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* Overview of WIS website and products

. Pacmc 10-year Basin Level Hindcast
Vave Mode "_omparlsons




Wave Hindcasts - Microsoft Internet Explorer
File Edit \iew Favorites  Tools  Help | ,'
. LY -—\: e ; -
Q Back - J - \ﬂ \ELI “y) ‘ - Tearch - Favorites {3 = W - ii
Address I@I] btk v, FrF usace. armry. milfcai-bingwist st akl_main. kil j Go | Lirks **

Coastal & Hydraulics Laboratory

Wave Information Studies
Click an area, or lake, on the map

GiHydraulics Laborato

Lt

Wave Information Studies (WIS)

Hindcast Wave Datas for U.S. Coasis

The YWawve Information Studies (WIS) were authorized in 1976 by the Office, Chief of Engineers, U.S.
Army Corps of Engineers, to produce wave climate information for U.S. coastal waters, WIS information
iz generated by numerical simulation of past wind and wave conditions, a process called hindcasting.
kKnowledge of the wave climate is required to design and maintain the nation's coastal navigation and
share protection projects.

Through the years, hindcasts were added and updated as wawve modeling technology advanced and

computer power increased. At the end of 1998, hindcasts for all U.S. coasts had been completed; the
Atlantic Ocean for two different periods, 1956-1975 and 1976-1995; the Pacific Ocean for 1956-1975;
the Gulf of Mexico for 1956-75 and 1976-1995; and the Great Lakes for 1956-1987, and an update of

< Go To FPacific | Lake Michigan for 1988-1997.
|18 Home |How To [WIS Data Definitions |
|Buow/Gauge Info |Contact WIS Staff | 4 reanalysis project is presently underway. Its goal is to improve the quality of the Atlantic and Gulf of

|References |Other Wave Data Sources |
Error processing 551 file

Mexico hindcasts using an advanced version of the wave hindcast model WISWAVE, more accurate and
more highly resolved input winds, and better representation of shallow water topographic effects and
sheltering by land forms through use of more highly resolved model domains, Advancements in weather
modeling, increased availability of measured wind data (from buoys and satellites), and improved
methods for integrating measured data with model-generated wind fields have all contributed to
significant improvements in the quality of wind input that is available for use in hindcasting.

This reanalysis project has also been applied to the Pacific Basin which presents many wave hindcasting
challenges. Infarmation from a new Pacific basin hindcast for 1995-2004 has been added to this website.
& third generation wawve model WAYEWATCH III, was used for this hindcast. WAVEWATCH 1II uses state-
of-the-art physics for source term analysis, simulates island blocking, and has demonstrated skill in long

distance swell propagation. Please check the References section on this website for a set of PDF

documents that comprise a draft report of "Pacific Ocean Wave Information Study Yalidation of
Waus Mndel Racultc Anainet SQatellite Altimeater Nata"™ nroducred hv Raird and Accnrciates Dacifie LI

|&] Dane [ [ [ | |% mternet

http://www.frf.usace.army.mil/cgi-
bin/wis/atl/atl_main.html




WIS Wave Information

- " . r
Pacific
Ocean

e Hourly wave parameters,
Hs, Per, Dir, Ws, Wdir
o Stations in 10-20m depth, also deep
stations
* 500+ stations in Atlantic 1980-1999
e 300+ stations in Gulf 1980-1999
.| » 12 stations Puerto Rico 1980-1999
| » 177 Pacific Basin stations 1995-2004
» 300+ Lake Ontario stations 1961-2000
» Info available via WEB
* Plot, table and data list tools
e Spectra at 3-hr available from
WIS staff




) Wave Hindcasts - Microsoft Internet Explorer

Coastal & Hydraulics Laboratory
Wave Information Studies

Click an area on the map




/) Wave Hindcasts - Microsoft Internet Explorer
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3 http:/ Swww.frf.usace.army.mil  cgi-bin,/wis, wislist.pl?syear =1995&smonth=00&eyear=1995&emonth=00... [H[=] E3

File Edit |jew Favorites Tools Help | .l."r
II» YEAR MM DD HH LOMNG LAT DPTH Hmo DTp Atp tmean wdvimn éj
201 1995 1 1 0 -1e2.00000 23.50000 3629.1 0.41 99909 3. 15 Z2.04 53.1
201 1995 1 1 1 —-1e2.00000 23.50000 3e29.1 0.39 9999 3. 19 2.90 53.5
201 1995 1 1 2 -1e2.00000 23.50000 3629.1 0.38 9999 3.z20 2.95 53.6
201 1995 1 1 3 —-1e2.00000 23.50000 3629.1 0.37 9999 3.z20 2.97 53.6
201 1995 1 1 4 -162.00000 23.50000 36292.1 0.36 o999 .20 2.97 53.3
201 1995 1 1 5 -162.00000 23.50000 36292.1 0.37 o999 3.15 Z2.96 5Z.8
201 1995 1 1 & —-162.00000 23.50000 3629.1 0.38 o099 3.17 Z.95 EZ.3
Z01 1995 1 1 7 —-162.00000 23.50000 3629.1 0.39 o099 J.16 Z.968 1.8
Z01 1995 1 1 &8 -162.00000 23.50000 3629.1 0.39 o099 J.16 Z.97 51.4
201 1995 1 1 9 —-1le2.00000 23.50000 3629.1 0.39 9999 3.17 2.99 51.0
201 1995 1 1 10 -1e2.00000 23.50000 3629.1 0.39 9999 3. 19 3.0z 50.6
201 1995 1 1 11 -1e2.00000 =23.50000 3629.1 0.38 9999 .22 3.04 5o.1
201 1995 1 1 12 -162.00000 23.50000 3629.1 0.33 o999 3.25 .07 49.5
201 1995 1 1 13 -162.00000 23.50000 3629.1 0.33 o999 3.26 .07 49,43
201 1995 1 1 14 -162.00000 23.50000 36292.1 0.39 2999 J.25 .06 43,7
Z01 1995 1 1 15 —-162.00000 23.50000 3629.1 0.41 o099 J.22 .04 E0.4
Z01 1995 1 1 16 —-162.00000 23.50000 3629.1 0O.44 o099 J.21 .04 E1.1
201 1995 1 1 17 —-1e2.00000 23.50000 3629.1 0.48 99909 J.22 3.07 51.9
201 1995 1 1 18 -1e2.00000 23.50000 3629.1 O0.52 9999 J.z24 3.13 5z2.7
201 1995 1 1 12 —-1e2.00000 23.50000 3629.1 0.56 9999 3.z28 3.20 53.4
201 1995 1 1 20 -162.00000 23.50000 3629.1 0.53 o999 3.34 3.27 54,1
201 1995 1 1 21 -162.00000 23.50000 3629.1 0.5%9 o999 3.45 3.34 58,7
201 1995 1 1 22 -162.00000 23.50000 36292.1 0.60 2999 J.56 3.39 55.0
Z01 1995 1 1 23 —-162.00000 23.50000 3629.1 0.59 o099 3.59 .44 54.9
Z01 1995 1 2 0O —-162.00000 23.50000 3629.1 0.59 o099 3.63 .50 54.3
201 1995 1 =z 1 —-1e2.00000 23.50000 3e29.1 0.59 99909 4.15 3.54 53.6
201 1995 1 =z 2 —1e2.00000 23.50000 3e29.1 0.59 9999 4.13 3.59 5z.5
201 1995 1 =z 3 —1e2.00000 23.50000 3e29.1 0.60 9999 q.21 3.e? 51.0
201 1995 1 =z 4 —-162.00000 23.50000 3629.1 D0.62 o999 q.25 3.78 49.0
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ww.ftf.usace.army.mil/cgi-bin/wis,/wistable.pl?section=pac&station=_L1.121&syear=1995&ey - M... |9 [=] 3

File Edit Miew Faworites Tools  Help | #

1335-1995 FA&AC TIIS STATIONWN: 1:&1 L&T: E&.00 W, LOW:-160.50 T, DEFTH: 211 M
PERCEMT OQOCCURFENCES OF WaUE HEIGHT EY MONTH

Hmo () J&N TFEE MaR APER MAY JIH JIL AT 3EF O0OCT HNOVW DEC CA3E3 PCT
o.00 - 0.a33 0.1%9 5 5 5 5 5 5 5 5 5 5 5 17 0.z
g.50 - 0.99 0.21 . - . 0D.EE 1.08 . . - . . - 136 1.6
l.00 - 1.439 ooz . .o0U18 1.80 221 2o2E 2LLE OG5 066 0.46 - 163 15.6
1l.50 - 1.93 0.5 0,45 027 215 .69 2.20 2.87 4.66 .05 417 £.60 1.05 E6a7T  20.Z
Z.00 - Z.a33 1.15 1.1 2,07 2,06 1.69 1.52 0.92 0,65 0,78 .52 .00 1l.66 190 1.2
£.50 - .99 0.89 1.78 1l.60 2.27 0.321 .ono2g . 0.14 1.04 1.00 1.&1 36 107
.00 - .49 1.1 1.69 1.55 1.0 0.29 PR I ] . 0.1 0,09 0.54 142 Tlz2 .1
.50 - 2,939 O.&7 1.20 1. 10 0.2 022 5 5 . 0,10 . DLEE 1.2 521 5.9
G 00 - .33 O.5% 0,61 057 015 0,13 5 5 N T S . DLEZ 0,93 - 2.2
450 - .99 o.7s .51 0.27 . . - . . 0_1n . 0.15 0.5l £10 .4
5.00 - GREATER 1.96 0.&2 0_55 . . - . . 015 . 0,53 0.9 e de] 2.8
TOTAL C&AIES TEF  BTE TAE O TE0D T TEQD 743 744 TE0 T4d TEQD 794 G759

1335-1995 FA&AC TIIS STATIONWN: 1:&1 L&T: E&.00 W, LOW:-160.50 T, DEFTH: 211 M
PEERCENT O0CCURRENCEES OF PEAK PERIOD EY MOHTH

Tpl=ac) J&N TFEE Mak AFPER. MAY JIH JIL AT 3IEF O0OCT HNOVW DEC Ca3E3 PCT
2.0 - 2.9 0.29 5 5 5 5 5 5 5 5 5 5 5 el ] 0.3
4.0 - 4.9 . . - . . - .onon3 - . . - 2 o.o
5.0 - 5.9 . 0O.06 - . . - . 0.03 0.0l . 0.0s - ] 0.1
E.0 - 5.9 .02 0,11 0.06 5 .01.11 1.5 0.0& I i 5 Z6E6 2.0
T.0 - 7.9 5 . DU 0,02 002 0.59 183 EZ.2Z2 0.Z6 1l.02 5 5 LT E.7
g.0 - &.9 0.0l . 0.2l o.4T 0.7E 1o30 1.85 0053 0.1 0_E6 - 513 5.9
.0 - 3.9 0.22 0.10 o.65 1.70 1.04 0.21 0.47 1.5& 0.4 0.45 0_143 GE2 T.1
0.0 - 10.9 0.5l 0,85 069 2,16 1.69 0,92 0,71 0,85 1.42 1.29 1.15 0.24 11l 1.7
1ll1.0 - 12.9 2.8% 5.61 .33 228 FONE OZLEE Z.69 0UGE .19 2,09 2.0 &£.09 2957 G5 ZF
14.0 - LONHGEER .21 0,79 ELME L2 089 1.60 0,55 0057 1.1 1.&7 E.17 1.95 1645 1&5.3
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Table Product on Website

% occurrences of Hmo by month

% occurrences of TP by month

% occurrences of mean DIR by month

% occurrences of Hmo and Tp by Dir Bands
% occurrences of WS by month

% occurrences of WDIR by month
Summary of mean Hmo by month and year

Max Hmo with associated TP and Dir by
month/year

Overall Max values and means
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WIS 10- year Pacmc Hmdcast

WIS takes aim at the Pacific...



OWI Wind Field

20-Nov-2000 0.5-deg grid spacing

120° W Wind Speed (m/s)

30

=20

From Wave Hindcast Workshop Paper by Hanson and Jensen(2004)



OWI Wind Fields

Begin with NCEP/NCAR reanalysis wind
fields

Adjust using QUIKSCAT scatterometer winds

“for full Pacific

Convert to neutral stability
Interpolate to grid using IOKA

Tropical cyclones blended in over full domain
at IOKA step

\Winds on 0.5-deg grid at 3 hour time interval




PLAN: Wave Model
Collaboration to choose model
that does the best job In the
Pacific

From Reuters



Wave Model Contenders

« WAM Cycle 4.5 — Bob Jensen

e Wavewatch Il
— Collaboration with Hendrik Tolman

— Use NCEP Pacific grid and obstruction information
to simulate island blocking

« WAVAD (version of 2-G WISWAVE)

— Collaboration with Baird and Assoc. (Doug Scott)

— Use NCEP Pacific grid and obstruction information
to simulate island blocking



Pacific Hindcast Validation
Stations

160" E 160° W 120" W

60" N| 88

40°N

20" N

20°S




Atlantic and Gulf Validation

Comparisons made to all available measured
data

Monthly line comparison plots and scatter plots
for all bulk parameters

Statistics calculated

10-year contour plots showing results for various
wave height categories

Energy flux comparisons with measured energy
flux

Review committee



Definitions

Wave Component

A specific wind sea or

swell that is attributed to

aregion of enhanced
energy in a directional

(2D) wave spectr

1m

Wave System

An evolving series of

wave components that

can be traced to a specific
wind generation event on

Station 51028
1200z 09 November 2000

the ocean surface
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Windsea
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Wave Component Analysis

1. Partition Buoy Spectrum
2. Overlay Buoy Partition Template on Hindcast Spectrum

3. Compute Integral Parameters in each Partition Domain: H_., T, 8., P

mO0? " p? ¥m, " Xy

NDBC Station 51028 WAM at 51028
0700z 09 November 2000 0700z 09 November 2000

Direction From (Deg)

Frequency (Hz) Frequency (Hz)

Reference: Hanson and Jensen, 8TH International Workshop on Wave Hindcasting and Forecasting,
November 2004



Wave Component Analysis

Partition Buoy Spectrum
Overlay Buoy Partition Template on Hindcast Spectrum

Compute Integral Parameters in each Partition Domain:
Hior Tps G Pyy
Perform Statistical Analyses: RMS Error, Bias, Scatter

hs Scatter plot

7 -
B L
——— 5 _
E
= 47
T
s 37
é ) Swell 2
I O Windsea
1+¢ x  Swell1
U l 1 1 L
0 2 4 6

Observed hS (m)
Temporal Correlations

ww51028_2000_CA hs QQ Plot
3 _

2.5}
T 2]
< 1.5}
5
c 1 L ‘J
= Windsea
Swell 1
0.5 Swell 2
0 \ L '
0 1 2 3

Observed hs {m)

Quantile-Quantile Analysis
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Wave System Analysis

Direction {deg T)

Time-Evolving
Wave Components

Compare Buoy
Observations
With Hindcast

—
on

Height (m)




Significant Wave Height
Annual Performance Summary

Temporal Correlations Quantile-Quantile

Component | WAVAD WAM  WW3 WAVAD WAM  WW3

Windsea 0.83 0.79 0.88 0.88 0.82 0.92
Young Swell 0.79 0.84 0.85 0.86 0.90 0.89
Mature Swell 0.73 0.72 0.78 0.81 0.78 0.83

Combined 0.78 0.79 0.84 0.85 0.83 0.88




Peak Wave Period
Annual Performance Summary

Temporal Correlations

Quantile-Quantile

Component | WAVAD WAM  WW3 WAVAD WAM  WW3
Windsea 0.89 0.87 0.92 0.94 0.91 0.96
Young Swell 0.86 0.86 0.92 0.89 0.89 0.96
Mature Swell 0.91 0.90 0.94 0.94 0.94 0.97
Combined 0.88 0.88 0.93 0.92 0.91 0.96




Significant Wave Height
Annual Performance Summary

Temporal Correlations

Quantile-Quantile

Component | WAVAD WAM  WW3 WAVAD WAM  WWa3
Windsea 0.83 0.79 0.88 0.82
Young Swell 0.79 0.84 0.86 0.90
Mature Swell 0.73 0.72 0.81 0.78
Combined 0.78 0.79 0.85 0.83




RMS Error

Monthly Mature Swell Height Metrics

rms (M)

WAVAD

Swell2H E
s rm

S

rms (M)

WAM

Swell2H E
s rm

S

Month (2000)

rms (M)

WW3

Swell2H_E
s rm

| =— WW46001

---------- WW46005
WW46042

5




RMS Error

Bias

rms (M)

b (m)

WAVAD

Swell2H E
s rm

S

rms (M)

b (m)

S

Month (2000)

rms (M)

b (m)

Monthly Mature Swell Height Metrics

WAM

Swell2H E
s rm

WW3

Swell2H_E
s rm

| =— WW46001

---------- WW46005
WW46042

| = WW51001

---------- WW51004
----- WW51028

5




RMS Error

Bias

Scatter Index

Monthly Mature Swell Height Metrics

rms (M)

b (m)

sl

Swell2H E
s rm

WAVAD

S

Month (2000)

rms (M)

WAM

Swell2H E
s rm

S

Month (2000)

rms (M)

WW3

Swell2H_E
s rm

— WW46001
---------- WW46005
WW46042

5

Month (2000)




Performance

Performance

Station Significant Wave Height
Performance* March 2000 (NRAQ+ winds)

Windsea Wave Height Performance

1

Performance

Stations

{ I WwW46001

I 46005
[ ww46042
] wwo00071
I 51001
I 51004
[ lws1028

Secondary Swell Wave Height Performance

L1 R R

[ = R R

0T F oo

Stations

Performance

1

0.9

0.9

Primary Swell Wave Height Performance

Stations

Combined Wave Height Performance

Stations

*Jeff Hanson



Wavewatch Il Chosen for
Pacific Hindcast

All models did well
WW3 statistics were best

WW3 obstruction grid to represent islands
was effective

WW3 MPI implementation on HPC
computers allowed parallel processing for
fast computation



WWa3 results for Hawali Buoy-January 2000

51004 (NRAQ winds)

wave period(s) - (parab)

wave height(m)
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WW3 results for Hawali Buoys-January 2000
nds)

wave height(m)

wave period(s) - (parab)
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ow Is WISPAC being used?




<} Wave Hindcasts - Microsoft Internet Explorer

product_ station - yearl | _year2 month
W 1 ti 5t i
TR ENEEIE [1995 5] [1995] [Alimonths 5] |oo]

Click an area on the map

| WIS Home |How To |WIS Dats Befinitions |
|Bucw/Gauge Info |

Contact W% Staff |
|References |Cther Wave Data Sources |

Error processing 551 file

. DR

WIS HAWAII




Hawali Projects using PACWIS

 Maul Shoreline Change Analysis

— Delft-3D application to model seasonal swing in shoreline width
at Kaanapali embayment

— No directional measurements available
— 10 years of WIS directional waves meet their needs

o Southeast Oahu RSM Project

— ADCIRC and STWAVE application for circulation and wave
transformation in area

— Significant wave events to drive models are determined from
PACWIS

— PACWIS determines wave climate of typical events



<} Wave Hindcasts - Microsoft Internet Explorer

product  station yearl yvear?  month

[1935 =] [19950] [AllMonths o] oo

Coastal & Hydraulics Laboratory
Wave Information Studies

Click an area on the map

|WI1S Horme |HowTo |WIS Data Definitions |

|Buoy/Gauge Jofo [Contact WIS Staff |

|References |Jther Wave Data Sources |
Error processing 551 file

. o

WIS American SAMOA



American Samoa

» Leloaloa shore protection project (north
shore of Pago Pago Harbor)

— Storm waves have eroded shoreline making a road and
utilities vulnerable

— Previous info was from a database of ship obs for 1970-77
(not reliable for storms)

— PACWIS has areliable 10 years of information

 Pago Pago Harbor improvements

— A second harbor on Tutuila is being considered
because of congestion at existing facility

— PACWIS is being used for this study



WIS American Samoa Station 159
Percent Occurrence

3.0 50 7.0 90 ;110,130,150 ,170,190,210,23.0, 250,270 ,29.0,31.0,33.0
23.0 i | | | | | | | | | | | | | | |
21.0— 0.1 0.5 0.2 —21.0
19.0
18.0— 0.3 0.9 0.6 0.1 —18.0
17.0
16.0— 1.1 3.1 1.4 0.3 0.1 —16.0
15.0
14.0— 50 9.6 2.9 0.6 0.2 —14.0
13.0
12.0— 0.2 71 | 116 | 4.2 0.7 0.1 —12.0
11.0
10.0— 0.2 93 | 127 | 5.2 25 0.6 0.1 —10.0
9.0
8.0 0.1 3.8 7.1 4.7 15 0.2 —8.0
7.0
6.0— 0.2 0.6 0.2 —6.0
50
2.5— —2.5
0.0 | | | | | | | | | | | | | | | |
0.0 2.0 4.0 6.0 8.0 10.0 120 140 16.0 18.0 200 220 240 260 28.0 30.0 320 340

Wave Height (ft)
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WIS American Samoa Station 159

Percent Occurrence

0.0 225 450 | 675 | 90.0 /1125 ,135.0,157.5,180.0,2025,225.0,247.5,270.0,2925,315.0,337.5
34.0 i | | | | | | | | | | | | | | |
33.0— —33.0
32.0
31.0— —31.0
30.0
29.0— —29.0
28.0
27.0— —27.0
26.0
25.0— —25.0
24.0
23.0— —23.0
22.0
21.0— -~ 21.0<
20.0 )
19.0— —19.05
18.0 T
17.0— —17.0o
16.0 Q
15.0— 0.1 —15.0=
140 =
21(53.07 0.2 05 0.2 0.2 —13.0=
12.
10101.0* 0.1 1.9 1.6 0.6 0.7 0.3 0.1 03 —11.0
. 09.0* 0.8 0.4 0.1 0.2 1.0 4.8 2.9 1.6 2.2 2.0 0.9 0.1 0.2 0.1 0.3 1.8 —9.0
70— 29 1.7 1.0 0.8 3.2 6.9 3.4 2.4 3.9 5.2 45 0.7 0.5 0.6 1.4 72 —7.0
6.0
p 05.0* 1.9 1.1 1.7 1.1 1.8 2.3 1.1 1.2 1.8 2.4 29 0.8 05 0.7 1.0 46 5.0
3.0 0.1 0.1 0.1 0.1 0.1 —3.0
2.0
1.0— —1.0
0.0 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

348.8 113 338 56.3

Wave Direction (deg)

78.8 101.3 123.8 146.3 168.8 191.3 213.8 236.3 258.8 281.3 303.8 326.3 348.8



9.0

0.0

WIS American Samoa Station 159

11‘2.5

Percent Occurrence

13‘5.0 15‘7.5 189.0
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