














were taken from either a base-case or a control hind­
cast run and in which forecast wind fields were derived 
from various forecast pressure fields. Table 2 (from Ref. 
23) gives simulated verifications of these forecasts against 
sea states specified in the base-case hindcast for several 
runs, in terms of peak hindcast SWH and mean and 
root-mean-square errors in wind speed and SWH. In 
forecast run Fl, the forecast pressure fields produced 
operationally at the Fleet Numerical Oceanography Cen­
ter (FNOC) were used to provide forecast winds in the 
24-hour period beginning 1200 GMT, September 9. In 
that period, the Queen Elizabeth 2 storm central pres­
sure deepened to 950 millibars, while FNOC specified 
only 999 millibars. The peak SWH was forecast to be 
10.3 feet versus 24.3 feet in the base-case hindcast. In 
run F2, which used the same control initial state as Fl, 
the experimental NWP model run of Anthes et al. 24 

was used to provide wind fields. Their model captured 
about 30 percent of the explosive deepening observed 
in this 24-hour period, and peak sea states were closer 
to the base-case value, though still significantly lower 
(18.5 versus 24.3 feet). 

Two 24-hour forecast experiments addressed the 
24-hour period following 1200 GMT, September 10, dur­
ing which the storm central pressure filled to 976 milli­
bars, but peak SWH continued to build as the area of 
high winds about the storm expanded. It was at the end 
of this period that the Queen Elizabeth 2 storm encoun­
tered peak SWHs estimated to be in the range of 35 to 
40 feet. The base-case hindcast specified 37.2 feet. A 
24-hour forecast run (F3) using the control run initial 
state and the NMC forecast model pressure fields from 
the National Oceanic and Atmospheric Administration 
predicted peak sea states to be less than half that ob­
served (17.4 feet). The same forecast winds were used 
for run F4, but initial states were taken from the base-
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case hindcast. This run is intended to simulate the ideal­
ized situation in which spacecraft-derived wind and/ or 
wave measurements together with a wave model provide 
a "perfect" specification of the directional spectrum. 
However, F4 produced a peak SWH only marginally 
greater than that provided by run F3. 

These simulation experiments suggest that much of 
the benefit of spacecraft-monitoring of marine winds and 
sea states is lost in the first 12 to 24 hours of forecast 
horizon unless skill in numerical weather forecasts of in­
tensity changes in marine cyclones is significantly im­
proved from current levels. Until actual spacecraft data 
become available in the early 1990s, spectral wave models 
should be used in observing system-simulation experi­
ments to assess the potential benefits of proposed 
remote-sensing systems, to develop and test algorithms 
for the assimilation of wind and wave data into wave 
models, and to help define the attributes of a future 
operational remote earth-observation system. 
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Table 2-Queen Elizabeth 2 storm wave-model impact experiments.23 

1200 GMT, September 10, 1978 1200 GMT, September 11, 1978 
Field errors· relative Field errors relative 

to base run to base run 
Wind Field Po •• SWHpkt wstt (m/s) SWH (m) Po SWHpk WS (m/s) SWH (m) 

Run Type Source (mb) (ft) Mean rms Mean rms (mb) (fl) Mean rms Mean rms 

Base case Hindcast Seasat-A scatterom- 950 24.3 976 37.2 
eter system/ 

conventional analysis 

Control H indcast NMC 6-hr SLp··· 980 10.0 - 1.3 5.0 - 0.8 1.5 978 26.6 - 1.4 4.0 -0.3 0.9 

F l Forecast Control + FNOC 999 10.3 - 4.8 6. 8 - 1.6 2.2 

F2 Forecast Control + Anthes 24 984 18.5 -2.3 5.5 - 0.4 1.3 

F3 Forecast Control + NMC 996 17.4 -3 .9 6.0 - 1.5 2.2 

F4 Forecast Base+NMC 996 19.0 - 3.9 6 .0 - 1.3 2.0 

"Mean and rms errors computed relative to the base-ease-run gr id fields of SWH over the domain covering the storm circulation only. 

". Po = minimum central pressure. 

tSWH pk = peak SWH. 

ttws = wi nd speed at 20 m. 

"". OAA National Meteorological Center sea-level pressure analyses. 

Johns H opkins APL Technical Digesl , Volum e 8, Number J (1987) 31 



Cardone - Present Status of Operational Wave Forecasting 

9S. Hasselmann , K. Hasselmann , P. A. E. M. Janssen , G. J . Komen , L. 
Bertotti, A . Guillaume, V. J. Cardone, J. A. Greenwood, M. Reistad, 
and J . A. Ewing , "The WAM Model, a Third Generation Ocean Wave 
Prediction Model" (i n preparation, 1986) . 

10K. Hasselmann, "On the Spectral Dissipation of Ocean Wave due 10 

White Capping," Bound.-Layer Meleorof. 6, 107-127 (1974). 
liS . Hasselmann, K. Hasselmann , J . H . Allender, and T. P . Barnett, "Com­

putations and Parameterizations of the onlinear Energy Transfer in a 
Gravi ty-Wave Spectrum, Part II : Parameterization of the onlinear Ener­
gy Transfer for Application in Wave Models," J. Phys. Oceanog. 15 , 
1378- 1391 (1985). 

12V. J. Cardone, W. J. Pierson, and E. G. Ward, " Hindcasting the Direc­
tional Spectrum of Hurricane Generated Waves," J. Pelrof. Tech. 28 , 
385-394 (1976). 

13R. M . Clancy, J. E. Kaitala , and L. F. Zambresky, " The Fleet umerical 
Oceanography Center Global Spectral Ocean Wave Model, Buff. Am. 
Meteorof. Soc. 67 ,498-512 (1986). 

14A. M . Reece and V. J. Cardone, " Test of Wave Hindcast Model Result 
against Measurements during Four Diffe rent Meteorological Sy tems," 
Offshore Technology Conference Paper 0.4323, 14th Annual OTC Con­
ference (1982). 

ISSWIM Group (9 authors), "A Shallow Water Intercomparison of Three 
Numerical Wave Prediction Models," Q. J. R. Meteorof. Soc. 111 , 
1087-1112 (1985). 

16S. M. Lazanoff and . Stevenson, " Preliminary Verification of the F WC 
Twenty-Year orthern Hemisphere Wave Spectral ClimalOlogy," in Proc. 
NA TO Symp. Turbufem Ffuxes Ihrough the Sea Surface- Wave Dynam-

32 

ics and Prediclion, Plenum Pre , ew York (19 ). 
W. D. Corson and D. T. Re io, Wave Informalion SlUdy for Coast fines, 
Repon II: Comparisons of Hindcasl and Measured Significant Wave 
Heighls, Army Corp of Engineer \! aterway Experiment Station, Vicks-
burg, iss. (19 I). 
D . T. Resio, "The Estimation of \ ind-\ ave Generation in a Discrete 
Spectral Model, J. Phys. Oceanog. 11 , 5IO-Sr (1981). 

19L. I. Eide, M. Rei tad, and 1. Guddal , Dala Base of Compuled Wind 
and Wave Paramelersfor Ihe onh Sea, Ihe orwegian Sea and the Bar­
ems Sea, Every 6 Hours for Ihe Years /955-/98/ (in orwegian), Det 

orske Meteorologi ke In titutt, 0 10 (19 5). 
20 . J . Cardone and D. Szabo, "Impa t of ncertainty in Specification of 

Off hore Wind ccuracy of a e Hind a t and Forecasts," in Proc. 
Workshop on Offshore Winds and Icing (19 5) . 

21 B. M. Eid, .1. Cardone, and J . A. Greem ood, "Evaluation of Two 
Operational Spectral Ocean \ a e Model: 0 and ODGP," 19th An­
nual Canadian Meteorologi al and 0 eanographi ociety Congre ,Mon­
treal (Jun 198 -). 

22p. A. E. M. Jan en, G. J. Komen, and \V . J . P . de oogt, "An Opera­
tional Coupled H ybrid Wa e Prediction odel , " J. Geophys. Res. 89 , 
3635-3654 (19 4). 

23 . J. Cardone, "Potentiallmpa t of Remote en ing Data on Sea-State 
Analy i and Prediction," final report 10 Contra t o. ASS-26890. 
( ASA/ Goddard Space Flight Center) , Oceanweather Inc. (1983). 

24R. A. nthe, Y. H. Kuo , and 1. R. Gyakum," umerical Simulations 
of a Ca e of Explo i e arine Cy logene i ," Mon. Wealher Rev. 111, 
1174-11 (19 3). 

Johns Hopkin APL Technical Dige I, Volume umber / (/9 ) 


