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I - ac g ro u n Table 1 Re ional Labrador Coastal & shelf-edge components; trifurcation: Avalon Channel, Annual var ~= 4 Sv (Lazier & Wright
" g Current Flemish Pass, north of Flemish Cap (Loder et al. 1998) 1993); More intense in Nov than July

The northwestern North Atlantic shelf circulation, influenced by both North
Atlantic subpo!ar and subtropical gyres, Is one _of the hydrographlcglly most variable regions N~ o orthwestern North Atlantic is: circulation features. &8 A RS
the North Atlantic Ocean and hosts biologically rich and productive fishing grounds. With the goal  eHostto biologically rich and productive fishing grounds. T e e

. . .y . . . . . . oCharacter?zed by coastal mar i’:'e shelves _(< 200 m depth)' Lawrence in northwestern GSL transports low-salinity estuarine water to
Of Simu Ia“ng Cond|t|0ns N th|S prOdUCt|Ve and Complex reg|0n, we |mp|emented a nested reg|0na| ;g)lhargcterlzed by large dynam{c comPIex:?y: influence of both North (GSL) | central GSL(Benoit et al 1.985) |
antic subpolar and subtropical gyres via the Labrador Current Cabot Strait GSL outflow on western side Annual var ~= 0.5 Sv (EI Sabh, 1977);
. . - . . : . (CS) Maximum outflow in fall (1.3 Sv) vs
ocean model for the northwest North Atlantic shelves including the Gulf of Maine, the Scotian el (Laten diel, 199, ConElis @ seml STeoEs 62X (0. i i $pna (0590 (mocel
Gulf of St. Lawrence), and exhibits the largest observed sea surface tem- results of Han & Loder 2003)
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such a model requires choosing external data to supply surface forcing and initial and boundary  Model motivation: 10 1. Location of reqiond Gosten Shofl - Cldevlaeflw rourdSede el Sk (5) st 201 18 gt weakes npin (eman
- : : : : : eGiven the dynamical complexity, this region is unlikel bigph.ysicaallmodel sl | yelonic gyres & partal oy | (fan & Loder 2009
conditions, as well as the consideration of nesting options. Although these selections can greatly  tobe wel represented by a global ocean model. and bathymelry (see imsel) in  cee o e e o derson s
. . . eWe implemented a nested regional ocean model for the northwest North Atlantic . (NSC) Sv), weakest in summer (0.25 Sv)
affect model performance and results, often they are not systematically investigated. Here we e nortwest Nortn Atantic sheives, nclucing the Gu — . - o sectr;Hanna ot 1 2001
iy 71 - . - . 0 aine, the Scotian elf, the Gulr of St. Lawrence, 4000 Gu(l)fl\llOf aine 2%3@2%2%’;2\:\? :?gulggegobiﬂsgjt’er banks (Loder et al. 1998 \Slirlzét::leml]m;lg\év;o GOM from S5 ~=0.4
assessed the SenSItIVIty Of Our reglonal mOdel tO a. SUIte Of atmospherlc fOrCIng datasets, to SetS the Grand Banks, and the adjacent deep ocean. 3500 (GqufS)tream Off shelf northeastward transport | | | )
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of initial and boundary conditions constructed from multiple global ocean models and a larger  aAssessment of North Atlantic
scale regional ocean model, and to two variants of the model grid — one extending further shelf circulation:

eDepends on external data: surface forcing and initial

off-shelf and resolving Flemish Cap topography. We conducted model simulations for a 6-year  andboundary conditions derived from model nesting

selection.

period and assessed model performance relative to a regional climatological dataset of eModel configuratin choices can great afect resuts 8

and performance, but often they are not systematically =

temperature and salinity, observations collected from multiple monitoring stations and cruise investigated when applying downscaling.

eWilkin and Hunter (2013) found that model simulations

transect lines, satellite sea surface temperature (SST) data, and descriptions of regional currents  vith boundary information from a regional climatology

outperformed those created from most ocean models,
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Table 2. Description of external datasets.
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CORE CORE Version 1 Informed by both reanalysis and satellite data with interannually varying forcing and 2° x 2° horizontal
(Large and Yeager, 2004) resolution. Created by the Clivar Working Group for Ocean Model Development (WGOMD) for use in the
Common Ocean-Ice Reference Experiments (CORE) for the period 1999-2004.

NARR National Centers for Environmental Assimilates observed precipitation for improved hydrological cycling. Temporal resolution is 3 hours, except
Prediction (NCEP) North American Regional  (daily) net surface solar radiation, and temporal coverage extends from 1979 to 2012. Provided on a
Reanalysis (NARR) (Mesinger et al., 2006) Lambert Conformal Conic grid (grid size ~32 km). We interpolated the data onto a ~0.25° regular grid.

ECMWF European Centre for Medium-Range Temporal resolution is 3 hours, except (daily) mean net surface solar radiation. Data are instantaneous
Weather Forecasts (ECMWF) global values or time averages, with temporal coverage from 1979 through 2012. Data provided on T255 res.
atmospheric reanalysis (ERA-Interim) spectral grid (~0.7°), and we interpolated the data to a ~0.125° regular grid.

(Dee et al., 2011)

f I .t t B d th n d | t d t n d th d I f. t. th t for a regional mOdel Of the Mld AtlantiC Blght Shelf - Flemls ap : ECMWF-EVAP Same as above Same 3I.IS ab%ve, rt])ut wi’? ia)vaporation additionally specified from the data (as opposed to being calculated
rr] m m m m = 3 ' internally within the model).
rO I e ra u re ) ase O n I S O e asseSS e n J We e e r I n e e O e CO n I g u ra I O n a e\Ve assessed the SenSitiVity of our regional modeltoa’ UBS Urrego-Blanco and Sheng (2012) regional Based on NEMO-OPA9 physical model of the northwest North Atlantic. Extends from 33 to 55°N in latitude
physical ocean model and 80°W to 33°W in longitude, and has ~1/4° horizontal resolution, 46 vertical levels, and a coupled sea ice

model. Using Geshelin et al. (1999) climatology for initial conditions and CORE surface forcing, the model

best reproduces observations. We find that while all surface forcing datasets are capable of Ui B e DG S, 1 see o e

and boundary conditions constructed from different B ool iy e Y

producing model SST close to observed, the different datasets result in significant differences in 952 ecean models and a larger scale regional ocean T

model, and to two variants of the model grid — one ex-

tendi furth #_shelf d Ivi Fl ish C i Fig 2. Atlantic Zone Monitoring Program HYCOM HYCOM+NCODA global 1/12° analysis, HYCOM 2.2 ocean model assimilates satellite observations of SSH and SST, and in-situ XBT, ARGO float,

. . . . o B endaing turther ofrr-shelr and resolvin emis ap 1o- . . experiments 60.5 - 90.6 and moored buoy T and S data via Navy Coupled Ocean Data Assimilation (NCODA) (Cummings, 2005).

I I lOd e I Se a S u rface S al I n Ity (S S S) . We fl n d th at I n Itl al a n d bo u n d a ry CO n d Itl O n S b aS ed O n g I O b aI g g p (AZMP) repeat cruise sections over the north- Has 32 vertical levels, and uses the Navy Operational Global Atmospheric Prediction System (NOGAPS)
POg raphy. west North Atlantic shelves. surface forcing. Data assimilation is only performed south of 47°N before 9/2008. Daily average output.

ocean models do not necessary produce realistic circulation, and climatological initial and o
boundary conditions can improve model performance over those from global ocean models. Model assessment goal: e Lo G L

e Determine the model Configuration that best reprod uces observations Kalman filter via the SEEK algorithm (Pham et al., 1998; Tranchant et al., 2008). Surface forcing from
’ ECMWF ERA-Interim. Daily average output.

Beyond optimizing model performance, we gained mechanistic understanding of model (@0 g R s 0 3y 00 Do) WD et sty e e i gt o e st 15 i
responses to variable nesting, surface forcing and domain choices.

(Barnier and Ferry, 2011).

il. Model Description & Methods ili. Results: Vary Surface Forcing iv. Results: Vary Model Nesting

: T _ _ _ _ Fig 6. Model salinity at the AZMP Halifax Line from ACM-HYCOMdebias (left), ACM- ! .
Atlantic Canada Model (ACM) description: Fig 3. Model domain analysis locations. MERCATORdebias (center), & ACM-UBS (right) in May 2004, overlain with AZMP sa- Fig 7. Original (top) and large (bottom) Fig 8. Time series of surface and bottom T and Surface Forcing:
e Physical-biological model setup (ROMS): Sub-regions (left) include Guif of St. linity observations . model domain grids (color corresponds S spatially averaged over the Scotian Shelf eECMWF and NARR surface forcing both result in good model shelf
10 km horizontal resolution. 30 vertical levels Lawrence, Scotian Shelf, offshore, . to bathymetry). (Area 4). circulation, while ECMWF-EVAP results in degraded results, and CORE
: _ ? _ Grand Banks, & East of Newfoundland. ACM: 18 May 2004; ACM: 17 May 2004; ACM: 19-May-2004; 7 Lat:36.1°N-53.9°N ssT % sss ACM-orig roduces poor shelf circulation
Atmospheric surface forcing provided to model from external dataset Areas 1-8 (right) o AZMP: 15-16 May 2004 AZMP: 15-16 May 2004 AZMP: 15-May—2004 - 16-May-2004 g Lon: 74.7°W-45.1°W 25 | ACMAarge P p :
(Air T, air P, humidity, rain, winds, net shortwave & longwave radiation) gny. - 1 ' BB ' il Crrgl o e _ " Gotholin ifnatology
Biogeochemical module of Fennel et al. (2006, 2009) ool i 5 Model Nesting:
Capable of assimilating observations (Hu et al., 2012) o _150| B WA eUBS and UBSclim perform well, while global ocean models - in their
Includes river runoff .« e = 200! “ o raw or debiased form - do not.
e Nesting the AC Model: PrO\”dlng evapo_ratlon deg rades m_OdeI SSS: %-250 N eClimatological boundary conditions (using UBSclim) are associated
. . - .- . -5 . .
PhySICa| initial & boundary conditions (T, S, U, V, sea surface helght) .MO.del Sh_elf sea surface is 1_:00 saline When evaporatlon 1S eXterna”y 2 _300} - 1999 2000 2001 2002 2003 2004 2005 1999 2000 2001 2002 2003 2004 2005 with a small performance INnCrease.
provided by larger scale model provided (i.e. not calculated internally within ROMS), although small _as0| _ _ o , Year " Year
. . . i i i - \ - ACM-UBS: 5 . 500 ottom ottom
T and S nudged in the outermost 10 grid points to the larger scale model improvement in SSS for region of Gulf Stream. ) -4oo-’|_‘|;'i‘;'a')'(“|’_?n°e""de -ﬁgm;‘f(EE‘r’l’;TOR -H;ifali Lisne : e o I
. 3 . ] -
(nudging strength decays away from the boundary) Fig 4. Model-climatology _ %% salinity B | salinity ' salinity 6 Model Grld .
difference in mean annual Egcl)\gWF ' \ E(C):(;\QWF-EVAP ' \ o —500 63 625 62 -6l 63 625 62 61 o5 25 o2 e » y Large Grid = ) eExpanding the model grid results in less desireable expressions of
= u . . 50 X 3 X E Longitude Longitude Longitude 70 w s s @ | gt 34 4°N-55.5°N 2 : | . = = N
Vary mode' conﬂgurat'on: sea surface salinity for i < o Longtude  Lon: 74.7°W.870W | | surface velocity, and increases in bottom T & S on the Scotian Shelf
) - S u H H Horizontal grid: 1 :
¢ 3.5 Surface forcing datasets: CORE, NARR, ECMWF, ECMWF+EVAP (Table 2) ﬁgm-ggmi-ﬂ?ﬁght) 2 &//\/ V\f 0 Nesting with HYCOM or MERCATOR degrades kil n | and Gulf of Maine.
. . . . L 1-1 L] L]
°6 OUcBeSa'Lg’SOT!eI 'H"sgg'l‘\'ﬂg :Yaé%sl\ijsb T e T Domain-yvide mgan, minimum 4° Ez,i"_;%gé Ez,i"_;‘;a; . mOdeI S helf Circu |at|0n . 699 2000 2001 2002 2003 2004 2005 1999 2000 2001 2002 2003 2004 2005 C ommon b i a acro d at 3 t .
2 Model _Z'm’ : N ebias, R, Sl (fzlells = and maximum difference e o oo e eModel shelf sea surface is too saline when HYCOM, HYCOMdebias, _ _ e ear | | SeS across aataseis.
¢ 2 Model grid variants: Original, Large (see section v) values are reported. Longitude Longitude - MERCATOR, or MERCATORdebias are used as initial & boundary conditions. 52| 1/2009 3 4/2003 )% Relatggéo. ”;e Clr']r.nf]tmogty’ ]fhl\f Sr}e”rzi?'ﬂgs i’éh.':'ttr:hese forr:rggl‘_a("tr'ﬁsl'l bias):
-4 eSurface velocity fields indicate that the Gulf Stream may be too closely situ- e - Fig 9. Monthly mean surface 'S 109 'Qf] eﬁ? OL ewguL and a EI © easse . Shs Ifa )
Perform model experiments: - ated to the shelf slope, and shows the Shelf Break Current (SBC) transports e o2 velocity (m/s) in January (left) & 1s 100 fresh in Lower St. Lawrence Estuary & Scotian Shelf regions;
p : .= : CORE surface forC|ng produces poor model : oy cliel _ P §a T N\ and April (right) 2003 from Bottom salinity is too high in Gulf of Maine and western Scotian Shelf;
Run ID Surface-forcing Nesting Grid . . - " water in the opposite direction from observed (i.e. northeast as opposed to 2l e ACM-orig (top) and ACM-large & is too fresh on the Eastern Scotian Shelf
Vary Surface Forcing shelf circulation: wt=wineseto southwest). » W Acworgnal ® aCM-orginal | | Jas (bottom) > East-west Scotian Shelf bottom S gradient is weaker than climatology.
ACM-CORE CORE UBSclim Original Lowest R2 for SSS, SST (w.r.t. Geshelin), bottom T and bottom S. eBoth ACM-UBS and ACM-UBSclim adequately simulate shelf circulation. 70 65 60 85 80 770 65 60 55 -50 Bottom temperature is too warm in the Grand Banks region;
ACM-NARR NARR UBSclim Original Largest time mean bias in SSS (Areas 1, 4, 5, and entire domain). e ACM-UBSclim has the best RMSE in domain-average bottom T & S, and ap- 55 — — & is too cool in the eastern Scotian Shelf & Bay of Fundy.
ACM-ECMWF* ECMWF UBSclim Original Largest time mean bias in SST (w.r.t. Geshelin) in all shelf areas (Areas 3-8). pears to outperform ACM-UBS in capturing regional circulation features. 172008 e 72008 1 NG || o
ACM-ECMWF-EVAP ECMWF+EVAP UBSclim Original 50 AT AN A
Vary Nesting Data . Fig 5. Time series of SST (a) and SSS (b) spatially averaged over each sub-domain, 3 (6 7 R Y
ACM-UBS ECMWE UBS Original ECMWF and NARR surface forcing both for ACM-CORE, ACM-NARR, & ACM-ECMWF. 3 e\ R .
ACM-UBSclim* ECMWF UBSclim Original H = = . a. Surface temp [C] — Time Series of Spatial Mean over Sub—Domains A > o7 -
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