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The discussions within group C focused on operational methods and constraints in the morning and then branched into new techniques for quantifying uncertainty in the afternoon. An overriding question throughout both sessions was how information flows from the environmental forecasting and analysis through to the end-user on various Naval platforms, and then how that information is used to affect the planning and conduct of operations. 

The present systems were discussed at length in the morning. Environmental information is provided in briefings, before a vessel departs on a mission, and with at-sea updates (e.g. MODAS fields). One of the difficulties is that various platforms receive updates on very different time frames. For example submarines may only receive updates as infrequently as once a week. Thus the characterization of the ocean environment (and the implicit uncertainty which this carries) is partially dependent on communications limitations in terms of both frequency of contact as well as bandwidth. There are a limited number of discretionary channels for communication as well, so that the multiple channels containing oceanographic and atmospheric information must be selected. All of this information is not accessible from a single terminal, and thus there is frequent scrambling between different monitors to try and interpret different forecast and analysis products. Some of the domains for oceanographic fields which are transmitted are far larger than the areas of operational concern, which makes onboard use of the fields more difficult. Broadcasting the gridded fields within a more limited area of operational concern is more useful than a derived product (e.g. frontal/eddy features) over a larger area. 

Some practical means of testing day-to-day uncertainty were described. The sound velocity profiles from XBT drops are used extensively, and are also used to update the MODAS field for local conditions (including profiles from other vessels within the vicinity). However, all this information is lost when the MODAS fields are updated so that there is frequently a difficult decision on board over whether or not to update MODAS fields and hence lose the local information. A second means of testing uncertainty in range is to use local known contacts, such as trawlers, to estimate the effective range for comparison with the local profiles and inferred figure of merit. This is compared for a variety of bearings. 

Some practical applications of the knowledge of uncertainty fields were discussed. Asset allocation, for example at different breakout points within a marginal sea, was discussed, as well as decisions on sensor depths, threat identification, contact depth, and frequency. An important use of the information on spatial variability of uncertainty was in integrating systems so that additional environmental data could be obtained within regions of known variability- e.g. "hot-spots"- to reduce the uncertainty. In a practical sense, more efficient combination and integration of existing data product streams (which can be as large as 10 separate channels) was thought to be an important near-term goal.

In the afternoon the attention shifted to quantification of uncertainty and how uncertainty was transferred between parts of the overall system (encompassing the environment, acoustics, processing, and sensor performance). One of the first issues which was addressed was whether or not there were dominant processes within the environment (e.g. internal waves or mesoscale eddies) which might define the environmental contribution to the uncertainty. This is a difficult problem, as it might vary considerably from region to region. This highlights the need for classification of different geographical regions in terms of physical processes that are relevant to the acoustics.

The discussion then shifted into the nature of the soundspeed gradients and the contribution of the physical processes on various horizontal scales. A spirited discussion of internal solitary waves and their effects was balanced by the limitations of representing their effects within mesoscale circulation models, which might typically have grid spacings of several kilometers. This was seen to be an area of importance for future work. In terms of the quantification of uncertainty, a particularly important issue was that initially Gaussian processes within the environment did NOT transfer into Gaussian processes within acoustic responses, so that much additional work into the nature of non-linear transfers of uncertainty was necessary.

Specific methods for transfer mappings were then discussed. Monte Carlo techniques, perturbation methods, and a few novel techniques from other disciplines were assessed as to their usefulness in the system-wide transfers of uncertainty. In general, the Monte Carlo techniques were felt to be necessary, but were not the best means of longer-term progress. Perturbation methods were thought to be useful only in cases where the non-linearity was not immediately dominant. A big limitation on perturbation methods was that the problems of greatest interest were probably inherently and strongly non-linear. Some novel techniques were discussed, but it was not immediately apparent whether they would be successful or not, but were at least worth investigating.

The use of simplified systems, with only a few state variables, was then suggested. This would be a means of testing new techniques in inherently non-linear contexts to examine the direct transfer of uncertainty. While this would involve deliberate choices as to individual processes or features within the oceanographic environment, it was felt that the added value of seeing, for example, the transformations of probability density functions across various system boundaries was worthwhile. A clear example of such an approach using sound propagation in the deep ocean was discussed in which a surprisingly simple result (essentially the phase and magnitude of a single sine wave) was used to great effect in capturing the uncertainty of arrival times across a large distance.

Finally, the closing discussion focused on observational means of testing how well the uncertainty in range, for example, might be compared to actual observed detection ranges. It was felt that some future projects, such as the upcoming Acoustic Observatory, would be very useful in trying to predict the uncertainty and compare with time-dependent data. Long-term time series would be very useful in establishing the structure of the probability density functions of the soundspeed (and gradients) and other relevant quantities, and would be the best means of objectively evaluating how well uncertainty is being quantified.
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Paper presented by the working group during the workshop
Proposed Uncertainty DRI Questions
· How do we characterize the tactical implications of uncertainty on operational and near-operational weapon systems and sensor performance?

· What alternative parameterizations of oceanographic state variables and their uncertainties can be used to most efficiently capture and quantify features of the acoustic field? 
· (e.g. Monte Carlo mapping of physical oceanographic parameters, statistically-based models derived from synthetic oceanographic/acoustic data, sensitivity analyses to identify key parameters).

· How would one validate these parameterizations using data-intensive experiments? (e.g. the Acoustic Observatory)

· How do we utilize quantified uncertainty for tactical advantage?
· (e.g. data fusion, adaptive sampling, data assimilation)

· How do we convey the quantified uncertainty to the end user?
