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US Navy ESPC Global Coupled System
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-Navy ESPC-E (Ensemble) v1 became operational at Fleet Numerical Meteorology and Oceanography Center (FNMOC) in
August 2020

*Used by Joint Typhoon Warning Center for tropical cyclone genesis prediction

*Used by National Ice Center for polar exercise and resupply mission planning @

*Navy ESPC-D (Deterministic) v2 became operational in August 2024 ‘”’ UIFCWZS

*Navy ESPC-E v2 validation test report is completed, operational transition underway A UFS Collaboration Powered by EPIC



Navy ESPC v2 Upgrades (FY24-FY25)
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N_avy ESPC Evolution
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Very high-resolution ocean and sea ice reflects US Navy interests.

v2 includes higher NAVGEM resolution and model top, internal tides, land-fast Arctic sea-ice, radiative impact of climatological aerosols, and

1-way coupling to waves.
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" Horizontal resolution at the equator, 2 Horizontal resolution at the North Pole, 23One-way coupling to waves.



Uniqueness of US Navy ESPC:
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US Navy needs high-fidelity

simulations in atmosphere, ocean and
sea-ice

h Resolution Ocean and Sea Ice

Arctic shipping routes

Currently there are two main sailing routes through the Arctic, the Northwest Trail,
which runs along the Canadian coast, and the Northeast Passage through Siberia,
which is also the shortest route connecting northeast Asia and western Europe.

— Northwest Passage — Northern Sea Route Other Arctic routes

Sea ice extent
September 1985

CANADA

North Pole
RUSSIA

Sources: Arctic Data; U.S. al Snow & Ice Data Center; NOAA; Reuters,

G. Cabrera, L. Desrayaud, 24/08/2018 ) REUTERS
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Why High Resolution? - Internal Tides

sea surf. height Jan 02, 2017 MEAN [21.6H]

temperature zonal sec. 19.98n Jan 01, 2017 102 [21.6H]
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Internal Tides in Navy ESPC 1/25° HYCOM
48-h animation

The addition of astronomical tidal forcing generates internal gravity waves at tidal frequencies.

These internal tides are generated by large-scale barotropic flow over bathymetric features.



Example of Ice Fractures in CICE Component
1.75 km Resolution at the Pole (ESPC-D)

PC 03.0 | Lead Area Opening Rate (%/day) | 202110151 ESPC 03.0 | Lead Area Opening Rate (%/day) | 2021101512
Init 2021101512 & Init 2021101512
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Navy ESPC-D v2 vs. Stand-alone Systems

WW3 in ESPC-D v2 vs Stand-alone WW3
Significant Wave Height Self Analysis

Temperature bias (k) as compared to

radiosondes at tau=0 h (black)
through tau= 120 h (cyan)

ESPC NAVGEM

Smaller biases in middle
atmosphere and in troposphere

(higher top, better physics)

WW3 forecasts in ESPC better than stand-alone WW3
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ESPC-D v2 outperforms stand-
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all) metrics.
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Navy ESPC-E v1 vs. v2 - Atmospheric CRPS
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Navy ESPC-E v1 vs. v2 Madden-Julian Oscillation

ESPC-E v1 outperforms ESPC-E v2 for
MJO AC, RMSE, and spread-error
relationship

Comparable to NCEP and UKMO, not as
good as ECMWF

All models other than ECMWF are
substantially under-dispersive — currently
examining stochastic atmospheric forcing to
enhance ensemble spread

RMM MJO Index
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Navy ESPC-E v1 vs. v2 — Preliminary Results

Temperature and Salinitv Bias and RMSE for a single ensemble forecast at tau =44 d — ESPC V2
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* Biases improved at depths less than 150 m, but worse at depths greater than 300 m
+ Temperature RMSE comparable near surface, but improved at all levels deeper than 50 m
+ Salinity RMSE improved for depths less than 200 m, comparable below that
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Navy ESPC-E v1 vs. v2 Arctic Sea Ice Drift

Ice Drift | Correlation Ice Drift | Mean Magnitude Differences
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Ice drift correlations are very similar between v1 and v2 (and above 0.5 at least out to 5 days)
However, the bias (mean magnitude differences) is about 5 cm/s (too fast) for v2 and near zero for v1

Bias exists during the first day and doesn’t grow with time
Investigations continue as to what may be causing this bias (not consistent with wind speed biases)
Ice edge errors also larger in v2 than in v1




Navy ESPC-E v1 vs. v2: Integrated Ice Edge Error

Arctic Antarctic
v1 Total Ice Edge Error Verification:
5 - USNIC Marginal
Ice Zone analysis
based on multi-
source imagery
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Over-predicted regions larger in v2 than in v1, while underpredicted regions larger in v1 than in v2
Total ice edge error larger in v2 than in v1

Work continues to try to identify source of faster error growth in v2
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Large-Scale Tropical Environment Products

RMM MJO Forecast Product ESPC v2 Deterministic vs ESPC v1 Control and S2S (09/2020 — 08/2021)
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Navy ESPC Outreach and Products

roved for public release.
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Approved for public release: distribution unlimited.

Product dissemination to Fleet users:
*MJO and tropical anomaly graphics used by JTWC for 2-3 week TC genesis forecasts
*Naval Information Warfighting Development Center using MJO graphics to train students for warfare tactics
*Naval Air Warfare Center Aircraft Division pulling ESPC ensemble data for ASW planning

*US National Ice Center (USNIC) uses ESPC forecasts to assist biennial Ice Exercise (ICEX) and{&t

RYiFcw2s

missions.

*FNMOC Stennis produces several products related to acoustics

RMM 2 (Standard Deviations)

Navy ESPC MJO Phase Diagram
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Summary and Future Plans

Navy ESPC-E v1 - Operational at FNMOC in August 2020; weekly 16-member 45-day ensembles
*Used by Joint Typhoon Warning Center for tropical cyclone genesis forecasts

*Used by National Ice Center for resupply mission and field experiment planning

Navy ESPC v2 - Upgrades include ocean waves; middle atmosphere; internal tides; land-fast ice
*ESPC-D v2 operational in August 2024 - comparable or better than stand-alone systems for most (not all) metrics

*ESPC-E v2 validation nearly complete, transition to operations underway - comparable or better than v1 for most
metrics (worse for some sea ice metrics)

Navy ESPC v2.1 (2026)

* Improved ensemble design, minor component upgrades

. INavy Environmental Prediction sysTem Using a Nonhydrostatic Engine @

Navy ESPC v3 (2028) L UIFCW25

A UFS Collaboration Powered by EPIC

*NEPTUNE" will allow km-scale atmosphere-ocean coupled forecasts



