~

A~ tha Carihbhasn Sas o

Jinyu Sheng  (F43%)
Department oft Oceanography
Dalhousie University
Halifax, Canada

Collaborators:

Dr. Ligun Tang Xiaoming Zhai
Dr. Richardi Greatbatch Pierluigi Pantalone

Dr. Jim Chuang Qin Tu




.‘h_

-

i IJ;]'ET'r 3 GH G ———

J I;Ocean Circulation. Model (CANDIE)

4. Application to the Caribbean Sea
5. Application to the Scotian Shelf

6. Summary and Conclusion




.‘h_

| ISE ¢ esearch PrOJectsmvoIved

a) ECO AR - Eco ojo/jorz| REectivity” meng : eafsin the
SanlleEan Sea

b) ; for the Scotian Shelf
; e

2archiChair program funded by NSERC/MARTEC/MSC

p

= —I—Tgh -resolution coastal modelling project as part of CMEP
j (Center for Marine Environmental Prediction)

e) Environmental Assessments of Carol Reef Ecosystems:

Interdisciplinary Research Using EOS Platforms and
Numerical modelsfunded by NASA.




contain about one-quarter of the marine fish species.
~ Coral are however due to both natural and
man-made causes:

have altered the coral reef environment.
, |land-based sources of such as
agricultural runoff have detrimental effects on delicate reefs.
also has the potential to be destructive to corals (sea-level
rise and higher ocean temperature).




SIS 2 million grant
Ameri (=13 Pprovided By

Glob

—

0 (“JL\ 5 million grant
C ri provided by NSERC (Natural
SeIiEnces and Engineering Research Council,
=—anada) My’ research team was respon5|ble for:




NorthAtlantic

Cur




INIE:

p—
CANDIE s zlglelsNio)s adian Version of 'East.

s Deyvelggechoyasilenef Wiiont, Greatoate, and: Dietrichl (1998).

N iieedimensional (3D), fully non-linear, primitive equation,
i n]'teuél -ﬁerence, Z-level moddl.
J:\ merlcal SChEeme: for
%EQ&{I oNiterms

- CA has been subjected to several rigorous tests, using test
problems with known solutions, an important process for building
confidence in a numerical model.
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Juns WMean Circulation in WY Atlantic I I Froca=s Study of the Gasps Currant l
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WihEdigVEn ciliculation over a coastal canyon (<ii-Is
Wright , 1998 =
Pivcessistudies of the density-diiven Gaspe Current (
JPO, 200 ——

SEeseEnal circulation in the northwest Atlantic Ocean (
Greath ).

[iterhalitide generation over topography (

™ 11 4
1N L™ ¢ .

e

= -_i'i'd-_a-ﬂ cireculation and mixing in the Gulf of St. Lawrence (
= )
6. General circulation in the western Caribbean Sea (
).
7. Two-way nested-grid ocean model for the MBRS (

)-

8. High-resolution tidal simulations in Lunenburg Bay (

).




Governing Eqguations
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Diéaﬁﬁstic vs Prognostic Methods

i

=

Diagnc

| (
LA U

. Rel atively easy and straightforward to run.

* * Robust in multi-year simulations

= Wrong model for studying the interaction of temperature/salinity fields
= withtheflow field.

 WWrong model for studying winter convective mixing.

Capable of smulating baroclinic instability.
» Capable of estimating winter convective mixing.
Sensitive to subgrid-scale mixing parameterizations

o Deteriorating model skill in longer simulations.




The Semi-Prognostic Method

Sheng, Greatbatch and Wright (2001, JGR) recently
proposed a semi-prognostic method to improve the
utility of the ocean model. The main idea is to replace

the hydrostatic equation gfz‘—' = —pg by
2 = —[ap+ (1 — a)p.lg (1)

with temperature and salinity equations unchanged.

The semi-prognostic method is:

better than the robust diagnostic approach proposed by
Sarmiento and Bryan [1982], since the new method
does not constrain the temperature and salinity
equations.

different from the assimilative approach examined by
Woodgate and Killworth [1997], since the new
method does not add any relaxation terms directly
in the mMmomentum equations.

Sheng et al., 2001 (JGR); Eden et al., 2004 (JPO);

Greatbatch et al., 2004 (CSR);

Zhao et al., 2004 (GRL,submitted)



Phvsical Interpretation:

p=p +p

o p* <—— traditional pressure variable
T s 1 J. s R i s '.r r
o 1 <+— additional pressure variable

™
E — O
AP ;
5. = —gi3(pe — Pm)

with F = (1 — «@). Horizontal momentum
cqguations are expressed as

e 1 aIp™ 1 Op

ot P, O e O

v 1 op™ 1 Op

ot po Oy Po Oy

Therefore, the additional forcing terms are
usced to correct for model errors and
unresolved processes.




» ConventionalinEsting technigues:
N ChenoE nrormationithrough the dynamic.interfaces (Kurihara et all, 1979),
L RERIECENWIETOUTEmodel variables with the inner model variables over the

COrOf] .ﬂbregion (Oey and Chen, 1992).

* The new two=Way/AneESHgRErCiieUeEs

| __nge lnfermation between nested grids using the semi-prognostic

ethod _(-Sheng et al., 2001; Eden et al., 2004; Greatbatch et al., 2004; Zhai et al., 2004).

i~

B, and B, are set to 0.5 in this study




SOCISE-reselution outer model results are used te specify
IBIINEEACOINCINONS O UTESINESESOIUONNMIE MOUEL

Two-W
@Uterrmodel results are used to specify boundary conditions of
Wednner model.

: - In additien, the semi-prognostic method Is used to exchange

= nfermation between the inner and outer models

— a3 (Pouter — Pm) for the inner model
_gﬁgipinn{}r - Pﬁl.} fﬂ]_‘ thﬂ ounter I]']_Dd-[.‘]
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Fratantoni (JGR, 2001)
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Calculated and Observed Near-Surface Currents
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Comparison of Calculated and Observed Surface Currents
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SENERELGrid eV enkoevichainepproachis useditiordevelop.a
sOUPIEM PhySical=biologicalimodel tor predict retention and
WISPErSIon: of particlesiamong different coral reefs.

‘Er_ prebability distribution of particle position at time t+At is
pgivenias (Thompson et al., 2002):

=[x,(t), X5(t), X5(t),... X, (t)] is a vector describing
~the probability distribution of particle position at time t;

IS a transition probability matrix describing the
probability of any particle from region r; at time t to region r;
at time t+1.
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(a) Semi—Prognostic
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are speeds of less than 5 cm/s.

are speeds of
greater than 5 cm/s.
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Instantaneous Fields at day 690 (z=50m)
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Fratantonii (2001)

Annual Mean Fields (z=15m)
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HUFIERE Juan was a category =2
HldGCERE thatimacEdanaialiNG
NBYERSEBIE), &S ONE Off the
HEsHPEWErtIFandldamading
glifsiEanesito ever affect
Cana'

_..

== The nested -grid model is used

'j%%émmulate the storm-induced

= Girculation on the Scotian Shelf
associated with Hurricane Juan L A AN NS e
on September, 28 and 29, 2003 TOME. . .

f'!fqm"'r 28,2002 @ 2045 UTC

'.:.i'_*i

M. Sc. thesis research by
Xiaoming Zhai.
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Chunge in SST during Juan (Sept 27 to Oct 01)
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Storm Using the
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Near-Surface Currents due to Hurricane Juan
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Differences in Near-Surface Currents and SST (inner model)
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S

Tl S€ = (Sheng et aI 2001 Eden
a2 004 Greatbatchetial. 22004)\Was us_ed ’go reduce
i ode SIS analalserised terdevelopra tWo-wWay/

z" =glid model.

('” eng et al., 1998) was used in the development of a

___— SVEEWaYy, nested -grid ocean circulation model for the
estern Caribbean sea (Sheng and Tang, 2003, 2004).

‘F_ o IV_IodeI reproduces many well-known circulation features
In° the Caribbean Sea, including the

and

® The model was also used to simulate the storm-induced
circulation associated with Hurricane Juan on the Scotian
Shelf (Zhai, 2004; Zhai et al., 2004).




