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The Effects of the Variations of Oceanographic Environments
on Propagation Loss in the East Coast Sea off Pohang, Korea
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ABSTRACTS

Introducing a numerical scheme based on the parabolic equation, which can handle range-dependent environments,
the effects on propagation loss due to the vanations of sound velocity strctures, source depths, and source frequencies
were examined in the east coast sea off Pohang, Korea,

The distributions of propagation lass greatly vaned according to the sound velocity structures and there were 25~4
odB differences in loss with the two pairs of mixed layer-stratified layer, and mixed layer-thermal front. For the horiz
ontally stratified structures, sound propagations were very large in range regardless of the variations of source depths,
But there were very large differences in loss, as much as 15~30dB, due to the variations of source frequency in the

same velocity structures,
Consequently, in the east coast sea off Pohang, the distributions of propagation loss may be much influenced due

to the temporal-spatial variations of sound velocity structures with specific frequency. And once velocity structures
» are given, they may be much influenced due to frequency variations too, which implies optimum frequency to be

determined in range-dependent environments,
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I. Introduction

Detecting targets in water by SONAR(Sound
Navigation And Ranging) requires information
about the media as well as parameters of SONAR
and target. SONAR parameters are source leve),
self noise level, receiving directivity index and
detection threshold, Target parameters are target
strength and target source level. These parameters
of SONAR and trargets, once designed and prod-
uced, may be assumed to be fixed values, On the
contrary, environmental factors such as propagation
loss, reverberation level, ambient noise level are
variables in space and time demain

Among these environmental factors, propagation
toss is critical to the performance and effectiveness
of submarine and surface-ship SONAR systems.
Propagation loss quantitatively describes the wea-
kening of sound between a point at unit distance
from the source and a point at a distance in the
sea, More specifically, if [, is the intensity at the
reference point and I, is intensity at a distant
point, then the propagation loss between the source
and distant point is 10 log(L, /I,) (Urick, 1983).

Propagation loss may be influenced by environ-
mental factors such as water depth, bottom top-
ography, geophysical properties of sediments, sound
velocity profiles in water and sediments, various
scatterers, and sea surface states, Water depth
determines sound propagation patterns, In deep
water, scattering caused by reflection on the sea
surface and refraction in the water are dominant.
In shallow water, however, absorption due to
bottorn bouncing becomes more important { Jensen,
1988}

Sea bottom which does not vary itself in small
time scale, exerts many influences on the propa-
gation loss by absorbing sound energy. Especially

when sea bottom greatly varies in range, sound

energy recorded in receiver may largely fluctuate
in time(Tolstoy, 1966). Sound - velocity profiles,
density and other geophysical properties in the
water and sediments determine the rates of refr-
action and absorption. Scatterers in the sea are
important sources of loss in high frequencies (
Jensen and Tindle, 1987).

The South Sea of Korea forms the shallow sea
which has moderately flat bottom topography and
some studies were carried out in this area(Na, 1
987, 1988). Na(1988) showed that thermal front
over the shallow seas during winter season provides
very unique acoustic media so that wave equation
is easily seperable and the solutions turn out to
be very simple, He assumed the sound wvelocity
io be range-dependent given by C*~(pr+q)7,
which is resonable for thermal fronts in this area,
and found that the radial component of sound field
could be expressed in Bessel functions. Na(1987)
considered the range-dependent environments on
propagation loss in the Korea étraks in winter,
He showed that the adiabatic coupled mode model
{ADIAB) may be applicable to shallow water
environments when higher modes are attenuated
due to bottom interaction effects.

In the Southeast Sea of Korea including east
coast sea off Pohang, many water masses exst
such as Tsushima Warm Current Water, North
Korean Cold Water and East Sea Proper Water
(Kim and Kim, 1983). They often form the stro-
ngly stratified structures(thermocline) as well as
strongly range-dependent structures{front). Hence,
it is expected that the variations of propagation
loss may be largely due to sound velocity structures
in the water, This area also acts as a transient
zone between shallow South Sea(less than 200m
water depth) and deep East Sea(greater than 1
000m water depth), We can also expect large
differnces of propagation loss due to strongly
range-dependent bottom topography. However, we
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have not any sufficient field data to verify the
propagation loss changes in this area.

This study will examine the variations of prop-
agation loss due to the change of sound velocity
structures in the water layer with real bottom
topography, attenuation, and densities. The sound
velocity structures under consideration are mixed
layer-, stratified layer-, and thermal front-struct-
ures, This study also deals with the variations of
propagation loss due to the change of source depths
and source frequencies.

To calculate the propagation loss, we used a
numerical scheme based on parabolic equation(PE).
Tappert(1977} -introduced the PE approximation
method which decomposes the elliptic wave equ-
ation into two equations through the choice of an

arbitrary seperation constant. PE approximation

includes both diffraction and mode-coupling effects. "

PE’s main theoretical limitation is such that it is
restricted to horizontal ray having angles 15~40
° (Tappert, 1977: Claerbout, 1970). But PE is an
approporiate approximation for the problems of long
range and low frequency sound propagation since
the rays having small grazing angles are dominant
in that condition, Therefore, PE approximation is
reasonable to examine the propagation loss problems
'in the east coast sea off Pohang where sound
velocity structures vary severely in space with

variable bottom topography.

II. Parabolic Equation{PE) Approximation

Sound propagation in the sea for a harmonic
point source is governed by the reduced wave
equation, a homogenecus Helmholtz equation,

VP +kn*P=0 (1)
where k; : reference wave number (w /C,),
C, : reference sound speed,

n=n(X) : refraction index(C, / C(;{.’) )

P=P(X) : sound pressure,
C=C({X) : sound speed,
w=2rf ; angular frequency.

We consider a two-dimensional wave equation,
since the effects of horizontal (azimuthal) variat-
wons of sound velocity profile are usually small(
Munk, 1980). Expressing wave equation in cylin-
drical coordinates, equation(l) takes the form

#P 1 P FP -
o2 T op ToE ThP=0

(2)

where P and n are functions of horizontal range
r and depth z,

We express P(r,z)=U(r,z) V{(r), where V(r}
is strongly dependent on r, while U(rz) is only
weakly dependent on r. Substituting P{r,z) into
equation{2), we obtain the following two equations,

&V 1 dv _ (3)
dr ¢ ar tV=0,

U | FU 1 2 VvV U

et e

ke (n*~1)U={. (4)

The solution of equation(3) for an out-going wave
is given by zeroth order Hankel function of the
first kind. Applying the far-field approximation
(kor)1), we obtain the followiqg range-dependent

solution,

2
kot

(5)

Viry={—2— 1 exp[i (korwf)]

where i=/—1 .

Substituting(5) into(4), we have

2u AU U
9r2+a.zz+3-koar+ko

(n*—1) U=(
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Expressing this equation in the operator form,
we obtain two kinds of waves, in-and out-going

waves as following.
B ma r D s g AT (6)
[31r +ike—=1{Q)"*] [ar Fik,+1(Q)*JU=0
where Qekg 4k (nt—1)+ 2
. oz

If we consider only the out-going wave, we

obtain from the above equation,

[-2- +ik—i(Q)**) U=0.

Substituting (Q)"*=k, {%— ], and q=-2

we find that

v A+Bg (7)
=ik, [ C+Dq 1JU.

According to the selection of coefficients A, B,
C, and D, it corresponds to the PEs of Tappert
(1977) or Claerbout{1970). In this study, A=1.0
, B=0.75, C=1.0, and D=0.25 were chosen, which
is valid for the ray angles of 40° from horizontal,

The associated boundary conditions(Fig.1} to

find sound pressure P(r,z) are as followings.

MEDIUM L

MEDIUM 2
r G

Fig i Schematic figure for the approximation and irregular
interfaces,

i) Sound pressures are continuous at the int-
erface, or that
Pir,Ze)=P.(r, Zp).

ii ) Normal component of particle velocity is
continuous at the interface, or that

o iz, =, 2

| Zg.

iii} Sea surface is pressure released, or that P
{r,0)=0.
According to Dosso and Chapman{1986), modeled

results using a wide-angle PE method in realistic
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Sediments
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Fig. 2. Comnparison of parabolic equation model results with
measured propagation loss values {closed circles)
for frequencies of 25, 200, and 400Hz over the
continental slope'off the Canadian west coast. Upper
figure shows the geoacoustic data of sea bottom
used in modelling (after Dosso and Chanpman, 19
86).
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environments showed 3 good agreement with
measured data over the continental slope off the
Canadian west coast{Fig. 2}.

M. Input data

In this study, real environmental data such as
sound velocity, sediment density, and attenuation

profiles are used at 5 locations(Fig.3).

138

EAST SEA |37

123 4 5
se® O o 36
0 50 100KM
T
j - 35N
128 129 130 131 132E

Fig. 3. Locations of the sound velocity data for the caku-
lations of propagation loss,

To examine the effects on propagation loss due
to the change of sound velocity structures, we
choose the three different types of structures such

‘as‘ 1) mixed layer(Fig.4{a}), 2) horizontally stra-
tified layer(Fig.4(b)), 3) strong thermal front(Fig.
4(c)). It is noticeable that Fig.d4{c) shaws the
mixed velocity structures of thermal front and
strong stratified layer. The dashed lines in the
figures denote the SOFAR(Sound Fixing And
Ranging) channels where sound velocities are
minimum. The SOFAR channels are formed at
depth of 250~300m in winter and 350~400m in
summer,

Fig. 5 schematically shows other geoacoustic
data. Horizontal range is about 108Km, and sea
bottorn slopes are within the range of (0.2°~25°.

We assumed the attenuation in water and in

[T

500
(c)

Fig. 4. Vertical contour of sound velocity showing mixed
layer(1989. 3.27-3.28, Agency for Defence Develop-
ment) (a), stratified layer (1989. 7.2, Agency for
Defence Development) (b), and thermal front i1
987.2.16. Fisheries Research and Development
Agency) (c¢).
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Fig. 5. Geoacoustic data for the cakulations of propagation loss.

sediment to be 0.0 and 0.5 dB/m /KHz, respec-
tively. Attenuation in water is negligible for low
frequency(less than 500 Hz). In sediment layer,
we assumed the uniform layer depth 200m, linear
gradients of sound velocity (1549 to 1780m / sec),
and density{152 to 1.80 g /Cm?®),

We also considered the effects of the changes
of source depths and frequencies on propagation
loss distributions in stratified layer structures(Fig.
4(b). Table.l summarizes the combinations of
-source depths and frequencies,

Grid size for the calculation of propagation loss
is 20X20m in horizontat and vertical direction,

Table 1. Source depth and source frequency combinations

for 3 cases.

Cases Source Depth(m ) |Source Freq.(Hz)
Effects of Velocity 100 156
Structure Variation
Effects of Source 100, 200, 400 156
Depth Variation
Effects of Source 100 90, 156, 400
Frequency Variation

V. Results and discussions

4.) Effects of sound velocity structures

Fig.6 shows the distributions of propagation loss
in three different sound velocity structures{Fig.
4(a), (b), {c)).

Fig.6(a) is the numerical results on mixed layer
in winter(Fig.4(a)). We can see that sound prop-
agates well with the loss of less than 95 dB up
to 90 Km range and builds up the series of sha-
dow zones at ranges 20, 37. 54, and 68Km. The
intervals of shadow zones are 14~20Km and
become shorter with increasing range due to up-
slope bottom condition, It is clearly shown that
sound energy penetrates into the sea bottom and
results in absorption loss. The up-slope bottom
problem has been treated for the simple case of
a rigid bottom(Graves etal, 1975). It was found
the approximate solution based on adiabatic mede
theory agreed well with the exact solutions for
the gradua! bottom slopes. Jensen and Kuperman
(1980) has considered the same problems for a
physically realistic and penetrable bottom, which
can not be handled by the adiabatic mode theory,
They showed that energy conversion takes place

form discrete to continuous mode spectrum and
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this results in absorption loss in a penetrable bot-
tom,

Fig.6{b) is the results on strongly stratified layer
in summer(Fig.4{b)). It is clear that horizontal
ranges where sound propagates well with the loss
of less than 95 dB decreases in about 32 Km
compared with 90 Km for the mixed layer. Mor-
eover, sound energy very markedly. leaks out of
the ducts The amounts of leakaging in the mixed
layer propagation may be conceived as being due
to two cases. One is the scattering of sound out
of the layer by the rough sea surface, a mechan-
ism that is the source of the sound field below
the mixed layer duct., The other has been calied
transverse diffusion out of the mixed layer(Brek-
hovskikh, 1955), and depends on the sharpness
of the discontinuity between the layer and therm-
ocline below, From an extensive series of measured

data of the losses associated with the mixed layer

data, Schulkin(1967) found that Jeakage coefficient
may be expressed in empirical formula as a fun-
ction of sea state, source frequency, and layer
depth, Layer depth contributes as inverse square
root to the leakage coefficient. Layer depths in
winter and summer profiles amount to about 100
m'and 10m, respectively, in our problern, Therfore,
leakaging coefficient may be /10 (=3.2) times
lérger in summer than in winter assuming other
factors remain the same.

Fig.6{c} shows the distributions of propagation
loss on front(Fig.4{c)). There is a strong horizontal
velocity gradient between 40~45Km from onshore
caused by the thermal front. The leakaging of
sound energy begins at 5Km from the source depth
of 300m, and is much stronger than two previous
cases, Thus, propagation loss increases very largely
in range. These large losses may be resulted from
the two mixtures of mechanisms involved in the
structures(Fig.4(c)}, that is, thermal front and
stratified layer,
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Fig. 7. Comparisons of propagation loss by.the changes of
sound velocity profiles (three profiles in Fig. 4) with
source frequency 156Hz, surce depth 100m. ML,
SL, FR, SS denote the mixed layer, stratified layer,
front and spherical spreading loss repectively.

To examine the fluctuations of propagation loss
by three velocity structures, we chose the receiver
depths of 40, 200, 400m (Fig.7). In each figure,
ML, SL, FR, and SS mean the mixed layer, str-
atified layer, front, and spherically spreading loss,
respectively. SS curves are inserted for the sake
of references. At the receiver depth(RD) of 40m,
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(a)

(b}

(c)

Ag. 6. Distributions of propagation loss in sound velocity profiles of mixed layer(a), stratified
layer{b), and front(c} with scurce frequency 156Hz, source depth 100M.
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Fig. 8. Distributions of propagation loss in sound velocity
profile of stratified layer(Fig, 5(b)) with source
frequency 156Hz, source depth 400M.

Fig. 10. Distributions of propagation loss in sound velocity
profile of stratified layer (Fig5 (b)) with source
frequency 400Hz, Source depth 100M.
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three curves agree welt with SS curve out to 2Km,
indicating spherically spreading characteristics in
this region. There are no considerable differences
between ML and SL out to 30Km range and SL
mncreases as much as 35 dB as compared with ML,
Meanwhile, FR curves increase continuousty from
10Km as compared with other two curves{ML,
SL}, and differences with ML reach 45 dB at the
range of 35Km. At the receiver depth of 100m,
appearances are simiiar to the case of receiver
depth 40m. FR curve is 20~45dB greater than
ML, SL. Hence, we can see that the changes of
sound velocity structures may cause severe varia-
tions of propagation loss amounts to 45 dB within

100Km range.

4.2 Effects of source depths

To examine the effects of source depths on the
propagation loss, we used three source depths of
100, 200, and 400m in stratified velocity structures.
Fig.g shows the distributions of propagation loss
with source frequency 156Hz, and source depth
400m. There are no significant changes in the case
of source depth of 100m(Fig6(b)), except that
diffusion of sound energy seems to be dominant
below the 400m depth rather than strong ieakaging.

At the receiver depths of 40 and 400m, propa-
gation losses reveal small changes for the three
source depths(Fig.9). But propagation losses in all
cases are about 20 dB greater than sphencally
spreading loss. Namely, if water mass is strongly
stratified, sound propagation loss may be very large

in range regardless of the source depths.

4.3 Effects of souce frequencies

To examine the effects of source frequencies
on the propagation loss, we used three source
frequencies of 50, 156, 400Hz in stratified layer
of sound velacity structure (Fig.d{b}}.

Distributions of propagation loss with source
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Fig. 9. Comparisons of propagation loss by the changes ot
source depths of 100, 200, 400m with source freq-
uency 156 Hz.

frequency 400 Hz(Fig.10) differ from the cases
for source frequency 156 Hz(Fig.6(b)) in some
degrees, Namely, in the upper layer(800m depth).
sound propagates well through whole ranges,
Fig,11 shows the fluctuations of propagation loss
in range with three different source frequencies,
At the receiver depth 200m, there are no great
differencies among three curves out to about 32
Km. After that range, however, curves for 400Hz
becomes as much as 15~30dB less than those
for 50 and 156Hz. We can also see that the curve
for 400 Hz oscillates in range very regr;llary. Gen-
erally, for a mixed layer of a given thickness, it
follows that there is an optimum frequency, at
which the leakage of sound out to the layer is

the minimum.
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V. Conciusion

To examine the effects of velocity structures,
source depths, and source frequencies on propag-
ation loss, we introduced a numerical scheme based
on PE theory. Sound velacity structures used for
the calculations of propagation loss are three dif-
ferent ones{mixed layer, stratified layer and front),

which are often the cases in the east coast sea
off Pohang. From this study, we could draw the
following resuits. ‘

1} The distributions of propagation loss greatly
vary due to the change of sound velocity structures
and may be as large as 25~40dB within 100Km
range,

2) For the horizontally stratified water, sound
propagations are very large in range regardless of
source depths.

3) For the horizontally stratified water, propag-
atton losses vary very much(15~30dB) due to the
change of source frequencies within 100Km range.

Consequently, in the east coast sea off Pohang,
propagation losses greatly vary in space and in
time due to the change of sound velocity struct:
ures. And once velocity strctures are given, they
may be much influenced due to the frequency
variations too, which implies optimum frequency

to be determined in range-dependent environments.
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