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ABSTRACT

This study derives potential wave energy fluxes
from long-term climatological wave height/period
statistics for virtually all coastal areas of the
world. The basic input data are visual wave
observations made from ships. Although visual
wave data contain certain biases, mostly re-
sulting in underestimation of the available energy
resource, they are the only homogeneous data
source available for most coastal areas of the
world. 1In order to reduce biases, hindcast data
are employed to develop correction factors for
visual height and period estimates from ships.
These transformations, developed for areas with
both ship data and hindcast data, are applied
globally to derive wave energy estimates.

1. INTRODUCTION

Increasing energy costs and probable fossil fuel
shortages in the near future have led to a renewed
and growing interest in harnessing the power of the
waves. The global coastal wave power resource has
been estimated as about 2.5 x 107 kilowattsl. The
results of this study are in fairly close agreement,
but slightly higher, at about three billion kilowatts.
This potentially recoverable resource may be particu-
larly attractive to third world nations favored by
long coastlines but faced with the mounting costs of
fossil fuels required by industrialization. A

factor currently prohibiting an evaluation of the
economic feasibility of tapping wave energy is the
lack of area-specific estimates of the resource on

a global basis. Wave energy potentials have been
calculated for the North Atlanticz, the coasts of

the British Isles3 and South Africa’%. The intent

of this paper is to produce estimates of the annual
wave energy for all habitable coastlines of the
world.

2. DATA SOURCES AND ANALYSIS

Visual wave observations made by transiting marine
vessels comprise the largest and most geographi-
cally comprehensive set of wave data available.
Tables of monthly and annual wave height vs.
period are included in a series called Summary of
Synoptic Meteorological Observations (SSMO)5. The
SSMO's are published for about 500 coastal areas,
each extending seaward about 150-200 miles. All
observations of wave height and period within a
particular area are summarized together. However,
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a bias toward lower reported values of height and
period has been apparent in the set when compared
with more exacting methods of observation. Re-
liance on this set alone for energy calculations
could significantly underestimate the available
resource.

Recently a set of tables similar to SSMO's, but
much more comprehensive, was published for se-~
lected points along the eastern U.S. coastline®.
These wave data were calculated via a hindcast
technique utilizing 20 years of data, with results
considered more representative of the actual wave
climatology than visual estimates from ships. Our
objective was to develop a relationship between
the hindcast and SSMO data which could be applied
to all SSMO areas. Five hindcast points along the
coast from New England to Florida and a sixth near
Puerto Rico were chosen for comparison with the
nearest SSMO area data.

SSMO tables were initially modified by removing all
data with indeterminate periods, setting periods
<6 seconds equal to 5.5 and >13 seconds equal to 18.
Seasonal and annual cumulative relative frequency
(CRF) graphs were developed separately for the
height and period statistics for each hindcast
point and the coincident SSMO area. For each SSMO
height and period class midpoint an equivalent
hindcast height and period was determined. This
was done by determining the CRF for each SSMO
height (or period) midpoint, then determining the
hindcast height (or period) value associated with
that CRF for the same area and season. The SSMO
and equivalent hindcast values for all six areas
were plotted seasonally and annually and lines of
best fit calculated. 1In effect, seasonal and
annual transfcrmations of SSMO data to approxi-
mated hindcast period and height data resulted.
The original SSMO height and period class mid-
points and the transformed anmual values (in
parentheses) are: height-meters .25 (.25), .50
(.59), 1.00 (1.28), 1.50 (1.97), 2.00 (2.66), 2.50
(3.35), 3.00 (4.04), 3.50 (4.73), 4.25 (5.76), 5.25
(7.14), 6.25 (8.40), 7.25 (9.89), 8.75 (11.96),
11.00 (15.05), 13.50 (18.50), 16.50 (22.63), 19.75
(27.10); period~seconds 5.50 (7.91), 6.50 (8.73),
8.50 (10.38), 10.50 (12.03), 12.50 (13.68), 18.00
(18.22). These transforms were then applied to
the original SSMO data. Wave energies were calcu-
lated for each hindcast point and SSMO area by the
equationz:

1
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U.S. Government work not protected by U.S. copyright.



where T is the period in seconds and H the sig-
nificant wave height’ in meters defined as the
average of the highest one-third of the wave
heights observed. Figure 1 demonstrates the good
agreement between the hindcast and transformed
SSMO energies, with a linear correlation coef-
ficient of 0,93.
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Figure 1l.Correlation of seasonal wave power
derived from wave statistics for six hindcast
points and nearest SSMO areas.

3. ANALYSIS OF RESULTS

The height and period transforms were applied to
seasonal and annual wave data for all SSMO areas
and energies were computed. Only annual results
are presented in this paper. Figures 2, 3 and &
depict the estimated average annual wave power in
kilowatts per meter of wave front for most coastal
areas of the globe. Results compare favorably to
values in the literature for the North Atlantic and
British Isles. This provides some degree of confi-
dence in applying these values for other areas of
the world. Highest wave energies are observed in
the North Pacific, eastern Atlantic and southern
coastlines of Australia, New Zealand, South America
and Africa. Annual averages exceed 10 kW m~l in
nearly all areas.

The results shown may be somewhat inaccurate
(usually low in temperate and polar areas) for the
Aleutians, south coast of Alaska, west coast of
Canada, central Pacific Islands, the Mediterranean
Sea and Southwest Asia due to data problems in the
earliest published SSMO's. Newer data are now
available and would change the estimates for these
areas, drastically in some cases, but resources
did not permit us to update the published data.

4. SUMMARY AND SUGGESTIONS FOR FUTURE WORK
Transformed SSMO wave height vs. period data appear
to give useful estimates of regional wave power
potential on a global basis. However, several
improvements could be made on the estimates shown
in this paper, given time and resources. Among
these improvements: (a) Apply separate transforms
to polar, temperate and tropical areas; (b) Refine
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the models using more hindcast data sets and apply
results seasonally; (c) Produce revised estimates
for areas where older ship summaries are suspected
of having data problems; (d) Provide estimates of
the directionality of wave power. This paper
assumes utilization of energy from waves occurring
from any direction. Many wave energy extraction
devices require placement normal to the primary
direction of wave movement; (e) Include shoaling;
(£) Provide persistence statistics.

5. ACKNOWLEDGMENTS
Ron Baldwin did the ADP work. Bob Courtmey drafted
the figures and Sara Lackey typed the manuscript.
The U.S. Navy funded the original publication of

the SSMO's. The U.S. Army provided hindcast data.
6. REFERENCES
1. Isaacs, J.D. and Seymour, R.J.: "The ocean as

a power resource,” Intern. J. Environmental
Studies, Vol.4, 1973, pp 201-205.

Salter, S.H.: "Wave power," Nature, Vol.249,
June 1974, pp 720-724.

Winter, A.B.: "The UK wave energy resource,"
Nature, Vol.287, 1980, pp 826-829.

Nurick, G.N. and Dutkiewicz, R.K.: "Wave
energy off the coast of Southern. Africa,"
Paper F1 - International Symposium on Wave

and Tidal Energy, Vol.2, Sept. 1978, pp Fl-1 -
F1-14.

U.S. Navy: Summary of synoptic meteorological
observations - 100 volumes, 1971-81, available
from NTIS, Springfield, VA 22161.

Corson, W.D., Resio, D.T., Brooks, R.M.,
Ebersole, B.A., Jensen, R.E., Ragsdale, D.S.,
and Tracy, B.A.: Atlantic hindcast deepwater

significant wave information, U.S. Army Engineer

Waterways Experiment Station, P.0O. Box 631,
Vicksburg, MS 39180, January 1981, 856 pp.

Pierson, W.J., Neumann, G., and James, R.:
Practical methods for observing and fore-
casting ocean waves, H.0. Pub 603, 1955,
284 pp.




g .. R
SFEQLL

vw&ﬁmwm%/

30°

40°

30°

40°

10°

0°

50°
T
'
|
|

60°

70°

a0°

90°

BQ101

50°

100°

110°

120°

130°

140°

150°
-

s0s . 1

(4

107

0°

. —~0 )
— o
|2
EW
-
o - W" w O °
g >822 8
- Vo !
ox E
2 o«
8
) ) 1 aPE )
— - - D =
. 2vo
o 2w
29
. ”sm 0
- 4 S o &
& 9F &
= 0%
2-0
s 2Z
) 2 ' %
r=] =5
= a - S 83w 2
cv?®
c =9
<23
2 )
Q ] =
o
e
2
o
ic %
[ i)

Q05



10° 0°

20°

30°

40°

—E

[

107
DDL
10°';7'
i
b !
R :|
Lo : 56‘
- '-—LL_I

for coastal an

Flgure 3 Annual average wave power (kW m ]]
d selected off-coast SSMO

areas - Europe, Africa and Southwest Asia.

50°i + I . +—-50 — . —1501
i _ | | . SChLE OF NATTICAL MILES T VARIOUS LATITUDES
i H I . o ©o »n
i i 3 P -
I -2
! | il IR R N e
I o i L 'UERCATOR PROJECTION
: l::_‘; ERENSN| I TRUE TO SCALE AT zu-lm ANDS. ... )il
30° 20° 10° Q° 10° 20° 30° 40° 50° 60° 70° BO° 90° 100°




120° 130° 140° 150° 160° 170° 180° 170° 160° 150° 140°
O

Figure 4 Annua! average wave power (kW m—
for coastal and off-coast SSMO areas -

East Asia, Australia, New Zealand, g

Alaska and selected Pacific Islands. !

|- . . .. S

I R R R DN

90° 100° 10° 120° 130° 140° 150° 160° 170° i80°  170° 160° 150° 14

S8




