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ChaPter I

TMIRODUCTION

A beach is one of the most dynamic and variable land-

forms of a .o-=tlirre. rt is an accumulaLion of non-cohesive

material which responds to various energy regimes (Xing,

Ie72) .

Krumbein and slack (1956) divide a beach into various

zones; the backshore, foreshore, near shore bottom, and the

dune belt zone. King's (1972) morphologic division is very

similar, excluding only the dune belt..

The backshore is defined as a shore zor.,.e, or be1t, which

seldom experiences wave activity, and only during storms or

periods of unusual wave reach does the backshore become inun-

dated.

The foreshore, or swash limit, is defined as the zone of

a beach which is alternately covered with water and exposed

to the ai-r.

The offshore zone (Xing, 1972), or near shore bottom

(Xrumbein 1956) is that section of the water-land interface

which is complet,ely submerged and extends to a point offshore

where little or no sediment transport occurs.

A beach may be considered as a geometric element produced

by the energy and material transfers between the offshore and

backshore. A beach environment, therefore, represents an
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open system involving energy, water and sediment. Associated

with Lhis system are the open system lateral transfers with

longishore and littoral drifts (f igure 1). Limnic beaches

exposed to these variables may be considered as having a

seasonal- dynamic equilibrium.

Researchers have postulated and examined processes

occuring on oceanic coasts. Most of the results associated

erosion with winter or high energy v/aves which are prevalent

during the winter season. Dubois (L972) noted the seasonal

variation in morphology on limnic beaches and directed his

research to the Lake Michigan area. The results show that

the beach retrograded from spring to summer concomitantly

with the rise in l-ake l-eveI, and prograded from summer to

winter with decreasing water Ievels.

The objective of this Èhesis is to investigate the

seasonal changes of a limnic beach, including changes in

profiles and graín size parameters.

Area of Research

The Grand Beach area v/as chosen for its accessibility.

It is located on the east shore of Lake Winnipeg, approx-

imately fifty miles northeast of Winnipeg (Figrure 2) . The

East Beach of Grand Beach was selected as the sample site

as it, can be divid.ed into two similar beach areas separated

by vegetation and sand dunes. These two areas appear to
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experj-ence the same natural limnic processes. The East

Beach also does not have the heawy influx of summer visitors

which populate the other areas of Grand Beach.

Lake Winnipeq

Lake Winnipeg is a large fresh water body l-ocated in

the Manitoba lowlands. ïts boundaries are latit.ude 5Oo 2Ol

and 53o 50' North, and. longitude 960 20' and 99o 15' west.

It has a maximum length of 250 miles and a variable width

of 25 to 70 miles creating a surface area of approximately

9,43O square miles.

The lake can actually be viewed as two bodies of water,

divided into a northern and a souÈhern section separated by

narrows and several large islands. The northern part has the

Saskatchev/an River as the largest contributor. The southern

part is approximately 55 miles long and from 20 to 30 miles

in width (rigrure 3 ) . The Red River, Winnipeg River and

Assiníboine River are the main sources of influx of wat,er

into this part of the lake.

The total drainage basin for Lake Winnipeg has an area

of 380,000 square miles (take Winnípeg, Churchill and Nelson

Rivers Study Board I97I-75) including portions of Alberta,

Saskatchewan, Manitoba, Ontario, North Dakota and t'linnesota.

Lake lilinnipeg is discharged by the Nelson River flowing north-

ward into Hudson Bay (Figure 4).
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Figure 4
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A brief examination of water levels of Lake üIinnipeg

(figrures 5a-5c) reveals a cyclic seasonal fluctuation.

Water levels usually rise from spring breakup to a maximum

in summer and then decrease to a minimum during the winter

months.

Lunar or solar tidal forces do not significantly affect

lake l-eveIs because of the Lake I s relati-veJ-y small size

(8a11, L972). Tn addition to the seasonal increase in

water volume, wind. set-up and waves are other factors in-

fluencing lake level.

Set-ups are created by either strong northerly or st,rong

southerly winds. Daily maximum wind velocities and direc-

tions are listed on Tables 1â, lb, lc. A daily comparison

of lake levels and peak wind velocities suggests a positive

correlation al-though frequently a Iag of several hours must

be considered (Einarsson and Lowe, 1968). As the open

water season progresses the frequency of set-ups increases.

The probability of a set-up producing a one foot rise in

lake J-eve1 doubles from 5% ín June to 10% in october (take

Winnipeg, Churchill and Nelson River Study Board I97J--75).

During 1966, Lake !üinnipeg experienced a high h¡ater

level some four feet above the averag:e which is 713.22

feet above mean sea leveL. No causes for this phenomenon

were given (Province of Manitoba water Bulletin May 1967).
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TABLE 1A - WTND VEI.OCITIES

Dav Dir.

MAY 1973

Prev.

1N
2 SVL
3 NNE
4 NNE
5 ESE
6 WShT

7 SI^I

8 ESE
9 ÀiNE

10 \iNE
11 NNW

T2 SVL
13 \iNE
L4 WSW

15 NÀiW

T6 ÀIW

T7S
18 ÀIW

].9 NE
20 SVL
2TE
22 ESE
23 NINE

24 TINE

25 NE
26 ENE
27N
28 NNE
29 svl,
30 I\INE
31 \iNE

Mean
Speed

11.6
10.0
6.6
5.6
9.6
8.3
7.4
5.3
9.0

11.6
1l_.9
ro.7
12.O
7.7

14.4
10.3
8.3
8.5
6.2
6.5
9.4
8.7
5.9

12.3
13 .0
5.6
7.L

10.2
6.0
6.3
7.5

Max.
VeI.

AUGUST I973

16
15
10
11
L7
11
11

9
15
I7
15
t6
1B
L7
25
19
I4
T4

9
11
13
I7
13
16
20
11
13
13
I4
I4
T2

Prev. Mean
Dir. Speed

SE 6.2
ssE 5.0
SSE 4.4
wNw 7 "8svl, 4.2
ENE 6.8
SSE 4.5
SVL 6.9
SVL 11.9
SVL 7.L

I^i 4.9
svT, 4.5
SE 4.9

SVL 7.7
ssw 5.O
SVL 2.6
ESE 4.5
SE 6.8
NW l-O.2
hr 3.8

SSE 4.3
SVL 4.2
ESE 4.3
SSE IO.2
SVL 9 .1
WSW 5.8
SVL 7 .5

w 10.3
vüsw 7.2
ESE 7 .5
SVL 11.0

Max.
VeI.

NOVEMBER 1973

Prev. Mean Max.
Dir. Speed Vel.

l_1
11

B

13
I

L2
10
13
1B
I2

7
10

9
10

B

6
7

I7
1B

6
9

11
B

15
16
10
15
28
13
12
18

\INW

NW

\ûv
NW

wNw
WNW

SVL
w
w
S

SVL
NNW

E

NE
ENE

SE
SE

w
NNW

NW

N
wsw
WSW

ENE
S

SE
TfSbT

WNI.I

ïISlìI
\IhI

12.3 18
LT.4 14
1l_.9 15
10.3 13
10.4 ls
6.1 12

10.0 16
13.6 L7
8.4 13

10.8 17
7.O L2
9.8 18

14.2 23
9.6 16
8.7 T4
8.3 15
9.6 ls
7.3 L2
5.0 I
7.I 11

12.5 16
11.0 16
8.0 13
4.6 9
8.4 L4
B.B 13

LO.2 16
8.3 12

ro.7 16
7.5 18
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TABLE lb - WIND VEIOCITIES

MAY T97 4

Prev. Mean
Dir. Speed

1 ESE
2 NVü

3 SVL
4 SSE
5 SVL
6 ESE
7 EVE
BE
9NE

10 ESE
11 NE
T2 SVL
13 NNE
14 NNE
15 SVL
16 \INE
17 ÀIW

18 \INE
19 ESE
20 }INE
2I NNE
22 SVL
23 N\thi
24 SVL
25 NE
26 SVL
27 ESE
28 NW

29 N\tW
30 SVL
31 WSI^I

8.8
10. 5
4.9
8.9
7.5
5.1
6.0
6.2
5.0
7.3

12.8
6.5
9.7

10. 5
7.4
9.7
7.O
8.3
7.O
8.5
8.7
6.9

12.5
6.4
4.3
4.5

6.2
8.0
8.2
7.5

Max.
Vel.

AUGUST T974

16
1B
l_3

1B
T2
11
11
L2

9
11
20
10
L7
L4
11
l_3
13
13
10
16
16
I2
16

9
I
9

I2
9

l4
16
15

Prev. Mean
Dir. Speed

NNE
NNE
SVL
SVL
ESE
SVL
SSE
SSE
SSE

SE
I.INE
SVL
ESE

SE
SSI^i
wsw

w
ESE
\INE
ÀINE

NE
ÀW

ESE
SE

w
W

W}W
SVL
N\IhI
Àll,lt^I

ÀINW

9.0
10.4

5.3
4.7
5.0
7.9
9.6
9.1

11.1
6.5
8.3
5.2
9.0

IL.4
L5.7
11.3
7.4
ç,4

9.4
12.7
LI.7
10.5
7.3

11.3
10.9
L3.2
8.6
5.6
8.2

15.8
8.2

Max.
VeI.

NOVEI\,IBER L97 4

16
I6
I
7
9

T2
13
13
t_5

l_3

T4
9

15
19
27
18
L4
10
15
19
16
T4
15
16
22
22
T4
13
T2
25
I2

Prev. Mean Max
Dir. Srreed Vel.

NE
NW

NW

SSW
SSW
SSW
SSW
SSE
WSI^T

ESE
N\W
I\INW

NNW

NW

WSW

SVL
I^TSVT

ENE
ENE

NW

SSE
ATNI^I

wlw
NW

SSE
SSW

NW

NilIf{
NW

SSW

I4.0 2I
7.6 l_0
6.3 L2
6.3 10

L2.B 16
l-3.2 16
7.7 ls

10 .8 r-9
9.6 17
6.8 11
8.5 T4

11.5 t7
13.9 2L
L4.5 2I
6.1 9
7.L ls

10. B 18
7.6 16

Lr.4 16
6.5 11

I2.2 18
9.3 15
4.9 9
5.9 13

13.3 20
9.7 16
9.9 L4
9.2 12
3.5 6
5.5 11



MAY 1975

Prev. Mean
Dir. Speed

L4

TABLE lc - WIND VEIOCITIES

Day

1 wNw 6.8
2 WSW 7.6
3 ST^T 2.8
4 AIIIE 6.5
5 NNE 7.8
6 NE 6.8
7 ENE 7.7
B NE 4.7
9 SVL 3.8

10 svl, 7 .9
11 NE 6.3
12 sw 8.4
13 svl, 9.3
14 N IO.2
15 svl, 6.5
16 sE 9.3
17 NAIW 8.1
18 sv], 8.9
19 ssE 6.7
20 ¡INi/ü 10.0
2L NNTd 9.2
22 NE 5.6
23 NNE 6.6
24 SSI^I 9.0
25 ssw 8.7
26 w 9.9
27 SSW 7 .T
2A svI, 4.3
29 NW 7.8
30 NÀlV{r 8.1
31 NE 4.3

Max.
VeI.

AUcgsT 1975

Prev. Mean
Dir. Speed

I2
t4

7
10
L2
I2
10

7
7

16
13
16
23
16
10
20
13
20
13
16
15

9
10
15
15
16
10
13
I4
t4
10

sw 5.1
w 8.5

svl, 7.6
N\tw 5.3

E 5.2
s 10.8

ENE 7 .5
SVL 12.6
wsw 10. B

w 6.8
SSE 6.7
wb¡w 10.l-
mtvr 8.3
SVL 2.8
SW 7.4
W\lV\i 10.8
w}¡w 7 .5
!ùw 2.9
ESE 6.6
ESE 9.5
Àfw 5.8

SSE 9.5
SSE 10.5
ENE 8.5

vf r2.9
w\¡w 7 .4
SVL 6.6
SVL 8.9
sE 10.8

SVL 8.5
ssw 6.9

Max.
VeI.

NoVEMBER lgi5

Prev. Mean Max.
Dir. Speed Vel..

T4
t6
t4

9
9

16
15
30
2L
L2
2T
16
I2

7
I4
16
13

o
13
16
10
15
15
17
20
13

9
L4
16
L4
l2

SSV\T 10.3 16
svI, 10.1 15

w L2.3 22
wsw 6.1 12
SSW 8.1 13
SSI^I 9.8 15
NW 6,3 14

wNw 4.7 9
E 6.5 13
N 6.0 10

NNE 11.8 17
TINW 7 .9 16

s 11.9 16
s 8.8 15
I,,i 5.3 12

SW 8.3 T4
wsw 4.3 10
svI, 7 .8 13
svl, 7 .5 13
NNV\I 7 .2 12
wNw 5.6 12
svI, 6.3 10
wrw 7.8 13
NW 4.3 7

SSI^I 5. L 7

s 10.1 14
s 6.8 10
s 5.3 13

NIM 11.3 16
AIW 9.2 15



Unfortunately, records of wave heights on Lake Winnipeg

do not exist. Wave heights can be computed from wind speed,

wind duration, wind direction and characteristics of the

water body and shoreline configuration. However,

"since shorel-ine configuration is a
significant factor in computing \dave
height and associated wave uprush,
the values vary widely from one beach
area to the next. It

(l,ake Winnipeg, Churchill and Ne1son
River Study Board, I97L-75, p.58).

During the period of December to Apri1, the lake and

the foreshore of the beach are frozen and therefore not

subjected to major water fluctuations so that none of the

normal limnic processes take place.

Climate

The area experiences a continental climate. It is

characterized by long, cold winters and relatively short,

cool summers. Monthly mean temperatures may vary from an

average of 660r for Ju1y, the warmest month. Annual pre-

cipitation for the area is around 20 inches. The annual

snowfall is approximately 60 inches and the summer rain-

fall- for l4ay, June, July approximately I inches (Table 2) .

Reqional Geoloqy and Physioqraphv

Pleistocene glaciations are mainly responsible for

the surficial deposits covering the immediate Grand Beach

t5
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TABLE 2 - ANNUAL PRECIPITATION TN INCHES

MONTHS

January

February

March

April

I"[ay

June

July

Augrust

September

October

November

December

TotaL

AT GIMLI. 1975

I973

.07

.48

.50

1.53

1.16

6.67

1.60

l-97 4

1.61

.42

1.04

2.48

3.27

1.19

1.01

3.40

3 .36

.24

.38

.26

L97 5

r.94

.75

1.13

1.43

L.47

5.86

4.65

3.02

2.37

L.O2

28.93

3 .45

2.49

4.69

1.98

1.50

.59

.85

Department of Transport Weather Records

18.66 22.27
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area. The glacial drift occurs over a bedrock of Ordovician

limestone, dolomite, red shale and sandstone, which is rare-

ly exposed. The thickness of the glacial drift varies from

50 to a maximum of 20O feet.

The Grand. Beach area is divid.ed into the West and. EasÈ

Beach (nigure 6). Most of the sand deposit is in the form

of a bay-mouth bar enclosing a lagoon. The East Beach,

north-east of the bar, h/as chosen as the study area. The

area was then divided into two sub-regions. Since the

shore line is oriented in a northeast-southwest direction,

these two sample areas are designated as the North and

South Beach (figr¿re 7 and B).

Both the North and South beaches are approximately 60

feet wide r¡¡ith well defined foreshores and backshores. The

foreshore slope of the North beach was not as steep as that

of the South beach. The average overall gradient was a

gentle I.2o for the North beach, and a significantly steep-

er 2.3o for the South beach. Both beaches had shrub veg-

et,ation including birch, alder and willow. only the North

beach, however, had growLh within the sample area.

Sol-ohub and Klovan (1970) state Èhat the crand Beach

area experiences a strong southwest littoral drift, which

is responsible for the transportation of material in this

area. Most of the sediment derived from glacial deposits
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Figure 7

Looking Northeast Depicting North Beach

Figure 8

Looking Southwest Depicting South Beach
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originally comes from 1ocal Paleozoic bedrock, particularly

the Ordovician Winnipeg Sandstone formation.

Literature Review

Researchers have recognized that the dynamic processes

associated with the land-water interface are complex and

constitute an area of continuing research. The majority of

this research has involved the marine environment. Coat,es

(1972) , however, suggiests that many of the characteristic

marine geomorphic processes may also occur in lacustrine

environments. Studies of limnic environments are not as

prolific as marine studies, pointing out the possibility

for further intensive studies in this area.

Darling (1964) recorded the seasonal changies in mor-

phology of eight beaches along the eastern seaboard of the

U.S.A. between southern New Jersey and Rhode tsland. The

positional displacement of index contours from one survey

period to the next was recorded. In this study, recordings

of beach profile and tide and wave data were made, and only

that porÈion which is above sea leveI was included.

Rohrbough, Koehr and Thompson (1964) recorded profile

changes on a quasi-weekly and daily basis, from July 1963 to

January 1964, alongi two profiles in Monterey BaY, California.

Each profile consisted of a series of 5 cfn. pipes driven into

the sands perpendicular to the beach. Measurements of sand
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elevation v/ere then taken relative to the tops of the pipes,

the heights of which were then referred to a conìmon datum.

During the study period they experienced an erosion-deposit-

ion range in sand height of 100 cf,rl. at the low-tide and mid-

tide tevels and diminishing to zeto at the back area of t'he

beach where \4/aves did not reach.

Strahler (1964) employing a profile-sampling interval

of one half-hour on a beach in New Jersey, found a semi-

diurnal cycle of cut and fil-l and associated this with the

semi-diurnal tide.

Ingle (1966) studies the lateral movement of beach sand

along the coast of California. Tc trace sand movements

under a wide range of foreshore-inshore conditions he made

use-of fluorescent dyes. A significant percentage of the

dyed grains were transported obliquely offshore under all

wave conditions.

Inman, Komar and Bowen (1968) also investigated the

longshore transport of sand along California beaches. The

data indicaÈed that the longshore transport of sand is

directly proportional to the longshore component of wave

pov¿er.

Thompson and Harlett (1968) investigated the relation-

ship between the daily beach profile and wave frequency of

DeI Monte Beach, California. The data demonstrated that
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the daily tidal range was several times larger than the wave

height and associated runup during most of the study. They

concluded that the general shapes of the profiles signifi-

cantly reflected the local tidal characteristics.

Suryaprakaso Rao, and Kassim (1970) observed the season-

al changes of a beach at Surathkal, along the west coast of

Ind.ia about 20 km. north of Mangalore, during the six month

period from February to August, 1969. Profile observations

and sediment, sampling'were carried out, at frequent intervals.

Profile measurements were taken at 3 to 9 day intervals de-

pending on the magniÈude of the changes which had taken

p1ace. Sediment samples v/ere also collected. The results

indicated that while the beach was subjected to low-wave

steepness up to the middle of MaY, buildup occured. From

Iv1ay through August there were periods of erosion and deposi-

tion with the overall effect being one of erosion. Sediment

charact,eristics \¡/ere recorded and the relationship between

grain size (median diameter in mm. ) and the foreshore slope

was shown; the curve being inserted for comparison wittr

other beaches.

llcgann (I972) investigated the special characteristics

of Arctic beaches. Due to the long, near total ice cover

each year, Arctic beaches are termed as fow energy beaches,

exhibit.ing low rates of longshore sediment transport and
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little change in beach material. Most areas show yearly

variations in ice cover conditions revealing similar var-

iations in wave action. During cert,ain years Arctic beaches

may shov/ very little change due to the inhibit.ing effect of

the ice, whereas infrequent catastrophic storms will show

decisive changes in beach characteristics. In the particu-

lar area of Radstock Bay, S.W. Devon Island, strong winds

from the southeast quadrant generated those v/aves which had

the greatest effect on the beach. Domínant longshore move-

menL of material took place during occasional storms such

as that of August 11-12 , 1969.

Hume and Schalk (L967 ) in the Point Barro\4/ area of

Al-aska, recorded the effects of a catastrophic storm which

produced a movement of twenty years of normal transport of

beach sediment.

Saylor and Hands (1970) investigated the movement of

longshore bars of Lake Michigan. Results showed that a

significant migration of the offshore bars occured due to

a change in lake level. During 1967-L969 Lake Michigan

recorded a rise of one-half meÈer, constituting a shoreward

movement of bar crests and troughs over a distance averag-

ing 30 meters. Furthermore they noted extensive s?rore

erosion because longshore bars were now not as effective

in dissipating wave energy.
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Dubois (1972) recorded seasonal variations in beach and

near shore environments along a profile of Lake Michigan.

Dubois concl-uded that changes occur on most marine beaches

due to seasonal variations of wave regimes, whereas limnic

beaches under study respond to seasonal fluctuations of

lake level

Engstrom (I974) examined foreshore sediments and slopes

of 39 beaches in the Apostle IsLands of northern !,Iisconsin.

He attempted to link beach foreshore parameters with selected

coastal processes characterizing the individual beaches.

Engstrom conclud.ed that in time, relationships based on

statistical analyses are possible, stipulating however, that

repeated testing is still required.

In summàry, the literature review reveals that beaches

are indeed constantly undergoing changes. The studies range

from observations taken on a daily to a seasonal basis.

Under no]:Inal environmental processes a cycle of deposition

and erosion is observable.

There is, however, some evidence that most movement of

material may take place during catastrophic events. In these

studies, only slight consideration has been given to disas-

trous storms.



Fieldwork

Topographic surveys were carried out three times dur-

ing the I974 summer season. The first survey corresponded

with l-ake ice breakup and was taken May 29. The second, or

midsummer, survey took place August 29 and the third, pre-

freezeup, was taken November 29. These times were assumed

to coincide with the open water season, thus covering the

low, high, and low energy cycIe.

The two study sections are 400 yards apart and are

separated by a dense growth of r,viIlow bushes and fairly

high sand dunes. Grid systems (6 columns x 5 rov/s) were

established over each sample beach. The grid includes

the following morphologic zones as d.efined by King (1959);

the back shore, the foreshore, and a small part of the near-

shore bottom zone. This system was chosen as it appeared

to be the most accurat,e and easily identifiable method of

obtaining samples and profiles for comparison over three

surveys.

Grid lines orthagonal to the shore line are referred

to as columns (C) and lines parallel to the shore as rows

(R) (rigure 9). Columns and rov/s were uniformly spaced;

the inÈervals between the columns being sixty feet, and

25

ChaPter II

METHODOI.oGY
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between the rov/s, fifteen feet. Stakes of 2" x 4" wood,

capped by a I/8" thick sheet metal top, v/ere driven 5 feet

into the ground in each area. Permanent reference stakes

(cfRt and CO*t) defined a base line with origin at ctRt.

This established base line facilitated repetitive surveys.

Knowledge of the lake level on the given dates allowed

actual- measurements to be given to the obtained levelling

data. Accurate measurements of distance from shore line to

Row One were also taken at each column

A total- of 30 sqmples from each Beach, each weighing

500 grams, v/as collected during each survey. Al-1 samples

consisted of the upper 16 mm. of sediment. Subaqueous

samples vrere taken from a depth of water of about 12 to 16

inches. In this wây, each sample is believed to represent

the same sedimentation unit

Laboratorv üIork

Profiles were drawn to scale along each column from the

dat,a obtained from the survey. Al-1 180 samples were split

using an Endicott sample splitter. The sample size selected

\¡/as 100 grams; it was weighed out very accurately and sieved

for 15 minutes on a RO-Tap shaking machine. The grade sizes

are based on the phi (ø) scale (Krumbein, 1938). Eight inch

diameter screens were used at one quarter phi (ø) intervaLs

ranging from -1"00 Ø zo 4.00 / inclusive. The resulting

27



sediment fractions

electric balance.

2B

were weighed to 0.01 g'rams on a Sartorius



29

ChaPter III

Results of the Fie1d and Laboratorv Studv

Data Presentation

r,ocations of the samples, thirty from the North Beach

and thirty from the south Beach, are shown in Figure g.

Profiles and erevations are shown in Figures 10 to 13.

Each profile and elevation is identified as to which area,

column and time period of the season it belongs. The

seasonal- changes of volume of sand are recorded in Table 3.

The figures shown in Table 4 (Appendix B) represent

the grain size data from the sieve analyses as used in the

computer program for statistical_ analyses. Table 5 (Appen-

dix c) shows the graphical parameters according to columns

and ro\^/s. Figures 14 to 15 are the cumurative curves of

selected samples from both areas at different time (seasonal)

intervals.

Composition of Sediments

The mineral contents of the sand samples were found to

be almost identical to the results of solohub and Klovan

(L97o) and Ball (L972).

The sample material can be broken down into three

groups, with quartz being the largest, accounting f.or 96

percent. Feldspar amount,s to approximately 2 percent and

'heavy minerals constitute the balance of the sample material.
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/a/ PROFTLE C1 NORTH BEACH 1974
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(c) PROFTLE Ca SOUTH BEACH 1974
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Figure 13

/e/ PRoFTLE c5 sourH BEACH 1974
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North Beach

3B

Table 3

Volumetric Changes of Sand

May - Augrust

Aug. Nov.

South Beach

Erosion -

Erosion -

Total Erosion

May - August

Aug. Nov.

168.38 cu. yds.

BO9.1B cu. yds.

977.56 cu. yds.

Erosion -

Erosion -

Total Erosion

569.38 cu. yds.

345.83 cu. yds.

915.21 cu. yds.



39

FTGURE L4
CI]¡4UI,ATIVE CURVES OF BEACH SANDS
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FIGURE 14 CONTINUED
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FIGURE 14 CONTTNUED
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FIGURE 14 CONTINUED
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FTGIJRE 15
CUMULATTVE CURVES OF BEACH SANDS

souTH BEACII (a) CtRt

oì

o

2

I

o
6o

PHÏ UNÏTS

.l
o

o

q
o



45

FTGURE J-5 CONTINUED
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FIGTIRE 15 CONTTNUED
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FIGURE 15 CONTIÀruED
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FIGURE 15 CONTTNUED
(e) c6Rz



Most of the quartz grains vary from sub-rounded to

rounded, displaying frosted and pitted surfaces. Approxi-

mately 25 percent of the quartz grains have either angular

or subangular faces, showing fresh fractures and vitreous

lustre. Solohub and Klovan (1970) state that:

"The frosted grains are identical
to those comprising ordovician
Iriinnipeg Sandstone. The vitreous
grains along with the feldspars
and heavy minerals, are components
of the glacial material."

(solohub and Kovan 1970, p.86).

Figure 16 and 17 show the typically even distribution

of grain size in a vertical and a horizontal plan (may

t974, C2R2).

49



50

Figure 16

Grain Size - Horizontal- Plane - Mäy, L9'74, CZRZ

Figrure 17

Grain Size - Vertical Plane - May, L974 CZRZ

,,'; -i': "
:,:t,rj- i
'-i -:l-; 

I



51

ChaPter IV

TNTERPRETATION AND DTSCUSSTON OF THE RESULTS

Introduction Profiles

During the open water season, sand movement is con-

tinuously resulting in an endlessly changing beach.

Changes in profiles and volumetric changes, accompanying

the shifting of sand, are expressions of this phenomenon.

Shoreline erosion and recession have always been

serious problems on Lake Winnipeg.

rrAn associated problem is the movement
of sand away from beactr areas, partic-
uIarly during high water periods, caus-
ing a deterioration of these areas't.

(l,ake lVinnipeg, Churchilt and Nelson
Rivers Study Board, I97L-75 p. 5-12)

It is therefore possible to postulate that changes in lake

level, should cause a corresponding shift in.beach profile.

A rise in lake leve1 should be accompanied by an upward and

landward movement of the beach profile to maintain a con-

stant position relative to the water level. Each profile

can now be considered a representative part of a particul-ar

segrnent of a beach.

According to the Study Board. (Lg7l--75) the shore lines

of the southern basin of Lake Winnipeg were eroding from

one to two feet per year, the extreme values varying from



zero to twenty-five

Seasonal Changes in

North Beach

The period of study covered three distinct parts of
the year. The first survey \^/as taken on May 29, rg74 soon

after break-up, the second during the mid-season on Augiust

29, 1974, and Èhe third on November 29, rg74 before freeze-

up.

rn May, the beach showed the effects of the recent ice

and snow cover, displaying overlying debris. Tsang (1973)

mentions thaL ice piling along shore lines of Lake simcoe

is often a spectãcular phenomenon, causing damages to shore-

line properties. Figure i-B and Figure 19 may be used for
illustration as they show debris from ice action in May

and a relatively clean beach in November.

At the time of the May 29, 1974 survey, lake revel was

at 7r7.33 feet. All columns, except g6 of North Beach,

del-ineate profiles having a well developed berm. column

six was shertered from the action of water because of a

higher erevation and a continuous belt of shrubs and bushes

alòng the edge of the water. The shoreline \^/as crescent

shaped (rigure 20). columns one and two show erosional

aspects due to wave action of the lagoon which was about

feet per year.

Morpholoqv
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Figure 18

Accumulation of Debris (North Beach) During

May Survey
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Figure 19

Area Cl-ean of Debrj-s (North Beach) Durj-ng

November Survey
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Figure 20

Berm and Crescent Shaped Shorel-ine of

North Beach (wtay 29, L974).

Vegetation Cover at Extreme End of Area
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twenty feet away from the sample area at that. time. The

first portion of the beach, starting from row five leading

up to the berm exhibited a srope of approximately three

degrees. The backshore area of the beach was almost frat
or had a gentle slope measuring up to 1r-, degrees.

The results of the survey in August indicate that the

beach had undergone a period of flattening and lowering of
the profiles. The lake lever rose from 7r7 .33 feet in l,tay

29 to 717.62 feet on August 29, L974. During this time

segrnent, erosion appears to be the dominant feature. Ivlost

of the profiles were lowered by approximately six inches

and alL of the early berm had been destroyed. some deposit-

ion took place as well, however, especially in row five for
columns one to four. columns five and six do not dísplay
any deposition, only erosion throughout their respective

profiles. The beginning of a new berm and an associated.

landward movement of the beach had. taken place (rígure 2r).

one reason for the berm not being fully developed may have

been the high winds which had occurred on August 25 and 26,

1974 (Tabre Ib). A large portion of the sample area was

inundated by the lake except column six, which was not

covered by water at the time of the survey (rigure 22).

The total erosion in volume of sand during the period from



56

Fignrre 2L

Landward Movement of North Beach (August 29, L974)

Figure 22

Col-umn 6 of North Beach Not Covered by Water

In Spite of High l^iater Level (August 29, L974).
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the t"tay to the August survey amounted to 168.38 cubic yards.

The last survey on November 29, by which time the lake

level had fallen from 7L7.62 to 7r5.7o feet, showed a d.efin-

ite period of erosion during which the whole beach was low-

ered extensively. rn some areas this amounted to a differ-

ence of one foot in elevation, corresponding to a drop in

the lake revel and indicat,ing a definite lakeward migration

of the foreshore. The shoreline exhibited several sma1l

baylets and the beginning of a definite berm (figures 23

and 24). The change in volume of sand from August to Nov-

ember amounted to a decrease of 809.18 cubic yards, giving

a total net change of 977.56 cubic yards for the entire

season.

SouÈh Beac4

fhe shore line along the South Beach did not at any time

exhibit any formation of baylets or crescents. Throughout

the season this beach displayed a relatively straight shore

line. The reason for this occurrence can probably be traced

to the absence of vegetation in the immediate sample area

(figures 25 and 26).

In May the area was covered with some debris. Ho\øever,

the amount was not as great as in the more sheltered North

Beach. The berm in the foreshore area was not as pronounced

as in the North Beach (Figrure 27) ¡ the reason for this might
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Figure 23

Beginning of Gentle Slope and Berm

North Beach. (November 29, L974).

Figure 24

Baylets, North Beach. (November 29, 1974) .
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Figure 25

South Beach, (May 29, 1974).

Figure 26

South Beach, (November 29, 1974).
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Debris, and Berm of South Beach (Vtay 29, 1974)



be Èhe comparatively steeper slope of the backshore area.

The foreshore slope varied from 10 to 1lo whereas the back-

shore slope had a variation of between 50 and 60 with column

5 having the steepest sIope.

The August survey indicates that during the period be-

tween May and August heavy erosion had taken place. The

area most affected was between rows one, two and three,

another display of landward extension of the foreshore

area. The entire area between rows two and five became

the foreshore and exhibited a gentle sIope, not unlike

the foreshore slope during the l,tay survey. The backshore

area (row one and two) maintained approximately the same

steep slope as bgfore. The South Beach berm during this

survey \das even less developed tharr the North Beach during

the same period. The decrease in volume during this period

was 569.38 cubic yards.

The survey in November shows a similar extensive ero-

sion as in the North Beach area. The shore line however

remained relatively straight, and instead of baylets this

area had the beginning of a small off-shore bar. The change

in volume was 345.83 cubic yards, amounting to a total loss

of 9l-5.21- cubic yards for the season.

61
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Both beaches illustrate the migration of their res-

pective segments, either landward with high v/ater Ievel,

or lakeward with lower lake leve1s. On inspecting the

width of the beaches at various times (figrures 28 and 29),

it, can be clearly seen that the North Beach has a more

erratic displacement whereas the South Beach is more geo-

metrical or even. As both areas are subjected to the same

rise in water level, the difference in morphology must be

due to the original difference in topography. The South

beach had a comparatively steeper slope, propagating a

similar retrogradation and progradation of the area; not

al-l-owing any changes along the shore line. The shore l-ine

remained relatively straight throughout the season. The

North beach, with its flatter t.opography, except column

six which had a higher elevation, experienced more exten-

sive flooding and the smoothening and flattening of the

area was more pronounced. The shore líne in November show-

ed formation of various baylets throughout its length and

the beginning of a crescent in the area of column five and

six.

Introduction - Grain Size Parameters

Various measures are used to describe grain size dis-

tribution of sediment. Textural characteristics can be
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identified through the use of descriptive statistics. In

this study, Folk's four statistical parameters are adopted:

the mean, standard deviation, skewness and kurtosis. The

mean and standard deviation are in phi units, skewness and

kurtosis are dimensionless statistics d.escribing the symmet-

rical characteristics of a frequency curve. More complete

information on different moment. measures is detailed in

Appendix A.

Krumbein (1938) gave an extensive Èreatment of specific

concepts such as the log-normality of grain size distribution.

Doeglas (1946) showed that grain size distribution followed

an arithmetic probability. His analyses yielded an empiri-

cal classification of curve shapes whích he related to

specific environments.

Inman (J-949) delineated the rel-atíonship between tex-

ture and processi defining three basic modes of transport,

surface creep, saltation and suspension. In 1952, Inman

further recommended the use of five parameters for statis-

tical computation. These were: the mean diameter, standard

deviation, kurtosis, and two measures of skewness. Folk

and lrlard (1957), Friedman (1961), and Visher (1969), Ïrave

contributed significant studies using the same statistical

parameters, except that only one measure of skewness was

used. Solohub and Klovan (1970) stated thaL if it, can be
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assumed that the mean grain size is a measure of

the time of deposition, then the mean grain size

different environmental conditions.

Grain Size Parameters

North Beach

The mean size of all the samples taken in l,tay rangies

from 0.542 Ø at CZR¡, to 1.951 Ø at a+RZ; the difference

amounting to 1.4O9 ø, indicating a fairly uniform grain

size distribution for this area. Row three was an excep-

tion, C.2,Ca,CS and CU having readings under 1 Ø delineat-

ing very coarse sand. Ho\dever, the average mean size of

row three (1.115 ø) is still within the medium sand range.

The reason for this difference could be due to residual

material from ice action of the previous winter. Further-

more, row three is located beyond the berm away from the

waterline facilitating trapping of larger particles.

Samples from the August survey reflect a slight,ly

larger difference in mean particle sj-,ze, the range \¡/as

between 1.387 Ø at C1RZ and 2.56 þ aL COR¿ amounting to

a difference of 0.769 þ wíEln aII Ø values greater than

one. Most of the sample area \^/as covered by water account-

ing for the absence of larger particle size.

The results of the November survey had very similar

values to that of August. The difference was 0.791 ø

energy at

delineates
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\dith a value of 1 .286 Ø at CSRZ to 2.077 Ø at CORg. All

sample points along C, to CS except row five \¡/ere above

water leveI, Column six was above water throughout the

season.

Sahu (1964) states that, the mean particle size reflects

the average kinetic energy of a process. Hjulstrom (1939)

assumes a direct relationship between grains coarser than

the rangie of 0.3 to 0.6 millimeters and the energy needed

to move those particles. Materials finer than the range

of 0.3 to 0.6 needed an increase of threshold velocity to

initiate particle movement with decreasing particl-e size.

The study area illustrates a similar effect, with the

ro\^/s parallel to the lakeshore showing the trend of advance

and reÈreat of the lake level, and therefore the rise and

fall of kinetic energy, by exhibiting a gradual decrease

of fines away from the water Iine. gamples from August

and November indicate the uniformity of the processes in-

volved, and are lacking the larger sand particles which

\¡/ere found in May, satisfying the different geologic pro-

cesses which must have act.ed on this area d.uring the winter

months.

The standard deviation, or sorting, depict,s the varia-

tion of the kinetic energy about, the mean energy level

(Sahu, Lg64): Iarger sorting coefficients reflect greater



vari.ations in energy Ievel. A large sorting value reflects

a poorly sorted sediment, whereas a small range of sediment

size denotes well- sorted material.

The varues for the standard deviations (except for one

isorated sample unit) exhibited a sma11 rang:e for the whore

area over the entire. season. The low and high values for

Mãy, August, and November respectively are, O.223 Ø at

CsRz, 0.262 Ø at C4*g, 0.243 Ø at c5R4, 0.909 Ø at C3R3,

0.608 Ø at czR3, and 0.559 Ø at CzRl. c3R3 is the only

unit which is moderately sorted. All others range from

very well sorted to moderately well sorted. rt seems that

beach sands tend t.o be raked back. and forth by the contin-

ual motion of wave swash and this continuous reworking re-

sults in good sorting.

Skewness is a measure of the asymmetry of a sediment

frequency distribution, it relates the position of the

mean relative to the median (oubois, 1972). In a positive-

1y or fine skewed sediment, the mean is offset from the

median towards the fine tail, whereas in a negatively or

coarse skewed sedj-ment, the mean is offset from the median

towards the coarse tail of the distribution. Friedman

(1961) postulat,es the skewness for dune sand is generally

positive and that medium sands which are subjected to high

6B



wave energies will be negatively skewed because the fine

clasts will have been winnowed out. Therefore the mean of

a sediment distribut.ion is offset from the median toward

the coarse fraction generating a negatively skewed r¡a1ue

(oubois, 1972).

From the first survey in May, twenty three out of

thirty values show negat,ive skewness, the maximum rangie

being between 0.171 to 0.287. In Augrust, twenty six

values \dere negatively skewed with a maximum range of

0.186 to 0.328. The November survey also had only four

values exhibiting positive skewness. The range was be-

Èween 0.112 to 0.3117. August and November survey re-

sults tend slightly more to a beach environment than the

May values. The positively skewed values may be due Lo some

modification by the wind; some however were found below

lake level. Stephenson (1970) suggests that skewness seems

to be related to environmental conditions and energy. He

claims that negative skewness can be associated with areas

of erosion while posit,ive skewness is indicative of deposit-

ion. Although all of the region shows aspects of erosion,

some deposit,ion may have occured during any segrment of

time accounting for the positively skewed values.

Dubois (L972) states that the specific aeologic mean-

ing of kurtosis has not been fully determined. According
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to Folk (1957 ) kurtosis as used by sedimentationists mea-

sures the ratio of t,he sorting in the extremes of the d.is-

t.ribution compared with the sorting in the central part.

rf the central portion is better sorted than the tai]s,

then the curve is leptokurtic or excessively peaked. rf

the tails are better sorted then the curve is deficientry

peaked or platykurtic. rf the curve is normal, or meso-

kurtic, the K" value is from O.90 to l-.I1 (Folk, 1969).

On working out averagie values along roi,t/s, it can be seen

that all samples fall within the mesokurtic category -
again pointing to the uniformity of the environmental

material and environmental processes.

South Beacþ

The mean size of the samples collected during the May

survey had no values under I.O ø as \¡/as the case at the

North beach. On examining the average values of all the

rows, it is al-so row three which has the lowesL value.

The average mean varue of the North beach of row three was

1.115 Ø and the south beach r.366 ø. The reason for slight-

ly larger particles in both areas may be that they delineate

particular processes occuring during the dormant season.

wave energy may be strong enough to carry larger part,icles

to this limit and deposition wilr take place, whereas the

swash is lacking the energv requj.red for transportation of

70



larger particles.

The August mean averages indicate larger particles

for all roq/s, whereas the November mean averages show an

increase of smaller particle size. This phenomenon may be

due to the fact that the shoreline of the South beach was

relatively straight, lacking any vegetation cover and there-

fore more exposed to environmental processes. With a high-

er water level during August a higher kinetic energy would

substantiate movement of the larger particle size; during

November a lower lake leve1 would consLítute a lower energy

leve1 and subsequently a smaller particle sj-ze.

During the November survey, the South beach does not

exhibit as clearly the gradual decrease of fines away from

the water line as does the North beach - especially row

four which has a higher average mean value than any other

row during this time segrmenÈ. On examining elevations and

profiles, iL can be seen that, row four d.elineates the bound-

ary of water environment and shows the beginning of a berm

which could cause trapping of slight,ly larger particles.

The values for the standard deviation for the South

beach again indicate the uniformity of the area,. most of

the values for the season range from very well sorted to

well sorted, having / values from 0.35 Ø or less to O.5O ø.

Three exceptions h/ere found during the May survey at C:RZ

7L
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(0.5434), C1R4 (O.54O ø) and at Cl_Rs (0.626 ø). As we1I,

three other values found in the August survey were in the

moderately well sorted t,o moderately sorted category, being

(0.797ø) ar ctRg, (0.557 ø) at, ctRs and. (0.6:-7 ø) ar c5R5.

Ball (Ig72) states that scalloping may account for

deviation of values in similar areas and this would account

for the higher values in May; however, the larger material

in August is hard Èo explain as all stations in questions

were covered by water and therefore acted upon by the same

processes.

The South beach had twelve samples in May, sixteen

samples in August and five samples in November positively

skewed, indicating the more exposed aspect of the beach.

It is clearly not a dune environment, but rather a beach

which has been slightly modified by wind action.

Simil-ar average values for kurtosis are exhibited by

the South beach as the North beach. of fifteen readings

only one is leptokurtic, the remainder are mesokurtic.

The high values are from the August survey and are found in

row five, which was covered by more than one foot of water

which caused less disturbance of the materíal.

Visher (1969) found that 50-99% of beach material

between O.5 ø and 4.25 þ was a result of saltation activity.

The rangie was determined by the Coarse Truncation and Fine



73

Truncation points on a cumurative frequency curve. 9o/" of

the samples from the study area were found to be in the rangie

from L Ø Lo 3 Ø showing similarities in the cumulative fre-

quency curves (figrures 14 and 15), thus appearing to bear

out Visher's findings e '
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ChaPter V

CONCLUSION

Coastal studies of marine beaches have shown that

changes in morphology are manifestly associated with wind

regimes. Increased storms during the winter season cause

erosion of beaches. In summer when moderate winds prevail

reconstruction of the beach takes place. Dubois (L972)

further states that not all marine beaches undergo a season-

al change. Deviations from the cycle are functions of

beach orientation relative to wind direction, and of the

absence of major seasonal climatic variation.

Seasonal changes in morphology of limnic beaches res-

pond to seasonal fluctuations in lake Ievels. In this stud.y

it was found that the rise and fall of lake level was indeed

the domi'nant variable affecting the study area. Winds

and waves must also bring about changes for they can be

related directly to the elevation of l-ake leveI.

Moisture cont,ent and consequent saturation of the

sand, which was not, measured, should also be considered

as a factor altering the beach profile. The rate of erosion,

or lowering of the area due to hearry saturation of the

material, must have been excessive, but can only be inferred

from the amount of erosion over the whole season. Veg-

et,ation cover, slope, and the original topography of the
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area wiJ-l influence subsequent erosion or deposition.

Lake level for the ent.ire season (1974) was markedly

higher than the mean level of 7!3.22 feet (figure 5b) de-

noting an atypical increase in water level. The Technical

Report (L971-75) stat,es that the average relationship be-

tween water level increase and loss of beach area was es-

timated to be a twenty percent loss of beach width for each

one foot increase in water l-eve1s above the mean level.

Throughout the season South and North beaches under-

wenÈ a hea\î/ cycle of erosion. Deposition or build up of

the beach area had not manífested itself clearly by November,

I974; therefore the seasonal cycle of dynamic equilibrium

normally associated with limnic lakes had not been fully

completed at this particular segirnent of time. As the lake

leveI rose during the season, a marked landward movement

of the beach was noted. Wtrile the lake level increased

by O.29 feet, the loss in width was approximately twenty

to twenty-five feet. In November the reverse occured.

i^Iith the drop in lake level, a definite lakeward movement

of the foreshore took place. The drop in lake leve1 be-

tween August and November amounted to 1.13 feet, expanding

the beach by approximately thirty feet.
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"The effect of lake level on sand
beaches is very complex. Neither
the availabLe data for Lake Winnipeg
nor Lhe present state of the art
of analysis is adequate to offer
more than some very general comment,s

, on the subject.

(Program for Reg:ul-ation of Lake
lüinnipeg, 1972, p.11) .

On comparing the grain-size parameters of the two

beaches it can be ded.uced that the two areas may be viewed

as a single beach unit delineating the uniform nature of

source sediments. The foreshore bottom, the foreshore and

backshore have simiLar parameters throughout the season with

some isolaÈed exceptions. The original physiography was

slightly different from one region to the other, accounting

for the sequential change in topography for the respective

areas.

Plotting mean size against the distance from the base

l-ine emphasizes the uniformity of grain size (Figures 30

to 3I), and on plotting sÈandard. deviation against mean size

a definite clust,ering of samples is revealed, indicating the

same environmental processes (figrures 32 to 33), (!{ong,

P.P. , l.97l-). These results coincide with Duboisr findings.
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"No surficial sediments showed variations
both in mean particle size and in sorting
between the study periods. Judged on the
averages of mean grain size and sortingi,
the textural properties of the nearshore
sediments appear to be constant throughout
the year. "

(oubois , 1972, p.78) .

rt was hoped that a relationship between the changes

in morphology and the changes in sedimentation might be

established. These changes could not be correlated, how-

ever, due to the very uniformity of source material and

processes acting on the study area.

Suggestions for further study t.o acquire a more com-

prehensive knowredge of seasonal changes of a beach, woul-d

include monitoring of an area over a period of several

years. This may confirm seasonal patterns during typical

years, and deviations from those patÈerns during atypical

years, and establish whether these atypical years disrupt

the dynamic cycle of equilibrium.

Furthermore/ observation on a daily basis, particular-

1y after catastrophic events, would add much data to the

study of beach movement. For such a study, a permanently

manned station, set asid.e from public use, could be en-

visioned. An undertaking of this nature is, however, out-

side the scope of this paper.



B6

As a final- conclusion for this study, it can be st.ated

that changes in morphology of a beach are specific to local-

ity, source material and variables governing the rise and

faIl of lake level. sândy beaches should be considered as

unique entities which differ from region to region, reaffirm-

i-ng the view that they are dynamic and variable landforms.
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A Review of Grain size Parameters as per computer program.

Introductíon

One of the problems in sedimentology is the ability

to give a definite conclusion with respect to its environ-

ment and measurabre sediment parameters. McBride for ex-

ample, states:

"Grain size analyses are made for one or
more of the following reasou.s:
1) To describe samples in terms of

statistical measures.
2) To determine the agent (wind, river,

turbidity, current, etc. ) of trans-
portation and deposition.

3) To correlate samples from similar
depositional environments or strati-
graphic units.

4) To determine the process (suspension,
traction, saltation, etc. ) of final
deposition.

5) To determine the environment of
depositional channel, floor plain,
beach, d.une, neritic marine, etc.',

(¡,tcgrid.e, I97l p. 109).

The meàn is a measure to determine overall averag.e

size. The mean is affected by every grain in the distrib-

ution and therefore should be an indicat.or of the environ-

mental process.

The st.andard. deviation ( tI ) is used t.o find an accept,-

able method of sorting measure. As in graphic approximation

to the mean, the more of a curve Èhat is used for a sorting

measure, the more accurate tÌìe measure will be.



skewness measures the degree of asymmetry and whether

a curve has an aslmmetrical tail on the reft or right.

Friedman (1961) states that the skewness for dune sand is
generally positive, while the skewness for beach sand is

negative. Furthermore, Stephenson (1970) suggests that

skewness seems to be rel-ated to environment.al conditions

and environment energy. He claims that negative skew-

ness has been reLated to areas of erosion while positive

skewness is indicative of deposition.

Kurtosis measures the ratio between the spread in

the central part of the distribution and the spread in

the tails of the curve.

Fo]-k (1968) states:

"If the central portion is better sorted
Èhan the tails, the curve is said to be
excessively peaked or leptokurtic; if
the tails are better sorted than the
central portion, the curve is deficient-
1y or flat, peaked and platykurtic. "

(Folk 1968, P. 48).

Statistical Parameters and Formu1ae.

Folk and Ward (1957)
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1) Mean size (MZ )

=ø16+Ø50+øe4



2) Inclusive graphic

= Øe+-Øtø

3) Skewness (SKI)

2 (ø84 - ø16) 2 (øes - ø5)

4) Kurtosis (XC)

= ø95_ø5
2.44 (ø75 - ø25)

Inman (1952)

1) Mean

= Ø16+Øea
2

96

standard. deviation (9I)

+ Øgs-ø 5

= ØeA+Ø16 2ø50

66

2) Standard Deviation (6rf)

= Øed-Øtø

øe5+Ø s 2ø so

3)

2

Skewness

The first

part

= ø16+Ø84 2ø50

(s\)
measure of skewness is used for the central

ø84-øt6

and the second measure of skewness

Èai1s,

= ø5+Ø95 2ø 50

ø84-ø16

is used for the



4) Kurtosis (XC¡

= (ø95-Øe+-øL6)
øe4-ø16

Friedman (1961) Moment Measure

ir{,ean (xø) - First moment

xø = L/Iool(^ ø

where i Ø is the mean grain size (phi units) { is the

grade size frequency, and m Ø is the mid point of each

grain size (phi units).

Skewness ( 3 ø) Third moment

3Ø=Ã/rco) ø-'z{@Ø-xø)3
where 3 Ø ís the skewness and / is the standard deviation

(phi units) and which is expressed by

tØ=()åt*ø-xØl 2/roou

Kurtosis (4 ø) - Fourth moment

4 Ø = (r/rco) ø -4>{ t* Ø - x øla

where 4 Ø ís the kurÈosis.
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ROI^I I

ø_

-1.00
-o.75
-o. 50
-o.25
-o.00
o.25
0. 50
o.7 5
1.00
I.25
l_.50
I.7 5
2. O0
2.25
2 .50
2.75
3 .00
3.25
3.50
3.75
4. 00

Sieve Analvsis (Grams), North Beach.

cl cz
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TABLE 4 Grain Size Data

I4ay
0. 00
0.08
o.29
o .47
I.49
3.10
4.3r
5.27
9.22

13 .12
17.52
2?.77
14.99

5.73
1.09
o.24
0.03
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.02
o.02
0.08
0.58
5.26

23 .44
46.03
20.05
3.03
1.33
0.03
0.01
0.00
0.00
0.00

Aug. Nov.
0.00
0.00
0.00
0.00

0. o0
0.00
0.00
0.00
0. o0
0.00
0.01
0.07
o .46
2 .35
7 .6r

14.72
25.A2
28.56
l-4.23
4.86
0.78
0.08
0.03
0.01
0.00

0.00
0.00
o.00
0.06
0.65
0.98
L.94
3.94

10.15
21.03
23.00
20.20
13.88
3.49
0.33
0.02
0.01
0.00
0.00
0.00
0.00

0.00
o-02
0.05

May Auq. Nov.
0
0
0
0
0
0
0
o
1

I2
24
29
23

7
0
0
0
0
0
0
0

0.08

.00 0.00

.00 0.00

.00 0.00

.00 0.00

.00 0.00

. 03 0.lt_

.It_ o.L2

.21 0.13

.41 0.40

.25 I.92

.30 27 .34

.83 37.44

.90 18.93

. 03 9.10

.43 3.35

.13 0.70

.o2 0.12

.00 0.06

.00 0.03

.00 0.01

.00 0.00
c_

5

0.33
3.55

14.51
23 .00
32.35
20.74
4.34
L.14
0.19
0.01
0.00
0.00
0.00
cq

0. 00
0.05

-1.00
-o.75
-0.50
-0.2 5
0.00
o.25
0.50
o.75
1.00
I.25
1.50
I.7 5
2.OO
2.25
2.50
2.75
3 .00
3.25
3. 50
3.75
4.00

0.18

May

o.20

0.00
0. 00
0.00
0.00
0.00
0.00
0.05
0.05
o.06
0.33
3. 83

2L.A4
39 .46
28.LI
5.11
0.83

.L2
0.01
0.00
0.00
0.00,

0.00
0.00
0.00
0.03
0.07
0.10
o.2I
o.42
1.89
8.73

L6.66
2I.9t
27 .28
L7 .24

3 .95
o.97
o.I4
0.02
0.00
0.00
0.00

1. B3

cg

Aug. Nov.

e.00
3.30

0. 00
0.00
0.07
0.09
0.15
o.17
0. 33
0. 55
1. 58
3 .95
6 .23

10.12
24.29
32.38
\4.27
4.4I
0.83
0.16
0,07
o.02

, 0.01
co

4. 81
9.O4

0.00
0.00
0.00
0.00
0.00
0.02
0. o3
o.o4
0.05
0.1s
L.37

L7.82
40.35
30.70
5.61
o.67
0.09
0.01
0.00
0.00
0.00

16.40
16. 56
16.7I
L7.O2
I .57
2.25
0.69
0.19
0.07
0.02
0.01
0.00

0. 00
0.03
0.05
0.08
0.10
o.12
o .23
0. 50
l_. 51
5. 93

11.60
19. 2B
27.70
20.60

7 .O4
3.09
I a?
L.LJ

0.32
0.10
0.06
0.20

0.00
0.00
0.00
0.05
0.25
o.49
I.T4
1o.)
4.3 5

10. BB
16.11
22.69
26.38
L2.47
2.30
0.50
0.08
0.01
0.00
o. o0
0.00

0.
0.
0.
0.
0.
0.
0.
1.
6.

11.
12.
l-4.
24.
2J-.
4.
0.
0.
0.
0.
0.
0.

00 0.00
00 0.00
04 0.00
06 0.05
09 0.06
12 0.08
36 0.13
68 0.20
95 0.60
7r 3.11
00 12.86
98 29.34
7I 33.08
30 16.00
79 3.05
91 0.77
11 0.17
02 0.o2
01 0.01
00 0.00
00 0.00

0.00
0.00
0.00
o.o7
0.08
0.09
0.30
o.7r
3.16

12.90
22.39
23.40
23. B5
l-O.76
I.57
0.35
0.05
0.01
0.00
0.00
0.00

0.00
0.06
0.08
0.21
0.30
0.33
o.62
1.00
3.08
9.45

17.50
23.O4
25.57
14.22
3.39
0.63
0.03
0.00
0.00
0.00
0.00



ROW 2

ø.
-1.00
-o.7'5
-0.50
-o.25
-0.00
o.25
0.50
o.75
1.00
r.25
1.50
r.7 5
2 .00
2.25
2 .50
2.75
3 .00
3.25
3.50
3.75
4.OO

IVIAY

o .23 0.00
0.36 0.11
o .47 0.39
0. 85 0.56
L.54 L.2I
3.62 L.32
4.87 2 .59
s.09 4.37
B.28 10.66

12 . B0 rg .78
20 .39 16.95
19 . 85 l.6.79
L4.65 14.99

5. s6 7 .85
o.79 1.37
0.16 0.38
0.01 0.19
0.00 0.o2
0. o0 0.00
0.00 0.00
0.00 0.00

î"4

ct
Aug. Nov,

0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.02
0.15
0.65
2.t5
B. B3

33.01
40.02
12.50
2.O4
o.19
0.01
o.00
0.00
0.00

0.00
0.00
0.06
0.10
o.20
o.24
0.53
0.95
3.29

TL.79
20. 83
25.95
25.60
8. B0
1" 11
o.20
0.04
0.01
0.00
0"00
0.00

100

May
0.00
0.00
0.00
0.00
0.00
0.00
0.05
o.23
3.70

29.58
30.91
20.31
11.50
2.93
0.41
0.11
0.01
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.05
0.06
o.27
2.TI

13 .82
45.9I
31. 53
5.05
0. B5
0.15
0.04
o.o2
0.00
0.00

cz

Auq.
0.00
0.05
o.20
o.25
o.29
0.36
0.63
r.t2
4.05

r3 .63
18. BB
l_9. B0
24.07
12 .83
2.66
o.67
0.14
0.03
0.01
0.00
o.00
c_

5
0.06
0.18
o.23
o.57
0.84
1.00
1.19
1.70
3 .90
9.95

16.36
21.33
25.08
13.45
2.96
o.64
0.09
0.01
o.00
0.00
0.00

Nov.
0.00
0.00
0.00
0.03
0.05
0.07
0.13
0.20
o.47
1.90
5.16

L6.A2
32.9I
28.60
9.47
3 .11
o.67
0.10
0.03
0.01
o.00

0.00
o.o4
0.06
0.10
0.12
0.14
o.27
0.51
2.OI

10.15
20.50
24.45
25.28
12. 58
2.49
o.7t
o.19
o.02
0.01
0.00
0.00

-I.00
-o.75
-0.50
-o.25
0.00
o.25
0.50
o.75
1.00
I.25
1.50
I.7 5
2.00
2.25
2.50
2.75
3.00
3.25
3 .50
3 .75
4. 00

¡4aY
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.02
1.00
1.6s

10.20
30.22
33.63
l-9.22
3.25
0.59
0.07
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
o.02
0.04
0.33
2.37

13 .87
44.06
33.21
4.9L
o.64
0.05
0.01
0.00
0.00
0.00

c
Ĵ

Aug. Nov.

0.00
0.00
0.00
0.00
0.00
o.02
0.05
0.08
o.t7
1.00
4.39

13.24
37 .80
32 .59
8.58
t.67
o.20
0.04
0. o3
0.00
0.00

0.00 0
0.00 0
0.00 0
0.07 0
0.11 0
o.I2 0
0.13 0
o.I4 I
o.43 12
L.92 4I
5.43 23

13.50 7
34.61 3

31.31 2

9.I2 2

2.32 2

0.33 0
0.06 0
0.03 0
0.01 0
0.00 0
c-

b
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.03
0.05
0.09
2.BO

17.31
37. O3
28.I2
11.31
2.20
o.64
o.09
0.01
0.00
0.00

00
00
00
00
t_1

20
76
97
13
L7
20
63
97
92
36
35
B3
13
03
0l
00

29
40
46
L)
45
67
6B
7L
97
BO

92
72
78
95
56
56
I7
09
01
00
oo

0.08
0.15
0.19
o.27
0.31
0.38
0.68
1.05
aa1

9.87
17.68
2t.97
23.99
t4.72

3 .40
o.82
o.72
0.01
0.00
0.00
0.00

0
0
0
0
0
0
0
0
1
9

20
22
24
11

2

0
0
0
0
0
0



ROW 3

ø.
-1.00
-o.75
-0.50
-0.25
-0.00
o.25
0. 50
o.75
1.00
1.25
1.50
I.7 5
2 .00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00

-1.00
-0.75
-0.50
-o.25
0.00
o.25
0.50
o.75
1.00
I.25
1.50
I.7 5
2 .00
2.25
2.50
2.75
3 .00
3.25
3 .50
3 .75
4. 00

May
0.00
0.02
o.22
0.33
0.43
o.46
0.50
0.71
r.94
6.01

12.69
21.18
29.65
IA.79
5.25
r.22
0.16
0.03
0.01
0.00
0.00

0.02
0.10
0.32
0.41
0. 57
0.60
1.01
r.57
4.24
9.O4

]-2.20
16.60
25.L4
2l_.13
5.60
1.13
0.16
0. o4
0.02
0.00
0.00

ct
Aug.
0.00
0. o4
0.16
0.20
o.2B
o.32
0.54
I.O7
3 .09
9 .45

13 .42
r8.7 6
26.09
18.46
5.28
r.77
o.46
0.08
0.04
0.01
0.00
c4

0.06
0.08
0.16
0.20
o.22
o.24
o.26
0.28
o.37
0.81
2 .47
9.54

31.33
40.63
11.39
I.57
o.12
0.01
0.00
0.00
0.00

Nov.
0.00
0.00
0.00
0.00
0.07
0.08
0.16
0.36
o.76
\.7 6
3. s3
8.95

26.38
36.52
l-6.29
4.r2
0.59
0.05
0.01
0.00
0.00

0.00
0.00
0.06
0.10
0.15
0.19
o.37
0.61
0.93
5 .52
9.65

L5.82
29.87
23.96
8.t2
2.73
1.01
o.29
0"15
0.09
0.02

101_

Mav
0.08
o.20
1.00
3 .34
5.27

13 .91
22.22
2I.39
18.80
8.14
2.2I
r.62
0.93
o.37
0.05
o.02
0.00
0.00
0.00
0.00
0.00

0.00
0.10
0.11
0.69
2.06
4.r9
8.81

13 .84
24.38
2I.45
8.69
5.87
5.33
3 .36
0.80
0.19
0.05
o.01
0. o0
0.00
0.00

cz

Auq.
0.50
o.62
0.71
0. 86
r.o2
I.7 6
2.67
4.35
7 .34

L2.89
l-3.76
14.27
20.39
14.09

3 .31
o.a2
0.13
0.04
0.02
0.01
0.00
c_

5

o.25
0.69
o.75
0.99
t.27
1.41
1.69
2.27
6.69
9 .45

13.00
22.97
22.5t
11,.87
2.9t
0.65
0.14
o.02
0.00
0.00
0.00

Nov.
0.00
0.00
0.00
0.00
0.06
0.06
0.13
o.27
0. B6
4. 10
9.20

20.37
32.I2
23.19

6 .54
2.II
o.44
0.05
0.01
0.00
0.00

0.00
0.00
0.09
0.31
0.89
1.06
1.83
2.69
5.10

t2.79
18. 86
22.O3
l-9.72
10.54
2"40
o. B7
o.28
0. 06
0.02
0.01
0"00

May
o.52
4.O7
5.78
6.39
6 .40
7 .40
7.76
7 .OO
9.50

L2.6L
9.60
9.24
8.47
3.BB
o.7 4
0.13
o.o2
0.00
0.00
0.00
0.00

0.09
0.13
0.43
1.01
2.69
4.45
8.65

15. 86
25.t7
20.56
8.29
4.92
4.50
2.34
0.41
0.09
0.01
0. o0
0.00
0.00
0.00

"3
Aug.
0.00
0.04
0.06
0.10
o.12
o.L4
o.17
o.22
o.64
2.2L
5.7 5

13 .99
33 .49
30.95
B.9B
2.36
0.35
0.07
0. o4
0.02
o.01
c6

o.07
0.14
0.19
o.25
0. 30
0.35
o .47
0.79
2.83

14.50
L9.72
L9.84
22.65
13.45

3 .34
o.64
0.06
0.01
0.00
0.00
0.00

Nov.
0.00
0.00
0.00
0.07
o.30
o.44
0.96
2.I8
8. BB

13 .03
]-5.62
L7.98
L9.97
13 .12
4.67
L.B2
o.49
o.07
0.03
0.01
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
o.02
0. 03
o.2t
0.90
5.I2

29.63
43 .36
15.86

3 .95
0.53
0.03
0.01
o.00
0.00



ROW 4

ø_

-1.00
-o.75
-0.50
-o.25
-0.00
o.25
0.50
o.75
1. O0
I.25
1.50
I.7 5
2 .00
2.25
2.50
2.75
3 .00
3.25
3 .50
3.75
4.00

-1.00
-o.75
-0.50
-o.25
0.00
o.25
0.50
o.7 5
1.00
L.25
1.50
I.7 5
2.OO
2.25
2.50
2.7 5
3 .00
3.25
3.50
3.75
4.00

Mav
0.00
0.00
0.03
o.25
0.60
1.83
4.69
8.7 4

IB .42
20.30
14.46
]-4.40
10.90

4.O9
o.65
0.13
0.03
0.01
0.00
0.00
0.00

o.03
0.17
0.36
o.42
0.58
o.79
1.1s
2.OO
5.58

14.49
17.40
L9.07
22.05
12.50
2.5I
o.62
0.13
0.03
0.01
0.00
0"00

ct
Aug.
0.00
0.00
0.03
0.18
0.30
0.39
o.7L
L.2T
3.2r
8.90

14. 83
20.L9
28.01
L7.46

3'.47
0.63
o.09
0.01
0.00
0.00
o.00
c4

o.L2
0.14
0.16
0.19
o.22
o.25
0.33
0.59
1.89
5.4r

10.40
18.04
33.64
22.87
4.32
0.82
0.12
0.02
0. o0
0.00
0.00

Nov.
0.00
0.00
0.00
0.03
0.04
0.05
0.07
0.19
0.54
2.32
5.95

L4.L6
28.07
32.I5
12.53
3.2I
0.43
0.04
0.01
0.00
0.00

0.00
0.04
0.05
0.08
0.10
0.12
o.23
0"56
2.40
9.02

14.59
20.a4
25.69
17.83

5. 50
I.92
0.45
0"09
0.02
0.01
0.00

LO2

Mav
0.03
0.20
0.31
0.48
o.52
o.54
o.70
0.99
2.65
7 .16

L2.52
19.55
30.02
19. 55
3.67
o.67
0.09
0.04
0.01
0.00
0.00

0.03
0.10
0.31
o.79
o.97
I.O4
1.81
2 .90
7.10

13.70
L4.46
ls.61
20.98
14.63

4. 00
1.15
o.29
0"07
0.02
o.00
0"00

cz

Aug.
0.00
0.10
0.40
0.60
l_.09
I.I2
1.89
2.48
5.89

TI.47
13 .68
16.19
2L.66
16.61
4.67
I.43
o.24
0.06
0.01
0.00
o.00
c_

5
0.00
0.00
0.00
0.08
0.10
0.19
0.65
2.58

13 .20
22.62
17.73
t7 .r7
15.03

7 .68
2.O7
o.44
o.02
0.00
0.00
o.00
0.00

Nov.
0.00
0.00
0.00
0.04
0.28
o.49
0.90
t.45
4.84

13.63
t_8.68
22.45
23.75
IO .47
1.93
0.51
o.09
0.01
0.00
0.00
0.00

Mav
0.00
0.00
o.02
o.23
o.37
0.40
0.65
o.94
2 .49
6 .57

\2.22
LA.49
3l-.47
20.74
4.L5
o.74
o.07
0.01
0.00
0.00
o.00

0.00
0.00
0.00
0.00
0.04
0.05
0.13
0.25
0. B6
5.13

12 .49
18.60
28.43
24.37

7 .06
1.84
o .47
0.11
0.02
o. o0
0.00

"3
Auq.
0. o0
0.00
0.10
0.15
0.19
o.23
0.35
0.41
L.O7
3.80
8.26

15.14
31.75
27 .33
8.25
2.07
0.40
0.08
0.04
0.01
o.00
ce

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.03
0.28
2.s6

22.42
42.46
22.OI
8.40
L.46
0.15
0.02
0. o1
0.00

Nov.
0.00
0.00
0.00
0.00
0.03
0.04
0.06
o.2I
1.16

L2.34
23.84
23.00
22 .57
11.09

3 .69
7.20
o.2B
o.02
0.00
0.00
0. o0

0.00
0.00
0.00
0.00
0.03
0.06
0.06
0.08
0.40
2 .45
7 .03

l-5.92
32.75
29 .43
8. 50
2.34
0. 54
0. o5
o.02
o. o0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.04
1.04

25.I8
47.2r
L9.47
s.65
0.86
o.13
0.01
0.00
0.00
o.00
0.00



ROW 5

ø.
-1.00
-o.7 5
-0.50
-o.25
-0.00
o.25
0.50
o.7 5
1.00
I.25
1. 50
I.7 5
2.OO
2.25
2.50
2.75
3 .00
3.25
3 .50
3.75
4.00

-1.00
-o.75
-0.50
-o.25
0.00
o.25
0.50
o.75
1.00
I.25
1.50
I.7 5
2 .00
2.25
2.50
2.7 5
3 .00
3.25
3.50
3.75
4.00

Ir4ay
0.00
0.05
0.36
o.49
0. 5t_

o.64
o.92
I.49
4.20
9.09

T2.78
L7 .86
24.55
19.30

5. sl
1. 56
0.28
o.07
o.02
0.01
0.00

0.00
o.0B
o.24
0.31
o.49
0. 59
o.94
L.57
5.09

14.46
18.85
2I.91
22.I5
10.84
I.79
0.35
0. o6
0.01_
0.00
0.00
0.00

c:-

Aug. Nov.
0.00
0.00
0.05
o.12
o.29
0.39
o.77
1.22
3.10
9.07

14.56
18. 84
28.52
17 .69

3. 89
1.01
o.24
o.07
0.05
o.02
0.01
c+

0.00
0.00
0.06
0.14
0.16
o.20
0.34
0. sl
1.38
3.70
6.94

L4.97
29.27
29.26
9.44
2.70
o.44
0.07
o.02
0. o1
0.00

0.00
0.03
0.06
0.10
0. 30
o .42
o.92
t.7 5
4.72
9.73

12 .01
15.10
24.14
2L. B3
6.98
1.59
o.2I
0. o3
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.1L
0.15
0.38
o.72
r.78
3.67
5.92

12.43
29 .42
29.I5
9.75
4.93
0.96
o.12
0.02
0.01
0..00
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Mav
0.00
0.03
0.10
o.57
1.03
I.26
1.63
2.08
4.36
8.29
9.90

16.38
20.78
22.38
B.07
2.2A
o.39
0.06
0.01
0.00
0.00

0.06
0. l_9
o.32
0.40
o .46
0. 82
I.29
2.29
s.47

12.72
13 .95
16.61
22.8I
l-6.28
4.46
1.23
0.23
0.03
0.01
0.00
0.00

cz

Auq.
0.07
o.49
0.61
0.73
0.89
0.98
1.36
1.91
4.60
9 .83

12 .40
16.22
23.6I
18.91
5.26
L.45
o.32
0. o6
0.02
0.00
0.00
c_

5
0.00
0.00
0.10
0.12
o.29
0.38
o.75
1.19
3.40

10.03
16. B0
2I.97
26.30
14.38
3.25
o.62
0.07
o.01
0. o0
o"00
0.00

Nov.
0.00
0.00
0.07
o.29
1.00
1.10
1.63
2.36
4.52
9.I4

12 .47
17 .63
27 .27
16.95
3.97
L.O7
o.1B
o.02
0.00
0.00
0.00

0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.0t-
0.03
o.32
2.65

20.65
37.49
28.28

7 .73
2.06
0.35
0.03
0.01
0.00
0.00

May
0.00
0.03
0.17
0.37
0.40
0.41
o.62
0.93
2.58
6.42

10.30
1s .96
26.92
25.9I
6.98
I.45
0.18
o.02
0.00
o.00
0.00

0.04
0.21
o.57
0.93
1.01
1.18
l.7r
2.35
5.r7

10.61
T4.4L
17 .90
23.2I
14. 81
4.4r
0. B3
0.16
0.02
0.01
0.00
0.00

"¡
Auq.
0.05
0.10
o.25
0. 31
0.39
o .4I
0. 59
0.89
2.24
6 .52

11.02
l-6.82
30. 52
22.38

5 .48
I.29
o.20
0.06
0.o2
0. o1
0.00

"6
0,04
0.06
0.08
0.10
0.18
o.20
o.24
0.35
0. B3
)q)

7 .59
18.48
31.60
27.49

7 .34
I.72
o.37
o. 03
0.01
0.00
0.00

Nov.
0.00
0.00
0.00
0.00
0.00
0.02
0.05
0.19
l_.00
5.28

11.39
]-9.52
32.46
20.90
6.40
2.09
o.29
o.02
0.00
0. o0
0.00

0.00
0.00
0.00
0.00
0.00
0.02
0.03
o. oB
0. 50
3.10
8.48

L7.43
34.65
26.52
6.64
r.7 4
0.39
0.03
0.01
0.00
0.00



ROW I

ø_

-1.00
-o.7 5

-0.50
-0.25
-0.00
o.25
0.50
0.75
1.00
L.25
1.50
I.7 5
2 .00
) )tr,

2.50
2.75
3 .00
3.25
3.50
3.75
4. 00

-1.00
-o.75
-0.50
-o.25
-0.00
o.25
0.50
o.7 5

1.00
L.25
1.50
L.7 5
2 .00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4. O0

May
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
o.02
0.65
6.32

20.4I
39.09
26.83

5.46
0. B1
0.11
0.02
0. o0
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.o2
1.00

L9.78
39.67
24.64
11.55
2.28
0.48
0.08
0.01
0.00
0.00
0.00
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TABLE 4 Grain Size Data
Sieve Analysis (Grams), South Beach.

ct
Auq. Nov.
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.08
o.76
5.87

t6.94
26.59
28.99
15.84
3.59
0.69
o.14
0.02
o.00
0.00
0.00
c+

0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.o2
0.04
1.40

22.79
43 .15
26.39
5.00
0.70
0.09
0.01
0.00
o.00
0.00
o.00

0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.03
o.25
3 .43

15.08
26.07
34.88
L6.82
2.58
0.33
0.02
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
o. od
0.00
0.02
0.03
0.18
r.62
9.48

26.59
36.63
20.37

4.O2
o.67
0.09
o.o2
0.00
0.00
0.00

Mav
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.08
o.g4
7 .82

18.84
38.35
26.OL
6.4s
o.96
0.10
0.04
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.07
0.83

I1.24
27.I2
32.98
20. 58
4.63
1.51
0.50
0.08
0.01
0.00
0.00

cz

Auq. Nov.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.13
3 .59

19.93
28.05
29.96
14.52
2.92
o.44
0.05
0.00
0.00
0.00
0. o0
cs

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.09
9.10

37 .52
24.25
19.O7

7 .93
1.33
o.24
0.03
0.01
0.00
0.00
0.00

0.00
o.00
0.00
0.00
0.00
0.06
0.19
0.40
1.60
B.7B

22.57
27 .60
25.59
10.36

1. B5
o.46
0.06
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.03
0.03
0.05
o.24
1. B5

11.12
30.65
36.33
L6 .4I
2.46
0.34
0.04
0.01
0.00
0.00
0.00

c3

Mav Auq. Nov.
0.00
0.00
0.08
0.61
0.95
I.14
1.15
2.72
7 .56

11.02
L4.57
18. 85
24.2I
L3.25
2.49
o .47
0.06
0.01
o.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.06
0.59
4.26

17.10
36.18
28.O4
8.30
3 .35
r.32
o.29
0.04
0.01
0.00

0.00
o.00
0.00
0.00
0.00
0.00
o.01
0.04
o.26
6.59

23.90
30.11
26.43
9.86
1.86
0.42
0.09
0.01
0.00
0.00
0.00
co

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
o.o2
o.28
5.35

33.40
42.77
15.55
L.94
0. L6
0.09
0.02
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
o.02
o.26
3 .49

l_8.85
29.82
30.62
13 .44
2.5L
o .44
0.06
0. o1
0.00
0.00
0.00

0.00
0.00
0.07
o.L2
0.14
0.15
o.22
0. 53
3 .46

14. 05
23.69
24.50
2I.36
9.36
I.7 6
o.27
0.04
0.01
0.00
0.00
0.00



ROI^I 2

ø.
-1.00
-o.75
-0.50
-o.25
-0.00
0.25
0.50
o.75
1.00
L.25
1.50
I.7 5
2.OO
2.25
2.50
2.7 5
3 .00
3.25
3.50
3.75
4. O0

-1.00
-0.75
-0.50
-o.25
0.00
o.25
0.50
o.75
1.00
1.25
1.50
r.7 5
2.00
2.25
2.50
2"75
3"00
3 "25
3.50
3.7s
4.00

May
0.00
0.00
0.00
0.00
0.03
0.04
0. B1
4. 33
4.6I
6.49
6.60

20.15
36.I2
]-6.49

3 .44
0.54
0.03
0.0t_
o.00
0.00
0.00

0.00
0.00
0.00
0.02
0.06
0.07
0.09
o.2L
1.19
7 .73

16.7e
)c, o1

27.9L
L6.20
3.11
0.57
0.03
0.01
0.00
0.00
0.00

cI
Aug. Nov.
0.00
0.00
0.00
0.00
0.00
0.01
0.06
0.41

10. Bl_

62.94
18.93
4.38
1.65
0.36
0.05
0.00
0.00
0.00
0.00
0.00
0.00
c+

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07
r.2g
8.82

22.69
36.92
25.2I
4.L2
0.39
0.01
0.00
o.00
0.00
0.00

o.00
0.00
0.00
0.00
0.00
0.00
0.01
o.o2
o.l2
1.37

10,39
27 .99
38.81
17.95
2.72
0.39
o.05
0.01
0.00
0.00
0.00
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c
¿̂

May Aug. Nov.
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
o.2g 0.00
0.30 0.01
0.51 0.26
o.7 4 3.56
2.61 52.95
7 .24 38.09

l-4.40 3.36
23.63 0.92
31.51 0.32
14.39 0.09

3 .23 0.01
o.7I 0.00
0.07 0.00
0.01_ 0.00
o.00 0.00
0. o0 0.00
0.00 0.00

cs

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.01
0.00 0.01
0.00 0.I2
0.09 6.69
I.72 26.62

18.92 3I.27
43.68 23.62
27 .96 9.26
5.98 I.62
1.19 O .29
o.L2 0.03
o .o2 0.01
0.00 0.00
0.00 0.00
0.00 0.00

0.00
0.00
0.00
0.00
0.00
0.02
0.03
0.06
0.34
5.40

20.93
28.94
30.50
11. 89
1.50
0.16
o.o2
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0. o0
0.00
0.00
0.00
0.00
0.01
0.07
r.27

76.7 4
41.53
32.55
6.43
0.89
o.1l_
0.01
0.00
0.00
0.00

c
Ĵ

May Aug. Nov.
0.00
0.00
0.03
o.57
0.91
l.7g
2.97
6.77

LI.46
12.86
L8.64
L6.94
l-6.82

7 .gg
1.63
0.30
0.02
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.02
0.03
o.24
2.20

j-5.77
4L.72
29.67

7 .Oe
2.Og
0.59
o.13
o.o2
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.06
0. 58

16.59
30.97
20 .43
17.45
9.67
2.96
o.72
0.12
0.01
0.00
0.00
0.00
ce

0.00
0.00
0.00
0.00
0.00
0.00
0. 0l-
0.05
2.64

30.99
33 .05
20.93
9.97
1.98
0.09
0.05
0.02
0. 01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.01
0. 09

I8.29
59.36
17.80
4.42
o.64
o.05
0.01
0.00
0.00
0.00
0. o0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.18
1. 55
8.03

27.62
37 .92
24.7I
4.82
o.7t
0.07
o.02
0.00
0.00
o.00

0.00
0.00
0.00
o.00
0.06
0.11
0.11
0.28
L.2g
7.84

20.04
28.7I
27 .57
11.43
I.79
0.31
0.03
0.01
0.00
0.00
0.00



ROW 3

ø_

-1.00
-0.75
-0.50
-o.25
-0.00
o.25
0.50
0.75
1.00
I.25
1.50
I.7 5
2.00
2.25
2.50
2.75
3 .00
3.25
3 .50
3.75
4.00

-1.00
-o.75
-0.50
-o.25
0.00
0.25
0.50
o.75
1.00
1.25
1.50
I.7 5
2 .00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4" 00

MAV
0.00
0.00
0.00
0.00
0.00
0.02
0.07
0.18
1.l1
7 .94

22.65
30.56
24.36
9.90
2.4L
0.61
0.06
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0. o4
1.00
L.49
2.79
4.32
9.72

18.90
19.79
22.34
13 .40
4.95
o.77
o.r2
0.04
0.00
0.00
0.00
0.00

ct
Auq. Nov.
L.34
2.O2
5.08
5.55
4.20
5.58
5.10
5.85

13.10
20.96
l-4.29
9.62
5.22
I.7 4
o.23
0.04
0.01-
0.00
0.00
0.00
0.00
cq

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.05
0.63
4. BB

L6.87
42.25
30 .44
4.02
0.38
0.01
0.00
0.00
o.00
0.00

o. oo
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.16
r. 7g
7 .99

19 .83
39.26
26.4I

3 .85
0.28
0.02
0.00
0.00
0.00
0.00

106

Ma]/ Aug. Nov.
0.00
0.00
0.04
o.42
o.52
1.00
1.66
2.53
6.72

14.99
22.92
2L.49
17 .66

7 .49
1.80
0.41
0.04
0. o1
0.00
0.00
0.00

0.00
0.00
0.00
0.00
o.22
0.48
2 .10
7 .55

30.73
36.54
10.36
5.19
3.27
2.O7
0.80
0.28
0.07
0.02
0.00
0.00
0.00

cz

0.09
0.43
0.59
o.79
0.90
2.I4
4.31
6.50

L7 .54
2A.50
18.83
10.63

5.89
1.gg
0.37
0.07
0.01
0.00
0.00
0.00
0.00
c_

5
0.00
0.00
0.05
0.20
0.51
1.39
5.39

12 .33
24.40
29.50
l-5.62
6.85
2.77
0.49
0.06
0.02
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.04
0.04
0.06
o.29
L.52
7 .93

27 .80
42.78
16.91
r.72
0.43
0.06
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.05
0.63
6.32

25.67
40.38
22.97
3.23
0.30
o.o2
o.00
0.00
0.00
0.00

c
Ĵ

Mav Auq. Nov.
0.00
0.00
0.06
0.61
o.92
)))
4.r7
6.62

16.19
23.9O
18.91
L4.95
8. O5
2.53
o.49
0.09
0.01
0.00
0. o0
0.00
0.00

0.00
0.00
0.00
0.09
0.20
o.37
1.11
2.94

L4. 13
27 .06
15.89
13.22
l-3.22
9.10
2 .38
o.70
0.19
0.05
0.01
0.00
0.00

0.00
0.10
0.40
0. 89
2.35
5.94

11.86
L4.20
24.77
26.9o

7 .50
3 .47
0.95
o.2I
0.01
0.00
0.00
0.00
0.00
0.00
0.00
co

0.00
0.00
0.00
0.00
o.o2
o.o2
0.07
o.22
1.53

L4.02
34.57
29.63
l-6.34
2.97
0.19
0.09
0.02
o. 01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0. o0
0.06
o.29
0.95
5.34

25.84
33.32
2!.9I
10.18
I.7 4
0.16
0.02
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.63
7 .36

27.42
36.52
22.59

4.7 5

0.51
o.02
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0. o1
0.03
0.06
o.L2
0.45
4.08

l-6.29
26.76
32.39
16.36
2.55
0.36
0.04
0.01
0.00
0.00
0.00



ROVT 4

g.

-1. O0

-0.75
-0.50
-0.25
-0.00
o.25
0.50
o.75
1.00
r.25
1.50
I.75
2.OO
2.25
2.50
2.75
3 .00
3.25
3.50
3.75
4.00

-1.00
-0.75
-0.50
-o.25
0.00
o.25
0.50
o.75
1.00
I.25
1.50
I.75
2.OO
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00

Mav
0.00
0.00
0.04
0.36
2.LO
2.I2
2.60
3.58
6.7r

12.47
l-6.37
19 .45
22.75
8.69
1.96
o.49
0.04
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.06
0.08
0.10
0.32
L.79

12.49
26.4L
26.44
22.O5
8.24
1.41
o.23
0.03
0.00
0.00
0.00
0.00

ct
Auq. Nov.
0.00
0.00
0.04
0.06
0.08
0.08
0.10
0.11
o.2I
3.64

26.55
29.06
26.33
LI.10
2.O4
0.37
0.04
0.00
0.00
0.00
0.00
ca

o.22
0.33
0.59
0.61
o.64
L.46
2.2I
2.92
7 .O4

24.40
3I.57
19.96
6.50
1.04
0.07
0.01
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.09
0.lg
o.77
9.49

43.78
31.45
9.47
3 .49
o.7g
0.06
0.02
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.o2
0.07
L.43

18.37
38.63
3l_.34
8.92
0.79
0.07
0.01
0.00
0.00
0.00
0.00

LO7

cz

llay Auq. Nov.
0.00 0.04
o.o2 0.04
0.18 0.07
o.52 0.08
o.62 0.08
0.63 0.29
0.91 1.15
1.15 5.03
3.69 29.65

LO.47 39.6.5
18.33 12 .25
22.72 5.72
25.O5 3.63
11.69 1.65
2.93 0.20
0.71 0.03
0.09 0.01
0.01 0.00
0.00 0.00
0.00 0.00
0.00 0.00

cs

0.00 0.00
0.00 0.00
0.00 0.07
0.00 0.10
o.o2 0.51
0.11 0.60
0.29 1.19
0.73 2.58
4.89 9.29

24.06 25.46
25.O2 28.23
2I.90 L9.32
14.24 10.03
6.47 2.O7
1.61 0.2r
o.42 0.02
0.05 0.00
0.01 0.00
0.00 0.00
0.00 0.00
0.00 0.00

o.00
0.00
0.00
0.00
0.00
0.02
0.03
0.11
1.34

30.28
37 .Or
17.46
9.88
3.09
0.34
0.02
0.00
0.00
0.00
0.00
0.00

0.00
0. o0
0.00
0.00
0.00
0.00
0.00
0.01
0.03
0.83

12.37
35.53
40. L9
10.05
0.65
0.04
0.0L
0.00
0.00
0.00
0.00

r-_
J

May Aug. Nov.
0.00
0. o2
o.21
0.93
r.32
1.34
1.59
2.42
7 .O9

20.38
25.15
19 .03
13 .95
5.10
0.96
o.17
0.02
0.01
0.00
0.00
o.00

0.00
o.00
0.05
0.17
0.30
0.36
2.35

13.01
40.55
11.79
9.25
8.11
6.7I
5.04
1.51
o.2g
0.07
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.05
0.10
o.r7
0.43
o.76
3.05

L5.72
28.46
30.02
16. 85

3 .55
0.39
0.03
0.01
0.00
0.00
0.00
0.00

"6

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.o2
o.76
6.92

27 .29
42.47
19.93

1. gg
0.14
0.01
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0. o0
0.00
0.01
0.01
o.2t
4.52

24.60
48.37
20.40
I.47
0.06
0.01
0.00
0.00
0.00
0.00

0.16
o.17
0.19
o.20
0.28
0.30
0.43
o.69
3.55

21.51-
38.49
25.92
7.03
0.39
o. l_B

0.03
0.02
0.01
0.00
0.00
0.00



ROW 5

ø.
-1.00
-o.7 5

-0.50
-o.25
-0. o0
o.25
0.50
o.75
1.00
I.25
1.50
1.75
2 .00
2.25
2 .50
2.75
3 .00
3.25
3.50
3.75
4. 00

-1.00
-0.75
-0.50
-o.25
0.00
o.25
0.50
o.7 5
1.00
r.25
1.50
I.75
2.00
2.25
2.50
2.75
3 .00
3.25
3 .50
3.75
4. 00

l"1a

0.
o.
0.
1.
1.
a
J.

4.
4.
7.
2.
6.
6.
o

8.
2.
0.
0.
0.
0.
0.
0.

v_
o2
52
75
I4
27
45
B7
90
70
72
1B
91
29
13
00
54
11
o2
00
00
00

ct
Aug. Nov.
0.51
1.16
1.13
!.29
1.39
2.95
4.98
7 .65

l-4.65
22.52
2I.52
l-O.77
6.7L
2.22
o.32
0.07
0.01
0.00
0.00
o.00
0.00
c+

0.39
o.76
o.75
o.65
0. 83
L.45
2.59
4.L4

11.96
30.20
24.9O
L4.95
4.95
1.05
0.08
0.01
0.00
0. o0
0.00
0.00
0.00

0.00
o. o0
0.00
0.00
0.01
0.01
0.02
0.03
0.09
o.54
5 .46

20 .47
43 .45
25.20
3.72
o.52
o.02
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.02
0.06
0.68
5 .10

15.45
34.88
32.35
9.r4
l.7r
0.19
0.02
0.00
0.00
0.00

108

1
I
1
1

May
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
o.25
4.e2

20.4L
23.29
25.00
22.24
2.99
0.58
0.02
0.00
0.00
0. o0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.13
1.37

16.44
25.99
25.69
18.05
8.7 4
2.54
o.72
0.11
0.02
0.00
0.00
0.00

cz

Aug.
0.16
o.3g
0.39
0.38
o.46
o.97
1.88
3 .61

12. s5
29.25
24.47
15.73
6.79
2.22
o.44
0.02
0.01
0.00
0.00
0.00
0.00
c_

5
I.L2
2.O2
2.01
1.65
1.60
2.gL
4.55
7 .O7

15.87
25.L5
18.73
10.09
5.20
1.65
0.10
0.01
0.00
0.00
0.00
0.00
0.00

Nov.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
o.45
4.L6

L9.75
43.48
26.94
4.27
0.51
0.05
0.01
0.00
o. o0
0.00

0.00
0.00
0.00
0.00
0.00
o.02
0.03
0.06
0.21
2.28

12.44
26.59
35.06
Lg.2g

3 .18
0.38
o.o2
0.00
0.00
0.00
0.00

lulay
0.00
0.00
0.00
o.04
0.10
0.14
o.26
0.53
2.56

11.69
20.89
24.43
26.r9
LO.7 4
1.65
0.28
0.03
o.01
0.00
0.00
0.00

0.00
o.03
o.L7
o.23
o.42
0.48
0.71
1.04
3 .39
9.73

13 .78
22.46
24.42
l-6.41
4.87
1.33
0.33
0.10
o.o2
0.00
0.00

C¡

Aug.

0.00
0.00
0.00
0.07
o.22
o.24
0.54
l-.00
4.66

l_6 .83
23.56
25.68
17.52

7 .35
1.63
0.40
0.05
0.01
0.00
0.00
0.00

o.25
o.57
0.95
0.98
1.04
2.35
3.56
5.60

L2.gO
26.04
21.89
12.96

7 .98
2.Og
0.33
0.05
0.01
0.00
0.00
o.00
0.00
co

0.48
o. B4
1.40
7.32
1.58
3.00
4. 38
5.60

13.10
25.39
2L.06
L4.7 3

5.33
r.25
0.15
o.o2
0.01
0.00
0.00
0.00
0.00

Nov.
0.00
0. o0
0.00
0.00
0.00
0.00
0.00
0.01
0.18
1.63
7 .56

L9.76
32.90
28.97

7 .47
1.10
0.09
o.01
0.00
0.00
0.00

0.00
o.00
0.00
0. o0
0.00
o.00
0.03
0.06
0.48
3.12

LO.7 4
19.89
34.87
24.9I
4.99
o.64
0.03
0.01
0.00
0.00
0.00
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APPENDIX C



Rqw 1

May
Aug.
Nov.

11C

Kurtosis South Beach

ct

1.034
o.g7 4
0.963

cz

Row 2

May
Aug:.
Nov.

1.088
0.913
0.956

C¡

1.383
1.495
o.947

1.002
0.938
o.945

Row 3

May
Aug.
Nov.

ca

1.065
o.776
o.932

1.009
o.gg7
1.002

cs

0.983
o.989
0.998

0.941
0.903
1.019

Row 4

May
Aug.
Nov.

1.013
0.936
L.014

ce

L.O72
L.249
L.O72

o.g7 4
1.356
1.019

1.111
0.860
1.099

1.116
0.965
0.910

1.099
1.038
o.949

Row 5

l-.051
0.934
1.011

May
Aug.
Nov.

1.023
1.393
o.978

L.059
o.962
1.006

1.068
1.311
I.O29

1.096
0 .8gg
o.979

1.185
o.944
I.O24

1.497
1.160
0.969

0.793
1.215
0.999

o.932
I.367
0.996

0.860
0.966
o.942

0.913
1.348
1.017

o.926
1.009
1.013

o.gg4
T .4I4
I.O77

1
1
I

o47
040
o37

0.935
1.597
o.976

1.038
1.3 52
o.977



Row 1

111

Skewness South Beach

ct

May
Aug.
Nov.

-0.038
-0.057
-0.086

cz

Row 2

May
Aug.
Nov.

-o.o47
-0.007
-o.o24

cg

-0.376
-o.226
-0.095

-0
0

-o

Row 3

May
Aug.
Nov.

ca

253
o22
009

-o.L92
0.146

-0.043

0.135
0. o52

-0.046

c_
5

0.010
-0.369
-0.081

-0.128
0.215

-o.o72

Row 4

May -0.263
Aug. O.O74
Nov. 0.156

0.03 5
o.22A

-0.030

ce

-0.067
-0.015
-0.085

-0.088
0.113

-0.057

o.o76
0.018
0.011

-0.016
-o.190
-0.009

Row 5

May
Aug.
Nov.

o.o72 0.o92
0.069 0.L69
o.o42 -0.059

-0.150
0.191
0.211

-0.119
0.076

-o.127

-o.246
-0. L85
-0.057

-0.053
-0.020
-0.052

o.193 0.239
-0.012 0.082
-0.041 -0.069

-0.038
0.021

-0.016

o.o44
-0 .13 7
0.041

-0.063
-0.100
-o.o7 4

0.132 0.507
0.033 -0.002

-0.049 -0.023

-0.001
-0.IL5
-o.o44

0.099 -0.128
-o.273 -0.222
-0.058 -0.119



]-T2

Stanjlard teviation Ø Unit,s_South_Beach

Row 1

May
Aug.
Nov.

ct

o.275
0.334
o.297

cz

Row 3

I"iay 0.436
Aug. O.2O4
Nov. 0.280

o.294
0.305
0.337

cs

o .497
0.310
o.296

Row 3

May
Aug.
Nov.

ca

0.366
0.169
0.301

o.276
o.242
0.283

\--
5

o.327
o.797
o.244

0.543
0.361
0.299

Row 4

PlaY
Aug.
Nov.

0.307
0.311
o.272

ce

o.448
o.457
o.256

0.349
0.203
o.270

0.540
o.297
o.248

o.2gB
o.227
0.365

o.472
o.429
0.273

Row 5

May
Aug.
Nov.

o.247
0.306
o.239

0.413
0.321
o..292

o.467
0.306
o.278

o.626
o.557
0. 2 5l_

0.2 5g
0.289
o.329

0.453
0.311
0.250

0.352
0.386
o.257

o.333
0.399
o.242

0.336
O.3BB
0.255

0.463
0.290
0.306

0.355
o.496
0.307

o.37 4
0.3 54
o.236

0.383
o.423
0.295

o.476
0.280
o.223

0.357
o.6L7
0.289

0.435
0.536
0.311



Ll3

Mean Size Ø Units South Beach

Row I

May
Aug.
Nov.

ct

1.887
1.735
I.776

cz

Row 2

May
Aug.
Nov.

1. BB5
7.724
1.640

C¡

1.701
1.183
1.855

L.557
1.656
1.718

Row 3

May !.646
Aug. 0.806
Nov. 1.907

c4

L.707
0.984
1.684

I.702
I.654
l.B2g

cs

l-.383
r.573
L "862

Row 4

May
Aug.
Nov.

1.836
1.582
1.788

c-
b

1.485
1 .159
1.808

L.712
1.400
1.807

1.479
L.666
I.246

1.943
1.807
1.575

I.2I4
0.831
1.850

Row 5

May
Aug.
Nov.

I.925
1.639
I.947

L.6T4
1.107
r.402

1.375
1.393
1.964

1.360
I .115
r.g7g

1 .950
1.395
1.661

1.4r2
1.505
1.830

l_.086
I.O44
1.853

L.7 52
I.267
I .895

1.591
I.324
I.697

1.393
1.519
I.7 48

I.622
1.207
l.809

L.47 4
1.3 53
L.7 47

7.524
I.216
I.943

1.130
I.394
T.847

1.575
1.051
1.803

1.690
1.137
1.842



Row 1

May
Aug.
Nov.

ct

Kurtosis North Beach

1r_4

1.095
0 .960
1.097

cz

Row 2

May
Aug.
Nov.

o.928
1.000
l-.032

cs

1.133
1.034
1.084

0.951
l_.307
1.091

Row 3

May
Aug.
Nov.

c+

o.874
0.913
1.153

1.098
0.959
o.992

cs

1.111
1.014
1.196

o
1
1

Row 4

May
Augt .
Nov.

986
204
633

0.860
1.005
0.994

ce

1.085
1.025
1.080

1.119
1.048
o.944

o.929
0.980
1.130

o.947
o.970
1.005

0.813
T.2I7
o.923

Row 5

May
Aug.
Nov"

1.032
I.102
o.926

1.096
1.048
0.953

0.998
1.123
1.113

1.028
0.985
0.956

1.011
0.gg3
1.017

L.055
1.156
o.926

1.311
I.265
1.100

1"L05
1.111
1 .100

0.955
I.O92
1.009

1 .314
0.860
L.O47

1.070
1.092
L.O77

0.969
0.860
I.164

0.956
1.184
1.388

0.991
I.O77
1.148

0.966
o.972
1.021

1.138
1.075
1.100



Row I

May
Aug.
Nov.

Row 2

May
Aug'
Nov.

Row 3

May
Aug.
Nov.

Row 4

May
Aug.
Nov.

Row 5

May
Augi.
Nov,

C,

Skewness North Beach

tI5

-o.249
-0.065
-0.081

cz

-0.019
0.186

-0.131

C¡

-o.257
-0.051
-0.071

0.006
-o.224
-0.073

cq

0.171
-0.110
-0.050

-o.026
-0.008
-0.062

cs

-0.154
-0.153
-0 "119

-0.016
-0.090'0 . 408

-o.269
-0.028
-o.o27

co

-0.009
-o.254
-0.061

-o.026
0.070

-o.086

o.065
-o.2r7
-0.150

-o.118
-0.lL5
-0.197

-0.170
-0.113
-o.067

0. o50
-o.223
-0.053

-o.270
-o.227
-0.120

-o.264
-o.r27
-0. 130

-o.2L7
-o.2Lg
-o.244

0.019
-0.106
-0.102

-o.24I
-0.151
0.055

0.088
-0.328
-0.149

-o.287
-o.296
-o.317

-o.]-46
-o.227
-o.085

0.043
-0.049
0.008

-o.243
-o.224
-0.089

-0.182
0.110
0 .112

-0.116
-o.17l_
-o "r47

-0.113
o.115

-0. 091

-o.I97
-o.149
o.064

-o.256
-0.104
-0.086
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Standard geviation ø Unjlts North Beach

Row 1

May
Aug.
Nov.

",

0.556
0.325
0.371

cz

Row 2

May
Aug.
Nov.

0.319
o.295
0.559

c_
J

o.587
o.527
0.251

o.254
o.402
0.413

Row 3

May
Aug.
Nov.

cq

o.306
0.416
0.323

o.245
o.236
o.4Ig

c_
5

0.396
o.440
0.316

0.283
o.3I2
o.396

Row 4

May
Aug.
Nov "

0.468
o.296
o.364

c6

0.451
0.608
0.349

o.273
o.279
0.359

0
0
0

o.379
0.393
o.4I7

503
405
334

0.909
0.323
o.4gg

Row 5

o.223
0.460
0.361

May
Augi.
Nov.

0.411
o.549
o.4L2

o.473
o.262
o.397

o.477
0.413
0.480

o.225
o.4L6
o.392

0.391
0.364
0.371

0.529
0.560
o.476

o.549
o.542
o.496

0.460
0.370
0.416

0.518
0.406
o.246

o .427
0.413
0.365

0.536
o.445
o.243

o.426
0.370
0 .393

0.373
o.269
o.327

o.505
0.403
o.273

0.540
0.338
0.328
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TABLE 5 GRATN STZE PARAMETERS

Mean Size Ø Ugits_North Beach

Row I

cr

May
Aug.
Nov.

1.353
7.797
1.968

cz

Row 2

May
Aug.
Nov.

I
I
I

c
Ĵ

593
656
407

1.313
1.387
2.018

1.899
1.969
1.818

Row 3

May L.759
Aug. !.727
Nov. 2.O45

c+

I.407
I.602
I.928

1.857
1.938
1.371

c_
f

1. BO5
l_.936
I.286

Row 4

May 1.230
Aug. 1.70O
Nov. 1.953

1.680
1.77 4
1.600

ce

o.542
1.492
1.853

1.951
!.957
I.594

t.720
1.665
L.6T2

0.760
r.926
1.597

Row 5

i{ay I.702
Aug. I.7O9
Nov. I .7 2I

1.948
1.616
1.650

I.729
1.61-1
I.57 4

1.706
2.004
1.853

I.g49
L.662
1.630

r.7 55
1.879
1.640

o.982
1.541
1.543

L.714
1.664
1"659

1.557
I.795
r.739

o.924
1.615
2.O77

r.795
I.777
1.822

l_.566
1.430
1.634

1.555
1.899
I.926

I.827
2.l'56
1.911

I.623
1.660
I.926

L.602
1.878
L.977
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