An Ocean Data Assimilation Application — Ocean Forecasting for Operation of Shipboard Acoustical Sensors
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Goal - Produce sufficiently accurate numerical forecasts of 3-dimensional ocean sound speed fields with
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obtain reliable improvements in operationa| use of those sensors. This poster outlines efforts at the Naval Oceanographic Office to attain
numerical model simulations of ocean temperature for the purpose of
predicting more accurate 3-D sound speed fields for Navy acoustical
sensors. The prominent feature of this activity is the need to integrate the
sensitivity of selected acoustical sensors with simulations of ocean
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- I mo— a2 P Strategy — variability and with the Navy’s capacity to improve those simulations
_ ~ [ IR = e il . . . X through ocean observations. Experience continues to show that Navy
o e A e e w0 ¢ e e o » Implement regional, high-resolution, atmosphere and ocean dynamical models able to forecast ocean shipboard acoustical systems are sensitive to a spectrum of ocean
o . I o ; o . o . . variability and dynamical scales. Against this sensitivity to real and
- ’rﬁﬁ Varlablllty on Shorter Spatlal Scales, model_ed variabil_ity of ocean tempera_ture i; the pr_e.f.s_ing requirement to
o 4 R , * maintain a global mesoscale modeling operation to provide open-boundary forecast fields. oot T Ao betaen doterminationt of sanatiity and
Bl . ”, N 0 forecast uncertainty drives deployment of Navy sampling assets, as
- = sk . S L. . i i . ) . i i gliders, profiling floats, ships and aircraft, on a continual basis. Progress
e (Y v » Assimilate information from all available satellite and /7 s/ifuv ocean observations into the forecast at the Naval Oceanographic Office toward estimating sensitivity and model
. 3 uncertainty has depended on experimentation and on development of
I s CyCle; analysis practices embedded within the forecast production. The approach
T e P . . . . in practice today is to engage numbers of individuals in the daily
= maintain automated data quallty evaluation. interpretation of modeled fields and ocean observations. Different ocean

settings have yielded different assessments of model performance, largely
depending on the dynamical scales and complexity of the phenomena

Building end-to-end system for selected application: > As;emble teams of oceanographer_s knowledgeaple on the ocean processes of multjple selected féiiﬁiﬂ?cf?ﬁ‘éﬁﬁﬁfﬁlﬂagfcﬁigﬁffeesﬂ?ﬂﬁsﬁ taken from Fleet ﬁﬁ;’ziﬁm
Observations + Circulation Models - Sensor Performance Forecast + Guidance for Sensor Use regions and for the purpose of continually assessing model-forecast uncertainty against the integrate the effects of differing scales of variability and to render

Cle . y . . . . interactions among scales. The need to develop a stronger observational
Oceanographer/Acoustician Tasks: SenSlthlty of the end user’s acoustic SEensors, when Operated in the reSpeCthG regions. basis, more configurable and able to support and verify particular ocean

. . L . L processes in forecast models, is also apparent.
a. Determine acoustical sensor sensitivity to the predominant variability.

b. Assess forecast uncertainty
i. Manual evaluation of model vs observed data

ii. Development of ensemble approaches
NAVOCEANO Forecasting System for ASW

Example guidance material produced by oceanographers and acousticians during a Navy Fleet training Exercise in February 2008. Note that two Navy seagliders were deployed
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SLD (< 100 ft) except near juncture of surface
= layers of different temperatures effecting
.. stronger currents and advection.
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-~ « Recent xbts in the box show layers maintaining SLD ¥
[sonic layer depth] > 400 ft. Deep surface layers L
originate with flows from the west and southwest; this |
pattern is forecast to support deep SLD for next 48 hr i
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.. *Significant 6-12 hrly change in layer depth
related to internal tides is expected.

« SLD will continue in the range 400-500 ft.

* Model forecasts continue to show strong but narrow
surface fronts along the N and SE perimeters of the

box. Recent glider data are consistent with the model
SLD forecasts in these areas. Expect SLD to approach
400 ft on either side of these fronts. Gliders show SLD
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Greater shallowing of SLD located
alrjuncllon of surface layers of
different temperature
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shallowing to < 100 ft in northeastern quarter of box. Forecasted change in SLD over . mean over 48 hr of model SLD helps
Z: h”r “blue” adreas indica&e e fsepara(e “noise” effects olb\rlllerna\ tides.
. i i i shallower; “red” areas indicate rom more stationary variability
Model forecasts sustain the circulation pattern of o | shallower: red areas indice nary vart
features CCE and WCE (cold core and warm core A boundaries o0

eddies) leading to movement of warm water northward,
between these features. WCE will continue to generate
shallower SLD along its sw perimeter associated with
the warmer water transport.
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« Winds are forecast to be light (5 to 15 kts) and probability of detecting a target somewhere p y of athreat e
3D easterly over the next 24-48 hrs. Impact of these winds L4 between the sensor and a range of 30 kyds between the sensor and a range of 20 kyds
Ocean Field Forecaster el on SLD variability will be minor within the operating distant when the target is in the surface duct distant when the target is at an operating
— Production Mediterranean vicinity. (maximum depth ~400 ft) depth below the surface duct
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- « Internal tidal oscillations in the model forecasts are N N .
__ effecting fluctuations of +/- 80-100 ft in SLD across the Note: “good” performance against a deep target occurs on the deep-duct side of the poor
box area. - performance shallow-duct areas (Grid lines included for reference purposes only)
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. . ) » Example of Oceanographer’s evaluation of modeled field accuracy (Surface Full-field plots of Duct Leakage leading to below-duct detection potential
decl ified Example of daily model evaluation for acoustically sensitive ocean features Layer Depth)
and classire
b ; ¢ - inviciniy of filaments and fronts, variabily in actual
SLD is high; Modeled locations of the fronts and
observations for filaments are slightly away from the actual front - S— Areas where the duct
imi 1 » locations; Uncertainty in the modeled SLD is estimated i i
aSSlmllathn and c higher near to and in the area the actual fronts. This shallows are dlrect‘ly linked to
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forecast eva|uatl0n. sampling guidance to all observing assets. significant energy below duct

« the model tends to reproduce the observed “steps” in due to duct leakage.

the mixed layers but glider transects across the frontal

transition remain insufficient to precisely verify the .
modeled fronts located further east. Strong currents & /

continue to hamper glider heading. -
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Warm filament * steps”
which NCOM has further
east but weaker intensity
than observed by glider

Oceanographers and Acousticians Develop Regional Focus

« recent glider profile sampling show internal tide
amplitudes on layer depth variability are reduced.

« locations of modeled eddies (CCE & WCE) continy€
1 to agree with recent observations.

1. Develop working understanding of environmental features and variability scales that drive
variability in acoustic applications for selected geographical areas (bathymetry,
atmospheric forcing patterns, ocean variability scales, circulation high-frequency “noise”,
etc).

2. Develop a working understanding of Fleet sensor performance against changing ocean
conditions
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Ship and glider data show steps in temperature profiles
along frontal regions due to primary fronts and filamentary

3. Continually assess performance of the model against the observational sampling in order _ ed ' " Stctires Cegons ofshelon S0
to optimize the sampling configurations
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