
Last improvement of the L4 Wave-TAC significant wave height nadir products

Accurate measurement and mapping of sea surface significant wave height (SWH) are crucial for maritime 
safety, marine weather forecasting, and climate research.

- Focus of the study: 
o Assessing and enhancing the quality of SWH mapping.
o Implementing new interpolation techniques within the WAVE-TAC product lines and improvement of 

temporal and spatial resolutions.

Min. dist. 
from coast 

(km)
Mapping method No. points Bias (m) RMSD (m) R

100

Box average + linear 
interpolation

17007 -0.002 0.389 0.943

MIOST 17007 -0.01 0.322 0.961

200

Box average + linear 
interpolation

11066 -0.008 0.350 0.950

MIOST 11066 0.001 0.284 0.967

Oceanic regime NRT maps D-5 NRT maps D-1
Coastal 0.379 0.397 (+4.7%)

Offshore – High 
variability 0.569 0.576 (+1.2%)

Offshore – Low 
variability 0.354 0.358 (+1.1%)

Equatorial band 0.190 0.199 (+4.7%)

Oceanic regime OLD VAVH_INST NEW VAVH_INST 
(MIOST)

Coastal 0.413 0.379 (-8%)
Offshore – High 

variability 0.635 0.569 (-10%)

Offshore – Low 
variability 0.401 0.354 (-12%)

Equatorial band 0.198 0.19 (-4%)

1. New mapping method : MIOST

3. Validation method

→ VAVH_INST : reproduce the instantaneous wave field at 12UTC 
with no empty cells. 

→ Based on the Multiscale Inversion of Ocean Surface Topography 
(MIOST) mapping approach (Ubelmann et al. 2021, 2022).

→ This method accounts for various modes of variability of the 
ocean surface topography:
o Construction of several independent components within an 

assumed covariance model.
o Covariance functions: expressed as wavelet modes.
o Inversion performed in this space using a variational 

approach.

Min. dist. 
from coast 

(km)
Mapping method No. points Bias (m) RMSD (m) R

100
Box average + linear 

interpolation
369225 -0.03 0.586 0.900

MIOST 369641 -0.06 0.523 0.922

200
Box average + linear 

interpolation
244173 -0.04 0.556 0.906

MIOST 244484 -0.05 0.502 0.925

For L4 product: development of a specific covariance model to 
represent the evolution of SWH, characterized by spatial scales 
of 800-1500 km and temporal scales of 1.5 to 5 days (SALP 
(CNES) project, “SWOT One day” study). 

NRT product:
→ Validation against in-situ data: product 

INSITU_GLO_NRT_OBSERVATIONS_013_030
→ Comparison to old version and reanalysis (ERA5)
→ Validation against independent along-track data 

(Cryosat-2): creation of a downgraded time series

2. Products overview

Product WAVE_GLO_PHY_SWH_L4_MY_014_007
WAVE_GLO_PHY_SWH_L4_ 

NRT_014_003

Area and period Global ocean, 2002-2020 Global ocean, since 2021

Missions
1 to 4 altimeters: Jason-1, Envisat, Jason-2, 

Cryosat-2, Altika, Jason-3, CFOSAT

8 to 10 altimeters: Jason-3, Sentinel-3A, 
Sentinel-3B, Altika, Cryosat-2, CFOSAT, 
HaiYang-2B, Sentinel-6A, HaiYang-2C, 

SWOT nadir

Spatial resolution 0.5°x0.5° Cartesian grid (old: 2°x2°) 2°x2° Cartesian grid (soon 0.5°x0.5°)

Temporal resolution Daily Daily (soon 6-hourly)

Access to data from 
26/11/2024

DOI : 10.48670/moi-00177 DOI : 10.48670/moi-00180

Conclusion

4. Quality of the NRT product

5. Quality of the MY product

MY product:
→ Validation against in-situ data: product 

INSITU_GLO_NRT_OBSERVATIONS_013_030
→ Comparison to the old version and reanalyses 

(ERA5 and WAVERYS)  (not shown)

Overall : refinement of SWH mapping methodologies & products utility's enhancement  for various scientific 
and operational purposes.

Fig 1:  Covariance function for the SWH component used in MIOST at 35°N,335°E, 
a) as a function of space, b) as a function of time

      

IN-SITU comparison:

→  17% improvement in 
RMSD with MIOST over the 
previous mapping method 
when selecting buoys at 
least 100km offshore.

→ Bias increases slightly for 
comparison to buoys over 
100km

→ Better results when buoys farther from the coast are 
considered.

→ Better representation of extreme wave height condition (e.g 
Hurricane Elsa, 2021 )

Along-track comparison:

→ Good improvement with MIOST especially in 
offshore regions (up to 12% in low variability 
zone)

→ Improvement in effective resolution mainly 
outside the equatorial band. 12% 
improvement over the old mapping method

→ Only slight degradation by using less 
observations. Statistics remain consistent (D-1 
: maps produced at least 12h after the given 
date, D-5 : five days after).
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IN-SITU comparison:

→ Good improvement with 
MIOST for the MY product 
both in RMSD (10% 
improvement) and in 
correlation.

→ Bias increases with the 
new mapping method

→ Over 2002-2020 : number of missions varies over time (Fig.6.e.). Statistics are better when 3 or 4 missions 
are available (Similar to NRT, good statistics for 4 or more missions). Better statistics with MIOST.

Table 1: Validation of the L4 NRT against in-situ data. “No. points”: number of in-situ measurements used for 
the validation. R : correlation coefficient

Fig 3: VAVH_INST fields comparison with the product GLOBAL_MULTIYEAR_WAV_001_032 for Hurricane Elsa on July 2nd, 2021. Labels on the central map 
indicate in-situ buoys locations and corresponding code.

Fig 2: Time series comparison of VAVH_INSTs and SWH in-
situate buoy 4100300 during Hurricane Elsa 

Table 2: RMSD (m) of L4 NRT against Cryosat-2 (Level-3). Comparisons between:  
old and new VAVH_INST (Top), DAY-5 maps and DAY-1 maps (Bottom). Coastal: less 
than 200 km; Offshore – High Variability: areas > 200 km + variance > 2 m2; 
Offshore - Low Variability: areas > 200 km + variance < 2 m2; Equatorial band: 
between -10°N and 10°N. In orange: the percentage of change.

Fig 4: Maps of effective resolution (km) of  the old  vs the new (MIOST) mapping method. The closer the colours are to blue, the finer the 
scales are resolved by the model. 

Table 3: Validation of the L4 MY against in-situ data. “No. points”: number of in-situ measurements used for the 
validation. R : correlation coefficient

Fig 6: Yearly evolution of a) bias, b) RMSD, c) correlation (R). OLD VAVH_INST in blue and MIOST VAVH_INST in orange. L4 products generated from a 
constellation of 1 to 4 satellites (d)

→ Even better performances for buoys over 200km

o Improving both the Near Real-Time (NRT) Level-4 (L4; gridded) product and the Delayed Time/Multi-
Year (DT/MY) product.

- Quality assessment includes:
o Comparisons with independent in-situ measurements.
o Comparisons with along-track data.
o Sensitivity studies to identify mapping errors in various constellation scenarios (MY/DT products).
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For NRT L4 products :
✓ Improved results with MIOST (comparison to in-

situ and independent along-track)
✓ D-5 vs D-1 results are consistent

✓ Improved results with higher temporal resolution
For MY L4 products :
✓ Improved results with MIOST (comparison to in-

situ)

OLD NRT NEW NRT MIOST WAVERYS

Fig 5: Cryosat-2 tracks filtered (orange) and unfiltered (blue) & VAVH_INST (INST) interpolated on C2-tracks for multiple resolution (Purple : REFERENCE - 24h, 
2°; Red : 24h, 0.5°; Green : 6h, 0.5°) on 2021-07-18 between 4:20 am and 5 am for : A. all latitudes, B. zoom 42°S : 20°S, C. zoom 25°N : 40°N.

Resolutions tests (fig 5.):

→ Minimal impact from spatial resolution changes (2° vs 
0.5°). 

→ Significant improvement with higher temporal 
resolution. 6-hourly resolution captures more 
dynamic oceanographic features

→ Temporal granularity is more critical than spatial 
granularity : better alignment with rapidly changing 
sea states
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