North Atlantic spectral wind wave climate from visual ship-
based observations
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 Sources of wind wave information — strengths and weaknesses

L Why spectral view of wind waves is important, from which source(s) can we
get it? (examples)

 Visual wind wave observations — why they are valuable?

d How to reconstruct directional spectra from visual obs, where and when it is
possible? - method

1 NA spectral climatology and it validation



Wind wave data over the global oceans: satellites and buoys

Radars (coastal, light vessels, onboard) _> SWH, partitions, spectra
Satellites (a/timeters/scatterometers)——} SWH, periods (SWIM)

Wave meteorological buoys— SWH, partitions, spectra

Model (WAM, WW3,SWAN) hindcasts

forced by reanalysis Winds— SWH, pan‘itions, spectra

VOS — from 1865 Sea, swell, SWH, periods
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History of visual observations
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ABSTRACT

On the basis of the collection of individual marine observations available from the Comprehensive Ocean—
Atmosphere Data Set. major parameters of the sea state were evaluated. Climatological fields of wind waves
and swell height and period. as well as significant wave height and resultant period are obtained for the North
Atlantic Ocean for the period from 1964 to 1993, Validation of the results against instrumental records from
National Data Buoy Center buoys and ocean weather station measurements indicate relatively good agreement
for wave height and systematic biases in the visvally estimated periods that were corrected. Wave age, which
is important for wind stress estimates, was evaluated form wave and wind observations. The climatology of
wave age indicates younger waves in winter in the North Atlantic midlatitudes and Tropics. Wave age estimates
were applied to the calculations of the wind stress using parameterizations from field experiments. Differences
between wave-age-based and traditional estimates are not negligible in wintertime in midlatitudes and Tropics
where wave-induced stress contributes from 5% to 15% to the total stress estimates. Importance of the obtained

effects for ocean circulation and climate variability is discussed.
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Wind wave data over the global oceans: VOS
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Wind wave data over the global oceans: model hindcasts
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Only wave spectral models provide directional spectra
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Spreading functions

(a) Wind Sea (b) Swell
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Flowchart of the algorithm
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Thresholds: the number of obs in 10-degree cell

Mid-latitude NA Spreading functions for randomly selected number of obs
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Reconstruction of directional spectra from VOS: NA (1970-2024) 10° cells
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Reconstruction of directional spectra from VOS: NA-JUL (1970-2024) 1° cells
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Validation against model spectra
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Validation against model spectra
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Validation against model spectra
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Validation against model spectra
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PM vs JONSWAP

Pierson and Moskovitz (1964) JONSWAP (1972)
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CONCLUSIONS
d Directional wind wave spectra can be reconstructed from VOS, some theory
however is needed

- Longuet-Higgins — OK for spreading function
- JONSWAP is likely more effective than PM-Davidan for integrating spectra

O NA s a good place for 10-degree, 1-degree is likely possible for coastal areas

d Compared to model hindcasts, reconstructed spectra capture well the
direction and magnitude, but produce a bias in frequency (waves are shorter,
likely due to swell), but we know to handle the bias

d Interannual variability for sea is reliable

the
VOS waves stil have _a” future
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number of VOS contributing observations to ICOADS
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Figure 4. Joint probability distributions (portions of unity) of the wind sea and wind speed (A) and swell and wind speed (B). Solid lines correspond to the JONSWAP
dependencies of the wave height of wind velocity for different durations, as given by Carter (1982)
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Cynosaa P/IC

PJ1C — paguonokaunoHHasi ctaums

.« PfIC

el cydo08blE PJ1 uHOukamop
Hasu2auuoHHble  SeaVision 3

cucmemsl P/1 uzobpaxceHue mopckol nogepxHocmu

3 Tilinina, N., Ivonin, D., Gavrikov, A., et al. Wind waves in the North Atlantic from ship navigational radar: SeaVision development and its validation with the Spotter wave 29
buoy and WaveWatch lll, Earth Syst. Sci. Data, 14, P. 3615-3633, 2022
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4Young, I. R., Rosenthal, W., & Ziemer, F. (1985). A three-dimensional analysis of marine radar images for the determination of ocean wave
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directionality and surface currents. Journal of Geophysical Research: Oceans, 90(C1), 1049-1059.
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HanpaBaeHHbIN CNEKTP

[1ns1 BOCCTAaHOBNEHUA HaMNpaBriEHHOro CriekTpa no AaHHbIM bys Spotter
ncnonb3oBarncsa metogq EWDMS, Takke BbinonHsanocbk mogenuposaHme WaveWatch |1l

BoccTtaHoBMeHHbIE CMEKTPbI OKa3anucb cooTBeTCcTBYOWNMU, PJIC gatoT 6onee y3kum
CNEKTpP, YTO noaTBepXaaeTcs NogodbHbIMM paboTamu
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6Pelaez-Zapata, D., V. Pakrashi, and F. Dias, 2024: Ocean Wave Directional Distribution from GPS Buoy Observations off the West Coast of Ireland: Assessment of a
Wavelet-Based Method. J. Atmos. Oceanic Technol., 41, 749-765.
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Wind wave data over the global oceans
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