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0NN Introduction: extreme ocean waves and the impacts for China

Extreme wave is one of the major marine hazards for China:
O the deadliest marine dynamic hazard (~74% of total deaths from marine hazards)
O Drivers: tropical cyclone, cold-air outbreak, extratropical cyclone

O Other impacts: coastal infrastructure damage, coastal erosion, coastal flooding ...
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O Since the launch of Coordinated Ocean Wave Climate Project (COWCLIP, Hemer et al. 2012),

Introduction: future (extreme) ocean waves studies

significant increase in future ocean wave climate studies

O Only one study focused on the Chinese mariginal Seas (Li et al. 2022)

Future wave climate studies per year and region
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Introduction: future changes in extreme ocean waves in the NWP

Projections in the extreme ocean waves in the NWP are uncertain

Increase of TC-wave Hs'%, end of 2050 - (1980-2017), SSP585
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MM Introduction: potential limitations

O Coarse CMIP5/6 GCMs wind forcings: cannot well resolve regional (extreme) wind systems
O One-single forcing projection: limited representation of uncertainty and potentially inaccurate
projections

O

(1) Produced ensemble wave projections driven by high-resolution wind forcings

[

' (2) Studied the projected changes of extreme ocean waves under different GWLs

50°N #

§ (3) Quantified the sources of projection uncertainties spatally and temporally
b
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08 Data and methods: high-resolution wind forcing data

Overview of six groups of RCM simulations from CORDEX-EA
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08 Data and methods: Wave dynamical downscaling experiments

O WAM Nesting simulations: 24 directions and 25 frequencies from 0.04118 to 0.41145 Hz
O Outer domain: Northwest Pacific Ocean (0.5 degree) -

O Inner domain: Bohai, Yellow Sea, East China Sea (0.1 degree)

O Total numbers: hindcast, historical, future projection simulations (6*3+1)*2=38 simulations
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0P8 Data and methods: Bias correction of wave fields

O Multivariate bias correction method (MBCn, Cannon, 2018) on Hs and MWP
O Correct biases in marginal distribution of individual wave variables and the multivariate dependence

structure.
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0P8 Data and methods: Definition of extreme wave events

* Wave Storm O Extreme wave event (EWE) should last for at least 12 consecutive

2o (b)EWaE hours and be separated from other events by at least 48 hours
. ( Weisse and Gunther, 2007; and Lobeto et al. 2024).
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(Liu, Li* et al.2024, OE)

« COWCLIP extreme wave indices

O HsRo, rough wave days: the number of days when the daily maximum SWH exceeds 2.5 m

O HsHi, high wave days: the number of days when the daily maximum SWH exceeds 6 m




0PA Data and methods: GWLs and uncertainty analysis

- Time windows of different global - Uncertainty analysis methods——
‘,’H"feﬂl““g Ieve(li) o e analysis of variance (Hawkins and
. Sutton, 2009, BAMS)
X(m,s, t) = x(m,s,t) +i(m,s) + e(m, s, t)
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0B Results: Projected changes in extreme wave events (EWE) under different GWLs

Projected Changes of EWE mean intensity
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Projected Changes of annual EWE counts
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more pronounced with increasing GWL.

Projected Changes of EWE mean duration
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Increasing trend in the East China
Sea and a decreasing trend in the

Yellow Sea and Bohai Sea.
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0B Results: Projected changes in extreme wave events (EWE) under different GWLs
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0EF Results: Sources of projection uncertainty temporally and spatially
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028 Conclusions and outlook

« Conclusions

> The intensity of extreme wave events in the BYE region will experience a significant increasing trend under
future high warming levels, especially in the East China Sea, featuring high consistency among models.

» The frequency of extreme wave events shows a decreasing trend, more prounced with increasing GWLs.

» Projection Uncertainty of intensity and duration is dominated by internal variability uncertainty , followed by
uncertainty in the model uncertainty and emission scenarios.

* Nest steps

» Investigate physical mechnisms for the extreme wave projections.
» The potential reasons for the dominant internal variability uncertainty
» Projected changes of TC-generated extreme waves/ocean wave energy
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the emission scenario variance, and the climate system internal variability variance were

calculated as follows:

In this study, an analysis of variance (ANOVA) (Hawkins and Sutton, 2009) was used to ¢ M) = 3% varn( x(m,s,t) #)
quantify the three sources of uncertainty in the wave ensemble prognostic test (uncertamnty in the S(t) = Uars(Nimme(m' 50) 3)
emission scenarios, uncertainty in the modeled response, and uncertainty in the natural variability V= Nimzm vars.( e(m,s,t)) 4
within the climate system), as described mn the following calculation steps: N, and Ny represent the number of models and emission scenarios, respectively, and *

Assuming that X(m, s, t) is an original time series, where m is the mode, s is the emission L, vars( €(m,s,t)) represents the sample variance of different emission scenarios and

simulation times for model m. g(m,s,t) has undergone a 10-vear moving average before the

scenario, and t is the simulation time, X(m, s, t) is first fitted with a fourth-order polynomial.
variance is calculated in Eq. (4). The variance obtamed from Egs. (2), (3) and (4) reflects the

X(m, s, t) can be expanded as:

uncertainty of wave projection from model response, emission scenarios and internal variability of :
X(m,s,t) = x(m,s,t) +i(m,s) + e(m, s, t) (1) the climate system, respectively. We assume that there are no interactions between these three |
where x(m,s,t) is the fourth-order polynomial fitting equation for X(m, s, t), i(m,s) is the > sources of uncertainty. resulting in a total variance of
T(6) =V + S(t) + M(t) (5)
""" where T(t) represents the total uncertainty of the prediction. Finally, the proportions of the three «
.............................................................................. / sources of uncertainty to the total uncertainty were calculated. Using the above methodology, we

explored the temporal evolution characteristics and spatial distribution pattern of the three sources

of uncertainty in the prediction of extreme waves offshore China in the 2 1st century.
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