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WAVE FORECASTING FOR THE EASTERN NORTH PACIFIC

and

 ADJACENT WATERS

By

Y.Y. Chao, L.D. Burroughs, and H.L. Tolman (1) (2)

1. Introduction

In order to predict wave conditions adequately over the continental shelf and near land boundaries,
a regional model which has higher resolution in grid space and possibly in spectral components is
required. The regional model also must calculate rigorously the effects of submarine bottom
conditions and any currents which may exist on wave growth, transformation and dissipation. A
global-scale wave model usually is designed only to provide the general wave pattern over the
deep ocean. It does not provide information accurate enough to describe small-scale, complex
wave patterns near the coastal areas.

The Eastern North Pacific (ENP) regional wave model is designed to fill the needs of the Western
and Pacific Regions, Tropical Prediction Center, and the Ocean Prediction Center (OPC). The
model structure is essentially the same as the Western North Atlantic (WNA) regional model which
is described in detail in Technical Procedures Bulletin (TPB) 495 (Chao, Burroughs and Tolman,
2003). The NWW3 provides the boundary conditions to the ENP.  The domain extends from
170.25oW to 76.75oW and from 4.75oN to 62.25oN with a grid resolution of 0.25o by 0.25o in
latitudinal and longitudinal directions.

Various graphics and text products for the ENP are available at

 http://polar.wwb.noaa.gov/waves,

and available for anonymous ftp at

 ftp://polar.wwb.noaa.gov/pub/waves .

The following wind and wave parameters are available in GRIB format at the web site above and
will be on AWIPS as GRIB bulletins, when software build OB2 is distributed to the field: Hs, Dm, Tm,
peak wave period and direction, wind sea peak period and direction, wind speed and direction, and
u- and v-wind components.

Spectral text bulletins for the ENP are available at the web site above. These files are in ASCII and
are available by anonymous ftp from the ftp site above.  These bulletins will be available on the
SBN in May 2003, but with a condensed format necessitated by the capabilities of the
communications gateway and display capabilities of AWIPS.  See fig. 1 for a sample bulletin and
Table 1 for the list of points having spectral wave bulletins, their locations, and their bulletin 

http://polar.wwb.noaa.gov/waves
ftp://polar.wwb.noaa.gov/pub/waves
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headers.  The ENP wave guidance is generated four times daily out to 168 hours based on the
0000, 0600, 1200 and 1800 UTC cycles of the of the Global Forecast System (GFS).

The ENP model has been run continuously on the IBM computers since September 2001.  In the
succeeding sections, the established forecasting system along with the model structure will be
described, followed by a comparison of predicted results with buoy data and NWW3 model output
for identical locations.  Finally, the strength of the new model (ENP) and the available products and
dissemination is presented.

2. Model Description

Regional wave forecasts for Eastern North Pacific and Hawaiian waters are generated at NCEP
by using the ENP model. Fields of directional frequency spectra in 24 directions and 25 frequencies
are generated at one hour intervals up to 168 hours.  The 24 directions begin at 90 degrees to the
east and have a directional resolution of 15 degrees.  The 25 frequencies used by the ENP are
given by bin in Table 2.

Figure 2 shows the domain of interest and the depth field which is derived from bathymetric data
available from the National Geophysical Data Center.  Required input wave spectral data for the
boundary grid points of the ENP are obtained by linearly interpolating the output of neighboring
grids of the NWW3.  The wind fields driving the model are obtained from the output of NCEP's
operational GFS (Kanamitsu et al. 1991 and Caplan et al. 1997).

The wind fields are constructed directly from spectral coefficients of the lowest sigma level at 0.5o

x 0.5o longitude and latitude resolution, and are interpolated to the resolution of the wave model
grid.  They are converted to 10 m winds by using a logarithmic profile corrected for stability with
air-sea temperature differences.  Air and sea temperature data are obtained from the lowest sigma
level air temperatures of the GFS and from the SST analysis available in the model.

Finally, the wave model incorporates a dynamically updated ice coverage field in the region.  These
data are obtained from NCEP's operational automated passive microwave sea ice concentration
analysis (Grumbine 1996; updated daily).  Ocean currents are not considered in the model at the
present.

The model runs four times daily for the 0000, 0600, 1200 and 1800 UTC cycles.  Global Data
Assimilation System (GDAS) wind fields from the previous 12 hours at 3-h intervals (analyses and
3-h forecasts) are used for a 12-h wave hindcast.  Winds from the AVN at 3-h intervals out to 168
hours are used to produce wave forecasts up to 168 hours at hourly intervals.

3. Performance Evaluation

The ENP has run on the IBM mainframe computer continuously since September 2001.  The
adequacy of the model has been evaluated by comparing model output of the ENP with observed
data at NDBC buoys.  Figure 3 shows the locations of buoy measurements used for verifying model
output in the vicinity of Hawaiian Islands.  The model data at the buoy station are obtained based
on interpolating gridded data surrounding the buoy station.



3

Figure 4 shows the scatter plot of the hindcast significant wave height NWW3 and ENP for
December 2001 through January 2002 .  Also shown are the following statistical indices: the mean
bias error (bias), standard deviation(std),root mean square error (rms), scatter index (SI), the slope
of best fit line and correlation coefficient (c.c). The total number of data points (4116) used in the
analysis combines the results from the measurement of four buoys located in deep water.  It can
be seen from the figure that the ENP provides comparable or slightly better statistical results than
NWW3.

An important aspect of the island effect on waves, which can only be detected by using a high grid
resolution model, is shown in Fig. 5.  In Fig. 5 , the wave height time series of measurements (+
marks), NWW3 (red lines) and ENP (green lines) at buoy locations 51001 and 51004 are
presented.  During this period of time, the dominant wave direction was from north-west to
south-east, closely parallel to the alignment of the group of Hawaiian islands .  At Buoys 51001,
which is located north-westward from the islands, the wave height of NWW3 and ENP are
essentially the same.  At buoy 51004 which was located south-eastward from the islands, however,
over-predictions of the wave height by the NWW3 model are clearly indicated. In contrast, the ENP
model predictions are very close to buoy measurements.  The differences demonstrated here have
been greatly reduced by the introduction of sub-grid islands in the wave model suite.

Figure 6 shows available buoy measurements off and along the coastal line of West Coast.  The
NWW3 and ENP model predictions at those deep water buoys are virtually the same.  The
statistical evaluation of ENP hindcast against the buoy measurements in the shelf is shown in Fig.
7.  The performance evaluation of NWW3 model against these shelf buoys cannot be made
because of coarse grid mesh so that an adequate interpolation is not possible.  The overall
performance of the ENP model over the shelf during the five month period (September 2001
through January 2001) is very satisfying.

4. Available Products and Dissemination

The following wind and wave parameters are available in GRIB format at

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

and on AWIPS as GRIB bulletins: Hs, Dm, Tm, peak wave period and direction, wind sea peak period
and direction, wind speed and direction, and u- and v-wind components.  Spectral text bulletins are
also available on the web at the site above and will be on AWIPS as soon AWIPS software build
OB2 is distributed to the field.

a. GRIB bulletins

GRIB bulletins will be available for use in AWIPS when software build OB2 is distributed to the field
later this year.  Table 3 gives the bulletin headers and their meaning.  Bulletins are available at 6-h
intervals from 00- through 72-h and at 12-h intervals from 72- through 168-h.  Available parameters
are Hs, Dm, Tm, peak wave period and direction, wind sea peak wave period and direction, and u
and v components of the wind velocity.  A 0.25 x 0.25 degree lon./lat. grid is used with a domain
of 170.25oW - 76.75oW by 4.75oN - 62.25oN.

http://polar.wwb.noaa.gov/waves
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b. Web Based Alphanumeric Spectral Messages

Spectral text bulletins are presented for numerous points of the ENP.  These bulletins are in ASCII
and are available on the INTERNET, and became available to the field on the SBN in May 2003.
The line length of the web table is 130 characters by 100 lines.  The header of the table identifies
the output location, the generating model and the run date and cycle of the data presented.  At the
bottom of the table, a legend is printed.  The table consists of 8 columns.  The first column gives
the time of the model results with a day and hour (the corresponding month and year can be
deduced from the header information.  The second column presents the overall significant wave
height (Hs), the number of individual wave fields with a wave height over 0.15 m that could not be
tracked in the table (x).  Individual wave fields in the spectrum are identified by using a partitioning
scheme similar to that of Gerling (1992).  In the remaining six columns individual wave fields
identified with their wave height (Hs), peak wave period (Tp) and mean wave direction (dir, direction
in which waves travel relative to North).  Generally, each separate wave field is tracked in its own
column.  Such tracking, however is not guaranteed to work all the time. An asterisk (*) in a column
identifies that the wave field is at least partially under the influence of the local wind, and, therefore,
most likely part of the local wind sea.  All other wave fields are pure swell.

b. Spectral text bulletins for AWIPS

The format for the spectral text bulletins sent to AWIPS is generally the same as that for the web,
except that the period is to the nearest second, the wave heights are to the nearest foot, the
direction is from (meteorological, rather than oceanographic), the number of fields that couldn't be
tracked is not given, and the asterisk indicating when a wave field is, at least, partially under the
influence of the local wind is not shown.  The bulletin width is 69 characters, which is a legacy of
the teletype era and the display capability of AWIPS.  A sample bulletin is shown in fig. 1 , and the
list of points for the NWW3 is given in Table 1.
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Table 1. Station name, position, and bulletin header for spectral text bulletins at points from the
ENP regional wave model.

Station Name Position (N and W, except where indicated)
AWIPS and WMO

Header

Latitude Longitude

Points for Wave Spectra from the Eastern North Pacific (ENP) Regional Wave Model

Eastern Pac ific Points

46002 42.50 130.30
AGPZ46 KWBJ

OSBE01 

46006 40.90 137.50
AGPZ46 KWBJ

OSBE02 

46059 38.00 130.00
AGPZ46 KWBJ

OSBE03 

46011 34.88 120.87
AGPZ46 KWBJ

OSBE04 

46012 34.45 122.70
AGPZ46 KWBJ

OSBE05 

46013 38.23 123.33
AGPZ46 KWBJ

OSBE06 

46014 39.22 123.97
AGPZ46 KWBJ

OSBE07 

46022 40.72 124.52
AGPZ46 KWBJ

OSBE08 

46023 34.71 120.97
AGPZ46 KWBJ

OSBE09 

46026 37.75 122.82
AGPZ46 KWBJ

OSBE10 

46027 41.85 124.38
AGPZ46 KWBJ

OSBE11 

46028 35.74 121.89
AGPZ46 KWBJ

OSBE12 

46030 40.50 124.50
AGPZ46 KWBJ

OSBE13 

46042 36.75 122.42
AGPZ46 KWBJ

OSBE14 

46047 32.43 119.53
AGPZ46 KWBJ

OSBE15 

46050 44.62 124.53
AGPZ46 KWBJ

OSBE16 

46062 35.10 121.01
AGPZ46 KWBJ

OSBE17 
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46063 34.25 120.66
AGPZ46 KWBJ

OSBE18 

TPC50 30.00 118.00
AGPZ46 KWBJ

OSBE19 

TPC51 20.00 135.00
AGPZ46 KWBJ

OSBE20 

TPC52 20.00 117.00
AGPZ46 KWBJ

OSBE21 

TPC53 06.00 120.00
AGPZ46 KWBJ

OSBE22 

TPC54 15.00  95.00
AGPZ46 KWBJ

OSBE23 

TPC55 09.00  88.00
AGPZ46 KWBJ

OSBE24 

TPC56 06.80  80.00
AGPZ46 KWBJ

OSBE25 

46025 33.75  119.08
AGPZ46 KWBJ

OSBE26 

46053 34.24  119.85
AGPZ46 KWBJ

OSBE27 

46054 34.27  120.45
AGPZ46 KWBJ

OSBE28 

SGX01 32.64  117.75
AGPZ46 KWBJ

OSBE29 

Eastern Gulf of Alaska Points

46004 50.97 135.80
AGGA47 KWBJ

OSBE01 

46184 53.90 138.87
AGGA47 KWBJ

OSBE02 

46205 51.17 134.33
AGGA47 KWBJ

OSBE03 

46207 50.86 129.91
AGGA47 KWBJ

OSBE04 

46208 52.50 132.70
AGGA47 KWBJ

OSBE05 

46083 58.25 138.00
AGGA47 KWBJ

OSBE06 

46084 56.39 136.16
AGGA47 KWBJ

OSBE07 

46082 59.61 143.67
AGGA47 KWBJ

OSBE08 
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Canadian Points

46005 46.10 131.00
AGPZ47 KWBJ

OSBE01 

46029 46.12 124.50
AGPZ47 KWBJ

OSBE02 

46036 48.35 133.92
AGPZ47 KWBJ

OSBE03 

46041 47.34 124.67
AGPZ47 KWBJ

OSBE04 

46132 49.73 127.92
AGPZ47 KWBJ

OSBE05 

46206 48.84 126.00
AGPZ47 KWBJ

OSBE06 

Western Gulf of Alaska Points

46001 56.30N 148.30W
AGGA48 KWBJ

OSBE01 

46066 52.65 155.00
AGGE48 KWBJ

OSBE02 

46080 58.00 150.00
AGGE48 KWBJ

OSBE03 

Hawaiian Points

51001 23.40 162.30
AGHW40 KWBJ

OSBE01 

51002 17.20 157.80
AGHW40 KWBJ

OSBE02 

51003 19.10 160.80
AGHW40 KWBJ

OSBE03 

51004 17.40 152.50
AGHW40 KWBJ

OSBE04 

HNL01 24.00 158.00
AGHW40 KWBJ

OSBE05 

HNL02 22.50 153.00
AGHW40 KWBJ

OSBE06 

HNL10 22.00 157.75
AGHW40 KWBJ

OSBE07 

HNL11 21.00 158.25
AGHW40 KWBJ

OSBE08 

HNL12 19.75 156.50
AGHW40 KWBJ

OSBE09 
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Notes:

The WMO/AW IPS headers fo llow the form given for oceanographic data, i.e., AGA1A2i1i2, where i1 is 4 and

always means spectral wave data.

 i2 is the geographic location, where:

 0 means Pac ific Ocean, particu larly in proximity to U.S. held is lands (Hawaii and Guam's areas of

responsibility)

 1 means proximity to NE Atlantic States from Virginia northward

 2 means proximity to SE Atlantic States from North Carolina southward and Puerto Rico

 4 means proximity to southern Gulf of Mexico states

 6 means proxim ity to  Pacific  States and southern British Columbia

 7 means proximity to Panhandle of A laska and northern British Columbia (Juneau's areas of

responsibility)

 8 means proximity to southern and southwestern Alaska (Anchorage's areas of responsibility)

 A1A2 is used by the originating office (NCEP/NCO ) to identify the oceanic area of the point, where:

 NT - Western Atlantic

 GX - Gulf of Mexico

 CA - Caribbean Sea

 PZ - Eastern Pacific

 GA - Gulf of Alaska

 PN - North Pacific including Bering Sea

 AC - Arctic Ocean

 HW - Hawaiian Waters

 PW  - Western Pacific

 XT - Tropical Belt

 PS - South Pacific

 The AWIPS identifier form is NNNxxx: where NNN is OSB - Oceanographic Spectral Bulletin, and xxx

takes the form: mnn - where m is the wave model and nn is the number of the point in a given geographic

location according to note 2 above. nn can range from 01 - 99. 

 m is the wave model where: N is the NOAA W AVEWATCH III global wave model

 A is the Alaska Waters regional wave model

 W is the Western North Atlantic regional wave model

 H is the North Atlantic Hurricane regional wave model

 E is the Eastern North Pacific regional wave model

 P is the Eastern Pacific Hurricane regional wave model

 X is the Western North Pacific regional wave model

 T is the Western Pacific Typhoon regional wave model
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Table 2. The center frequencies and corresponding band widths with center period by frequency
bin.

bin number
center frequency 

(Hz)
frequency band width 

(Hz)
center period 

(s)

1 .0418 .00399 23.94

2 .0459 .00439 21.76

3 .0505 .00482 19.79

4 .0556 .00531 17.99

5 .0612 .00584 16.35

6 .0673 .00642 14.87

7 .0740 .00706 13.51

8 .0814 .00777 12.29

9 .0895 .00855 11.17

10 .0985 .00940 10.15

11 .1083 .01034 9.23

12 .1192 .01138 8.39

13 .1311 .01251 7.63

14 .1442 .01376 6.93

15 .1586 .01514 6.30

16 .1745 .01666 5.73

17 .1919 .01832 5.21

18 .2111 .02015 4.74

19 .2322 .02217 4.31

20 .2555 .02438 3.91

21 .2810 .02682 3.56

22 .3091 .02951 3.24

23 .3400 .03246 2.94

24 .3740 .03570 2.67

25 .4114 .03927 2.43
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Table 3. WMO GRIB bulletin header descriptors.

T1 T2
1 A1

2 A2 dd Station id

O A
B
C
J
K
M
N
P
Y

M A
C
E
G
I
J
K
L
M
X
N
Y
O
P
Q
Z
R
S
T
U

88 KWBJ

Where:

T1 is the bulletin type descriptor: O - oceanographic.
T2 is the parameter descriptor, see notes below.
A1 is the grid and domain descriptor: M - 0.25o x 0.25o lon/lat grid over domain from

98.25oW to 29.75oW and from 0.25oS to 50.25oN..
A2 is the forecast hour descriptor, see notes below.
dd is the surface descriptor: 88 - ocean surface.

Notes:

1. Parameter descriptors

A - u-wind component
B - v-wind componentC - Total significant wave height
J - Peak wave period
K - Peak wave direction
M - Peak wind sea period
N - peak wind sea direction
P - DmY - Tm

2. Forecast hour descriptors at 6-h intervals from 0- to 72-h and at 12-h intervals from 72- to
168-h.
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AGGA47 KWBJ 080421
OSBE01
LOCATION : 46004 (50.97N 135.80W)
MODEL : EASTERN NORTH PACIFIC 0.25 DEG
CYCLE : 20020908 T00Z
<
DDHH HS SS PP DDD SS PP DDD SS PP DDD SS PP DDD SS PP DDD SS PP DDD
-------------------------------------------------------------------
0712 5 3 06 356 2 10 276 2 15 197 1 12 204 1 08 219 1 20 201
0713 5 3 05 356 2 10 276 2 15 197 1 12 204 1 08 219 1 19 201
0714 5 2 10 276 2 15 197 1 12 204 1 08 219 1 19 201
0715 4 2 06 340 2 10 276 2 15 197 1 12 204 1 08 219 1 19 201
0716 4 2 06 340 2 10 276 2 15 197 1 12 204 1 08 219 1 19 202
0717 4 2 06 339 2 10 276 2 15 199 1 12 204 1 08 220 1 18 198
0718 4 2 05 340 2 10 276 2 15 199 1 12 204 1 08 220 1 18 198
0719 4 2 05 341 2 10 277 2 15 199 1 12 204 1 08 220 1 18 199
0720 4 2 05 341 2 10 277 2 15 199 1 12 204 1 08 220 1 18 199
0721 4 2 05 341 2 10 277 2 15 199 1 12 204 1 08 220 2 18 200
0722 4 2 05 340 2 10 277 2 15 199 1 12 204 1 08 220 2 18 200
0723 4 2 05 338 2 10 277 2 15 199 1 12 204 1 08 220 2 18 200
0800 4 2 05 337 2 10 277 2 15 199 1 12 204 1 08 219 2 18 201
0801 4 2 05 336 2 09 277 2 15 199 1 12 203 1 08 219 2 18 201
0802 4 2 05 334 2 09 277 2 15 199 1 12 203 1 08 219 2 18 201
0803 4 2 09 278 2 15 201 1 07 219 2 18 201
0804 4 2 05 002 2 09 278 2 15 201 1 03 300 1 07 219 2 18 202
0805 4 2 05 004 2 09 278 2 15 201 1 03 301 1 07 219 2 18 202
0806 4 2 05 005 2 09 278 2 15 201 1 03 299 1 07 219 2 18 202
0807 4 2 05 008 2 09 278 2 15 201 2 03 296 1 07 219 2 18 202
0808 4 2 05 009 2 09 278 2 15 201 2 03 294 1 07 220 2 18 202
0809 4 2 05 009 2 09 277 2 15 201 2 03 289 1 07 219 2 18 202
0810 4 1 06 010 2 09 277 2 15 201 2 04 287 1 07 219 2 18 202
0811 5 1 06 010 2 09 277 2 15 201 2 04 285 1 07 219 2 18 203
0812 5 1 06 010 2 09 277 2 15 201 3 04 283 1 07 219 2 18 203
...................................................................
...................................................................
...................................................................
1414 4 1 16 215 1 20 203 3 09 284 2 06 224 2 13 210
1415 4 1 16 215 1 20 203 3 09 284 2 06 223 2 13 210
1416 4 2 16 214 1 19 203 3 09 284 2 06 224 2 13 210
1417 4 2 19 209 3 09 284 2 06 224 2 13 210
1418 4 1 18 164 2 18 208 3 09 284 2 06 224 2 13 210
1419 4 1 18 164 2 18 208 3 09 284 2 06 224 2 13 210
1420 4 1 18 164 2 18 208 2 09 284 2 06 224 2 13 211
1421 4 1 18 164 2 18 207 2 09 284 2 06 224 2 13 211
1422 4 1 18 164 2 18 207 2 09 283 2 06 224 2 13 211
1423 4 1 18 164 2 18 207 1 02 051 2 09 283 2 06 225 2 13 211
1500 4 1 18 164 3 18 208 1 02 051 2 09 283 2 06 224
-------------------------------------------------------------------
DD = DAY OF MONTH
HH = HOUR OF DAY
HS = TOTAL SIGNIFICANT WAVE HEIGHT (FEET)
SS = SIGNIFICANT WAVE HEIGHT OF SEPARATE SYSTEM (FEET)
PP = PEAK PERIOD OF SEPARATE SYSTEM (WHOLE SECONDS)
DDD = MEAN DIRECTION OF SEPARATE SYSTEM (DEGREES/"FROM")

Figure 1. Sample wave spectra bulletin from the ENP. These bulletins give a 12-h hindcast as well
as a 168-h forecast at 1-h intervals. Only a portion of the bulletin is shown.
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Figure 2.  ENP domain and depth field.
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Figure 3.  Locations buoys used to verify ENP model output in the vicinity of the Hawaiian Islands.

ENP Hawaiian Buoys
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Figure 4.  Scatter plots comparing hindcasts of significant wave heights for the NWW3 (left) and
the ENP (right) for the months of December 2001 and January 2002.
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Figure 5.  Comparison of wave heights observed upstream and downstream of the Hawaiian
Islands as forecast by the NWW3 and ENP models and measured by buoys 51001 and 51004.
These comparisons were made prior to the implementation of the sub-grid islands to all models
which has significantly reduced these differences.
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Figure 6.  Available buoy measurements off and along the West coast of the U.S.
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Figure 7.  Statistical evaluation of ENP hindcast against buoy measurements along the shelf of 
the West coast.
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