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Figure 7. Spatial scales of the true S5HA variability. The elliptic contour lines show a range of the correlation coefficient of
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e Assimilation with a fully coupled GCM
e Assimilation method is 4D-VAR
s Long assimilation window (9 month)
= Correction of model climatology by parameter
estimation
Correction of seasonal to interannual trajectory by
Initialization
= Atmospheric data are also assimilated
= Weather mode is treated as noise
> FHiN HEEDRF A 77— & b OS5 fELE RS 5 7 —
7 M9 5, Weather®— FOZEENZHSOWTIEET LD
ZENZ DI NR D DNEBIC L - U EBE RS ESND Z &
T, implicitiCWHGENEIESN S Z LRI D,




HEERIE AT LD3IDDEA T:
(Conventlonal Independent/forced A & O, Quasi CDAS, & CDAS)

(a) Independent Systems (Conventional DAS) (b) Quasi CDAS (MOVE-C)
Atm. Obs. Aj\tm ><<
Lt

“AGCM
SST _~[_Accwm

M¢¢

Coupled Predict@

3DVAR

Burjdnod

—>
—>
—>
—>

Atmos. Forcing [ _oGem

NN
%Jan ?)bj Q& Initial Shock
(c) Fully coupled DAS (CDAS: K7)

Ocean Obs.

Coupled Prediction
esp. for seasonal to interannual variation

fferent Scales
->filtering consistently

1. Straight-forward concept
2. No initial shock
3. Higher forecast potential
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e Coupled Model (CFES):
s T42L.24 AFES for AGCM
= 1xldeg L45 MOMS3 for OGCM
= |ARC Sealce model
= MATSIRO Model for Land
* Observational Data
= Atmosphere:
NCEP’s BUFR data U,V,T,Q (10daily)
SSM/1 sea wind scalar x ERA40 wind direction (10daily)
= QOcean:
T/P altimeter data(10daily)
Reynolds SST (10daily)
WOD data T,S (monthly)
Ocean Data Assimilation Product T,S(monthly)
* Adjoint Code

= Adjoint OGCM and adjoint AGCM are coupled [Line by line
transformation by TAMC, TAF]

= Temporal averaging of forward field for the adjoint integration is applied
to smooth the basic field

= Adjoint AGCM contains damping terms to suppress the strong adjoint
sensitivity from \fveather fluctuations.

_a_kz(ﬂj L-Th+HR(Hx-y)
ot OX X

) :adjoint variables, x:temporal average, —I'A:damping.
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« CDA Reanalysis experiment for the period of
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(#]HA{E : Case of 3-month assimilation window;
1997/98)

NINO3.4 Anomaly Correlation Score
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Parameter Estimation using Green’s Function method
Toyoda et al. (in revision, IMBER/IMBIZO special issue)
v"We divide the model domain (75°S-80°N) into 40 provinces based on

Longhurst (1995).
v'Coastal provinces in Longhurst (1995) are excluded regarding the coarse
resolution of the ocean reanalysis.

v'Japanese Sea, Okhotsk Sea, Costa Rica Dome region, and region off the
coast of Peru are added taking into consideration of the specific
characteristics of the physical environment.

v'In each province, the optimal set of the NEMURO parameters are
estimated. Note that the region within 2 degree from the coast line (shaded)
Is eliminated from the optimization.




Optimization

v'We select 32 independent control variables from all 70 NEMURO parameters.
»those which differ largely between sites (Fujii et al., 2007; Yoshie et al., 2007)
»those which have large sensitivity (Yoshie et al., 2007)
»coefficients of photosynthetic rate, respiration, and mortality for each
phytoplankton and of grazing and mortality for each zooplankton are estimated
dependently.

»Cost function to be minimized is defined as follows:
»interannual trend during the experiment (J,,)
»differences between the analyzed and the observations of nutrients (J,,)
»same as J,. but of surface chlorophyll concentration (J)
»difference between the analyzed control variables and their first guesses (J,,)

J = Jeg+ Jir + Jne + Ja

- 2
T 1 s {”lfﬂmmm-mgs - 7nea'n"2i]i]1-2[][]£i]
tr = = E E : \
2 mMeaniogol-2 -:]-:JGQ
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; 2
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(left) central ant (right) eastern tropical Pacific (180°E-160°W, 5°S- 5°N 90-100°W,
20°S-5°N)

blue: control experiment, red: optimized experiment, black: SeaWIFS data

In these regions (ones of the most improved regions), the mean and interannual
variability of the surface chlorophyll concentration are quantitatively reproduced in the
optimized experiment.

*By analyzing the NEMURO variables and the physical fields in the 4DVAR reanalysis,
the interannual variability in phytoplankton in these regions is generated by the
variability in nutrients, which is attributed mainly by the zonal advection change, not by
the vertical one.

chl—a [mg/m3] (180E—160W,55—5N) chl—a [mg/m3] (90—100W,20S—5N)

e A
1

1997 5006 1997 2006
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How about the Physical Mechanism?

v"The physical mechanisms governing bottom-
water warming are poorly understood since in-
situ observations are spatially and temporally

sporadic.
v'The changes in heat storage between WOCE-

WOCE revisit imply northward running of the
warming signal, but...

- - Layer 5 I
: 4000-5000 m II

oo / pms 0P TN i

— |

120°E 150°E | 180° 150°W  120°W  90°W  60°W
Difference of the heat storage between
WOCE-WOCE revisit observational

periods.




Term balance of the temperature equation

wave motion adjusted current
vertical advection horizontal advection
heat distribution heat balance
(@) Potential temperature in the abyssal North Pacific (b) Term balance of temperature equation (x10™)
1.155{ WOCE WHP B mean value
) B standard deviation
9.1 9.03

1.154 1 8.03
1.153 1

1.152 1

1.151{% 1

—4.99 -4.28

115 U U U U U U U U
1984 1986 1988 1990 1992 1994 1996 1998 2000 T time h_adv v_adv h_diff v_diff
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