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deviations improve in Mod 1. However, Mod 1 still has difficulty representing C
secondary sound channels accurately and, in areas of high variability or few
observations, occasionally shows a decreased matching ability.
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PREFACE

T'his. r9ort, sponsored by the Surveillance Environmental Acoustic

Support (SEAS) Project of the Naval Ocean Research and Development

Activity (NORDA), presents recent sound speed profiles of -thei-nral-

ized Digital Envirommental Model (GD ). GDEM is being developed by

Dr. Thomas M. Davis of the Naval Oceanographic Office (NAVOCEANO--

Code 022). It is currently being evaluated as a prime candidate

ocean data retrieval system for the SEAS data bank by the Standard

Ocean Evaluation Group. Previous evaluation results based on a pre-

June 1979 version of GDEN are presented in PSR Report 922, ZVazuation

of Standa oean Cadidates, by J. G. Colborn, S. C. Daubin, Jr.,

E. Hashimoto, and F. J. Ryan (March 1980). The present report re-

flects the most recent changes to the model.

The Standard Ocean Evaluation Group has received additional GDEM

*plots for the North Pacific from Dr. Davis that are not presented

here. Evaluation of that information will be published later this

year, along with results for the Mediterranean.

The report draws on information provided by J. G. Colborn and

* E. Hashimoto. It is published by PSR under Office of Naval Research

contract N00014-79-C-0310, and carries PSR report number 1015.

Members of the group include S. C. Daubin, Jr., Pacific-Sierra
* Research Corporation (PSR), Coordinator; J. G. Colborn (Naval Ocean

Systems Center Code 7243); and E. Hashimoto (NORDA Code 320).
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INTRODUCTIONI, This report suuarizes recent results of the Naval Oceanographic

Office's (NAVOCEANO) Generalized Digital Environmental Model (GD).
PSI Report 922, Evluation of St42ndard Ocean Candite (J. G. Colborn,

S. C. Daubin, Jr., E. Hashimoto, and F. J. Ryan, March 1980), identified

GDEM as a prime candidate for the ocean data retrieval system to be

installed in the Surveillance Environmental Acoustic Support (SEAS)

Project data bank. That evaluation, based on a pre-June 1979 version

of GDE4 (Mod 0), compared 18 GDEM sound-speed profiles at 11 locations* 1
in the North Pacific (Fig. 1) with typical real profilest statistically

selected by the Naval Ocean System. 
Center (NOSC).

Because the model occasionally tended toward mismatch, Dr. Thomas

* M. Davis of NAVOCEANO investigated and redesigned selected portions

of it. The merging of the upper Butterworth filter model (0 to 400 m)

and the middepth orthogonal model (200 to 2450 m) was found satisfactory;

replacing the quadratic tail in the upper-layer temperature model (0 to

S400 m) with an exponential function eliminated the shallow channel dis-

crepancies in the sound speed model. In addition, geographically vary-

ing the merge depth, previously fixed at 400 m, over a range of depths

between 200 and 400 m produced a smoother fit.

*In the fall of 1979, NAVOCEANO recomputed the sound speed pro-

files for the original 11 locations using the updated version of GDEM

(Mod 1). Figures 2 through 19 illustrate those profiles, along with

the Mod 0 and typical profiles (Tables 1 through 18 give the numerical

Sdata). Additional plots for the North Pacific obtained recently will

be published later this year, along with data for the Mediterranean.

The present evaluation compares GDEM and typical real profiles

both graphically and statistically. The graphic comparison determines

* the model's ability to duplicate acoustically significant features of

the typical profiles, including primary and secondary sound channels,

Figures and tables are grouped at the end of the report, p. llff.
tThese typical profiles are representative of all observations made

in a particular area during a single season and over a number of years.

J. G. Colborn and J. D. Pugh, A Procedure for SeZection of
TypioaL Sound Speed Profiles, Naval Undersea Center, NUC TN 1006, May
1973.

#
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surface layers, and overall shape, as well as whether the GDEK profiles

le within the envelope of all observed data at a given location, and

whether there are any suspect deep, seasonal sound-speed variations.

Mod 0 profiles fall outside the envelope at locations 4', 1-winter

and sumer, 2-winter, and 6-suer; none of the Mod 1 profiles were

found outside that envelope. Large (;l a/sec), deep, seasonal varia-

tions not evident in the typical data are seen in the Mod 0 profiles

at locations 1, 2, 5, and 6; the variations are less than 1 m/sec in

Mod 1, except at location 5. C

As a backup to the graphic inspection, sound speed differences

have been checked statistically. The arithmetic mean A SS and standard

deviation S of the sound speed differences A SS (typical-minus-GDEK

value) are calculated for each location (see Tables 1 through 18); I..

S is calculated using an N - 1 weighting, such that

N

• ~S a =
N

where N is the number of depths at which sound speeds are compared.

Because S is not corrected for the uneven depth distribution of the

4 i data points, emphasis is on the upper few hundred meters where the

data are plentiful. A favorable GDEM-to-typical match is indicated by

a low S coupled with a low absolute value of A SS. An analysis of

the mean A SS value alone is inconclusive: both statistically signifi-

cant reductions and increases in A SS appear in Tables 1 through 18.

A near-zero mean A SS does not by itself necessarily indicate a good

match (for example, see the GDED Mod 0-to-typical comparison at loca-

tion 1' [Fig. 2, Table 1]). The best comparison, both graphically

and statistically, has a A SS of 0.1 m/sec and an S of 0.3 r/sec (see

GDE4 Mod 1-to-typical comparison at location 2-winter (Fig. 10, Table

9]). Other A SS diverge both positively and negatively from the 0.1

r/sec value; other S are all larger. In 10 of the 18 comparisons,
'A
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S for Mod 1 is lower than the Mod 0 value, indicating an improvement

in the matching ability of the later model.

Selection of the typical profiles for locations 4, 5, and 6 was

hampered by both insufficient observational data and high variability.

The GDEM-to-typical comparisons at those locations are inconclusive.

The greatest mismatch (for both Mod 0 and Mod 1) is that of Mod 1 at

location 6-simmer, where there are few observations-A SS - -2.5 m/sec

and S - 3.2 a/sec (Fig. 19, Table 18).

EVALUATIONS

The following brief comparisons of the 18 sound-speed profiles

generated by GDEM, Mods 0 and 1, discuss changes in the profile re-

flecting modifications to the model as well as the new model's ability

to duplicate the typical real profiles. Locations 1' through 5' (Figs.

2 through 7, Tables 1 through 6) correspond to areas 1 through 5 in

attachment 2 of Appendix C in PSR Report 922; locations I through 6

(Figs. 8 through 19, Tables 7 through 18) are as in Appendix C of that

report.

The typical profiles at locations 1' through 5' are representative

of large sound-speed provinces. The typical profiles for locations 1

through 6, on the other hand, are representative of smaller data samples

from l x 1 ° squares centered about the stated locations. Despite

similar positions, therefore, the typical profiles at locations 1' and

1-smmer describe different sample and area sizes: I' is selected from

a 642-profile sample covering a large area, whereas 1-summer is selected

from a 265-profile subset of 1' within a single 1° x 1 ° square. The

two profiles differ slightly at all depths.

The typical profile for each location was selected from all real

profiles observed there. Tables I through 18 list a number that in-

cludes only those reaching at least 200 m and having observations at

each standard depth. For location 4, the depth qualification is 50

rather than 200 m. PSR Report 922 presents cumulative plots of all

observed sound-speed profiles at locations 4' and 1 through 6.

40 
.4
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Location 1'

The GDEM-to-typical comparison at location 1' (Fig. 2, Table 1)

shows Mod 1 to have an improved matching ability. The Mod 0 version

exhibits positive and negative differences greater than 1 m/sec from

the typical profile between 100 and 1000 a; whereas, in Mod 1, the mean

4 SS changes from 0 to -0.6 m/sec, and S decreases from 1.8 to 0.7 m/sec.

Surface layer thickness and sound-channel axis depth are very close to

the typical values. GDEM duplicates the inflection in sound speed near

803.

Location 2'

The comparison of GDEM to the typical profile at location 2' re-

mains favorable (Fig. 3, Table 2). Mean values of A SS change from

-0.1 r/sec for Mod 0 (S - 1.2 r/sec) to -0.2 m/sec for Mod 1 (S - 1.4

m/sec). The model's sound-channel axis depth remains '-100 m below the

typical value. The improved Mod 1 profile duplicates the surface

layer in the typical profile; Mod 0 does not have this feature.

Location 2T'

Mod 1, like Mod 0, favorably matches the typical profile over the

entire depth range at location 2T' (Fig. 4, Table 3). Between 400 and

1200 m, the Mod 1 sound speeds are slightly greater than both the typi-

cal and the Mod 0 values (A SS changes from -0.3 to -0.9 m/sec, S

decreases from 1.2 to 0.8 m/sec). The Mod 1 sound-channel axis depth

is 4-150 m greater than the typical depth, while the surface layer is

approximately 20 m shallower than the typical thickness.

The weak secondary sound channel of the typical profile near 100 m

is represented by an inflection in both the Mod 0 and 1 profiles. The

acoustic significance of this feature in the typical profile is un-

certain; the sound speed difference between its axis and maximum is

only 0.3 m/sec.

Location 3'

In some respects, GDEM's ability to match a typical profile con-

V. taining a double sound channel improves at location 3' (Fig. 5, Table

4). In the Mod 0 version, the quadratic tail of the upper temperature
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model causes the GDEM sound-speed profile to make a wide positive ex-

cursion from the typical profile in the 100 to 400 m depth range. The

exponential tail of Mod 1 allows GDEM to fit the typical profile much

closer overall--reflected in a decrease in S from 1.2 to 0.8 m/sec,

and a change in A SS from -0.6 to -0.1 m/sec.

The sharp sound-speed inversion near 150 m, which in the typical

profile is represented by an increase of 2.6 m/sec in 50 m, shows as

an increase of only 1.1 m/sec in 100 m with Mod 1. The inversion is

-150 i deep in the typical profile and 200 m in the Mod 0 and 1

profiles.

Location 4'

GDEM's ability to match the typical profile for locatioh 4' shows

an improvement similar to that for location 3' (Fig. 6, Table 5). The

exponential tail of the Mod 1 temperature model significantly reduces

the wide excursions in the Mod 0 profile. The new profile has a pri-

mary sound-channel axis at the same depth as in the typical profile

(300 m), whereas the Mod 0 profile places it 200 m deeper--at 500 m.

Surface sound speeds are more accurately represented by Mod 1. The

mean value of the Mod 1 A SS remains -0.7 m/sec, as in Mod 0. However,

( the standard deviation of A SS decreases from 2.0 to 1.0 m/sec.

As at location 3', the Mod 1 profile at location 4' only approxi-

mately reproduces the sharp curvature of the secondary sound channel

at 100 m. In Mod 1, the curve is represented as a zone of constant

L.. sound speed, not an inversion as in the typical profile. Mod 0 pro-

. *~duces a broad inversion at the same depth.

j: The secondary-sound-channel mismatch in GDEM Mod 1 appears to

f derive from a difference in the data input to the temperature model.

C Attachment 3 to Appendix C of PSR Report 922 shows that Mod 1 correctly

models this sound speed feature when using NOSC temperature and salinity

values as inputs. Other data produce a profile that does not contain

the feature (as shown in Fig. 6 at depth -100 m). The -1.5 m/sec in-
.C flection in both the typical and the attachment 3 profiles is due

primarily to the combined effect of increasing pressure and a nearly

- constant temperature between 80 and 150 m; and, secondarily, to a

salinity increasing with depth. Since the effect of salinity on sound
9

10P
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speed is relatively small, and the pressure effect is the same in both

cases, it seems likely that the mismatch is primarily due to an

anomalous negative change in the GDEM temperature gradient.

Location 5'

The current comparison at location 5' yields only slight changes

from the previous results, with the Mod 1 profile showing the same

general shape as the typical (Fig. 7, Table 6). Below 400 m, the Mod

1 profile lies closer to the typical than does the Mod 0; between 100

and 400 m, however, Mod 1 differs more from the typical than does

Mod 0. Mean A SS and standard deviations remain nearly the same:
A SS -0.3 m/sec and S - 1.0 m/sec for Mod 0, and A SS - -0.5 m/sec

and S - 1.0 m/sec for Mod 1.

Location 1

The Mod 0 profiles at location 1 show a seasonal shift in the

sound speed extending to 2000 m (Figs. 8 and 9)--more serious in the

upper part of the middepth sound-speed model. For example, at 600 m

in Mod 0, there is a 4.6 m/sec shift between summer and winter. The

Mod 1 profiles show an improvement to 0.6 m/sec at the same depth for

the same seasons. Further, the Mod 1 sound speeds for both seasons

now lie within the observed data envelope (dotted lines labeled "maxi-

mum" and "minimum" in Fig. 8); the Mod 0 profiles exceed that envelope

at some depths. Statistically, the Mod 1 sound speeds show an improve-

ment over Mod 0. The mean A SS for winter is reduced from -1.4 m/sec C

for Mod 0 to -0.8 m/sec for Mod 1 (S - 1.1 m/sec and 0.5 m/sec, re-

spectively--see Table 7). For sumer, A SS changes from 0.1 to -0.6

m/sec, whereas S decreases from 1.9 to 1.5 m/sec (see Table 8).

The depth of the Mod 1 sound-channel axis in the winter comparison 0

is closer to the typical value by 050 m than is the Mod 0 depth. In the

summer, the depth difference is v50 im for Mod 1, whereas the Mod 0 dif-

ference is P4 m. Surface layer thicknesses are identical.

Location 2

Figures 10 and 11 illustrate the location 2 comparisons. The

Mod 1 winter comparison shows significant improvement (Fig. 10), with
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the profile lying entirely within the envelope of observed data,

whereas it extends outside in Mod 0. The closeness of the Mod 1 GDLM-

to-typical match is reflected in the mean and standard deviation of

A SS--0.l and 0.3 m/sec, respectively (Table 9)--the smallest values

in all 18 comparisons.

The profile mismatch between 30 and 500 m for summer (Fig. 11)

is still evident in Mod 1, although the values are closer to the

typical ones than in Mod 0. The value of A SS changes from -0.2 to

0.2 m/sec (S - 1.2 m/sec and 1.3 m/sec, respectively-Table 10).

Neither version of GDEM matches the sharpness of the sumer sound

channel at 125 m, which is an individual characteristic of the se-

lected typical profile.

For winter-, sound-channel axis depth in Mod 1 is closer to the

typical depth than in Mod 0 (depth difference s 50 m); the difference

is the same for the summer comparison (m25 m). Surface layer depths

are approximately the same in the two comparisons.

Location 3

Mod 0 and 1 profiles for the winter and summer seasons at loca-

tion 3 show no significant differences (Figs. 12 and 13). Values of

A SS are between -0.3 and -0.5 m/sec; S is 1.4 m/sec in the winter

and -1.8 m/sec in the summer (Tables 11 and 12).

Location 4

Lt L The comparison at location 4 (Figs. 14 and 15) is hampered by

data that are insufficient for winter and highly variable for summer;

results are therefore inconclusive. The winter comparison shows that

modifying GDE! shifts the model profile to the right of the typical

L profile (A SS changes from 1.0 to -0.8 m/sec; S remains 0.7 m/sec--

see Table 13). In the summer, the Mod 1 profile converges to the

typical profile below 400 m. Between 100 and 300 m, the Mod 1 values

show a larger divergence from the typical values than do those of Mod 0.

( The mean values of A SS increase from 0.8 to 2.1 m/sec; the correspond-

ing standard deviations decrease from 2.4 to 1.5 m/sec (Table 14).

The sound-channel axis depth (suner only) is closer to the typical in

Mod 1 than in Mod 0 (differences s 25 m and 63 m, respectively).
c
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Location 5

Because location 5 is also in an area of high variability, results

of comparisons for that site should be viewed cautiously. Mod 1 shows

a slight improvement for the winter (Fig. 16), relative to the typical

profile; but degradation for the summer (Fig. 17). A slight seasonal

shift in the deep sound speed of Mod 1 remains; it is not evident in

the typical data (e.g., a shift of 1 m/sec between winter and summer

at 1000 m). The Mod 1 sound speeds for winter are generally lower than

the typical values from the surface to 2000 m (A SS is 1.5 m/sec for

Mod 1 versus 1.8 r/sec for Mod 0--see Table 15). The A SS standard

deviation reduces slightly, from 1.4 m/sec (Mod 0) to 1.3 m/sec (Mod 1).

The Mod 1 summer profile shows a greater difference from the typical

profile than the Mod 0 profile (ASS changes from -0.5 m/sec for Mod

to -1.0 m/sec for Mod 1, while S increases from 1.7 to 2.1 m/sec--see

Table 16). The sound-channel axis depth in Mod 1 is identical to the

typical value for winter, shifting upwards -200 m in the summer

comparison.

Location 6

Comparisons for location 6-winter are inclusive because of a lack

of observational data. In the winter comparison (Fig. 18), there is

still a mismatch in Hod 1 between 125 and 400 m, although that profile

matches the typical winter profile below 400 m better than does the

Mod 0 profile (S decreases from 2.1 to 1.7 m/sec, as shown in Table 17).

In the sumer comparison, Mod 1 shows a slightly greater discrepancy

from the typical between 50 and 500 m, but a greater similarity to the

typical below 500 m (Fig. 19). Whereas the deep Mod 0 profile extends

outside the observed data envelope, the Mod 1 profile lies within it.

Values of A SS are larger for Mod 1 than for Mod 0 (-2.5 m/sec versus
-1.7 r/sec--see Table 18), and the A SS standard deviation is also

slightly larger (3.2 m/sec versus 3.1 m/sec). The large, deep, seasonal

-variations in Mod 0 are reduced in Mod 1. The differences between the

models and typical profile in the upper layer reflects the high ocean-

ographic variability observed in this area.

0,
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Tab le 1

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 1',
SUWOER (JULY-SEPTEMBER)

GDE4 SS ai SS

Depth Typical S5a (rn/see) (rn/see)

(a) (a/sec) Mod 1 Mod 0 Mod 1 Mod0

0 1528.7 1529.2 1528.8 -.5 -. 1
10 1528.8 1529.3 1528.8 -.5 0
20 1529.0 1529.3 1528.9 -.3 .1
30 1528.8 1529.9 1528.7 -. 1 .1
50 1526.0 1525.3 1525.6 -.7 .4
75 1518.7 1519.3 1519.1 -. 6 -.4

100 1518.3 1516.8 1515.9 -1.5 2.4
125 1515.0 1515.8 1515.2 -. 8 -. 2
150 1511.7 1513.5 1514.2 -1.8 -2.5
200 1505.0 1507.6 1508.9 -2.6 -3.9
250 1498.8 1501.1 1503.4 -2.3 -4.6
300 1493.7 1495.2 1497.7 -1.5 -4.0
400 1487.7 1487.1 1488.0 -. 6 -.3
500 1482.5 1482.9 1481.5 -.4 1.0

t.600 1480.1 1481.1 1478.2 -1.0 1.9
700 1480.0. 1480.3 1477.8 -.3 2.2
800 1480.2 1480.3 1478.2 -.1 2.0
900 1480.6 1480.5 1479.1 -. 2 1.5

1000 1481.2 1481.5 1480.1 -. 3 1.1
1100 1482.1 1482.3 1481.2 -. 2 .9
1200 1483.0 1483.1 1482.2 -. 1 .8
1300 1484.0 1483.9 1483.2 .1 .8
1400 1484.9 1484.8 1484.2 .1 .7V1500 1485.8 1485.8 1485.2 0 .6

ayical poieselected from 642 sound speed
* profiles.
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Fig. 3--GOEM-typical profile comparison, location 2' (374N, 140 W),
suammr (July through September)
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Tab le 2

DATA FOR GDEM-TYPICAL COHIARISON, LOCATION 2',
SU)Q4R (JULY-SEPTEMER)

GDEM SS A SS
(rn/sec) (ta/sec)

Depth Typical SSa
(in) (in/sec) Mod 1 Nod 0 Mod 1 Nod0

0 1523.3 1520.8 1521.1 2.5 2.2
10 1523.4 1520.9 1521.0 2.5 2.4
20 1517.7 1518.1 1518.8 -. 4 -1.1
30 1512.7 1513.7 1515.2 -1.0 -2.5
50 1505.7 1506.1 1507.6 -.4 -1.9
75 1502.4 1502.5 1501.8 -.1 .6

100 1500.1 1501.1 1499.3 -1.0 .8
125 1496.5 1499.5 1498.3 -4.0 -1.8
150 1494.6 1497.7 1497.3 -3.1 -2.7
200 1493.2 1494.0 1494.2 -. 8 -1.0
250 1491.6 1490.5 1491.2 1.1 .4
300 1489.3 1487.4 1488.2 1.9 1.1
400 1484.0 1483.0 1483.3 1.0 .7
500 1480.3 1480.5 1480.1 -.2 .2
600 1478.4 1479.2 1478.3 .-.8 .1
700 1478.5 1478.7 1478.0 -.2 .5
800 1478.7 1478.9 1478.3 -.2 .4
900 1479.2 1479.6 1479.1 -.4 .1

C1000 1480.0 1480.5 1480.1 -.5 -.1
C1100 1480.8 1481.4 1481.1 -.6 -.3

1200 1481.8 1482.3 1482.1 -.5 -.3
1300 1482.8 1483.1 1483.0 -.3 -.2
1400 1483.5 1483.9 1483.8 -.4 -.3
1500 1484.9 1484.8 1484.7 .1 .2
1750 1487.8 1487.6 1487.6 .2 .2
2000 1491.1 1491.1 1491.1 0 0

Mean A SS .......................... -0.2 -0.1
S ................................... 1.4 1.2

* Typical profile selected fromn 85 sound speed
profiles.

0 ,
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Table 3
S

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 2T',
SUMMER (JULY-SEPTEMBER)

GDEM SS A SS
(r/see) (m/see)

Depth Typical SSa

(W) (m/sec) Mod 1 Mod M Mod 1 Mod

0 1509.3 1510.9 1512.3 -1.6 -3.0
10 1509.5 1510.9 1513.5 -1.4 -4.0
20 1509.6 1510.6 1512.0 -1.0 -2.4
30 1509.8 1508.0 1508.6 1.8 1.2
50 1498.7 1500.4 1498.9 -1.7 -.2
75 1493.7 1494.1 1492.4 -.4 1.3

100 1491.7 1492.8 1491.6 -1.1 .1
125 1492.0 1492.7 1491.6 -. 7 .4
150 1491.5 1492.4 1491.8 -.9 -.3
200 1591.3 1491.5 1490.8 -.2 .5
250 1489.7 1490.2 1489.4 -.5 .3
300 1488.0 1488.5 1487.6 -.5 .4
400 1483.8 1485.1 1483.6 -1.3 .2
500 1479.5 1481.9 1480.2 -2.4 -.7
600 1477.5 1479.8 1478.0 -2.3 -.5
700 1477.6 1479.1 1477.4 -1.5 .2
800 1478.0 1479.1 1477.7 -1.1 .3
900 1478.7 1479.6 1478.4 -.9 .3
1000 1479.3 1480.3 1479.3 -1.0 0
1100 1480.2 1481.2 1480.3 -1.0 -.1
1200 1481.1 1482.1 1481.4 -1.0 -.3
1300 1482.1 1482.9 1482.3 -.8 -.2
1400 1483.2 1483.8 1483.3 -.6 -.1
1500 1484.3 1484.8 1484.3 -.5 0
1750 1487.5 1487.7 1487.4 -.2 .1
2000 1490.9 1491.3 1491.1 -.4 -.2

" " Mean A SS ..........................- 0.9 -0.3
S .................................. 0.8 1.2

aTypical profile selected from 35 sound speed
profiles.

C
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Table 4

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 3',
SUMMER (JULY- SEPTEMBER)

GDEM SS A SS

Depth Typical SSa (m/sec) (m/sec)

(a) (m/sec) Mod 1 Mod O Mod i Mod

0 1504.0 1505.6 1504.7 -1.6 -.7
10 1504.2 1505.6 1506.3 -1.4 -2.1
20 1501.9 1503.4 1503.3 -1.5 -1.4
30 1497.2 1497.4 1497.8 -.2 -.6
50 1486.0 1486.8 1487.4 -.8 -1.4
75 1483.5 1482.8 1483.5 .7 0

100 1482.5 1482.2 1483.2 .3 -.7
125 1483.0 1482.4 1483.5 .6 -.5
150 1485.1 1482.9 1484.5 2.2 .6
200 1483.7 1483.3 1485.7 .4 -2.0
250 1482.1 1482.3 1485.6 -.2 -3.5
300 1480.7 1480.2 1484.1 .5 -3.4
400 1478.0 1477.3 1480.3 .7 -2.3
500 1476.4 1476.4 1477.0 0 -.6
600 1476.3 1476.5 1475.4 -.2 .9
700 1476.5 1476.9 1476.0 -.4 .5
800 1477.1 1477.6 1476.7 -.5 .4
900 1477.8 1478.3 1477.6 -.5 .2

1000 1478.7 1479.1 1478.5 -.4 .2
1100 1479.7 1479.9 1479.5 -.2 .2
1200 1480.7 1480.8 1480.5 -.1 .2
1300 1481.8 1481.8 1481.5 0 .3
1400 1483.0 1483.0 1482.6 0 .4
1500 1484.2 1484.2 1483.9 0 .3
1750 1487.5 1487.5 1487.3 0 .2

* 2000 1491.0 1491.0 1490.9 0 .1

Mean A SS .......................... -0.1 -0.6
S .................................. 0.8 1.2

aTypical profile selected from 100 sound speed
Iprofiles.

.4,.

~
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Table 5S

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 4',
SUMMER (JULY-SEPTEMBER)

GDEM SS A SS

Depth Typical SSa (m/sec) (m/sec)

(m) (m/sec) Mod 1 Mod 0 Mod 1 Mod

0 1497.2 1497.3 1500.1 -.1 -2.9
10 1497.1 1497.3 1502.1 -.2 -5.0
20 1495.2 1496.1 1498.6 -.9 -3.4
30 1486.8 1490.9 1491.9 -4.1 -5.1
50 1476.8 1480.0 1478.9 -3.2 -2.1
75 1472.4 1474.2 1473.2 -1.8 -.8
100 1471.9 1473.3 1472.6 -1.4 -.7
125 1472.0 1473.3 1472.8 -1.3 -.8
150 1473.4 1472.8 1473.3 .6 .1
200 1471.3 1471.7 1473.8 -.4 -2.5
250 1470.6 1470.7 1473.6 -.1 -3.0
300 1470.5 1470.4 1472.7 .1 -2.2
400 1471.3 1471.7 1471.4 -.4 -.1
500 1473.0 1472.8 1471.1 .2 1.9
600 1474.1 1474.5 1471.8 -.4 2.3
700 1475.1 1475.6 1473.3 -.5 1.8
800 1475.8 1476.5 1474.6 -.7 1.2
900 1476.7 1477.4 1475.8 -.7 .9
1000 1477.8 1478.3 1477.0 -.5 .8

| 1100 1478.9 1479.3 1478.2 -.4 .7
1200 1480.1 1480.4 1479.5 -.3 .6
1300 1481.3 1481.6 1480.8 -.3 .5
1400 1482.6 1482.8 1482.2 -.2 .4
1500 1483.8 1484.1 1483.6 -.3 .2
1750 1487.2 1487.5 1487.2 -.3 0

C 2000 1490.9 1490.9 1490.8 0 .1

Mean A SS ........................... -0.7 -0.7
S .................................. . 1.0 2.0

aTypical profile selected from 140 sound speed

C profiles.

- . i
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Table 6

DATA FOR GDD!-TYPICAL COMPARISON, LOCATION 5',
SUMMR (JULY-SEPTDI4BER)

GDM SS a SS

Depth Typical SSa msc /e)

(in) (in/sec) Mod 1 Mod 0 Mod 1 Mod0

0 1491.8 1491.6 1491.4 .2 .4
10 1492.0 1491.6 1493.3 .4 -1.3
20 1490.8 1490.1 1490.4 .7 .4
30 1486.8 1484.4 1484.7 2.4 2.1
so 1472.0 1473.5 1473.0 -1.5 -1.0
75 1469.5 1468.6 1467.6 .9 1.9

100 1467.5 1468.2 1467.0 -. 7 .5
125 1467.1 1468.8 1467.3 -1.7 -. 2
150 1468.3 1469.4 1467.7 -1.1 .6
200 1468.7 1470.5 1458.2 -1.8 .5
250 1469.3 1471.4 1469.8 -2.1 -. 5
300 1470.0 1472.0 1470.8 -2.0 -.8
400 1471.0 1472.7 1472.5 -1.7 -1.5
500 1472.1 1473.3 1473.7 -1.2 -1.6
600 1473.2 1474.0 1474.7 -. 8 -1.5
700 1474.1 1474.9 1475.5 -. 8 -1.4
800 1475.1 1475.8 1476.3 -.7 -1.2
900 1476.3 1476.7 1477.2 -.4 -.9

1000 1477.6 1477.7 1478.1 -. 1 -. 5
1100 1478.7 1478.8 1479.1 -. 1 -. 4
1200 1479.9 1480.0 1480.3 -. 1 -. 4
1300 1481.1 1481.2 1481.4 -.1 -.3
1400 1482.4 1482.5 1482.7 -.1 -.3
1500 1483.7 1483.8 1484.0 -.1 -.3
1750 1487.2 1487.1 1487.3 .1 -. 1
2000 1490.8 1490.7 1490.8 .1 0

Mean A SS .......................... -0.5 -0.3
S ................................... 1.0 1.0

aTypical profile selected from 116 sound speed
F profiles.

* If
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Table 7

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 1,
WINTER

GDEM SS A SS

Depth Typical SS a (a/sec) (a/sec)

(m) (m/see) Mod 1 Mod 0 Mod 1 Mod

0 1516.9 1518.3 1518.6 -1.4 -1.7
10 1517.2 1518.4 1518.7 -1.2 -1.5
20 1517.3 1518.5 1518.8 -1.2 -1.5
30 1517.4 1518.6 1518.9 -1.2 -1.5
50 1517.6 1518.7 1519.1 -1.1 -1.5
75 1518.2 1518.9 1519.3 -.7 -1.1

100 1518.6 1518.8 1519.2 -.2 -.6
125 1516.4 1517.5 1518.1 -1.1 -1.7
150 1512.6 1514.0 1515.0 -1.4 -2.4
200 1504.0 1504.2 1504.6 -.2 -.6
250 1498.6 1500.0 1498.7 -1.4 -.1
300 1494.5 1495.8 1496.8 -1.3 -2.2
400 1487.4 1488.5 1492.3 -1.1 -4.9
500 1482.6 1484.1 1486.9 -1.5 -4.3
600 1480.5 1481.7 1482.9 -1.2 -2.4
700 1480.1 1480.8 1481.8 -0.7 -1.7
800 1480.3 1480.8 1481.6 -0.5 -1.3
900 1480.7 1481.2 1482.0 -0.5 -1.3
1000 1481.3 1482.0 1482.6 -0.7 -1.3
1100 1482.2 1482.8 1483.3 -0.6 -1.1
1200 1483.1 1483.6 1484.0 -0.5 -.9
1300 1484.0 1484.3 1484.7 -0.3 -.7
1400 1484.9 1485.1 1485.4 -0.2 -.5

- 1500 1485.9 1485.9 1486.2 0 -.3
1750 1488.4 1488.4 1488.6 0 -.2

- V 2000 1491.6 1491.5 1491.6 .1 0

Mean A SS .......................... -0.8 -1.4
I S .................................. 0.5 1.1

aTypical profile selected from 234 sound speed

* ( profiles.

.. r

4
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Table 8

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 1,
SUWIER

GDEM SS a SS

Depth Typical SS a Ca/sec) (m/sec)

(mi) (a/sec) Mod 1 Mod 0 Mod 1 Mod 0

0 1528.5 1529.2 1528.8 -0.7 -. 3
10 1528.6 1529.3 1528.8 -0.7 -. 2
20 1528.7 1429.3 1528.9 -5.6 -. 2
30 1527.5 1428.9 1528.7 -1.4 -1.2
50 1522.4 1525.3 1525.6 -2.9 -3.2
75 1521.0 1519.3 1519.1 1.7 1.9

100 1518.5 1516.8 1515.9 1.7 2.6
125 1515.3 1515.8 1515.2 -0.5 .1
150 1511.9 1513.5 1514.2 -1.6 -2.3
200 1504.7 1507.6 1508.9 -2.9 -4.2
250 1499.4 1501.1 1503.4 -1.7 -4.0
300 1495.1 1495.2 1497.7 -0.1 -2.6
400 1488.3 1487.1 1488.0 1.2 .3
500 1482.7 1482.9 1481.5 -0.2 1.2
600 1480.3 1481.1 1478.2 -0.8 2.1
700 1480.2 1480.3 1477.8 -0.1 2.4
800 1480.3 1480.3 1478.2 0 2.1
900 1480.7 1480.8 1479.1 -0.1 1.6
1000 1481.3 1481.5 1480.1 -0.2 1.2
1100 1482.2 1482.3 1481.2 -0.1 1.0
1200 1483.1 1483.1 1482.2 0 .9
1300 1484.0 1483.9 1483.2 0.1 .8
1400 1484.9 1484.8 1484.2 0.1 .7
1500 1485.9 1485.8 1485.2 0.1 .7
1750 1488.4 1488.4 1488.0 0 .4
2000 1491.6 1491.4 1491.2 0.2 .4

Mean A SS .......................... -0.6 0.1
S ................................... 1.5 1.9

Typical profile selected from 265 sound speed
IC profiles.

V7
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Table 9

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 2,
WINTER

GDEM SS A SS
a (rn/see) (n/see)

Depth Typical SS
a

(m) (m/see) Mod 1 Mod 0 Mod 1 Mod

0 1468.4 1468.5 1468.6 -0.1 -.2
10 1468.6 1468.8 1468.9 -0.2 -.3
20 1468.8 1469.0 1469.1 -0.2 -.3
30 1469.0 1469.3 1469.4 -0.3 -.4
50 1469.3 1469.7 1470.0 -0.4 -.7
75 1469.6 1469.7 1470.0 -0.1 -.4

100 1470.0 1469.1 1468.4 0.9 1.6
125 1469.0 1468.3 1468.2 0.7 .8
150 1468.7 1467.9 1468.7 0.8 0
200 1468.3 1468.2 1469.6 0.1 -1.3
250 1469.0 1468.8 1470.5 0.2 -1.5
300 1469.5 1469.2 1471.3 0.3 -1.8
400 1470.6 1470.5 1472.7 0.1 -2.1
500 1472.1 1472.0 1474.0 0.1 -1.9
600 1473.4 1473.4 1475.0 0 -1.6
700 1474.4 1474.5 1475.9 -0.1 -1.5
800 1475.5 1475.6 1476.8 -0.1 -1.3
900 1476.6 1476.6 1477.6 0 -1.0
1000 1477.6 1477.6 1478.5 0 -.9
1100 1478.8 1478.7 1479.4 0.1 -.6
1200 1480.0 1479.9 1480.4 0.1 -.4
1300 1481.2 1481.1 1481.5 0.1 -.3
1400 1482.5 1482.4 1482.8 0.1 -.3
1500 1483.8 1483.7 1484.0 0.1 -.2

- 1750 1487.2 1487.9 1487.3 -0.7 -.1

2000 1490.8 1490.6 1490.8 0.2 0

Mean A SS .......................... 0.1 -0.6
S .................................. 0.3 0.8

aTypical profile selected from 115 sound speed
C' profiles.

1 tC
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Table 10

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 2,
SUMMOER

GDEH SS a SS
(mlsec) (mlsec)

Depth Typical SS
(M) (m/sec) Mod 1 Hod M Mod 1 Mod

0 1497.4 1494.8 1496.2 2.6 1.2
10 1496.7 1494.8 1497.8 1.9 -1.1
20 1496.5 1493.8 1495.4 2.7 1.1
30 1489.1 1489.1 1490.4 0 -1.3
50 1479.2 1478.2 1478.4 1.0 .8
75 1474.0 1471.2 1471.1 2.8 2.9
100 1471.6 1469.8 1470.0 1.8 1.6
125 1468.0 1469.8 1470.1 -1.8 -2.1
150 1468.7 1470.2 1470.4 -1.5 -1.7

200 1469.0 1470.8 1471.0 -1.8 -2.0
250 1469.1 1470.5 1471.3 -1.4 -2.2
300 1469.2 1469.9 1471.3 -0.7 -2.1
400 1470.8 1470.2 1471.6 0.6 -.8
500 1472.2 1471.9 1472.3 0.3 -.1
600 1473.5 1473.7 1473.4 -0.2 .1
700 1474.5 1474.8 1474.5 -0.3 0
800 1475.5 1475.8 1475.6 -0.3 -.1
900 1476.6 1476.8 1476.6 -0.2 0
1000 1477.6 1477.8 1477.7 -0.2 -.1
1100 1478.8 1478.9 1478.8 -0.1 0
1200 1480.0 1480.0 1479.9 0 .1
1300 1481.2 1481.3 1481.2 -0.1 0
1400 1482.5 1482.6 1482.5 -0.1 0
1500 1483.8 1483.9 1483.8 -0.1 04 1750 1487.2 1487.3 1487.3 -0.1 -.1
2000 1490.8 1490.8 1490.8 0 0

Mean A SS .......................... 0.2 -0.2

S .................................. 1.3 1.2

aTypical profile selected from 124 sound speed
* profiles.

-- f ; .... -5 -w --...
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Table 11

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 3,
WINTER

GDEM SS A SS
a (m/sec) (mn/sec)

Depth Typical SS
a

(M) (m/sec) mod 1 Mod 0 Mod 1 Mod

0 1511.3 1510.6 1510.8 0.7 .5
10 1511,4 1510.9 1511.0 0.5 .4
20 1511.5 1511.1 1511.1 0.4 .4
30 1511.6 1511.3 1511.3 0.3 .3
50 1511.7 1511.6 1511.6 0.1 .1
75 1511.8 1511.9 1512.0 -0.1 -.2

100 1512.1 1512.0 1512.1 0.1 0
125 1511.6 1511.6 1511.9 0 -.3
150 1511.1 1510.6 1510.9 0.5 .2
200 1508.5 1507.4 1507.3 1.1 1.2
250 1505.5 1505.0 1503.8 0.5 1.7
300 1502.6 1503.6 1502.2 .-1.0 .4
400 1494.2 1498.8 1497.9 -4.6 -3.7
500 1487.5 1492.1 1492.0 -4.6 -4.5
600 1583.6 1485.9 1486.2 -2.3 -2.6
700 1480.7 1482.0 1482.2 -1.3 -1.5
800 1479.7 1479.8 1480.0 -0.1 -.3
900 1479.6 1479.0 1479.2 0.6 .4
1000 1479.8 1479.2 1479.4 0.6 .4

C 1100 1480.3 1480.0 1480.2 0.3 .1
1200 1481.0 1481.0 1481.1 0 -.1
1300 1481.9 1482.0 1482.2 -0.1 -.3
1400 1483.0 1483.0 1483.1 0 -.1
1500 1484.2 1484.0 1484.1 0.2 .1
1750 1487.3 1486.9 1487.0 0.4 .3

| 2000 1490.8 1490.8 1490.9 0 -.1

Mean A SS ..........................- 0.3 -0.3

S .................................. 1.4 1.4

aTypical profile selected from 103 sound speed

S •profiles.

AS

*1-! I t
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Table 12
I

DATA FOR GDEM-TYPICAL COMWARISON, LOCATION 3,
SUMMR

GDEM SS A SS
(m/sec) (m/sec)

Depth Typical SSa
(M) (m/sec) Hod 1 Mod M 2od 1 Mod 0

0 1535.2 1534.6 1534.3 0.6 .9
10 1535.0 1534.1 1534.0 0.9 1.0
20 1528.6 1531.3 1531.6 -2.7 -3.0
30 1523.2 1527.2 1528.0 -4.0 -4.8
50 1517.5 1519.9 1520.4 -2.4 -2.9
75 1514.8 1515.8 1514.9 -1.0 -.1

100 1513.5 1514.4 1512.6 -0.9 .9
125 1511.3 1513.1 1511.7 -1.8 -.4
150 1509.2 1511.7 1511.3 -2.5 -2.1
200 1506.5 1508.8 1509.0 -2.3 -2.5
250 1505.2 1505.4 1505.9 -0.2 -.7
300 1503.7 1501.4 1502.2 2.3 1.5
400 1498.2 1493.6 1494.6 4.6 3.6
500 1490.3 1587.1 1488.0 3.2 2.3
600 1483.8 1482.8 1483.3 1.0 .5
700 1481.1 1481.0 1481.0 0.1 .1
800 1480.2 1480.4 1480.1 -0.2 .1
900 1479.9 1480.5 1480.0 -0.6 -.1
1000 1480.1 1481.1 1480.5 -1.0 -.4

5 1100 1480.5 1481.7 1481.2 -1.2 -.7
1200 1481.1 1482.4 1482.0 -1.3 -.9
1300 1481.9 1483.1 1482.8 -1.2 -.9
1400 1483.0 1483.8 1483.6 -0.8 -.6
1500 1484.2 1484.6 1484.4 -0.4 -.2
1750 1487.3 1487.4 1487.2 -0.1 .1
2000 1490.8 1491.1 1491.0 -0.3 -.2

Mean A SS ..........................- 0.5 -0.4
S .................................. 1.9 1.7

aTypical profile selected from 198 sound speed
* profiles.

.5
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Tab le 1.3

DATA FOR GDEI-TYPICAL COMPARISON, LOCATION 4,
WINTER

GDEM SS b a s

Depth Typical SS a (m/sec) =sc

(in) (rn/see) Mod 1 Mod 0 Mod 1 Mod 0

0 1447.7 1447.5 1446.4 0.2 1.3
10 1447.5 1447.7 1446.6 -0.2 .9
20 1447.5 1448.0 1446.8 -0.5 .7
30 1447.6 1448.2 1447.1 -0.6 .5
50 1447.8 1449.0 1447.5 -1.2 .3
75 1449.1 1450.6 1448.1 -1.5 1.0

100 1451.3 1452.9 1448.9 -1.6 2.4
125 -- 1455.3 -- - --

150 -- 1457.3 ---

200 - 1459.6 - - -

250 -- 1460.7 - - -

300 - 1461.8 - - -

400 - 1464.0 - - -

500 -- 1466.3 - - -

600 -- 1468.5 - - -

700 - 1470.5 - - -

800 -- 1472.3 ----

Mean A SS .......................... -0.8 1.0
S ................................... 0.7 0.7

Tical profile selected from 4 sound speed
profiles.

b The Mod 1 profile is located at 51*N, 155*E.

'C
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Tab le 14

DATA FOR GDE?-TYPICAL COMPARISON, LOCATION 4,
SUMMER

GDEM SSb a ss

Depth Typical SS a (n/see) (ml sec)
(in) (in/sec) M1od 1 Mod 0 Mod 1 Mod0

0 1487.0 1486.2 1488.4 0.8 -1.4
10 1484.2 1480.7 1485.3 3.5 -1.1
20 1475.0 1474.2 1477.1 0.8 -2.1
30 1468.8 1469.7 1466.9 -0.9 1.9
50 1461.1 1459.0 1455.4 2.1 5.7
75 1458.6 1455.4 1454.8 3.2 3.8

100 1457.8 1454.1 1454.8 3.7 3.0
125 1457.6 1453.7 1455.3 3.9 2.3
150 1457.5 1454.2 1455.9 3.3 1.6
200 1458.3 1455.6 1457.2 2.7 1.1
250 1459.6 1457.0 1458.7 2.6 .9
300 1460.5 1458.5 1460.3 2.0 .2
400 1461.9 1461.2 1463.8 0.7 -1.9
500 1464.1 1463.8 1466.5 0.3 -2.4

Mean A SS ........................... 2.1 0.8
S.................................... o..........1.5 2.4

aTypical profile selected from 69 sound speed
* profiles.

bThe Mod 1 profile is located at 51*N, 155*E.

-- ,4S



-40-

1H0O4D 1 14149 1500 15S120 1530

p09

5001 S00

-TYP

b --- GDEM mad -

*GEMmd I

2000

WO0 17 1460 1480 1500 1510 1520 1530

SOUND SPEED (M/SEC)

Fig. 16--GOEM-typical profile comparison, location 5 (39*N, 1530E). winter



-41-

Table 15

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 5,
WINTER

GDEM SS a SS
(a/sec) (r/sec)

Depth Typical SSa

(a) (a/sec) Mod 1 Mod 0 Mod 1 Mod 0

0 1494.6 1493.6 1494.0 1.0 .6
10 1495.3 1493.8 1494.1 1.5 1.2
20 1495.5 1493.9 1494.3 1.6 1.2
30 1495.6 1494.1 1494.4 1.5 1.2
50 1495.7 1494.3 1494.7 1.4 1.0
75 1496.0 1494.7 1494.8 1.3 1.2

100 1496.2 1494.9 1494.1 1.3 2.1
$ 125 1494.9 1494.8 1492.1 0.1 2.8

150 1493.8 1494.1 1489.5 -0.3 4.3
200 1492.1 1489.6 1486.2 2.5 5.9
250 1488.3 1483.6 1484.4 4.7 3.9
300 1485.3 1480.4 1481.8 4.9 3.5
400 1479.7 1476.7 1477.4 3.0 2.3
500 1477.3 1474.7 1474.9 2.6 2.4
600 1476.9 1474.3 1474.2 2.6 2.7
700 1477.1 1475.1 1474.9 2.0 2.2
800 1477.5 1475.9 1475.8 1.6 1.7
900 1477.9 1476.8 1476.8 1.1 1.1
1000 1478.7 1477.7 1477.7 1.0 1.0

* 1100 1479.5 1478.7 1478.6 0.8 .9
1200 1480.5 1479.7 1479.6 0.8 .9
1300 1481.6 1480.8 1480.8 0.8 .8
1400 1482.8 1482.1 1482.1 0.7 .7
1500 1484.0 1483.5 1483.5 0.5 .5
1750 1487.3 1487.1 1487.1 0.2 .2

* 2000 1490.8 1490.6 1490.6 0.2 .2

Mean A SS .......................... 1.5 1.8
S ................................. 1.3 1.4

aTypical profile selected from 108 sound speed

profiles.

1.~1
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Table 16

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 5,
SMWeR

GDEM SS A SS

Depth Typical SS
a  (2/sec) (/sc)

(i) (u/sec) Mod 1 Mod 0 Mod 1 Mod

0 1525.5 1528.5 1528.0 -3.0 -2.5
9 10 1524.6 1528.5 1527.8 -3.9 -3.2

20 1522.7 1526.2 1525.0 -3.5 -2.3
30 1516.7 1521.1 1520.3 -4.4 -3.6
50 1504.3 1510.2 1509.8 -5.9 -5.3
75 1500.0 1503.1 1500.6 -3.1 -.6

100 1497.6 1500.8 1496.4 -3.2 1.2
125 1496.0 1498.5 1494.5 -2.5 1.5
150 1494.3 1496.0 1493.8 -1.7 .5
200 1490.8 1490.6 1490.4 0.2 .4
250 1485.1 1485.6 1486.6 -0.5 -1.5
300 1481.0 1481.5 1483.0 -0.5 -2.0
400 1478.0 1476.6 1478.1 1.4 -.1
500 1477.3 1474.8 1476.0 2.5 1.3
600 1477.0 1474.9 1475.7 2.1 1.3
700 1476.8 1475.6 1476.4 1.2 .4
800 1477.2 1476.6 1477.2 0.6 0
900 1478.0 1477.7 1478.0 0.3 0
1000 1478.7 1478.7 1478.7 0 0

£ 1100 1479.5 1479.6 1479.5 -0.1 0
1200 1480.5 1480.6 1480.3 -0.1 .2
1300 1481.6 1481.7 1481.3 -0.1 .3
1400 1482.8 1482.9 1482.5 -0.1 .3
1500 1484.0 1484.1 1483.8 -0.1 .2
1750 1487.3 1487.6 1487.3 -0.3 0

6 2000 1490.8 1491.0 1490.7 -0.2 .1

Mean A SS .......................... -1.0 -0.5

S .................................. 2.1 1.7

aTypical profile selected from 245 sound speed

profiles.
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Table 17

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 6,
WfITER

GDEM SS A SS
(m/se)(3/ sec)

Depth Typical SSa (m/sec)

(a) (/sec) odi Mod 0 Mod I ModO

0 1451.3 1450.3 1452.4 1.0 -1.1
10 1451.3 1450.8 1452.6 0.5 -1.3
20 1451.5 1451.4 1452.9 0.1 -1.4
30 1451.7 1452.1 1453.1 -0.4 -1.4
50 1452.2 1453.4 1453.5 -1.2 -1.3
75 1453.5 1454.8 1454.6 -1.3 -1.1

100 1455.0 1455.9 1455.6 -0.9 -.6
125 1457.6 1456.9 1456.1 0.7 1.5
150 1460.3 1457.7 1456.9 3.2 3.4
200 1463.5 1459.0 1458.6 4.5 4.9
250 1465.5 1460.4 1460.7 5.1 4.8
300 1466.5 1462.5 1463.3 4.0 3.2
400 1468.2 1466.3 1467.8 1.9 .4
500 1469.7 1468.8 1471.2 0.9 -1.5
600 1471.0 1470.7 1473.3 0.3 -2.3
700 1472.1 1472.2 1474.4 -0.1 -2.3
800 1473.2 1473.5 1475.3 -0.3 -2.1
900 1474.5 1474.6 1476.2 -0.1 -1.7
1000 1475.7 1475.8 1477.1 -0.1 -1.4
1100 1477.1 1477.1 1478.2 0 -1.1
1200 1478.6 1478.5 1479.4 0.1 -.8
1300 1480.1 1480.0 1480.8 0.1 -.7
1400 1481.6 1481.6 1482.2 0 -.6
1500 1483.1 1483.2 1483.7 -0.1 -.6

. 1750 1487.0 1487.1 1487.4 -0.1 -.4
j.. 2000 1490.6 1490.7 1490.9 -0.1 -.3

Mean A SS .......................... 0.7 -0.2

S .................................. 1.7 2.1

aThis is the only sound speed profile for this

C location and season.

1.
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Table 18

DATA FOR GDEM-TYPICAL COMPARISON, LOCATION 6,

GDEM SS A SS(u/see) (at/sec)

Depth Typical SSa

(m) (m/sec) Mod 1 ModO Mod 1 Mod

0 1493.0 1494.2 1495.1 -1.2 -2.1
10 1489.1 1494.3 1495.8 -5.2 -6.7
20 1481.5 1488.7 1488.9 -7.2 -7.4
30 1472.3 1480.1 1478.2 -7.8 -5.9
50 1455.5 1465.5 1461.9 -10.0 -6.4
75 1452.5 1459.5 1457.8 -7.0 -5.3

100 1452.0 1458.0 1457.1 -6.0 -5.1
125 1453.7 1457.8 1457.2 -4.1 -3.5
150 1455.3 1458.5 1458.3 -3.2 -3.0
200 1458.3 1462.3 1462.1 -4.0 -3.8
250 1461.0 1465.6 1464.6 -4.6 -3.6
300 1463.1 1466.5 1466.1 -3.4 -3.0
400 1466.0 1467.8 1467.6 -1.8 -1.6
500 1469.1 1469.5 1468.1 -0.4 .8
600 1471.1 1471.1 1469.1 0 2.0
700 1472.6 1472.3 1470.7 0.3 1.9
800 1473.6 1473.4 1472.2 0.2 1.4
900 1475.0 1474.6 1473.6 0.4 1.4
1000 1476.2 1475.9 1475.1 0.3 1.1
1100 1477.6 1477.3 1476.6 0.3 1.0
1200 1478.9 1478.7 1478.1 0.2 .8
1300 1480.3 1480.2 1479.6 0.1 .7
1400 1481.7 1481.6 1481.2 0.1 .5
1500 1483.1 1483.1 1482.8 0 .3
1750 1487.0 1486.8 1486.5 0.2 .5
2000 1490.6 1490.3 1490.2 -0.1 .4

Mean A SS ..........................- 2.5 -1.7
S ....... . .................... 3.2 3.1

aTypical profile selected from 48 sound speed
profiles.

C
- A



DISTRIBUTION LIST

C,
Chief of Naval Operations Defense Adv Research Proj Agency
Department of the Navy 1400 Wilson Boulevard
Washington, D.C. 20350 Arlington, Va. 22209
Attn: OP-095 1 Attn: Dr. T. Kooij 1

OP-951 1 Cdr. V. E. Simmons 1
OP-952 1
OP-951F 1 Commander 1
OP-952D 1 Naval Oceanography Command

NSTL Station, Miss. 39529
Headquarters

Naval Material Comuand Commnding Officer
Washington, D.C. 20360 Naval Research Laboratory
Attn: CODE MAT-08T245 2 Washington, D.C. 20375

Attn: Code 8100 1
Project Manager Code 8160 1
Antisubmarine Warfare System Proj Code 2627 1
Department of the Navy
Washington, D.C. 20360 Commander 1
Attn: PM-4 2 Naval Oceanographic Office

NSTL Station, Miss. 39529
Chief of Naval Research Attn: Code 3000 1
800 North Quincy Street Code 3440 1
Arlington, Va. 22217 Code 3700 1 U
Attn: Code 100 1 Library 1

Code 1OZA 1
Code 220 1 Commanding Officer 1
Code 230 1 Naval Ocean Research &
Code 480 1 Development Activity
Code 480 1 NSTL Station, Miss. 39529

Attn: Code 110 1
Commander Code 125 1
Naval Electronic Systems Command Code 200 1
Naval Electronics Systems Code 300 1
Command Headquarters Code 320 1

Washington, D.C. 20360 Code 340 1 0
Attn: PME-124 1 Code 500 1

PME-124TA 1 Code 520 2
PME-124/60 1
ELEX-320 2 Naval Ocean Research &

Development Activity
Commander 1 Liaison Office
Naval Sea Systems Command 800 North Quincy Street
Naval Sea Systems Command Arlington, Va. 22217

Headquarters Attn: Code 130 1
Washington, D.C. 20362
Attn: NSEA-06H1 1 Officer in Charge 1
Comae 1New London Laboratory
iCmmander 1 Naval Underwater Systems Center

•Naval Air Systems Command New London, Conn. 06320Naval Air Systems Command Attn: Code 31 1

Headquarters Code 312 1
Washington, D.C. 20361 Code 542 1
Attn: NAIR-370 1



Commander 1 Johns Hopkins University
Naval Ocean Systems Center Applied Physics Laboratory
San Diego, Calif. 92152 Johns Hopkins Road
Attn: Code 5301 1 Laurel, Md. 20810

Code 724 1 Attn: H. L. May 1
Code 7243 1 G. L. Smith 1

Commander Scripps Inst. of Oceanography
Naval Air Development Center Marine Physical Laboratory
Warminster, Pa. 18974 San Diegc, Calif. 92152
Attn: Code 303 1 Attn: Dr. V. C. Anderson 1

Code 3032 1
University of Texas

Comanding Officer 1 Applied Research Laboratories
Naval Coastal Systems Laboratory P.O. Box 8029
Panama City, Fla. 32407 Austin, Tex. 78712

Attn: G. E. Ellis 1
Officer in Charge 1 Dr. L. D. Hampton 1
White Oak Laboratory Dr. K. E. Hawker 1
Naval Surface Weapons Center
Silver Spring, Md. 20910 University of Washington

Applied Physics Laboratory
Officer in Charge Carderock Lab. 1 1013 NE Fortieth Street
David W. Taylor Naval Ship Res Seattle, Wash. 98195
& Development Center

Bethesda, Md. 20084 Woods Hole Oceanographic Inst.
Woods Hole, Mass. 02543

Superintendent Attn: Dr. E. E. Hays 2
Naval Postgraduate School
Monterey, Calif. 93940 Analysis and Technology, Inc.
Attn: Library 1 Route 2

North Stoniiigton, Conn. 06359
Comanding Officer 1 Attn: S. Elam
Naval Environmental Prediction

Research Facility B-K Dynamics
Monterey, Calif. 93940 15825 Shady Grove Road

Rockville, Md. 20850
Chief Def. Res. Eat. Pacific 1 Attn: P. G. Bernard

Fleet Mail Office
V. Canadian Forces Base Bell Telephone Laboratories

Victoria, B.C. VOS 180 1 Whippany Road
Canada Whippany, N.J. 07981

2. Attn: Dr. J. Goldman 1
Chief Def. Res. Est. Atlantic Dr. L. Fretwell 1
P.O. Box 1012
Dartmouth, Nova Scotia B2Y 3Z7 Daniel Analytical Services Corp.
Canada 16821 Buccaneer Lane

Clear Lake City
University of Hawaii 1 Houston, Tex. 77058
Hawaii Institute of Geophysics Attn: E. D. Graham 1
2525 Correa Road
Honolulu, Hawaii 96822 Daniel H. Wagner Associates 1

C Station Square One
Paoli, Pa. 19301

." O WN "



Daubin Systems Corp. Tracor, Inc.
104 Crandon Boulevard 1601 Research Boulevard
Suite 315 Rockville, Md. 20850
Key Biscayne, Fla. 33149 Attn: J. T. Gottwald 1
Attn: Dr. S. C. Daubin 1 Dr. A. F. Whittenborn 1

Ocean Data Systems, Inc. TRW Systems Group
6000 Executive Boulevard 7600 Colshire Drive
Rockville, Md. 20852 Mclean, Va. 22101
Attn: G. V. Jacobs 1 Attn: R. T. Brown I

Dr. E. Morenoff 1 I. B. Gereben 1
J. H. Locklin 1

Underwater Systems, Inc.

Ocean Data Systems, Inc. 1 8121 Georgia Avenue
2400 Garden Road Silver Spring, Md. 20910
Monterey, Calif. 93940 Attn: Dr. M. S. Weinstein

Ocean Data Systems, Inc. 1 Western Electric Company
3581 Kenyon St. P.O. Box 25000
San Diego, Calif. 92110 Greensborough, N.C. 27420

Attn: R. H. Harris (54GC 174000) 1
Operations Research, Inc.
1400 Spring Street Xonics, Inc. 1
Silver Springs, Md. 20910 6837 Hayvenhurst Avenue
Attn: Dr. J. I. Bowen 1 Van Nuys, Calif. 91406

Planning Systems Inc. Naval Equipment Training
7900 Westpark Drive Center
Suite 600 Orlando, Fla. 32813
Mclean, Va. 22101 Attn: W. J. Curran 1
Attn: R. Klinkner 1

* Dr. L. P. Solomon 1 Defense Documentation Center 1
Cameron Station

Purvis Systems, Inc. Alexandria, Va. 22314
3420 Kenyon St., Suite 130
San Diego, Calif. 92110
Attn: T. J. Fitzgerald

Science Applications, Inc.
8400 Westpark Drive
Mclean, Va. 22101
Attn: Dr. J. S. Hanna 1 0

C. W. Spof ford 1

Science Applications, Inc.
1200 Prospect Ave.
La Jolla, Calif. 92038
Attn: F. J. Ryan

- . , . ... ... '.




