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Abstract

This Python-based diagnostic and visualisation tool can be applied to raw daily mean
outputs of the wave model WAVEWATCH I11 (WW3) from the Norwegian Earth Sys-
tem Model (NorESM). The outputs of our wave model are on a tripolar grid and are
first regridded to a regular 1 1 grid before performing the calculations. This tool was
developed during the MakingWaves project funded by the Research Council of Norway
in order to provide a diagnostics package of the wave component which was absent in
NorESM. The outputs of the tool are png figures and a html webpage where the figures

are displayed.
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Introduction

MakingWaves: Wave-mediated atmosphere-ocean-sea-ice interactions and their climatic
impacts in the Nordic Seas and eastern Arctic is a project funded by the Research Council
of Norway (project nr. 325654) aiming at understanding the impact of wind waves on the
global climate. This is done by implementing for the first time a wave component, with
WAVEWATCH 1111 (WWS3), in the Norwegian Earth System Model (NorESM). With it
we perform several experiments coupling the wave to the atmosphere, ocean and sea ice
components. Therefore, various experiments have been performed and are compared to
each other with our diagnostic and visualisation tool in order to understand how the dif-
ferent configurations of the experiments impact the waves climate. The experiments can
also be compared with a reference dataset, here the ECMWEF reanalysis ERAS5 (Hersbach
et al., 2020). The comparisons are represented with three-panel figures displaying the
diagnostic for the variable of interest for the two experiments in the first two panels and
their comparison (difference plot) in the third panel (see example in Fig. 1). Moreover,
there is also the possibility to run the tool for just one experiment. Such a tool is already
available for other components of NorESM, such as the ocean, atmosphere and ice, but for
the wave component a diagnostic tool did not exist. We describe here below the various
variables and diagnostics performed as well as give examples of the outputs.

Lhttps://github.com/NOAA-EMC/WW3/releases/tag/6.07.1
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Figure 1: Example of figure performed by the tool in comparison mode. The titles of the top and

middle panels give the names of the experiments that the panel represents along with the years

states that the difference between these two experiments is

used and the title of the bottom panel

, one can find the short name of the field represented

represented. Above the top and middle panels

and the unit of the field on the right. Above

the global root mean square error (rmse), and the unit of the

on the left, the value of the global mean in the middle

the bottom panel, the global mean

field are given from left to right. Above each colorbar, are shown the minimum and maximum

values of the field displayed.



2 Variables and diagnostics

2.1 Variables given by WW3

In this wave model, the variables’ names take the general form wavimp_Sw_VAR_avg
with VAR being the variable’s name. Table 1 lists all variables given by the model that we
use in the diagnostics and to calculate new variables that are described in the next section.

Table 1: List of the variables output by WW3 that are used in the tool.

Model variable | Unit Short description

hs m Significant wave height (Hiot)
phs0 m Wind-sea significant wave height (Hys)
phsl m Swell significant wave height (Hgy)
Tml S Mean wave period (Ty1)
pTm10 S Wind-sea mean wave period (Tmi,,)
pTmll S Swell mean wave period (Tmi,,)
thm rad Mean wave direction

pdir0 rad Wind-sea mean wave direction
pdirl rad Swell mean wave direction

u,v ms ! | Zonal and meridional wind components
ustokes,vstokes | ms ! Zonal and meridional Stokes drift
tusx, tusy m?s 1 | Zonal and meridional Stokes transport
tauicex,tauicey | m?s 2 Wave-to-ice stress

cu,cv ms 1 Ocean surface currents

tm02 S M2 period

fp0 st Peak frequency

lamult - Langmuir number

foc Wm 3 Wave-to-energy flux

faw Wm 3 Wind-to-wave energy flux
charn - Charnock parameter

ifrac - Sea ice concentration

thick m Sea ice thickness




2.2 New variables calculated

Correlation between wind speed and significant wave height The correlation be-
tween the wind speed and the significant wave height indicates whether the waves are
linked to the wind or not. When the correlation is close to 1, the waves height is mostly
linked to the wind whereas when the correlation is close to 0, the waves height is not
due to the wind is most probably due to swell. This diagnostic is taken from Stopa et al.
(2013). The climatology of the correlation between the wind speed and the significant
wave height for one of the experiments performed is displayed in Fig. 2a. The pattern and
values are in good agreement with Fig. 8 in Stopa et al. (2013).

Unitary dot product of surface Stokes drift versus Stokes transport Following the
method by Carrasco et al. (2014), we take the cosine of the angle between the Stokes
drift direction and the Stokes transport direction. When the Stokes drift and Stokes trans-
port are aligned, the unitary dot product equals 1 whereas if they have opposite direc-
tions, the unitary dot product equals -1. The regions where the two directions are iden-
tical are known as regions where the waves are influenced by the wind (“wind-driven
wave regime™) and the regions where they do not align mean that the waves influence the
wind (“wave-driven wind regime"). The climatology of the unitary dot product of surface
Stokes drift versus Stokes transport for one of the experiments performed is displayed in
Fig. 2b. The Stokes drift and Stokes transport are mainly misaligned around 30 S and
in the eastern tropical part of the North Pacific. This is in relative good agreement with
Fig. 8 in Carrasco et al. (2014) who used the ERA40 reanalysis.

Stokes depth  The Stokes depth (in m) gives the height of the water column over which
the Stokes drift has an impact.

_ Tmt 2
SD(t;li_l):g Zipl 1)
where g = 9:80665 m s 2 is the gravity constant and Tp,; the mean wave period (in s).
The climatological Stokes depth for one of the experiments performed is displayed in
Fig. 2c. It shows that the Stokes drift impact is largest along the sea ice edges and along

the eastern side of the Pacific Ocean.

Degree of crossing  Breivik and Christensen (2020) decompose the Stokes drift velocity
in a component due to swell (sw) and a component due to wind-sea (ws) and calculates the
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Figure 2: Some of the new variables calculated for the experiment XC2XB3 as an example: (a)
Correlation between wind speed and significant wave height, (b) the unitary dot product of Surface

Stokes drift versus Stokes transport, (c) the Stokes depth, and (d) the swell persistence.



