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Metocean parameters

Meteorology and Oceanography
I —

Parameter Information
Winds Extreme wind speed *
Extreme wind speed by direction

Frequency of occurrence of wind speed and direction *
Persistence of sustained wind speeds above certain thresholds *
Vertical profile

Gust speeds and spectra

Waves Extreme sea state *
Extreme sea stale by direction
Cumulative frequency distribution of individual wave heights
Joint probability of significant wave height and period *
Joint probability of significant wave height and period by direction
Wave energy spectra and directional spre&img
Persistence of storms and calms

Water levels Chart datum water depth

Extreme tidal rise and storm surge
Extreme tidal, surge and wave crest elevation

2 2016-11-11




Metocean palad meters
—

Currents Extreme current speed *
Extreme current speed by direction
Vertical profile with depth
Fatigue design current speed

Temperatures Mazimum and minimum air temperatures *
' Maximum and minimum sea temperatures *

Vertical profile of sea temperature with depth

Ice and snow Maximum thickness and density of snow
Maximum thickness and density of ice
Occurrence of sea ice and icebergs

Marine growth  Type and thickness of growth

Other meteorolo-  Precipitation, fog, wind chill, occurrence and forecastability of storms

gical information

Seabed infor- Slope (including direction) of scabed
mation soil conditions

Salinity Per cent
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Water Waves

* Water waves on the free surface of the ocean with periods of 3to 25 s

are primarily generated by wind.
e Regular Waves : Waves of constant height and period
* Irregular Waves : Successive waves differing periods and heights

e Linear wave theory : The first-order Stokes, small-amplitude, or Airy

wave theory

* Nonlinear wave theories : Cnoidal, Solitary, and Stokes theories
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Regular waves

* Wave height H

 Wave period T

 Wavelength L

 Water depth d

* Angular or radian frequency o = 2nt/T

* Wave number k = 2x/L

* Relative wave height H/d

* Phase velocity or wave celerity C = L/T = o/k

* Still Water Level (SWL), Mean Water Level (MWL), Mean Sea Level (MSL)
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Regular waves

Direclion of Wave Travel
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Regular waves

Governing Equation: 720 =0

Boundary Condition

* Free Surface Boundary Condition kinematic B.C. ;
v" Kinematic FSBC : Retated with water particle kinematics

v" Dynamic FSBC : Pressure is uniform on the free surface be uniform
along the wave form

* Bottom Boundary Condition

e Lateral Boundary Condition
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Regular waves

Kinematic FSBC

=n(xyt)

F(x,y,(,t)=(-n(x vy, t)=0 atthe free surface.
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Regular waves

Dynamic FSBC

As DFSBC is a requirement that the pressure on the free surface be
uniform along the wave form, the Bernouli equation with p,, = Cis applied
on the free surface, (=1n(x, y,t)

99  Livp|2 4P 4 o7 =
5 T2 [VOI7+ T +gl=C(t)

where p, is a constant and usually taken as gage pressure (p, = 0)
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Regular waves

Botton boundary condition (B.B.C)

¢ = —h(x,y), Impermeable, Bottom does not move with time

F={+ h(x,y) = 0, at {=-h

X0 at (=-h
Dt

DF_a(z)ah+ a@ah+a®_
Dt odxdx dydy 0T

00  09oh 0¢oh
"9t 0x0x 0dyady




Regular waves

Periodic lateral B.C. (PLBC)

Wave is periodic in space and time

o(x,t) =0(x+L,t)

d(xt) =0(xt+T)



Regular waves

0% , 9%
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Regular waves

Dispersion Relation

a? =gk tanh kh

Wave Velocity Potential

b= Eg cosh|k(C+ h)]

22 cos hkh

Wave Elevation

sin(kx + ot)

M =Zﬂcos(kx + ot)



Regular waves

. Celerity
Direction of Wave Propagation
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Wave Water Particle Trajectory
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Regular waves
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Particle velocity amplitudes with depth
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Regular waves

* Kinetic energy per unit length of wave crest for a wave defined with the
linear theory

_ 2 ) |
x+L e U T W | 2
Lk, = dz dx = — H* L
k _]x j_d P 5 6 P8

* Potential energy per unit length of wave crest for a linear wave

_ ot , 2 d2
Ep:[ Lpg[(]]+d) - —

dr = pg H*I
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* Total wave energy in one wavelength per unit crest width

E=E +E = pgH’L . pgH?L _ pgH’L
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Linear Theory of Regular Waves Review

Wave property

SHALLOW WATER

fdiAd = 1:240)

INTERMEDIATE WATER

(1/20 = d/A = 1/2)

DEEP WATER
(did>1/2

Veloeity potential
(w=vg)

agr cosh &z + 4,
g cohbztd) et -k
I

cosh kd

ag cosh &z + 4}
@ coshkd

cos{ax - k)

¢ = = e cos{ax — kx)

Dispersion relation

o’ = gik'd

@’ = gktanh kd

Wave length - wave

period relation

i=Tyg
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2x

Wave profile 7 = asinfat - k) 7 = asinfar - kx) 7 = asinfwt - ko
. ) cosh kfz +d) B
Dynamic pressure Pq = pgasinfox - kx) Pg= Pgﬂmmf’“ - k) Pg=pgae sin(oxX —kx)
1 cosh kiz +d
Hﬂnznntal. u = — sinfaf- k) = ﬂn_—}sin(at-kr) u = wae™ sin{ i — kx)
particle velocity kd sinh kd
i +d sinh kiz + d
Vertical w = oa cosfaX - kg w = m#ms{ﬂi— k) W = axie™ cos(ex — fx)
particle velocity d sinh kd
Horizontal ‘a ., coshkz+d) -
. . U= cos{ax - k) u = a_—cusfﬂi—h;il i=wae cos(ant—kx)
particle acceleration kd sinh kd
i z+d sinh kz + dj
Vertical o= _ola sinfar k9 | ¥ =-wla " sinfat - ky W = —a’a ¢ sin(ax — ko)
particle acceleration d sinh kd
1 Thd 1
Group velocity £, =¢ e, =—ell+ ) £ =—c
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Regular waves

Nonlinear wave theories

* Wave steepness (H/L) is a measure of how large a wave is relative to its
height and whether the linear wave assumption is valid.

* Relative depth (d/L) determines whether waves are dispersive or
nondispersive and whether the celerity, length, and height are
influenced by water depth

* Large values of the relative wave height indicate that the small-

amplitude assumption may not be valid. HL H
* Maximum wave steepness (Michell, 1893) d/L d
H
of - o142 s L
L, _ 7
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Region of application of wave theories
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Formulas for Stokes' second-order wave theory

Quantity First-Order Component Second-Order Component
Dispersion rctationship
v & =% tanh kd & =% tanhkd
k k
Wave profile H o )
H* cosh kd
n == cos(kx — wt) =B 2 + cosh 2kd] cos 2(kx — wi
2 "= RL s kd Joos( )
Horizontal velocity B ﬂfcosh k‘vmq(kx o 3 /e EN2cosh 2k
=T k™ 0= () o g 20— 00
Vel‘tlcal VB[OClt}’ _ ﬁ Sinh klg Sin(kx _ w{} 3 T Isinh st ]
=T sinhkd .y (_Tli) S g 2kx @l
Honzontal acceleration - 212 H cosh ks itk o) R Ty 2.0sh 2ks | »
u= T2 —_Sll'lhf'\'d X ufﬁ ? mSIﬂ (I*&}I)
Vertical accelcration . 2722 H sinh ks cosilex — o) . I N sinh 2Kks ” ;
=~ gk d"® AN sinh“kdcog (kx — wi)
Dynamic pressure Heosh k 2
ShKy 3 aff 1 cosh2ks 1
= pg— cos[k(x — ¢t = pe— — | cos 2kx — wt
P =P8y oshkd [A€ ) P=3PE7 Sinh 2kd I::-;inh1 kd 3] ( “)
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4L sinhid
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Irregular Waves

e Ocean waves are, generally, random in nature.

e Larger waves in a random wave series may be given the form of a regular
wave that may be described by a deterministic theory.
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Irregular Waves

* These individual components were generated by the wind in different
regions of the ocean and have propagated to the point of observation.

* |f a recorder were to measure waves at a fixed location on the ocean, a
non-repeating wave profile would be seen and the wave surface record
would be rather irregular and random.

* Definitions of wave height, period, and duration must be statistical and
simply indicate the severity of wave conditions.
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Irregular Waves

Rayleigh distribution

* Longuet-Higgins (1952) found from statistical theory that both wave
amplitudes and heights follow the Rayleigh distribution.

T X
A
px) = qu e Vo for x> 0

2ul

P(x) = {1 - e “‘(‘F for x = 0 }




Significant Wave Height
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Global wave climate
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Spectral analysis

* RiceBI(1944-1945) work on signal processing was extended to ocean
waves (Kinsman 1965; Phillips 1977).

* E(f) or S(f) is actually a measurement of variance, it is often called
frequency energy spectrum because (assuming linear wave theory) the
energy of the wave field may be estimated by multiplying E(f) by pg.

* The wave energy spectral density, E(f) or S(f), simply the wave
spectrum may be obtained directly from a continuous time series of the
surface (t) with the aid of the Fourier analysis.
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Spectral analysis

Spectral Density (ft 2/Hz)
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Spectral analysis

Spectral Density (Ff/Hz)
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Spectral analysis
—
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Spectral analysis

* Zero-th moment of the spectrum (m,)

2 S

el

Gﬁ—z%—j‘fmdf—mo

=1
i 0

* Moments of a spectrum m,. = / fTENdf 1=012,..
0

e Approximate relations for most common wave parameters by the
statistical analysis

Hy, =4.0 m, : H,, =51 ym,
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Wave height distribution

* If wave energy is concentrated in a very narrow range of wave period,
the maxima of the wave profile will coincide with the wave crests and
the minima with the troughs.

* This is termed a narrow-band condition.

* Under the narrow-band condition, wave heights are represented by the
following Rayleigh distribution.

HI/L% = 4.00 m, = 1.416 ]—[rms
H,, =127 H,; =180 H =5091,m,
Hoo =167 H, =236 H =6672 /m

H 1.86 H

max 1/3

(for 1000 wave cycles in the record)
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Definition of Sea State

Significant wave height (m)

Wind speed (knots)

Wave period(s)

Sea state code
Range Median Range Median Range Most
probability

0-1 0-0.1 0.05 0—-6 3.0 - -
2 0.1 = 0.5 0.30 7 - 10 8.5 5.1-14.9 6.3
3 0.5 - 1.25 0.88 11 - 16 13.5 5.3—16.1 7.5
4 1.25 - 2.5 1.88 17 = 21 19.0 6.1-17.2 8.8
5 2.5-4.0 3.25 22 — 27 24.5 7.7-17.8 9.7
6 4.0 -6.0 5.00 28 — 47 37.5 10.0—18.7 12.4
7 6.0 — 9.0 7.50 48 — 55 51.5 11.7-19.8 15.0
8 9.0 — 14.0 11.50 56 — 63 59.5 14.5-21.5 16.4
>9 >14.0 >14.0 >63.0 >63.0 16.4—-22.5 20.0




Bretschneider Spectrum

[. Sf' / \i‘Jf 1 ‘ Sea Wave Spectra for Sea States 2-6
SH2  Tdn) |
S,r} (f) = 5 e '
16/,(f/ fo)
or,
o V_}
rt
S, (f)=—xe
where
, SH’f) , 5f)
a&="""" and f’'= J;“
l 6 0 0.2 . 0.6 0.8 1 1.2 1.4 1.6 1.8 2
frequency m, rad/s
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Pierson-Muskowitz Spectrum

S,(@=0U,g,[) where
U = Wind speed
f = Wave frequency,

@ =2nf
| @y
a
5, @)=
(()
where
o = Philip constant = 0.0081 (This is independent of U and wind fetch F)
p =0.74
@, = Frequency corresponding to the peak value of the energy spectrum
=27, =g/Uy
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Pierson-Muskowitz Spectrum
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JONSWAP Spectrum

Joint North Sea Wave Project

H; To(Tyw)?
FiFy

Hg @ Significant wave height (m)

—(0.206F, Tw—1)*/20°]

S(u}) =173 exp(— 692([724775(1))_4)’}/&0[

w : Angular wave frequency (rad/s)
Ts : Mean wave period (s)
~ - JONSWAP peakedness parameter

0.07 for w < (0.206F, 7)™
O' _ _
0.09 for w > (0.206£,7%)



JONSWAP Spectrum

Y Fs F,
1 1.00 1.0
2 1.24 0.95
3 1.46 0.93
3.3M 1.52 0.82
4 1.66 0.91
5 1.89 0.90
6 2.04 0.89
(1) Mean JONSWAP spectrum
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JONSWAP
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Common spectral models for oceans

Location Operational Survival
Gulf of Mexico P-M P-M or JONSWAP
North Sea JONSWAP JONSWAP
Northern North Sea JONSWAP JONSWAP |:
Offshore Brazil P-M P-M or JONSWAP
Western Australia P-M P-M
Offshore Newfoundland P-M P-M or JONSWAP
West Africa P-M P-M
Typical JONSWAP y-values for various  |Location 14
offshore locations North Sea or North Atlantic 3.3
Northern North Sea Upto 7
QOffshore West Africa 1.5+ 0.5
Guif of Mexico 1 for H, < =6.5m
2for H; > 6.5m
{“"1 a0 Offshore Brazil 1-2
e TN - yTUn
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Storm Special! View the latest observations near Atlantic TROPICAL STORM DEBEY as of SPECIAL
ADVISORY NUMBER 4 @ 700 AM CDT SUN JUN 24 2012,

Station 42002 (LLNR 1405) - W GULF 207 NM East of Brownsville, TX &

Owned and maintained by National Data Buoy Center
10-meter discus buoy

ARES payload

25.790 N 93.666 W (25°47'24" N 93°39'58" W)

Site elevation: sea level

Air temp height: 10 m above site elevation
Anemometer height: 10 m above site elevation
Barometer elevation: sea level

Sea temp depth: 1 m below site elevation
Water depth: 3566.16

Watch circle radius: 3523 yards

Station 42002 is fransmitting intermittently since 04/18/2012. This buoy
will be restored to service when it can be worked into the schedule

When the service date is known, it will be pested in the maintenance
report.

42002 was re-established at the above location on 2/8/2008. <>
Previously the station was positioned at 25" 10' 00" N 094* 25' 00" W.
Latest NWS Marine Forecast oEREn B
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Important Notice to Mariners Gons
Large icon indicates selected station. Disclaimer
< Stations with recent data
< Stations with no data in last & hours

(24 hours for tsunami stations)

Search And Rescue (SAR) Data

Meteorological Observations from Nearby Stations and Ships (5]

Conditions at 42002 as of
(6:50 am CDT)
1150 GMT on 06/24/2012:

Unit of Measure: | English E Time Zone: | Station Local Time

=] (oo ]

Click on the graph icon in the table below to see a time series plof of the last five days of that observation

Wind Direction (WDIR) MNNE ( 20 deg true )

Wind Speed (WSPD): 9.7 kis

Wind Gust (GST): 11.7 kis

Wave Height (WVHT) 461

Dominant Wave Period (DPD) 8 sec

Average Period (APD): 5.8 sec

Mean Wave Direction (MWD EMNE ( 63 deg true )

Atmospheric Pressure (FRES): 2086 in

06 23 11:50am NNE 136 155 46
06 23 9:50am NNE 1.7 155 49
06 23 8:50am NNE 1.7 155 49
06 23 7:50am NNE 136 175 56
06 23 6:50am NE 136 175 52

55ENE 2080 +0.02 &35 833 790
58ENE 2970 +004 831 829 792
55ENE 2978 +0.04 829 829 731
57ENE 2976 +003 831 829 734
54 ENE 2075 +002 824 829 738
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Detailed Wave Summary
for 42002 as of (7:00 am CDT)
1200 GMT on 06/24/2012:

These wave data are displayed in rounded times.

Unit of Measure: | English Iz‘ Time Zone: | Station Local Time

Click on the graph icon in the table below to see a time series plof of the last five days of that observafion

Eg Significant Wave Height (\WWVHT) 461

% Swell Height (SwH) 431

% Swell Period (SwP): 7.7 sec
% Swell Direction (SwD) ENE

gg Wind Wave Height (WWH): 161

B Wind Wave Period (WWP) 43sec
% Wave Steepness (STEEPNESS) AVERAGE
Eg Average Wave Period (APD) 5 8sec

Previous observations

b %1%E£%E§E$ A

MMDD TIME  WVHT SwH SwD WWH WWP  WWD STEEPNESS APD

(CDT) ft ft sec ft  sec s8C
06 24 6:00 am 36 36 71 ENE 13 36 - AVERAGE T
06 24 5:00 am 39 36 59 ENE 13 37 - STEEP 53
06 24 4:00 am 39 36 71 ENE 16 43 - AVERAGE 51
06 24 3:00 am 43 39 6.7 ENE 16 36 - STEEP 5.2
06 24 2:00 am 43 39 67 ENE 16 42 - STEEP ha
06 24 1:00 am 43 39 67 NE 20 43 - STEEP 50
06 24 12:00 am 43 33 67 ENE 26 50 NE STEEP 5.1
06 23 11:00 pm 49 39 71 ENE 26 50 NE STEEP h2
06 23 10:00 pm 46 36 67 ENE 33 43 - STEEP 50
06 23 9:00 pm 49 0.0 = = 49 62 ENE STEEP 52
06 23 8:00 pm 46 1.0 83 E 46 67 ENE STEEP 5.0
06 23 7:00 pm 49 386 71 ENE 33 59 NE STEEP 53
06 23 6:00 pm 46 33 67 ENE 33 56 ENE STEEP 52
06 23 5:00 pm 46 0.0 = = 46 6T ENE STEEP 5.1
06 23 4:00 pm 43 26 71 ENE 36 62 ENE STEEP 5.2
06 23 3:00 pm 43 286 71 ENE 33 62 ENE STEEP 53
06 23 12:00 pm 46 386 77 ENE 30 56 NE AVERAGE 5.5
06 23 10:00 am 49 43 77 ENE 26 53 NE AVERAGE 5.8
06 23 9:00 am 49 39 71 ENE 30 53 NE STEEP T
06 23 8:00 am 56 43 71 ENE 36 56 NE STEEP i
06 23 7:00 am 52 38 83 ENE 36 56 NE AVERAGE 54

Elot of wave energy versus frequency {and period

Description of Measurements
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Wave Hindcast Model Domains for
U.S. Coasts
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