A statistical method for improving continental shelf
and near-shore marine climate predictions
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Introduction ﬂ Data and Problem

« There Is a scarcity of spatially and temporally homogenous Observed and reanalysed SST: 25°3

measurements of ocean variability on the Australian continental , ,
shelf vy * Daily 4 km fields of observed SST were

obtained from the Advanced Very High
Resolution Radiometer (AVHRR) for the period
14/10/1992 to 13/5/2008. Denoted by T;.

* Daily ~0.1 degree fields of reanalysed SST
were obtained from the Bluelink ReANalysis
(BRAN) for the period 14/10/1992 to

. . 13/5/2008. Denoted by T:.
We have developed a linear statistical model to more accurately 40°S

estimate in-shore SST using off-shore SST from BRAN. SST variability Sea surface temperature (SST) is poorly zoczm
IS separated into the mean, seasonal cycle, and the residual represented over much of the continental shelf contour
variability and separate models are developed for each component. (see correlation between T} and Tt to the right)

Model performance is demonstrated at a point location in Bass Strait including coastal South Australia, the Bass
and then it is extended onto the continental shelf around Strait, and parts of coastal New South Wales et AR g, Y VSR
southeastern Australia. and Queensland. 8% 144 150°E  150°F  162°F

30°S

 The ocean reanalysis product Bluelink ReANalysis (BRAN) provides
estimates of ocean variability around Australia at 1/10 degree
resolution. BRAN reproduces the large-scale patterns of sea surface
temperature (SST) in deep water!?, such as those associated with

the East Australian Current and the Leeuwin Current, but performs
poorly over the continental shelf.

Statistical Model A point location
IN Bass Strait

Let T, denote observed SST and 7, denote SST * The statistical downscaling model was systematically
output from BRAN where ¢ is a time index. Both T} applied to each location with water depth less than
and T, are m xn matrices where m and n are the 200 m off the coasts of Victoria and Tasmania.

Statistical model z¢°s—
applied to SST at |

- : - - : 0 O . . .
number of grid points in the latitudinal and (147°E.40°S) (O) | . 2 « The cost function was masked for all locations in
Iongltudlnal directions respectively. Consider SST 0 Bass Strait. 40°s e < water depth less than 200 m to exclude those
time series' at two locations: an Off-ShOI'e location . . ‘ E locations as potent|a| prec“ctors
(Y;,Y;) and an in-shore location (X,, X;). Assume Predictor location 3 o o
the t|me Ser|eS Can be Wr|tten aS (O) |S mlnlmum é Quality function for T; Quality function for T; Improvement factor
S of J. SiY B g R 5 S, &
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In-shore SST will be predicted (Y, ;) from off-shore ‘ y ¥ ¥ i Y Y, Y

0.49 0.69 corr.
1.01 0.20 RMSE

SST. Separate models for each component are \15-1 14.7 15.2 y$| 0.97 099 cor.
developed and model parameters are trained *1 050 0.16 RMSE
on T} and then informed by T;.

}/t/

time series: observed (=), BRAN (—), statistical prediction (=)

(i) Mean: The time-mean values can be related as

Seasonal Cycle

V=X — V =aX

(il) Seasonal Cycle: write as a sum of harmonics

Residual

XP = ZAk cos(wpt — @)

and the Para mEte rs can be related linea rly A A . 14;05 14;°E 14E;5°E 14E;°E 15(;°E 142;‘°E 14;°E 14E;5°E 14E;°E 15(;°E 142;‘°E 14;°E 14E;5°E 14E;°E 15(;°E
AE — %Ai( The statistical model provides better estimates of SST In general, the statistical model provides much better
_ gbi( + A, for k=1,..., K variability in Bass Strait than those provided by BRAN. estimates of SST on the continental shelf.
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(111) Residual: model using linear regression BT ol 5’/%/7,:;:’111,’/??7 with the associated off-shore predictor locations
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SIS 114y RS . \.\\»/////////// / 1y Kyl
|90 ! /_{/;;://;;7/; S . e Wl M . . .
with the predicted residual given by 42°S ;;;%;; /;ﬁf;/g;mj; 3 g /;;;j;/ jj%//”,j;;;jjf  Over 85% of the predictors are located west of the southern tip
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. . SN 4603';5&;}:;1;@@5;@'5]”7’7 //;j/f e o Ekman transport appear to connect the shelf to the off-shore.
The choice of off-shore predictor location (iv, jv) is N a U e
given by the minimum of a cost function J : ' » Connectivity between the deep ocean and the shelf quantified
1 by calculating Lagrangian trajectories:
J L (O < J < 1) Improvement factor
1) 1) . . /s (residual variability)
R;j:5i5Qij T(t+ At) = 2(t) + u(Z(t)) At
a N 38% [ " 3 ¥
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localisation strength quality
matrix matrix  matrix

e Cost matrix updated to include 3%
connectivity matrix C: 40% [

N

The R, S, and (Q matrices are defined as follows:

1 Results ére
smoother in | 0.8
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TinY connection between
p , in-shore and off-shore SST
Szj — p(TijtaTiyth) - R f
= eterences
oQ..— _Tij_T” C . . , TR
ij — Tz‘j measures quality of « The statistical model presented here provides a systematic 1 Oke P. et aI.,. 2008: The Bluelink ocean data assimilation system (BODAS),
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e Future work will include downscaling projected model

simulations representing the 1990s and 2060's onto the shelf Oliver E.C.). and Holbrook N.J.: A statistical method for improving continental
including means, variances, seasonal cycles and extremes. shelf and near-shore marine climate predictions, . Atmos. Ocean. Tech., subm.

connection strength of predictor and predictand and
(111) data quality at the possible predictor location.




