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INTRODUCTION

Despite a number of valuable contributions by
many predecessors, namely F. P. Shepard (Ref. 1)
and G. H. Keulegan (Ref. 2), our knowledge regard-
ing the effect of a longshore bar on the sedimentary
process of a coast has long remained a plausible,
qualitative understanding that a longshore bar con-
stitutes a zone of active migration of bottom deposit
due to aglitation of breakers and currents. This was
probably due mainly to the difficulty of performing
an accurate hydrographic survey near the breaker
zone, On the other hand, the geometrical characteri-
stics along a single bar profile, which was sounded
off either from a stable pier (Ref. 1) or a suspended
cable (Ref. 3) resulted in a hopeless scatter.

An aerlal photograph, L1f taken under favorable
conditions, may show an interesting plcture of sub-
merged topographies in a distinct contrast made by
the bright tone of a shallow bar crest or a shoal,
against the dark background of a desp trough or a
rock bottom. By comparing such photographic records
with convenlent soundings derived from some of the
Jaranese coasts, an interesting topographical feature
of a longshore bar has been disclosed. A longshore
bar may attain a rhythmic pattern consisting of eche-
lons of arcuate (or lunate) bar unit, which in entire
appearance strongly resembles that of a honsycomb.

It has also been discovered that a rhythmic bar
pattern is correlated with other important factors
elther dynamic or static, which participate in the
general processes of a coast, namely the shoreline
configuration, the shoreface slope and deposit, the
topographies on the offshore bottom, transformation of
incident waves, the longshore currents and the littoral
drifts. The authors have further attempted to develop
a hypothetical concept on the origin of littoral rhy-
thms as well as the behaviors of alongshore movement
of sediment, and to consider their engineering impli-

248



RHYTHMIC PATTERN OF LONGSHORE BARS
RELATED TO SEDIMENT CHARACTERISTICS

catlons on the basis of such findings.

Al though our success which has been achleved so
far is yet incomplete due to lack of available data,
it is believed that the approach and concept as pro-
posed in the present paper may suggest an encouraging
line of research toward formulating a unlfied macro-
scopic view on the mechanics of the littoral process.

LONGSHORE BAR PATTERNS
RHYTHMIC BAR PATTERNS

Flgs. 1 - 5 show reproduction from aeriel photo-
graphs which were taken over the Japanese coastsa. An
outstanding feature which 1s common to these plctures
1s that the crests constitute an assembly of arcuate
units which are arranged in successive echelons of
different spacings depending upon the distance from
the shoreline. These places, equally located very
close to a river mouth, are known for predominant action
of littoral drift along the shoreline, It is recog-
nized that the farther offshore, the longer the spacing
of an arcuate unit tends to become. The bar echelons
are not completely separated from each other. The feet
of the outer units Joln those of the inner ones produc-
ing & wide shoal there due to broadening out of the
bar crests. This shoal extends toward inshore, frequen-
tly at oblique angles, as far as the shoreline, where
again the feet of the innermost bars Jjoin the interior
topography, the shoreline. We notice a remarkable fea-
ture that where the bar group of the innermost echelon
is merged with the shoreline there exists a slight out-
ward projection of the beach.

Thus, a beach which 1s confronted with a rhythimic
bar system 18 usually marked by & series of an orderly
indentation having the inter-apex spacing essentially
simllar to that of the offshore bars and apparently
greater than that ordinarily found with a beach cusp.

Such a striking combination between longshore bars
and shoreline configuration will be seen, in the chap-
ters to follow, to represent the baslc rhythms which
govern 1n effect the overall characteristlics of other
factors elther conspicuous or 20 minute that they may
otherwlse evade our attention as mere irregularities.

OCCURRENCE OF BAR RHYTHMS

A scrutiny of extensive phtographlc evidences
derived from nearly entire stretch of the Japanese
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Flgure 1. Rhythmic bar pattern, near Fushiki, 1961.
(by courtesy of Japan Geogr. Inst.)
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Flgure 2. Rhytbmic bar pattern, Yokata, 1961.
(by courtesy of Japan Geogr. Inst.)
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Figure 3. Rhythmic bar pattern, Jintsu, 1961,
(by courtesy of Jap. Geogr. Inst.)

250



RHYTHMIC PATTERN OF LONGSHORE BARS
RELATED TO SEDIMENT CHARACTERISTICS

AT RS
" JUNE, 1958
SCALE IN METER
[o} 500 000

%
7 f/%\
21 SAND BEACH JULY, 1949

El BAR CREST SCALE IN METER
3 FAINT BAR 0 B0 1000

Figure 4, Rhythmic bar patterns of 1958 vs. 1949,
Shin-shinano. (by courtesy of Jap. Geogr.
Inst. and Niigata Prefecture)

JAPAN SEA /(
SUBMERGED
BREAKWATER

UL SN

WEST BEACH NIGATA

WEST  BEACH

Flgure 5. Rhythmic bar pattern, Niigata west beach,
1958. (by courtesy of Nilgata Prefecture)
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coasts shows that a rhythmic bar system may occur at
localities where some fundamental requirements are satis-
filed. Primarily, a beach must be close to a rich source
of supply. Secondly, the bottom must be sufficlently
gentle in the shallow water zone. The local wave con-
ditions merely affect the magnitude of predominant rhy-
thms. The nature of bottom deposit is likewise ruled
out as insignificant; the rhythmic bar pattern has been
discovered not only on a sandy beach but also on a gra-
vel beach. Therefore, the beaches lying close to a
river mouth are frequently marked with bar rhythms. On
the other hand, a beach skirting a sharply descending
alluvial fan is often devold of either a rhythmic bar
or, on some occations, even a sign of a stralght bar,
although a shoreline indentation may still exist., Con-
sequently, a delta beach adjacent to an estuary is the
most likely place for occurrence of bar rhythms.

Fig. 6 demonstrates such an example. Along the
eastern half of the Toyama Bay coast which is found at
the rim of a group of alluvial fans of the Kurobe and
other rivers, the bottom slope is as great as 4 % down
to the depth of -10 m and 20 - 15 % down to -100 m,
while along the delta beach westward from the mouth of
the JoganJi river the bottom slope becomes gentler,
falling to 2 - 0,8 % down to -10m and 3 - 2 % down to
-10C m. The photographic evidences show that it is
only at the western half of the Toyama Bay coast that a
rhythmic bar pattern 1s found to exist, while the east-
ern half of the same coast totally lacks in a bar of
any noticeable size. The experiences of the authors on
the Japanese coasts show that a bottom slope of about
2 % down to -10 m is approximately the limit for occur-
rence of a rhythmic bar pattern.

In fact, the two requirements mentioned above may
be summed up in one definitive condition that occurrence
of a rhythmic bar pattern depends essentially on the ex-
tent to which the unconsolidated sediment on the near-
shore bottom is subjected to significant agitatlion by
waves, It is probably due to this reason that a rhyth-
mic bar pattern is also found at a place which is loca-
ted relatively far from a source of supply yet provided
with a gentle bottom slope. Therefore, a source of
supply must not always be a river, It may be an erod-
ing beach where the sand supply is derived immediately
from the regressing beach, or a tidal inlet where the
alongshore component of sediment drift is intercepted
over a shallow bottom near the shoreline by a transver-
sal flush of tidal currents in and out of the inlet,

RHITHMIC BAR VERSUS STRAIGHT BAR
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Figure 6, Bottom slopes along Toyama Bay coast.
Attached figures out of and in parentheses
indicate slopes down to -10m & -100m each.
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A stralght bar 1s encountered almost on any type
of sandy beach, unless the bottom slope 18 too steep,
say below about 2 % down to the depth of -10 m.

What are the physical properties which distinguish
these two types of bars? On the beaches clted in Figs.
l -5, we find the rhythmic bars more pronounced on the
updrift side of the source of supply than on the down-
drift side. According to Fig. 7, along the beach of
the Shin-shinano river the bars are largely straight
on the downdrift slde. It 1s interesting to recognlze
here that the middle echelon, a stralght bar, continues
to extend on the rocky bottom around the promontories
and into a sandy bottom lying further north, while the
innermost echelon which conslists of rhythmic bars 1ls
absorbed into the sandy beach Jjust short of Pt. Tateiwa,
the first of the three promontories in this area. On
the updrift side the rhythmic bars also fall to detour
the rock bottom in front of the Teradomaril harbor.

Summing up these evidences, we are inclined to pre-
sume that a stralght bar may indicate the presence of
a strong unl-directional drift of bottom deposit, which
1s so active that it may transport sediment even beyond
promontories -‘through a well-deflned zone on the rock
bottom without undergolng appreciable diffusion midway;
while the rhythmic bar may rather imply a stagnating
pattern of alongshore drift in which the bottom deposit
1s preserved more or less in a self-contained system of
equilibrium. In fact, such an assumption seems largely
allowable, for, as we will see later in the discusslons
on the movement of littoral rhytims, the rhythmic pat-
tern of coastal topographies would not move an appre-
clable distance along the shoreline. However, in view
of 1ts heavy implications on the fundamental problems
of coastal sediment, this point must not be emphasized
without further evidences,

TOPOGRAPHICAL PROFERTIES OF RHYTHMIC BAR
TYPES OF BAR RHYTHMS

Fig. 8 glves a general relationshlp between the
unit size of bar rhythms and the positlion of echelons,
each expressed in terms of spacing between both feet of
each arcuate unit and the distance of the arc center
from the shoreline, respectively. Data have been read
off from the aerlal photographs on the west coast along
the Toyama Bay and the south beach at the Shin-shinsano
river, where the bottom slope down to a depth of -10 m
is approximately 1 %.

The unit size of a bar rhythm is almost uniform
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within the same echelon, but varies to an appreclable
degree by echelon and also by locality. The average
unit silze for each echelon, shown in the ordinate of
Fig. 8, seems to increase by the doubling process, aay

s x20,8x2, sx22,...., and 5 x 26 1n the order
toward offshore, in which the most approprlate value
for the basic multiplicand S will be 40 - 50 m on the
beaches treated here, The value of S may vary by loca-
lity, mainly in accordance with the regional predomi-
nance of wave conditlons.

The shape of an arcuate unlit 1s not necessarily
symmetrical, It is skewed toward the predominant drift
direction on all the beaches clited here. The skew may
be attributed to the predominant wave incidence or
direction of longshore currents., According to Shepard
(Ref. 1), rip channels will be formed on the bottom of
the surf zone. However, thls 1s obvliously unable to
affect the overall bar system for a durable period of
time, because it 18 a passing topography with a life
span of merely a few weeks. On the other hand, coastal
structures may affect the shape of an arcuate rhythm of
a bar to an appreciable extent, depending upon the mag-
nitude of a structure as well as the nature of a bar.
For instance, on the Niigata west beach (Fig. 5) where
part of the shoreline ls protected with a submerged
breakwater and a series of groins in order to prevent
erosion, the bar rhythms are diafigured considerably,
particularly near the protected shoreline.

PROFILES ACROSS A RHYTHMIC BAR

Fig., 9 shows a bottom topography of the Nilgata
wesat beach which was obtalned by a sounding, together
with a rhythmle bar pattern traced from an aerlial pho-
tograph. There is a lag of one month between these
data; however, it may not impalr the usefulness of this
comparison since no slgnificant wave action took place
in the mean time.

According to Flgs. 9 and 10, a correlation between
the rhythmic patterns of a bar and the perpendicular
bottom profiles is well defined, and our previous ob-
servation 1s confirmed that the foot of an arcuate
unit corresponds to a shoal, while the center of the
arc to a deep trough and a steep bottom slope in the
surf zone. This fundamental relationship has also been
recognized on the beach of Tokal, Japan, which is expo-
sed to the sea and swell of the Paclific Ocean and fre-
quently subjected to extremely vliolent waves due to a
typhoon. The shoal may become 80 shallow that on some
occasions it is wadable. The authors have encountered
such an example at the gravel beach of the Ishikawa
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Prefecture, where the bathing children walked over this
shoal to play on the crest of an offshore bar. Here the
crest of the bar rose to a depth of sbout 1.5 m, while
the trough was about 3 m deep.

BAR RHYTHMS VERSUS NEARSHORE TOPOGRPHIES
TYPES OF SHORELINE RHYTHMS

Bibliographles are replete on the subject of beach
cusp since the days of D. W. Johnson (Ref. 4), However,
it has been only in recent years that the rhythmic un-
dulation having a greater inter-apex spacing than that
of an ordinary beach cusp has been given a serlous at-
tention.

Per Bruun (Ref. 5) recognized from investigation of
the nearshore topographles along the Danish North Sea
coast that these "shoreline waves" migrated alongshore
as if they were a mass of land at a variable rate bet-
ween O and 1,000 m per year. According to his measure-
ment the spacing ranged between 300 and 2,000 m, whlle
the amplitude between 60 and 80 m., Discussing on the
origin of such a shoreline rhythm, he describes: "there
may be some connection between the migrating undulations
and breaches in the longshore bar, possibly due to ero-
sion by rip currents because the wave trough 1is often
formed behind a breach and the crest Just ahead." He
further pointed out that the rhythms (" humps") were also
present on the offshore bottom along the same coast.

On the other hand, O, F. Evans (Ref. 6) made
studies on the beach cusps, including a large undulation,
on the southern beaches of the Lake Michlgan., According
to him, the beach cusp may be classifled into five dif-
ferent categorlies, of which the significant types of
natural origin are:

(1) “"very large capelike cusps (or undulations)
formed during storms along the beaches that
are susceptidble to considerable erosion and
deposition.”

(2) "large cusps (undulations) which have their
apexes continulng out into the lake as a
ridge of sand on the lake bottom."

(3) "1deal cusps which usually occur in series and
come nearest of all to being evenly spaced."

According to his measurement, the "very large
capelike cusps", which apparently are equivalent to
Bruun's shoreline wave of the order of 303 m, are spaced
within the range from 96 to 1,050 feet, the average
being 296 feet allowing for an appreciable scatter. The
"large cusps", the second largest of his classification
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equlvalent to Bruun's wave of the order of 102 m, have
also uneven spacings ranging from 33 to 102 feet with
the average being 69 feet. However, the scatter of
spacing 18 improved to a considerable degree with this
cusp as compared with the capellke cusp. PFinally, the
"i1deal cusps" are the best graded in the inter-apex
spaclng of the three categories, ranging from C.9 to
34,5 feet.

He also described the nature of the foreshore bot-
tom which was found to occur 1ln particular connection
with these different shoreline rhythms. As for the
large capelike cusp, "the underwater terrace slopes
gently and has on 1t an excess of sand down to a depth
of several feet." The capelike cuspate projection-
results from alternate accretion and erosion of such an
accldental deposition on the shallow bottom due to chan-
ging conditions of waves and currents. On the other
hand, the large cusps are always accompanled b@ thelir
ridges called "ball and low." He admited further that
"where the ends of the ridges join the shore, ... the
increase 1n the supply of sand at the shoreline results
in the formation of (this type of) cusp." Apparently,
this transversal ridge ls identical to the nearshore
shoal which, as we have already recognlzed from the
aerial photographs (Figs. 1 - 5), bridges the feet of a
bar rhythm and the corresponding outward projectlon of
a shoreline. As for the idesal cusps, however, he does
not seem to have recognized any consplcuous topography
on the corresponding foreshore bottom, except that their
occurrence appeared to depend on the breaching of a
(longshore) ridge. The relationship between the ideal
cusp and the foreshore bottom has been somewhat better
deacribed by Ph. H. Kuenen (Ref. 7), who remarks that
in front of the embayments the foreshore 1s sometlmes
built out under water in a delta shape.

In Japan, A. Mogl of the Japan Hydrographlc Offlce
was probably the first to demonstrate the presence of
regular rhythms on the shoreline configuration. Flg.
11-A shows a partisal reproduction from his result based
on the shoreline investigation at the northern half of
the Tokal beach, Japan. According to his measurement,
the shoreline undulations found here consist of three
different types of rhythms as tabulated below:

TABLE 1. Dimensions of Shorelline Rhythms, Tokal, Japan.

class largest | medium smallest

apacing 2,000 300 30 - 60 m

amplitude 40 - 50 | 20 - 30 10° order m
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In nature, these three types of rhythms are super-
posed on one another, each slightly skewed toward the
predominant direction of littoral drift. He also recog-
nized that the largest rhythms are associated with the
geometrical properties of the longshore bar, i.e. that
the apex and embayment are found behind the breaching
and the center of a longshore bar, respectively. This
finding seems Just the contrary of what Dr. Bruun has
previously dlscovered on the Danlsh North Sea coast, if
we should interpret the term "breach" as used by him to
mean a shoal which lies in the gap of a continuous bar.

The present authors have also recognized regular
rhyttms on the undulating configuration of a shoreline
from aerisl photographs as well as sounding data in
Japan, Figs., 12 and 13 show such examples., Filg. 12
shows reproduction of an aerlial photograph of the Tokal
beach, which was taken in July, 1961, roughly three yesrs
after the beach investigation of Dr. Mogl, where the
perpendicular scale has been exaggerated to help visua-
lizatlon. By comparing Flg, 12 with the preceding Filg.
11-A, we note a striking colncidence between the rhyth-
mic phases of 1957 and 1961, each measured three years
apart, although in 1961 a medlum-sized rhythm of about
80C m in spacing occurred individually on the southern
end of the beach,

Fig. 13 has been derived from the Nilgata west
beach. Here also, we recognize several types of shore-
line rhyttms, as classified in the table below:

TABLE II. Dimensions of Shoreline Rhythms, Niigata.

Class I II III 1v

spacing |7,000 or | 3,000 | 200 - 300 | 101 order
greater 0

Auplitude| 40 30 20 10" order |

unit: meter

The rhythms of the order of 30C m, measured at one-year
interval, fit surprisingly well to each other, although
those of greater orders show some appreclable amount of
perpendicular displacements due possibly to active beach
erosion which has long been in progress here. (3ee Fig.
13-B) Since owr range of survey is limited only to 7
km slong the shoreline, there is no way of asserting
whether or not the greatest rhythm, Class I, having a
sraclng as great as or greater than 7,000 m, could bhe
actually present In nature as a repeating rhenomenon.
In fact, this might have been brought about by scour at
the foot of a long river Jetty where the converging
waves produced a large embayment. (See also Fig. 5)
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It 18 often very difficult to recognlize a shoreline rhy-
thm beyond the order of ;03 m in spacing elther from an

aerlial photograph or by inspection in the fleld, since
it may merely represent the general trend of a group of
lesser rhythms of the order of ;g2 m and less. Only by

convenient exaggeratlion of an accurate soundlng data
becomes such a long-range undulation sufficlently noti-
ceable, On the other hand, the best deflned of these
varlous rhythms on the Nilgata west beach is that belon-
glng to Class III, which has the average spacing of 325
m, apparently a counterpart to the medium rhythm found
at the Tokal beach. This average was taken from 60 such
rhythms whlch were observed by three successive surveys
conducted approximately at one-year interval. The type
of sample distribution 18 roughly Folssonlan, having the
mode value exactly at 300 m and & negliglble scatter

by year.

SHORELINE RHYTHMS ASSOCIATED WITH BAR RHYTHMS

The predecessors 1in the subject of a shoreline rhy-
thm as cited so far have equally pointed out a poasibi-
lity, though to & varylng degree, that the shorellne
rhythms may be connected with longshore bars. Dr. Mogl
(Ref. 8) compered the phases of the shoreline rhythms
wlth the alongshore distrlbutlon of the rise of a bar,
l.e. the helght of a bar crest above trough, on the To-
kal beach, Japan. (Flg. 11-A) The apex of the greatest
spacing of the order of 2,000 m was found to lle behind
the breaching of a bar, whlle the embayment behind the
center of each bar unlit where the rlse seemed most pro-
nounced. It 1s surprising to note that thls bar-shore-
line relationship is very striect, hardly varilable even
if the entire system of rhythms are displaced along the
shoreline. We see thls feature by examlining the bottom
profiles across the bar and shoreline. (Fig. 11-B)

The survey llnes R and J were both once close to an sgpex
and once to an embayment, and on the bottom proflles
were found once a shoal and once a bar, correspondlngly.
Along the survey line M, whilch was always closer to an
erbayment, we find a bar at all times, On the other
hand, the survey llne G remalned closer to an apex, and
a shoal was sglways there.

The simllar relationship between the shorellne

and the bar holds with respect to smaller rhythms of the
order of about 3C0 m. Figs. 14 and 15 give an example
derived from the precision survey along a portion of the
beach stretch of Fig. 11. We recognlze that it 1s the
inshore bar that corresponds to the shoreline rhythm of
about 300 m 1n spacing, while the bar of the outer eche-
lon corresponds to the shoreline rhythms of the order of
about 2,000 m. Unfortunately, due to limitation of ac-
curacy in the surf-zone sounding as well as smoothlng
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of the bottom features by summer swells, it is impossible
to visuallize the inshore bars from the sounding map exce-
pt as a broad shoal. Figs. 14 and 15 further confirm
the result of our previous observation that the feet of
an offshore shoal 1is continued toward inshore and in
effect Join the apexes of the shoreline rhythms as well
as those of an inshore echelon. Where such a double
merging occurs, there 1s an apex of a large undulation,
while at an lsolated foot of the inshore bar we find a
less conspicuous apex of a smaller rhyttm. Likewise,
according to Fig. 16, which has been reproduced from the
result of Dr. Mogi (Ref. 8), the beach cusps, expressed
in terms of inter-apex spacing, seem to correspond to
their positions within the phase of a medium rhythm of
the order of about 300 m, although an appreciable scat-
ter 1s also recognized. The limitation of sounding ac-
curacy prevents us from tracing a minute feature on the
foreshore bottom in relation to a beach cusp.

The similar relationship has been checked by uti-
lizing the sounding data on the Niigata west beach. Fig.
17 compares the shoreline undulations, the positions of
bar crests, the rlse of bar, and the refraction coeffi-
cients based on the wave period of 10 seconds and arri-
ving at right angles to the mean shoreline. From here
1s also derived roughly the same conclusion as that al-
ready obtained on the Tokal beach, although the corres-
pondence between the rhythms on the shoreline and the
bar seems to have been largely obscured due probably to
gradual extension of counter-erosion structures in the
vicinity of the jJetty. (See Fig. 13-C) Fig. 18 further
compares the same factors on the basis of recent sound-
ings. Agreement between the shoreline and bar rhythms
seems largely satlsfactory except for the portion bet-
ween 1 - 2 km which is protected by counter-erosion
structures,

The evidences so far presented as well as our expe-
riences with aerial photographs emphasize that there
exists a significant relationship between the rhythms
of the longshore bars and of the shoreline conflgura-
tions. However, as we will see later, this is not a
cause-and-effect relationship; they are both a conti-
nuation of other rhythms which are found to lie on the
offshore bottom.

RHYTHMS ON THE OFFSHORE BOTTOM

Per Bruun has discovered an undulating rhythm on
the offshore bottom along the Danish North Sea coast
which ls spaced by about 1.5 - 3 km and distinguished
in every resrect from a mere irregularity. No other
published study is avallable for reference on this sub-
Ject, except for extensive bibllographies regarding the
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submarine valleys whlch seem, however, to lle far beyond
the scope of a shore process, Encouraged by his study,
the present authors examined the nature of such a glant
rhythm found on the offshore bottom in relation to other
rhyttms which have been already conflrmed to exist on the
inshore bottom. The result has heen as yet too incon-
clusive to publish in a generalized form. However, some
interesting features have been recognlzed.

Flg. 19 shows the elevated view of the bottom topo-
graphlies of the Nlilgata west beach sounded 1n December,
1950, At about 1 km from the shoreline where the depth
is about 10Om we notice a gentle undulation on the bot-
tom spaced by about 1.5 - 2 km between adjacent ridges,
which 1s overlapped by & smaller inconsplcuous rhythm
of the order of about 30C m. As these rhythms approach
the shore, there i1s a general increase of the rise of
the rhythms not only in the mean trend (shown by dotted
curves) but also in the minute pattern due to occurrence
of dendritlc rldges and valleys. Thus, at the dlstance
of 400 m from the shoreline, i.e. immediately offshore
of the bar crest, the entire bottom is covered wlith
glender rldges spaced by about 300 m on average.

We recognlze a remarkable feature by comparing the
positlons of these ridges with the elevated view of the
longshore bars that each of the rildges is impressed on
the bar topography. The rldge corresponds to a shallow
crest and a shallow trough, and where thls ridge or val-
ley 1s pronounced - as 1t 1s always so at the crest or
trough of the mean bottom (dotted curves), respectively
- there ls a breaching of a bar, 1.e. a shoal. We
further notice an important fact by comparing Fig. 19
with the shoreline conflguration as shown in our pre-
vious Pig. 17, that these offshore undulations are
virtually impressed on the shoreline, 1l.,e, that there
is an embayment behind a trough or valley and an apex
behind a crest or ridge. (Compare alphabetical symbols
attached in Flgs. 17 and 19.) Thls pattern has been
illustrated by an ldeal sketech in Fig. 20,

Now, we reallze that the role of a longshore bar
is limlted merely to smoothing the undulatlng curve
on the shorelline and unable to extingulsh completely
the orlginal rhythms which start at the offshore bot-
tom. This also explalns why a shoreline rhythm occurs
where there is no bar at all. 1In fact, the present
authors have observed a number of such examples from
studies of aerlal photographs on the Japanese coasts;
a beach having a very steep bottom slope, exceeding 3 -
4 % sometimes, 18 marked with shoreline rhythms where
no bar 1s visible,

Questlons remain, however, as to the origin of
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Flgure 20, 1Ideal corre-
lation between undula-
ting rhythms on offshore
bottom, size and posi-
tlon of longshore bars,
and shoreline rhythms.
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such an offshore undulation and also of 1ts dendritic
bresking pattern on the nearshore bottom. The present
authors have not been successful in providing any recom-
mendable answer to these questions. However, a tenta-
tive explanation has been attempted as follows. It is
recalled that in an early section of this paper we have
noticed a frequent occurrence of rhythmic bar patterns
in the vicinlity of a large river mouth. Usually, sub-
marine valleys are found to occur in an appreciable
number on the foreset slope of the submerged delta of

a large river. According to our Fig. 21, these valleys
are spaced by about 1 km or so on the foreset bed off
the mouth of the Shinano river, Nligata. Some of them
are traced a long way to the nearshore bottom, attain-
ing & depth of about 10 m. If all the large undulati-
ons which have been found on the offshore bottom could
be a topography originating from the valleys of the
foreset slope, it will follow that they are more or
less a statlonary feature. However, the accuracy of
the available data prevents us from tracing every un-
dulation found at a depth of 10 m as far away as the
foreset bed where the depth is approximately 25 - 30 m,
We must not go too far with an array of hypothesls
which touches upon a fleld of the submarine geologists,

MOVEMENT OF RHYTHMS

Both Dr. Bruun (Ref. 5) and Dr. Mogi (Ref. 8) seem
to belleve that the shoreline rhythms migrate along the
general direction of littoral drift. Interestingly
enough, the rate of mlgration estimated by both authors
are roughly congruous; 700 m/year in one instance and
0 - 1,000 m/year in general by Bruun, and 500 - 1,000
m/year by Mogl.

However, 1if we compare the shoreline configura-
tions of the Tokal beach, Japan, measured by Mogl 1in
1956 and 57 (Fig. 11-A), with that read off by the
present authors from an aerial photograph of 1961
(Fig. 12), it 1s realized that no substantial change
has taken place on the shoreline rhythms over a perlod
of 3 - 4 years, for the fundamental phase patterns of
these two data agree with each other surprisingly well,
even though the latter involves errors due to wave
swashes and tide levels which might have obscured the
shoreline position appreclably. In fact, as Dr. Mogil
points out, the shoreline rhytims migrated slightly
between winter, 1956 and summer, 1957, but they resumed
their original positions in summer, 1961, roughly three
years later. This leads us to assume that the shoreline
rhythms may undergo a slight shifting and/or skewing
movement under changing conditlions of waves and currents,
but not keep on migrating indefinitely at the rate sug-
gested by these authors.
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The present authors have once interviewed an ag-
gregate manufacturer in the Ishlkawa Prefecture, Japan,
who was engaged in exploltling beach gravels at an apex
of a long shoreline rhythm which was spaced by about
1,000 m, He clalmed that the site had been there with
the same statlonary apex since he started this business
several years ago. According to him, the apex had not
moved to any marked degree in elther direction along-
shore, although an appreclable change was noticed in
the perpendlcular direction due to erosion or deposi-
tion by seasonal conditlions of waves and currents.
There 1s another evidence which seems to support the
view of the present authors. In our previous Fig. 13-B
a long-term trend of shoreline regression is compared
with the rhythmic undulation of the shoreline on the
Nilgata west beach, The former has been averaged from
the results of continuous surveys conducted for the
past 10 - 20 years during which the trend of regression
has been almost consistent in time though variable in
position. We notice an excellent fit between the rate
of regression and the general rhythms of shoreline,
1.e, that the regression has always been lntensive at
the embayment but relatively slow at the apex of each
rhythm which has a spacing of about 2,C0C m on average.
This seems to enable us to assume that the general
trend of the large shorelins rhythms will remaln virtu-
ally unchanged for at least a period of a decade or two.

On the other hand, we have not made any particular
attempt to check the validity of the concept of "migra-
ting sand humps" on the offshore bottom as proposed by
Dr. Bruun, owing partly to limitation of the accuracy of
data on a deep bottom, and partly to the general inter-
ruption of hottom topographles caused by the subsidence
of the Niigata area in recent years.

OTHER MINUTE RHYTHMS

Shoreface slope

We are familiar with the general topography of a
small beach cusp where the shoreface 1s steep at the
apex and gentle at the embayment. However, 1t is very
hard to recognize this feature consistently with a
medium rhythm of the order of 102 m. Freguently, the
shoreface slope on both opposite sides of an appex may
show a different trend. Thls scatter wlll be partly
accounted for by the presence of a series of small beach
cusps and partly by the behavior of the beach at the
time of measurement, i.e. whether 1t 1s progressing or
retreating.

With the large rhythm of the order of 103 m, how-
ever, 1t seems that the analogy of a beach cusp holds
in general. According to our measurements at the Tokal
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beach (Figs. 22-1 - 22-4), the shoreface slope was
steep near the apex and gentle near the embayment, al-
though there is a scatter due probably to a skewlng
pattern of the shoreline rhythms or to difference of ex-
posure of each shoreline stretch. The most striking
feature in Figs. 22 is that this basic trend does not
undergo a material change even 1f the beach 1s subjected
to formlidable action of typhoon waves which attain a
Selgb} of 5 - 7 m at breaking. (Compare Fig. 22-2 and
2-3.

Beach deposit

We have compared the measured shoreface slope wilth
the medlan gize of deposit sampled at various foreshore
levels between the step and the upper berm on the Tokal
beach. The results show a hopeless scatter except for
one case in which the grain size of the step deposit
has been used from the samples of September, 1958 (be-
fore typhoon). (Fig. 23) Our data have been smoothed
(shown in dotted curves in Fig. 23) and replotted again-
at the result of Bascom {(Ref. 9) in Fig. 24, It 1is
recognized that the slope ~ graln slze relationship ls
best defined where both factors best fit the shoreline
rhythms of the order of 2,000 m, Also considering the
fact that of all the levels on the foreshore the shore-
line step 18 the place where the wave lmpact 1s most
strongly dlsplayed, we are inclined to presume that the
shoreface slope 1s as subtly dependent on the wave im-
pact as on the nature of deposit.

DYNAMICAL FACTORS ASSOCIATED WITH BAR RHYTHMS
WAVES

Over the nearshore bottom which undulates at regu-
lar rhythms, there will be a zonal convergence and di-
vergence of incident waves due to refraction. 1In a
three dimensional laboratory flume we often observe
that a trailn of uniform waves are refracted and regrou-
ped into separate fluxes having a finlte crest length
near the shallow water. This phenomenon seems to occur
also in nature. We often encounter aerial photographs
which show separate groups of wave tralns progressing
in the nearshore water almost at right angles to the
shoreline. Judging from the crest patterns as observed
on such photographs, this phenomenon 1s notalways attri-
buted to interference between two different tralns of
waves arriving from different generation areas.

We have constructed a refraction diagram by utili-
zing a wave of 10 seconds arriving at right angles to
the shoreline, and compared the refraction coefficlents
Kr at the depth of 5 m with the shoreline configuration
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and the longshore bars. (Fig. 17) The result is not
fully convinclng, malnly because the depth contours
beyond ~10 m was not avallable ln our data., However,
1f we take into consideratlon a relatively slight
change of the value of Ky at the positions F, G, H

and I, 1t 1s recognized that there is a good correla-
tion between wave transformatlon and undulating bottom
topographies. The waves converge at the undulatling
ridge or shoal where the crest of a bar sways toward
inshore and becomes shallower, while it diverges at the
undulating valley or the positlion of the pronounced
rise of a bar where the bar crest sways toward offshore
and becomes deeper. We may neglect the portlon A - E,
since 1t 18 affected by artificlal structures.

This relatlionship leads us to another interestlng
conclusion that a deep bar trough may not always be a
result of high waves, for where such a deep trough,
and hence a conspicuous bar having a large amount of
rise, is found, the bar crest 1s also deep and the wave
is diverged. A small wave breakling over a deep barrler
may not be able to create a plunging actlon of sufflci-
ent vliolence which could account for such a deep trough
a8 found ln the center of a bar rhytmm. It must be
rather attributed to the influence of the offshore bot-
tom topographles which are impressed continuously thr-
ough the bar zone and into the shoreline. Then, a
questlion arlises as to why we find only a small rise
near the shoal area where a greater effect of wave im-
pact 1ls expected to occur by our concluslon. One of
the most likely causes will be that the converging
waves advancing along thls profile lose much of lts
energy by partial breaking over the undulatling ridge on
the offshore bottom, to such an extent that by the time
they reach the final breaking positlon near the bar 2zone
the helght is reduced much lower than predicted by the
theoretical refraction value. Another possible cause
18 ascribed to a surging actlon near the shoal wWhich
will result in smoothing of the bottom topography there.
Whichever case 1t may be, it seems that a dlscrepancy
of the local intensitles of incident wave energles 1s
obscured by the presence of an arcuate bar before they
reach the shorellne,

Now a question arises as to how the littoral rhy-
thms can remain stationary against rapidly changing
conditions of waves. IS it possible that a particular
type of littoral rhythms may represent a state of equi-
1ibrium where the wax and wane of the nearshore topo-
graphy 1is dellcately balanced against a particular type
of waves? The present authors find it impoasible to
provlide any promising clue to answer this extremely
difficult yet vitally important gquestion for the time
belng. However, as a helpful suggestlion, an analogl-
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cal example ls drawn from our observation of the for-
mation of a beach cusp which seems to correlate the
stabllity conditions with the spectral properties of
incident waves. The actual process of cusp formation
is 1llustrated in Fig. 25; the wave was a gentle swell
of 0,5 m in helght and 8 seconds in perlod, arriving
perpendlcularly to the shoreline,

Stage 1. Backwash due to the preceding wave re-
tards breaklng of the followling wave at the
embayment, and breaking occurs prematuredly
at the apexes,

Stage 2. Uprush at the apexes makes & two-thronged
advance and & moment later a delayed breaking
occurs at the embayment.

Stage 3. All the uprush begins to meet at the em-
bayment. Impeded by flanking uprush from the
apexes, that of the embayment 1s halted mid-
way. Thus, & scarce amount of materlisl 1s
pushed upward from this part, while a rela-
tively great amount of coarse materlal ls
carrled up toward the summit of the apex.

Stage 4. All the uprushes clash at the center of
the embayment causling a strong turbulence,
Backwash starts toward offshore lmmediately
thereafter, eroding the embayment and carry
lng fine material with them. Backwash galns
in strength attaining & maximum momentum &t
the shoreline Jjust where the followlng wave
1s about to break. And the same process 1s
resumed,

It is doubted whether a group of waves each pogsessing
a distinguished wave perlod could produce the same ef-
fect, for the backwash may be either too early or too
late to create the bresking pattern of Stage 1, and
consequently the succeeding stages wlll be largely in-
terrupted. It seems necessary that the waves must have
a relatively narrow optimum band of spectral frequencles
in order to form a beach cusp. The shoreface slope will
also count, since the tlme needed for the uprush and
backwash to conclude a cycle should coincilde with the
wave perlod.

It 1s questlonable if this observatlon with a
smell beach cusp could be extended to a greater rhythm
of the order of 3102 or 10> m. However, on the other

hend, we realize that there exlsts a large-scale and
long-period return of energy from the surf zone toward
offshore in a manner of surf beat (having a time scale
of 102 seconds) and rlp currents, which represent a
sporadic recompensation of the potentlial energles of
the surf zone fed by the mass transport of the inclident
waves., Accordingly, our hypothesls is that there may
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be a particular long-term set of wave spells having a
well graded ensemble property of spectra which is com-
Patible with the particular stability equilibrium of a
coast., However, there remain yet a number of other
important questions which must be tackled before procee-
ding to answer ours,

LONGSHORE CURRENTS

According to our field investigation of longshore
currents at the Tokal beach, the path of floats assumed
a winding motion 1n space and time as they drifted along
the shoreline. Fig. 26 shows some of such measurements,
which were obtalned by using a current vane placed at
1 m below the sea surface. An interesting feature of
these simultaneous paths of the floats 18 that they
follow roughly a similar curve over the entire zone of
measurement ranging from the shoreline to an offshore
distance of about gOO m (about 8 - 9 m deep). The cur-
rent velocities were very low at all times, mostly ar-
ound 30 cm/sec.

On the other hand, we measured the alongshore com-
ponents of current veloclties by using the same type of
float. (Fig. 27 A-F) Despite that each run was carrled
out at different time and under different wave condit -
ions, we recognize a feature which is largely common to
all the measurements, that at an alongshore position of
about 2.5 km, the approximate position of a large shore-
line embayment (See Fig. 11-A.), there 1s always a sharp
change of current velocities and occasionally a complete
reversal of directlion, while near the posltions of about
1l km and 3 km, approximately the shoreline apex, the
reverse currents seem to predominate.

An immediate conclusion which could be derived
from the results of these measurements 18 that there
seems to exist a rhythmic unit of current system which
coincides with each position of embayment of the order

of 102 and 103 m. This assumption has been illustrated
in an 1deal picture in Fig. 28, According to this as-
sumption, there exists an independent whirling current
in the embayment of the shoreline, while there is a
contlinuous current in the offshore water which winds
gently in accordance with the intervals of the whirl-
ing eddles. Therefore, in front of the embayment where
the alongshore components of the whirling current come
in phase with those of the offshore current, the mea-
sured values are higher than those in front of the apex
where two currents are often opposed. It seems as 1if
the longshore currents consisted of a nearshore clrcu-
lating system of winding gurrefits and eddles which 1is
more or less independent from the nelghbors and con-
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fined in an embayment of the rhythmic undulation of the
shoreline.

This 1deal pattern of currents will undergo a
change if the current velocltles are intensifled.
Flg. 29 shows an extreme case in which the alongshore
components of swash currents were observed at the shore-
line during the peak of typhoon waves. We still recog-
nize the effect of the rhythmic configuration of shore-
line on the current pattern, i.e. the currents are
speedier at the place whlch 1s exposed to wave inci-
dence (R), while they are relatively low at the shel-
tered side of the shoreline apex (M and C).

LONGSHORE DRIFT

Slgnificant drift of longshore sedlment occurs
malnly along the shoreline and the bar crest where the
bottom deposit are easlly set in suspenslon by aglta-
ting action of breakers. According to the observation
of the authors, these two types of longshore drift
seem to occur in a step-and-rest manner followlng the
rhythms on the shorellne and the bar.

In order to study the behavior of beach drift,
the authors dumped brick fragments of about 16 mm in
median diameter in front of a beach cusp on the Tokal
beach. The breaker height was about 1 - 2 m, and the
current velocities ranged from 5 to 30 cm/sec. The
drifting fragments were washed away to the shoreline
step and none was found to return to the shoreface,
whereas 1t 1s usually belleved that beach drift along
the shorellne occurs in a continual zlg-zagglng action
on the shoreface slope. Interestingly enough, they
were discovered at the updrift step of the downstream
apex in an appreciable quantity. Our explanation of
this fleld experlment 1s that where there exists a con-
spicuous indentatlon of a beach cusp the beach drift
wlll move in a stepping flight from one apex to another
in the direction of the longshore current rather than
dragged on the shoreface where exchange of swash be-
tween the nelghboring embayments ls hindered by a
steep rise of the intermediate apex. In connection
wlth this, 1t 1s recalled that the famous Einstein
hypothesis on the movement of bottom deposit in a two-
dlmensional flow emphaslzes on the rest time between
flights of an individual grailn. In the same analogy,
1t may be sald in our case that the rate of beach drift
along the shoreline wlll to some extent depend on the
rest time of the bottom sediment on the updrift side of
a beach cusp. However, we must think of a possibllity
that this 1ldeal pattern wlll undergo a change, as has
been the case with longshore currents, if wave condi-
tions become more rigorous. Under such conditions,
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& relatively stronger erosion willl take place on the up-
drift side, producing a skew of the shoreline rhythm to-
ward the downdrift direction.

In consldering the littoral drift along the bar
crest, 1t must be recalled that the longshore current
takes a winding path roughly conforming the curvature
of a longshore bar. There 1s no reason why the bottom
sediment on the bar crest should not be affected by
this winding behavior of current and carried along the
same curvature from shoal to shoal. This path 1s a
lengthy detour involving an appreclable process of dif-
fusion midway, but 1t may still be relatively short as
compared to the rest time during which the drifting
sediment remain deposited at the shoal, Here agaln we
are faced with the possibility of a rhythmic flight of
littoral drift.

Accordling to our hypothesls which has been dlscus-
sed so far, we realize that it will be very difficult
for the bottom sediment to travel perpendicularly across
the surf zone between the shoreline and the longshore
bar. In fact, as we have already seen, the embayment ls
a position which is most susceptible to erosion, or, in
other words, a positlion where the drifting sediment will
find 1t most difficult to arrive and settle. According
to the observation of Dr. Mogl on the Tokal beach, when
the beach was advancing the beach cusp occurred, but
when it was retreating the beach cusp dlsappeared. [t
seems that only with appearance of a beach cusp the
embayment can arrest a sufficient amount of beach drift,

Our hypothesis regarding the rhythmic behavior of
littoral sediment will further lead us to propose a
detalled process on the perpendicular movement of the
surf-zone sediment. The conventional notion is that
a steep wave erodes the beach by carrying an appreclable
amount of beach material toward the offshore bottom,
which 1s, however, carrled back to the beach by a sub-
sequent swell of a low steepness. Our explanation is
that if a swell predominates there will be a strong on-
shore drag of bottom deposit at the shoal dus to vio-
lent surging of refracted waves, thus glving rise to
an increase in the portion of the beach drift as compa-
red to the portion on the bar crest. On the other hand,
1f a strong wind wave predominates, there will be a re-
inforced component of offshoreward recompensation of
incident energles in the form of a rip current or under-
tow, thus resulting in the increased portion of litto-
ral drift along the bar crest and in the relative dec-
rease in the beach drift. 1In the latter case, the result
will often be an erosion at the shoreline.
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SOME ENGINEERING IMPLICATIONS OF LITTORAL RHYTHMS

Dr. Bruun states in effect that a sudden silting
may occur at a coastal inlet due probably to migration
of a shoreline hump or wave, Thls statement seems an
adequate warning, and in the light of our theory it must
be afforded more emphasis since such an accident might
recur due to the same wave which would not migrate away
at a noticeable rate. The authors are aware of a case
where a sudden advance of a shoreline at a portion of
the eroding beach was attributed to some mysterlous
action of a newly bullt sea wall. Although the authors
have not had an opportunity to investigate the sounding
data on the beach in guestion, it is highly probable
from our theory that it is due to the shifting action of
e shoreline rhythm. No positive action of a sea wall
could have been involved in this casse.

The authors have been lmpressed,in reviewing a
number of instances fror aerlial photographs,by an inade-
quately short length of coastal groins as compared to
the distance of a longshore bar from the shoreline.
However, in order to provide a workable desipgn criterion
on the functlonal specifications of groins or Jjetties,
we will have to proceed further with a continuing effort
to verify the hypothetical processes as tentatively pro-
posed in the present paper with quantitative evidences.

The rhythmic distribution of wave impacts along the
shoreline 1s also something to take into consideratlon
in designing a coastal structure. This polint commands
a particular weight when a structure, such as a submer-
ged breakwater, is to be placed on the offshore bottom
where waves will act wlthout undergolng a smoothling
action by a bar. Further, by considering the station-
ary nature of the littoral rhyttms and hence of the
alongshore distribution of wave lmpacts, we may specify
the local strength of a sea wall or a unit welght of
armor elements for each position within the rhythm
phase., In fact, on the Niigate west beach, the sub-
merged breakwater was scoured by violent breakers and
slumped from position to position. There is a sign
that this failure pattern follows the undulation rhy-
thms on the offshore bottom, although we have not yet
completed numerical checking on the detalls of this
process,

However, the most immediate and valuable gain from
recognizing the presence of stationary littoral rhythms
is a possibility that we can shed light on the seemingly
intractible process of a coast by introducing an orderly
procedure of approach. We are in a position to treat
the undulating topographies on the coastal feature as
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important "factors", which in the past have been under-
stood as mere lrregularities.

Finally, the present theory will provide helpful
suggestlons in planning a coastal investigation project,
namely in determining the factors and areal extent to
cover and emphasize as well as the reasonable procedures
of measurement and the adequate period of investigation.

CONCLUDING REMARKS

1. A careful investigation of nearshore topographles
by aerial photographs as well as sounding data has
shown that a rhythmic bar system is tied in closely
with varlous rhythms found along the littoral zone,

2. These rhythms are classified roughly into three
different types of the order ranging from j0C to 103 m.

3. These rhythms, represented in various factors such
a8 longshore bars, shoreline configurations, deposit
and slope of shoreface, waves and currents, have been
found to originate at the undulations inherent to the
offshore bottom.

4., The origin of such a large-scale rhythm on the off-
shore bottom as well as dendritic ridges or valleys on
the inshore bottom, has been left for a future problem.

5. Several hypotheses have been presented as to the
rhythmic transformation of incident waves, rhythmic
behaviors of littoral currents and drifts.

6. Recognition of the presence of stationary rhythms
on a coast ylelds useful suggestions regarding the
engineering purposes.
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