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Supporting data and publications: Google gmao, click Research, then
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Data Assimilation

Time has finally come

>50 papers using data, 12 using satellite data
(Gregg et al., Journal of Marine Systems, in press)

In ocean biology, Two Classes:
Variational (e.g., adjoint)
Sequential (e.g., Kalman Filter)

Here we used Sequential Methodologies,
Conditional Relaxation Analysis Method
Ensemble Kalman Filter



Application to Ocean Color
Daily assimilation of gridded
data into surface layer

Chlorophyll distribution log-normal
assimilate logarithmic quantities

Satellite errors can affect results
explicitly define regional satellite errors estimated
from global analysis of in situ data
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Compared to In situ Data

Bias Uncertainty N
SeaWiFS -1.3% 32.7% 2086
Free-run Model -1.4% 61.8% 4465
Assimilation Model 0.1% 33.4% 4465

Estimate of in situ data uncertainty: 22%



Seasonal Variability




. °s o
L ghsat-
o ®» °
Leare ”
’0". ofdo&.o% .
P nge®,

Assimilation Model

(D)
=
SB
— .S !
< c
m 2
@)
c
n

E Free-run Model

Oct

Jul

Apr

Oct

Jul

Apr

.00

0.10p

oo ooho L “-‘o
i et e
e YdraTe
© ey S
L ? .‘ [ ] L ]
% W .
0 Shuwes, T,
O . uso.oooQoS .
= % ?a..u. “
—- LA B} *° . - ”
T T T
S PR
° b o ®e %
: ...s%vr..o...u .
[ ] [ ] I .’. . ..
J:-O.-.o% ) oﬁs
s %
oooo‘o“ P JQUQ*
R
- oo.o'k '.o
% ‘tq s’
: R A
. ®o %, \“co‘” $°
S - ® N?oo $5% % ° o
_I_Il Oo” ooo"o o“.-o ° e o
W ﬁ.sioh\‘. ° ‘ ‘
% . oh‘\o 0®e® .
St ma
(1) ° . °
—- ] - 'l

e-W mnﬁc __>c1QoLo_co

0.01




___North Pacific ____North Atlantic
0.5 4> 4
| WM
North Indian Equatorial Indian
—_ 2.0 ! T T 0.6 L T T
«w
E ' 0.4
%ﬂ 1.0F % % B
1 ke $¢ ]
~ g
= fﬁw ‘ 44 S~
‘E\b » 0 100 200 300 400 A 0 100 200 300 400
oy South Indian South Pacific
8 .8 0.8
O 0.6 0.6 -
o
<=
O 0.4 0.4l
Day

North Central Pacific

0.4

0.0

1 1 1
0 100 200 300 400

Equatorial Pacific

0.6

0.4

0.0

0 100 200 300 400

Sopth Atlantic

0.8

0.6

0.4 e
b W ]
0.0 . ‘ ‘

of Year

North Central Atlantic

0.4

0.2 %

0.0

1
100 200 300 400

Equatorial Atlantic

0.6
0.4
0.2+
,.~ .
0.0 [ L L '
0 100 200 300 400
Antarctic
1.5 U U U
W.O; ;
OEM ;
0.0l , . . ]
0 100 200 300 400

Statistically positively correlated (P < 0.05) all 12 basins

Red = model

: ' Gregg, 2002, Deep-Sea Research |l
Diamonds = SeaWi1FS monthly mean Gregg et al., 2003, Deep-Sea Research Il



80

60

40

20

Percent Difference
(e»)

/o\Basin Differences (Model/Assim - SeaWiFS)

7\

/ Free-run Model 7\

Assimilation

Basin Seasonal Correlation with SeaWiFS

s 1 3
: [T o~ A/
3 0.9 14 A
S os
S Free-run Model \ \/
£ 07
o
)
o 0.6
0.5 . . .
¥ & & S S A S
&(&o \o& Q,bo\ v,goo \(\b\ <2(bc) ?&0 \(\b\ bec’\ \%@\ Q{&, ?@(\
v ° 2 o9 L2 PN Ay &gz} & S Q
Sl



Daily ocean coverage by MODIS-Aqua and SeaWiFS.

Aqua Chlorophyll; Jul 1 2005
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Chlorophyll (mg m™)
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Interannual Variability
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Interannual Variability, SeaWiFS and Assimilation
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Decadal and Longer Trends




Global Annual Anomaly Trends with SeaWiFS, and SeaWiFS/Aqua
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Regional Annual Trends
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Chlorophyll Anomaly (mg m'3)
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Conclusions

Assimilation improves representation of seasonal, interannual, and
decadal chlorophyll

Satellite data provide good representation of local and most regional
seasonal variability, but global seasonal variability is poor.

Global and regional satellite data provide good representation of
interannual variability.

Model and assimilation do not represent local temporal variability well,
but better on regional and global scales (better than satellite for global
seasonal variability)

Extending satellite time series into decadal and longer time scales is
problematic due to inconsistencies between sensors/missions. Data
assimilation can alleviate these problems but relies upon the model for
chlorophyll abundance (not spatial and temporal variability)



Assimilation: Challenges

New work on assimilation methods needed and ongoing
multi-variate assimilation (nutrients)
dynamic state covariance matrix
multi-dimensional assimilation



Can we fill a gap in satellite data using
enhanced ship observations and data assimilation?

Global
Sampling % Difference  Maximum difference by basin
10% sampling (about 1500 obs/day) -2.3% -7.6% North Pacific

1% sampling (about 150 obs/day) 1.4% -21.9% North Indian



Using targeted sampling by basin and month, we can refine our sampling strategy, and
reduce the required amount. Shown below is targeted sampling as a percent of SeaWiFS, by
month.

Month
Basin 1 2 3 4 5 6 7 8 9 10 11 12
North Atlantic 2% 1% 1% 2% 1% 1% 2% 10% 10% 2% 10% 5%
North Pacific 2% 1% 5% 5% 10% 10% 10% 10% 10% 10% 10% 2%
North Central Atlantic 5% 1% 5% 2% 2% 2% 2% 2% 2% 2% 2% 2%
North Central Pacific 2% 5% 1% 0% 5% 1% 1% 1% 1% 5% 5% 1%
North Indian 2% 10% 10% 10% 10% 2% 2% 10% 2% 2% 2% 2%
Equatorial Atlantic 5% 10% 2% 10% 2% 10% 2% 2% 2% 5% 1% 5%
Equatorial Pacific 5% 5% 0% 0% 0% 0% 1% 1% 1% 1% 1% 1%
Equatorial Indian 1% 2% 2% 2% 1% 1% 5% 5% 5% 1% 1% 5%
South Atlantic 0% 0% 0% 1% 1% 1% 1% 1% 1% 1% 5% 2%
South Pacific 2% 2% 5% 0% 1% 5% 5% 2% 5% 5% 5% 5%
South Indian 10% 0% 0% 0% 1% 1% 1% 1% 1% 5% 2% 2%

Antarctic 2% 2% 5% 5% 5% 5% 5% 5% 5% 5% 5% 2%




