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1. Background

Drats asaimibstion v Fecently focused on the derivation of
an optimal csds of observatbonal dats and modsl resubis for betier de-
periplions af the ocesn dlabe (.3, Stammer of al. MGR, 2002]. The aysihe-
gis efforts so far have mamby disected the attention o the uppes ocean
e observalions al chenges m the properiies of oosmn wsters have been
restricied o surface ar inermediale-deplh waters [eg., Levilus el al., Sci-
ence, M| BHased on hagh quality observatianal survey, recent studies
have found an importand fact that the deepest waters of the major ocean
have warmed sigmificantly during the recent decades [e.g., Fukasawa et al.,
Mature, 2 . This bottom water wanming is of particular inferest as it can
ke closely related to changes in the giobal thermahaline circulation and
warming frend of the ghobal ocean.

2. Data Assimilation System
i Deean general circulaion model

CEFD LN "X 1", 45kevs, Global
l'.T & Sali CTD, XBT, MBT, AFB, DRB, Argo
oI inity ! 2 : . ¥ e
SSTP lds 55T
35H Anomaly TOPEXTOSEIDNM
c. Control variables
Surface floxes Hesd, fresh water, momesium
Initial Conditions T, §, LI, 55H
i Cost fanction
Taotal cost J=0 + .0, +.F
Backgrousd cost Sy = k-5 ) TH -
Ohservational eost J; L rH.,_;gf.,rx.l =¥l B (Ho M) - F?
Smoathness cost =z w-x)

4, Bensitivity Experiment

An adjoint caloulation was executed io detect the origan and the caasal
dhynamics of the botiom water warming in the Naorth Pacific. The
salotion ennbles us to estimate the sensitivity to fluctoations of the model
varizhles thereby leading to the ddentification and characterization of the
crigin and pathways of waters [e.g., Fakemor et 2, JPO, 2002],

Lef pancls showr & nesull af
the backward calculation of ad-
joint werkahles in the case of
o] ‘empemture foctustion inpot at
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d warming  was  observed
{marked by ® in the upper-left
panel}, The adioim sigsal can
e traced back to the Southen
Ohoean over & roughly S0 year
period.

The distribetion of adjoint
varishles of the pel air-gen beat
inpe (Fig. 4] tmpliss thar the
haotiom water warming in the
Morth Pacific is likely t0 siem
Fom e change in air-sca Bt
flox in the Sowthern Coean
(while aomew) Vil oeeRnie wave
activitins. Rooont field and mod-
i climg studies provide o basical-
Iy consisten] view [o.g.. MNaka-

mo and Suginothama, TR, 2003]
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3. Details of Model and Observational Data
. Dptimization of model parameters T

T L] al averaged t=mperatare and salinl-

v (diMmce betewsen simulstion

and observaticn). We bave opti-

mteid vertical dilfusive Soellesicn

i b CHEFC A by nsing “Giveen fonc=

tlon calsbratios’ [Menemeslls et al,
J005). As a result, the cost i offisc-

curveal. Suchk & parsmeler adjusl-

ment i crucial for better descrip-
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Figure 2 shows disirbubion of
ihe impur pheervations BRI daa-
gl upper panel) al S000m-depth
duering the assimilstion persod
{195T-2004 )
lirw 4000m-depth & foond In dhis
datas! (lower parel ), which i3 con-

L sistent with the repent studies [Fu-
i v - s of 4, Matere, 2004 amd Fa-
1= — = wemo m al, GRL, 2006, WOCE
B reveail & Ml Crolse play an lm-
ks e poctant rale in the deep ocean sar-
Pt P vy,
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5. Dcean Reanalysis Dataset (1957-2006)

terrardietyealony

Figure § shows the time
series of climate indices exti-
mialsd foin Gl ddean reasal-
wais datasel. The obtained me-
analysis drisset shies good
comsistency  wilh  previous
Imierwledge of important oli-
INALS SvEntd,

The botiom waler warm=
Ing b the Marth Pecifie |8 -
cossfully repeoduced in our
remnalysis fleld (Fig. 8]
which can leud io betier un-
derstanding of the wamming
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6. Concloding Remarlks

By using a J-dimensional varintional adjeint method, we have obtained
&n oceansc reanalysis datn set for 1957-2006 focusing an the deep oozan
state extimation. The reconstrocted fizld, which has dynamical consisten-
oy, refleces most of the familiar gross fentares of past sbadies, Hence, mar
product is useful for understanding long-term cceanic variakrilities mele-
sive of the botiom water wanming,
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