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Young and Ribal (2019, Science)

Global wave climate trend by satellite since 1980s
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Global wave climate trend by hindcast/reanalysis since 1980s

Li et al., (2022, Commsenv) 

Trend during 1980-2014
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How about before 1980s?

--> 70-year global wave hindcast and trend estimation
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70-year global wave hindcast

⚫ Atmospheric reanalysis
– JRA-3Q developed by Japanese Meteorological Agency 

(Kosaka et at., 2024)  

– 40 km resolution

– 1947 to present

⚫ Wave model 
– Spectral wave model: WAVEWATCH III 

⚫ Domain
– Unstructured-grid created by Oceanmesh2D 

(Robert et al., 2019) 

– Global: 50 km resolution

– Coast: 5 km resolution

– The Unresolved Obstacles Source Term (Mentaschi et al., 2015) 

⚫ Forcing
– Hourly sea surface wind

– Daily sea ice concentration (IC0)

⚫ Wave hindcast period
– 1948 to 2022

Averaged Hs

Maximum Hs

Unstructured grid
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Data for comparison

◼ Satellite remote sensing observation (Ribal and Young, 2019)
⚫ Obtained from the Australian Integrated Marine Observing System

⚫ 1985 – 2022
⚫ Gridded to 0.5°x 0.5°

◼ In-situ observation
⚫ US NDBC

• Buoy

• 1975 - 2022

⚫ Japanese NOWPHAS
• Buoy and ocean bottom mounted sensor

• 1979 – 2022

◼ ERA-5 (Hersbach et al., 2020)
⚫ 1940 – 2022

⚫ Satellite observation data assimilation since 1991
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Validation against the satellite observation

Correlation coefficient of hourly significant wave heights between JRA-3Q and satellite observations
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Validation against the in-situ observation with ERA5
Significant wave height Mean wave period

Corr. Coef. Corr. Coef.
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Trends of Hs based on JRA-3Q global wave hindcast

[m/year]

[m/year]

Annual mean

1948 - 2022

Annual 90%tile

1948 - 2022

Annual mean

1985 - 2022

Annual 90%tile

1985 - 2022
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Relationship with climate index

North Pacific 

Index (NPI)

Southern Annular 

Mode (SAM)

Correlation coefficient of 

Hs with climate index

ERA-5 has 

inconsistency 

between wave 

and indices 

before 1980s.
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Sampling problem in satellite estimation
JRA-3Q

JRA-3Q

Re-sampled same as satellite
Satellite
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Comparison of trends with buoy estimations 

(40-year long observations)

#46001: Mid latitude (40N) in NP #51001: Lower latitude (25N) in NP
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Historical trend is consistent with 

future wave climate projection ?

Morim et al., 

(2019, Nature 

climate change)

This study

Inconsistency:

-> Natural variability?

-> Deficit of climate projection?
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Conclusions
◼ Global ocean wave hindcasts were conducted using new atmospheric reanalysis 

and unstructured grid wave model from 1948 to 2022.

◼ Wave hindcast compared with satellite, buoy, and reanalysis data exhibit good 

performance particularly along coasts.

◼ Wave height trends within first and later halves are opposite over North Pacific, 

indicating large multidecadal variability.

◼ Resolving the inconsistency between historical trends and future projections is 

important for increasing confidence in climate projections.

Shimura et al. (under review)
Multidecadal oscillation masks ocean wave climate 
trends in 75-year global wave hindcast
Preprint is available at ESS OPEN ARCHIVE
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End
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Morim et al., (2019, Nature climate change)

– 21 international research groups

• AUS: CSIRO, USA: USGS, CA: ECCC, UK: NOC, JA: KU-DPRI etc.

– 148 ensemble member

– Future projection of wave height, period, direction and the 

uncertainty

– RCP4.5 and 8.5 scenarios

Historical trend is consistent with 

future wave climate projection ?
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Validation against the satellite observation with ERA5
20
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