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Research Objectives: The scope of this project is to advance the analysis and prediction capability of the
Navy’s environmental modeling and forecasting systems through the improvement of the assimilation
software. This project used three different variational assimilation systems: (1) Relo NCOM (3DVAR), (2)
the adjointless 4DV AR, and (3) the NCOM-4DVAR. There were 8 funded NRL projects that focused on
either adding or improving capabilities of 4DVAR in FY17, and the experiments performed under this HPC
project went towards satisfying these efforts.

Methodology: This HPC project helped advance the NCOM-4DV AR assimilation system in FY17 through
the following funded NRL projects: (1) The 6.4 Ocean Data Assimilation (ODA) project was tasked to test
the NCOM-4DVAR within the operational COAMPSS system and in the highly nonlinear regimes of the
US East Coast and Agulhas. (2) The 6.2 Coupled Ocean-Atmosphere Variational Assimilation and
Prediction System project merged the 4DV AR capabilities of the atmospheric and oceanic components of
the Coupled Ocean/Atmospheric Mesoscale Prediction System (COAMPS) to create a coupled 4DVAR
capability. (3) In the 6.2 Coupled Ocean-Acoustic Assimilative Model project, a number of validation
experiments were performed of the coupled 4DVAR-NCOM and 4DVAR-RAM system. (4) The 6.2 Smart
Glider Teams for Rapid Update of Local Analysis project tested a new capability for accurate and rapid
characterization of the local ocean battlespace using coordinated teams of gliders and preserving the fidelity
of their collective observations through innovative 4DV AR assimilation. (5) The 6.2 Calibration of Ocean
Forcing with satellite Flux Estimates project, continued NCOM-4DVAR experiments to quantify ocean
error covariance. (6) The 6.1 Adjointless 4dVar for operational Navy ocean models project performed
experiments with this developed adjointless system in the Okinawa Trough and RIMPAC regions. (7) The
6.1 Propagation and Dissipation of Internal Tides on Coastal Shelves project continued the study of the
year-long NCOM-4DVAR experiment on the Northwest Australia Shelf. (8) The 6.2 Submesoscale
Prediction of Eddies through Altimeter Retrieval (SPEAR) project performed 3DVAR and 4DVAR
experiments to test high-resolution assimilation to resolve submesoscale features.

Results: Numerous 4DVAR-NCOM experiments were performed under this FY17 HPC project with the
overall result of further improving the analysis accuracy, prediction skill, portability and robustness of the
system in various regions of interest and at different resolutions. A few of the specific advancements that
were made include: how to operate the system at very high resolution (Fig. 1), the understanding of the
modeling and prediction of internal tides, the coupling of assimilation systems from different models, and
glider control.

DoD Impact/Significance: The 3D and 4D variational systems that were tested under this project went
towards improving the Navy’s capability of forecasting the ocean environment. Various validation studies
for the 4DVAR-NCOM were performed and they showed more accurate analyses and model forecast fields
than its predecessor, NCODA_VAR. Additionally, the work on coupling the assimilation systems for the
ocean, atmosphere, and acoustic models made significant progress this fiscal year and these coupled
systems will ultimately further improve the forecast skill of all three environments.
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Figure 1. High resolution (1-km) ocean assimilation experiments were performed with the NCOM-
4DVAR analysis/prediction system for subdomains (solid black squares) in the North Arabian Sea
(Panel A) and the Western Pacific Ocean (Panel B) for the months of February and March, 2016.
The resulting temperature (Panels C and D) and salinity (Panels E and F) error statics are compared
between the free run (no assimilation) (black line), the previous 24-hr forecast (blue line), and the
4DVAR analysis (red line). These results verify that the NCOM-4DVAR software is performing
well at a high resolution. Since this system is computationally expensive to operate, these
experiments could not have been performed on anything other than HPC resources.
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