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NOAA’s National Data Buoy Center (NDBC) operates more than 

100 buoys measuring wind, waves, temperatures

Buoys more than 30 years of records
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Used for Cal/Val in R2O of Marine Remote 

Sensing and Numerical Wave Models

Remote Sensing Wave Models
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NDBC Buoy Wave Cal/Val

• Hull Calibration: Make adjustments to the data 

processing to improve the measurements. 

• Field Evaluation: Determine the accuracy of the new 

wave measurement system. Accuracy in terms of Root 

Mean Square Error (RMSE).

• Using a Datawell WaveRider MkIII (DWR) buoy as the 

accuracy and calibration standard

– International Task Team on Wave Evaluation & 

Testing
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Cal/Val for new 2.1-m hull 

3-m diameter, 

discus 

aluminum 

hull

• NDBC 3-m diameter, 

aluminum discus, 1724 kg, 

+5 m height

• NDBC 2.1-m diameter, foam 

discus,   492 kg, +3.2 m

• DWR 0.9-m, stainless steel  

spherical, 225 kg, +0.5 m

NDBC buoys do more than 

Waves!
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Test Area: 110 km SE of Virginia Beach, VA

Buoys 800 m apart; Water Depth 45 m

Dataset

19 Apr – 15 Nov 2017

4966 Records

Maximum Wave Height: 7.1 m
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• Although from 1985, NDBC still uses many of these techniques in fielding 

new Heave/Pitch/Roll buoy wave systems. 

• Applied to Spectral Energy Densities

• Due to time constraints, will limit discussion to rthe effect on wave height

• Calibrations:

- Amplitude changes (Response) to vertical displacement (H

- Heave) from hull (h) and mooring effects: (RhH)

- Low Frequency Noise Correction (NC)

Image of Steele et al., 1985 title, author, and source used with the permission of the IEEE
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Hull/Mooring 

Response (RhH)

• C11(f): Spectral Energy Densities

• Time series AccelZ ->FFT->∫∫->C11(f)

• Smaller buoy responds more closely to waves; 

Waverider MkIII = 0.9 m diameter

• Larger Buoys - affects higher 

frequencies/smaller wavelengths:

• Can slice through crests, or 

• Not fully descend into trough if the hull 

diameter is more than twice the 

wavelength, and

• Any moored buoy does not perfectly respond 

to the wave changes beneath it
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Empirical Noise Correction for Strapped-down Accelerometer

• NDBC measures vertical acceleration of the buoy hull using 

strapped-down accelerometer

• Accelerometer is not always vertical
– Wave slopes

– Tilt due to winds or currents

• Assume signal below 0.03 Hz is noise

• Correction is a function of the magnitude of that noise

• Linearly decreases with increasing frequency (Lang, 1987)

• Waverider MkIII: Vertically stabilized (Datawell, 2009)

We are trying 

to measure 

this – wave 

height
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2.1-m Mean Uncalibrated Spectral Energy Densities (red)

Waverider Mean Spectral Energy Densities (blue)

NC
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Mean Spectral Energy Densities

2.1-m with 3-m Noise Correction & RhH = 1 (red)

Waverider (blue)

2.1-m Peak 0.1 Hz (10 seconds)

2.1-m biased low

DWR Peak 

0.098 Hz 

(10.3 

seconds) RhH
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Mean Spectral Energy Densities 

(C11(f)) after Calibration

• Much smaller bias in 

higher frequencies & 

very low frequencies

• Mean peaks coincide

• Better fit in high and very 

low frequencies

• Peak frequencies match

m0  =
𝑓=1

𝑓=𝑛
𝐶11 𝑓 ∗ 𝜕𝑓

Hs = 4* 𝑚0
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Significant Wave Height (m)
Statistic With Old 

Calibration

With New 

Calibration

Bias -0.072 -0.023

RMSE 0.131 0.108

Max |Error| 1.1 1.0

CorrCoef 0.9926 0.9997

Slope LSQ Fit +0.9561 +0.9688

Y-intercept LSQ Fit -0.007 +0.024

15-m Intercept LSQ Fit 14.3 14.6
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Conclusions & Further Work
• New Calibration improves mean spectra

• 2.1-m accuracy with new calibration:

– Significant Wave Height: 0.11 m RMSE, N = 4966

• Small bias (-0.02 m), most of the error is in the 

variance

• Constrained by present calibration, applies to a 

hull/mooring over all conditions

– Reduce variance by seeking different calibrations for 

specific conditions

– New model for low-frequency noise correction

• Investigate transportability of new calibrations to 

other test sites – West Coast and Great Lakes
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More Information

richard.bouchard@noaa.gov

(228) 688-3459

http://www.ndbc.noaa.gov/wavemeas.pdf

http://www.ndbc.noaa.gov/faq.shtml

Archive data:

https://www.nodc.noaa.gov/BUOY/, and 

https://data.nodc.noaa.gov/thredds/catalog/ndbc/cmanwx/
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