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ABSTRACT

The theory of storm surges along a straight coast in case of a continuously stratified sea of

constant depth is considered.

The stratification is shown to have no appreciable effect on the surge at the coast, which there-
fore is mainly a barotropic response. The internal response at the coast which depends strongly
on stratification is found to be extremely sensitive to how the turbulent stress depends on depth.
Moreover, it is argued that in relatively deep water the internal response is substantially influ-
enced by bottom friction, whereas the storm surge is not. A solution based on this assumption is

presented.

1. Introduction

Storm surges along a straight coast are
generated when longshore winds with the coast to
the right (Northern Hemisphere) forces -water
towards the coast (Ekman, 1905). For a review see
Welander (1961), Heaps (1965) and Bretschneider
(1967). .

The aim of the present study is to discuss the
influence of stratification and bottom friction on the
storm surge. The ocean model applied is one- with
constant depth and continuous horizontal stratifi-
cation. By application of Fourier series or Fourier
integrals, the response in such a model to wind and
pressure forces was studied by Tomczak, Jr. (1967)
and Magaard (1971) for a horizontal unbounded
ocean. The method adopted in the present study is
to separate off the horizontal and vertical
variations by means of the standard normal modes
method (Lighthill, 1969a). This method was used
by Mork (1968, 1972) to study the response of a
horizontally unbounded, continuously stratified sea
to atmospheric forces, by Lighthill (1969b) to
study the response of the Indian Ocean to the onset
of the south west monsoon and by Csanady (1972)
to study the response of large lakes to wind.
Finally, Gill and Clarke (1974) employed the tech-
nique to discuss the coastal upwelling problem. In
many respects the theory of storm surges paraliels
that of upwelling, which is the corresponding
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internal response. The presentation of the method
given in Section 2, which closely follows that of Gill
and Clarke (1974), is therefore only a brief outline.

An investigation of the influence of a continuous
stratification on the surface displacement at the
coast due to the passage of a single storm seems to
be missing. This is the main theme of Section 3.

The objective of Section 4 is.to study the effect
of bottom friction on the surface displacement due
to the passage of the storm. To this end a modified
set of equations are adopted from Mork (1972). In
relatively deep coastal waters it is argued that the
friction terms are negligible in the barotropic mode
equations but that they totally override the local
accelerations (i.e. the /0t terms) in the baroclinic
mode equations. A system of equations based on
this argument is developed. The equations are
solved to give the displacement of isopycnals at all
depths at the coast.

The results of Sections 3 and 4 indicate that
neither stratification nor bottom friction are impor-
tant factors in the determination of the storm surge,
except possibly for storms of unusual ilong
duration. It should be emphasized that these
conclusions are based on an ocean model where the
depth is great compared to some frictional depth.
The conclusions may therefore not hold for
“shallow” coastal waters, where this ratio is of
order one.
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2. Formulation of the problem

Consider a continuously stratified, in-
compressible fluid. The motion will be described
relative to a Cartesian coordinate system which
rotates about the vertical axes with angular velocity
}f. The z axis points vertically upwards and the
origin is in the surface of the initially undisturbed
fluid. The fluid is bounded by the bottom,
z = —H(x,y), and the surface, z = #,(x, y, t), where
7, is initially zero. Moreover, the fluid is bounded
by a straight coast along the x axis, y pointing
seawards. The stratification is horizontally uni-
form so that in the equilibrium state the density
Q(2), and the pressure are functions of depth only.
The surface is exposed to pressure and wind stress
fields which are distributed over a horizontal
domain with large linear dimensions compared to
the depth. This means that the hydrostatic approxi-
mation is justified. The disturbances are assumed to
be sufficiently small for the motion to be described
by linear theory. When the Boussinesq approxi-
mation is used, the governing equations correspond
to those of Gill and Clarke (1974).

The equations will be solved by division into
normal modes (Lighthill, 1969a). The aim of this
method is to separate off the horizontal and vertical
variations in order to obtain equations in two
dimensions only. To this end the variables are
expanded as follows

Vom0 = 3 v (% 0 D), @1
n=0
Mgz = S 1063, (@) 2.2)

n=0

and

P2 =P t) + Q)5 Py (53, L.
n=0

(2.3)

Here v is the horizontal part of the velocity, 7 the
displacement of isopycnals from their equilibrium
position (1, = n(z = 0)), p the perturbation
pressure and p, the surface pressure anomaly. The
eigenfunctions, #,(z), are solutions of the eigen-
value problem
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n

z2=0, (2.5)

1,=0; z=-H. (2.6)

Here, p, and 7, are proportional, the factor of
proportionality being the eigenvalue, c,, squared,
i.e.

Pp= cr%”n' (27)
N3(2) is the Viisdld—Brunt frequency defined by
d
ni—_£9 28)
Q, dz

and g is the gravitational acceleration. Q, is the
surface value of the equilibrium density. The eigen-
functions, which are orthogonal, may conveniently

be normalized as follows
[.917'(2)1%dz = H. .9)

With these definitions, the equations for the modes
take the form (cf. Gill and Clarke, 1974),

ov

a.t" + fkxv,=—c2Vy, + 1, (2.10)
\ Ol 0 Q.11
v, + =0. .

"ot
Here, t,, is given by
1.(0) 1 J‘o ot
Tn:— Vs-{- — ! d’ 2.12
0.1 P gH ) e M 21D

and represents the forcing. t is the tangential stress
due to turbuience acting between horizontal planes
whose value at the surface, 1, is the prescribed
wind stress.

In order to solve egs. (2.10) and (2.11) a know-
ledge of the variation of t with depth is required, or,
if the stress is put proportional to the gradient of
the horizontal velocity, v, through an eddy vis-
cosity coefficient, the variation with depth of this
coefficient is required.

Furthermore, for application purposes the eigen-
functions and eigenvalues and hence the stratifica-
tion must be known. A discussion of the eigen-
functions and eigenvalues associated with the
chosen stratification of Section 3 may be found in
the Appendix.

The solution to eqgs. (2.10) and (2.11) is subject

to the condition at the coast
v,=0; y=0.

(2.13)
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Far offshore the displacements have to be bounded
or

In,! < oo; y— oo, (2.14)
The initial conditions are
7,=0 and v,=0; t=0. (2.15)

3. Application to the passage of a single
storm

In order to be able to disclose the effects of
stratification on the storm surge, it is preferable to
compare directly with the solution of a homo-
geneous model. For this purpose the model by
Gjevik and Roed (1976) (hereafter referred to as
GR) will do. The forcing is therefore chosen as a
moving storm with no pressure fluctuations, viz.,

3.1

The tangential stress, 1(z), may be represented by

T, = QT e nx-wij, D, = const.

1= Q,T(2)e~*{x—wh?j (3.2)
where
0)=r1,. (33

u is the propagation speed of the storm, and x—'/2
measures the horizontal extent of the storm, i.e.
small values of x correspond to wind fields of large
extent. Invoking eq. (2.12), the forcing function, t,,
may be written

T, = T,e " xmw0j (3.4
where

1 o 07,
T, = T f—ug n;fz)dz. 3.5

With this definition egs. (2.10) and (2.11) corres-
pond to eq. (3.1) of GR subject to corresponding
boundary and initial conditions. Thus, if the
horizontal extent of the wind field, represented by
k™12, is greater than or equal to the barotropic
radius of deformation, c,/f, the solution to egs.
(2.10) and (2.11) in terms of the displacement of
each mode, 7,, at the coast may to a good
approximation be written (cf. GR eq. (17))

T, (7 ¢,

n,= i—z [erf \/E(x — uyt)
cIN K ¢, —u,

—erf\/x(x — ¢, O)];

y=0. (3.6)
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Fig. 1. The density (in terms of o,) and stress distri-
bution employed in Section 3.

af \/t_cco/f < 1, then according to appendix
V/xe,/f < 1 for n > 1) In order to be able to
compare with the specific homogeneous model in
GR, the area of application will be the western
coast of Norway during fall situations. Based on
observations from several cruises along the Norwe-
gian coast, the following stratification model is
chosen (Fig. 1). A well-mixed layer of thickness A,
= 10 m and with uniform density overlies a pycno-
cline layer of thickness k, — ki, = 40 m, in which
the density increases linearly with depth from the
surface value, @, = 1.0252 g/cm>, to the value Q,
= 1.0275 g/cm® which is the constant density
value throughout the deep bottom layer.

The variation of the tangential stress, t(z), with
depth is more difficult to ascertain, mostly due to
the turbulent character of the motion. Three models
will be considered (Fig. 1):

(1) A stress which decreases linearly from its
surface value to zero at the bottom of the well-
mixed layer.

(2) A stress which falls off linearly from its surface
value to zero at the bottom of the pycnocline
layer.

(3) A stress which is constant and equal the
surface value throughout the well-mixed layer
and subsequently decays linearly to zero at the
bottom of the pycnocline layer.

Tellus 31 (1979), 4
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The first model is one suggested and applied by
Gill and Clarke (1974) and also by Csanady
(1972) in his model of the Great Lakes. The second
roughly corresponds to that applied in two-layer
models such as those of Charney (1955) and
Veronis and Stommel (1956). The third may be
attributed to the commonplace representation of
the stress,

av

‘t(Z) =u E s (37)

where the eddy viscosity coefficient, 1, might be but
inversely proportional to the density gradient or,

QZ
dQ/dz’

u==4 3.8

Such a stress model has been used by Fjeldstad
(1964) in a theoretical study of the frictional
damping of free internal waves and later by Mork
(1968, 1972). In the well-mixed layer the density is
uniform, so u - co. In order to have a finite stress,
the velocity according to eq. (3.7) has to be
constant throughout this layer. Hence, also the
stress may be chosen to be constant in this layer.
Within the pycnocline the representation eq. (3.7)
predicts the stress to be some function of depth and
to be constant again in the deep layer, which due to
the small level of turbulence may be put equal to
zero, except, perhaps, near the bottom (bottom
friction). The three stress models are conveniently
condensed in the expression

z
1+ y—; —h,<z<0
hl
@=1{ Q-p-2t L czcon
=1 - ; - z<—
HWZ s ¥ h,—h, 2 1
0; —H<z<-—h,
3.9

Model (1), (2) and (3) then corresponds to y =1, y
=h,/h, (= 0.2) and y = 0, respectively. Substitut-
ing the expression for 7(z), eq. (3.9), in eq. (3.5) it
follows by invoking expression (A.2) for the
eigenfunctions that

e 5,()
T, = f,—— ,
gH 1,(0)

(3.10)
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where

o
sn(7)=g”c"2( ){yn;(o)

n

1-—
h—h

P [Ba—h) — - hz)]) (3.11)
Thus from eqgs. (2.7) and (3.6) the following
expression for the displacement at the coast is
obtained:

f Z CuSa(N(2)
"2 8H (¢, — ue)71,,(0)
X [erf\/i_c(x —ugt)— erf\/l‘c(x —c,b)] (3.12)

In Table 1 are listed values of ¢, and s,(y) for the
three stress models pertaining to the first six modes.

The solution eq. (3.12) is purely formal unless
the series can be truncated after a moderate
number of terms. From Appendix follows that
cS.(M/(c, — wu,) dies off as n% whereas
1,(2)/1,(0) grows as n? unless z is zero. Hence,
supported by the values listed in Table 1, a very
good approximation to the storm surge, 7, = #
(z=0), is obtained with a truncation after 6—7
terms. However, the solution for the internal
displacement (z + 0) is purely formal.

Fig. 2 demonstrates both the homogeneous surge
(eq. (3.12) with ¢, = \/gH 6,,, 5,(y) = 8,, and z =
0) and the surges in case of stratification for the
three different stress models, respectively, cal-
culated from the first 7 modes. The zeroth baro-
tropic mode are in all three cases indistinguishable
from the homogeneous surge. The baroclinic
modes for which the first is the most dominant (cf.
Table 1) provide a slight amplification of the
maximum surge (within 5-10%). There is no time
lag between the maxima. For ff > 5 a non-
vanishing surge is left in the stratified cases, which
contrasts the concomitant homogeneous surge
which rapidly tends to zero.

A main shortcoming of the present model so far
is the neglect of bottom friction. In spite of this the
effect of stratification on the storm surge is small.
Obviously the inclusion of bottom friction will tend
to reduce the surge. Especially as will be argued,
this is true for the baroclinic modes. Thus the
conclusion is that stratification effects on storm
surges do not seem to be appreciable and for
prediction purposes, therefore, homogeneous

‘models will do. At least it holds true for the present
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Table 1. (H = 250 m, h, = 10 m, h, = 50 m) Eigenvalues c,, and amplitudes s, (y). Note the peak for

s,(y) in the first baroclinic

5,()
cﬂ
Mode n (m/s) y=1 y=02 y=0
Barotropic 0 50.0435 0.9965 0.9945 0.9975
1st baroclinic 1 0.6850 8.4223 30.5128 42784
2nd baroclinic 2 0.2380 5.5210 —13.6181 —3.3333
3rd baroclinic 3 0.1385 2.9825 0.8774 0.1177
4th baroclinic 4 0.0964 1.7112 —0.8754 —0.8895
Sth baroclinic 5 0.0735 1.0743 0.2257 0.0126
basin of depth
L s 11X VAR 2
" ) TE7 g v%—_u, c
A / v ‘Hom. surge (c.t. GR) H, = 4.1)
o e =10 4
o (cf. Csanady, 1972, Lighthill, 1969b). For the

[X3S

Fig. 2. The solid curve shows the surface displacement
at the coast as a function of time (normalized by /') due
to the passage of a single storm, as compiled from Gjevik
and Reed (1976). This corresponds to the solution eq.
(3.12) with ¢, = \/gH J,,, 5,() = 9,, and z = 0. The
broken curves are the corresponding surface displace-
ments as computed from eq. (3:12) for different values of
y and visualize the effect of stratification. The values of
u,, K, etc. correspond to those used by Gjevik and Reed
(1976).

deep ocean model. This point is returned to in
Section 6. The above conclusion is also supported
by the remarkably good agreement between obser-
ved surges and surges estimated from homo-
geneous models both analytically (GR; Heaps,
1965) and numerically (Heaps 1969, 1971).

4. The effect of bottom friction

The form of the modes egs. (2.10) and (2.11)
suggests that the displacement due to each mode
separately corresponds to the surge derivable from
a model with a homogeneous body of water in a

barotropic mode this depth approximates the real
depth (H, ~ H). For the first baroclinic mode this
depth is 5 cm only (cf. Table 1) and for the higher
baroclinics the depths are even smaller.
Gammelsrad et al. (1975) have suggested a
procedure whereby the time scales for the igflu-
ence of the bottom friction in a homogeneous
model may be ascertained. They suggest that the
time scales are proportional to the depth of the
basin, viz.

L . 2nH
frictional time scales ~ ,

where D is some frictional depth (for instance the
Ekman depth). For the barotropic mode this entails
Jt ~ 10-15 depending on the ratio H,/D. For
ocean basins of depth less than D the procedure is
less conclusive, but the author believes that for
depths pertinent to the baroclinic modes bottom
friction is important already after a short elapse of
time, say ft < 1. Thus, in relatively deep coastal
areas scaled on D the effect of bottom friction on
the barotropic mode is negligible, except, perhaps,
for the storms of unusually long duration, whereas
for the baroclinic modes bottom friction has to be
included immediately. This conclusion is supported
by the remarkably large inertial displacements
found by Csanady (1972), which also invalidate
the linear theory assumption already after a short
elapse of time.
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According to Mork (1972), the mode equations
(egs. (2.10) and (2.11)) including bottom friction
read

é
(— + R,,)v,, +fkxv,=—ciVn, + 1,

4.2
ot @2
on,
V. v, + = 0, (43)
ot
where R, is given by
gH
R,= ,1—2 (4 = constant). 4.4)
c

n

Since friction is assumed to be negligible for the
barotropic mode it follows from eq. (4.2) that the
term Ryv, should be small compared to dv,/dt.
However, anticipating friction to be important for
the baroclinic modes, one might infer that

av,
R,yv,>
ot

; n>1, 4.5)

which change the equations governing the baro-
clinic modes to

Ry, +fkxv,=—ciVn, + 1, (4.6)
and
on,
Vv, + =0. @.7
ot

The boundary conditions are given by egs. (2.13)
and (2.14) and the initial conditions are those of eq.
(2.15).

In order to solve egs. (4.6) and (4.7) note that
from these equations an equation for 7, may be
derived, viz.,

ctV?n,—R, o =V.1,; 4.8)
Application of the boundary condition at the coast,

eq. (2.13), yields the condition

on, on,
cl —R,—|=fi-1,; =0.
(fax 3y) Ji ¢

4.9

The baroclinic modes do have variations normal to
the coast greatly in excess of the variation along the
coast (Charney, 1955; Gill and Clarke, 1974 and
others). Hence in the vicinity of the coast egs. (4.8)
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and (4.9) may be approximated by

P 5
@l _ g T _ g, (4.10)
oy? ot
P
R, o= fitg  y=0, @11)
Oy

which is a diffusion equation for the slope normal
to the coast. The solution to eq. (4.10) is well
known. Therefore, the contribution from the baro-
clinic modes, with bottom friction included, to the
displacement at the coast, invoking the stress
distribution of Section 3, may be written

1 0 S s o @)
”baroc—’zg—H ;4g(x, ; gHs,,(y " (z .

where

VeH [x| 2f Ve . oy

Yo /! Z_ —(x—-uot+uof ) g

sen=" Tl 3
VeH

Uy

+

[e—rte—m0? _ e"‘"’]}. (4.13)
Since from eqs. (A.8) and (A.16) the product
cls,(y) dies off as n* as n increases there follows
that the series in eq. (4.12) may be truncated
already after a few terms, 6—7 say. The total
displacement, at the coast, is composed of the baro-
tropic mode as given by eq. (3.12) with n = 0 and
the sum of the baroclinic modes given by eq. (4.12).

In order to visualize the solution consult Fig. 3,
where pycnocline displacements at the coast are
plotted against the time (normalized by f) for
several equilibrium depths. This particular plot has
a value of A such that A = 10-3. Note that in
consequence of eqs. (4.4) and (4.5) the admissible
range for this constant is such that

1073.f<A< 1071, (4.19)

The other parameters such as u,,x, etc., are the
same as those of Fig. 2. The surface displacement,
the storm surge, is so close to the homogeneous
solution that the display is unable to resolve them,
in fact the absolute error is less than 31073, a
result already pointed out in Section 3. This is true
for all admissable values of the constant 4. How-
ever, the internal response as shown by Figs. 3 and
4 varies with the depth and with the chosen value
for A. Fig. 4 shows the variations of the 50 m
pycnocline with A. The other internal isopycnals all
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Fig. 3. The solid curves show, as function of time
normalized by f~, the deviation of density surfaces from
their equilibrium position at the coast. The parameter
values are the same as those of Fig. 2. The frictional
parameter is given the value 4= 10" fand y = 0. Note
the remaining depression of internal isopycnals when the
surge has decayed.

have a similar behaviour. The variation is such that
the smaller the value of A the greater the deviation
from equilibrium. The largest deviation is always
found at the bottom of the pycnocline layer. It is
interesting to note that when the storm has passed
the internal isopycnals are depressed which entails
a downwelling on a time scale much larger than the
storm surge time scale, in accordance with accep-
ted time scales for upwelling events (Gill and
Clarke, 1974).

5. Summary and final remarks

The storm surge in a stratified coastal sea due to
the passage of a single storm has been studied. The
main conclusions arrived at are:

(1) The inclusion of the baroclinic modes has only
minor effect on the storm surge.

L. P, RGED
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Fig. 4. Dependence of deviation of equilibrium density
surfaces on the frictional parameter. Values of (1/f)- 10?
are attached to the curves. Otherwise the parameter
values are those of Fig. 3. The displayed deviation is the
density surface, which in equilibrium corresponds to the
50 m isopycnal. Other density surfaces show the same
behaviour.

(2) Bottom friction seems to have no appreciable
effect on storm surge in relative deep seas
within the lifetime of the surge due to reason-
able storm durations.

(3) The internal response, however, is strongly
influenced both by stratification and by bottom
friction. Moreover, the internal response is
sensitive to the tangential stress dependency on
depth.

For prediction purposes, therefore, the storm
surge is obtained with the sufficient accuracy from
homogeneous models. Furthermore, if the coastal
sea is relatively deep, i.e. the depth scaled on the
Ekman depth is a large number, bottom friction
may be neglected too, except possibly for storms of
unusual long duration, i.e. storms which have not
subsided locally after approximately 1 to 2 days.

However, normally homogeneous models have
the shortcoming that they give no information
about the vertical structure of the motion. (The
vertical structure may be retained in homogeneous
models by a method described in Heaps, 1971.) To
this end stratification must be included and the

Tellus 31 (1979), 4
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question arises how to distribute the tangential
stress. In fact, solutions of the upwelling problems
hinge upon such knowledge. The storm surge might
be a helpful guide in assessing the stress distri-
bution, because it is nearly unaffected by the strati-
fication and might, therefore, be taken as known,
leaving the stress distribution as the primary
unknown.

It should be noted that the above conclusions are
based on an ocean model with constant depth. The
possible interaction between stratification and
bottom topography variations is therefore not
included. There is, however, reason to believe that
this interaction would mainly influence the baro-
clinic response (Mork, 1972). Also, in shallow
water areas, the finite amplitude effect plays a part
in the surge generation, as does the friction. There-
fore, care should be exercised in making any infer-
ences from the present theory in shallow coastal
areas,
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7. Appendix

On account of the density model chosen the
Viisédldi—Brunt frequency, eq. (2.8), is zero in the
well-mixed layer and in the deep bottom layer, and
constant throughout the pycnocline. In order to
find the eigenfunctions, 7,(z), and eigenvalues, ¢,,
one has to solve eq. (2.4) subject to the conditions
(2.5) and (2.6). At the levels z = —h, and z = —h,
describing the bottom of the well-mixed layer and
the pycnocline layer, respectively, the Viisild—
Brunt frequency is discontinuous, which necessi-
tates conditions to be imposed on 7, at these levels.
According to eq. (2.1) and (2.2) the requirement of
continuous velocity and displacement entails con-
tinuity of 7! and 7, Invoking the continuity
requirements eqs. (2.4) and (2.6) yield

1,(2) = a,f,(2), (A1)
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where
- F, \?
C+(—l) ; —6,<¢=<0
‘In
6,4, ( {+ 6,
sin|a, :
f;'(z)=< a, 62_51
{+0
+B,,cos(a,,52_61l\); —0,<{< -9,
L(cos @, + B,sin a,)(1 + ); -1 <{ <-4,

(A2)
Here F, is the internal Froude number
NH
Fi=——x(0,—9 A3
i \/g—H( ,— 00 (A3)
and
P T S (A4)
i Ha = iy & = H o

The a,’s, which by making use of eq. (2.5) are
solutions of the transcendental equation

9,— 9
tgt%.=( - 1)

% F}—(1—52+5,)af,
(6,— 6, + F}(1-68,)— 6,(1-&,)a?
= h(a), (A.5)

are related to the eigenvalues, c,, through the
relation

cn F i
=— (A.6)
vVeH a,
Finally B, is defined by the expression
F 2
B=—— (2] =5, 7%)
62 - 61; a,

The roots of eq. (A.5) may be visualized with the
help of Fig. 5. Here the right-hand side of eq. (A.5),
h(a), is drawn together with tga For increasing
values of n it is seen that a, rapidly approaches
(n — 1)z. Hence a very good approximation for c,
for moderate values of n, n > 5 say, is

NH

Cp ™ m (A.S)

6, - 8)
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Fig. 5. Roots of the transcendental eq. (A.5). Note that
a, - (n— 1) as nincreases.

\\.

Furthermore, the zeroth mode is close to zero,
which entails

L. P. RGED

in accordance with previous investigations. The
amplitudes of the eigenfunctions, a,, are deter-
mined from the normalization condition eq. (2.9)
which leads to the expression

2
(E) =1-—4(6,— 6, (1 — B?)

a,

62 - 61 .
+ [(1—6)B, + (1 — BY)}sin 2a,
4a »

5,— 0
+ [ 2 g, —(1-4,)(1 —B,’,)]sinzq,.
a

(A.12)
The expression (3.11) for s,(y) may now be written
a 2 1—y
s,(N=|— +
(M ( H) (Y a

x [B,(1 —cos a,) + sin a,]}.

(A.13)

For n > § the following approximations may be

1gay ~ d,. (A.9) made
Thus from eq. (A.5) one obtains I )4, (A.14)
F, 2 ! 62 - 61
il A.10
. . (ﬁ)z i (A.19)
where use has been made of the fact that F, < 1. n %~ 9,
Invoking eq. (A.6) it follows that o PJ,— 8,) — (1 — P, [1 + (=1)"] A16)
5, (p) ~ .
co~V/eH @A) TG0 + yn— ypwa
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IITOPMOBBIE BOJIHBI B CTPATUGULINPOBAHHOM MOPE

PaccMmaTpHBaeTca TeOpHUsi LITOPMOBBIX BOJIH BOOJb
NpsAMOJIMHEHHOro Oepera A1 cnydas HenpepbiBHO
CTPaTUPHULIHPOBAHHOTO MOPA NOCTOAHHON [N1yOHHbI.
IToka3zano, uTo cTpatudukaUus HE OKa3blBaeT
3aMETHOTO BIIMAHUA Ha BONHB BONM3u Oepera,
KOTOpbIE, CJIeNOBaTeNbHO, BO3HUKAIOT B OCHOBHOM
u3-3a OGaporponHsix 3ddektos. Haiineno, uto
BHYTPEHHSISI peakuus mops BOnn3m Oepera, CHILHO

Tellus 31 (1979), 4

3aBHUCALLAA OT CTPAaTUHUKALMH, OYE€HDb YYBCTBHTENNbHA
K TOMY, Kak TypOyJeHTHOE HanpsiXeHHe 3aBHCHT OT
rnyounsl. Bonee TOro, mpuBoasTCs aprymeHThHl B
NnoJib3y TOTO, YTO B OTHOCHTE/NLHO INyGOKMX BOAax
BHYTDEHHSS PeaKklUHs CYLIECTBEHHO 3aBUCHT OT
NMPUAOHHOTO TPEHHA, B TO BpPEMS KAaK LUTOPMOBHIE
BOJIHBI OT Hero He 3aBucAT. IlpencrTaBneno pelenue,
OCHOBAaHHOE Ha 3TOM TIPEANONOXEHHH.



