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An MPI parallelization that was implemented for JAMSTEC JCOPE-T ocean circulation models allow significantly accelerate

integration of very high resolution nested downscaled models that makes them practically useful even for the real-time applications.

In addition, new direct MS3DVAR data assimilation method was made a part of modeling system that allows to model closer follow

the observed ocean conditions.
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1. Introduction

Historically, JCOPE (Japan Coastal Ocean Predictability
Experiment) family of ocean models were developed in
2000th and utilized automatic compiler generated OMP-type
shared memory parallelization. It was enough at some stage,
but recently it became a weak point in applications of very
high-resolution downscaled versions of model. To overcome
this limitation, MPI parallelized version of JCOPE-T (tide
enabled) model was realized and tested on ES and other
computer systems available in JAMSTEC: local workstations
and DA (Data Analysis) system. MPI parallelization made it
possible to start stable real-time and research operations of very
high resolution (1/500th degree or ~200 m) 3rd level nested

downscaled models for Bungo Strait and Tokara Strait areas.

2. JCOPE-T-MPI model structure

The JCOPE-T-MPI model is based on the code of POM [1]
and JCOPE/JCOPE-T [2,3] models. Model is formulated in
generalized sigma vertical coordinates and latitude — longitude
horizontal coordinates, it utilizes hydrostatic approximation.
JCOPE-T-MPI code is mainly FORTRAN code that uses many
features of FORTRAN 90 and FORTRAN 2003 programming
languages: modular structure, stream output/input operations etc.
Basic modules of JCOPE-T-MPI include: main program, shared
variables and parameters definition module, model physics and
open boundary conditions module, MPI functionality support
module, meteorological and tidal date input and interpolation
modules, general I/O operations module, rivers fresh water
supply module etc. IO module preserves succession with earlier
versions of JCOPE models data files structure. Majority of
the hard disks IO operations are performed by master process.

Before output, necessary model field are gathered by master
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process from all sub-processes and then single output operation
is performed. On input stages, global domain data are read
in memory by master process and then scattered to all sub-
processes. Parameters for each experiment are provided using
FORTRAN name-list files. JCOPE-T-MPI model uses compiler
preprocessor directives to supports almost arbitrary rectangular
domain decomposition on Nx * Ny equal MPI subdomains.
For semi-global model number of subdomains in longitudinal
direction must exactly match the global model grid size, when
in other cases most eastern MPI subdomains and most northern
ones could be used partially. For complicated shapes of land and
sea distribution, some MPI subdomains could do not include
active model points or very limited number of such.

To demonstrate MPI parallelization efficiency, we can
consider 3" level very high resolution downscaled JCOPE-T-
Tokara500 model case. With horizontal resolution of 1/500"
degree and grid size 1002x1002x46 grid points, model 2D
barotropic mode integration time step was 0.2 seconds and
3D baroclinic mode time stepping was 4 seconds. So small
integration time steps were dictated by maximum model depth
(2D mode) and by possible horizontal advection speed and
model resolution as well as by strong vertical motion caused
by internal tidal waves that are explicitly simulated by model.
When compiled with OMP-type auto-parallelization and
running model using 4 cores on SX-9 vector supercomputer, it
required ~12 hours of wall clock time for one-day integration,
when for MPI version on ES it took ~6.1 hours per day using
4x4 decomposition with 16 cores, ~2.0 hours per day with
8x8 decomposition and 64 cores used and ~1h25m for 10x10
decomposition (100 cores). It made possible to start real time

operations of such high-resolution models.
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2.1 Data assimilation module

The newly implemented offline MS3DVAR (multi scale
3D variational) data assimilation method, details of which are
described in [4], can be used with new model. Availability of
new satellites data made it possible to decrease assimilation
time windows up to 1 day for SST and refine an assimilation
analysis grid from 1/4" to 1/8" degree. Method also uses
horizontal scales separation of observed and model data on
large (100 km and more) and small (order of 30 km) scales
and realizes error minimizing search separately for each scale.

As an assimilation analysis is done on coarser then model grid
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Fig. 1 Daily mean sea surface temperature for (a) new MS3DVAR IAU
assimilation case, (b) observed merged satellites SST and (c) for
nudging of de-tided model fields to interpolated JCOPE2M host
model field, March 20, 2018.
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(1/8" degree vs 1/36"™ degree for JCOPE-T), the smaller scale
model disturbances (less then ~20 km) must do not be impacted
by analysis fields. To realize it, we estimate an IAU (increment
analysis update) as difference of assimilation analysis minus
model daily mean values as first guess and then filter out from
TAU smaller than ~20 km disturbances by applying Gaussian
filter with 20 km scale. Filtering also smooths “jumps” in
assimilation analysis field between defined and undefined (zero)
zones as well as created by bilinear interpolation to finer model
grid jumps in gradients of analysis. In addition, we remove from
IAU values the small scale signal do not supported by used
analysis scaling and as result do not over-smooth corresponding
model small scales (mesoscales) variability. Same time model
fields relatively close follow to the large (>100 km) and
intermediate (>30 km) scale features found in observed data.
On Fig. 1 it is given one example of new (a) and old (c) data
assimilation results for 2018 March 20" UTC in the Southern
part of Japan Sea with an observed merged satellites SST field
as (b).

Comparing these images, we can see, that old realization
of assimilation (nudging) is smoother and overestimates warm
waters intrusion along South Korean coast, overestimates
intrusion of cold waters along the North Korea coast and
underestimates penetration of warm waters to the north-west
from the Noto Peninsular, when compared with observations.
However, some differences can be found also for the new
method implementation, like warm waters intrusion to the north
along 133E.
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