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1. OSE designed for evaluating impacts of increasing the number of Argo floats
We performed 6 experiments that
assimilate data from approximately 100%,
80%, 60%, 40%, 20%, 0% of the available
Argo float profiles for the period 20002010 using MOVE-G, current global
ocean data assimilation system for JMA’s
current operational seasonal forecasts. The
accuracy of these runs is evaluated by
comparing to the 20% of Argo float
profiles that are withheld from all
assimilation runs.

3. OSE for SSS data observed by the Satellite Aquarius
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Fig. 3-1: Impact of assimilating SSS data observed by Aquarius in MOVE-G2, next-generation
global ocean data assimilation system for JMA’s operational seasonal forecasts (resolution: 1.0˚ in
the zonal, and 0.3-0.5˚ in the meridional direction). Top: Monthly SSS fields without and with SSS,
and difference between them on Mar. 2012, Bottom: Same as the top but for Sep. 2012.

4. Pathway analysis using the product of forward and adjoint variables
Fig. 1-1: Vertical profiles of RMSE for temperature and
salinity in W-EqPac and SubTroNpac. The impact of
Argo floats are clear on salinity, especially in the nearsurface layer, and also notable on temperature around the
thermocline.
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(Fujii et al. 2013, JGR, http://dx.doi.org/10.1002/jgrc.20094.)
If the flow field is considered as a given forcing, where a water mass will be advected
depends only on the current position of the water mass (i.e., it is an initial value
problem), and does not depend on where it was advected from (i.e, it has no hysteresis).

Fig 1-2: Reduction of the ratio of RMSEs for 0300m averaged temperature and salinity to
normalized RMSEs of its monthly climatology by
assimilating 20%, 40%, 60% and 80% of Argo
floats profiles compared to the assimilation run in
which all Argo floats data are withheld.
Fig 1-3: Differences of normalized RMSEs for 0300m averaged salinity. The RMSE is reduced by
assimilating Argo data in most areas. The 1st 20%
of the Argo has relatively large impacts, but the
impacts are gradually reduced for the 2nd, 3rd and
4th 20%. Impacts of the last 20% is substantial
because they are reference data themselves.

LF(x,t) and LB(x,t)
is independent.
LF(x,t): Forward variable. Likelihood of the position for existing the water mass advected from the origin area
LB(x,t): Adjoint variable. Likelihood of the position for existing the water mass advected to the destination area
LJ(x,t): Likelihood of the position for existing the water mass travels from the origin to the destination area via there.

The adjoint theory guarantees that the whole area integration of LJ (i.e., the product of
forward and adjoint variables) is conserved.
We use LJ in order to identify the key area for the
cross-frontal transport across the Kuroshio Extension
(KE) and to contribute the observation design.

2. Evaluation of Argo and TAO/TRITON impacts on ENSO forecasting
(Fujii et al. 2011, Climate Variability, INTECH, http://dx.doi.org/10.5772/30330.)
Impacts of observation data from TAO/TRITON array and Argo
Name
TAO
Argo
floats in the JMA current ENSO forecasting system are evaluated in
ALL
○
○
OSE experiments. We performed a regular assimilation run (ALL)
XTT
×
○
and 2 additional runs (XTT and XAF) where data from TAO/
XAF
○
×
TRITON or Argo floats are excluded from the assimilated data.
XTT and XAF started from the fields of ALL in 2000/01/01. Then, we performed 11 member ensemble
13-month forecasts from the end of Jan., Apr., Jul., Oct. in 2004-2009 using the three assimilated fields.
The result demonstrates the impacts of both observing system in the forecast score of SST in the central
and eastern equatorial Pacific.
Fig. 2-1: Improvements of the ACC scores by
assimilating Argo Floats (Floats) and TAO/TRITON
buoys for SST averaged in the box areas denoted by
the left-bottom map in 1-7 and 8-13 Month Lead
Time (MLT) forecasts. These improvements are
calculated by subtracting the scores when Floats
(TAO/TRITON) are withheld from the scores when
all data is assimilated.

Fig. 2-2: Maps of the difference in ACCs with
the reference between 1-7 MLT ensemble mean
forecasts of SLP, velocity potential on 200 hPa
(VP200), and OLR from ALL and XTT or
XAF. ALL-XTT (ALL-XAF) represents the
impact of the TAO/TRITON array (profiling
floats). This figure indicates that the improved
SST forecasts for the equatorial Pacific by
assimilating Argo and TAO/TRITON buoys
also affects the forecasts of atmospheric
elements.

Fig. 2-3: Improvements of the ACC scores by
assimilating Argo Floats (Floats) and TAO/TRITON
buoys for indices representing the intense of the trade
winds, zonal winds in the upper troposphere, OLR
over the maritime continent, temperature on the mid
troposphere, intense of walker circulation, intense of
the monsoon trough, and lower troposphere
temperature in 30-90˚N in 1-7 and 8-13 MLT forecasts.

We analyze the pathway of the North Pacific Intermediate water
that migrates from the surface low salinity (<34) layer in the
subarctic North Pacific (origin area) to the mid-depth minimumsalinity (<34.35) layer (destination area) in 10 years, using the
eddy-resolving OGCM used in MOVE-WNP (resolution: 0.1˚)
and its tangent linear and adjoint codes.

Fig. 4-1: Model topography, and
origin and destination areas.

Fig. 4-2: Distribution of the maximum
values of vertically integrated LJ in the
migration period. This figure roughly
show the pathway of NPIW. This figure
shows that NPIW mainly entered KE
from its first ridge, and deviates from
KE over Shatsky Rise, and enters
subtropical gyre.

Fig. 4-3: Snapshot of LJ (Top) and salinity (bottom) on the
26.8  surface around the KE first ridge. High likelihood in
KE well corresponds to the low salinity water, which
indicates the low salinity water mass from the subarctic
region is well traced by LJ.

Fig. 4-4: Time series of LJ on the 26.8  surface around Shatsky
Rise. This figure shows that NPIW is advected southward by the
upstream side of the meander positioned over the Shatsky Rise. It
does not return northward, but deviate southwestward from the
KE and enters subtropical gyre. Shrink of the vortex tube in the
mid-depth layer at the upstream side of the meander.
%
Fig. 4-5: Distribution of probability density transports from the surface to the bottom integrated over the
migration period. This figure clearly indicated that NPIW enters subtropical gyre around Shatsky Rise
and the western side of the emperor seamount chain, which suggests that these areas should be observed
for the investigation of the cross-frontal transport across KE.

