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Production support system for 4D-VAR data assimilation

Yoshihisa Hiyoshi'®*, Yoichi Ishikawa!, Shiro Nishikawa', Shuhei Masuda?, Hiromichi Igarashi', and Yuji Sasaki'

To reproduce the dynamical states of global climate on seasonal and inter-annual scales, a four-dimensional variational
(4D-VAR) data assimilation system with a coupled ocean-atmosphere global model has been successfully developed in Data
Research Center for Marine-Earth Sciences (DrC), Japan Agency for Marine-Earth Science and Technology (JAMSTEC).
Our 4D-VAR coupled data assimilation (CDA) system with a three-month assimilation window runs routinely in every
three months since January 2010 and generates sets of reanalysis data and ensemble three-year climate prediction data.

To realize further efficient production of reanalysis data sets, DrC develops a production support system for synthesizing
reanalysis data. It comprises the three subsystems for (a) automated observational data acquisition with a “cron” process,
(b) quality control and data processing, and (c) synthetic visualization of observational and reanalysis data.

With the support system, we evaluate performance of the sets of the three-month reanalysis and three-year ensemble
prediction data. The majority of the data sets hold higher reproducibility in the three-month assimilation periods and
predictability in the first one-year ensemble prediction periods over the tropical ocean states in the Pacific and Indian
oceans. The support system, in particular, for synthetic visualization plays a crucial role to evaluate the reanalysis and

prediction data.
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Fig. 1. Schematic of the experimental configurations in 2011 and 2012. Four dimensional Variational (4D-VAR) data assimilations are sequentially

performed with three-month assimilation window in every three months (in thick red lines). Green dashed line indicates an initial condition of a three-

month assimilation comes from the optimized result at the final time slot of the previous assimilation. Eleven-member forward predictions (in blue

dashed line) run for three years just after the three-month assimilation.
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Fig. 2. Block diagram of our 4D-VAR CDA (Coupled Data Assimilation) system. The support system for synthesizing reanalysis data comprises

the three subsystems; (a) system for automated observational data acquisition, (b) system for quality control and data processing, and (c) system for

synthetic visualization of observational and reanalysis data.
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Fig. 3. System flow diagram for automated observational data acquisition. The blocks ((a)-(g)) represent the major components in the acquisition

system. Thin blue lines connecting blocks indicate requests from one block to the next or data flows between the connecting blocks. The numerals

(1.-8.) show the step-by-step procedure of acquiring open-access observational data through the system for automated observational data acquisition.
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Fig. 4. Procedure ((a)-(e)) of generating synthetic images of the 4D-VAR and ensemble forward prediction results with the observational data (panels
(), (), and (h)). Panel (f) presents the time-series plots (colored thin lines) of Nino 3.4 SST ensemble predictions in the first one year out of the
three-year predictions. Colored dots mark the empirical values of Nino 3.4 SST before six months and after three month periods from the starting date.
Panel (g) illustrates a Hovmoeller diagram of the 10 m-height zonal wind speed (U10) along the equator in the three-year prediction (Jan. 2011 to Dec.
2013). Panel (h) patches the five sub-panels: (1) spatial distribution of SST first guess field from January to March in 2011; (2) that of assimilation
field; (3) that of the difference between (1) and (2); (4) that of OISST observations; (5) that of the difference between (2) and (4).
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