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WfO Workshop on Observing System Design

Organiser: Peter Oke

Date of Workshop: 15 November 2006, 09:30 – 15:30
Location: Hobart Tasmania, Conference Room A & B
Attendance:

CMAR: Peter Oke, Pavel Sakov, Susan Wijffels, Karen Wild-Allen, Gary Meyers, Nugzar Margvelashvili, Scott Condie, Peter Craig, Ken Ridgway

CMIS: Frank De Hoog, Brent Henderson

BMRC: Eric Schulz, Claire Spillman

BoM: Lisa Cowen

ICT: Steve Giugni

Purpose:

The possibility of linkages between CSIRO divisions in the area of observing system design has been raised at various high-level meetings within CMAR (e.g., Wealth from Oceans meeting; theme- and stream-leaders meeting; senior science leaders meeting). The purpose of this workshop was explore these linkages and to inform CSIRO/BoM scientists of the current and developing capabilities in observing system design.

Summary of outcomes:
The meeting was attended by oceanographers from CMAR and BoM/BMRC; as well as statisticians from CMIS and a program leader from ICT.

Background information and details of ongoing and planned activities were presented for a number of applications, as indicated in Table 1, below. 
Current capabilities in array design were outlined by Karen Wild-Allen, Pavel Sakov and Peter Oke. Karen presented a nice example of the issues that need to be considered in the design of a monitoring system for the D'Entrecasteaux and Huon estuaries. Pavel outlined an approach to objective array design that draws on theory from data assimilation. This approach has been documented by Sakov and Oke (2006). Peter presented results from Sakov and Oke (2006) where this approach is applied to the tropical Indian Ocean.

Of the applications discussed (Table 1, below), some offer a clear opportunity to apply the method described by Sakov and Oke (2006). They include:
· HF radar applications. Schulz, Oke and Sakov are undertaking a study to further explore this area.

· Glider deployments to monitor boundary currents. Oke, Ridgway and Sakov are undertaking a study to further explore this area. Glider deployments are ongoing under SPICE, and are planned for the Tasman/Coral Seas under IMOS/NCRIS. It is clear that practical constraints may limit the freedom with which this platform can be deployed. Specifically, in regions of strong circulation, gliders will be pushed off course. It was recommended that the first step in this study be the assessment of where and when glider deployments are even possible, given strong currents off eastern Australia.

· Addition of dissolved oxygen (DO) sensors on Argo. Many researchers have requested that DO sensors be included in Argo profiling floats in order to monitor the biogeochemistry of the ocean. Some questions that should be addressed prior to this include; what percentage of Argo floats would need to be fitted with DO sensors to make a difference? Are DO sensors only needed at high latitudes?
· An integrated observing system for the Rottness Island Canyon is planned by the Western Australian effort under IMOS. This offers a very clear opportunity for application of optimal array design methods.

Of the applications discussed (Table 1, below), some may be feasible, but it was not clear what impact such a study would have: They include:

· Surface drifter deployments. BoM deploys about 20 surface drifters per year to monitor sea surface temperature and atmospheric pressure. The primary motivation for this is for numerical weather prediction. The secondary motivation is for the validation of satellite sea surface temperature observations. This is a well established program and it is difficult to imagine being able to influence the decisions of where to deploy drifters. Within the same application, Brassington (BMRC) has plans to deploy drifters in the Tasman/Coral Sea to look at issues in predictability. This may offer an opportunity. Oke will explore this with Brassington.
· Over the last year BoM has designed a network of sea-level gauges for a Tsunami warning system in the Australian region. While this may offer a good opportunity in theory, most of the decisions about this array have been made.

Of the applications discussed (Table 1, below), some are attractive, but require more development before they become feasible. They include:
· Parameter estimation for sediment modelling. Issues for this application include the uncertainty in modelled fields (due to uncertainty in parameters) and the lack of an alternative, reliable representation of the variability (e.g., satellite-derived fields).

Methodology: subsequent to the WS, Frank DeHoog (CMIS) made some very good points on the theory behind the objective method described by Sakov and Oke (2006). Sakov and Oke are considering the next step in the development of this method.
Prior to the workshop Kate Wilson (WfO) suggested that one possible output from the workshop might be a guide or proforma to a set of questions that people should be thinking about when designing any field work that entails an observational program.

· Some of these questions are included in the introductory presentation (presentation). Regrettably, this issue was not thoroughly discussed at the workshop.
Background:
Observing system design is intended to address the following types of questions:

What array of “n” observations is most optimal in order to monitor the variability of “X” in region “Y”?
Schedule:
The format of the workshop will be divided into three:

1. Short presentations by attendees to outline the applications they deal with.

2. Presentations by CMAR scientists outlining the current research in the area of observing system design and the current capabilities.

3. Open forum to discuss and explore possible linkages and applications.

4. Development of a draft outline of the way forward. 
Table 1: Schedule of talks

	Applications talks

	09:30
	Peter Oke, CMAR
	Introduction (presentation)

	09:50
	Eric Schulz, BMRC
	HF radar applications (presentation)
Surface drifter applications (Brassington et al., BMRC) (presentation)

	10:20
	Susan Wijffels, CMAR
	Monitoring coastal and shelf scale variability (presentation)

	11:50
	Nugzar Margvelashvili, CMAR
	Sediment modelling: data assimilation and observational needs (presentation)

	11:20
	Morning Tea

	11:40
	Lisa Cowen, BoM and

Claire Spillman , BMRC
	BoM's ocean observation network (presentation 1 + presentation 2)

	
	Optimal array design talks

	12:10
	Karen Wild-Allen, CMAR
	A holistic approach to monitoring the D'Entrecasteaux Channel  (presentation)

	12:50
	Lunch

	Discussion

	13:30
	Pavel Sakov, CMAR
	Optimal observations made easy (presentation)

	14:10
	Peter Oke, CMAR
	Applications of optimal array design to the tropical Indian Ocean (presentation)

	14:30
	What are the possible linkages and synergies with other research groups across CSIRO/BoM in the area of observing system design?

What is the best source of the variability of interest? Model? Observational?

What are the appropriate metrics? What are you trying to monitor?

	15:30
	Finish


Informal notes

Introduction:
Peter Oke outlined the purpose of the workshop and broadly described the problem of observation array design, giving some simple examples. International activities were briefly overviewed (ASAP, THORPEX, CLIVAR/GOOS). 

The agenda was adopted.

Presentations and discussion:
HF radar applications

Eric Schulz, BMRC:

BoM is involved in HF radar component of AusIOOS. Application seeks to identify the optimal location for a HF radar array so that the observed surface currents can constrain a data assimilation model of the mesoscale ocean circulation. Initial focus region is to model eddies in the Tasman Sea.
Data inputs = SynTS or BRANII

Plans in place to put a HF radar off northern NSW. Validation observations could be drawn from a 5 year drifter program that BMRC/BoM are developing.

Susan Wijffels made the following points:

· during WOCE, the moorings deployed off NSW showed that surface currents are really strongly related to altrimetry.
· Key question is what extra benefit are you getting from HF radar, given that altimetry represents a lot of the same information?
· a lot of mesoscale variability is generated upstream of the region where eddies are clearly evident.

· Important to design array in the context of having SST and altimetry observations as well.
Eric also presented a talk by Brassington et al. from BMRC on a proposed drifter experiment in the Tasman Sea.

· NOAA has agreed to provide 8 drifters in the first quarter of 2007 along the PX30 XBT line. Drifters are to be deployed on pairs to assess the variability/predictability of mesoscale variability.

· Where along the PX30 line should the drifters be deployed so that they have the longest resident time in the region of interest?

Monitoring coastal and shelf-scale variability

Susan Wijffels, CMAR:

Susan described observational components of SPICE (Tasman and Coral Seas). Susan noted that the circulation NW of the Solomons, NE of PNG, is not well known.
Under SPICE: gliders, moorings, CTD and SOOP. We have no experience running gliders; they have many practical limitations. Can we assess how to best use gliders and where to use them. Where to deploy moorings to best use?

Need a multi-model, multi-parameter approach … because uncertainty in through flow straits is highly model-dependent. Also mixed layer schemes, forcing fields are very uncertain.
Can we design a field program/observing system that can improve the model physics? Or should the focus be on model/data fusion – best reanalysis products?

Western Boundary current monitoring is not well done. Barotropic (depth-independent current systems) will need different treatment to baroclinic (depth-dependent) currents. Can gliders/altimeter observations adequately resolve the total volume and heat (u’T’) transports on monthly timescales. 
Sediment modelling: data assimilation and observational needs

Nugzar Margvelashvili, CMAR:

Nugzar described motivation for and components of a sediment model. Observations of sediment variability are time series from a single point in space (good temporal, poor spatial); or from monthly monitoring sites (good spatial, poor temporal); or satellite data that are error prone due to uncertainty in algorithms.
Sediment models are all empirical and are therefore subject to large uncertainties.

There is a need for extensive observational programs and assimilation algorithms.

Nugzar described an idealised parameter estimation study that uses an Ensemble Kalman Filter technique (Annan et al. 2005; ocean modelling). Nugzar has applied an EnKF technique to optimise parameters and validated against observations. Results look very favourable. A problem can arise where the parameter estimates are not unique. 
Nugzar posed the following questions with respect to array design: How to interpolate the parameters over the whole model domain? How should the observation array be designed to best represent the appropriate set of parameters?
BoM’s ocean observation network

Lisa Cowen, BoM and Claire Spillman, BMRC
Lisa gave an overview of BoM’s operational ocean observation networks.
· 83 Australian Voluntary Observing fleet and 6 SOOP (IX12, IX02, IX22, PX02, PX11). BoM get BoM, CSIRO and RAN data (RAN data in delayed mode).
· Autonomous drifters

· Wave rider buoys

· Coastal tide gauges. 
Autonomous observing platforms include drifters. At the start of each year BoM decide on a plan for deploying their 20-30 drifters during the year. Typically cover Indian Ocean, Southern Ocean west of Australia; nothing east of Australia. New Zealand deploys in the Tasman Sea. All drifters measure SST; some also measure air pressure. BoM’s motivation for deploying drifters is to measure air pressure for NWP; and of lesser importance to them, to validate SST.
Susan Wijffels mentioned an initiative to get long-line fishers, who occupy the Tasman Front all year around, to deploy surface drifters to measure oceanic and possibly atmospheric fields.

Lisa also presented results on the network design of the Australian Tsunami warning system. Want to model the threat, rather than the impact of a Tsunami (i.e., where on the coast will it hit, not how far onshore will it penetrate).

Considerations:

· Site redundancy

· High data availability

· Timely data (1 minute reporting)

· High frequency data (1 minute to 1 second)

· Sensor redundancy (multiple sensors on same site)

New network is intended to be operational by 2009.
Claire described some of the aspects of data processing including a duplicate checker. Daily observation files are available for Jan 2005-June 2006.
Claire also described some modelling/assimilation activities for POAMA.
A holistic approach to monitoring the D'Entrecasteau Channel

Karen Wild-Allen, CMAR:

Karen described the design of a monitoring system that is intended to help manage the D'Entrecasteau Channel and the Huon estuary. The region of interest is littered with 22 Salmon fish farms. This industry wants to monitor the input of nutrients and waste into the estuary so that they can avoid damaging the environment.
The reason for monitoring is to detect environmental change and to inform managers to make environmentally sustainable decisions.
There are MANY substances of interest (e.g., Chlorophyll, dissolved oxygen, nutrients, marine mammals etc etc.).

Karen has assessed the impact of fish farms using a model with and without nutrients etc included from fish farms. A limitation is that the model has large uncertainties in some locations (e.g., Huon estuary) making the interpretation of results for observation design problematic. 
Susan Wijffels suggested considering putting instruments on ferries in the region.
Optimal observations made easy
Pavel Sakov, CMAR:

Pavel described a method for optimal array design. Details of the method are described by Sakov and Oke (2006). Inputs to the method include an ensemble of anomalies that represent the variability of a system (e.g., temperature anomalies for some region). The method seeks to determines the observation array that minimises the analysis error variance of some metric (e.g., mixed layer depth).
The key message is that given an ensemble that correctly represents the background error statistics of the system of interest, it is computationally efficient to compute an optimal observation array for that system, provided the appropriate metric (i.e., the quantity to be minimised) is well defined.

Applications to the tropical Indian Ocean

Peter Oke, CMAR:

Peter presented results from a series of applications to the tropical Indian Ocean. These applications assess a mooring array that has been proposed by the CLIVAR/GOOS Indian Ocean Panel for its ability to resolve intraseasonal variability (i.e., ocean variability on time scales of days to a few weeks). Results were presented using 3 different models, all having different resolution, forcing, and all run for different time periods. Results give a consistent picture of what a good mooring array should look like. Results suggest that the proposed array is probably as good as any that can be generated objectively. An example using gridded sea-level from altimetry was also presented to demonstrate the versatility of the method.

Peter also briefly described an application of an EOF-based method (Oke and Schiller 2006); but noted that this method was inferior to that of Sakov and Oke (2006). 
Short statements of interest

Peter Craig is a physical oceanographer; moved into ecological modelling; interested in bringing models and data together.
Frank DeHoog is interested in the methods; and is acting theme leader of Terabyte Science, a major initiative of which is in data assimilation in biogeochemical models.

Gary Meyers is involved in IMOS and the CLIVAR/GOOS IOP.

Scott Condie is involved in ecological applications; setting up marine protected areas etc. Scott is also interested in the design of optical observing systems.

Brent Henderson is interested in integrating process models and observations. Main interest is at the design end; is involved in water resources observation network (freshwater).

Steve Giugni is setting up ICT, setting up sensor networks and data management. Specific application is freshwater monitoring with many, many sensors; how to deal with streaming data and large sensor networks. Steve is also interested in adaptive sampling strategies. 
Discussion:
Susan: Gliders in WBC are influence by the “set” of currents, driving gliders off course due to currents.

Susan and Gary: monitoring the barrier layer in the Indian Ocean where we can’t put moorings.

Susan: Will the scatterometer winds and sea-level network resolve the Indo throughflow.
Gary Meyers: WA IMOS – Rotness Is canyon planning an integrated observing system.

Susan Wijffels: Issues with BGC: what are the length-scales of oxygen? What percentage of Argo floats with oxygen sensors are needed? Do we only need oxygen on high latitude floats? Etc.

Use of multiple models from GODAE is essential.

