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Conversion Factors, NonSI to SI (Metric) 
Units of Measurement 

Non-SI u n i t s  o f  measurement used i n  th i s  report can be converted to SI 

(metric) u n i c s  a s  follows: 

Multiply 

fee t  

miles (US s t a tu t e )  

To Obtain 

meters 

kilometers 



REDINGTON SHORES, FLORIDA, FJAVE CLIMATOLOGY STUDY 

SUMMARY DATA REPORT 

Introduction 

1. In January 1986 a detached breakwater was completed a t  the Redington 

Shores County Park for the purpose of shore protection. Twenty-three thousand 

cubic meters of beach f i l l  was placed shoreward of the s t r uc tu r e .  One of the 

important design parameters for  breakwaters and beach f i l l  is the wave c l i -  

mate. As part of a program to  monitor the performance of the breakwater and 

the placed beach f i l l ,  the Jacksonville Dis t r i c t  of the Corps of Engineers 

requested that  C E R C  acquire and analyze wave data from Redington Shores f o r  

1 year .  The purpose of t h i s  report  is t o  present the r e su l t s  of the wave gag- 

ing e f f o r t .  

Project and Gage Location 

2.  Redington Shores is located on the West coast of Florida on Sand Key 

i n  P ine l l as  County. The breakwater project  is approximately 8 km north of 

Johns Pass and 13 km south of Clearwater Pass (Figure 1 ) .  The s t ruc tu re  is  i n  

f ron t  of the Redington Shores County Park. 

3. I n  order t o  a r r ive  a t  the wave height and di rect ion a t  the s t r uc -  

t u r e ,  wave data measured offshore must be transformed to  account fo r  shoaling 

and refract ion between the gage location and the s t ruc tu re .  To minimize the 

transformation, it was desired t o  place the wave gage as  close a s  possible t o  

the s t r uc tu r e .  However, several  considerations prevented the gage from being 

placed d i r e c t l y  offshore of the s t ruc tu re .  F i r s t ,  a s  waves come onshore and 

begin shoaling,  the l inear  wave theory assumption that  the wave amplitude is 

small i n  r e la t ion  t o  the wave length ( a  necessary assumption i n  the analys is  

process) becomes l e s s  valid.  Second, i f  the waves break offshore or a t  the  

wave gage locat ion,  an accurate conversion of the bottom pressure to  wave 

height is not possible due the entrainment of a i r  in the water column over the 

gage. Final ly ,  the gage would present a s ign i f i can t  hazard to  navigation i f  

it were not covered by a t  l e a s t  10 f t  of water a t  a l l  times. Surface marking 

buoys would only increase the a t t en t ion  received by the gage s i t e  from 
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r e c r e a t i o n a l  b o a t e r s  i n  t h e  Redington Shores  area. With t h e s e  f a c t o r s  i n  

mind,  t h e  gage  was s i t e d  4,100 f t  o f f  t h e  Nor th  c o r n e r  o f  t h e  Redington  S h o r e s  

b r e a k w a t e r  i n  17 f t  o f  w a t e r  a t  27 deg 49 min and 37 .01  s e c  Nor th  l a t i t u d e  and 

32 deg  5 0  min 42 .27  sec West l o n g i t u d e  ( F i g u r e  2 ) .  

I n s t r u m e n t a t i o n  

4 .  A Sea  Data 635-12 i n t e r n a l l y  r e c o r d i n g  d i r e c t i o n a l  wave and water 

l e v e l  gage  was u s e d  f o r  t h i s  p r o j e c t .  The gage  s i m u l t a n e o u s l y  samples  p r e s -  

s u r e  and t h e  u and v h o r i z o n t a l  components o f  v e l o c i t y  and r e c o r d s  them 

d i g i t a l l y  on a c a s s e t t e  t a p e .  When set  t o  r e c o r d  1024 s e c  o f  wave d a t a  sam- 

p l e d  o n c e  p e r  second o n c e  e v e r y  4 h r s ,  t h e  d u r a t i o n  o f  g a g e  r e c o r d i n g  is a b o u t  

2 months .  I f  wave d a t a  a r e  r eco rded  a t  6-hr i n t e r v a l s ,  t h e  d u r a t i o n  is a b o u t  

3 months .  P r e s s u r e  is measured w i t h  a h i g h l y  a c c u r a t e  q u a r t z  c r y s t a l  s e n s o r  

manufac tu red  by D i g i q u a r t z  Corp .  V e l o c i t y  is measured w i t h  a Marsh McBirney 

Model 511 e l e c t r o m a g n e t i c  c u r r e n t  m e t e r .  

5.  The gage  was mounted i n  a t r i p o d  d e s i g n e d  t o  p r o v i d e  a l a r g e  d e g r e e  

o f  s t a b i l i t y  w h i l e  min imiz ing  i n t e r f e r e n c e  w i t h  t h e  f low a round  t h e  g a g e .  

S i n c e  t r a w l e r s  d o  n o t  f r e q u e n t  t h e  area where t h e  t r i p o d  was l o c a t e d ,  i t  was 

n o t  n e c e s s a r y  t o  c o n s i d e r  them i n  t h e  t r i p o d  d e s i g n .  S e c u r i n g  e a c h  l e g  o f  t h e  

t r i p o d  t o  p i p e s  j e t t e d  i n t o  t h e  seabed was c o n s i d e r e d ,  b u t  s i n c e  t h e  g e o t e c h -  

n i c a l  c o n d i t i o n s  a t  t h e  t r i p o d  s i t e  were n o t  known and a s u b s t a n t i a l  c o s t  

would be i n v o l v e d  i f  a h a r d  bottom was encoun te red  w h i l e  j e t t i n g ,  a 700- lb  

r a i l r o a d  wheel  was a t t a c h e d  t o  e a c h  l e g  o f  t h e  t r i p o d  t o  p r o v i d e  s t a b i l i t y .  

An a c o u s t i c  p i n g e r  was a t t a c h e d  t o  t h e  t r i p o d  s o  t h a t  d i v e r s  u s i n g  a d i r e c -  

t i o n a l  hydrophone c o u l d  home i n  on t h e  p i n g e r  s i g n a l  ( r a n g e  3 / 4  m i l e )  once  

t h e y  r e a c h e d  t h e  g e n e r a l  v i c i n i t y  o f  t h e  t r i p o d .  The t r i p o d  c o u l d  b e  l o c a t e d  

by a s u r f a c e  v e s s e l  w i t h  a hydrophone i f  i t  was moved by e i t h e r  a s t o r m  o r  a 

trawler. S u r v e y o r s  p rov ided  by P i n e l l a s  County t r i a n g u l a t e d  t h e  p o s i t i o n  o f  

t h e  t r i p o d  and c o u l d  s u b s e q u e n t l y  p l a c e  d i v e r s  w i t h i n  50 f t  o f  t h e  t r i p o d .  

Gage Deployment His t o r y  

6 .  On 2 0  Februa ry  1986 t h e  f i r s t  gage  deployment t ook  p l a c e  

( T a b l e  1 ) .  The t r i p o d  and g a g e  were s i t e d  w i t h  t h e  a i d  o f  P i n e l l a s  County ,  

E L ,  s u r v e y o r s .  The T o r t u g a  ( a  mod i f i ed  l a n d i n g  c r a f t  w i t h  a h i g h  c a p a c i t y  



T a b l e  1 

S i g n i f i c a n t  E v e n t s  f o r  Redington S h o r e s  Wave Gaging 

Date  Event  D e s c r i p t i o n  

J a n u a r y  1986 Redington  S h o r e s  b reakwa te r  comple ted .  

20 F e b r u a r y  1986 Tr ipod  p l a c e d ,  Sea  Data 635-12 S/N 37 wave g a g e  p l a c e d .  
Wave d a t a  e v e r y  4 h r .  

14 A p r i l  1986 S/N 40 d e p l o y e d .  Gage S/N 37 r e t r i e v e d .  

7 August 1986 S/N 35 d e p l o y e d .  S/N 40 r e t r i e v e d .  

14 August  1986 Discovered  bad d a t a  from g a g e  S/N 40 due  t o  a  p a r t i a l l y  
o b s t r u c t e d  p r e s s u r e  p o r t .  

10 O c t o b e r  1986 Gage S/N 35  was r e t r i e v e d  and checked  f o r  f o u l i n g  and  t h e n  
r e d e p l o y e d .  

6 November 1986 R e t r i e v e d  gage  S/N 35  deployed  gage  635-9 S/N 3 - changed 
t o  6-hr  s amples .  

1  December 1986 Gage S/N 3 f a i l s  - e l e c t r o n i c  f a i l u r e .  

20  A p r i l  1987 Gage S/N 3 r e t r i e v e d ,  t r i p o d  l e f t  i n  p l a c e .  

9  December 1987 Tr  ipod removed. 

c r a n e )  was p r o v i d e d  by P i n e l l a s  County t o  l i f t  and p l a c e  t h e  t r i p o d  and  

g a g e .  The g a g e  was set t o  r e c o r d  1024 s e c  o f  wave d a t a  e v e r y  4 h r .  On 

14 A p r i l ,  t h e  gage  was r e t r i e v e d  and a n o t h e r  p l a c e d  w i t h  t h e  same r e c o r d e r  

s e t t i n g s .  Subsequen t  d a t a  a n a l y s i s  i n d i c a t e d  e x c e l l e n t  d a t a  r e c o v e r y .  On 

7 August  g a g e  S e r i a l  Number S/N 40 was r e t r i e v e d  and g a g e  S/N 35 d e p l o y e d  i n  

i ts p l a c e .  A n a l y s i s  o f  t h e  d a t a  from gage  S/N 40  showed t h e  p r e s s u r e  p o r t  t o  

be  p a r t i a l l y  o b s t r u c t e d  by f i n e  s a n d .  Because o f  f e a r s  t h a t  t h e  p r e s s u r e  p o r t  

on g a g e  S/N 35 c o u l d  a l s o  be o b s t r u c t e d ,  t h e  g a g e  was r e t r i e v e d  and t h e  p r e s -  

s u r e  p o r t  c l e a n e d  and p r o t e c t e d .  Subsequen t  a n a l y s i s  i n d i c a t e d  t h a t  t h e  p r e s -  

s u r e  p o r t  was indeed  p a r t i a l l y  o b s t r u c t e d .  The gage  was r e d e p l o y e d  and  

r e c o v e r e d  on 6 November 1986. Gage S/N 3 was set  t o  r e c o r d  1024 s e c  o f  wave 

d a t a  e v e r y  6 h r  and  dep loyed  t h e  same day .  Although t h e  g a g e  r e c o r d e d  d a t a  

f o r  more t h a n  3 months ,  d a t a  a n a l y s i s  showed o n l y  t h e  f i r s t  3  weeks o f  

a c q u i r e d  d a t a  t o  b e  i n t e l l i g i b l e .  T h i s  was a t t r i b u t e d  t o  a f a i l u r e  i n  t h e  

g a g e ' s  t a p e  d r i v e  c i r c u i t r y .  After t h e  gage  was r e c o v e r e d  on  20 A p r i l  1987,  

d a t a  a c q u i s i t i o n  was d i s c o n t i n u e d  a t  t h e  r e q u e s t  o f  t h e  s p o n s o r .  



Data C o r r e c t i o n  

7.  A n a l y s i s  o f  raw d a t a  o b t a i n e d  from t h e  s e n s o r  w i t h  t h e  p a r t i a l l y  

o b s t r u c t e d  p r e s s u r e  p o r t  showed t h a t  t h e  s i g n i f i c a n t  wave h e i g h t  c a l c u l a t e d  

f o r  e a c h  wave r e c o r d  was s u b s t a n t i a l l y  l e s s  t han  e x p e c t e d .  An a t t e m p t  t o  

r e c o v e r  wave i n f o r m a t i o n  was made u s i n g  d a t a  from t h e  U n i v e r s i t y  o f  F l o r i d a ' s  

Clearwater s i t e  and t h e  f o l l o w i n g  p rocedure .  

8. T h i s  c o r r e c t i o n  p rocedure  is based on a s s u m p t i o n s  t h a t  wea the r  

i n f l u e n c i n g  t h e  wave c l i m a t e  a t  Redington S h o r e s  and C l e a r w a t e r  is s imilar ,  

t h e  ba thymetry  of  t h e  c o l l e c t i o n  l o c a t i o n s  are  similar,  and t h e  r a t i o  o f  mean 

s i g n i f i c a n t  h e i g h t s  between Redington S h o r e s  and Clearwater f o r  any  p a r t i c u l a r  

p e r i o d  is c o n s t a n t .  The more i m p o r t a n t  a s s u m p t i o n s  a r e  t h a t  t h e  p a r t i a l l y  

o b s t r u c t e d  p r e s s u r e  s e n s o r  d a t a  a r e  p r o p o r t i o n a l  t o  t h e  a c t u a l  p r e s s u r e  and  

t h a t  any r e s u l t i n g  phase  s h i f t  i n  t h e  r e c o r d e d  d a t a  due  t o  t h e  p a r t i a l l y  

o b s t r u c t e d  p o r t  is c o n s t a n t  i n  t h e  wave p e r i o d s  o f  i n t e r e s t .  I f  t h e s e  assump- 

t i o n s  are v a l i d ,  t h e n  a m u l t i p l i e r  can  b e  c a l c u l a t e d  and used  t o  a m p l i f y  t h e  

d i m i n i s h e d  s i g n i f i c a n t  h e i g h t s  due  t o  t h e  p a r t i a l l y  o b s t r u c t e d  p r e s s u r e  p o r t .  

9. Mean s i g n i f i c a n t  wave h e i g h t s  were c a l c u l a t e d  f o r  bo th  Redington  

S h o r e s  and C l e a r w a t e r  d u r i n g  p e r i o d s  o f  d a t a  o v e r l a p .  L e t  RS and CW 

d e n o t e  t h e  mean s i g n i f i c a n t  h e i g h t s  o f  Redington  S h o r e s  and C l e a r w a t e r ,  

r e s p e c t i v e l y ,  when t h e  Redington S h o r e s  p r e s s u r e  s e n s o r  was working prop-  

e r l y .  Then f o r  any  two c o l l e c t i o n  p e r i o d s ,  

based  on a n  above  a s sumpt ion .  Thus,  

s o l v i n g  f o r  RS2. 

10. I f  s i g n i f i c a n t  wave h e i g h t  d a t a  c a l c u l a t e d  f o r  t h e  p a r t i a l l y  

o b s t r u c t e d  p r e s s u r e  p o r t  are p r o p o r t i o n a l  t o  t h e  s i g n i f i c a n t  wave h e i g h t  d a t a  

c a l c u l a t e d  f o r  t h e  u n o b s t r u c t e d  p r e s s u r e  p o r t ,  t h e n  



where K is t h e  c o n s t a n t  o f  p r o p o r t i o n a l i t y  and SH2 is t h e  s i g n i f i c a n t  

h e i g h t  r e s u l t i n g  f rom p a r t i a l l y  o b s t r u c t e d  p r e s s u r e  p o r t  d a t a .  S o l v i n g  f o r  

K 9 

which is t h e  m u l t i p l i e r  used  t o  a m p l i f y  t h e  p a r t i a l l y  o b s t r u c t e d  p r e s s u r e  p o r t  

d a t a .  Al though two d a t a  s e t s  were c o l l e c t e d  from s e n s o r s  w i t h  p a r t i a l l y  

o b s t r u c t e d  p r e s s u r e  p o r t s ,  o n l y  one  v a l u e  f o r  K was c a l c u l a t e d  as  no 

C l e a r w a t e r  d a t a  were a v a i l a b l e  f o r  c a l c u l a t i o n  o f  a second  K v a l u e .  

Data A n a l y s i s  

11. Samples  o f  t h e  r eco rded  wave r e c o r d s  are v i s u a l l y  i n s p e c t e d  f o r  

e a c h  g a g e  t o  i n s u r e  t h e  v i a b i l i t y  o f  d a t a  a n a l y s i s .  Only t h o s e  d a t a  r e c o r d s  

are  a n a l y z e d  which p a s s  b o t h  v i s u a l  o b s e r v a t i o n  and  a n u m e r i c a l  d a t a  e d i t i n g  

r o u t i n e ,  which e l i m i n a t e s  r e c o r d s  c o n t a i n i n g  p o i n t s  o u t s i d e  t h e  e x p e c t e d  

p r e s s u r e  r a n g e  o f  14 .0  t o  3 1 . 0  p s i a .  

12. A l l  good r e c o r d s  a r e  zero-meaned i n  o r d e r  t o  comply w i t h  t h e  

G a u s s i a n  a s s u m p t i o n  f o r  s t o c h a s t i c  d a t a .  I n f l u e n c e s  o f  low f r e q u e n c y  e n e r g y ,  

s u c h  as  t i d e s ,  are removed from p r e s s u r e ,  u  and  v v e l o c i t y  r e c o r d s  by 

l i n e a r  d e t r e n d i n g .  P r e s s u r e  r e c o r d s  from t h e  p a r t i a l l y  o b s t r u c t e d  p o r t  

s e n s o r ,  i n  a d d i t i o n  t o  b e i n g  zero-meaned and l i n e a r l y  d e t r e n d e d ,  had e a c h  o f  

t h e i r  1024 d a t a  p o i n t s  m u l t i p l i e d  by t h e  c o r r e c t i o n  f a c t o r  K ( 2 3 . 9 9 0 ) .  

13 .  S i n c e  f i n i t e  l e n g t h  d a t a  r e c o r d s  are used  t o  s i m u l a t e  a n  i n f i n i t e  

random p r o c e s s ,  e a c h  time s e r i e s  is windowed w i t h  a 10 p e r c e n t  c o s i n e  b e l l  

t a p e r  t o  s i m u l a t e  a s t a t i o n a r y  p e r i o d i c  time series f o r  c a l c u l a t i o n  o f  s p e c -  

t r a l  estimates ( H a r r i s  1 9 7 4 ) .  The problems o f  d e c r e a s e d  r e s o l u t i o n ,  n e g a t i v e  

e n e r g y ,  and s p e c t r a l  l e a k a g e  due  t o  s i d e  l o b e s  are minimized by t h e  windowing 

p r o c e s s .  The 10 p e r c e n t  c o s i n e  b e l l  t a p e r  window used  is d e s c r i b e d  by: 

W(n) = 1 / 2  [ 1 . 0  - c o s  ( 1 0  a ( n - 1 ) / ( N - l ) ) ]  n  = 1 , 2 ,  ... N ? 

where  N is t h e  t o t a l  number o f  p o i n t s  b e i n g  a n a l y z e d  ( 1 0 2 4 ) .  



14. Windowed pressure, u-velocity and v-velocity time s e r i e s  a r e  t rans-  

formed from the time domain to the frequency domain by using an FFT algo- 

rithm. The relat ionship of the Fourier transform pa i r s  for  a modified 

pressure time s e r i e s ,  for  example, is given by:  

N-  1 
i2nmn ( m i  - i t~ P ( r n ) )  = ix p l ( n )  exp (- T) m = 0 , 1 , 2 , .  . . N - 1  

n = 0 

where 

p t ( n )  = modified pressure time s e r i e s  

N = t o t a l  number of data points (1024) 

m = discre te  time reference fo r  m A t  

a  ( m )  = rea l  FFT coef f i c ien t s  fo r  pressure 
P 

b ( m )  = imaginary FFT coeff ic ients  for  pressure P 
A t  = time increment between data points ( 1  sec)  

i = f i  

P ( m )  = Fourier transformed pressure s e r i e s  

15. The Fourier coeff ic ients  represent the d i sc re te  energy a t  each 

spec t ra l  l i n e  frequency, f(m) = mAf , where Af = 1 / ( N ~ t )  . The a(m) and 

b(m) coef f i c ien t s  a r e  symmetric functions about the Nyquist frequency, 

f(m) = (N/2)Af , and a re  respectively even and odd functions. For t h i s  anal-  

y s i s ,  the a ( 0 )  coeff ic ient  is zero, a s  well a s  the a(N/2) term a t  the 

Nyquist frequency. Since the time s e r i e s  is real-valued, b (0)  and b(N/2) 

a r e  a l so  zero. Magnitude and phase components of the l i ne  spectra for  each 

f(m) a r e  computed a s  follows: 



m p ( m )  = arctan ( P) ap(m) 

16. The above description a l so  applies to u and v velocity time 

s e r i e s  ana lys i s .  

17 .  The windowing process reduces the energy contained w i t h i n  the s i g -  

nal .  T h i s  e f f e c t  is compensated for by multiplying the spect ra l  magnitudes of 

pressure and ve loc i t i e s  by the inverse of the area of the 10 percent cosine 

taper window. 

18. The cross-spectra between velocity and pressure spectra must be 

calculated before the di rect ional  wave coeff ic ients  can be determined. Since 

the pressure and velocity data a re  i n  phase, the auto and cross-spectral e s t i -  

mates (Jenkins and Watts 1968) a r e  expressed by:  

Svv(m) = V(m)**2, and 

Spu(m) = P ( m )  U ( m )  cos +u(m) - +p(m) , 

where Sxx(m) = cross spect ra l  estimate. 

19. To increase t he i r  s t a t i s t i c a l  s t a b i l i t y ,  the spect ra l  estimates 

were band averaged i n  the frequency domain. T h i s  increased s t a b i l i t y  comes a t  

the cost  of decreased spect ra l  resolution.  Band averaging maximizes the 

information content of the signal  since each point is used i n  context w i t h  

neighboring points .  The spect ra l  estimates a r e  band averaged before the ca l -  

culat ion of the di rect ional  Fourier coeff ic ients  so that  a  s t a t i s t i c a l l y  more 

s t ab l e  est imate is produced. 

20. Pressure and velocity spectra a r e  transformed in to  equivalent sur-  

face displacement cross-spectra by using the pressure and velocity response 

functions given by : 



cosh [ k ( m ) B  I 
K p ( m )  ' cosh [ k ( m ) d y  

cosh [k(m)Bc] 

K ~ ( m )  ' o ( m )  sinh [k(m)d] 

where 

K p ( m )  = pressure response factor 

y = spec i f i c  weight of sea water 

Bp  = distance of pressure sensor abovebottom 

d = water depth 

K ( m )  = velocity response factor 
)1 

Bc = distance of current  sensor above bottom 

k ( m )  = 2n/L(m), wave number 

L ( m )  = wave length,  determined from the l inear  dispersion re la t ionship:  

L ( m )  = tanh ( d k ( m ) )  2  2rf ( m )  

where g is the accelerat ion due to  gravi ty .  

21. To minimize erroneous spect ra l  estimates due to  at tenuation of the 

pressure s ignal  w i t h  depth, a  high frequency cutoff of 0.27 Hz was se lected.  

A low frequency cutoff of 0.024 Hz was used to  r e s t r i c t  the spect ra l  est imates 

t o  the wind wave frequency regime and to provide a  s t a t i s t i c a l l y  su f f i c i en t  

number of waves i n  each frequency band fo r  the sampling length used. 

Spectral  Estimate Analysis 

22. A PW direct ional  wave sensor such as  the Sea Data 635-12 gage nea- 

sures three independent variables.  Using a (Longuet-Hig~ins e t  a l ,  1963) type 

analysis only the f i r s t  f ive  direct ional  Fourier coeff ic ients  can be deter- 

mined. Using the previously defined single-sided autospectral estimates, 

coincident spectral  estimates, pressure and veloci ty  response factors ,  the 

f ive  r ea l  and imagina~y direct ional  coeff ic ients  are  expressed by: 



G ( m )  

0 
PP A ( m )  = 
2nK ( m )  

P 

where the A n ( m )  and B n ( m )  are the real and imaginary coefficients,  

respectively, and where Gxx = 2 S x x .  

23. A t  each center frequency, m , the frequency spectral estimate, 

energy density i n  M ~ / H Z  , is calculated by: 

where T i s  the record length i n  seconds. 

24. I n  general, the directional wave spectra are represented by the 

theoretical inf in i te  Fourier ser ies:  



where Q is t h e  r a d i a n  a n g l e  i n  5 deg i n c r e m e n t s  from 0 - 355 deg  and Wn 
are w e i g h t i n g  c o e f f i c i e n t s  f o r  a p a r t i c u l a r  w e i g h t i n g  f u n c t i o n .  I f  an  

i n f i n i t e  number of d i r e c t i o n a l  c o e f f i c i e n t s  c o u l d  be c a l c u l a t e d ,  e a c h  W n  
would be u n i t y .  S i n c e  o n l y  f i v e  d i r e c t i o n a l  c o e f f i c i e n t s  a r e  a v a i l a b l e ,  u s e  

o f  w e i g h t s  e q u a l  t o  u n i t y  would r e s u l t  i n  a l o s s  o f  r e s o l u t i o n  and e n e r g y  and 

would c a u s e  n e g a t i v e  s i d e  l o b e s  and a broadened spec t rum.  A b i n o m i a l  d i s t r i -  

b u t i o n  w e i g h t i n g  f u n c t i o n  (Longuet -Higgins ,  e t  a l .  1963) is employed t o  m i n i -  

mize  l o s s  o f  r e s o l u t i o n  and e l i m i n a t e  t h e  n e g a t i v e  s i d e  l o b e s .  The w e i g h t s  

are:  

T h e r e f o r e ,  t h e  t r u n c a t e d  F o u r i e r  s e r i e s  r e p r e s e n t a t i o n  of  t h e  d i r e c t i o n a l  wave 

s p e c t r u m  is e x p r e s s e d  by:  

These  v a l u e s  a r e  a d j u s t e d  t o  g i v e  d e g r e e s  measured from t r u e  n o r t h .  

25. The s i g n i f i c a n t  wave h e i g h t  f o r  any one  r e c o r d  is d e t e r m i n e d  by:  

where Mo is  t h e  sum o f  t h e  ene rgy  i n  a l l  f r equency  and d i r e c t i o n  bands  

( z e r o t h  moment) and is e q u i v a l e n t  t o  t h e  i n t e g r a t i o n  o f  t h e  d i r e c t i o n a l  s p e c -  

t r a l  d e n s i t y  f u n c t i o n  between t h e  low and h i g h  f r equency  c u t o f f s .  

26 .  The mean wave d i r e c t i o n  is de te rmined  by c a l c u l a t i n g  t h e  mean 

d i r e c t i o n  o f  waves i n  e a c h  band o f  f r e q u e n c i e s  and is d e f i n e d  by: 

Q ( m )  = a r c t a n  ( - : : : ::) 
where A , ( m )  and B,(m) are t h e  d i r e c t i o n a l  c o e f f i c i e n t s  which c o r r e s p o n d  t o  

a p a r t i c u l a r  c e n t e r  f r e q u e n c y .  T h i s  v a l u e  is a d j u s t e d  t o  g i v e  a n g l e s  i n  

d e g r e e s  measured c l o c k w i s e  from t r u e  n o r t h  toward  which t h e  waves a r e  moving,  



a l t h o u g h  t h e  accompanying r o s e  p l o t s  i n d i c a t e  t h e  d i r e c t i o n  from which t h e  

waves are coming. The d i r e c t i o n a l  s p r e a d  is a n  e s t i m a t e  o f  t h e  s p r e a d  o f  

e n e r g y  a b o u t  t h e  mean wave d i r e c t i o n  a t  a c e n t e r  f r equency  and is g i v e n  by:  

where A o ( m )  , A l ( m )  , and B l ( m )  are t h e  d i r e c t i o n a l  F o u r i e r  c o e f f i c i e n t s  

o f  a p a r t i c u l a r  band ( C a r t w r i g h t ,  1963) .  

R e s u l t s  

27.  From t h e  monthly  wave r o s e  p l o t s  ( F i g u r e s  3  t o  l o ) ,  i t  is a p p a r e n t  

t h a t  most  waves d u r i n g  t h e  months o f  d a t a  r e c o r d i n g  came from s o u t h e r l y  d i r e c -  

t i o n s .  During t h e  w i n t e r  months ,  many wea the r  sys t ems  come from t h e  n o r t h  and  

t h e  r o s e  p l o t s  would b e  expec ted  t o  show more waves coming from t h i s  

d i r e c t i o n .  

28 .  F i g u r e s  1 1  t o  18 show monthly v e c t o r  s t i c k  p l o t s  o f  s i g n i f i c a n t  

wave h e i g h t  and d i r e c t i o n .  The peak s p e c t r a l  f r e q u e n c y  f o r  each  gage  dep loy -  

ment is shown i n  F i g u r e s  19 t o  23. The s i g n i f i c a n t  wave h e i g h t  c a l c u l a t e d  a t  

e a c h  r e c o r d i n g  i n t e r v a l  is shown i n  F i g u r e s  24 t o  28.  

Comparison With Othe r  Data S e t s  

29 .  Dav i s ,  C l i n e  and Belknap (1985)  s t a t e  t h a t  t y p i c a l  waves a t  

C a l a d e s i  I s l a n d  r a n g e  from 6-30 cm i n  h e i g h t  w i t h  a p e r i o d  from 2-4 sec. Most 

f r o n t a l  sys t ems  are r e p o r t e d  t o  g e n e r a t e  waves from 50-60 cm i n  h e i g h t  w i t h  

p e r i o d s  o f  a b o u t  5  s e c .  No i n f o r m a t i o n  on wave d i r e c t i o n s  is i n c l u d e d  i n  

t h e i r  r e p o r t .  

3 0 .  The U n i v e r s i t y  o f  F l o r i d a  h a s  o p e r a t e d  a n o n d i r e c t i o n a l  wave gage  

a t  C l e a r w a t e r ,  FL ( a b o u t  14 km n o r t h  o f  t h e  p r o j e c t  s i t e )  s i n c e  1978. I t s  

p r e s s u r e  s e n s o r  is a t  a p p r o x i m a t e l y  t h e  same d e p t h  as t h e  Redington  S h o r e s  

g a g e ;  however,  i t  is a b o u t  2 , 0 0 0  f t  f a r t h e r  o f f s h o r e .  F i g u r e s  29 t o  33 com- 

p a r e  t h e  s i g n i f i c a n t  wave h e i g h t s  between t h e  two s t a t i o n s .  Agreement is i n  
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Figure 8 

WAVE VECTOR ROSE 
N 

o - - o - - - - - - g  

0 -  

#.#- 

• 
# 

0 ................... 0 
0 ..' 

0 ..." 
0 

0 
8 

# _ - -  
# . - 

# 0 
0 

t , 
I I 

I 
# 
I 

I 

8 
8 

- - 9 - 9 . . . LEGEND 
8 

................. 8 0.25 M 
' a .  * (. 8 

\ '. *.. 8 0.50 M 
8 

- - - - - - - - - 
#, . * ................. 0.75 M 

8 
8 
8 1-00 hl - - -  - - ------ .  - -  8 . 8 . 

\ 
8 
\ PERCENTAGE 
8 OF SAMPLES 

\ 
\ 
\ 
\ * 8 
\ 0-02% 0 

# 
I 

I 
\ 
\ 

8 
8 2-10% G?z 

I 
# 

I \ I 10-20% i?izzza 
I I I 

w :  I 
I 

I 

I E ' 20% - 
I 
I 

I I I 

I 
I I I 

I 
I 1 I 

t 
\ I I 

I 

8 
\ 
\ . . 1 ......... 

8 

8 
I 

8 

8 

\ 
\ # 

# 

1 
\ 0 1 

8 
\ I # , 

\ 

\ , I 

8 

. . . . 0 # - _ e 

8 - - _ - - - -  I 

8 
* 

% 
8 

8 
8 .... 8 ',, 0 .... 

\ ... ,*.' 0 

\ ........................ * 
& 

0 
# 

\ 
# . . * # . - - * * * *  

- - - - _ _ _ - _ _ _ - - * * *  REDINGTON SHORES CLIMATOLOGY 

S SEPTEMBER 1986 
PEAK DIRECTION & SIG. HEIGHT 



WAVE VECTOR ROSE 

LEGEND 

PERCENTAGE 
OF SAMPLES 

0-02% 0 
2-10% v/n 

10-20% lzzzzl 
' 20% - E 

SHORES CLlM ATOLOG 

S OCTOBER 1986 
PEAK DIRECTION & SIG. HEIGHT 

Figure 9 



Figure 10 
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PEAK DIRECTION AND SIGNIFICANT WAVE HEIGHT 
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Conclusions 

31. The s ign i f i can t  wave heights reported a t  the University of Florida 
gage a t  Clearwater a r e  a good predictor ( w i t h i n  + 0.1 m )  of the s ign i f i can t  

wave heights a t  Redington Shores. 

3 2 .  The available d i rect ional  data from the wave gaging e f f o r t  indicate 

that  most waves came from the southerly d i rect ions  from 20 February to  

23 November 1986. 

33. Longer term data collect ion is necessary to  accurately es tab l i sh  

the winter d i rect ional  wave climatology a t  Redington Shores. 
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