208 189 I 
1503 ,549 196 169 
0332 5i8 I97 173 
1241; 6.19 193 163 
01 '1  677 I97 171 
1321 6Ni  195 I 6 t i  
2318 722 201 176 

Short term 
Sound Sound 

velocity gradient 
x S P A' 

1517.3 0.82 -. 0.1426 0.1 17  
1516.6 0.56 - 0.3558 0*.500 
1514.8 2.83 - 0.7012 O*X4 
151 1.3 4-42 - 0-7158 0 4 l 6  
1507.9 5-02 - 0.7816 0.408 
1503.8 3.44 - 0..5484 0.324 
1501.0 2.20 -- 0.441,8 0.23.5 
-1498.8 I 4 5  0.222 1 0.128 
1497.7 1.22 - 0.2858 0.123 
1496.3 1.13 - 0.2347 0. 1 i l l  
l49.j.l 0.90 - 0.1629 0.038 

Long tcrni 
Sound Sound 

velocity gradient 
5.r.x x S X S 

0.019 15 15.7 4-48 - -  0.1170 0.20 1 
0.08 1 
0488 I 5  14.6 3-17 - 0.4483 0 3 5 2  
0472 
11.079 I 5  10.0 . > a 9 4  - 0.4993 0.277 
0.1).-)3 
O.03H 1305.0 6.20 -- 0.3487 0.1 18 
0412 1 
0.020 
(1.024 
(I.006 l4tJi.Y 4.78 - 0.1 ti33 (1.1 i! 1.1 _ _  . . . . . .  . ~ . ~  ~ 

70 . . . . . .  1491.8 0.94 - 0.0700 0.032 0.00.5 
75 . . . . . .  1493-7 3.42 - 0.0922 04G!l 
90 . _ . _ . .  1490.4 0.7 1 .- 0.0 146 0.022 04[14 

100 . . . . . .  1491.4 2.61 - 04439 0.04 1 
110 . , . . . . 1490.1 0.86 - 0.009 1 0.0 I!) 0 ~ 0 0 3  
1 23 . . . . . . 1490*:3 2.29 - 0.0298 0.0'!1 
130 . . . . . . 1490.0 I .0!) 0.0004 0.0111 0.003 
150 . . . , . . 1490.0 1 e02 0.004 I 0.0 1 j1 0.1103 118!b5 2.22 - (1.0173 o*o 19 

of gradients to be expected in this area at thii bca~o11, 
the average profile for the 38 samples in 19G8 IS corn- 
pared with the long-term average for all profiles tahcn 
in hydrographic casts in this x e a  in Octobrr since 

1!1:$9 ('l'ablc .46). llotli thc so~ind vclocitics and the 
sound velocity Sradicnts are within tlie espcctccl i.:~n!;c. 

111 a con;iclcration of  the effects o f  transmission loss 
\-xiations on ta ry t  strcngth dctcmmination. tile data 

_ _  .- 
1712 
1856 
0143 
0419 
1650 
1809 

08.50 
1541 
0817 
2349 
1033 
1325 

41 1 
41 I 
42 I 
42 1 
430 
448 

457 
457 
494 
52 I 
530 
530 

204 175 
201 179 
20 1 173 
204 176 
200 172 
197 171 

hledium 
201 176 
199 172 

198 170 
195 169 
199 172 

210 188 

52 
79 
45 
53 
46 
4!) 

65 
54 
86 
48 
50 
50 

0312 

083') 
O~t09 
2250 
1057 
1025 
0 109 
2129 
2218 
00'4 1 
0 14.1 
2335 

741 

750 -.. /.)9 
777 
796 
805 
823 
US0 
850 
8(i0 
988 

1344 

197 

Long 
201 
20 I 
196 
204 
201 
200 
199 
197 
I95 
194 
193 

171 

175 
176 
169 
177 
177 
173 
172 
171 
1ti7 
I66 
I63 

100 
4 6 
6 5 
31 
5 5 
36 
60 
54 

60 
65 
$8 
57 
53 
56 
50 
56 
39 
39 
31 
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Table 48. Bathythermograph-derived maximum standard deviation of sound velocity gradient (m, scc I 

mz-I) in  the upper 30 m by region and month 

Month/Region CCI C Y 2 0  SCI S(:O scs nci  BCO ncs snI sn( ) 

Jan . . . . . . . . . . .  
Feb . . . . . . . . . . .  
Mar . . . . . . . . . . .  
Apr . . . . . . . . . . .  
May. . . . . . . . . . .  
Jun . . . . . . . . . . .  
Jul . . . . . . . . . . .  
Aug . . . . . . . . . . .  

O r  t . . . . . . . . . . .  
Nov . . . . . . . . . . .  
Dec . . . . . . . . . . .  

Srp . . . . . . . . . . .  

0.10 0.16 0.1 L 0.08 0.13 
0.09 0.13 0. IO 0.06 0.14 
0.08 0.18 0.12 0.07 0.15 
0.14 0.27 0.Iti 0.08 0.23 
0.17 0.35 0.X) 0.19 0.28 
0.26 0.48 0.29 0.19 0.3.3 
0.3 1 0.56 0.36 0.26 0.43 
0.46 0.58 0. t2 0.29 0 4 4  
0 4 4  0.50 0.4 .i 0.39 0 4 0  
0.66 0.54 0 4 3  0.34 0.38 
0.35 0.x; o*:i:! 0.2 I (1.36 
0.34 0.3 1 0.20 0.15 0.3 1 

0.09 
0.14 
0.08 
0.09 
0.18 
0.17 
0.26 
0.40 
0.48 
0.32 
0.3') 
0.05 

W0ti 
0.07 
0.10 
0.10 
0.1 LI 
0.13 
0.16 
0.30 
0.39 
0*1!) 
0.28 
0.0 i 

were also examined to dctrrmine tlir iria:mitutle of 
variation to be exprcted in short-range transinision 
loss. The  data in 'l'nblc 4 7 arc expressed in d 8  per 
kilometre for easy comparison. There appears to b~ 
veiy little difference a t  these ranges. for example, tlic 
total variation attriliutablc to transmission loss I,c- 
twern the ship and the target at 20 ni dcpth and 250 ni 
ran,qe is only over a 4.3 dl) range for 38 obwiyations. 
By 300 m r a n y  tlic variation has reached 7.8 dB. .As 
target strength for schools in this rrxgion apprars to 
vary by approxiniately 30 d U  (Smith, Linpublishcd data: 
IIolliday, MS), the variation in this csaniple dors uot 
seem to be large. 

1)ISCUSSION 

I t  appears froin tlic abo\.e results tliat thc moht ini- 
portant effect of intr.rna1 wavrs on i i z l i  school mapping 
with sonar is the \-aiiatioii of detection range. In one 
3-day period at one 2 4  nniitical milc grid, the effrctiw 

range varied fivcfold (Fig. 205). 'l'lie Iiiagriitude of tlii: 

sound vclocity c h a n p  in this relativrly short inti.r\ a1 
is coiiiparahle to the full range of changes in tliis motith 
in this area for a 20 year climatic record. Sincr tlie 
prccisioii o f  estimates of the cffrctive sonar i.angc. ni'iy 
control the prrcision o f  eqtiniatc of tlic numbk-r of 
targets per unit area, i t  i.; iinpcrativt, tliat an unliiastd 
and currcnt estiiiiate of eficctiw ranqi, I)(> soii+t. 

It would appear from tlirsc sairiplc 1)rofilcs tli;it ~ I i c  

cstininte of target strength is not as siiscrptiblc to \Iiot t -  
trrm changes as is range. .4s the targrts are detr,ciid, 
rr ieamrd and passed at  11--12 knots ;incl as the iisiial 

targct is lcss than 50 m wide (Siiiith, 1970), tlie . i i  i'i- 

tion in half-minute period would app*ar  to br a i ( . l L i -  

tivcly minor probleni. 
'I'he Iwirf field study rrported above \Y;U an atic'tiipt 

to gain a direct nieasiirement o f  intcmal wavcs :ii ilie 
tidal period. 'llie results indicate tliat internal \ V : I \ ~  

of shorter period are irnportant soiirccs of variLititin. 
The csprnsr of "real-tinic" collrctioii and analpi, Oi 

Table 49. An allocation of sound velocity prolilcs ainong rcgioris and months to  equalize the standard t'i.r(ir 

of the maximum sound vclocity gradieht in thc upper 30 m 
- 

hlonth,'Rrgion (:(:I CC:O SC:I SC:O S(:S BCI (: BCO I 3 C S  SBI SI30 ' l ' ~ i . ~ l  

I ' I  
I 1 1 20  t'cb . . . . . . . . . . .  2 2 2 2 2 2 

1 I ) I 1 ' 0  Mar . . . . . . . . . . .  2 2 2 2 

Jim . . . . . . . . . . .  2 2 2 2 2 2 2 3 2 

2 (i ) 1 .4 ) 1 I I 
2 IO 3 3 6 ) 2 ti ) 

6 18 (i 3 IO 2 1 8 >I 
8 2 -1 11) I )  1 4  1;  2 3ti I i 

1 7  27 I +  (i I i I 3 7 29 22 
Sep . . . . . . . . . . .  1 1  1.5 ' 0  I I1 I:! I 9 18 I:! I6 1 li 
o c t  . . . . . . . . . . .  i n  35 '3 I 1  I O  I I  n 3 17 36 11): 
N o v . .  . . . . . . . . .  6 10 in  H s io I2 (i 24 42 I 3  I 
D e c .  . . . . . . . . . .  2 10 8 3 11 1 1  1 9 ( i7  

Total. . . . . . . . . .  7.5 I l l  I .-I 3 K' .-I 3 0 7 71 4 t 1 !I!) 170 1 0 1 - 1  

) 1 I 
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UENOOC"0 \-- 

1 , , / , 1 , , ~ , /  1 1 , I I I  

fornia, SC ~= Southern Calilhmia, B(; = K i j a  Calihrnia, SU =- South Uiijo, I i Inshorr, 0 = Offshnrr, and S ~ Scaward. Thr 
South Baja Seaward rrgion wiis inarhluatrly samplrtl tn provide niontlily profiling nr(.ds. 

125- 1150 ,159 110" 

coherent sound velocity profiles and estiination of tlieir 
resultant transmission loss appears to br pmhihiti\-e: 
a statistical approach is necessary. 

EFFICIENT CHARACTERIZATION AND EVALUATION 

OF SONAR TRANSECTS 

'I'he aim here is to d e \ k  a method for thc most rf- 
fective ovrrall reduction in variability in the descrip- 

tion of effcctive sonar rallge. in sl'ace and time, usin: 
climatic data. ?'lie following stcps need to be taken 
for a first approximation: 

1 ) assemble Iiistorical themial or sound velocity data 

2 )  partition rexions and seasons by intrnsity of va- 
by reZion and season; 

riation: 
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Table 50. Sonar limiting ray table 

Target Near limit Far limit I Time depth (m) !m) ( m )  
Time Target Near limit Far l i i i i i t  

depth (m) (m) (m) 

0351. 

1650 ....... 

4 9 55 
i n  18 238 
20 37 375 
50 82 58.5 
4 9 64 

10 18 293 
20 37 430 
50 82 G"2 

081: . . . . . . . .  4 9 146 
I O  18 41 I 
20 37 494 
50 82 67 7 

1321 . . . . . . . .  4 9 73 
I O  18 366 
20 37 686 
50 82 786 

3 )  allocate the real-time sound velocity profiling 
activity among rcyions 2nd seasons to reduce. the 
standard crmr of thc mean sound velocity qrn- 
dient in thc upptr 30 m to a unifoiin valoo fox 
all regions and sc'asons: and 

-1.) from these real-time nieasurcments of sound vclo- 
city, create a prgbability diagram to apply cor- 
rections to the riunibcrs o f  targets rcccivcti a t  
L-arious ranyes and dc'pth.. 

*.\n example of this  approach may he seen by referen- 
ce to Tables 48 and 49. In Table 48 the long-twii 
masiinuni standard deiintion of the sound velocity 
gradient in the upper :10 in is arrangcd by month and 
it,gion. 'I'lie regions (illustratcd in Fig. 205) are ci - 
noted by code letters! the first two lettcm of which reftsr 
to the nnm:, of a coastal section (CC = Central Cali- 
fornia; SC = Soutlirrti California; BC = naja C a l i h -  
nia; SI3 = Smith Baja! and tlic last 1t.trf.r rcfrrs to di.-- 

1O:l 
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Figure 207. A poolid suinmary of 38 rangr trace an;ilysn of limiting range I)v depth, contoiirrd by the probability of dctrction 
of - 30 dB targcts. 
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tance from the coast (I  = Inshore, 0-80 miles; 0 = 
Offshore, 80-160 miles; S= Seaward, 160-280 miles). 
T h e  table values are of the maximum standard devia- 
tions in sound velocity gradients expressed as m, sec-I 
m3-’ in 5-metre intervals in the upper 30 m. The  stan- 
dard error of a group mean is obtained by dividing the 
standard deviation by the square root of the number 
within the group. Conversely, one may specify the 
number of profiles necersary to reduce the standard 
error of the group mean to a preset level by solving 
for N :  

where N,, is the number of observations in the ith re- 
?ion in the jth month, s,, is the maximum standard 
de\ iation of sound velocity qradient in the monthire- 
cion stratum in the upper 30m,  and se. is the pre- 
determined lebel of the standard error (ca. 0.1 rn, 
s c ~ - ’ m ; ~  for this example. 

For the purpose of this example, it was assumed that 
no fewer than txvo thermal profiles per month/ieqion 
stratum would be taken. Rouyhly 1000 themial or 
sound velocity profiles were allocated to an entire year 
for this example. The  numbcr of sound \ clocitv profilrs 
spvcified is reported by month and region in Table 49. 
It is interesting to note that the climaticall\ deliled 
numbei of profiles required for the Southern California 
Injhore rrgion (SCI) in October is 23. This nuniber 
of profiles would hale  reduced the standard erroi of 
the 10-15 m m i n d  \docity gradient t o  0.1 vi, 5cc-I 
trL2 - I  (we Table 46). 

PKOBABILITY DIAGRAM 

The trchnique for poolinq the sound \-(,locity profile< 
in order to obtain an unbiased cstiniate of the ~va t r r  
insonificd by range and dcpth alonq a sonar t r a n m t .  
involves use of a probability diagram. ’l’lie first stc’l) i \  
to define the limiting rays for each sound velocity pro- 
lilr near to and remote froin the cliip for each tni.<.:ct 
depth, given thr parameters of tlic soii;ii C Y  piation. ‘ 1 ’ 1 1 ~ ~  
ranges are next ordered for each tai;et depth arid 
probability levels are interpolated for each target 
depth. The  array of proba1,ilitit.s is then contourrcl. 

To illxstrate the tcchniqiie, four liniiring ray calcula- 
tions at four target depths Iiave becn clioccn at randorn 
from the set of 38 rrported abme (Table 50) .  ‘The 
liniiting rays at each target drptli are thcn ordered and 
interpolated ranges are calculated for probabilities of 
0.75, 0.50 and 0.25 for example, and the resultin? 

chart would be contoured at  these values. An example 
of results for all 38 ray trace analyses is provided in 
Figure 207. The upper diagram is exaggerated vertical- 
ly to show detail and the lower diagram is drawn on a 
1 : 1 basis. 

CONCLUSION 

With respect to internal waves and the allocation of 
sound velocity profiling effort, two directions of re- 
search are recommended. One is to explore the op- 
timum depth of placement of the sonar transducer with 
respect to internal v aves and the sound velocity profile 
$0 as to minimize the shadow zones and their variation 
with time. The  othcr is to explore the furthcr allocation 
of sound Lelocity piofiling effort according to the in- 
cidence of fish whools by reZion and by month. 
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