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1. Publishable Executive Summary
This document describes the requirements, design and functions of Decision Support System Environmental Status Support to North Sea Fisheries Assessment, developed under ECOOP WP 9.2.8 as a prototype live version of the Met Office inputs to the ICES NORSEPP reports.
The user interacts with the DESS through a web portal which is populated from input data sources post processed from the daily operational runs of the Met Office MRCS-ERSEM physical-ecosystem shelf seas model.  Post processing has included the calculation of a five-year monthly climatology from the model hindcasts, the monthly calculation of monthly means for the previous month (together with anomalies from climatology and derived fields such as surface-minus-bottom values), and the rendering of a set of images for all fields for the whole model domain and ICES sub-regions.  The web portal is then updated on a monthly basis, and currently holds almost 6 years of products up to November 2009.  The Environmental Systems Science Centre (University of Reading) have provided technical expertise, built and now host the system.  A user requirements capture exercise was completed by surveying key users and scientific experts, which guided the  functions and content of the DESS.

The system allows the user to select a region for display, which parameter to display, whether at surface, bottom, surface-minus-bottom, and whether full field or anomaly from climatology.  The user selects a month to display, and whether a single-month view or a 12-panel view which can contain either 12 consecutive months or a user configurable selection of months.  Once displayed, the user can switch between parameters, display types and navigate forward and backwards in time.

The primary output from S9.2.8 is the DESS web portal, which the reader is invited to visit:

http://www.resc.reading.ac.uk/ecoop_fisheries_portal
2. Introduction

2.1.  Background

The overall aim of the ECOOP project is to “consolidate, integrate and further develop existing European coastal and regional seas operational observing and forecasting systems into an integrated pan- European system targeted at detecting environmental and climate changes, predicting their evolution, producing timely and quality assured forecasts, providing marine information services (including data, information products, knowledge and scientific advices) and facilitate decision support needs.” WP9 addresses the final phrase, i.e., to facilitate decision support needs, and aims “to develop integrated marine services in support of marine environmental management in European coastal areas (EuroDeSS, European Decision Support System), based on information products generated by the ECOOP system of systems.” (All quoted passages above and in the following are excerpts from the ECOOP Annex I document.)
ECOOP WP9 will design and develop elements of a EuroDeSS for the European Shelf and Coastal Seas building upon the ECOOP observational and modelling products. The specifications of EuroDeSS will be defined in collaboration between product providers, service developers and selected users. WP9 has the following specific objectives:
· To evaluate existing elements of decision support systems (DSS) operating in European coastal seas.

· To define the specifications of EuroDeSS, in collaboration with end-users and GEOSS/ GMES stakeholders.

· To develop components of EuroDeSS in selected targeted areas where elements of such systems already exist.

· To operate and demonstrate the value of EuroDeSS for the Target Operational Period (TOP). 

· To evaluate the performance of EuroDeSS and assess its impact, in consultation with end users.
WP9 is organised in three Tasks:
T9.1: EuroDeSS specifications & standards

T9.2: Development, management and demonstration of EuroDeSS for targeted applications/areas
T9.3: EuroDeSS evaluation including user perspectives

The present work belongs to Task T9.2, whose specific aims are: 

· Develop targeted application elements of an integrated EuroDeSS according to the specifications laid down in Task 9.1.

· Demonstrate the usefulness and applicability of EuroDeSS through user-oriented  demonstrations in a representative range of European coastal areas.

The targeted application elements are: marine security (including support to marine oil spill response and search-and-rescue),  ecosystem health and fisheries assessment. Eight regional demonstrations are included to represent a range of European coastal areas: 
1. Marine security (oil spill and search-and-rescue support) in the northern North Sea 

2. Ecosystem health in the North Sea

3. Marine security and Ecosystem health in the Aegean Sea

4. Marine security in the Iberian coast and the Western Mediterranean

5. Ecosystem health in the Bay of Bothnia

6. Oil-spills forecast in the Levantine

7. Ecosystem health in the Adriatic

8. Fisheries assessment in the North Sea

Task T9.2 builds on the existing applications that the partners bring into ECOOP. These systems will be developed towards EuroDeSS according to the methods and technology specifications emerging from T9.1 and will utilise data products from EuroMISS (European Information System of Systems). A close coordination with EuroMISS development in WP8 is necessary. Key technologies are expected to include standardised formats for data exchange and OGC-compliant web-services for data and information dissemination. 
Through the development, implementation and testing of the targeted application elements, T9.2 will lay the foundation for an assessment of the benefits of ECOOP products for coastal ocean users (cf. T9.3). In addition, it is expected that the EuroDeSS methodology developed will be ready for relocation to other areas and to other marine decision support applications.  

2.2. Background to S9.2.8
The DeSS ECOOP WP9.2.8 was motivated by work previously done for the North Sea Pilot Project (NORSEPP) – a joint ICES and EuroGOOS project focussing on the use of operational oceanography in support of fish stock assessments.  NORSEPP reports have been produced quarterly from the start of 2005 until mid 2007.  Typically they included inputs from IMR, BSH, MUMM and Met Office, providing summary assessments for the preceding quarter of:

· Air pressure and pressure gradients

· Modelled water circulation (circulation and fluxes through key sections) from the NORWECOM model (IMR).

· Observed temperature information compiled by BSH – including surface temperatures, anomalies from climatology and some depth dependent information.

· Modelled near-sea-bed monthly mean temperatures from the Met Office Atlantic Margin Model and Medium Resolution Continental Shelf (MRCS) model – including anomalies from International Bottom Trawl Survey hydrographic data and climatologies.

· Modelled temperature and salinity information from the Optos_nos model (MUMM).

· Chlorophyll-a concentrations from the MERIS sensor on board ENVISAT provided by MUMM.

For the WP 9.2.8 DeSS our intention was to provide an interactive, multi-year and routinely updated system based on the Met Office outputs from the Met Office Medium Resolution Continental Shelf (MRCS) model.  An example MRCS product from the second quarter 2006 NORSEPP report is shown in Figure 1.
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Figure 1: MRCS near bed temperature from the NORSEPP 2nd Quarter 2006 report

This DeSS developed here is a live service showing these products and additional ones developed in the light of a user requirements capture exercise.   The one frame per month, 12-up display is a useful way to show the evolution of relevant anomalies at timescales of one month to one year, and this has been retained and extended for the DESS.
2.3. Organisation and intended readership

Following this introduction, the report describes the user requirements capture exercise which was completed and their requirements.  Section 4 discusses the system that was developed including the inputs, a design overview, and a list of both user and system requirements and which were met.  Section 5 describes the system and its functionality, and finally Section 6 provides a discussion of the key findings.

The primary output from S9.2.2 is the DESS web portal, which the reader is invited to visit:

http://www.resc.reading.ac.uk/ecoop_fisheries_portal
This document provides a brief description of the developed system for ECOOP partners, project management and evaluators, and may also be of interest to owners or potential owners of similar systems outside the ECOOP project.

3. User Requirements capture

3.1. Forward

The DESS “Environmental Status Support to North Sea Fisheries Assessment” is intended to expand on one set of outputs produced for the NORSEPP reports, both in flexibility and quantity of information available, and in understanding how the user interacts with the existing products and how they may be made more pertinent to the application.  A key to this was to undertake a requirements gathering exercise to guide the DESS development, consulting with a subset of users and expert scientists, to get user input on how the DESS could address key issues faced by decision makers.

The output is contained in this section, written by Alberto Troccoli (then at RESC) who carried out the requirements capture exercise.  He conducted a series of interviews for S9.2.2 and S9.2.8 and documented the resulting user requirements.  A joint requirements gathering exercise between the two tasks made most sense given the overlap in region, input data, and user base.  This section is included in both D9.2.2.2 and D9.2.8.2.

3.2. Introduction

The products considered here are mainly from the MRCS (Medium Resolution Continental Shelf) Met Office model output. Available observations for physical variables, biological variables and fishery variables will also be considered.

The user requirement capture has been carried out for both the North Sea Fisheries Assessment and the Ecosystem Health taking as reference the framework provided by Andrew Saulter (a PSRE User Requirements document, November 2007). 

The first selected users are specialists who are already informed about or accessing the MRCS model output, typically through the NORSEPP (North Sea Pilot Project) report. They are:

· Dr Jon Rees (Centre for Environment, Fisheries & Aquaculture Science [CEFAS], UK)

· Dr Morten D. Skogen (Institute Marine Research [IMR], Norway)

· Dr Mark Dickey-Collas (Institute for Marine Resources & Ecosystem Studies [IMARES], The Netherlands)

· Dr Charlotte O'Kelly (Techworks, Ireland)

· Mr Rory Campbell (Scottish Fishermen's Federation, UK)

· Dr Hein Rune Skjoldal (Institute Marine Research [IMR], Norway)

The interviews are presented individually below. An attempt to condense all the interviews is provided in section 3.4.

Whenever possible the interviews followed a structured format, based on the Met Office Public Sector Research Exploitation project’s User Requirements document. The report of the interview is therefore presented for as much as feasible as a list of requirements divided into components: variables, horizon, products, resolution and location.

3.3. Interviews

3.3.1. Interview with Dr Jon Rees (CEFAS)

The interview took place on 1st July 2008. 

Variables: 

· Temperature: At surface, bottom and possibly difference between the two (so as to be able to directly assess stratification and its likely evolution);

· Salinity: At surface and bottom; near shore salinity is also important to identify spawning areas.

· Chlorophyll (ocean colour): would be needed;

· Algal occurrences: would be needed;

· Suspended sediments: would be needed;

Horizon: Daily for Ecosystem Health and Weekly for Fisheries. 5-day forecast range is OK.

Products: Anomalies from model and observations. It was stressed the importance to be able to check for trends over a period – this is probably more useful from obs (e.g. by comparing current month with the previous one). Direct comparison of model output with observations also very useful: for instance Ferrybox data are very important to check stratification.

Resolution: 6 km good enough for their applications.

Location: Mainly UK continental shelf, and especially its East coast.

Additional notes (including post-interview searches)

Specifically for fisheries the sediment type (i.e. grain size) would be useful as it gives an indication of herring spawning. It would therefore be good to be able to distinguish between gravely areas and sand areas. 

Jon also mentioned the meeting of EUROGOOS in May 2008 as a relevant source of information (http://www.metoffice.gov.uk/conference/eurogoos/). Is there some written output from the meeting?
3.3.2. Interview with Dr Morten Skogen (IMR)

The interview took place on 9th July 2008. 

Morten emphasised the fact that despite the potential for using physical products (e.g. temperature) in sectors like fisheries there is not much uptake of these products by users. According to Morten, this is due to a lack of scientific knowledge in relating physical variables to information relevant to fishery (note that IMR have both physical oceanographers and fishery experts in the same place). In other words, at present science is not able to provide appropriate answers about important information like fish growth, recruitment and migration of fish even when physical variables (e.g. temperature, currents) and biological variables (e.g. plankton) are known with good accuracy. Overall, Morten encouraged the development of the portal but given these difficulties, he suggested having a web site which is as simple as possible in order to facilitate engagement with users.

Variables: 

· Temperature: Bottom is the most important information because of its relevance during spawning (even though this depends on species) and because it is more stable than at the surface;

· Salinity: it is not used directly but it is useful to have a general overview of this field.

· Chlorophyll (ocean colour): would be needed;

· Algal occurrences: would be needed;

Suspended sediments: would be needed;

Horizon: Daily for Ecosystem Health and Monthly for Fisheries (monthly averages are preferred because weekly would be too noisy and they may confuse users). 5-day forecast range is OK.

Products: Anomalies better than full fields and time series preferred to maps. For sake of simplicity, the portal should only show products and not comparisons (e.g. model versus observations). [Although I would imagine it is fine to have model and obs in time series plots.] However, model could be used to fill gaps in observations (e.g. a missing month).

Resolution: 6 km good enough for their applications.

Location: All of the North Sea. The areas on the web appear to be too large but if these are those defined by ICES than it is fine to keep them. In fact, should use the same convention as ICES.

Additional notes (including post-interview searches)

It is hard to get hold of fishery data (e.g. for cod spawning) as there are not many available. Historical stock levels and the rate of removals from most stocks are in most cases obtained from analyses of commercial fisheries data by Virtual Population Analysis (VPA) or other stock number at age based models. ICES and CEFAS however hold some fishery maps.

Morten mentioned a FP6 EU project RECLAIM (2007-2009, http://www.climateandfish.eu/). I checked their web page but there is not much output yet. However, they have an event coming soon: ICES Symposium on Herring: Linking biology, ecology, and status of populations in a changing environment (26 - 28 August 2008, Galway, Ireland, http://www.linkingherring.com/). It may be worth attending it.

3.3.3. Interview with Dr Mark Dickey-Collas (IMARES)

The interview took place on 17th July 2008. 

Mark believes that the main issue in the interaction between fisheries/ecosystem users and producers is the complexity given by the 4-dimensional (space and time) nature of the problem. Users take hold of whatever is available but this approach does not ensure proper usage of the products.

Variables: 

· Temperature, Salinity and Density: Useful to assess stratification;

· Wind: also useful;

· Algal occurrences: would be needed;

· Larvae drift: would be needed.

Horizon: Daily for Ecosystem Health and Monthly for Fisheries. 5-day forecast range is OK also because information beyond this lead time may not be accurate enough.

Products: Anomalies preferred to full fields.

Resolution: 6 km is reasonable enough for their applications. There are other more specialised uses such as oceanographic acoustic and some coastal applications but these are limited.

Location: All of the North Sea. 

Additional notes (including post-interview searches)

Most of the pelagic fish data is in the form of scientific publication (reports/books). For instance, Mark said that there are plenty of papers in the literature on cod.

However, Mark pointed out a very useful product by ICES (http://www.ices.dk/marineworld/ices-fishmap.asp). ICES maintains a portal from which one can obtain fish maps for many species: these are (currently) available from 1983 to 2004 and by quarter only. Also, ICES has recently posted new Catch Statistics (http://www.ices.dk/fish/statlant.asp) prepared in collaboration with FAO and other organisations.

In addition, Mark indicated the existence of a web site maintained by the Bundesamt für Seeschifffahrt und Hydrographie (BSH, [German] Federal Maritime and Hydrographic Agency) which actually provides a lot of the information we are planning to publish on the web:

http://www.bsh.de/en/Marine_data/Observations/Sea_surface_temperatures/. 

They also have the 1-up panel and the 12-up panels, which possibly indicates a connection through the NORSEPP report).

In order distinguish what we will provide with what offered by BSH Mark suggested that actual data should be made available along with the plots. 

3.3.4. Interview with Dr Charlotte O’Kelly (Techworks)

The interview took place on 22nd July 2008. 

This was a somewhat less structured interview but very useful nonetheless. The main issue raised by Charlotte is that for the type of applications she is involved in the current model resolution is not adequate. She is interested in near coastal applications and she estimates that in order to have a useful ocean circulation model product for her uses a resolution of about or better than 1 Km would be needed (besides she noted that at this resolution bathymetric data may become an issue as Ireland, for instance, does not maintain this type of data). Hence for her work she uses only direct observations, available through local authorities (her work is essentially Ireland-based). More specifically she works with the Irish Government (e.g. deployment of buoys), offshore renewable (ca 2 km offshore) and fish farming (also near the coast, hence using observations of physical and biological variables).

Variables: 

· Temperature, Salinity and Density: Useful to assess stratification;

· Oxygen: would be needed;

· Chlorophyll: would be needed.

Horizon: Daily for Ecosystem Health and Weekly for Fisheries. The reason for her preference of a shorter averaging period for Fisheries (week instead of month) is that planning to go out at sea is done on scales closer to a week than a month. And given fuel costs one would like to assess conditions more frequently. However, it was not clear from what Charlotte said what is the weight given by users to past conditions (e.g. weekly averages) versus forecasts. She added though that monthly means are fine for research.

Products: Anomalies preferred to full fields.

Resolution: 6 km is too high for her applications. However, Charlotte pointed out that 6 km is reasonable for applications such as offshore hydrocarbon, offshore fisheries and shipping.

Location: Coastal zones around Ireland (especially west coast). Charlotte thinks the regions selected are too wide but this is probably because of the nature of her assignments.

Additional notes (including post-interview searches)

Charlotte commented that fishery in the West coast of Ireland is dying and most of the activities are moving to Guinea hence that is where economic interest is going. Collecte Localisation Satellites (CLS) have been developing commercial tools to assist the fishery industry globally and particularly in that area. When I asked her whether CLS was providing surface information only (as they [only/mostly?] work with satellites) she replied that they may partner up with IFREMER or MERCATOR to get ocean subsurface information. 

In terms of learning more about fisheries needs, she recommended getting in contact with the Scottish Fishermen's Federation (http://www.sff.co.uk) as well as with the European Commission DG Fisheries (http://ec.europa.eu/fisheries). She did not provide a contact person for either but I will get in touch with her to ask for names.

Here is a more complete list of organisations that may be contacted:

· Directorate-General for Maritime Affairs and Fisheries

· DG Fisheries for info about fish maps (http://ec.europa.eu/fisheries/)

· Scottish Fisheries Protection Agency (http://www.sfpa.gov.uk/)

· Scottish Fishermen's Federation (http://www.sff.co.uk/)

· Fisheries Research Services (http://www.marlab.ac.uk/)

· Scottish Association of Fish Producer Organisations (cannot find a web site for this)

· Western Isles Fishermen's Association (cannot find a web site for this)

An interesting fact about latest development in technology for fishery is the swapping of quota “on the fly” by using on-board computers and communications. Planning for such swapping may benefit from (near-)real time physical products. 

Charlotte showed some concern about the (possible) disconnect amongst developments of similar web portals on various related projects (e.g. MERSEA, ECOOP, MyOcean). In particular, she asked whether development of this type of portals may be coordinated amongst the various regional partners, if this is not done already.

She would like to be kept informed (as previous interviewees) about the developments of the portal and she suggested setting up an emailing list for this purpose.

3.3.5. Interview with Mr Rory Campbell (SFF)

The interview took place on 27th August 2008. 

Mr Campbell said that the Scottish Fishermen's Federation would be interested to have physical information available on the web. He, too, confirmed the overall lack of reliable fishery data – the best source being the ICES web site as previous interviewees also stated.

Variables: 

· Temperature, Salinity and Currents: Temperature and salinity are very important but Mr Campbell emphasised the relevance of currents. These in fact can be used to assess fish locations (e.g. by examining southwards currents along the Eastern coast of Scotland). Density, on the other hand, is not a variable they would immediately use. For the, salinity is much better as it more easily related to phytoplankton;

· Phytoplankton: this is very important for recruitment/survival of fish.

Horizon: Monthly averages are OK but ideally they would prefer weekly means.

Products: Both anomalies and full fields. Particularly relevant would also be a direct comparison with the previous year.

Resolution: 6 km is reasonable enough for their applications. 

Location: All around Scotland. 

Additional notes (including post-interview searches)

There are only rough maps that show fishery distribution. The best-assessed species is herring, especially its recruitment rate. For example this was poor last year but the one before it was OK. Hence the importance of relating one year with the previous one in terms of physical variables (e.g. salinity, currents). Other well-assessed species are white fish such as cod and haddock. 

3.3.6. Interview with Dr Hein Rune Skjoldal (IMR)

The interview took place on 4th September 2008. 

Hein Rune confirmed most of what the previous interviewees said but we also had a useful discussion about the NORSEPP report (he is the editor of the report). The reporting is currently lagging a little behind at the moment. This is partly to lack of resources at ICES and partly to the limited users accessing it.

Variables: 

· Temperature, Salinity and Transports: This are the main fields shown in the NORSEPP report.

Horizon: Monthly averages for Fisheries is more manageable but short term events could be important for biology.

Products: Both anomalies and full fields are regarded as important.

Resolution: 6 km is OK.

Location: All of the North Sea. 

Additional notes (including post-interview searches)

As known, the NORSEPP report includes text to provide expert judgement on the physical conditions of the North Sea. To date, however, little feedback has been received on the report and quite possibly this reflects on a limited use of the report. It is therefore hard to judge what users would really want find useful. The ICES working group that has been proposed, Working Group on Operational oceanographic products for fisheries and environment (WGOOFE), would be tasked to foster closer links with users.

Hein Rune thought the option to have one- and twelve-month panels is a good one. No particular preference was given as to whether the 12 months should always be starting in January or it should show the last 12 months. 

3.4. Summary of Interviews

In this section a short summary of the interviews is provided. The added two interviews in this report generally confirm the previous suggestions/recommendations. The main additional comment from both interviewees is that currents, either as velocity fields (Mr Rory Campbell) or transports (Dr Hein Rune Skjoldal), should be included amongst the physical variables. [Personally, I would prefer currents as they easier to display but also to interpret]. 

The main feedbacks received on the web portal development are:

· The portal should appear as simple as possible: 

· A careful selection of variables must be carried out;

· Information from different sources (e.g. model and observations) must be handled in such a way that there is no confusion of what each source is showing;

· In order to keep presentation simple, it is preferred to have two distinct portals, i.e. one for the North Sea Fisheries Assessment and one for the Ecosystem Health in the North Sea. At a later stage, the two portals may be merged.

The variables to be provided are:

· For the physical/biological variables there appears to be consensus on temperature and salinity (bottom and surface) and chlorophyll. Wind and oxygen would also be very useful. Next in the list would be algal occurrences. Note that a comprehensive table with many variables and their priority has also been prepared by the ICES Workshop on Operational Oceanographic Products (WKOOP, see report ICES CM2008/OCC:07). This list however suffers from a lack of interaction with “real” users.

· Velocity field, either in the form of vector/contour 2D plots or of transports, would be valuable. Note that the issue of currents was strongly raised by a user such as SFF.

· Fishery variables may be difficult to obtain and therefore the portal should not appear as providing information that is not actually available. This will require more research in terms of what can and cannot be provided.

Products to be provided are:

· The main product should be anomalies from model and observations;

· Time series for the various region would also be very useful;

· Full fields may be shown but they were felt to be of less immediate interpretation.

Time horizon:

· There are mixed views about the averaging period for the fishery, whether it should be done weekly or monthly. An assessment of the work required to produce weekly means ought to be carried out;

· For ecosystem there was agreement on the 1-day averaging;

· Five-day lead-time for the forecasts appears to be adequate.

The regions to be considered are fine, also given that they are taken from the standard ICES regions.

The resolution of 6 km is fine for most applications with the exception of those very close to the coast as in the case of Techworks assignments. It would be good to feedback this information to model developers.

4. System Development
4.1. System Inputs

The primary input to the DESS is the Met Office MRCS (Medium Resolution Continental Shelf) model (Holt and James [2001] and Holt et al. [2004]).  MRCS is based on the POLCOMS shelf seas model, developed by the Proudman Oceanographic Laboratory and run operationally at the Met Office.  The domain covers the north west European shelf out to the shelf break (200 m for most of the domain), with a resolution of 1/9º latitude by 1/6º longitude (~12 km).  Boundary conditions are taken from the Met Office FOAM North Atlantic model, MRCS is forced by numerical weather prediction (NWP) outputs from the Met Office North Atlantic European model, and tidal forcing is provided at the boundaries.  Overview features of the MRCS model are summarised in Table 1.

	Domain
	North West European shelves out to the 200 m depth contour

	Resolution
	1/9º latitude by 1/6º longitude (~12 km)

	Levels
	18 terrain following levels – outputs archived at near-bed, near surface and mid-water column. 

	Parameters
	Temperature, salinity, currents.

	Time series
	Five day forecasts daily, nowcast time series.

	Data type
	Gridded fields for whole domain at each level.

	Time span
	January 2004 to present


Table 1: Overview features of the MRCS model inputs
MRCS is run daily (coupled to the European Regional Seas Ecosystem Model ERSEM – but we use the physical parameters only for this DeSS), producing a nowcast and forecast out to five days.  An archive is maintained, providing a best-estimate historical time series from the archived nowcasts, and data back to January 2004 is available in the DESS.  MRCS output parameters include temperature, salinity and currents, (including wind, density and tidally driven currents).

A five year (2004 to 2008) climatology has been calculated for the model outputs, and this is used as our north sea climatology for the calculation of anomalies.  We originally planned to use existing climatologies like the World Ocean Atlas or IBTS climatology, but each had limitations that reduced their usefulness in comparison with the model outputs.  The users expressed a strong requirement for anomaly fields from the model outputs (they said anomalies are more important than the fields themselves), and the best climatology to use for this purpose is from the model itself (otherwise the ‘anomalies’ will tend to be dominated by any model-observations bias rather than interannual variability).  This does ignore any model bias, but is the most useful compromise given the user requirement.
The user requirements capture exercise indicated that observations (such as the IBTS survey results) were a non-essential requirement, so we have not included them, instead focusing development efforts on the functionality for displaying the model outputs.  (We have designed the DESS so that they can be added at a later date, however.)
4.2. System Design Overview

The input data is all produced and held at the Met Office, and the key requirement for the DESS is:

· Visualisations – there is no requirement for the underlying data to be directly available,
· A limited subset of only two levels and a limited number of variables, 

· Monthly averages and anomalies.

Primarily because of the large amount of post-processing required to generate the monthly fields and climatologies, in combination with the relatively slow (monthly) update cycle, our approach has been to pre-calculate the required data off-line and provide the DESS directly with the images needed.  Live post-processing and rendering on user request would be extremely inefficient in this case.  The web front-end was then built using standard systems and tools, with no requirement to develop a new web application or interfaces to data services, and the approach also minimised the data storage space required by the web portal.  Other advantages include that the web portal is simple to host, requiring no special facilities, and that it is much more responsive to user clicks than is typical for more dynamic systems.  This lack of “click-and-wait” is a significant boon to the usability of the site, and encourages the user to explore the datasets.
Figure 2 shows an overview of the system.  Key features are:

· The outputs are based on post-processing of the daily MRCS-ERSEM outputs run by the Met Office

· These are post-processed to derive (1) a 2004 to 2008 climatology and (2) monthly average fields for the required variables

· The climatology and monthly average fields are then further post processed to calculate the derived fields (anomalies, surface-minus-bottom), then images are rendered for all required fields for all regions.  A filename convention is followed so that the web portal can automatically understand the produced images.

· New images are created each month and transferred to the web portal via FTP.  A configuration variable is then edited in the portal code to tell it to use the extra month’s data, and the portal then picks up the new data automatically.
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Figure 2: Overview of the DESS system
4.3. Requirements Summary and System Acceptance

	User Requirements

	Requirement
	Essential (Y/N)
	Met (Y / N / Partial)

	The system must display which variables are shown and from what data source 
	Y
	Y

	Monthly average and near-real-time information should be displayed in separate systems (separate portal for S9.2.2. and S9.2.8)
	N
	Y

	Variables bottom temperature
	Y
	Y

	Variables temperature, salinity at surface, bottom, (surface - bottom)
	N
	Y

	Variables chlorophyll, oxygen, wind, larval drift / velocity, fishery statistics
	N
	N*

	Monthly mean model variables with monthly update
	Y
	Y

	Climatological anomalies of model outputs
	Y
	Y

	Near bed observed data and climatology
	N
	N

	Anomalies from other North Sea climatologies
	N
	N

	Regional map display based on standard ICES regions
	Y
	Y

	Whole domain and regions time series and anomaly time series
	N
	N

	Spatial resolution 6km
	Y
	Y

	System Requirements (from Development and Implementation Plan)

	Requirement
	Essential (Y/N)
	Met (Y / N / Partial)

	The user can select a region to view
	Y
	Y

	The user will be able to select which data set and variable to view, whether monthly mean model data, anomaly etc.
	Y
	Y

	The user will be able to select a month to plot


	Y
	Y

	Results will be displayed in a multi panel view (12-up), as well as a single month display
	Y
	Y

	High quality visual display including legend, title, dates, sources – all required overview metadata will be clearly displayed on screen.
	Y
	Y

	The web portal will be updated monthly during the TOP
	N
	Y

	The monthly updates should involve little manual intervention
	N
	P

	The user can move forward and back in time while in the single and multi-panel view
	N
	Y

	The user can select to display static fisheries information e.g. spawning grounds, breeding grounds etc.
	N
	N

	The user can change what is displayed (variable / anomaly / climatology etc) in the multi-panel view and other settings (region and time) will be preserved.
	N
	Y

	Services based on OpenGIS standards should be used where appropriate.  
	N
	N

	The system should be able to produce good quality printed output, so that useful hard copies of the outputs can be produced as required.
	N
	P

	Flexibility to incorporate new model products or climatologies is desirable.
	N
	P

	User interactions should be as intuitive as possible, and allow the user to explore the datasets available as effortlessly as possible
	N
	Y


* It was ambiguous which aspects of this requirement apply to S9.2.2 Ecosystem Health in the North Sea rather than this DESS.  Most of them are included in the S9.2.2 system. 
For S9.2.8 the user requirements capture caused us to modify our original plans in two key areas:

· We had planned to use existing North Sea climatologies as a basis for our anomaly calculations, or for display by themselves.  However the users indicated that the model anomaly fields were critically important, and we determined that these could best be provided by using a climatology from the model itself.  Consequently we focussed our efforts on this instead.  Note that this user requirement superseded some of the system requirements from the D9.2.8.1 System Development and Implementation Plan.
· We had planned to include IBTS observed near-bed temperatures, and also try to acquire some fisheries statistics to include.  However users indicated that this combination of data from different sources was of secondary importance (in contrast to S9.2.2 where it is central), and as a consequence we focussed our development efforts on the calculation and display of model output data instead.

All of the essential requirements have been met, and many of the desirable ones (allowing that some are subjective), therefore we believe the system meets and exceeds the design specifications.
5. System description and TOP Demonstration
A web portal has been built to demonstrate the key capabilities of the DeSS, and supporting systems.  It was built and hosted by the Environmental Systems Science Centre (University of Reading).  It was operated for the duration of the Target Operational Period (as originally specified, it was not necessary to follow the delayed implementation timescale proposed by the 2007 annual review).  The system was updated each month with a combination of manual and automatic processes.  The monthly updates were in most cases completed within 1 working week of the month-end.  Below is a “walkthrough” describing the functionality of the web portal:

http://www.resc.reading.ac.uk/ecoop_fisheries_portal
The user arrives at a front page displaying a region selection map (Figure 3).  This includes links to a page describing the portal and how to use it, some conditions of use, and page listing the contributors with some information about each.  To use the service the user chooses:

· a region by clicking the map in the right hand panel.  The regions are those defined by ICES.  The chosen region is then highlighted.  The user can choose the whole domain by clicking the inset map in the bottom right hand corner (this is the default).  Once a region has been chosen, and all displays will be for that region until the user returns to the region selection screen to choose a different one. 
· what variable to display, whether the full field or anomaly from climatology, and whether near-sea-bed, near-surface, or surface-minus-bottom.  The latter is a simple (but usually good in this region) proxy for water column stratification, and was requested by users as being a useful and easy to interpret measure of how well mixed the water column is.

· What month to display (available choices are from January 2004 until the last complete month).  This is used as the start month for 12-up displays.

· What type of display, single, 12 consecutive months, or a custom 12-month view.  These will be explained below.
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Figure 3: Fisheries portal region selection screen
Once the user has chosen the view they have requested is shown (the view is updated each time a selection is changed, with the exception of region selection which requires the user to return to the region selection screen).  Figure 4 shows bottom temperature in a single-panel view for the whole domain, while Figure 5 shows the same variable for the south west approaches to the English Channel.
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Figure 4: Single panel view showing the whole domain
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Figure 5: Single panel view showing the south west approaches.

Figure 6 shows a 12 panel view of bottom temperature for every month of 2009 – note that at the time of writing (December 2009) the last month of the year is missing, and this situation is handled without error.
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Figure 6: 12-panel view showing 2009 bottom temperature

The seasonal signal is removed by selecting to display anomalies from climatology – this option is available for all of temperature, salinity; at surface and bottom, and surface-minus-bottom.  Figure 7 shows the anomaly equivalent of Figure 6: bottom temperature anomalies for 2009.  In this view for example, it is easy to see significantly colder than average temperatures near the sea bed during the first two months of 2009.
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Figure 7: Bottom temperature anomaly

Users expressed a requirement to see surface minus bottom temperature.  Figure 8 shows this calculated field for every month of 2009.  Here it is easy to see a key process on the NW Shelf – the development of a strong seasonal summer stratification in late Spring (May-June in 2009), which persists until the early autumn (September to October in 2009).  The strength and timing of the stratification onset and breakdown are easy to see.  Anomalies from climatology are also available for these derived fields, shown in Figure 9, showing that 2009 was not subject to any large domain-wide variations in these processes, but there are some interesting details, for example that July 2009 was anomalous compared to climatology over much of the domain, and during the latter part of the year there have been regionalised anomalies in the Norwegian Trench and west of Ireland.
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Figure 8: Surface minus bottom temperature (stratification)
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Figure 9: Surface minus bottom temperature anomaly

The final type of display is a custom 12-panel view in which the user individually select the month to display for each of the 12 panels.  Figure 10 shows an example of how this type of display can be used.  It has been setup so that each row contains three consecutive months for one year, with consecutive years in each column.  The parameter displayed is surface minus bottom temperature, so the user can visually compare the breakdown (for the months displayed) of stratification in each year.  This provides a flexible alternative to anomalies from climatology, in which the user can examine individual years for similarities and differences to get a more detailed comparison between years.  Users will most likely have their own uses for this flexible display type.  Pre-programmed options could be provided, as could a facility for users to save their favourite configuration, though these have not been included in this version.
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Figure 10: Surface minus bottom temperature custom view

For all display types (single panel, 12 panel consecutive months, or 12 panel user configured months), the user can move backwards and forwards in time using the arrows below the data display – either 1 month or 1 year.  These controls are fully flexible, so for example in the 12-panel display the year does not need to begin in January, and the user can roll back or forwards one month at a time.  Similarly, once the user has configured their own display (as in Figure 10), the time controls will move all the panels relative to their own displayed month, so that for example in the display shown here the user can roll back to Spring for each year with a few clicks, and can similarly jump back whole years to compare with earlier data.
Finally, for all display types any image can be clicked to bring up the full sized version of that image in a pop-up window, so for example the 12-panel view can be used to get an overview of a year’s data, then individual months can be viewed in detail by clicking on them.

6. Discussion
The focus of this DESS is on retrospective analysis at timescales of one month and longer, and this, together with the user requirements capture exercise, has strongly influenced the products that are displayed and how the system has been built to produce them.  This is technically a much simpler system than that developed for our other DESS (S9.2.2 Ecosystem Health in the North Sea), and is much less tightly coupled with the EuroMISS systems.  Nonetheless it meets its objectives well, so demonstrates an implementation strategy that is well suited for the requirements.

Key benefits of this live service and the S9.2.8 task have been:

· It is updated monthly with much less effort than a report-based format, is easily maintained up to date and holds several years of data.

· It allows the user to explore and interact with the dataset in a much more powerful way, allowing them to easily find how given features have evolved, how they look in different variables or derived fields, to see them in the context of other months or enlarged for the details, etc.
· The task has provided a forum for engagement between data providers, users and expert scientists, which resulted in a set of user-driven requirements covering what inputs are useful, and how they should be combined and presented.  User validation of the DESS is to be provided in T9.3.
On the other hand, paper based reports allow more scope for scientific experts to interpret the observed features, and tailor the visualisations to highlight the most important ones.  For this reason a system of the type developed here, even extended to include more input data sources, is not a replacement for periodic report produced by experts.  It would be quite easy to amalgamate the two approaches, providing a web portal with interactive data display, and pages containing expert interpretation, bulletins, etc. 

We intend to maintain this DESS system for the foreseeable future, since it is a useful way of interacting with these data products, both for us and our users.
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