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 Navy ESPC-E (Ensemble) vl 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

 Navy ESPC-E v2 validation test report almost finished, operational transition underway
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ESPC Land
| W 3
Version Atmosphere Ocean Sea lce aves Surface Aerosol

Number NAVGEM HYCOM CICE WW3 LSM

ESPC-E v1 Module

o T359L60 1/12° (9 km)!  1/12° (3.5 km)? .
ensembles 37 km, 72-km top 41 layers CICE V4 NAVGEM
- o 1 o 2
ESPC-E v2 o811 143 112° (9 km)' 112 35kmpE . Module Module
45-day 19 km. 110-km to 41 layers, CICE V6 w/ Arctic (28 km) within within
ensembles / P Tides land-fast ice NAVGEM  NAVGEM
j o 1 o 2
ESPC-D v2 6811143 11257 (4.5km)!  1/25° (1.8 km)? o Module Module
8-day 19 km. 110-km to 41 layers, CICE V6 w/ Arctic (28 km) within within
Forecasts ’ P Tides land-fast ice NAVGEM  NAVGEM

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.

1 Horizontal resolution at the equator, 2 Horizontal resolution at the North Pole, 3One-way coupling to waves.
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RESEARCH High Resolution Ocean and Sea Ice

layer=01 salinity Aug 19,2018 00Z [93.0H] —

” Arctic shipping routes

37 2018081812 Currently there are two main sailing routes through the Arctic, the Northwest Trail,
36 T 0.070 which runs along the Canadian coast, and the Northeast Passage through Siberia,
35 | 0ps 50N which is also the shortest route connecting northeast Asia and western Europe.
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September 2017,
US Navy needs high-fidelity
simulations in atmosphere, ocean and
H Sources: Arctic Data; U.S. National Snow & Ice Data Center; NOAA; Reuters.
sea -I Ce G. Cabrera, L. Desrayaud, 24/08/2018 §% REUTERS
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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.
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Example of Ice Fractures in CICE Component @
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WW3 in ESPC-D v2 vs Stand-alone WW3
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in terms of correlation, RMSE, and bias.
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Madden-Julian Oscillation
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Temperature and Salinity 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
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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)
|lce edge errors also larger in v2 than in v1
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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 (2025-2026)
 Improved ensemble design, minor component upgrades

Navy ESPC v3 (2028)
« NEPTUNE" will allow km-scale atmosphere-ocean coupled forecasts

INavy Environmental Prediction sysTem Using a Nonhydrostatic Engine
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INavy Environmental Prediction sysTem Using a Nonhydrostatic Engine

2025 AMS Annual Meeting | 14 Navy ESPC: Overview and Future Developments



2,
AL peserS

s Navy ESPC-E v2 vs Climo D

I Significant Wave Height

Significant Wave Height verification against observations (buoys and altimetry)

Ens Mean vs ACAF: SWH Ens Mean vs ACAF: SWH Tau = 0240

. = = Correlation = o= oes Rank
| Histogram

Lol ssses [ A .. _o®

0.10 1

0.08 1
0.8

RMSE (m)

= 0.06 4

Correlation Coefficient

0.6 1 0.04 -

m——— Single Member
m—— Fnsemble Mean

0.02 1

0.4

ACAF (Cllmo) 000" o 1 2 3 4 5 6 7 8 9 10 11
T T T T T T Bin
0 10 20 30 40 0 10 20 30 40 Tau = 1080
Forecast day Forecast day 0121

0.10 1

Single forecast becomes less skillful than climo in about 8 days
Ensemble forecast becomes comparable to climo around 11-12 days

0.08 1

0.06 1

ncy (Fraction)

que

Ensemble is under-dispersive (u-shaped rank histogram)
Tropical predictability a bit longer than extratropical predictability (not shown)

0.04 7

0.02 4

0.00 -

0 1 2 3 4 5 6 7 8 9 10 11

Bin

2025 AMS Annual Meeting | 15 Navy ESPC: Overview and Future Developments



OFFICE OF

U.S.NAVAL | ;‘%v”“l’ALnEsm

ESEARC
LABORATORY

Navy ESPCv2 Det ——
Navy ESPC Ops

A

[e] S i

g e = S Persistence -
S ® L i

2 - = © Climatology ——
= O 3 8 ECMWF —
= (@]

% g I _.~~‘~~‘ B UKMO —
E’_), 1 - CED 0.0 _._ —————————————————————————————————————— = NCEP —
g = I T T T T T T T T T T ]

s

o

Slight improvement in MJO performance in

W s 2 1 o 1 a2 & . Weekly-Averaged 850-200 hPa C .
Wind Shear Anomaly Product Newy IESIFE ¥2 PEiimiisie

40°N

20°N

20°S

MJO, large-scale tropical environment, and wind shear

40°S

products produced operationally to help inform JTWC
extended-range TC genesis outlooks

0° 20°E 40°E 60°E 80°E 100°E 120°E 140°E 160°E 180" 160°W140°W120°W100°W 80°W 60°W 40°W 20°W 0°

[ [ T T T T
15 125 10 75 5 =25 25 5 75 10 125 15 Ims]

~ 2025 AMS Annual Meeting [ 16 Navy ESPC: Overview and Future
Develonbnmente



Uigss".;'ﬁ\.{é" Fleet Use of ESPC-E v1 Products I@.

LABORATORY

Ice Exercise (ICEX) 2022 Floe Planning and Tracking

* US National Ice Center assisted in ice floe selection for ICEX 22: Navy ice camp in the Beaufort Sea
* Operational ESPC-E v1 was used to provide forecast track and uncertainty estimates
* Both prior to floe selection and during the exercise
* Floe must remain within a flyable distance of Deadhorse, AK
 Magenta shapes show various ice floes that may host the ice camp
* Yellow dots are ensemble mean forecast every 24 hours out to 14 days
e Circles represent uncertainty (standard deviation) of sea ice drift
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Sonic Layer Depth Sea Ice Concentration Madden-Julian Oscillation

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 other missions.
. FNMOC Stennis produces several products related to acoustics
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Better spread/skill ratio (VARR) for all metrics at early

forecast lead times. For some metrics, VARR slightly
worse for v2 at long lead times.
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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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