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Lol f = Halifax Harbour, a small, mid-latitude fjord in Atlantic Canada is dominated by two-layer Right The three nested domains of the Scotian Shelf and Halifax | Y \ Jos=ting »
w w ;315 estuarine flow (left). Harbour model set up with the Regional Ocean Modelling System ‘

E ™ (ROMS). 45°N ROMS 2 |
= | 31 Sporadic intrusion events replace the bottom water of Bedford Basin, the 70-m deep
8 basin at the head of the Harbour, with waters from the adjacent Scotian Shelf. Model output along the transect (in red) and ERA 5 atmospheric
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30.5 | | | | | | | forcing (station A) were extracted from a 20-year hindcast (2002- 43 50N
1001 Salinity . Physical and plogepchemlcal p_ro_pertles are sf[rong_ly mfluence_d by these intrusion 2022) to investigate intrusion events.
: ; - - - - - - v . 30 events, estuarine circulation, mixing/stratification, tides, and winds.
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Intrusion Events Improving Model Accuracy

Dense shelf water makes it into the Outer Harbour. BB Salinity (C?bservatiorIS) |
wdii - _ | Left Comparison of salinity profile time series from the center of Bedford
| | " | basin (station BB) between observations (top) and model (bottom).
- | _ Comparison shows good agreement, with some discrepancies arising
| ) J [ _ from estuarine circulation, stratification and intrusions.
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1. Shelf Setup
Dense shelf water is pushed up along the Scotian Shelf.

Right Depicts the story of a
simulated intrusion in 2018.
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Below Surface temperature during
the 2018 intrusion showing coastal
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Model transect EOFs (below) demonstrate that processes related to the

SW (along-shore) winds are river (top) and intrusions (bottom) dominate model variability (61% and

known to cause upwelling along 0 o5f 15, 11 Four distinct stages of an intrusion

_ _ _ ¢ illustrated by hourlv salinit E : / 15% respectively) and hence are important to simulate correctly.
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Uncertainty Map (P)
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Below are time series of SW (along-shore) wind stress from model forcing (top) and bottom ? along the transect The cost function (below) can be solved for a, (amplitudes at time, t) that minimize the least-

I t . . . _
Detection (bottom), from daily output of the 20-year hindcast (intrusions are best identified by a rapid salinity increase). squares difference between observations (y;) and model equivalents (H;EZa,):
J(a,) = (HEZa, — y)"R™'(HEZa, — y,) + (Za,)"A"'Za,

Stage 1 intrusions can be identified by % above 0.035 [S d-'] (black contour; bottom) reaching station SS (upper grey dashed line; bottom). The cost function is weighted by the sum of model representational and observational error (R).

Atmospheric mechanisms (along-shore wind stress) and “Shelf Setup” events are flagged automatically by a script (dotted vertical lines). Overlapping The additional term penalizes solutions using EOF modes that explain little variability (A).
atmospheric/setup events are solid.
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Optimized a, can be used to reconstruct model output; which should have improved accuracy ,
due to being constrained by observations. Example Monthly Survey Observations Locations \_
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The uncertainty mapping (P) of the model reconstruction can be derived from the solution: Acknowledgements
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Uncertainty maps only require locations and uncertainty of observations and EOF modes.
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