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1. Motivation

National Data Buoy Center (NDBC) presently operates almost 300 marine observing stations, of which, more than 100 measure
waves and some wave measurement records cover more than 30 years (Figure 1). Studies (Gemmrich et al., 2011, Thomas et al.,
2011; and Livermont et al., 2015) have shown that changes of significant wave heights (H,) can be attributed to changes in wave
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Figure 2: Long-term Wave Height Records from NDBC buoy 46005. P =
step change due to change in wave processing. H= step change due to
change in buoy hull. Source: Thomas et al., 2011.
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Figure 1: Locations of NDBC Wave Measuring Buoys as of 2017
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Figure 4: Trend reanalyzed considering changes to wave measurements. In
the 70s NDBC only measured 12 frequency bands switching to 50 in the 80s.
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Figure 3: Trend analysis of wave measurements
without considering changes. Allen and Komar, 2000.

2. Project FLOSSIE

To understand the effects of changing wave systems on wave measurements, the US Army Corps of Engineers Coastal and
Hydraulics Laboratory funded project FLOSSIE (Field Laboratory for Ocean Sea State Investigation and Experimentation, Jensen
et al, 2015), to have NDBC equip and deploy a NOMAD (Navy Oceanographic and Meteorological Automatic Device, van Straten,
1966) hull (Figure 5) with an older wave measuring system, Wave Analyzer (WA). Nearby is a smaller 3-m hull with a newer wave
measuring system, the DDWM (Digital Directional Wave Module). NDBC once employed 61 NOMAD hulls (6 m long, boat-
shaped hull), but they have been phasing out for smaller hulls (3 m or less, discus hulls). NOMADS were first deployed in 1975 and
the WA wave system in the mid-80s. 3-m hulls have been used since the 1990s and DDWM has been used for about the last 10
years.

The FLOSSIE buoy was deployed in July 2015 off the coast of Monterey Bay, CA (Figure 6) near the operational NDBC buoy,
46042. The analysis will use two years of data from July 2015 through July 2017 .
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Figure 5: Photo of 6-meter NOMAD Buoy
on a cradle. Figure 6: Project FLOSSIE Test Area. The NOMAD buoy is 6N-FLO and 3-m

DDWM is 3D-46042.

3. Analysis and the Experiment

We analyze two years of data from both the WA on the NOMAD buoy (WA:NOMAD) and DDWW on a 3-m diameter buoy

(DDWM:3M). We then simulate a change in both wave systems and hull by appending the second year of DDWM on the 3-m buoy to

the first year of WA on the NOMAD. The stitched together time series is labeled WA:NOMAD — DDWM:3M in the graphics and
then perform linear least squares fit of the trends. For significant wave height (H,), the DDWM:3M has a slightly positive slope one-

tenth that of the WA:NOMAD ;however, even this slight difference, leads to a negative slope for the Combined data set (Figure 7). We

perform an experiment by extending the linear least squares fit out three years that leads to a marked difference in projections with
both original data sets leading to increases in H, while the projection using the Combined dataset indicates decreasing wave heights
(Figure 8).
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Figure 8: 3-year projections for significant wave
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Figure 7: Significant wave height measurements

We then examine the effects on two parameters often projected into the future: for ship design, Average Wave Steepness (Figure 9)
(Binter-Gregersen and Soares, 2007); and for renewable energy, Wave Power (Figure 11). Both parameters include the wave periods
(not shown) in addition to the wave height (See section 6. Calculations). Again, by forming a combined dataset, the 3-year
projections would show markedly different projections then either of the original datasets (Figures 10 and 12).
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Figure 10: 3-year projection for Wave Steepness. Graph
similar to Figure 8.

Figure 9: Wave Steepness. Graph similar to Figure 7.
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Figure 12: 3-year projection for Wave Power. Graph similar

Figure 11: Wave Power. Graph similar to Figure 7. to Figure 8.

4. Conclusions

e From two years of wave measurements made simultaneously from two different buoy hulls and two different wave measuring
systems, the trends are analyzed and 3-year projections are made of Significant Wave Height, Wave Steepness, and Wave
Power.

 Acombined dataset using the older buoy/wave system for the first year and the newer buoy/wave system for the second year is
formed. Trend analysis and 3-year projections of the combined dataset show significant changes from either of the original time
series datasets.

«  While this experiment is rather simplistic and deliberately abrupt, the study and the experimental projections confirm previous
studies that changes in hull or wave measuring system can introduce non-geophysical changes into the long-term records.

5. Future Work

The FLOSSIE Project will examine corrective factors that may be used to mitigate changes between systems and thus construct
homogenous datasets that can provide consistent and reliable understanding of past and future changes.

6. Calculations

NDBC uses the displacement density spectra, S(f), units m"2/s, a function of frequency (f), to compute other wave parameters (see
NDBC, 1996).

Spectral Moments (m,) are calculated from: Zﬁ((S(f)) * (f™) * (Af))
Significant Wave Height (H,, meters) is calculated from the zeroth moment: 4*,/m,

m
Wave Steepness is calculated from H, and the Average Wave Period (T,): 8*“*25, where: T, = /m—g and g = 9.81 m/s"2
gxTz
Wave Power (kW/m) is calculated (Kamranzad et al., 2016) using H, and the Wave Energy Period (T,): 0.49* (H,"2) * T,

T-1

where T, is computed from (Pecher and Kofoed, 2017) : m,
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