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Introduction

® Aglobal barotropic system (1/12°, NEMO) was recently
developed at ECCC to provide total water level (TWL)
forecast for all Canadian ocean coasts.

¢ Effects of baroclinicity and sea ice are typically

neglected due to their computational cost and/or reliability.

® Address the two following questions:

1. How to include the two processes in the global
system in an efficient way so that the model can
also be used for ensemble forecasts and climate
studies?

2. What are their impacts on predicted water level?
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Baroclinicity



The Ocean Model (Global 1/12°, NEMO)
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Observations

211 tide gauges from
University of Hawall
Sea Level Center

Oct. 2019 - Feb. 2021




Capturing baroclinicity with an optimized vertical grid

Balancing model performance and computational cost
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Impact of adding baroclinicity on predicted water level

RunSt: barotropic run with 9 levels
Run$¢: baroclinic run with 9 levels
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The role of coastal trapped waves

Difference in tidal residuals predicted by
Run3¢ and Run3t (henceforth Anpe_pe)

March 01, 2020
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Sea ice effects



Parameterized ice-ocean stress

Surface stress Ts = (1 —a) T + aTio

Ice-ocean stress Tio — PDCioluice — usurfl (uice — usurf)
. . T T S S
Relative velocity Wice — Usurf = (uice — usurf) T (uice — usurf)

= [a" (@) R(p(x)) = Nthgu + a° (Uiee — Ugurr)
T T

Derive a transfer function describing the response of u;., t0 Ugy

Uiee & @' (@) R(0(2) ) Ugyg

where a7, ¢ are inferred from ui.s, ul* ¢ by scaling and rotating the

iIce and ocean tidal ellipses so that their semi-major axes are equal.

The asterisk * denotes a quantity that comes from an external ice-ocean model.

landfast a” = 0,

free drift a” = 1.
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Observations

Red: Data available in the model simulation
period (Nov 2018-Apr 2022)
Green: Unavailable for Nov 2018-Apr 2022
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Ice effects on the max seasonal modulations in M, Amp (top) and Pha (bottom)
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Ice-induced shifts of M, amphidromes
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Sea ice effects on predicting storm surges
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® |nverse barometer contribution
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to better visualize ice effects.
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Summary

® Efficient ways of adding baroclinicity and sea ice effects to TWL systems are
developed by taking advantage of external fields (3D T&S, ice fraction, ice velocity
and surface currents) provided by advanced data-assimilative ice-ocean models.

® Adding baroclinicity effectively captures variability on timescales of hours to
seasons. Important contributions of baroclinically-modified coastal trapped waves were

shown to be resolved.

® Adding ice effects leads to significantly improved tides (seasonal changes) and
surges (up to 1 m). Dominant driving mechanism for the seasonality of tide: under-ice
friction, and its accompanied amphidrome shifts (up to 125 km).
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