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Motivation
Importance of waves in coastal environments
• Environmental

– Nutrient and oxygen exchange
– Suspended sediment and light 

attenuation
– S.A.V. interaction

• Anthropogenic
– Search and rescue
– Navigation and shipping
– Recreational boaters and fishermen
– Engineering design of structures

• Research
– Sediment transport
– Turbulence and mixing
– Shoreline erosion

TIFF (Uncompressed) decompressor
are needed to see this picture.
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Motivation
Importance of estuarine waves

• Despite importance, little published work
• Literature and theory focus on coastal or open ocean 

wave characteristics
• Traditional methods (PUV, surface buoy, wave staff) 

not suited for estuarine studies
• Previous measurements constrained to shoal 

regions, near fixed structures
• Acoustic Doppler technology allows directional 

measurement of smaller waves in deeper water
• This study synthesizes coastal and estuarine 

datasets
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Time: Zero-crossing analysis

• Provides measure of bulk wave statistics:
• H1/3 = “significant wave height” or average of 1/3 

highest waves
• Tz = mean zero-crossing period
• Hmax = max wave height in record
• Others: Hrms, H1/10, T1/3
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“up-crossings” Hmax
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Frequency: Spectral Analysis

• More complete 
description of sea surface

• Valid for V, P, and AST
• Spectral moments:

• Wave parameters:

• Others:
– Tp = peak period
– Dp = peak direction

Hm0 = 0.59 m
Tp = 3.1 s

Hm0
= 4 m0

mn = f nS( f )df
0

¥

�

Tz =
m0

m2

S(f)

Data Source: York River estuary, VA

f =
m1

m0

fp

0.32 Hz
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Probability - Rayleigh Distribution

• Provides link between time and frequency domains 
for narrow band spectra:

• Allows comparison of Hs estimates (Hm0 vs. H1/3)

H1/ 3 = (1.416)Hrms = (1.416)(2 s 2 ) = 4.005 m0 = Hm0

Spectral Analysis

Zero-crossing Analysis

Hm0

H1/3

“Significant”
Wave Height, Hs

Hm0

H1/ 3

=1.0
H1/ 3

m0

= 4.0 Theoretical Ratios
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Wave height parameters of interest

• Significant wave height, Hs - most commonly used to 
characterize complex wave field
– Zero-crossing analysis: H1/3

– Energy-based estimate: Hm0

– H1/3 � Hm0 for narrow banded spectra (Rayleigh assumption)
– AWAC provides estimates of both

• Maximum wave height, Hmax

– Estimate from zero-crossing analysis of surface elevation 
time series

– Need good quality acoustic surface tracking (AST)
• Greater than 90-95% good detects

Hm0
= 4 m0 » H1/ 3
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1. What governs the agreement between Hm0 and H1/3?
2. What is the relationship between Hmax and H1/3 and 

how does it agree with theory?

Research Questions

Spectral bandwidth parameter:
• Quantify deviation from Rayleigh assumption by 
examining spectral bandwidth

n =
m0m2

m1
2 - 1

Evaluation of wave height parameters

Methods

Hypothesis

Agreement between estimates is linked to underlying
narrow-band assumption for Rayleigh distribution
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Narrow vs. Wide band spectra

n = 0.5

n =1.2

Time (sec)
Data  Source: NJ Coast
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Diablo Canyon, CA

Huntington Beach, CA

Tampa Bay, FL

Wilmington, NC

York River, VA

Chesapeake Bay, VA

Fort Tilden, NY

Thames River, CT

Nova Scotia
West Coast East CoastData

Sources:
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Site Summaries
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Results: Significant wave height
Hm0

H1/ 3

=1.0
H1/ 3

m0

= 4.0

(narrow) (broad)(narrow) (broad)

Hm0

¢= a - bn[ ] m0

Hm0

H1/ 3

= a + bn

Theory:
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Background: Maximum wave height

• Hmax important for structural design, navigation, 
recreational boaters

• Occurrence of Hmax governed by probability distribution
determined by N, the number of waves observed:

• Example: record length = 17.1 min, H1/3 = 1.2 m,
Tmean = 3 sec   N = 340, Hmax/H1/3 = 1.7  
Hmax = 2.0 m

• What if we don’t observe H1/3?

N =
record length

Tmean

m
Hmax

H1/ 3

�  

�  
�  

�  

�  
�  =

lnN
2

Most probable
value:

Theoretical value of
coefficient varies by ~25%
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Predicting Hmax

Hmax

H1/ 3

Simplest Method:
Assume constant 
ratio:
1.27 for H1/10
1.67 for H1/100

N depends on:
(1) Wave climate
(2) Burst length

m
Hmax

H1/ 3

�  

�  
�  

�  

�  
�  =

lnN
2

1.67

265

1.27

25

Riverine
sites
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How do we estimate Hmax?
• We know H1/3 � Hm0 for narrow banded spectra 

(Rayleigh assumption)
• Relationships from empirical results:

• Calculate bandwidth-corrected significant wave 
height,

• Predict Hmax:

Hm0

H1/ 3

=a + bn

Hm0

¢=[a - bn] m0

mn = f n

0

¥

� E( f )df

n =
m0m2

m1
2 - 1 (bandwidth parameter)

(spectral moments)

Hm0

¢

N =
record length

Tmean

m
Hmax

Hm0

¢

�  

�  

�  
�  

�  

�  

�  
�  

=
lnN

2
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Application: Hurricane Ernesto
• >10” rain at 

Wakefield, VA
• Estimated damage: 

$104 million in VA

[ NOAA NCEP ][ Photo courtesy of C.K. Harris, VIMS ]
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Study Location - York River, VA
• Tributary of Chesapeake 

Bay
• Partially-mixed estuary 

with ~1m tidal range
• Up to ~1m/s currents at 

spring tide

• Nortek AWAC at 
Goodwin Islands
• TRDI ADCP at 
Gloucester Point

Chesapeake
Bay

Atlantic
Ocean

VIMS Buoys
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Wind Forcing - York River
55 mph
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Results: Estimate Hmax

• Apply bandwidth correction to Hm0 to get H1/3

• Estimate N, number of waves:
• Estimate Hmax/H1/3 from Rayleigh

distribution:

• Calculate Hmax

Hm0

¢=[a - bn] m0

N =
burst length

Tmean

2.7 m waves!

At all other sites:
± 20% for > 90%
± 10% for > 60%

m
Hmax

H1/ 3

�  

�  
�  

�  

�  
�  =

lnN
2
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Discussion
• Implications for selecting burst length:

– Long enough to observe adequate number of waves for analysis 
(>100 waves)

– Short enough to satisfy stationary assumption (statistical
characteristics of wave field are constant)

• West Coast - 2048 sec (34 min)
• East Coast - 1024 sec (17 min)
• Estuaries - 512 sec (8.5 min)

• Implications for observing systems:
– Results provide method to predict Hmax from spectral parameters 

when direct measurement not available - important for continuity of 
real-time data stream

– Recall that Hmax/H1/3 is a random variable and a function of N
(which is a function of burst length and wave climate)
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Conclusions
• Agreement between H1/3 and Hm0 deviates as narrow 

band assumption is violated
• Empirical relationship derived to provide “bandwidth 

correction” for spectral significant wave height

• Relationship can be used to convert Hm0 to 
equivalent H1/3 for predictions of Hmax when 
measurement not available (Rayleigh assumption)

• Method to present Hmax provides reasonable 
estimates for 9 hrs during T.D. Ernesto in 
Chesapeake Bay

Hm0

¢=[a - bn] m0
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