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I.	Surface	Gravity	Waves	



Waves	in	the	Ocean	
	
	

Properties of  Waves 
 
Wave Height (H) 
Amplitude (A) 
Wavelength (L) 
Wave Steepness 
Wave Period (T) 
Wave Phase Speed c=L/T 

Distance	

Time	

Period	(T)	



Some	Wave	Field	Characterization	
Terms	

•  Significant	Wave	Height:	H1/3	
•  Older:		Average	of	the	highest	1/3	of	waves	–	similar	
results	to	what	a	trained	observer	estimates	as	the	
wave	heights	

•  Newer:	=4*standard	deviation	of	surface	
displacement	

•  Dominant	Wave	Period:	Wave	period	with	most	energy	

The	ocean	surface	has	waves	of	many	different	periods	and	
wavelengths		traveling	in	different	directions.	Some	ways	
to	characterize	this	wave	field	are:	



Wave	Generation	by	Winds	

Wind	

Ocean	

Conceptual	Description	of	Wind	
Wave	Development	

1.  Wind	begins	blowing	over	
calm	water	

2.  Instabilities	cause	air	pressure	
fluctuation	

3.  Air	pressure	fluctuations	
create	small	waves	

4.  Surface	waves	on	ocean	
further	perturb	wind	field,	
which	leads	to	more	wave	
development	on	the	ocean	
surface	

5.  Wave-wave	interactions	lead	
to	lower	frequency	waves	



Wind Generation of Surface Gravity Waves 



Wavewatch III- Surface Wave Forecast 

http://polar.ncep.noaa.gov/waves/	

•  SO	storms	very	
energetic	

•  swell	versus	wind	
waves	

•  swell-	long	waves	
arrive	first	

Wave	Height	(m)	



Surface Gravity Waves 

Deep Water 
Waves 

Shallow Water 
Waves 



Surface Gravity Waves-- Wave Speed (c=L/T) 

Shallow Water Waves 

Deep Water Waves 

water depth 
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tanh 2πd

L
!

"
#

$

%
&

tanh 2πd
L

!

"
#

$

%
&→

2πd
L
;c = gL×2πd

2πL
= gd

tanh 2πd
L

!

"
#

$

%
&→1;c = gL

2π
=
gT
2π

d

L
<< 1

<latexit sha1_base64="qNgqEfWl8ND325LFPybn8z0IH/o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiBT30UPDiwUMF+wFtKJvNpl262YTdjVBDfokXD4p49ad489+4bXPQ1gcDj/dmmJnnJ5wp7TjfVmljc2t7p7xb2ds/OKzaR8ddFaeS0A6JeSz7PlaUM0E7mmlO+4mkOPI57fnTm7nfe6RSsVg86FlCvQiPBQsZwdpII7s6DCUmWZBndzlqNt2RXXPqzgJonbgFqUGB9sj+GgYxSSMqNOFYqYHrJNrLsNSMcJpXhqmiCSZTPKYDQwWOqPKyxeE5OjdKgMJYmhIaLdTfExmOlJpFvumMsJ6oVW8u/ucNUh1eexkTSaqpIMtFYcqRjtE8BRQwSYnmM0MwkczcisgEmyS0yapiQnBXX14n3cu669Td+0at1SjiKMMpnMEFuHAFLbiFNnSAQArP8Apv1pP1Yr1bH8vWklXMnMAfWJ8/+nuSlA==</latexit><latexit sha1_base64="qNgqEfWl8ND325LFPybn8z0IH/o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiBT30UPDiwUMF+wFtKJvNpl262YTdjVBDfokXD4p49ad489+4bXPQ1gcDj/dmmJnnJ5wp7TjfVmljc2t7p7xb2ds/OKzaR8ddFaeS0A6JeSz7PlaUM0E7mmlO+4mkOPI57fnTm7nfe6RSsVg86FlCvQiPBQsZwdpII7s6DCUmWZBndzlqNt2RXXPqzgJonbgFqUGB9sj+GgYxSSMqNOFYqYHrJNrLsNSMcJpXhqmiCSZTPKYDQwWOqPKyxeE5OjdKgMJYmhIaLdTfExmOlJpFvumMsJ6oVW8u/ucNUh1eexkTSaqpIMtFYcqRjtE8BRQwSYnmM0MwkczcisgEmyS0yapiQnBXX14n3cu669Td+0at1SjiKMMpnMEFuHAFLbiFNnSAQArP8Apv1pP1Yr1bH8vWklXMnMAfWJ8/+nuSlA==</latexit><latexit sha1_base64="qNgqEfWl8ND325LFPybn8z0IH/o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiBT30UPDiwUMF+wFtKJvNpl262YTdjVBDfokXD4p49ad489+4bXPQ1gcDj/dmmJnnJ5wp7TjfVmljc2t7p7xb2ds/OKzaR8ddFaeS0A6JeSz7PlaUM0E7mmlO+4mkOPI57fnTm7nfe6RSsVg86FlCvQiPBQsZwdpII7s6DCUmWZBndzlqNt2RXXPqzgJonbgFqUGB9sj+GgYxSSMqNOFYqYHrJNrLsNSMcJpXhqmiCSZTPKYDQwWOqPKyxeE5OjdKgMJYmhIaLdTfExmOlJpFvumMsJ6oVW8u/ucNUh1eexkTSaqpIMtFYcqRjtE8BRQwSYnmM0MwkczcisgEmyS0yapiQnBXX14n3cu669Td+0at1SjiKMMpnMEFuHAFLbiFNnSAQArP8Apv1pP1Yr1bH8vWklXMnMAfWJ8/+nuSlA==</latexit><latexit sha1_base64="qNgqEfWl8ND325LFPybn8z0IH/o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiBT30UPDiwUMF+wFtKJvNpl262YTdjVBDfokXD4p49ad489+4bXPQ1gcDj/dmmJnnJ5wp7TjfVmljc2t7p7xb2ds/OKzaR8ddFaeS0A6JeSz7PlaUM0E7mmlO+4mkOPI57fnTm7nfe6RSsVg86FlCvQiPBQsZwdpII7s6DCUmWZBndzlqNt2RXXPqzgJonbgFqUGB9sj+GgYxSSMqNOFYqYHrJNrLsNSMcJpXhqmiCSZTPKYDQwWOqPKyxeE5OjdKgMJYmhIaLdTfExmOlJpFvumMsJ6oVW8u/ucNUh1eexkTSaqpIMtFYcqRjtE8BRQwSYnmM0MwkczcisgEmyS0yapiQnBXX14n3cu669Td+0at1SjiKMMpnMEFuHAFLbiFNnSAQArP8Apv1pP1Yr1bH8vWklXMnMAfWJ8/+nuSlA==</latexit>

d

L
>> 1

<latexit sha1_base64="X8G/zxx9RCunKZ3mNNDlHnXuz2k=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkUE+l4MWDhwr2A9pQNptNu3SzCbubQgn5J148KOLVf+LNf+O2zUFbHww83pthZp6fcKa043xbpa3tnd298n7l4PDo+MQ+PeuqOJWEdkjMY9n3saKcCdrRTHPaTyTFkc9pz5/eLfzejErFYvGk5wn1IjwWLGQEayONbHsYSkyyIM8ectRsIndkV52aswTaJG5BqlCgPbK/hkFM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxseXmOrowSoDCWpoRGS/X3RIYjpeaRbzojrCdq3VuI/3mDVIe3XsZEkmoqyGpRmHKkY7SIAQVMUqL53BBMJDO3IjLBJgptwqqYENz1lzdJ96bmOjX3sV5t1Ys4ynABl3ANLjSgBffQhg4QmMEzvMKblVkv1rv1sWotWcXMOfyB9fkDW5OSwg==</latexit><latexit sha1_base64="X8G/zxx9RCunKZ3mNNDlHnXuz2k=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkUE+l4MWDhwr2A9pQNptNu3SzCbubQgn5J148KOLVf+LNf+O2zUFbHww83pthZp6fcKa043xbpa3tnd298n7l4PDo+MQ+PeuqOJWEdkjMY9n3saKcCdrRTHPaTyTFkc9pz5/eLfzejErFYvGk5wn1IjwWLGQEayONbHsYSkyyIM8ectRsIndkV52aswTaJG5BqlCgPbK/hkFM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxseXmOrowSoDCWpoRGS/X3RIYjpeaRbzojrCdq3VuI/3mDVIe3XsZEkmoqyGpRmHKkY7SIAQVMUqL53BBMJDO3IjLBJgptwqqYENz1lzdJ96bmOjX3sV5t1Ys4ynABl3ANLjSgBffQhg4QmMEzvMKblVkv1rv1sWotWcXMOfyB9fkDW5OSwg==</latexit><latexit sha1_base64="X8G/zxx9RCunKZ3mNNDlHnXuz2k=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkUE+l4MWDhwr2A9pQNptNu3SzCbubQgn5J148KOLVf+LNf+O2zUFbHww83pthZp6fcKa043xbpa3tnd298n7l4PDo+MQ+PeuqOJWEdkjMY9n3saKcCdrRTHPaTyTFkc9pz5/eLfzejErFYvGk5wn1IjwWLGQEayONbHsYSkyyIM8ectRsIndkV52aswTaJG5BqlCgPbK/hkFM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxseXmOrowSoDCWpoRGS/X3RIYjpeaRbzojrCdq3VuI/3mDVIe3XsZEkmoqyGpRmHKkY7SIAQVMUqL53BBMJDO3IjLBJgptwqqYENz1lzdJ96bmOjX3sV5t1Ys4ynABl3ANLjSgBffQhg4QmMEzvMKblVkv1rv1sWotWcXMOfyB9fkDW5OSwg==</latexit><latexit sha1_base64="X8G/zxx9RCunKZ3mNNDlHnXuz2k=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkUE+l4MWDhwr2A9pQNptNu3SzCbubQgn5J148KOLVf+LNf+O2zUFbHww83pthZp6fcKa043xbpa3tnd298n7l4PDo+MQ+PeuqOJWEdkjMY9n3saKcCdrRTHPaTyTFkc9pz5/eLfzejErFYvGk5wn1IjwWLGQEayONbHsYSkyyIM8ectRsIndkV52aswTaJG5BqlCgPbK/hkFM0ogKTThWauA6ifYyLDUjnOaVYapogskUj+nAUIEjqrxseXmOrowSoDCWpoRGS/X3RIYjpeaRbzojrCdq3VuI/3mDVIe3XsZEkmoqyGpRmHKkY7SIAQVMUqL53BBMJDO3IjLBJgptwqqYENz1lzdJ96bmOjX3sV5t1Ys4ynABl3ANLjSgBffQhg4QmMEzvMKblVkv1rv1sWotWcXMOfyB9fkDW5OSwg==</latexit>



Dispersion: Deep Water Waves 
 

c = gL
2π

=
gT
2π

Swell Period & Mean Direction Sea Period & Mean Direction 
	



Shallow Water Wave Example 
Tsunami 

Animation: http://nctr.pmel.noaa.gov/sumatra20100406/ 
c = gd



Wave Shoaling 

c = gL
2π

Waves	become	steep	and	can	break	which	can	cause	long-shore	and	rip	currents.	

d					then	c	

c =
L

T
=

p
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Since	energy	density	
conserved,	H	

Since		
crests	move	
faster	than	
trough	and	
waves	steepen	

c =
p
gd
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Breaking 

surface waves 
break when the 
wave height is 
greater than 

0.78 times the 
water depth 

 
H>0.78h 



Spilling Breakers 

l foam,turbulence at crest 
l gently sloping beach 
l starts some distance from shore 



Plunging Breakers 

l dissipated over short distance 
l variable slopes 
l shallower slopes/distant swell 
l wind-- collapsing breaker 



Surging Breakers 

l unbroken 
l steep slopes 
l waves run-up beach 



Refraction 

What happens if  a wave 
is incident at an angle 

to the shore (or the 
shore bends)? 

Deep 

Shallow 

Beach 

c = gd



Refraction 

What happens if  a wave 
is incident at an angle 

to the shore (or the 
shore bends)? 

c = gd



Refraction 



Refraction 



Rip Currents 

waves steepen → begins to break → rolling bores 
What happen to wave speed and height as waves shoal? 



Rip Currents→Wave Set-Up 

Variability in Breaking Zone will result in variability of  the 
alongshore pressure gradient. 



Rip Currents 

manmade & natural structures, topography, character of  
incident wave field, slope of  the beach 

 (steep=small surf  zone= weak longshore currents) 



Some	Examples	of	Surface	Gravity	Wave	Measurement	
Techniques	

Wind	

Ocean	

•  Observers	
•  Pressure	gauges	in	shallow	water	
•  Buoys	with	accelerometers	
•  GNSS	Buoys	
•  Acoustic	Doppler	Current	Profilers	
•  Satellite	Altimeters	
•  Satellite	Scatterometers	

August	2005	



II.	Estuaries	























River	inflow	volume	R	to	Tidal	inflow	volume	V:	R/V	

R/V	>=1	

R/V	~0.1-1.0	

R/V	~0.005-0.1	

R/V	<	0.005-0.1	













III.	Tide	Gauges	for	Coastal	Tidal	
Measurements		

• Visual	Sensors	(tide	poles	and	staffs)	
• 	Mechanical	Sensors	(float	buoyancy)	
• 	Pressure	sensors	(diaphragm,	bubble,	piezoelectric,	
vibration,	strain	gauge)	
• 	Acoustic	sensors	(air	acoustic	and	water	acoustic)	
• 	Electromagnetic	

• 	Capacitive	and	resistive	staffs,		
• 	Altimeter	
• 	RF	sensors	
• 	GNSS	receiver	on	buoys	
• 	…	



43

Tide Poles and Staffs
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InSitu Level Troll 700 Pressure Sensor
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Float Gauge 
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Bubbler Pressure Gauge

Data	
Logger	

Accubar	
Barometer	

Bubbler	Pump	
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Ultrasonic 2 way  travel time measurement: 
Downward looking air acoustic measurement

Sutron ultrasonic sensorProtective 
pipe

air

water

Aquatrak	Ultrasonic	
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Electromagnetic Sensors

Microwave radar measures 2-
way travel time between sensor 
and sea surface. High 
frequency waves filtered 
through software. Accuracy ~ 
+/- 1 cm. 
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RTK & data telemetry 
antenna

GPS L1/L2 Receiver antenna

Telemetry Radio & Solar 
Power Controller

Buoy Attitude Sensors 
(magnetometer, accelerometer, 
vertical reference, pressure)

RTK L1/L2 Receiver

Pentium CPU, 20GB 
HDD, EtherNet, RS-
232 Ports, Digital 
Ports, PC-104 
interface for A/D

Electronics and BatteryRack

60 Watt solar panels 
(4 @ 20° angle)

4 Sealed Pressure Regulated 
Secondary Batteries

Buoy Dimensions

12-feet waterline to 
antenna top

5-feet draft from 
waterline

1200 lb total weight  

GPS	or	GNSS	Buoy	


