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PREFACE

This report provides coastal engineers with documentation necessary to
compute the longshore energy flux used in sand transport rate calculation when
random waves are present and synchronous data from two closely spaced pressure
transducers exist. The documentation is based on a 3-year data collection
effort and study of sand transport rates at Channel Islands Harbor, California.
The computer program documented herein was used in wave data analysis for a two
pressure sensor array installed in 30 feet of water at the site. The work, was
carried out under the U.S. Army Coastal Engineering Research Center's (CERC)
Littoral Data Collection work unit, Shore Protection and Restoration Program,
Coastal Engineering Area of Civil Works Research and Development.

This report was prepared by Dr. Todd L. Walton, Jr., Hydraulic Engineer,
CERC, and Dr. Robert G. Dean, Department of Civil Engineering and College of
Marine Studies, University of Delaware. Dr. Walton worked on the project under
the general supervision of Dr. J.R. Weggel, Chief, Evaluation Branch, and
Mr. N. Parker, Chief, Engineering Development Division.

Technical Director of CERC was Dr. Robert W. Whalin, P.E., upon publication
of this report.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress,
approved 31 July 1945, as supplemented by Public Law 172, 88th Congress,
approved 7 November 1963.

TED E. BISHOP
Colonel, Corps of Engineers
Commander and Director
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply by To obtain

inches

square inches
cubic inches

feet

square feet

cubic feet

yards

square yards

cubic yards

miles
square miles

knots

acres

foot-pounds

millibars

ounces

pounds

ton, long

ton, short

degrees (angle)

Fahrenheit degrees

25.4 millimeters
2.54 centimeters
6.452 square centimeters
16.39 cubic centimeters

30.48 centimeters
0.3048 meters
0.0929 square meters
0.0283 cubic meters

0.9144 meters
0.836 square meters
0.7646 cubic meters

1.6093 kilometers
259.0 hectares

1.852 kilometers per hour

0.4047 hectares

1.3558 newton meters

1.0197 x 10~3 kilograms per square centim

28.35 grams

453.6 grams
0.4536 kilograms

1.0160 metric tons

0.9072 metric tons

0.01745 radians

5/9 Celsius degrees or Kelvins 1

*To obtain Celsius (C) temperature readings
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula:

from Fahrenheit (F) readings,

K = (5/9) (F -32) + 273.15.
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SYMBOLS AND DEFINITIONS

a ,b Fourier series coefficients

B distance from bottom to pressure sensors

C wave celerity

C cospectrum value

d total water depth

d, breaking wave depth

E wave energy density

F complex Fourier coefficient

f discrete frequency value

GB,GBP ratio of rms breaking wave height to breaking wave depth

g acceleration of gravity

H. breaking wave height

i
,

j

counting indexes

K dynamic pressure response factor

k wave number

L wavelength

£ sensor spacing

m index to account for gage number

N total number of discrete data points

n frequency number, argument of Fourier series coefficients

P» longshore energy flux at the surf line

P pressure time-series values

p dynamic pressure

Q quad-spectrum value

R ratio of unwindowed energy density to windowed energy density

S complex cross-spectrum value

T length of time series record

TrjF high frequency cutoff period

w weighting coefficient

z water surface elevation

g gage orientation angle

Y specific weight of seawater

wave direction

Ad average mean depth of water overlaying pressure sensors

Af frequency step

At time step

id angular wave frequency
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COMPUTER ALGORITHM TO CALCULATE LONGSHORE ENERGY FLUX AND
WAVE DIRECTION FROM A TWO PRESSURE SENSOR ARRAY

by
Todd L. Walton, Jr. and Robert G. Dean

I. INTRODUCTION

The documented (FORTRAN IV programing language) computer program discussed
in this report was originally written as part of the Coastal Engineering
Research Center's (CERC) Longshore Sand Transport Research Program and was used

in analysis of wave data collected at Channel Islands Harbor in conjunction
with a study of sand transport at Channel Islands Harbor as discussed in Bruno,

et al. (1981).

The program performs the basic analysis of two wave gage pressure records

necessary to compute wave direction and wave energy at a given frequency and

computes the longshore energy flux used in sand transport for the entire energy

spectrum of the wave record. This program uses linear wave theory for the wave
transformation process and includes the assumption of straight and parallel
bottom contours necessary for application of Snell's law of refraction.

Necessary steps in the analysis of the wave data are presented in Sections

II and III of this report. Subroutines are discussed and sample outputs for

some wave records from the Channel Islands wave gage pressure sensor pair are

given.

The program presently accepts data in the standard CERC magnetic-tape for-

mat where record lengths consist of 4,100 values. The first four values are

the gage number and the date-time group, and the remaining 4,096 values are

the pressures recorded in thousandths of a foot (head) of water at 0.25-second
intervals. Should other input data be available, the program could easily
be modified to accept the data by simple changes in the main program and in

subroutines BUF and SWITCH.

Sample outputs have been presented for real wave data; some wave direc-
tional information cannot be obtained for all frequencies because the spectral
information at some frequencies is ill-conditioned. The percent of energy for

which this problem occurs is a small part of the energy (usually <3 percent) of

the entire spectrum and is insignificant in energy-flux computations. Reasons
for this feature are discussed later.

II. METHODOLOGY

Calculating the longshore energy flux at breaking required the following
steps

:

(1) Calculation of the frequency-by-frequency wave direction and

energy at the location of the wave gages;

(2) determination of the breaking wave depth;

(3) transformation of the wave spectrum to the "breaker" line,

including shoaling and refraction effects; and

(4) computation of "P, ," the longshore energy flux at the

surfline.

Each of the steps is described below.
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1 . Calculation of Wave Direction and Energy Spectrum at Wave Gages .

As noted previously, each of the input time-series pressure records con-
sists of 4,096 data points with a time increment of 0.25 second. To reduce
computational costs, modified time series are formed for analysis by averaging
four adjacent data points. These new time series contain 1,024 data points
spaced at 1.0-second intervals. This increases the aliasing period from 0.5
to 2.0 seconds; however, this is justified as the pressure response factor
for a water depth of 6 meters and a wave period of 2 seconds is approximately
0.005.

The time series are analyzed using a standard fast Fourier transform (FFT)

program to determine the coefficients. For example, for pressure time series
from gage 1

N-l
/ • 9 • \

Pl (j) =
I [ ai (n) - i Dl (n)] exp(^i^ij (1)

in which i = /-l and N is the total number of data points, T/At = 1,024,
where T is the time series record length of 1,024 seconds, At the time
increment of 1 second between samples, and j a discrete time t. where tj =

discrete time value = jAt. The FFT coefficients are defined in terms of the

pressure time series as

N-l

i(n) - ib!(n) = I
I Pl (j) exp (-i £Bl) (2)

where the argument "n" of the Fourier coefficients a(n) and b(n) speci-
fies the quantity to be a discrete function of wave frequency, f , where
fn , a discrete frequency value, is nAf (where Af = l/T) and the a (0) term
represents the mean value of the time-series pressure record for wave gage 1.

Similar relationships exist for wave gage 2. In calculating the FFT coeffi-
cients, there are several options that may be employed in an attempt to reduce
spectral leakage which arises due to representing an aperiodic time series by
a periodic series. A large number of possible data windows (weighting func-
tions for data) have been developed to reduce the adverse effects of spectral
leakage (Harris, 1974). These can be expressed in the form of a weighting
function w( j ) , such that the modified time series p'(j) is of the form

P'(j) = w(j) p(j)

in which p(j) is the digitized measured pressure value at time tj = jAt, and
w(j) a weighting function. A characteristic of these weighting functions is
that they are equal to unity at the midpoint of the time series and decrease
to a lesser value near the two ends. In the present program, a "cosine bell"
weighting function is used; however, through comparisons of Pn with and
without this function, it was established that the effect of trie weighting
function was minimal (<5 percent). The cosine bell weighting function is

expressed by

w(j) -|(l.O - cos ij&) (3)
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It is clear that the application of a weighting function will reduce the total

energy in the record. This effect is partly compensated for by the following

equation:

/<P
Z>

P"(j) = / 5- P'(j) (4)
<p

,z>

thereby ensuring the same total energy in the altered and original time

series, where <p2> is the mean square value of the original time series

and <p
,2 > the mean square value of the weighted time series. It is the

altered time series p"(j) that is subjected to FFT analysis. The primes

will be dropped hereafter for convenience. The average mean depth of water

overlying the pressure sensors, Ad, is obtained by averaging the m time

series to obtain a (0). For two separate time series records, m = 1, 2 (wave

gages 1 and 2)

,

Ad = 0.5 [ai(0) + a 2(0)] (5)

The total water depth, d, is the sum of Ad and the distance, B, of

the pressure sensors above the bottom (in later examples B = 0.76 meter) .

Each FFT pressure coefficient is transformed to a water surface displace-
ment coefficient by the following linear wave theory relationship discussed in

the Shore Protection Manual ( SPM) (see Ch. 2, U.S. Army, Corps of Engineers,

Coastal Engineering Research Center, 1977):

water surface coefficients dynamic pressure coefficients

1

[am (n), b(n)l [am (n) , bm (n)l (6)

in which the subscripts n and p denote water surface and dynamic pressure

coefficients, respectively. The factor

cosh k(n) B
K_(n) = (7)z cosh k(n) d

where y i-s the specific weight of fluid (seawater) and is included when
pressure coefficients are in normal units of pressure (i.e., N/M2 or equiva-
lent). In equation (7), B represents the distance of the pressure sensors

above the bottom and k(n) is the wave number associated with the angular

frequency, to(n) = (2TrnAf), as obtained from the linear wave theory dispersion
relationship

a)(n) 2 = gk(n) tanh k(n) d (8)

One of the disadvantages of measuring waves with near-bottom pressure sen-

sors is evident by examining equations (6) and (7). For the higher frequen-
cies (shorter wave periods) K (n) is very small which means that the higher
frequency waves result in very small pressure fluctuations near the sea floor.

Thus, to avoid contaminating the calculated water surface displacements, it is



www.manaraa.com

usually necessary to apply a high frequency cutoff, above which the pressure
contributions are discarded. The proper selection of this high frequency
cutoff depends on the signal to noise characteristics of the pressure sensor
and the signal conditioning system. In the present program, the high fre-
quency cutoff was established at a wave period of 3.0 seconds. Wave gage
analyses by Thompson (1980) have shown that a 3.0-second high frequency
spectral cutoff value provides reasonable estimates of total wave energy at

west coast (U.S.) locations.

Denoting hereafter the FFT coefficients for the water surface as a(n)

and b(n) , it is noted that the coefficients have the following properties:

N-i

<n 2> = I [a 2 (n) + b 2 (n)]

and

and thus

n=i

a(|+ n)-a(|- n)

N/2

<n
2 > = 2 I [a2 (n) + b2 (n)]

n=i

(9)

(10)

(11)

(12)

Thus, the total (kinetic and potential) energy E(n) associated with a par-
ticular wave frequency component, n, is

E(n) = 2y[a 2 (n) + b 2 (n)] (13)

Now consider two wave or pressure sensors located at (x , y ) and (x , y )

(see Fig. 1). The results will be developed considering discrete frequencies.

/3 - Beta

( paral lei to shoreline

^

<^
( normal to bottom contours )

Gage 1 ( x,
, y,

)

Figure 1. Definition sketch for two sensor array.

10
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The water surface displacement consistent with the assumption of one
direction per frequency is

N-l

n(x, y, j) =
I F(n) exp (Mnu^t - k^n) x - k

y
(n) y]}

n=o

(14)

N-lV /i2imj\
=

I [a(n) - ib(n)] exp )

n= V N /

where uk is the primary analysis frequency (= 2ir/record length = 2ir/T =

2iTAf), and 0(n) the direction of wave propagation at frequency o)(n) = nu .

The wave number components, k^C 11 ) and k(n) , are expressed in terms of the

wave number, k(n) , and wave direction, 9(n) , as

kx (n) = k(n) cos 0(n) (15)

k
y
(n) = k(n) sin 0(n) (16)

The cross spectrum, S (n) , of the two measured water surface displacements

(or dynamic pressures) is given by

S 12 (n) = |F(n)| 2 {exp - i [k(n) cos 0(n)(x 2 - x
: )

(17)
+ k(n) sin 0(n)(y

2
- y^]}

Denoting the separation distance and angle as % and g, respectively, the
cross spectrum can be expressed as (see Fig. 1)

S12 (n) = |F(n)| 2 {cos [k(n) £cos (0(n) - g) ]
- i sin [k(n) Jlcos (0(n) - g)]}

= cospectrum (n) - i quad-spectrum (n) (18)

= Ci 2 (n) - iQi 2 (n)

Thus, from equation (18), the wave direction 0(n) associated with each wave
frequency can be expressed as

( 1 _ [
Q 12

(n)

0(n) = g + cos 1
( tan 1

k(n) %
|_
C
!2

(n)
(19)

The above relationship has two roots, one of which must be selected based
on physical considerations of the most likely direction of wave propagation.
In the present case, assuming no wave reflection from the beach, the ambiguity
in wave direction is ruled out; for wave sensors nearly parallel to the beach,
the minus sign in equation (19) is appropriate.

11
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There are two conditions for which it was not possible to calculate the

wave directions Q(n) . These include poorly conditioned wave data, presumably
due to spectral leakage, and spatial aliasing due to large separation distance
between the two gages. If the data are poorly conditioned for determining
wave direction, the absolute value of the quantity within the brackets { - } in

equation (19) may exceed unity, a physically impossible condition since the

extreme values of the cosine function are ±1 . This tends to occur for the

extremely long waves for which the energy is small and the value of k(n) is

also small, the latter tending to result in large values of the bracketed
quantity. The percentage of energy for which this condition occurred in the
analysis of one year's wave data collected at Channel Islands Harbor was

relatively small, averaging 2 to 3 percent with a maximum of approximately
10 percent. The second condition is related to spatial aliasing and requires
that one-half the wavelength be equal to or greater than the projection of the
wave gage separation distance in the direction of wave propagation. Referring
to Figure 1

,

L > 21 {cos[0(n) - 3]}max (20)

which indicates that for the least adverse effects of spatial aliasing, the

gages should be on an alinement parallel to the dominant orientation of the
wave crests. As will be discussed later, in calculating P» an attempt was

made to account for this effect of aliasing by augmenting the calculated
values, illustrated as follows by

ET0T
( p£s>cm= (Wc^T- (2D

in which the subscripts c and cm indicate calculated and calculated modi-
fied, respectively. ETOT and E represent the total wave energy values
and the wave energy not affected by spatial aliasing or poorly conditioned
wave data, respectively. The total wave energy is that energy in the wave
spectrum below the high frequency spectral cutoff value.

2. Transformation of Wave Spectrum to Breaker Line.

At this stage, the wave energy and wave direction in the vicinity of the
gages are determined. These values are then transformed to the breaker line
accounting for wave refraction and shoaling.

To determine the wave breaking depth, the onshore-directed energy flux is

calculated in accordance with the expression (based on Snell's law of refrac-
tion) and equated to an equivalent expressed in terms of wave characteristics
at breaking

.

N/2

Onshore energy flux = £ y2 [a(n) 2 + b(n) 2
] C (n) cos 0(n)

n-1
(22)

YE2
,= —- c„, cos eKo gb b

12
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Assuming that the breaking wave angle, 0, , is small, that the waves will
break under shallow-water conditions, and that the ratio of breaking wave
height to depth is a constant, the breaking wave height, fL, is then given
by

[
N/ 2

) / GB \° * 2

Hb
= I 16 [a(n) 2 + b(n) 2

] C
g
(n) cos 0(n) 0' 4

(—
J

(23)

where GB is the ratio of root-mean-square (rms) breaking wave height to

breaking depth, GB = H,/d, (here assumed GB = 0.78). With the breaking depth
known, each wave component is transformed to shore accounting for both wave
refraction and shoaling based on linear wave theory.

Wave refraction is in accordance with Snell's law and the assumption
that straight and parallel contours existed between the gage and breaking
locations

b
(n) = sin"

Cr (n)_
sin r

(n) (24)

where C is linear wave celerity (see the SPM, Ch. 2) in which the r sub-
scripts denote the "reference (gage)" location.

With the wave energy and direction now known at the breaker line, the
value of the longshore energy flux, (Po s ) cm > is readily determined

(P9e )£s 'cm R(Po c )£s'c

N/2
= R

J2y I [a2 (n) + b2 (n)]
b

[C
g
(n)]

b
[cos 0(n) sin 0(n)]

fa

n=i

in which the factor R is given by the ratio

En

(25)

R =
JT0T

E

as defined in and discussed in relation to equation (21).

III. MAIN PROGRAM DOCUMENTATION

The detailed programing steps in analysis for the longshore energy flux,
(Po ) , (which in this program is calculated in terms of rms wave height) are
presented in this section. Program steps are numbered to correspond to areas
in the program listing where computations are carried out. A program listing
with corresponding numbered steps follows the program documentation. Note
that preceding text has used the indexes j and n for time and frequency,
respectively, while the program which follows uses the index I for both time
and frequency. A listing of the main program is presented in Figure 2.

Program steps are as follows and refer to numbered parts of main program
listing:

13
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P RUG* am SPECT( INPUT i OUTPUT, TAPt5»lNPUT,TAPE6"0UTPUT»TAPE9)
t CUMHUTOR ALGORITHM TU CALCULATE LONGSHORE ENERGY FLUX FACTOR AND HAVE
C UIHECUON FOR TWO PRESSURE SENSOR ARRAY
C MAIN PROGRAM
C PRUGKAM IS PRESENTLY SET UP TU TAKE A TIME 8ER1E8 OF 102(1 POINTS IN MAIN

DIMENSION c (5 t 2)
DIMENSION F1R(102«),F1I( 102*). F2R(102«).F21U02<I)
DIMENSION SlGMA(5l2)«FM0D8Q($l8),THETA(512)
DIMENSION C12(512)|UI2(512)
DIMENSION w(102«)
OIMENSION CS(5J2)»8INTH8(5JI)
HEAL MEAN1,MEAN2
LOGICAL END
DA1A END/, FALSE./

101 FURMAT(10(2X,F8.2))

25

10

UEF INITIONS'FIXED VARIABLES
K»tXHONENTIAL PO«ER DEFINING NUMBER OF TIME 8EHIES POINTS* (2»*K)
S«SPACING BETwEFN MAVE GACE8 (FEET)
DELTT«TIME STEP BETWEEN P0INT8 In AVERAGED TIME SERIE8 (SECONDS)
BETA .ANGLE DIFFERENCE BETWEEN WAVE CAGE ALIGNMENT AND |H0RELINt(RADlAN8)
8L0PE»3L0PE OF BEACH AT POINT UF WAVE BREAKING
GAMHAisPECIFIC WEIGHT OF FLUIO (LBS/FT»«J)
b»UI8TANCE OF PHE88URE SENSORS ABOVE BOTTOM (FEET)
(.•ACCELERATION OF ORAVITY (FEET/SEC**?)
GB»RATIO BREAKING WAVE HElGHT/UEPTH FOR LINEAR THEORY COMPUTATION

OF w*VE HEIGHT
GBP»RATIO BREAKING WAVE HEIGHT/DEPTH FOR LINEAR THEORY COMPUTATION OF

WATER DEPTH GIVEN BREAKlNO WAVE HEIGHT

35

60

65

TO

DEFINITIONS-FLOATING VARIABLES
AVGl«AvERAGE OF TIME 3EHIE81
AVb2«AVERAGE OF TIME SERIES 2
C(I)»WAVE CELERITY
Cia(I)«COSPECTR» OF 5ERIE81-2
CBiBREAKlNG WAVE CELERITY
CGdJaGROUP wave CELERITY
CNTL(I)«<1096 POINT TIME SERIES BEFORE AVERAGING
DEHTH»DEPTH OF WATER AT GAGE SITE FROM AVEKAGE8 OF GAGES 1 AND 2

F11(I)«UN0EFINED/C0MPLEX IMAGINARY PURTIUN OF TRANSFORM
F1H(I)»TIME SERIES DATA GAGE 1 /COMPLEX REAL PORTION OF TRANSFORM
F21(I)iUNOEFINED/C0MPLEX IMAGINARY PORTION OF TRANSFORM
F2H(l)«TJME SERIES DATA GAGE2/C0MPLEX REAL PORTION OF TRANSFORM
FMOOSU(I)«TIME SERIES AMPLITUDE MODULUS SQUARED
HBUBHEAKING WAVE HEIGHT
IA(I)«5000 POINT DATA GROUP AND TIME 8ERIE8 RECORD
PLNE(i*NEG»TIVf CONTRIBUTION TO LONGSHORE ENERGY FLUX FACTOR
PLNETBNET LONGSHORE ENERGY FLUX FACTOR
PLPOStPOSITIVE CONTRIBUTION TO L0NG3H0RF ENERGY FLUX FACTOR
U12(1)«UUAD3PECTHA OF SERIES 1-2
R»iiCALING FACTOR FOR SCALING UP ENERGY OF nonuSABLE

PORTIONS OF DIRECTIONAL SPEC1RA
RATIU1»RATI0 OF ENERGY/W INuOWfcu ENERGY FUR GAGE 1

RMIU2«R»TIU OF ENEHGY/wlNOOwED ENERGY FUR GAGE 2
HEALU)«102U POINT UM t SERIES AFTER AVERAGING
HNsRATIO OF GROUP WAVE CELERITY TO WAVE CELERITY
RSHFRUaPERCENT OF ENERGY BEYUND 8PACIAL ALIASING FREUUENCY
HSLFRU.PERCENT OF ENERGY BELUW LUW FREliUENtY CUTOFF
RSUDD«PERCENT OF INCOHERENT ENERGY
8HFREO»8UH OF ENERGY WITH FREQUENCIES ABOVE SPACIAL

ALIASING FREQUENCY CUTOFF
SHG2«8UMMATION OF ONSHORE ENERGY FLUX
SIGMA(I)«RADIAL FREUUENCY
8LFR6M"8UM OF ENERGY wjTH FREQUENCIES BELOW LOW FREQUENCY CUTOFF
SODD«SUM OF ENERGY WITH FREQUENCIES HAVING INCOHERENT NAVE OIRECTIQN
SUMEN^SUM OF ENERGY
SUMl«suM OF SQUARES OF TIME SERIES 1 WITHOUT AVERAGE
SUM2#SUM OF SQUARES UF TIME 8ENIE8 2 WITHOUT AVERAGE
SUMF1«8UM OF SQUARES OF TIME" SERIES 1 HITH AVERAGE
SUMF2B8UM OF SQUARES UF TlMf. SERIES 8 WITH AVERAGE
T«wAVE PERIOD
THtTA(I)«WAVE DIRECTION IN RADIANS

Figure 2. Listing of main program.
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C THtTABiBHEAKlNG "*VE ANGLS
C «SUMi«8UM OF 8QUARB8 Of DATA HJNUOH MODIFItO TIME SERIES 1

C rtSUMgatUM OF SQUARES OF DMA WINDOW MOOIMtD TIME SERIES 2

P1«J.1«!I9265
TWUP1»2.0*PI
K«lo
N»2,»»K
8*80.0
DELTTM.OO
BETA»1.5708
SLUPfcBQ.oj
BAMMAatU.e
di2.5
M»r<.l

NUgaN/J
SBau.re
B»J2.2
GBP»u.7«

HIGH FHEQ CUTOFFPS.O SEC
8PACIAL ALIASING CUTOFF»Ji« SEt
NLUMLUW FREUUENCY CUTOFF NU*B£R
NYFR«HJ,GH FREQUENCY CUTOFF NUMbER
NSAUFRiSPAClAL ALIASING FREQUENCY CUTOFF NUMBER
FREQUENCY CUTOFF NUMBER»TIME SERIES LENGTH/CUTOFF PERIOO

NLUmiso
NYFR«3a»
NSALFRiSOt
NSMt»N8ALFR»l

110 CUNTINUE

INITIALIZING VALUES
bLFRbQsO.O
8UDD«0.0
bMfRtQ»0.0
SUMENao.O
8UM|»o,
SUM2S0.
8UHF1«0,

III 5UMF2D0.
uSUMloO.O
hSUM£«o.O
A V L. 1 .

AVU2»0,0

120

125

PLP08«0.0
PLNEG«0.0
PLNEI»0.0
8HG2»0,0
DU 29 I«ltN
F11(I)«0.0
F2K1XO.0

2V CONTINUE
OU Ju I>liN02
F«UDSQ( I)«0.0

50 CONTINUE

THIS PORTION OF PROGRAM READS IN WAVE PRESSURE VALUE8 INTO F 1 R, F2R AhRAYS

AND ASSURES MATCHING DATE GRUUPS FUR DIRECTIONAL WAVE ANALYSIS OF TWO

CALL BUF(MGAGE1,M0NTH1,MI)AY1»MTIME1,F1R .IDATtl.tNO)

IF(ENO) GO TO 1

CALL BuF(MGAGE2|MONTH2,M0AYi.MlIME2,F2H .I0ATE2.EN0J

IF(END) GO TO 1

IF(IDATI1.EQ.I0ATE2) GO TO 120

Figure 2. Listing of main program.—Continued
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1US

BACKSPACE 9
l»u TO 110

120 CONTINUE
1M M 1»AQF1 ,NE,3i | ) CALL 8w I TCHC "CAGE 1 » M GAGE2 i F | R «F?R
WWITE(6.«26>

UJb FUKMAT(//.[ GAUGE NO, |,6Xi IMONTMIt TXt IDA* t>8X, (TIME
*HIT6(6» tl)MGAGEltMONTHI|MO*VllMTIHei
"HITttfc.in^SAGEZjMONTMatMOAYj.MTtHEe

1) FUNMAT(ITiJ(5XiI7))

THIS Portion OF PROGRAM CALCULATES WATER DEPTH AT WAVE QaGIS A3 wELL «8
AVt"AGES ANQ SUM OF 80UARE8 OF TIME 8E«I£8

DO <lj I«i,n
AVG1«AVG1*F1R( I)

U2 AVU2»AvG2+F2H(I)
AVGl»AvGl/FLOAT(N)
AVK2«AVG2/FL0AT(N)
DEPTM«(AVGl+AVG2)/2.tB
CALL"hfC(DEPTH,8.DELTT,N,N8ALFH)
OU ai I«1.N
F1H(I)«FIR(I)-AVG1
F2H(I)»F2R(I)»AVG2
8UMlsSuMitFlR(I)*»2,
8UM2»SUM2+F2R(I)*»2.

<ll L0NT1NOF
8UMi»80Ml/FLUATtN)
SUM?»9um^/fi.0«T(N)

THIS PORTION OF PROGRAM APPLIES OATA winOO" TO TI"E SERIES--OATA wINUOw
VALUES ARF REPWESENTtO BY W(I)

00 89 I»| t

N

"(I)"0.S*tl.0-CnS(T w OPI«FLOAT(I)/FLOATCN))J

FlR(I)»(FIRtl)
F2K(I)«fF2R(I)

R9 CUNT1N0E

)»w(I)
>*W(I)

175

IBS

THIS PORTION OF PROGRAM CUHPUTtS SUM OF 8UUARE8 OF DATA WINDOW MODIFIED
TIME SERIE6 AS W ELL AS RATIO OF PRE WINDUWlo ENERGY TO WINDOWED ENtRCV

DO uj I»l ,N

«SUMl«wgOMi+FiR(I)**2.
WSUM2»wSUM2+F?R(I)«»2,

43 CUNTINUE
»SUMl«HSUMi/FLOAT(N)
i"SUM£bwsUM2/FL0AT(N)
HATIU1»SUM1/HSUM1
NAT I02«SUM2/WSUM2
CALL FFT(FlR,FlIiK,o)
CALL FFT(F2R,F2IiK,0)
MEAN1«F1R(D
MEANii«F2R(l)

195

THIS PORTION OF PROGRAM CALCULATES CO AND UUAD SPECTRA VALUES. AS WELL AS

WAVE ANGLE TO SHORELINE ANU ENERGY CONTRIBUTIONS OF EACH FREQUENCY,
BREAKING "AVE HEIGHT ANU BREAKING WAVE CELERITY ARE ALSO
CALCULATED IN THIS SECTION

I«l
DO 97 J»2.N
F1R(I)»F1K( J)
F1I(1)»F1ICJ)
F2H(I)«F2R(J)
F2I(I)«F2I(J)

97 CONTINUE
DO 96 ]3l ,M

SuMFl«8UMFl*FlR{I)**a.*FlI(I)»»2.

Figure 2. Listing of main program.—Continued
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205 5UMF2aSUMF2*F2R(I)»»2,*F2I(I)»»2,
9o CONTINUE

SUMF1»SUMF1*MEANI**2,
SUMf 2»5UMF2+ME»N2**2,

210 289 FOKMAT(//,7X, [I ttlOX, tSlGMA(I) N11X. (FMD8QU) t)

OU 99 I»1.N02
C12(I)aFlR(I)*F2R(I)tFH(I)*F21(l)
U12(I)«FiH(I)»F21(I)»F2R(I)»HKI)
SICM*(I)»FLO*T(IJ»TWUPI/(FLO*T(M)*DELTT)

215 T«TwuPI/8IG M A(I)
CALL «VLEN(DEPTHtT,XHH)
XKxxkh/DEPTH
IF(C12(I).LE.O. 000000001) GO TU 9?
PO*(l./(XK*SJ)*ATAN(U12(I)/CI2(I))

220 IF<A»8(PD).GT.1,0) 60 TU 91
THETA(I)»-AC0S(PD)f8ETA
GO TU 92

95 THET*(I)»0.0
GU TU 92

225 91 THET»(I)»0. 00001
FMUU50(I)«F1H(1)«*2.*FHCI)»*2.
XKfclxXKH*B/OEPTH
XRKSCU8H(XKB)/C08H(XKHJ
F"0D5U(I)»FM0DSQ(I)/(XKP»»2.)

230 FMgoao(i)«FMOOSQ(I)*HATIOl
8UUO«SOI)D*FMODSO(I)
*RlTt(O.l05)I»SIGMACl).FMUD8U(I)

105 FOHMAT(JX,I5i5X,Ft8.*.7X|Fl2.6)
92 CONTINUE

235 FM008U(IJ«Flhf I)**a. +FU(I)**2.
XKb«XKH«B/DEPTH
x*P»CU8h(XkB)/C08H(XKH)
FMUubU(I)«FM00SU(I)/(XKP**2.J
FMOD5H(I)«FMUOSO(I)»RATI01

200 RN«0.5*(1.+2,»XKH/8INH(2 1 »XKHJJ
CG(I)»dIGMA(I)»OiPTH»RN/XKH
C(I)>CG(1)/RN
HGa»(CG(I)»2.0«FMU08U(IJ*C08(TMETA(I)))

C $HU2«UN8HORE ENERCr FLUX
235 ShU2>SHG2+HG2

8UMENaSUMEN*FHOOSU(I)
1FU.GE.N8AIFR) GO TU 79
GO TU 78

79 SHFREQ»8HFREU*FM0D8a(I)
250 78 CUNTINUE

IMI.U.NLOK) GO TO 77
GU TO 7h

77 8LFREU*»tFREQ*FMOD|Q(I)
7* CUNTINUE

255 1MI.GE.NYFR) GO TO 999
99 CUNTINUE

999 CUNTINUE
8HG2C9H02*2,
WHITK6.351)

260 151 FORMAT (//, b X i [I IilIXi ISIGMAd) l.HXi (PCTC16X. ITHETA(I) [)
Dii 48 I«liND2
IF CI.GE.N8ALFR) GO TO nix

PCT»FM008Q(I)/8UMEN
IFCPCT.GE. 0.025) GO TU 49

2t>5 GU TU u«
49 «RITt(«,t50)I|8IGMA(IJ,PCTfTHETA(I)
50 FURMAT(3X.I5iJ(3XtF16,8))
<i6 CONTINUE
44 CONTINUE

Figure 2. Listing of main program.—Continued
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270 HB"(K.*».<i)»<SHG2**.a)»(UtVG)»»,2
Co«(G*HB/GBP)**,S

57 CUNTINUE

C

£ THIS PORTION or PROGRAM MODIFIES WaVE GAGE ANGLES TO BREAKING WAVE ANGLES
*T5 C AND COMPUTES LONGSHORE ENEHQV FLUX FAClOH$

DU 91 Iol,ND2
IF(I.GE.NSALFR) GO TO 996
SINTnfi(I)»5lN(THETAfI)}*C8/C(IJ
THETAH»A8IN(SINTHB(I))

280 XKKS«((l,.SlN(THt TA(I))*»2.)/(1.-SINTHB(I)»»2,))*»,5
XKSS»CG(I)/CB
FMUUSUCI)«FMOOSO(I)»XKHS*XKSS
IFCTHETA(I).LF.O.O) Go TU 87
PLH(JbrPLPOs + GAHMA*sIN(2.*THETAB )*CH*FMUDSO(I)

385 GO TU o
fl

B7 PLNE0=PLNEG+GAMMA»siN(2,»THf TAB )*CB*FMUD5QC I

)

88 CUNTINUB
PL«GAMMA»CB*3IN(8.»THETAB )»FMODSQ{I)
PLNET«PLNET*PL

290 IFCJ.GE.NYFH) GO TO 998
9t CONTINUE

996 CUNTINUE
HSUDUaSODO/SUMEN
H5HFHU«SHFHE0/SUMEN

295 HSLFHUsSLFHEU/SUMEN
RT0T«R80DD+RSHFRQ
R»1./(1..RTUT)
PLP08«PLP0S»R
PLNEG=PLNEG»R

JOO PLNET3PLNET*R
wKITfc(6,201 JN8ALFH

20 1 FOKMATC//t[ NSALFR* (i2«X«Iq)
w«ITt(6t200)DEPTH

200 FOHMAT(( DEPTH OF WATER AT GAUGE SITE* (»F1C , 1

)

305 "R1TE(6<100) AvGI «AvG2
100 FOKMAT(t AVGl»I,Fll,J.9X, IAVG2* t.FH.S)

"RlTECbi l?0)SUMli8UM2
170 FUKMATfl 8UM1« [,Fll,Ji9X, (8UM2* [,Fj|,J)

«kITE(6.1 1 |)W8UMltWSUM2
JIO 111 FUHM»T(( WSUMH (,F10,J,9X» 1W8UM2« t.FlO.J)

wRITE(6.112)RATI01,RATJ02
112 FUHMAT(( HATI01« 1»F9.J,9X« (RAT 102» [ t F°. J)

wHHt(6tI9)SUMEN
J9 FONMAT(( 8UMEN« |.2XiFtl.8)

SIS «H17fc(6.10tf)HB
101 F0KMAT([ BREAKING WAVE HEIGHT HB« |, 6X . F 1 ,i )

"WITfc(6il08)CB
108 FUKMaTCI BREAKING WAVE CELEH1TY CB> [i«XiF 10,2)

WK1TE(6,106) RS0DD,R8HFRUfR8LFHQ
J80 106 F0HMAT(f H80UO" I.Fll,a t 8X» IHSHFHO* (, Fl ,«» 8x i (NSLFRQa [fF| 0,0)

wWITfc(6tl0J)PLP0SiPLNEG
10J FUHMAT(t PLP08»(»F11,«,8X. tPLNEG* t,Fl 1 .«

J

WH1T6(6.109)PLNET
109 FURMATC ( PLNET»(iFll,aj

J"? 60 TU no
1 CONTINUE

8TUP
ENO

Figure 2. Listing of main program.—Continued
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(1) Input data for this program are in the form of digital
magnetic-tape records of 4,100 values. The first 4 values of the

records are the gage number, month, day, and time of the observa-
tions; the last 4,096 values are the time-series pressure values of

the wave gage. In the present program the wave gage pressures are
stored in thousandths of a foot (head) water at 0.25-second inter-
vals. Subroutine BUF reads time-series data into array CNTL,
where it is averaged to provide 1,024 time-series values of At = 1

second spacing. Units are also divided by 1,000 to convert values to

feet (head) of water.

(2) The date groups of record 1 and record 2 are compared to

ensure that times of records are simultaneous; if the times are not,

the program searches the record file until this condition is met.
The two records are than checked for proper sequence to ensure that
gage 1 is analyzed first. Subroutine SWITCH switches arrays if they

are not in proper order.

(3) Each of the two 1,024 value time series is then analyzed for

average values which are printed out along with the average depth of

water at each gage site. The average value of each of the time-
series records is again averaged and is added to the height of the

gages above the bottom to obtain the water depth:

DEPTH = AVERAGE 1 + AVERAGE 2
+ fi

in which AVERAGE 1 is the average of time series 1 = a (0), AVERAGE 2

the average of time series 2 = a (0) , and B the height of sensors
above the bottom.

An option to apply a weighting function w( j ) (= W(I) in program)

has been incorporated before the FFT subroutine is called. In this

particular program a cosine bell weighting function has been incorpo-
rated. If the data window option is selected, the two time-series
data records, which are read into FIR and F2R arrays, are multi-
plied by the following weighting function (cosine bell)

«o>-i[i-~(¥)]

where j is the time step number and N the number of data points

in series. If no weighting function is desired in analysis set

w(j) = 1.0, which is the "box car" weighting function.

As the cosine bell function reduces the total energy content of

the waves, the final energy obtained from the FFT must be rescaled up

to the proper value. This is accomplished by scaling up the time-

series pressure values by the ratio

Unwindowed energy /<p >
R =

Windowed energy y <p

•

2
>

as discussed in equation (4).
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(4) Cospectra and quad-spectra of the gages are computed using
the following relationships (note in computer program index, I is

used for frequency counter, n)

:

Cospectra = C12(I) = F1R( I)*F2R(I) + F1I( I)*F2I( I)

Quad-spectra = Q12(I) = F1R(I)*F2I( I) - F2R(1)*FU( I)

in which FIR and F1I are the real and imaginary parts of complex
transforms of time series 1: F2R and F2I are the real and imagi-
nary parts of complex transforms of time series 2.

(5) Wave angle is calculated in accordance with equation (19).

9(n) = =—U-U • arctan <&§<2>]
' arcosine I k(n)£ C12(n)J

where k(n) is the wave number calculated via linear wave theory, I

the spacing of gages, and 3 the difference in alinement of gages
and shoreline in Figure 1

.

Due to energy leakage problems in spectra, impossible wave angles
can result [wave angles with (l/k(n)X. arctan Q12(n)/C12(n)) greater
than 1.0]. When this happens, energy is lumped into a separate
category for later scaling up of the longshore energy flux.

(6) The high frequency cutoff in this particular program has been
set at 2.09 radians per second, which corresponds to a period of 3

seconds or NYFR = 342. This value can be reset in the main program
by adjustment of NYFR where

NAt
NYFR =

THF

and N is the number of data points in time series , At the spacing
in time of data points, and Tup the high frequency cutoff period.
The spatial aliasing frequency is computed in subroutine HFC.

Energy between the spatial aliasing frequency and the high fre-
quency cutoff is put into a special category and used to scale up the
final longshore energy flux.

(7) Each frequency contribution to the onshore energy flux is

calculated for the gage site location as follows:

Onshore energy flux = 2y |F (n)| 2 C (n) cos [0(n)]

20
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where

|F (n)| = modulus of the complex amplitude spectra of wave
elevation above mean surface at gage site

C (n) = group wave speed at gage site

0(n) = = angle of wave direction (see Fig. 1)

y = specific weight of seawater

The onshore energy flux is then summed to obtain the total onshore
energy flux. In the program, onshore energy flux/y = HG2.

(8) Breaking wave height at the shoreline is determined from the
mean square onshore energy flux via a linear theory wave transforma-
tion formula which can be simplified to

Hu =

N/2

I 16|F n (n)|
2 C

CT
(n) cos 0(n)

|_n=l n

X0.2
IT)

(?)

where GB is the wave height-to-water depth ratio at breaking and g
the acceleration of gravity.

The choice of GB is up to the user although a value of GB =

1.42 has been found by Komar and Gaughan (1972) to best fit wave tank
data for breaking wave heights for monochromatic waves. In the pres-
ent program, GB has been set equal to 0.78 but can be readily
changed

.

The breaking wave water depth is calculated from the equation

—- = GBP
d
b

where dv is the wave breaking water depth and GBP the ratio of

wave height to water depth at breaking.

In this case a different value of the ratio of breaking wave
height to water depth can be used in the program for obtaining the
proper water depth. An assumed value of GBP = 0.78 from the solitary
wave theory in the SPM is used

.

Linear wave celerity is assumed and breaking wave celerity is

estimated as

0.5

\ GBP/

The breaking wave height and celerity calculated in this approach
apply to all frequencies.
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(9) Frequency-by-frequency modification of wave angles is made
assuming linear wave theory, Snell's law, and parallel bottom con-
tours offshore. The breaking wave angle, 0, (n) , is calculated from

Cb (n) sin 9r (n)
0. (n) = arcsin

where the subscript r refers to the reference gage location.

(10) Longshore energy flux is calculated for each frequency
component (except the special cases discussed in Sec. II) using the
equation

P£s (n) = y|F
n
(n)| 2 Cgb (n) sin 2©b

(n)

and is summed up to obtain a net longshore energy flux.

(11) The value of the net longshore energy flux is multiplied by
a factor R which scales up the total energy in the spectrum (below
the high frequency cutoff) . The equation for scaling factor R is

R- l

(1 - RTOT)

where RTOT = RSODD + RSHFRQ when RSODD is the percent of energy in

low frequency bands for which impossible values of the cosine func-
tion are calculated, and RSHFRQ is the percent of energy between
spacial aliasing frequency and high frequency cutoff.

The final result of analysis of the two gage records for the

net longshore energy flux PLNET is printed out, as well as specific
frequencies for which impossible directional results occur and fre-
quencies at which more than 2.5 percent of the total wave energy is

found

.

IV. SUBROUTINE DOCUMENTATION

1. FFT Subroutine.

The sampled time function, f(j), will be expressed as

N-l

f(j) =
I F(n) exp(inaJ

1
JAt)

n=o

22



www.manaraa.com

in which

2tt 2tt 2tt

1 record Length T NAt

t- = jAt = a discrete time where j is the integer time step

F(n) = a(n) - ib(n)

•(T^)--(T^r)..-*o,l

a(0) = mean of sampled record

b(0) = b(|)=0

Because negative indexes are not readily handled by most FORTRAN compilers,

the summation extends over the interval < n < N - 1, rather than over the

symmetric interval - N/2 < n < N/2. From the definition of the coefficients

above, it is clear that the coefficients a(n) and b(n) for n > N/2 contain

no additional information.

The inverse relationship completing the FFT pair is

N

N

1

F(n) = — I f(j) exp(-ina) jAt)
XT .

1

J=l

As an enumeration of the complex FFT coefficients, suppose the series of 8

values is considered, N = 8. The coefficients would be

F(0) = a(0)

F(l) = a(l) - ib(l), F(7) = a(7) - ib(7) = a(l) + ib(l)

F(2) = a(2) - ib(2), F(6) = a(6) - ib(6) = a(2) + ib(2)

F(3) = a(3) = ib(3), F(5) = a(5) - ib(5) = a(3) + ib(3)

F(4) = a(4)

This pattern prevails for all sets of FFT coefficients, regardless of the

value of N. Both F(0) and F(N/2) are real and, as noted previously, the

coefficients F(n) for n > N/2 really contain no additional information.

The FFT subroutine used here requires that the number of data points, N,

provided be an integral power of 2, i.e.,

N = 2
K

where K is an integer. Thus analyses of 512, 1,024, or 2,048 data points

(K = 9, 10, 11) would be suitable with this subroutine.
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The following two requirements are satisfied in the FFT subroutine.

(a) By operating on the sampled function, obtaining the F(n)
coefficients and carrying out the inverse FFT (FFT

-1
), the original

time function is recovered. Schematically,

f(j) + FFT + F(n) + FFT
-1

* f ( j )
*

(b) The mean square of the sampled time function is equal to the

sum of the squares of the moduli of the FFT coefficients, F(n) , i.e.,

j N N-l

- I [f(j)] 2 = I |F(n)|2
N

j=l n=o

a. Calling Statement : SUBROUTINE FFT (FR, FI, K, ICO) (see Fig. 3). FR,

FI = real and imaginary coefficients in

F(n) = FR(n) - iFI(n)

K = power of two (i.e., N = 2"^)>K>

ICO = control whether FFT or (FFT) 1

operation is desired if

ICO
= ->- FFT

= 1 * (FFT)
-1

When entering the subroutine, FR is the time sequence f(j) and FI is

arbitrary. When exiting the subroutine, FR and FI are the real and imagi-
nary parts of the complex transform, respectively; e.g., input is

K = 5

ICO =

f(j) = 1.0 + 2.0 cos il^+ 3.0 cos *&§Sl

. , . 2ir(jAt) , . . 4ir(jAt)
- 0.6 sin —^

—

'- - 1.4 sin —^

—

'-
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c FAST FUUHI.EX TK1NSFUHM SUBROUTINE
SUbHUUTlNE FFT(FH»FI«K f ICO)
UlnENSION FR(l).FHl)

5
IMKO.EQ.O) GO TU 10
oo e i»i,n

b FI(I)b-FKI)
10 CONTINUE

10

l

MK«0
NNSN»

1

DO 2 M»1,NN
L'N
l»L/J

15 1F(MH*L.GT,NN) GO TO 1

MWiMUOtMHtLUL
IF(MH.LE.H) GO TO 2
TR»FK(M* j

)

F«(Mtl)»FR(MB+i)
20 FH(MK+| )«TH

TI»F1(M+I)
FI(M*1)«FI(MR*H
FI(MH+1).TI

2 CONTINUE
25 La I

3 IF(L.GE.N) GU TO 7
1STEP»2»L
tL»L
UU II Msl.L

30 »«3,lU159|6535*FL0/tT(l-M)/E|.
*H»CU8(A)
MlPSIN(A)
DO tt I«M,N,I8TEP
J'lH

35 IF(ICO.EO.l) GO TO tl

T««WH»FR(J)»WI«FI(J)
TI«*K*FI(J)*WI*FR(J)
GO TU 12

11 TR«wH»FRCJ)fwI»«I(J)
110 TI»WH*FI(J)-WM»H(J)

12 FHCJUFBCD-TR
FI(J)«FI(l)-TI
FR(»»FR(I)*TR

« FI(I)«FI(I)*TI
45 LsISTEP

GO TU 3

7 CONTINUE
ANSN
IF(ICO.EQ.l) GO TO 6

50 00 5 I«l t N

FR(I)=FR(I)/AN
5 FICI)«-FI(I)/AN
6 HfcTURN

tNU

Figure 3;. Lis ting of FFT subroutine.

b. Data Input to Program .

f(j) values at

At = 1 second

intervals

(32 values)

FR =

(32 values)

6.000

0.590

-2.600

0.562

2.000

-1.390

-1.400

4.238

6.000

0.590

-2.600

5.080 3.750 2.184

0.829 -1.900 -2.506

2.215 -1.451 -0.465

1.445 2.034 2.229

1.391 0.513 -0.475

2.054 -2.322 -2.109

0.257 1.188 2.755

5.438 6.189 6.386

5.080 3.750 2.184

0.829 -1.900 -2.506

2.215 -1.451 -0.465
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0.562 1.445 2.034 2.229

2.000 1.391 0.513 -0.475

-1.390 -2.054 -2.322 -2.109

-1.400 -0.257 1.188 2.755

4.238 5.438 6.189 6.386

FI = 0.000 0.000 0.000 0.000

(32 values) 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

c. Calling Statement: FFT (XR, XI, 5, 0).

Output

:

1.000 1.000 1.500 0.000

a(n) coefficients 0.000 0.000 0.000 -0.000

(32 values) -0.000 -0.000 -0.000 -0.000

-0.000 -0.000 -0.000 -0.000

-0.000 -0.000 -0.000 -0.000

-0.000 -0.000 -0.000 -0.000

-0.000 0.000 0.000 0.000

0.000 0.000 1.500 1.000

b(n) coefficients 0.000 -0.300 -0.700 -0.000

(32 values) -0.000 -0.000 -0.000 -0.000

-0.000 -0.000 -0.000 -0.000

-0.000 -0.000 -0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.700 0.300

At (time step) = 1 second in above example •

HFC Subroutine.2.

This subroutine resets the spatial aliasing frequency cutoff to a higher

frequency than would be the case for normal incidence of waves to gage pair.

In the present version of this subroutine, it has been assumed that the maxi-
mum angle which the wave crests can make with the gage pair axis is 45° . The

spatial aliasing criteria are expressed in Figure 1, where for proper resolu-
tion of wave direction the following criteria must be met

£cos [0(n) - 0] < j

k(n) Jlcos [0(n) - 0] < k(n)
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The proper spatial aliasing frequency to correspond with the spacial aliasing
wave number cutoff is found from the normal wave dispersion relationship.

Calling Statement : HFC (DEPTH, S, DELTT, N, NSALFR) (see Fig. 4).

DEPTH = depth of water at gage site (from main program)

S = spacing of wave gage pair (from main program) (= % in text)

DELTT = time-step increment between values in time series analyzed
(from main program)

N = exponent of 2 describing number of time series values
(from main program)

NSALFR = integer number for spatial aliasing frequency cutoff

5UBHUUTINE HFCCHIGH FREOUENCY CUTOFF/SP At 1 AL ALIASING FREQUENCY)
RESET8 ALIASING CUTOFF TO HIGHER FREQUENCY
BSSto UN ASSUMED MAXIMUM «AVi ANGLE

SUBROUTINE HFC ( DEPTH* S.OELTT |Ni N8ALTR)
SPACIAL ALIASING ASSUMES "AVE ANGLES LESS THAN U% DEGREES
XK8a3,l«l?<>/0,707
XKH«XKg»DEPTH/S
8IGSU»ja.?*(XKH/DEPTH)»TANH{XKH)
SIUHF«80RT(SIGSQJ
RECLN»FLOAT(N)»DELTT
NSALFHaSIGHF»RECLN/6.2el
RETURN
END

Figure 4. Listing of HFC subroutine.

3. SWITCH Subroutine .

This subroutine is set up to interchange time-series data arrays in the
instance when gage 2 data are processed before gage 1 data (see Fig. 5). If

the first gage record processed is not equal to the appropriate number of the
gage, as specified in main program, data arrays of first and second gage
records are interchanged

.

l?

5UBRUUTINE SWITCH EXCHANGES LOCATIONS OF TIME SERIES DATA TO ASSURE
GAGE! IS STORED IN FIRST ARRAY AND GAGE2 IN SECOND

SUBROUTINE SWITCH(M1,M2,F1R|F2R)
DIMENSION F1R(102»),F2R(102H)iF3R(102«)
M3»M1
H1«MJ
M2«MJ
DO 10 I»l, 102U
F3K(IJfFlR(I)
F1K(I)»FJR(I)
F2H(I)»F3R(I)

10 CONTINUE
RETURN
END

Figure 5. Listing of SWITCH subroutine.

4. WVLEN Subroutine .

This subroutine accepts wave period and water depth as input and calcu-
lates wave number as output via a Newton-Raphson iteration.
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Calling Statement : WVLEN (DPT, PER, XKH) (see Fig. 6).

DPT = water depth (from main program)

PER = wave period (from main program)

XKH = wave number * water depth (calculated in subroutine)

WAVE LENGTH ITERATION SUBROUT INE..TH18 SUBKOUTINE CALCULATES WAVELENGTH
VU NEWTON. RAPH80N ITERATION U8INQ PERJOOiHATER DEPTH INPUT

PEH««AVE PERIOD
DPTinATER DEPTH
XKHawAVE NUHHER*"ATER DEPTH
8UHRUUTINE wvLENCDPTtPERtXKH)
XKHO«(6,28JlB53/ ,'ER)»*J*DPT/»2.2
IF(XKH0-*,3>2»1»I

1 X*H«XKHO
GO TO 9

2 XKM«3UHT(XKH0)
S 8HBS1NH(XKH)

CHPCUSH(XKH)
EP8bXKhO.XKH»SH/CH
SLOPE". XKH/CH»*J«8H/CH
UXKH».tP8/8L0PE
IF(AB8(DXKH/XKH)«0 ( 0001)9«9ttt

4 XKH»XKHtDKKH
GO TU 1

9 CONTINUE
RETURN"
END

Figure 6. Listing of WVLEN subroutine.

5. BUF Subroutine .

This subroutine is set up to read in wave gage files from magnetic tape.

The data records consist of arrays of 4,100 values, the first four of which
are the gage number, month, day, and time of wave record. The remaining 4,096
values represent pressures in thousandths of a foot (head) water. The data
are returned to main program as a wave gage number-date series and a time

series of 4,096 values of pressure in feet (head) of water. Two records are

processed in one pass.

Calling Statement : BUF (MGAGE, MONTH, MDAY, MTIME, CNTL, IDATE, END) (see

Fig. 7).

MGAGE = number of gage (read from tape)

MONTH = month of observation (read from tape)

MDAY = day

MTIME = time

CNTL = control array of 4,096 pressure values in feet (head) of water
returned to main program

IDATE = summed time group for time comparison between gages

END = logical end
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SUbWUUTINE HUF REAOS IN NAVE GAGE DATE INFU AND TIME SERIES DYNAMIC
PRESSURE VALUES IN FEET HEAD UF HATER

THIS SUBROUTINE READS U096 TIMt SERIES VALUES AND AVERAGES TO OBTAIN
10JU VALUES FOR MAIN PROGRAM ANALYSIS

MGAGE«GAGF NUMBER
MUNTHiMUNTH OF RECORDING
MOAY»nAY OF RECOROING
MTlMt«TIME OF RECORDING
HEAL»ARRAY OF AVERAGED TIME SERIES VALUE*
SUBROUTINE BUF(MCAGE» MONTH, MUATtMTIME»REAL»IOATE, END)
DIMENS1UN CNTL(10')6}»IA(5000)
DIMENSION REAL(lOJl)
LOGICAL END
OU \i J»l. liOtb

CNTLU)»0.0
12 CONTINUE

BUFFER IN(9.1)(IA(l)ilA(5000J)
IFCUNITC9JJ 10,20,10

20 PRINT lli(IA(I),I»l,a)
11 FURMAT([ PARITY ERROJ ONt»<IIT)
10 CONTINUE

MGAGt«IA(l j

MUNTH»JA(2)
MDAY»lA(3)
MTIMfc«IA(<|)
IOAT6«IA(2)+IA(l)*IA(aj

DO 25 J»l.(l096
K»K+1
CN1L(J)»IA(K)

25 CNTL(J)«CNTL(J)/1000.
DO 2fe J»i|OB8,«096

26 CNTL(J)«CNTL(a08T)
J«l
00 27 L'lMOSfl
REAL(L)«tCNTL{J)*CNTt(J*l)+CNTL(J+J)*CNTLtJ*l))/«.
J'J+1

27 CONTINUE
RETURN

30 ENQa, TRUE.
RETURN
END

Figure 7. Listing of BUF subroutine.

V. SAMPLE OUTPUT

Three examples of output are presented for different dates for the wave
gage pair at Channel Islands Harbor (Fig. 8). The year the data was taken was

1975.

The first set of frequencies lists amplitude modules squared of wave data
having impossible direction results. The sum total of this energy (in decimal
percent) is listed as the quantity RSODD in the variable output at the bottom
of the output. In the case of the wave data taken on 7-26-1600, the inco-
herent data amounted to 0.004 (0.4 percent) of the total energy in the wave
record.

The second set of frequencies listed provides the wave direction for the

frequency bands having a significant part of the energy (>2.5 percent). In

the case of the wave record taken on 7-26-1600, it is seen that the wave angle

is reasonably consistent from the frequency-to-frequency band and is approxi-
mately 0.70 radian (40.1°).

The variable list provided at the bottom of the sampled output gives

values of most importance in the analysis of wave information for longshore
energy flux. The longshore energy flux output is in pounds per second units;

the output in the first example is 89.23 pounds per second.
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Example 1

GAUGE NO MONTH DAY TIME
311 7 26 1600
313 7 26

SIUMA(l)
.016(108
•064544
•030680
.042951
•0SS223

1600

FMDSQ(I)
.000025
.000014
.000027
.000036
.000012

10 .061359 .000021
11 .067095 .000048
10 .085903 .000009
24 .147262 .000127
25 .153398 •000041
27 .165670 .000002
29 •177942 .000099
30 .184078 .000040
32 •196350 .000068
33 •20248S .000029
m .257709 .000014
45 .276117 .000041
69 .398635 .0000*3

I •IGMA(I) PCT THETA(I)
67 .41110685 .03904604 •7087690)
68 .41724277 .04032*88 .7799508$
7$ •44792239 .028)1211 •884)7628
74 •4S405831 .10)91194 i697)86l)
7$ •46019424 .068997*0 •69198090
78 •47860201 .02500015 •71912)54
79 .48473793 .04457282 •6)791)96

NSALFRa 201
DEPTH OF WATER AT GAUGE SITE* 23.2
»VGn «1 .411 AVU24 19,999
8UM]» .229 8UM2« .234
W$UM1« .084 w8UMJ» .086
HATIOJ. 2 .730 RATI02» 2.729
3UMENB .18433930
BREAKING *A V I HEIGHT H8« 3.03
BREAKING MVE CELERITY CB« 11.18
RSODDb .0040 RSHFHQb .2413 R8LFRU* ,o
PLP08" 9« .6421 PLNEO» -5.4150
PLNET« 89 .2271

0170

Figure 8. Three examples of output for wave gage pair at Channel

Islands Harbor.
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le 2

GAUGE NO MONTH OAY TIME
311 T 26 1800
312 7 2b 1800

I

1

SIGMA(I)
•0061J6

rMD80(I)
.000169

2 .012272 .000099
3 ,018108 .00000T
5 1OIO68O .000013
8 .019087 .000066
9 .055223 .000161

10 .061359 .000038
1 1 .067(195 .000000
13 .079767 .000168
Id .085903 .000201
1? .092039 .0001 JT
16 .098)75 .000111
1* .1 10147 .000055
19 .116583 •000061
21 .HU26 .000001
26 . 1 59531 .000072
28 .171806 .000008
30 .181078 .000020
31 .190211 .000006
«a .257709 .000028
58 .355881 .000064

I 8IGMA( I) PCT THETA(I)
68 .11721277 .02575229 .75283613
75 .16019121 .04815516 •65861227
76 •16633016 .03141751 •699^2037
77 .17216608 .0423T100 •734*4726

NSALFR" 203
DEPTH OF *A T EH at GAUGE 8 I Te« 24,0
»VGj« »2.,24b AV02* 20,808
SUMn • 299 SUMz* .293
"SUM 1 ,08<4 WSUM2a ,078
RAT IOl« 3 ,579 HAtlUgc 3.741
5UM£N» ,31019170
breaking HA V |I HEIGHT HH« 3,61
bheaking WAyli CELERITY CBi 12,22
fiionoi ,0048 RSHFRQi .3712 RSLFRUa .011
PLP08b 12 5 ,7135 PLN£G» -25,6734
PLNET« 10o ,ouoi

Figure 8. Three examples of output for wave gage pair at Channel
Islands Harbor.—Continued
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Example 3

GAUQE NO. MONTH DAY TIME
311 7 if 2000
312 7 26 2000

I 8IGMA(1) FMDSO(I)
1 .006136 .000910
2 «012272 ,0003«7
3 .016H06 .000179
4 .024544 .000092
7 .042951 .000013
6 .049067 ,000081

10 .061359 .000014
12 .073631 ,00007"
13 .079767 .000065
IT 1)04311 .000060
19 ,116563 .000006
23 ,141126 .000011
32 .196350 .000009
34 .806621 .000100
35 .114797 .000104
36 .120893 ,000019
42 .257709 ,000044
55 *1374?6 .000116
71 ,415651 .001018

3I0MACI) PCT THITA(I)

NIAI.FR* 802
DEPTH OF HAtEH AT OAUGE SITE* 23,,5
AVG|« 8i,702 AV02N 20,.167
8UMi« .253 8UM2I

(• 266
W8UM1* .073 WSUMfa

i,061
RATI01» 3.460 RAU02* 3,,299
SUMENn ,35101917
BREAKING "AVE HEIGHT HB 3,,66
BREAKING KA V E CELBRlTY CBp 12,,29
RSODOn ,0095 R8HFHUH ,5675
PLP08« ll5.536f PLNEGb 40,,2297
PI.NET* 9 5 .3070

"•IFRUa ,0142

Figure 8. Three examples of output for wave gage pair at Channel
Islands Harbor.—Continued
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