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Executive Summary

This report is the deliverable for WP2 of the BNSC SMS project “Ocean Currents from Space”. It describes the user requirements for information on ocean currents in two parts. The first part covers operational requirements and describes a study broken down by marine industry (such as offshore oil and gas, shipping) compiled by a marketing consultant. The second part covers research requirements and was compiled by a group of academic oceanographers. It is recognised there is some overlap between the two parts, especially with respect to ocean modelling (a field which is now ‘operational’ at the research institutes), and this is acknowledged in the text. Another point to note is that it is often the results of research that leads to products for operational users. Despite this overlap, however, it is logical to study user requirements under these two sub-divisions as different issues are involved.

Part 1 – Operational requirements

Requirements for information on ocean currents are analysed by industry, covering offshore oil and gas, shipping, fishing, search and rescue / pollution response, leisure, naval, and cable laying. The emphasis is on the offshore and shipping industries as these are economically most important and would therefore likely to be the main drivers for any commercial system to measure currents.  Two main sections look at how currents affect marine operations and the requirements for information based on user feedback. 

The operational requirements for ocean currents can be summarised in two categories. The first is the need for information about offshore currents which depend on general circulation patterns in the ocean, very similar to atmospheric circulations but on a smaller scale (typically one tenth). These truly ‘ocean’ currents affect any offshore activities, and are especially relevant to the oil and gas and shipping industries. Offshore current patterns change relatively slowly such that weekly updates would be beneficial and daily updates would exceed requirements for most applications. The spatial requirements for information change according to the activity and tend to be more critical for the oil and gas industry. There is also a strong requirement in this industry for currents at all depths. The depth structure of currents can not be measured by satellite and this brings in the requirement for numerical modelling in any complete system for monitoring currents.

The second category is the need for currents near the shore, affecting all marine industry to some extent and especially activities like search and rescue and leisure boating. Here currents tend to be tidal and so change significantly on a cycle of approximately 12 hours. Localised coastal and shallow water effects also mean that these currents vary over small spatial scales. Information on currents near the shore therefore needs to be provided at least hourly on spatial scales of at least 1km. Fortunately, tidal currents are fairly predictable and there are already operational models providing this information. However, anomolous situations such as storm surge are not well modelled and there is a requirement for an improved monitoring system under these circumstances.

In addition to the above operational requirements there is a strong commercial requirement for information on the statistics of ocean currents, such as monthly variability and extreme values, to support design activities, primarily in the offshore oil and gas industry.

Operational requirements for ocean currents, as reported, can be summarised by industry as follows:

Industry
General requirements
Spatial resolution
Temporal resolution
Max delivery time

Offshore oil / gas operations:

Design:
Local current profiles

Statistics
2-10 km 

2-4 km
<1-3 hours

1-6 months
<1-6 hours

3-6 months

Shipping
Surface currents along route
10 km
1 day – 1 month
1-7 days

Fishing
Surface / coastal currents
1-12 km
1 day (hourly for tidal)
1 day (hourly for tidal)

Search and rescue
High resolution Surface currents
1 km
< 1 hour
< 1 hour

Leisure 
Tidal currents, offshore currents for racing
1-10 km
1 day (hourly for tidal)
1 day (hourly for tidal)

Naval
Surface and subsurface currents
1-10 km
6 hours – few days (hourly for tidal)
hours - days

Cable laying
Surface and subsurface current forecasts
1-10 km
6 hours – few days
Hours - days

In all cases an accuracy of 10 cm/s (and 20 degrees in direction) is required although this can be relaxed slightly for shipping operations.

Financial information relating to the impact of currents has been obtained in some cases and will be useful later in the project. The value of improved information, in terms of operators paying for a service, has been harder to ascertain. Most consider that better currents information should be included within existing information services (weather forecast or ship routing), and this would undoubtedly add value to those services.

Part 2 – Research requirements

Research requirements for ocean currents are discussed under four sections. Three of these correspond to the different scales of interest to the physical oceanographer. On the largest scale is global circulation and climate, including basin-scale circulation. On the smallest scale is coastal processes, covering dynamics at the shore and in shallow waters (less than 10m), and in between is shelf seas, covering dynamics on the continental shelf (which extends of the order of 100km offshore). A fourth section looks at the requirements for short-term ocean forecasting and this has the strongest links with operational requirements. Ocean forecasting is an emerging discipline which aims to monitor and predict ocean conditions just as weather forecasting has done for the atmosphere for many years. As such it tends to be carried out by the national met agencies, who then derive products aimed at government and commercial users.

The research requirements for ocean currents information can be summarised under the above categories as follows:

Category
General requirements
Measurement accuracy
Spatial resolution
Temporal resolution

Large scale circulation and climate
Global, synoptic 3D data for validating models
10 cm/s

(5 cm/s for monthly averages)
50 km
2 days

Coastal processes
Measurements over 10s km
10 cm/s
10-100m
10 minutes

Shelf seas
Measurements over 100s km
10 cm/s
1km
2 hours

Short-term ocean forecasting
Combination of large-scale and shelf sea requirements depending on the specific application of the forecast

Part 1 - Operational Requirements (WP21)
Peter Baynes, Consultant

1 Introduction

1.1 Objectives

The objective of this report is to provide an understanding of user requirements for ocean current measurements to support marine operations. 

To this end, information was gathered to identify the impact of currents on marine operations; identify the sources and types of information presently used; identify the possible benefits of improved current measurements; and to ascertain user requirements in terms of data specification, geographic locations, product format and delivery mechanisms. 

A key focus was also to consider factors that could be used in an assessment of market potential of improved current measurements, such as the propensity and ability of each industry to pay for ocean current information, and which users would be the paying customers.

1.2 Methods & Sources

This report is based on a mix of primary and secondary research.  Primary research involved correspondence and interviews with operational personnel within each industry. Due to the size and complexity of the industries, professional bodies, trade association and service providers relevant to the industries were also approached, as they offered the opportunity to obtain a consensus view in the available time frame. 

A questionnaire was sent to representatives in the industries (See Appendix I). This questionnaire was used to identify which activities are affected by ocean currents, the economic impact of those effects, and whether the impacts could be avoided if the user had access to improved current measurements. It also asked about the relevance of currents compared to wind and waves. The questionnaire was not used to solicit information on spatial and temporal requirements for ocean current information, as many of the end-users would not be familiar with specifying data requirements. 

A list of contributors to this report is provided in Appendix II.

Secondary research involved internet and desk research on published papers and other research projects that considered the operational requirements for current measurements. 

1.3 Report Structure

Section 2 looks at some general issues need to be considered when reviewing operational requirements, and specifically economic benefits that may result from improvements in available data.

Section 3 considers the effect of currents on marine operations in various industries. The main activities and major industries in terms of economic activity have been considered, but there are undoubtedly other activities and industries that are impacted by currents. Other research projects that have considered operational requirements in these industries are also reviewed in this section.

Section 4 tries to define user requirements for current information for each of the industries considered, based on the results of the research.

Section 5 provides a summary of the key findings in this report.

General Discussion

Ever since man took to the water, the impact of the elements – wind, waves and currents – on safety and on the performance of the operation has been recognised. The first meteorological services grew out of the need for seafarers to have information on the weather, to ensure safe passages. As activity grew more economically minded, then weather forecasts were used to not only enhance safety but to reduce losses and costs. Although shipping does make use of commercial weather forecasts, it is the more recent industries, such as the offshore oil and gas industry, which have driven the rise in commercial metocean services.  There is now a wide variety of services around the world serving specific needs of fisherman, yachtsmen, the oil and gas industry, and many more who exploit the oceans for commercial gain and on whose activities ocean currents have an impact. The research undertaken for this report attempts to identify what that impact is and if it is likely to be mitigated by improved current measurements.

There can be no doubt that currents are of interest to the operational marine industry. In a recent survey conducted by EuroGOOS on operational requirements for oceanographic information, surface current velocity and direction were the most frequently chosen variables. The variables were selected by 94 and 93 organisations, respectively, out of 155 organisations that included research organisations, marine services, environmental bodies, building, transport, defence, engineering and offshore oil and gas companies and their contractors, aquaculture and fishing industry, and others. [Fischer & Flemming, 1999]. However, the effects of wind and waves on marine operations are perhaps the more obvious ones, and for many marine operations, their impact far outweighs any impact of the currents. As a general rule, currents become more important in areas where the wind and wave regime is more benign, in areas where the current is large or more variable, (for example, where there are large tidal ranges or in the major ocean circulation currents) and in operations where much of the activity takes place sub-surface. It is often difficult to separate the impact of winds, waves and currents, as any marine operation is, by its very nature, exposed to a greater or lesser extent to all three, and it is the combination of the three that often causes problems, and leads to economic impact. 

Geographical area is perhaps an obvious but important factor in determining if currents have an impact on operations. There are areas where the currents are more intense and are more variable, and hence where they are more likely to impact on marine activities. It is unusual for currents to be a major factor in areas where the mean surface current is 1 knot (0.5 m/s) or less. A lot of marine activities take place within a few km of the coastline. Others such as fishing, shipping and the search for oil and gas, often take place in specific favoured locations, or, in the case of shipping, along specific shipping routes, (which may or may not have been selected due to favourable current conditions).  In these fields, the marine community tends to have built a knowledge and understanding of the current regime that they use to manage their operations. However, the areas of interest will continue to shift. For example, the search for oil and gas is moving to new areas, and submarine data cables are being installed in less developed regions of the world. The areas in which there is a requirement for current information for marine operations can be summarised as follows:

a) the specific areas where operations presently take place and where the current has significant strength and variability, 

and 

b) new areas of developing activity where there is no track record of marine operations, and consequently scant understanding of the current regime.

Increasingly, a system that comprises of in situ measurements, remotely sensed data, and numerical models is being used to describe and predict the state of the ocean at a point in time. These “operational oceanography” systems are similar to the weather forecast systems, which are further developed and more widely used for both scientific and commercial purposes. It is the output of an operational oceanography system that is most likely to provide the tools that would reduce the impact of ocean currents on marine operations. These systems require a combination of observed data and modelling techniques, based on an understanding of the physics of the processed involved. It is unlikely that one of these components alone could provide a solution, and the “system” becomes greater than the sum of its parts. Therefore, the question “could improved ocean current measurements reduce the impact of currents on marine operations” has to take not only direct benefits of knowing the currents at a certain time and locations, but also the benefits reaped from any system that makes use of the improved current measurements. 

Throughout this report, an attempt has been made to identify and quantify the economic impact of currents, the likely benefits of reducing these impacts, and the likely market price for improved current information.  It is obviously very important to do this, so that a business case can be built for the provision of improved data and services. However, commercial sensitivity or confidentiality prevents many companies from revealing intimate financial details of their operations. For example service providers are often protective of their pricing policies and their market knowledge, which they can use to competitive advantage. End-users find it difficult to put a price or value on data and products that they are not familiar with, and for which no cost:benefit analysis is available. 

End-users do not wish to publicise operational accidents or inefficiencies due to lack of data, and especially do not want to release financial details of such incidents. Also, many operators in the marine environment often take the impact of currents, and other environment parameters, as “force majeure”, and accommodate the impact in their financial planning and operational procedures. For example, the risk of damage due to weather is mitigated through the paying of insurance premiums and shared round the insurance and re-insurance industry, rather than one company bearing the cost.

When considering this report, one must bear in mind the level of understanding and appreciation of currents by the end-users varies and in some cases can be very limited. For example, there may be general awareness that currents affect operations, but little understanding of the nature of currents or features that causes the effect. End-users are not always the best people to specify data requirements, as they often are only using the data as part of a system or a solution, such as input into a decision-making tool. Their concern is principally with the output of such a system or solution – the chart or the routeing advice, for example.

Finally, this report considers the situation today, in 2002. The nature of many of the industries discussed is constantly changing due to technology, economic, political, environmental or social reasons. It is important to consider possible future changes in these industries and how they may affect the requirements for current measurements. For example, in the next ten years there is forecast to be a growth in energy generation from offshore marine resources, such as wind, wave and currents. This emerging industry will certainly have new demands for current measurements.

2 Effects of currents on marine operations

2.1 Introduction

In this section, the effects of currents on marine operations in a variety of industries are examined. The focus of research has been to identify and, where possible, quantify the economic impact of currents in each industry, and from this, try to assess what benefits might possibly be realised through improvements in current information. 

The following industries were investigated:

· offshore oil and gas (exploration and production)

· shipping 

· fishing 

· search and rescue/ pollution response

· leisure (yachting) 

· naval

· cable-laying

In each of these industries there is a wide range of marine activities, some which are common to all, and others that are very specific to a particular industry. The nature of the activities varies according to the industry and the geographic region that the activity takes place, the latter being one of the main factors in determining if the current has an impact.

It should be noted that due to the size and diversity of each of the industries examined, this overview cannot claim to be a comprehensive insight into all the relevant issues. There will be differences within each industry due to differing operational procedures and culture, both national and commercial. This report attempts to reflect the main concerns of each industry.

This section considers each industry in turn with the following subsections:

The Industry provides a brief overview of the industry in terms of size, structure and geographical extent;

Activities that are affected by currents identifies the activities in the relevant industry that are affected by currents;

Nature of currents that affect the activities outlines the types of current that affect the industry activities;

Impact of currents looks at the operational and economic effects of currents on the activities; 

Likely benefits of improved current information examines which of these impacts could possibly be reduced or avoided by the use of improved current information and what benefits might be realised;

Present information sources looks at the sources of current information presently used by the industry, along with service providers;

Other research projects provides brief details of other projects that are looking into the impact of currents on activities in this industry.

2.2 Offshore oil and gas

2.2.1 The Industry

The offshore industry is a global multi-billion dollar business. The level of activity in the industry is greatly affected by the fluctuating price of oil, but the world’s demand for oil and gas continues to increase, so the industry will continue to search for and exploit new resources.

As most of the easily accessible reserves in shallow waters become slowly exhausted, exploration and production activity is increasingly moving to new areas with deeper waters and unfamiliar environmental conditions.  These pose new challenges for the design and operation of offshore structures which can safely and cost-effectively exploit these fields. 

As field water-depths increase, the industry is moving from the use of fixed structures to floating structures. This trend is forecast to continue, reflected in a recent market survey report on the use of floating production facilities [The World Floating Production Report, 2002]. This forecasts a massive increase in expenditure on new builds, conversions and renewals exceeding $31 billion over the next five years, with annual spend expected to climb to over $9 billion in 2004. This trend will lead to some decrease in heavy lift activity, associated with the construction of fixed structures.

There is also present activity aimed at extending the life of existing fixed structures and exploiting marginal fields using subsea developments. This shifts the focus from the sea surface to the sea bed, and creates new technological and operational challenges due to increased use of remotely operated vessels (ROVs), as well as an increased need for pipelines, cables and interconnectors.

2.2.2 Activities affected by currents

The offshore oil and gas industry is involved in exploration and production, a process which involves five stages of development: exploration, appraisal, development, production and abandonment. Each of these stages involve a range of activities that have requirements for metocean information, including currents information [OPERALT, 2000]: 

· Exploration (e.g. seismic surveying, site surveys, etc). Information is required to support the marine activities, and often there is a requirement for investigation into the current regime, which will require long-term data. 

· Appraisal (e.g. quantify potential of reserves and select most suitable development concept). This needs metocean design and operational criteria, based on long-term measurements. A good understanding of the extremes (for design) and variability (for operational planning) is required.

· Development (e.g. construction, installation and pre-commissioning of facilities). Data on currents is needed to finalise design, and to support offshore operations, such as towing, mating and heavy lift.

· Production activities (e.g. drilling, tanker offloads from Floating Platform Storage and Offtake facilities (FPSOs), pipeline maintenance, oil spill and pollution, etc.). Real-time data or forecasts are required to support day-to-day operations,  whilst data is also used to update or verify metocean design.

· Abandonment (e.g. decommissioning, removal and restoration of site) – real-time and forecast data is needed to support offshore activities, such as sub-sea operations, heavy lifts and towing. 

The relative importance of the effect of ocean current information on this wide range of activities is dependent on factors such as location, type of development, type of vessel, and the prevailing wind and wave regime. 
2.2.3 Nature of currents affecting activities

Offshore operations are affected by all types and scales of current, from short-lived high-frequency variations that last just minutes, to longer time-scale, more predictable features, such as tidal currents.

NORSOK, the Norwegian initiative to reduce development and operation cost for the offshore oil and gas industry, recommends evaluating the following current components for structural design [Ersdal, 2001]:

a) Wind induced current

b) Tidal current

c) Coast and ocean current

d) Local eddy current

e) Currents over steep slopes

f) Currents caused by storm surge

g) Internal waves

This list provides an overview of the current regimes that affect both the design and operation of offshore structures and vessels. It is not only surface currents that are important. Currents throughout the water column are important and especially the profile and vertical shear. 

Deepwater currents and seabed current features, have become increasingly more relevant to the industry in recent years. For example, eddies in the Norwegian Trough from the Norwegian Atlantic Current, are a concern to operators at Troll Field, offshore Norway [OPERALT, 2000]. Drilling on the continental shelf is affected by high intensity deep- and mid-water column current pulses of unknown origin, which last anything from a day to a week or more [Kantha et al, 1999]. 

Outflows from major rivers can be a problem, especially in areas where they interact with prevailing oceanic currents.

It is not necessarily the intensity of the current that is most important. Current features that cause abrupt changes in the current at a specific location tend to have a greater effect on marine operations. For example, variability of the current profile over a timescale of minutes can cause problems in structures due to Vortex Induced Vibrations (VIVs).

Currents are also important in determining the movement of drift ice that may impact on offshore operations in high latitudes, for example offshore Sakhalin and offshore Canada. 

2.2.4 Impact of  currents

The impact of currents on the offshore oil and gas industry varies according to the water depth and the type of offshore structure, vessel and activity. 

There is no doubt that currents do impact on offshore operations and cause financial losses, but quantification of such losses is difficult as it is not in the interest of both operators and contractors to publicise such losses. One operator estimated that the potential financial impact of currents could be “over £1,000,000 per year”, whilst another estimated US$5 million.  In the majority of cases it would be the operator, or their insurer, who would bear the cost of any losses, although of course ‘blame’ may by apportioned to a contractor.

The impact of currents is in three key areas: operations; installation and construction; and planning and design.

a) Operations

The effects of currents on marine operations associated with offshore oil and gas production vary. Examples are downtime due to adverse currents in drilling or ROV operations, delays in offloading or installation, and in extreme cases damage to or loss of drilling strings and seismic streamers.

Drilling rigs in deep water (greater than 200m) are particularly vulnerable to currents due to the length of the riser and the large top tensions required to support the riser string [Farrant & Javed 2001]. Rigs are connected to a seabed wellhead using a marine “riser”, a long, thin 0.5m diameter cylindrical tube. Drilling operations have to be suspended when in situ current exceeds certain critical values. This value depends on various factors, but can be as low as 1 m/s (2 knots). However, the drilling operations in deep water are more affected by the current profile. In particular the shear and directionality of deepwater currents are most significant as these determine shear forces on the riser. 

Strong currents can have various effects on deepwater drilling operations, such as drilling downtime, riser installation delay and fatigue damage [Farrant & Javed 2001]. If loads on the drill riser become too large due to current loading, then drilling is suspended. The riser is not disconnected, but the vessel is required to hold station to within a few metres of the well location to prevent damage to the riser. Surface currents will obviously impact on the ability of a drilling vessel to maintain station, and could exacerbate the effect of deeper currents.

Loop currents in the Gulf of Mexico can cause operational delays of several days “resulting in considerable costs to the operators - several US$100k per incident” (C.J.Shaw, Shell). Reportedly, in one incident, an oil company had to suspend drilling operations for 30 days at a cost of US$200k per day. In another incident the drill ship Jack Ryan, working for Exxon Mobile offshore Trinidad-Tobago, was forced to shut down subsea operations several times (Offshore, Sep 2001).  Drilling operations offshore South Africa are particularly affected by fluctuations in the Aghulas current.

One estimate of drilling downtime due to strong currents was 2-3%. That is equivalent of around 10 days per year, or US$1m at an average day rate of US$100k for drilling rig [Source: Upstream Online- Bassoe Offshore Consultants].

Strong currents in deep water can produce vortex induced vibrations (VIVs) in moorings, risers, spar platforms and deep-draft caisson vessels (DDCVs). VIVs will quickly cause fatigue damage and even loss of riser and well head.
 No detailed information was available on such incidents, and the tendency is to account for this problem at the design stage. However, any damage or loss will incur significant costs related to lost time and the cost of repair or replacement. 

Internal waves, including solitons, cause strong and rapidly varying currents and can affect drilling rigs, risers and mooring lines. In Northern Andaman Sea, a rig tilted by 3 degrees during passage of an internal soliton, causing an increase in draft on one leg of the structure, and an increase in the anchor tension on one side of the rig by almost 25%.[Jeans, 2002] A similar incident was reported offshore Angola where a Sedco Forex rig “Omega” tilted 4 degrees [Hajji et al, 1999]. Such events can cause mooring line failures, with consequent financial losses. 

Delays to operations involving ROVs because of currents throughout the water column is a common problem, for example affecting BP and Shell West of Shetland and offshore West Africa. 

With floating production storage and offtake (FPSO) facilities, that are widely used in deeper water on the continental margins, a combination of winds and currents, not in themselves particularly severe, can result in difficult operating conditions for the production unit and tankers involved in the offtake operations. A surface current was thought to be cause of recent sudden and alarming yawing of a tethered tanker at Schiehallion, west of Shetland.  Conditions may prevent offload, leading to the units storage tanks becoming full, and causing a cessation of production. Damage to the offtake hose, riser or flowline can result in a discharge and pollution, which in turn can cause secondary damage to the environment. 

There are other reports of problems with moored tankers offshore West Africa where outflows of major rivers such as the Congo and the Niger combine with prevailing oceanic currents to cause problems. Similar effects reportedly caused problems for a drilling ship off Vietnam.

b) Construction and Installation

Currents have an impact on activities related to the construction and installation of offshore facilities. This impact is reduced by careful planning and design of the facility and the installation operations, but there still may be unforeseen delays due to currents, or a combination of currents and other factors, such as wind and waves. Currents affect the transportation of facilities, heavy lift and mating operations, ROV operations, and the laying of moorings, pipelines and cables.  Tows and heavy-lift transportations are discussed in the shipping industry section of this report.

Installation and construction operations, such as cable and pipe-laying, are planned and scheduled taking into account the local metocean regime. This is done by using historical data, or with in situ measurements that are taken prior to the planning of the task. Downtime is then usually built into the project schedule, and paid for by the operator.  However, as there is often incomplete or insufficient data to optimise the schedule and estimate the downtime, the planning process is not as effective as it could be.

c) Planning and Design

The metocean conditions affect the selection of FPSO units and tankers used for offtake operations as well as the design of moorings and risers. It is a view of one naval architect that a lack of comprehensive metocean data, particular current profile data, has led to an overdesign of these facilities to ensure operational safety.

The directionality of the extreme currents is very important and if this is known the design is much less conservative. Conservatism in design results in higher costs, or more importantly expectation of higher costs, which can affect the feasibility of developing a resource.
Currents are more critical in design where wind and wave values are low, in regions such as offshore West Africa and SE Asia, and in deeper waters, where sustained high intensity currents can be more important than waves in determining loads on structures.

For floating systems, currents exert steady drag forces on the hull and can also exert unsteady loads through vortex shedding. The orientation and offset of a turret-moored tanker is very sensitive to relative directions of wind, waves and currents.  The importance of currents in design is illustrated by comments from a recent International Association of Oil and Gas Producers (OGP) workshop:  “A current in-line with the wind and waves has only a small effect on extreme offset or mooring force. Yet, if the current direction is at an angle to the wind and waves, it will tend to rotate the vessel. This increases the exposure to wave and wind load, and thereby the offset (by ten to forty percent) and mooring loads.” and “Forces in mooring lines and risers arise mainly from the hull motion through fluid loading due to waves and currents having significant effects”. [Tromans & Vandershuren, 2001]

2.2.5 Likely Benefits from Improved Current Information

It is the view of the industry, both operators and contractors, that many of the impacts discussed above could be reduced if there was access to reliable current measurements and/or forecasts. The likely benefits to the offshore industry from improved current information can be summarised below. Determining actual financial savings has not been possible for reasons explained in section 2.

· reduced drilling downtime

· reduced downtime in installations

· improved safety

· reduced costs of current impacts due to improved modelling capability and verification of models

· reduced damage and losses from improved design

· reduce costs associated with over-design or specification due to lack of current information

· more effective deployment of resources for in situ current measurements

2.2.6 Present Information Sources

Information on currents is obtained from the following sources, either in near real-time or from archives:

1. Specific in situ measurements (e.g. drifting buoys, ADCPs, Radar)

2. Numerical models

3. Remote sensing

Also of value is the local knowledge accumulated by seafarers and mariners, and this is often the only source of current information available.

A combination of data sources and numerical modelling is being used by several groups to provide current advisory services to the offshore industry.

In situ measurements

In situ measurements are often made by operators and contractors using methods such as ADCPs (Acoustic Doppler Current Profilers) either during operations, or occasionally as part of specific measurement programme when problems with currents are identified. However, current measurements are not often made over a sufficiently long period to provide meaningful analysis of extremes. The cost of such programmes can be prohibitively high, especially if data for the calculation of extremes or  operation windows (spells analysis) is required. In this case the programme will need to last a few years and developers usually cannot wait for such measurements to become available. In situ measurements do not provide detail of the spatial variability of currents, neither do they provide a complete vertical profile, as surface currents are often not measured. Measurements from satellites can help identify where best to deploy in situ measurements, as well as help determine if in situ measurements are representative of the general current regime.

Operators to the West of Shetland have deployed ADCPs but these do not provide surface current measurements. Recently, Horizon Marine Inc. set up project called Eddy Net for offshore operators in the Gulf of Mexico. The goal of EddyNet is to develop the capability to collect and distribute real-time current data from existing sources across the Gulf of Mexico to support the operational needs of the deepwater exploration and production community. Data will be collected by ADCPs deployed on offshore platforms, drill ships, and survey vessels.

Archived data from ships and other sources have historically been the main source of information. This is either published in chart form, for example Ocean Routing Charts, published by hydrographic offices, or made available as processed data sets, such as frequency distribution tables,  to facilitate calculations such as extreme value analysis.

Numerical Models

The offshore industry has invested in research into ocean modelling to generate both forecasts to assist operations, and hindcasts to provide input into design criteria. 

“Measurements work best for periodic processes like tides where reasonable estimates (of extremes) can be derived from a few weeks’ measurements. Extreme estimates of most other processes are usually best derived by first identifying important local processes with measurements, followed by process-specific modelling.” Cort Cooper OGP Metocean Meeting.

However, there is little validation of these models due to lack of suitable measurements. 

Tidal currents are available from numerous sources, from desktop PC applications through to sophisticated ocean models. The service of Proudman Oceanographic Laboratory (POL) is one example.   However, for non-tidal currents, the situation is somewhat different as hindcasting is very difficult for currents that are not either tidal or driven fairly directly by winds. [Tromans & Vandershuren, 2001]

The North-West Approaches Group (NWAG) has invested extensively into measuring the current regime west of Shetland and developing a 3-D ocean model that will produce more reliable current information for design input and operations support in that region.  This project has been ongoing for several years and has cost the NWAG something in the order of US$10m.

The University of Colorado, working for operators, is using numerical models to predict current regimes in the Gulf of Mexico – see below.

There are other agencies, such as national weather services, that are running operational models to predict currents, but no evidence has come to light to show that these are being used by the offshore industry.

Remote Sensing

Some current data from remote sensing technologies such as satellite and long-range HF radar are being used by the offshore industry. 

Sat-Ocean, a French company, is providing absolute sea surface current fields derived from sequences of sea surface temperature AVHRR images. “The current fields are accurate to 10% in magnitude and 10-15 degrees in direction after a comparison with in situ velocity measurements. The model is not only diagnostic but has some predictive skill as well, which makes it a powerful tool regardless of atmospheric conditions (i.e. cloud coverage that may prevent accurate observations). This capability has been demonstrated in a recent application to assist drilling operations of the Transocean Sedco Forex company offshore South-Africa (Block 9, F-1 Area) The latter shows that surface currents in such a region are diagnosed and forecasted at 48 hours with a very good accuracy. The method is applicable over any area of the ocean presenting a relatively high surface temperature variability over space and time, typically offshore the US east and west coasts, Brazil, South-Africa, Angola, Namibia, south-east Australia, Japan.” [Website of Sat-Ocean]. Retrieving currents from sea surface temperature (SST) images is considered in WP31 of this project. Note that there are limitations in many parts of the world due to cloud cover preventing measurements.

Current advisory services:

· The University of Colorado generate nowcasts and forecasts for the Loop Current and its Eddies in the Gulf of Mexico and Caribbean [see Kantha et al,  1999] under a project sponsored by an offshore industry consortium, known as CASE. The real time nowcasts and forecasts are only available to members of CASE (Climatology and Simulation of Eddies) and are updated roughly every 3 weeks or as events warrant. The resolution is 1/12 deg and forecasts are for 3 week periods.  Forecast currents at specific sites are also provided. It is based on a system that uses a numerical circulation model capable of assimilating altimetry and sea surface temperature data as well as in situ measurements. See http://www-ccar.colorado.edu/~jkchoi/gomforecast.html.

· EddyWatch, from Horizon Marine Inc., is another service for monitoring the Loop Current. Its main objectives are observing the position and strength of the Loop Current; detecting the separation of anticyclonic (warm core) eddies from the Loop; identifying and monitoring these eddies as they migrate across the northern Gulf of Mexico; and predicting the likelihood that an eddy will encounter a particular site within a user-specified time. Reports are issued weekly, with daily updates during times of strong current events.

· Horizon Marine also monitor the North Brazil Current (NBC) using satellite remote sensing (IR Imagery, radar altimetry and colour) and surface drifters. Horizon is providing weekly updates on the location of eddies shed from the NBC and the status of the NBC retroflection as part of their Eddy Watch North Brazil - Trinidad service. 

· Trinidad Ring Advisory Co-operative (TRAC) managed by Fugro Geos was set up to monitor the formation and movement of rings (or eddies), which are the primary cause of strong currents in the region. TRAC uses a combination of in situ and remote sensing data.

· DUACS follow-on provides a variety of altimetry-derived products as part of the AVISO service, designed by the CNES (French Space Agency) and CLS, a French company. Products are updated weekly with a time delay of between 48 and 72 hours. These are reportedly used by the offshore industry. DUACS follow-on is part of the Mercator operational oceanography system (Lefevre, 2002)

· MeteoMer is developing an operational system based on a combination of Synthetic Aperture Radar (SAR) image analysis and hydrodynamic modelling. [Hajji et al, 1999]. This is part of a project funded by FSH, the French Oil Agency.
2.2.7 Other Studies

The following Joint Industry Projects and research projects, funded by the offshore industry, have all considered currents and their impact on offshore operations. 

· OPERALT, an EC funded project run by CLS, developed a pre-operational altimeter data analysis and archival system for ocean currents to assess the benefits and cost-effectiveness of providing this information to the offshore oil and gas industry. The “User Requirements for a Pre-Operational Ocean Current Measurement System Using Altimetry” [OPERALT Final Report, 2000] reported the main requirements to be:

· Long time-series of accurate measurements with good coverage, to ensure seasonal or annual variations have been resolved – typical measurement periods of 2-12 months for ocean currents.  Used in statistical analysis to derive extremes for design purposes.

· As above, but continuous measurements at 6-hourly intervals or better. Used for statistical analysis to derive operational criteria (duration or occurrence statistics, weather windows).

· Real time data for use in day-to-day basis to plan and execute operations

· Data for use in forecasting.

It was also noted that the spatial variability of ocean currents was much greater than that of wind and waves, so measurements need to have good spatial resolution.

Likely uses and benefits of altimeter data were reported as:

· To provide a descriptive picture of mesoscale activity over a region.

· To decide where to perform representative in situ measurements

· To indicate if short-term current measurements are typical, and if it is likely that extremes have been recorded, to reduce uncertainty about seasonal and annual variability

· DEEPSTAR http://www.deepstar.org/public/information.asp is a cooperative, industry technology development project to examine and progress deepwater technology for subsea and floating production systems. It is organised and administered by Texaco. The project considers metocean factors and has generated a database of measurements in the Gulf of Mexico. The project has also instigated in situ measurement programmes in that area to provide current data for input into design and numerical modelling. One such programme measured currents across the Sigsbee Escarpment.

2.3 Shipping

2.3.1 The Industry 

The shipping industry is large and greatly varied in the nature and extent of its operations. Cargo ships, container ships, bulk carriers and tankers, to name just a few, operate on both trans-ocean and coastal routes. There is also the towage and heavy-lift transportation sector, which although a small part of shipping is important for the offshore industry. Lloyd’s Register database contains over 140,000 ship and 170,000 ship owner and manager entries. 

Shipping still carries the bulk of world trade and continues to grow. According to UNCTAD Review of Maritime Transport 2001, world seaborne trade recorded its fifteenth consecutive annual increase, reaching a record high of 5.88 billion tons. 
2.3.2 Activities affected by currents

Any voyage has the potential of being affected by currents as, with the most obvious effect being the direct impact on the vessel’s speed. Currents also directly affect the handling of vessels, and this becomes particularly important when the vessel is navigating narrow channels, or entering or leaving port. 

The relative importance of currents depends very much on the type of vessel, the speed of the vessel and the geographic location of its operation. 

Vessels with deeper drafts are more affected by currents. For example, Cape size bulk carriers, that are deeply laden, have a large volume of vessel in the water, whereas container ships are more affected by wind and waves as they have significant exposure above the water.

Towing and heavy-lift operations are more affected by currents than general shipping, due to their slow speeds and their relatively higher sensitivity to the environment.  These activities are often related to the offshore oil and gas industry, transporting offshore facilities from one part of the world where they were constructed (usually the Far East) to where they are installed. The planning and execution of these voyages are affected by currents. Currents are taken into account in routing decisions as they affect the time the tow or transportation spends in a region of potentially adverse weather conditions, such as tropical storm regions.

2.3.3 Nature of currents affecting activities

Currents are most likely to impact on ship operations in areas where they exceed speeds of 1 knot (0.5 m/s).  Currents of such speeds are encountered around the world, and are of three main types:

· Tidal currents. These are especially important for coastal routes, and when entering or leaving port. 

· Wind-driven currents and storm surges in enclosed seas. For example in the North Sea, where a Northerly storm would affect tidal-driven currents.

· Strong currents related to the main oceanic current regimes, such as the Gulf Stream, the Kuroshio, the East Australian Current, the Brazilian current, the Aghulas current and the Indian Ocean currents.  Particularly, it is the wide variations over space and time associated with these currents due to either seasonal effects, such as the reversal in direction of the Indian Ocean currents in accordance with the NE and SW monsoon, and features such as eddies and fronts, that are of interest to shipping.

Shipping is also affected by the interaction of wind, waves and currents. When  current direction is opposite to wind direction, then unusually steep and high waves can result. A typical example is offshore SE Africa, where the south-setting Aghulas current combined with southerly winds and swell can cause notorious “rogue waves”. 

2.3.4 Impact of Currents 

The effect of currents on ship operation and routeing decisions is generally less than that of wind and waves, but still significant. In responses received during research for this report, around half of shipping companies reported that currents have the same, and, in one case, more, importance as wind and waves.

It is difficult to separate the effects of currents on a ship’s transit from the effects of wind and waves, and also from delays caused by other factors, such as loading delays. However, around two-thirds of responses to research for this report indicated that currents do affect operations. The following effects were stated: 

· Transit and arrival times

· Reduced speed

· Missed laydays and berthing slots

· Increased fuel consumption

· Breach of speed and performance contracts

For tows and transportations, currents can increase the risk of the cargo being exposed to adverse wind and wave conditions that can cause damage or loss.

In very rare cases, currents could contribute to damage or loss of a vessel. For example, strong currents could easily cause a ship in distress to veer of course and go aground. However, no evidence of currents being the sole cause of an incident has been found, but there is little doubt that strong currents have affected movements in crowded shipping lanes or ports that have resulted in collision and damage. 

The shipping companies are often unable to put a financial figure on the cost of the impact of currents. They were even deemed insignificant, or unknown, due the difficulty in proving that any effect was due to the current alone. 

Much of the impact of currents on speed, and consequently, transit and arrival times, has been allowed for by the shipping industry in scheduling, voyage routing/planning, and ship design. Ships tend to operate close to maximum power, with most container ships having just 3 knots of surplus speed over and above that which is required to meet their schedule. 
However, there is evidence of ships taking into account the current regime over their route in order to gain benefits. For example, off the eastern seaboard of the USA, south-going ships tend to take the route nearer to the coast in order to benefit from eddies on the edge of the Gulf Stream, whilst north-going ships tend to take routes further east to benefit from the mainstream, north-setting, current. In the North West Pacific, one shipping company reported time merits for the south-east Asia to Japan voyage of up to 5 hours, based on receiving a 2 knot (1 m/s) benefit for around 1.5 days from the Kuroshio current. As some Japanese ports do not allow night time entry, this can mean that the ship benefits by arriving one day early, thereby saving a day’s running costs.

Conversely, adverse current conditions can cause delays that result in the ship missing its berthing slot at its destination port. Discussion with Southampton Container Terminals indicated that modern container ships now miss slots much less often than they used to, due to improved performance capabilities. In any case, the port does provide a 24 hour guaranteed slot with labour and equipment, and if, for any reason, the ship does miss this slot, the port makes all attempts to accommodate them. Of course, a missed slot does course additional costs and “untold problems”. according to Associated British Ports at Southampton. Southampton deals with five types of trade - cruise ships, containers, bulk, fruit and roll-off roll-on (RO-RO) ferries, and the effect of late arrival and missed berthings for each varies, as does the risk of missing a berthing due to the pressure on available berthings. For example, cruise ships may have to go to another port, pay hotel and charter flight costs and deal with compensation claims from disgruntled holiday makers.  For other trades, delays would cause increased labour and equipment costs, and lost revenue due to lost earning time. With typical charter rates from US$5,000 per day up to US$22,000 per day, depending on vessel type, and operating costs of US$2,000 to $9,000 per day [Kite-Powell, 2000], the potential costs are significant.

Information on the frequency of delays and missed berthings is difficult to obtain. A tanker operator stated that there had been missed berthings, but that it was difficult to ascertain the exact cause, as so many factors impact on arrival times, such as weather, tides and the ship hull performance.  It was the opinion of Southampton Container Terminals, that ocean crossings, or deep sea, arrivals are relativelt better for time keeping than coastal trips, as the latter are more likely to be affected by activities at departure ports, such as tides and delays in loading.

Increased fuel costs due to the impact of currents are either a result of the Master trying to overcome the effect of adverse currents on the vessel’s speed and performance in order to meet his schedule, or the result of extra time sailing due to adverse currents.  A vessel’s fuel consumption obviously varies depending on the vessel type and size, but typically a vessel uses 30 to 90 tonnes of heavy fuel per day, at a cost of US$80-100 per tonne. (Shell International).  That equates, using the higher value, to US$9,000 per day just for fuel.  

Ship charterers are concerned with the affect of currents on speed and performance guarantees. If a vessel does not perform according to these guarantees, then claims from clients may result. It does not seem that such claims are very frequent. One claim every two years was the estimate from one charterer, and technical advisers to P&I Clubs estimate that they handle 6-10 such claims per year. However, their cost can be significant  - in excess of US$50,000. Offering evidence of factors that affected performance, such as adverse currents, can dismiss the claim, as can demonstrating that the Master has done everything in his control to ensure ship performed to its capability. Again, currents are not the only factor that can prevent a vessel from meeting its speed and performance guarantees, and identifying current as the sole cause is very difficult, and often impossible.
2.3.5 Likely benefits of improved current information 

In research carried out for this report, around half of shipping companies felt that the impact of currents could possibly be avoided if there was access to reliable current measurements. 

The principal benefits from improved current measurements would come from:

· reduced operating costs due to reduced transit times

· reduced fuel consumption

· reduced risk of damage (for tows and transportations)

· improved safety, especially in coastal manoeuvres

It is worth noting that the first three would result mostly from improved knowledge of ocean currents (although improved information on wind-induced currents would assist coastal shipping), whilst the last would require detailed information on tidal and wind-induced currents.

It is impossible to put a determinate figure on the possible economic benefits that the resultant avoidance would deliver, but based on the costs of fuel and delays, it could be significant.

Estimates indicated that wind, wave and current data from the National Polar Orbiting Operational Environmental Satellite System (NPOESS) [Kite-Powell, 2000] could provide an incremental benefit from commercial ship transit times of the order of US$95m per year, with around 40% of this amount coming from coastal transits benefiting from new information on wind-driven currents.

A study on the Gulf of Maine Ocean Observing System estimates a saving of 5 percent in annual commercial shipping costs from improved observations of wind, waves and currents, equating to US$500,000 per annum for Gulf of Maine shipping alone. [Kite-Powell, H.L. & Colgan, 2001].

McCord et al, 1999, [McCord et al, 1999] reports that ship routing taking into account current nowcasts, could produce 11.1% average fuel savings. This could amount to US$1000 per day, using a consumption value of 90 tonnes per day at a cost of US$100 per tonne.

The ship’s master is responsible for the vessel’s time keeping, and any information that he can glean that will assist him in keeping to a schedule, or reducing operational costs, would be welcome.

For any benefits to be realised, the shipping industry would have to have confidence in the measurements or forecasts and belief that significant savings would accrue, especially if they would have to pay for them. Shipping is an industry that has developed business and operational practices that take into account the uncertainties and vagaries of the environment in which it operates. Acceptance of new information would require changes to these often long-standing and proven practices, together with a clear cost-benefit analysis. 
2.3.6 Present Information Sources

The shipping industry obtains information on currents from the following sources:

· ocean routeing charts and similar publications

· tidal stream atlases

· experience of the Master and crew

· weather routing services

The most commonly used sources information are ocean routeing charts, and other publications such as nautical charts and pilot books, mostly published by national hydrographic offices. These usually only provide monthly or seasonal average currents based on historical records, from ships observations, other in situ measurements and, more recently, satellite observations.

Tidal stream atlases, published by a variety of agencies, are widely used to obtain information on tidal currents. 

The local knowledge of Masters, gained from seafaring experience, also plays an important part in routeing decisions.  

The shipping industry, especially ocean crossings, makes extensive use of weather (or ship) routeing services, provided by some national weather services and several commercial service providers, such as WNI Oceanroutes, Meteoconsult and Weather Routing Inc..  Ship routeing services primarily provide forecast information on wind and waves, based on numerical model output. For currents, most services use a surface current climatology. One provider supplements this with twice-weekly enhancements in areas of strong and highly variable currents, derived from satellite imagery and provided by the Jet Propulsion Laboratory. The same provider is also considering the use of ‘nowcast’ eddy fields produced by the NRL Layered Ocean Model with a spatial resolution of 1/9 degree. Others use currents from published charts and from miscellaneous sea surface temperature analyses, available on web or derived in-house. There are also some regional information services on ocean currents, such as the ‘Jenifer Clark’s GulfStream’ service.

At least one far eastern shipping company makes use of a Japan Coast Guard service that provides information on the Kuroshio current. (available at http:// www1.kaiho.mlit.go.jp/KAIYO/qboc/2002/ocf200212.html)

Forecast currents are commercially available from the UK Met Office  (output from the FOAM model) but take up by shipping is limited.

There is no other evidence that shipping companies and master routinely access real-time or forecasts information on currents. 

When dealing with Speed and Performance claims, the ships log is commonly used to provide information on prevailing weather conditions, including, if reported, current speeds.

2.4 Fishing

2.4.1 The Industry 

The fishing industry is wide ranging, in terms of the types of fish it targets and the methods used to catch those fish. The primary concern here is commercial ocean fishing. This takes place in most of the world’s oceans, with the Northwest Pacific having the largest reported landings in 1998, followed by the Northeast Atlantic and the Western Central Pacific. Typically, high landings are dependent on one or two productive stocks, such as Alaska pollock and Japanese anchovy in the Northwest Pacific, Atlantic herring in the Northeast Atlantic and skipjack and yellowfin tunas in the Western Central Pacific. The major fishing countries are China, Peru, Japan United States, Chile, Russian Federation, Indonesia and India. According to the United Nations Food and Agricultural Organisation (FAO), world marine capture fisheries production was 86 million tones in 2000, a 1.6% increase from 1999. The estimated first sale value of the landings was US$76 billion in 1998.

The number of large fishing vessels ( over 100 tons) totalled 23, 014 in the Lloyd's database at the end of 1999. [UN FAO website]

2.4.2 Activities affected by currents

The fishing industry, like the shipping industry, has always been aware of the impact of the environment on its activities. Winds, wave, currents, ice and fog have a direct impact, but environmental factors also affect the location and quantity of fish.  

Currents affect the operations of fishing vessels, fishing productivity, the management of stocks, and location and design of fish farms. Currents also affect the speed and performance of fishing vessels and their handling in busy ports, as described in the section on shipping.

Nets, and the buoys that are used to mark their location, are affected by currents to the extent that strong currents can cause unsuitable fishing conditions.

The marine capture of fish is affected by environmental conditions. For example, according to UN FAO, the production dipped by 9% in 1998, apparently due to conditions in the Southeast Pacific, which were severely affected by the El Niño event of 1997-1998.

Pelagic fishes tend to concentrate in areas of ocean upwelling and oceanic fronts. Fishermen therefore seeking productive fishing grounds look to these areas, which can be identified by sea surface temperature, ocean currents and the concentration of phytoplankton.  Fish finding services, that include ocean current information, are offered by several commercial companies, primarily aimed at tuna fishing in tropical waters. 

The management of fish stocks is also affected by environmental conditions, with an understanding of the environment, including ocean currents, essential to understanding the behaviour and reaction of fish species. For example, NASA/NESDIS is funding work to use geostrophic currents derived from TOPEX/Poseidon to track spiny lobster larvae and see if the data can be used to predict natural repopulation success.

In aquaculture, currents can affect the design, location and operation of fish farms. A recent paper reported a requirement for current measurements to support modelling of net structures. The demand for suitable location for fish farms is increasing, and fish farms are being installed at locations more exposed to waves, wind and currents. [Lader et al, 2001]  The same authors predict that future fish farms are likely to be in the form of large scale offshore installations, and these would have the same requirements for current information as the offshore industry.

2.4.3 Nature of currents affecting activities

Surface and near-surface currents are most important to the fishing industry, although sub-surface currents are important when considering habitats. 

Near-shore currents, such as tidal streams, are particularly of interest as this is where a large number of small fishing vessels operate. Currents on shelf-seas are of interest for fish management, as shelf-seas are the most biologically productive regions and are also threatened by over-fishing.

Surface current patterns can indicate potential productive fishing areas in the open ocean. Oceanic fronts and other mesoscale oceanic features, such as eddies and cold and warm streamers or filaments, are associated with large variability in current speed and direction over short distances.  Offshore Japan, for example, warm-core rings in the Kuroshio current and other mesoscale features in the Kuroshio-Oyahio transition region affect the occurrence and migration of fisheries zones.  [Mishra et al 2001]

2.4.4 Impact of Currents 

Only a little factual evidence has been gathered on the frequency and costs of impacts of currents on the fishing industry. Recently, unexpectedly strong currents caused salmon cages to brake adrift from a farm off the Orkneys and over 100,000 fish, worth about £1m, escaped (Guardian Newspaper, 2 April 2002).  

The commercial providers of fish finding services, who include provision of current information as part of their services, do provide some insight into the impact, and importance, of currents on fishing activities.

Orbimage reports in a recent press release that “strong surface currents can result in unsuitable fishing conditions. A captain should have this information to reduce lost equipment expenses, as well as wasted time.” Orbimage claim that their SeaStar service, which includes surface current data, enables fishing vessels worldwide to “find good fishing locations faster, reducing fuel costs in the process” and also to “more efficiently plan trip routes.”

Another service provider, CATSAT, claims that ocean-observing satellites and marine meteorology can help fisherman to “locate favourable fishing grounds, reduce operating costs, improve safety during operations and meet their quotas more efficiently”. No evidence of such benefits was available. 

2.4.5 Likely benefits of improved current information 

As the availability of environmental information has improved, the fishing industry has tried to use it to their benefit. Sea surface temperature images from satellite-borne AVHRR were the first external ocean products they used, followed by ocean colour images and ocean current data.  [Le Traon et al, 1999].

From the information gathered, the likely benefits of improved current information for the fishing industry are:

· Reduced operation costs by help locate favourable fishing zones

· Reduced bycatch (the amount of non-target species that are caught and returned to the sea)

· Reduced damage to fish farms from better design input and location selection

· Improved fish management

Quantification of such benefits has not been possible, with the actual benefit depending on the type of fishing. However, there are now several commercial companies providing services to the international fishing community who must therefore see some cost-benefit in these services. One provider charges a minimum of US$1000 per vessel per month for its service.  It has not been possible to contact any users of fish finding services directly to get their view of the benefits of such services. 

Fish finding services use satellite measurements of ocean colour and temperature to identify productive fishing grounds in areas of upwelling and ocean fronts, but these measurements are only available when the areas are cloud-free.  These features can also be identified from current measurements, so if measurement techniques are available that can see-through cloud, then improved coverage will be possible. The location of favourable fishing zones by fish finding services can help reduce fuel and operating costs, by directing the fishing vessel directly to the most productive fishing grounds.

In trials during the PELOPS project (Project for Emergence of Space Operational Fish Oceanography  - see Section 3.4.7), when surface current data were provided, fishermen reported unexpected benefits such as the data helping them to predict how their buoys will drift. [AVISO Altimetry Newsletter 8, 2001-  AVISO website].

In terms of fish management, a better understanding of the environment, including ocean currents, could lead to improved estimations of fish populations. This would in turn lead to authorities removing restrictions on fishing, and allow an increase in the number of productive days at sea.  It is estimated that the value of one additional commercial fishing day per year for the Gulf of Maine fishing fleet is US$4 million. [Kite-Powell & Cogan, 2001]

From even a limited review of published papers, there can be little doubt that ocean current information would be of benefit to the fishing industry. PELOPS reported that fishermen wanted to continue receiving ocean current information as part of an operational service. Other papers also report potential benefits of ocean currents to fishing. For example, Mishra et al [Mishra et al 2001] reported that “satellite information provides a space/time overview of different oceanographic features that can profitably be utilised in delineating PFZ (Potential Fisheries Zones).”  Whilst Yamamoto et al [Yamamoto et al, 2001], commented “ a highly accurate recognition of large scale structures of oceanic phenomena such as ocean currents….is an essential technology for extracting not only global environmental information but also fishing resource.”

2.4.6 Present Information Sources

In the course of this research, the following commercial fish finding services have been identified, all of which provide some information on ocean currents. There may be others, especially in Japan, one of the major fishing economies.  It has not been possible in the time to obtain information on the level of usage of these services.

Fish finding services:

· Roffer’s Ocean Fishing Forecast Service Inc, (www.roffs.com) based in Florida, USA, provides ocean frontal analyses in near real-time at 1-4km resolution on a daily basis to those involved in recreational and commercial fishing.  Roffer’s has provided services since 1976. 

· CATSAT (www.catsat.com) is a service provided by the French companies, CLS and Thalos. It offers oceanographic data acquired by satellites, including sea level anomaly maps from altimetry for identifying ocean eddies, fronts and associated currents related to favourable fishing grounds.  Maps are sent out daily by email for use in on-board software that allows data visualisation and animation.

· SeaStar is a service provided by USA-based company, Orbimage, since 1997. The service provides sea surface temperature, sea surface height, near real-time surface currents, plankton concentration, frontal analysis and weather information. Resolution of surface current maps is approx 1/8 degree. It is aimed at purse seine and long-line tuna vessels worldwide. Information is provided via email, facsimile or on the web site, and customers pay a subscription rate for a complete service package. They have a global network of resellers and claim to have customers worldwide, in both coastal and offshore ocean regions.

· SeaMapper is a service provided by EADS-Matra, and is the outcome of the Earth Observation for Fishing Support Service (EOFISS) project, funded by ESA (see section 3.4.7).  The service is targeted towards tuna fishing in the tropics. It provides weekly updates of surface temperature, currents, sea surface height and phytoplankton concentration information for seven tropical areas worldwide. Data is provided either via the web or by direct email to the customer or vessel. Customers pay from 1000 Euros per month per vessel. 

· Scientific Fishery Systems, Inc.  (www.scifish.com) is based in Alaska, USA.  In cooperation with NASA, SciFish use satellite altimetry data in a geographical information system known as FishTrek. This is designed to provide fishermen with a variety of information and is presently in use commercially.  [Susan Digby et al, 1999]

In addition to these fish finding services, there are other sources of ocean current information that are aimed at fisherman, amongst others. Again, no information has been gathered on the extent of use of this information:

· The Japan Fisheries Information Service Center (JAFIC) has been using NOAA AVHRR SST data to delineate fishing grounds for fishermen since 1981 (source ADEOS Newsletter 2, March 1996.)

· CODAR data is used to compile ocean current maps for some parts of the USA coast – for example for the New Jersey coast (www.thecoolroom.org).

· There are several in situ measurement programmes to support fishing management and research. For example, the UK CEFAS Marine Environmental Real-time Observation System (MEROS). Moorings are being used to provide high frequency temporal data. 
2.4.7 Other Research Projects

The following research projects have specifically considered operational aspects of ocean currents and the fishing industry:

· EOFISS  (Earth observation for fishing support service) was an ESA funded project run by Matra Systems & Information, France, in 2000/2001, with partners Fleximage and Sat-Ocean. Their work focused on the European fishing industry and in part tried to demonstrate the benefit of fishing support services through trial exercises. They also explored the capabilities of additional earth observation data from satellite altimeters. They reported one technical and operational issue to be that  “operational features of some instruments are below what is expected to produce global maps in near real-time.” They also found that the main European fishing companies are already using earth observation information (such as sea surface temperature and altimetry) to support fishing operations.

· PELOPS (Project for Emergence of Space Operational Fish Oceanography) involved four French institutions IRD, CLS, Orthongel and Ifremer. PELOPS looked at the potential of near real-time surface current predictions for describing the “oceanscape” and how such products can be applied to operational tropical fisheries.  This project found that “Purse-seine trawlers have found the altimetry products defined by the PELOPS experiment to be an effective decision aid….Fishermen now want to continue receiving such data as part of a truly operational service….” [AVISO Altimetry Newsletter 8].

2.5 Search and rescue and pollution response

2.5.1 The Industry

This section considers the search and rescue (SAR) and marine pollution response activities. SAR is principally concerned with assisting vessels and persons in distress, whilst marine pollution response deals with spills of oil and other chemicals at sea. 

Search and rescue is a global concern. Under the Maritime SAR Convention, the world is divided up into maritime regions with SAR services appropriated to particular countries for each region. The UK, for example, looks after a SAR region extending to 30ºW, west of which the Canadians take over responsibility.

Oil and chemical spill prevention and response is of interest to the oil and gas industry, the chemical industry, shipping and national authorities.  There are various international bodies that concern themselves with pollution, such as the International Tankers Owners Pollution Federation (ITOPF), and there are several commercial service providers that provide information systems and modelling tools to assist both SAR and pollution response operations.
2.5.2 Activities affected by currents

Both SAR and pollution response activities are influenced directly by environmental conditions and so make extensive use of current information in their management, planning and undertaking.

Current information is “vital” (communication with UK Maritime Coastguard Agency) for the management and planning of emergency SAR and marine pollution response. Surface current information is used to calculate a search area, with the objective of getting the search unit sufficiently close to the target to ensure the highest possible probability of detection. Currents are considered as equally important as wind and waves in search and rescue operations.

Knowledge of currents and their potential effect on a marine pollution is also a key factor in pollution response operations. Currents affect the rate of spreading and dispersion of any oil spill. According to ITOPF, oil slicks move at 100% of current speed and 3% of wind speed. Currents are therefore more important than wind (and waves) for oil spill response, especially since high wind speeds result in rapid natural dispersion. 

Current information is also used in decision-support systems and models that assist surveillance and monitoring operations, such as OSIS (Oil Spill Information System) and SARIS (Search and Rescue Information System), both developed by British Maritime Technology (BMT).  Inputs to these tools include current information sourced from tidal models, such as that run by the Proudman Oceanographic Laboratory. 
2.5.3 Nature of currents affecting activities

Surface currents affect search and rescue and oil spill response operations. Coastal currents and tidal streams are more important than ocean currents, as the majority of SAR activities take place near the coast and the major concern for oil spill response is the prevention of impact on coastal regions.

SARIS and OSIS consider two water drift factors – sea current (usually tidal current in UK waters) and wind driven current – when calculating search areas and drift of surface pollutants. 
Surface currents determine the movement and rate of spreading of oil slicks, whilst sub-surface currents are of interest for search of lost targets within the water column, such as mines and divers.

2.5.4 Impact of  currents

According to MCA, planned search areas have built-in error factors as they are using predictions and estimates of currents. This increases the size of the search area, thereby increasing the search time and decreasing the search efficiency.

The cost of marine oil spills is influenced by a range of factors including type of oil, spill location, rate and quantity spilled, coastline sensitivity and response actions. According to ITOPF, it is not possible to allocate costs to any particular factor. 

The major concern for marine pollution response is possible impact on coastal areas. Ocean currents can help identify if such a threat exists, and consequently ensure appropriate timely action is taken. For example, the Australian Maritime Safety Authority needed to ascertain the relevance of currents and eddies in the region of the sensitive Solitary Island Marine Reserve, when a coal carrier was disabled near Coffs Harbour, off east Australia. CSIRO determined that vessel would drift northwards 24 nm each day, enabling the Authority to respond to the threatened disaster with some certainty. [Website of CSIRO] 

2.5.5 Likely Benefits from Improved Current Information

The agencies contacted in this research indicated that improved current measurements would provide benefits to both SAR and marine pollution response.

The benefits would be:

· increased chances of finding casualty and reduced search costs from improved search area planning

· better informed decisions by emergency planners due to faster and more accurate prediction of target drift

Also, it can be argued that an improved understanding of the tidal streams and residual currents in coastal and shelf waters would be of general benefit to maritime safety, and reduce the number and frequency of SAR incidents.

It is difficult to put a financial value to these benefits. Studies of the Gulf of Maine ocean observing system suggest a 10% improvement in SAR effectiveness would result in the additional saving of 6 lives per year, equivalent to US$24m, as well as reducing SAR costs. [Kite-Powell & Colgan, 2001] The same report suggests a 1% reduction in oil spill costs, saving US$0.75m annually.

2.5.6 Present Information Sources

· Local area tidal prediction models, such as run by Proudman Oceanographic Laboratory (POL). POL’s models offer a resolutions of approximately  12km on the NW Continental Shelf and 1.2km in English Channel and Eastern Irish Sea.

· Tidal stream atlases. These are published by hydrographic offices. They are usually derived from a limited set of observations and updated infrequently. They only provide limited information – typically hourly maps for 6 hours before and 6 hours after high water, showing  tidal currents over an area relative to high water at a reference port. 

· Guide to Port Entry /Admiralty Pilots provide information on local currents and effects, based on local knowledge and available measurements. 

· Local information from harbour masters and others with local knowledge. “What the local RNLI coxswain says the tide is doing in his bay on the day of the search is often more valuable than the tabulated data.” was one remark.

· In the UK, the Maritime and Coastguard Agency (MCA) are responsible for delivery of the UK’s Civil Hydrography Programme (CHP). Within CHP, there is a requirement to undertake current observations in order to enhance knowledge of tidal streams and residual currents around the UK coastline and continental shelf. 

2.6 Leisure

2.6.1 The Industry 

The ocean is the focus of a wide variety of leisure activities, from simple bathing to ocean yacht racing. The great majority of such activities take place within the coastal zone, and in river mouths and estuaries. Whilst currents directly affect all activity in the ocean, this report looks principally at yachting, as this is the most important in terms of commercial activity.

Yachting and boating dominate the maritime leisure market.  In 1996, International Council for Marine Industry Associations reported nearly 16m boats of more than 7.5m length from 14 countries. There is no breakdown on the number of these that are used in the ocean, rather than on inland waters, but the majority that are ocean based would be used near the coast. 

The prime activity of concern to this report would be competitive ocean yacht racing.  Professional yacht racing is now a big-money business, with yachts named after principal corporate sponsors and high profile television and press coverage. There are numerous ocean races, from round the world races, such as the Volvo Ocean Race, to regional races, such as the Sydney-Hobart Yacht Race, a 600 mile race. The yachts involved in these races tend to be of high specification and use the latest navigational and routing technology. 

2.6.2 Activities affected by currents

In yachting, currents have a direct impact on the speed and handling of the yachts. Currents need to be taken into account when manoeuvring into and out of harbours and ports is the principal concern of most yachts, and in the planning and timing of coastal and ocean trips.

Ocean racing yachts are particularly interested in the currents, as significant competitive advantage can be gained by selecting the best route either to exploit favourable currents or avoid adverse currents. For example, yachtsmen in the Newport to Bermuda Yacht Race are interested in small scale (40-80km) eddies.

2.6.3 Nature of currents affecting activities

Surface tidal and coastal currents are the principal concerns of yachting and boating. Surface ocean currents and the fluctuations caused by fronts and eddies are of interest to ocean racers and cruisers in the areas of the main ocean currents, such as the East Australian Current and the Gulf Stream.

2.6.4 Impact of Currents 

Surface currents directly impact on the speed and handling of yachts, which can directly impact on the result of a competitive race. Advantage gained by route selection on current information can lead to racing success, and benefit not only to the crew but also the sponsors. Evidence of current information affecting race performance can be seen on Jenifer Clark’s website (see Section 3.6.7) where there are several comments from yachtsmen in which they credit improved current information for their race performance. However, currents are often a secondary consideration, as the main concern for the navigator is the location of weather systems, and the consequential wind and wave conditions.

Surface currents can cause large, steep and chaotic waves especially when currents and winds are in contrary directions. For example, in the 1993 Sydney-Hobart Yacht Race, in which over 100 yachts competed, two-thirds of the fleet were force to seek safety due to a combination of currents and storm winds producing difficult sea conditions [CSIRO website].

2.6.5 Likely benefits of improved current information 

The yachting industry would benefit from improved current information in the following ways:

· improved safety, from better understanding of ocean currents and avoidance of adverse wind/current wave effects

· increased competitiveness, from better route and navigational decisions

It is difficult to put a financial cost on such benefits, as they are both rather subjective.  
2.6.6 Present Information Sources

Under the rules of ocean racing, competitors cannot usually use outside assistance, such as a weather routeing service. However, they are allowed to make use of any information that is publicly available, either for free or commercially. The following information sources have been identified as used by the yachting community:
· Tide tables

· Tidal Stream Atlases

· Ocean routing charts

· Tidal models. The outputs from tidal models, such as run by POL, are used, mainly in commercial software-based routing and navigation tools, such as supplied by PC Maritime. 

· Commonwealth Scientific & Industrial Research Organisation (CSIRO) (Australia) provides information on currents to support ocean yacht races, such as the Sydney to Hobart Race. They make use of NOAA satellite imagery, combined with data from ships and drifters, to locate the position of the East Australian Current and its eddies and provide information to yachtsmen via briefings on via their website.

· Jenifer Clark’s Gulf Stream Service (www.erols.com/gulfstrm/) provides information on the Gulf Stream, based on thermal infrared imagery, drifting and fixed buoy data, surface isotherm data and altimetry data. An analysis is created 3 times a week for the USA East Coast and Gulf Of Mexico. A world ocean current analysis is also provided. 

· PC-based routing and navigation software. There are several commercial systems on the market, some of which make use of current information, either historical or predictive. Local Knowledge Marine Software provides current predictions from model output, with sample current predictions on its website at http://www.goflow.com/currents.htm. Another company, PC Maritime, make use of model output from POL. 

2.7 Naval

2.7.1 The Industry 

Naval activities are global, with many nations maintaining a naval defence force. There are over 11,000 naval vessels of various types worldwide. (The Military Balance 1998/99 Oxford University Press). 

2.7.2 Activities affected by currents

Navies cover a wide remit of activities, many covered in other sections of this report, such as shipping, search and rescue and pollution response.

Current information is required for a variety of activities, including:

· Search and rescue

· Mine drift (as surface and at depth)

· Surveying operations

· Minewarfare operations

· UUV operations

· Navigation

· Passive ASW operations

· Landing operations

The primary requirement in deep water is information affecting sonar performance. Although strong current shears are a factor, vertical temperature and salinity structure is of most interest. 

In addition, Le Traon et al [Le Traon et al, 1999] reports naval requirements for environmental data as follows: optimum tracks for naval exercises, search and rescue, high resolution boundary conditions for even higher resolution coastal models, input to ice atmospheric and bio-physical models and shipboard environmental products, environmental simulation and synthetic environments, observing system simulations, ocean research, pollution and tracer tracking. 

The Naval Oceanographic Office of the USA reports that, with the end of the Cold War, the focus of operational activity has shifted from deep-water to coastal regions.

2.7.3 Nature of currents affecting activities

Naval activities are affected by surface currents and currents at depth. In addition, surface currents, and sea height anomalies, can be used to detect mesoscale features, such as eddies and fronts, and features such as the thermocline, which affect acoustic propagation and sonar performance

Coastal currents are of interest for near-shore activities, such as landing operations. 

2.7.4 Impact of Currents 

Navies activities are greatly impacted by the environment and they have invested large sums into oceanographic research and operational systems, particularly the UK and US navies. Due to the sensitive nature of naval operations, is has not been possible to obtain an detailed information on the impact on currents on naval operations. However, the millions of pounds that navies invest in oceanographic research and operational systems is a reflection of the impact that the environment, including currents, have on their activities.  Le Traon et al [Le Traon et al, 1999] reports that “the impact of mesocale ocean perturbations on acoustic propagation is along strong enough to justify the setting up of an operational oceanography monitoring of mesoscale features.”

2.7.5 Present Information Sources

Information sources used by navies are wide and varied, with many national meteorological agencies supported by naval funding.

The Royal Navy obtains current information from the FOAM and the Shelf Seas model run by the UK Met Office at varying resolution, depending on the geographical location and nature of operations.

2.8 Cable Laying

2.8.1 The Industry

The cable laying industry is involved in planning, installation and maintenance activities related to submarine cables. The industry is a global one that services a wide variety of vertical markets, such as telecommunications, the offshore industry and the power industry. In recent years there has been an increase in cable laying activities as the demand for high capacity optical data communication increases. One of the largest cable laying companies, with twelve ships operating globally, is increasing its fleet by five more ships in 2002. However, the industry is relatively small and dominated by several large global contractors, due to the high cost of building and maintaining a specialised cable-laying vessel.

The market is mature in the Northern Hemisphere, with major trans-Atlantic and trans-Pacific cables already in place. The major areas of activity in the next few years are likely to be offshore Asia (especially China), South America and Africa.

2.8.2 Activities affected by currents

Currents affect the activities related to the installation of a submarine cable, whether it is being laid on, or buried in, the seabed. A cable-laying operation will involve the use of a specialist cable-laying vessel and subsea vehicles, such as ploughs and ROVs. These are widely used for burying cable or retrieving them for repair but they can only operate in waters up to 1500m. ROVs are also used for surveying the cable lay, either during installation or during maintenance operations. 

Currents impact on the speed and direction of a cable-laying vessel and also the cable- payout rate. They can affect the station-keeping capability of the cable-laying vessel, and the operations of sub-sea vehicles, such as ploughs and ROVs, which only have small thrusters.

Currents must be taken into account when planning and designing the cable and its route.  The cable’s design, such as its armour, is partly determined by the current regime, so it is important to have information on current extremes when designing both routes and cable construction.

2.8.3 Nature of currents that affect activities

Ocean currents, both at the surface and at depth, affect submarine cable laying activities. 

In shallower waters, coastal and tidal currents tend to affect activities more, as they tend to be stronger. In deeper waters, strong sub-sea currents such as those associated with continental shelves, subsea escarpments and cliffs can affect laying and surveying operations.

Currents above around 1.5 knots can affect vessel station keeping, whilst ROVs can only operate in current speeds less than 2 knots (~1 m/s).

2.8.4 Impact of Currents

Currents can cause problems and delays to a cable laying operation, and also be the cause of damage to the cable when it in situ. The impact of currents on the laying operations, relative to that of wind and waves, depends on the location, amongst other factors.

Dynamic positioning systems (DPSs) are used on most cable-laying vessels to keep the vessel on position and on track. A DPS uses a reference point on the sea surface or a GPS reference linked to mechanical thrusters.  Variable or intense currents affect the ability of the vessel to keep station. The modern DPS systems only allow the input of wind conditions, and attribute all other forces, such as wave and current, to current equivalent. There is no direct measurement of current. 

When working in coastal areas vessels have to plan around the tides, as they are often unable to work during spring tides and have to wait for slack water. Subsea vehicles are susceptible to sub-surface currents, and if currents exceed around 2 kts then the vehicle has to be recovered, with consequential delay and downtime.  Delays can cost around US$100,000 per day.

Surface currents can mask the true lead of a cable from the ship to the seabed, with the result that the cable is laid on the wrong path. It is estimated that in 20% of cases that this could result in damage to the cable, due the cable being exposed to unknown terrain. However, assessment of damage is only after installation, via a survey, and this is not always done. It is therefore very difficult to ascertain a financial cost related to the damage due to currents.

Environmental conditions, including current conditions, are taken into account when laying a cable near or around a sub-sea structure. The operation will be planned to coincide with favourable environmental conditions. Wind and waves tend to be more important that currents, although currents have more of an impact in shallow coastal waters.

Currents may impact on the cable, with strong currents displacing or damaging the cable, or the cable may impact on the environment, affecting the movement of sediments, for example.  One company recently reported a damaged cable, attributed to strong currents. 

Insufficient information on currents in the route-planning and design stages could result in the optimal route not being selected and result in higher overall project costs.
2.8.5 Likely benefits of improved current information

There are few reported incidents of losses or damage due solely to currents. This is probably because it is difficult to ascertain the cause of some incidents, such as damaged cables.

However, it is the view of the companies contacted for this report that improved current information or forecasts would be of use and could  possibly provide the following benefits:

· Reduced downtime from better planning of operations to coincide with favourable current conditions

· Reduced risk of damage to cables from more accurate positioning during cable lay

· Reduced risk of damage to cables from improved design input

· Reduced overall project costs due to improved route-planning and design

2.8.6 Present Information Sources

Cable-laying companies, like most marine operators, obtain current information from any source they can. During the operation and planning stages the data used is usually archived statistical data. This is usually in the format of climate charts, such as routeing charts, Admiralty Charts, and tidal stream atlases. 

Occasionally, specific in-situ measurements will be made to determine the current (and other metocean parameters) regime over a proposed cable route. However, these measurements can be very expensive as they have to be over a sufficiently long time period to get enough information to be of benefit for planning and design.

3 User requirements for current information

3.1 Introduction

This section provides details of the user requirements for current information for each of the industries considered. 

The discussion deals with each industry in turn, with the structure for each as follows:

Geographic area of activities considers the main areas where operations take place, for which current information is required.

Data specification looks at spatial and temporal resolution, accuracy and latency requirements. A subjective assessment is provided, based on information gathered. This assessment makes use of classifications of coverage
and product type as used in the EuroGOOS User Requirements study [Fischer & Flemming, 1999] where Coverage is classifications are Global, Hemispheric, Ocean, Shelf, Coastal, and Estuarine; and Product Types are described as Product Type classifications are Raw data, Processed, Hindcast, Nowcast, Forecast, and Statistics.

Product Format and Delivery describes requirements in terms of formats and preferred methods of delivery. 

Financial Considerations considers who is likely to pay for the information and the value of the information to end-users. 

One general requirement for marine operations is the delivery of information to end-users at sea. Often the amount of information available to mariners has been, and often still is, limited by the means and cost of delivering it to the end-user. Several agencies make weather and navigation information freely available to all for safety purposes, broadcasting it on radio frequencies, but such services have decreased in recent years. Commercial service providers have increasingly made use of satellite communications (such as Inmarsat), but these communications can still be expensive. To enable marine operations to obtain required information, and maximise the benefit from such information, suitable communication links must be available at a cost that does not restrict the amount, or affect the timeliness, of information. 

3.2 Offshore Oil & Gas

The offshore industry has a requirement for current measurements to assist them in real-time operations and for planning and design.  The requirements for these two are distinctly different.

· Real-time operations requires real-time or forecast data so that preventative action can be taken.

· Planning and design needs information on extreme values, for input into design criteria, and continuous measurements to enable “spells analysis” (i.e. identification of suitable operational windows).

The requirements for data specifications, and also product format and delivery, would vary depending on the nature of the activity, and whether data are being used for operations support or design.

The offshore industry’s major requirement is for current profile information, with measurements of currents throughout the water column, rather than just at the surface.

As the majority of offshore activities take place at specific fixed sites, site-specific information is required. However, it is recognised that to provide accurate forecast information, for example from models, a spatial awareness and understanding of the current regime is required.

The requirements are driven by the technologies. There is forecast to be a continuation of the move to subsea and deepwater developments, where currents have a greater impact. In deepwater, the use of floating production storage and offtake (FPSO) will increase, increasing demand for current information or design and operations of the vessels and the associated moorings and risers. A Douglas Westwood report [2002] remarks “future (FPSO) concepts are not generally ‘ship-shaped’”. The alternatives to FPSOs in deepwater – tension leg platforms and spars – also require information on currents through the water column for design. Subsea developments require information on currents on the seabed for design, with installation activities needing information throughout the water column.

3.2.1 Geographic areas of most interest.

Exploration and production activity is expected to continue in all existing areas, but the increase in activities in deepwaters (water depths more than 200m) are forecast to be in the following areas:

· Atlantic Margin

· West Africa


· Gulf of Mexico/Caribbean (offshore Trinidad)

· Offshore Brazil

· Offshore Australia

· Offshore South Africa

3.2.2 Data Specifications

Operations

For operations, regular updates of current information would be required. The indications are that updates are needed at least daily, often twice daily, and sometimes on a 6-hourly basis, depending on the location, the type of operation and its sensitivity to currents. 

The spatial resolution would need to be at least 100km, with 10km or better preferred, and accuracy of 5-10 cm/s.  

Marine operations are more affected by abrupt changes in current than the mere intensity of the current. Data are required that can detect these changes so that action can be taken. The warning required of severe changes depends on the nature of the operation, but the latency of the data would have to be no more than a few hours to be useful to most, and possibly less than that to support critical operations.

The usefulness of observations and near real-time nowcasts to provide this warning depends on the level of understanding of the features that produce the changes, and whether observations can provide a recognised signature of the feature so that that an estimate of timing of an event can be determined.  The resolution, accuracy and latency of the data required would depend on the nature of the feature and its signature.

For many operations, current profiles over the whole water column are required. These are likely only to be available from numerical 3-D models. Therefore, the data specification are determined by the models, and what data they can assimilate to improve their predictions. 

The following is a subjective assessment of offshore requirements for current data for use in operations based on the views and opinions assimilated for this report:

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
2-10km
<1hr to 3 hrs
Ocean, Shelf, Coastal
<1hr to 6 hrs
+/- 0.1m/s
Nowcast and Forecast

Surface Current Direction
2-10km
<1hr to 3 hrs
Ocean, Shelf, Coastal
<1hr to 6 hrs
+/- 20 deg
Nowcast and Forecast

Note that often current profile data is also required, with similar specifications.

Planning and design

For planning and design input, long-term measurements are required to cover extremes and annual or seasonal variations. These data need to be available to the developer when considering the feasibility of developing the field.  Industry guidelines recommend that in-situ measurements for use in design are taken for a period of at least 12 months. Therefore, the same period of measurements from a specific location would be required from satellites. 

Increased spatial and temporal resolution of current data would help identify and select areas for in-situ measurements. Measurements over longer period would also help determine if in-situ measurements are representative of the current regime. 

An understanding of short-term “extremes”, or variations of currents, down to a few seconds resolution, is required. Therefore, the greater the temporal and spatial resolution of the observations the better. 

Improved temporal and spatial current measurements would be used to validate and verify assumptions made from other data, such as hindcast model data. To be of most benefit for this application, the measured data would need to be on the same temporal and spatial resolution as the models. 

The direction of the current is very important when considering design, especially the direction of the extreme currents, so reasonable accuracy would be required.

Continuous measurements of currents are required to help better identify suitable “current windows” for projects, such as installations. 

The following is a subjective assessment of offshore requirements for current data for use in planning and design based on the views and opinions assimilated for this report:

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
2-4km
1-6 months
Ocean, Shelf, Coastal
3-6 months
+/- 0.1m/s
Statistics

Surface Current Direction
2-4km
1-6 months
Ocean, Shelf, Coastal
3-6 months
+/- 20 deg
Statistics

Note that often current profile data is also required, with similar specifications.

3.2.3 Product formats and delivery mechanisms

Operations:

The offshore industry is a regular user of weather (wind & wave) forecasts to support marine operations. The forecast bulletins are a mix of text, tabular, graphic and charts. They are distributed mostly by email and fax, using satellite communications, but increasing web access is becoming available on fixed installations. Communications is not a problem, although there is an obvious cost involved to the operator. 

It is the expectation of operators and contractor that current information would be supplied by existing added-value service providers, with current information appended to the existing weather bulletins.  These providers would add value by presenting the information in a format on which decisions could be made. This may involve providing some “marine information system”, in which the current data was one of several inputs.

The added-value service providers in most cases would rely on third-party data processors to provide the information, using satellite and in-situ data and numerical model output.

Operations in deepwater would probably require a year-round service, whilst other operations would take a service on an ad-hoc basis, when activities are particularly sensitive to currents.

Planning and design:

Design and marine operations consultancies predominantly require processed data, rather than raw measurements. As most of this work is undertaken by computer programs, the data would be required in relevant computer-ready digital formats and on suitable, media, such as CD. On-line Internet delivery (via FTP or email) would also be an attractive option.

3.2.4 Financial Considerations

The financial impact of currents in the offshore oil and gas industry is borne mainly by the operators or their insurers. It is the operators who would pay for improved current data and related services. 

“The amount operators would be prepared to pay would depend upon the accuracy of the information as well as the quality of the service,” was the comment of one commercial service provider.

Feedback from operators indicates that they would be willing to pay for current information. For real-time nowcast and forecast information, the rates would be similar to what they pay for weather forecast information - £30 to £100 per day per installation.  This was also the view of added-value service providers who indicated that the rates for service were determined by what the market could bear, and it is up to the service provider to demonstrate favourable cost-benefit analysis if premium rates were to be obtained.

3.3 Shipping

Shipping requires information on currents over their route and potential routes. These routes can roughly be divided into ocean crossings and coastal routes. For the coastal routes, tidal-driven and wind-driven currents are the main concern. For ocean crossings, then variations in the main ocean circulation currents are of most interest. Consequently, the requirements for spatial and temporal resolution of the data vary.

3.3.1 Geographic areas of most interest.

Shipping is a global business, but there are routes and areas that are busier than others. For example, the principal shipping routes are trans-Atlantic, trans-Pacific and across the Indian Ocean, whilst there is little commercial shipping in the Southern Ocean.

The coastal areas of most interest would be those where tidal and wind-driven currents are most intense, such as NW Europe.
3.3.2 Data Specification

It has not been possible to obtain detailed specification of data requirements in terms of temporal and spatial resolution from shipping companies.  This is because they do not presently use real-time current data and have no benchmark against which to set a requirement. 

However, for current observations to be of benefit to shipping, it is proposed that the temporal and spatial resolution must improve on the information that is already available, such as the seasonal or monthly climatology provided on routing charts, or the 3 or 6 hourly data available on tidal stream charts. 

One commercial ship-routeing service provides 12-hourly updates of 12-hour time step data on a 2.5 x 2.5 deg grid. (It is interesting to note that this resolution is determined by the cost of sending the data to ships at sea.) The same spatial resolution would be required for current measurements. A global data set, such as provided by satellites, updated at least daily is required for general shipping. Although a five day forecast of wind and waves is provided, observations of currents would be deemed suitable for the main ocean crossings, as they would in most cases, due to the nature of features that affect ocean currents, remain valid for the 5 day period of the wind and wave forecast. Another routing provider suggested a requirement for updates every 2-3 days, with a spatial resolution of at least 60 km. One major weather routing company uses current information provided by the Jet Propulsion Laboratory, based on TOPEX/Poseidon data, so they would be looking for increased spatial and temporal resolution compared to this existing data.

For current measurements to be used in real-time, either by ship routeing services or by the Masters themselves, it is assumed that they must on a spatial and temporal resolution updated at a frequency that would be commensurate with the features that affect the current regime. This would require spatial resolution of 10-100km that identified eddies and fronts and temporal resolution of at least 7 days. For tidal-induced currents, this would mean temporal resolution of around an hour. 

Replies from shipping companies for frequency of update of current information ranged from weekly to monthly. 

Measurements would be required over a 2000km radius, or forecasts would be required for up to three days ahead, so that a “synoptic” view of the conditions was presented to the Master over his potential routes to enable him to select the most appropriate route.

In terms of accuracy, it has already been noted that current measurements would only be used if they are perceived to be reliable. 

The following is a subjective assessment of shipping requirements for current data for use in routing decisions, based on the views and opinions assimilated for this report. 

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
At least 10km
1 day – 1 mon
Ocean,

Hemispheric
1-7 days
+/- 0.25m/s
Nowcast and Forecast

Surface Current Direction
At least 10km
1 day – 1 mon
Ocean, Hemispheric
1-7 days
+/- 30 deg
Nowcast and Forecast

3.3.3 Product formats and delivery mechanisms

Almost every ship and master would be familiar with receiving weather charts (via radiofax) or in a textual shipping forecast. For ocean currents, it therefore seems that the most suitable product format would seem to be a chart. A chart does allow fast assimilation of information over a large geographic area, something that is required when a Master is considering his route. 

Preferred form of delivery by the shipping companies is email or web, with fax a less favoured option.

The most likely scenario is that current information is provided as part of a weather routing service, so current data would be delivered in a format to suit the service provider’s requirements. The weather routeing companies providing a mix of text and charted products that combine wind and wave information with current information, be it measurements or forecasts.  It has to be recognised that routeing decisions are made taking into account a wide variety of factors, of which currents can be a relative minor consideration. Decisions are unlikely to be made solely on current information, so presenting the current information in isolation from other information on wind and waves is not considered desirable. 

Service providers currently obtain current data in a variety of formats, from charts to digital formats. It seems the most favoured format would be some sort of digital gridded format for ingest into computer programmes. 

3.3.4 Financial Considerations

The propensity of shipping companies to pay for improve current measurements depends very much on the data that is on offer. Many of the companies contacted during this research would expect to receive the information free of charge. Only one shipping company indicated that they would be willing to pay a fee – around US$15 per monthly update. 

Fees for ship-routeing services are market driven, and there is reluctance from ship routing companies to increase their fees for the addition of current information. Also, one company indicated that administrative and operational practices would require them to provide the data to all or none of their customers, and not provide the customer with a choice of paying a premium for the data.

The cost of communications is also important. The data resolution for one service is determined by such costs, but this is likely to become less relevant over the next few years as new satellite communication services bring costs down.
3.4 Fishing

The fishing industry require current information to support operational fish finding, to enable better fish management, and for the design and operation of fish farms.

3.4.1 Geographic areas of most interest.

Much fishing activity takes place near the coast and on shelf seas.  Larger vessels exploit oceanic waters, and it is these that are mostly likely to benefit from fish finding services using current information,  especially tuna fishing in the tropical oceans.  The busiest fishing areas, (based on UN FAO data on the largest reported landings in 1998) are the Northwest Pacific, Northeast Atlantic and the Western Central Pacific. Aquaculture (all fish farming) is dominated by Asia (Over 80% in value), followed by Europe (around 8% by value) See http://www.fao.org/fi/trends/aqtrends/image201.asp.

3.4.2 Data Specification

The specification for current data is mainly based on information obtained from providers of fish finding services to the fishing industry and published papers.  

For fish finding, the requirements for ocean currents are driven by the need to identify oceanic features related to favourable fishing grounds.   Le Traon et al [Le Traon et al, 1999] stated that “fishermen need a description and short-term prediction (a few days) of the upper ocean at high space and time resolution (typically a few km to a few tens of kilometres and a few days).”

Orbimage, who provide the SeaStar service (see Section 3.4.6) require higher resolution data and information close to shore.  They presently provide data with 1/8 degree spacing. They indicated that daily updates at 1/10 degree resolution would be most compatible with their existing software. This would be equivalent of around 12km. 

Another service provider stated requirements as improved spatial resolution of 1 km, and a temporal resolution of 6 to 24 hours, and suggested that methods that could provide data even when cloud cover was in place were more desirable.

In terms of accuracy, one suggestion was that accuracy of the information was more important than increased resolution. Current direction is most important, with absolute current magnitude less important that correct representation of relative speeds. This is because direction and speed changes enable identification of mesoscale features such as fronts, eddies and streamers.

Update frequencies vary, with products such as SeaMapper providing data on a weekly basis, whilst others provide updates on a daily basis.   

The following is a subjective assessment of fishing industry requirements:

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
1-12km
1 day 
Coastal, Shelf, Ocean, Hemispheric
1 day
+/- 0.1m/s


Nowcast and Forecast

Surface Current Direction
1-12km
1 day 
Coastal, Shelf, Ocean, Hemispheric
1 day
+/- 20 deg
Nowcast and Forecast

3.4.3 Product formats and delivery mechanisms

As no evidence has been found of fishing vessels receiving ocean current information directly, it is assumed that if they do use ocean current information, they presently receive it as part of a fish finding or weather forecast service.  Therefore, the primary customers of current information would be the service providers. 

Service providers provide information either in chart form, or in digital format for use in on-board computers.  Some service providers are processing raw data themselves to produce ocean current information. Others expressed an interest in new sources of data. Most service providers are using the current information to create added-value products, such as maps showing recommended fishing areas.

Email or website access seems to be the favoured mechanisms of delivery, with digital format data often being downloaded to specialist on-board software. 

3.4.4 Financial Considerations

As there are several commercial services providing ocean current data to the fishing industry that have been in business for over 20 years, there is no doubt that the industry is prepared to pay for environmental information. However, the market is thought to be quite small and price sensitive. EOFFIS (see section 3.4.7) found that the main European fishing companies are using earth observation information for supporting fishing operations, but there is no indication if they are paying for this information. 

Prices for the SeaMapper service start at around US$1,000 per vessel per month, and this includes available ocean current data.

Orbimage, who already provide current data in their service, doubted if customers would pay extra fees for a single data type, such as improved current measurements, and expected that the cost would be included in the subscription for complete service package.

Another service provider expressed a reluctance to pay for improved current data.

3.5 Search & Rescue and Pollution Response

The SAR and pollution response activities require surface ocean current information to aid real-time decision-making to assist operations and to be assimilated into predictive (or hindcast) models.

3.5.1 Geographic Areas of Most Interest

SAR and pollution response is a global concern. However, as the majority of maritime activity takes place in coastal areas, and it is the impact on coasts that is principal concern of pollution response, an understanding of coastal currents is more important.

3.5.2 Data Specification

For emergency response, timeliness is the key. Surface current data needs to be immediately available to the search planner, as although search plans can be refined over time, most casualties do not have time. The better the resolution and accuracy of the data, the better the planning which increases the chance of avoiding losses or reducing impact.

The activities need information on currents at the actual location of incident at the time of incident. This implies a need for good spatial coverage on a near continuous basis.

As a benchmark for requirements, SARIS (see 3.5.2) presently uses 12km resolution data in oceanic and shelf regions, and 1.1km resolution data for inshore coastal regions, such as Bristol Channel. 

The following is a subjective assessment of SAR and pollution response requirements:

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
< 1km
1 hour
Coastal, Shelf, Ocean
< 1 hour
+/- 0.1m/s
Nowcast and Forecast

Surface Current Direction
<1km
1 hour
Coastal, Shelf, Ocean
< 1 hour
+/- 20 deg
Nowcast and Forecast

3.5.3 Product format and delivery

Some agencies would require a service on a daily basis, whilst others would want to obtain data on an “as needed” basis, to support response to specific events.

In emergency response situations, the response to data requests would have to be speedy, so web site access may be the best solutions. One agency expressed requirement to receive data via email.

Chart format would seem to the be best option for format, as it allows fast assimilation of the data and most personnel involved in SAR and pollution response would be familiar with using and interpreting weather charts.

For computer models, and other computer-based marine information systems and decision-support tools, the data would be required in some sort of digital format. For example, the SARIS tool allows import of data in World Meteorological Organisation (WMO) standard GRIB format.

3.5.4 Financial considerations

The agencies contacted in this research indicated that they would be prepared to pay for improved current data, depending on the precise cost, although budget considerations would have to be taken into account. For example, services, such as regular updates of current data, would come under operational budgets, which are always under pressure. Capital budgets have more flexibility, so for example, purchase of historical data in digital format to support modelling is more likely to get funding.

As many agencies and bodies are concerned with both SAR and pollution response activities, one body may pay for the data whilst another one actually benefits, so it may be difficult to identify cost-benefits and persuade relevant bodies to pay. For example, one benefit from better current data may be reduced helicopter time, costed at c£3,000 per hour, which, in the UK, is covered by other budgets from other government departments. Also, it would be difficult to prove that these benefits are a direct result of improved information. 

3.6 Leisure

The yacht racing community has a requirement for surface ocean current information to support tactical routing. The general yachting and boating community have a requirement for tidal and coastal current information to assist in planning for general trip planning and boat handling.

3.6.1 Geographic areas of most interest

The main areas of interest are coastal areas where there are significant tidal currents, such as the Solent, especially those areas for which predictive models do not exist. 

For ocean yachting, the main areas of interest are sea areas affected by the principal ocean currents, such as the Gulf Stream and East Australian Current.

3.6.2 Data Specification

The data specification depends on whether the requirement is for tidal current information or ocean current information. As the requirements for tidal current information are, arguably, better understood, this report focuses on the requirement for ocean current data.

In terms of spatial resolution, one service provider indicated that resolution of around 1km or less would be ideal.  The model output provided by other service providers has a resolution of around 35km or 12 km in open waters, and 1.2 km in coastal regions. A resolution of 35km is no adequate where currents are complex, so resolutions of 10km or better would be the minimum required. One service provider suggested a 2km resolution to enable yachtsmen to plan their route through eddies.

Temporal resolution would have to be commensurate with the features that are of interest, such as fronts and eddies, so in most cases one day would suffice. 

For shorter races, ocean current data is required for pre-race planning, with data as up-to-date as possible. For non-racers, a weekly update would most probably suffice.

Yachting can be divided into 3 categories with differing requirement as follows:

1. General cruising – require tidal currents, probably hourly

2. Inshore racing – require high resolution tidal currents, at least hourly

3. Offshore racing – require ocean currents as specified below 

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
1-10km
1 –7 days 
Ocean, Hemispheric, Global
1 day
-
Nowcast and Forecast

Surface Current Direction
1-10km
1 –7 days
Ocean, Hemispheric, Global
1 day
-
Nowcast and Forecast

3.6.3 Product formats and delivery mechanisms

For use into routing and navigation software, the data needs to be in some sort of digital format. The display in these systems tends to be vectors displayed on a latitude-longitudinal grid. 

For many ocean races, the requirement is for data for over a short period, a few days. For trans-ocean races, the requirement can be for a few weeks or even months. The races are scattered around the globe, so requirements would be for specific areas or routes.

Most ocean racing yachts have satellite communications, so could receive chart or digital data via email or direct connection direct into onboard software.

Many weather services provide data in chart format, via fax or on websites, and similar formats and delivery mechanisms would be suitable for current information. 

3.6.4 Financial Considerations

Providers of routing and navigation software contacted in this research did indicate a willingness to pay for improved current information, although the price of the data would have to be market-driven and commensurate with what is presently paid for tidal models and other weather information. Direct commercial benefits of using the information are not immediately obvious, so the fees would not be high, say of the order of £5-10
3.7 Navy

The main interest of navies is the improvement of nowcasts and forecasts of mesoscale ocean phenomena. That is, horizontal and vertical depiction of ocean structures (eddies, fronts, current meanders) with typical space and time scales of 50 – 500km and 10-100 days. [Le Traon et al, 1999] Data would be input into operational decisions, used in marine information systems and assimilated for input into oceanographic models to improve current forecasts.

3.7.1 Geographic areas of most interest

Navies have a requirement for global current data, although coastal areas have become more important to navies in recent years. Obviously, the areas of conflict or specific operations will be of particular interest.

3.7.2 Data Specification

The naval has a wide range of data requirements due the varied nature of their operations. Sensitive operations will require regular updates of real-time data at high spatial resolution, whilst other operation will have lesser demands.  

Horizontal resolution down to the order of 10km in deep water and order 1km in shallow water are needed to support naval requirements, and that rapid delivery of in-situ data is required – with data delay reduced to a few hours. [Le Traon et al, 1999]

The following is a subjective assessment of requirements for naval operations, based on available information:

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
1-10km
6 hrs –7 days 
Global, Coastal
Few hours to a few days
-
Nowcast and Forecast

Surface Current Direction
1-10km
6 hrs –7 days
Global, Coastal
Few hours to a few days
-
Nowcast and Forecast

3.7.3 Product formats and delivery mechanisms

Data is required for assimilation into operational models, operated either by central agencies, or by run by operational units on location for specific areas.

Other products, such as charts and raw data, would probably be used in operations to support decision making, similar to the present use of weather data and charts.

It is assumed that delivery would be via the dedicated communication networks used by navies.

3.7.4 Financial Considerations

As navies presently spend significant amounts on oceanographic research based on improving understanding of ocean currents, it is envisaged that additional expenditure on improved current information would be available.

3.8 Cable-Laying

The cable laying industry requires current information for operations support, cable route planning and cable design.

For operations support, real-time nowcast information or forecast information is required, both for surface currents and sub-surface currents. 

For cable route planning and cable design, sub-surface currents are required. Measurements are required for the calculation of extremes for design criteria.

3.8.1 Geographical Areas

The most active areas for submarine cable laying in the next few years is likely to be east Asia, South America and Africa. Information is required for the specific cable routes. 

3.8.2 Data Specification

To support cable-laying operations, both current speed and direction would be required. A spatial resolution would be required so that the data adequately reflect the current regime over the area of operations– i.e. over the cable route. 

Temporal resolution would have to take into account the variability of the current features that affect the location. For example, if predominant current were tidal, then temporal resolution would need to be the order of hours. 

Indications are that daily or twice daily updates would be required. 

Data for design and planning purposes would require long-term measurements so that velocity extremes could be calculated. 

The following is a subjective assessment of requirements for cable-laying:

Variable
Spatial resolution
Temporal resolution
Coverage
Latency
Accuracy
Product Type

Surface Current Velocity
1-10km
6 hrs –7 days 
Ocean, Shelf, Coastal
Few hours to a few days
+/-0.1 m/s
Nowcast Forecast Statistics

Surface Current Direction
1-10km
6 hrs –7 days
Ocean, Shelf, Coastal
Few hours to a few days
+/- 30 deg
Nowcast Forecast Statistics

3.8.3 Products Format and Delivery

From the sample contacted, expectations are that current information to support laying operations would be supplied as part of a weather forecast service. The current information would be in a format, such as charts or graphics, which could easily be assimilated by operational personnel.

Preferred delivery methods would be similar to weather forecast services -  via email, web or by fax.

Format of data for design and planning would be similar to offshore industry requirements.

3.8.4 Financial Considerations

The cable industry sample contacted indicated that they value current information on a similar level as weather forecast information. 

Information would not be required on a year-round basis, but only during critical cable laying operations, and probably then only when the work was in areas of known high or problematic currents.

4 Conclusions

Currents affect most marine operations. Tidal and shelf currents, variations in the major oceanic currents, deep water and sub-surface features are all to a greater to lesser extent of interest to the industries considered in this report. Coastal areas are the main focus of human activity and marine operations, and practically all marine activities are affected by tidal and coastal currents. Surface ocean currents are of interest to shipping, cable-laying, navies, ocean fishing and the ocean yachts. Sub-sea currents, and a profile of the current through the water column, are more important to the offshore and cable-laying industries, and the navies. 

Currents can have both a financial and safety impact on marine operations. The impact varies widely, depending on the industry, the nature of the operation and the actions that can be taken to avoid such effects. The offshore industry is an example of one that is constantly striving to reduce risk, both human and financial, by improving design. Millions of pounds are being spent on trying to understand the environment in which they operate, much of it in recent years on understanding current regimes in the deeper waters in the Gulf of Mexico and West of Shetland. Whilst in the shipping industry, despite some recognition that currents do impact on their operations, there is little evidence of companies looking for improved current information. The financial impact is taken into account in the way the business and operations are planned and managed. Despite this, some shipping companies may use improved current information as an opportunity to gain competitive advantage. For other activities, the impact is not directly commercial. For example, racing yachtsmen trying to win by using current information to select the best route.  

It is difficult to cost the impact of current on marine operations and, consequently, it is difficult to estimate the likely benefits that improved current information would bring. Some marine operators have cited financial impacts of millions of pounds, whilst others have suggested that the impact is either not significant in financial terms, or difficult to ascertain. One reason for this is that it is not always possible to separate the impact of currents from other environmental factors, such as wind and wave, and operational factors. Throughout the industries considered, there is a general view that improved current information, in the form of real-time measurements or forecasts, would be of benefit to improve safety, provide financial benefit or gain competitive advantage, although it is far from being the view of all.

Pricing of the improved current data, and services based on them, has to be market-driven. Lessons can be learnt from the market for commercial weather services. Prices do not always reflect the cost benefits that could possibly be realised by using the data.  As one commercial service provider stated: “Although you can make a case for huge economic impact, substantial cost savings and the like, the actual amount spend on metocean data and analysis for commercial purposes pales beside the military and governmental research budgets.” 

An improved understanding of the current climatology, gained from better measurements, would provide benefits to marine operations in terms of reduced financial impacts and improve safety, through better planning and design. If currents are well understood, then impact can be “designed out”.

The user requirements in terms of geographic coverage obviously vary according to industry. In some industries, such as the offshore oil and gas industry, the interest in currents is focussed on a few specific regions. In others, such as the navy and shipping, the requirement is more global, although even here specific areas can be identified where currents are particularly strong or variable or where operations are particularly focussed. Coastal areas are a common requirement, either as they are the location of the majority of operations, or provide the starting point of such operations. 

In determining the specification of improved current information, such as resolution and update frequency, limitations of the end-user’s understanding of currents often prevents a valid assessment of requirements.  Service providers were seen as best placed to define such requirements. 

The majority of marine operations involve real-time decision-making and demand the most up-to-date information available on which to make those decisions. If conditions are likely to change during the operations, then forecast information, or up-dated real time data that can provide an indication of any change, is required. This implies that latency time has to be minimal, either for data to be delivered to the operational decision-maker, or to be assimilated into a numerical model or input into other marine information system. 

As operations take place at a specific location, the data must have temporal and spatial resolutions that reflect the nature of the features causing the currents and that provide representative information for the operational location. In most cases this would require a spatial resolution of 10km or less, and a temporal resolution of 1 day or less. The offshore oil & gas industry has observed large variation in current regime West of Shetland in the space of just a few kilometres which impact on the design and location of offshore facilities to exploit the reserves. Coastal operations, where tidal currents are predominant and there is increased spatial variability, would need temporal resolutions of hours and spatial resolutions of below 1km.

The requirements in terms of the format of current data depend on the recipient.  It is unlikely that any end-users would take direct delivery of the raw data. Most end-users would require some sort of added value product. Here is an important role for commercial service providers in taking improved current measurements and forecasts and turning them into added value products for particular industry and specific operations. It is how the current data are used and interpreted that is important. Operational benefits could be realised through resultant improvement in numerical models, or combining remotely-sensed data with data from other sources, such as in-situ measurements or radar observations.

The availability of affordable and timely communication links are essential to enable end-users at sea to benefit from improved information. This is illustrated by the case where the resolution of wind and wave data delivered by a commercial ship routing service to ships at sea is determined by communication costs. 

This report has attempted to determine the operational user requirements for improved current measurements and the resulting products and services based on them. It has not attempted to assess the market potential for such data and products, but it has tried to touch on factors that any such assessment would have to take into account, such as the market size, the potential benefits, the propensity of the industry to pay (which may or may not be related), and the ability of the industry to change its operational practices to enable it to take into account the new information. 

Finally, it might be noted that few advances in space technology were driven by market requirements.  How many owners of ships at sea put a price on knowing the ship1s precise position throughout a voyage?  How many now would venture out of port without a GPS receiver?

What the present survey demonstrates is that a lack of knowledge of surface currents can act as a serious constraint in several day-to-day marine operations. Before the advent of satellites it would have been difficult to extract more than a basic idea of current speed and direction from the published global charts.  In over a decade of observing currents from satellites, it is clear that these charts were a gross over-simplification of the actual regime of currents and eddies.  Making this information more widely available outside the research community is a move welcomed by many in the operational marine community.  The challenge is to turn that welcome into an economically viable business proposition for both user and provider.
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APPENDIX I - QUESTIONNAIRE

Your details:

Company/Organisation:


Nature of business:


Contact details:
Name:


Tel:
Email:

Would you be happy to answer further questions?
Yes
No

The impact of currents on your operations:
Do you know the strength of currents in your area(s) of operations?
Yes
No

Do ocean currents affect your operations?
Yes
No

How do currents impact on your operations? (i.e. in terms of delays, damage, lost days, etc.)



What is the cost of these impacts? (i.e. cost per year, cost per incident)



Would these impacts be avoided if you had access to reliable current measurements?
Yes
No
Possibly

Are currents more or less important than wind and waves?
More
Less
Same

Sources of current information:
Do you presently routinely access information on currents?
Yes
No

What are the sources of this information?


Requirements for current information:

If charts of measured currents were available, how often would you require updates?
Daily
Weekly
Monthly

What is your preferred method of delivery?
Email
Web
Fax
Radiofax


Other:

What would you be prepared to pay for this information?
per update



APPENDIX II - SOURCES

The following organisations contributed to this report:

Meteorological Agencies:

· UK Meteorological Office (UK)

Commercial Service Providers/Consultants:

· Jenifer Clark (USA)

· WNI Oceanroutes, Aberdeen (UK)

· WNI Oceanroutes (Australia)

· Fugro Geos (UK)

· Oceanweather (USA)

· Norman Lynagh Weather Consultancy (UK)

· Noble Denton Europe (UK)

· Noble Denton Singapore

· Weather Routing Inc. (USA)
· Horizon Marine (USA)
· BMT Marine Information Systems (UK)
· Brookes Bell (UK)
· Sat Ocean (France)
· Meteoconsult (Netherlands)
· Extreme Marine Services (USA)
· Bluefinger (UK)
· EADS (France)
Research Institutions/Universities, etc.:

· CSIR (South Africa)

· Woods Hole Oceanographic Institution (USA)

· Ifremer (France)
· CEFAS (UK)

Shipping:

· Associated British Ports (UK)

· Southampton Container Terminals (UK)

· BP Shipping (UK)

· CP Ships (UK)

· BIMCO (Denmark)

· The Salvage Association (UK)

· P&O Neddloyd (Netherlands)

· Zodiac Maritime Agencies (UK)

· TMC Marine (UK)
· Shipping Corporation of India. (India)
· Svenberg Enterprise (Denmark)

· Transmarine (Denmark)

· CSAV
 (Chile)

· Services et Transports ( France)

· Brittany Ferries (France)

· AngloEastern  Ship Management (UK)

· Briese Schiffahrts Gmbh & Co, Shipping Company (Germany

· Interorient Navigation (Cyprus)

· Algoma Central marine (Canada)

· Franco Compania Naviera S.A  (Greece)

· NYK Line (Japan)

· Shell International Trading and Shipping (UK)

· ASP Ship Management (Australia)

· Pacifica Shipping (New Zealand)

· Lloyds Register of Shipping (UK)

Search and Rescue/Pollution Response:

· Maritime & CoastGuard Agency (UK)

· International Tanker Owners Pollution Federation (ITOPF) (UK)
Fishing:

· Roffer’s Ocean Fishing Forecasting Service, Inc (USA)

· Seafish (UK)

· Orbimage (USA)
· World Fishing Magazine (UK)
Offshore:

· Balmoral (UK)

· 2Hoffshore (UK)
· BP (UK)

· OGP (UK)
· ExxonMobil (USA)
· Shell UK Exploration & Production (UK)

· Seacore Ltd (UK)

· SURF (France)

· TotalFinaElf (France)

· ChevronTexaco (USA)

· Heerema (Netherlands)
Leisure:

· Royal Ocean Racing Club - RORC (UK)

· Local Knowledge Marine Software (US)

· PC Maritime (UK)

Navy :

· The Royal Navy (UK)

Cable Laying

· Global Marine Systems (UK)

· Dockwise (Netherlands)

· C&C technologies (USA)

· International Telecom Group (USA)

Part ii - Science requirements (WP22)
C. P. Gommenginger & P. G Challenor, SOC

P. Woodworth et al.
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6 Introduction

The need for ocean currents in scientific research can be perceived in terms of four main research topics: large scale circulation and climate; coastal processes; shelf-sea processes; and ocean forecasting. In addition, there is scientific interest from non-physics science which relies on existing background information on ocean currents (e.g. larval transport).

In all cases, the distinction between operational and research requirements is often blurred. Societal and commercial needs generally provide the initial motivation for research, leading to the development of models and pre-operational forecasting systems, which in turn feedback to the end-users by changing their expectations and requirements. This “societal pull” is usually accompanied by a scientific curiosity-driven “push” which helps to identify and address unresolved scientific issues.

In principle, the needs from society/industry span the entire range of time/space scales and there is a number of operational systems designed for long-term (climate), medium term (seasonal) and short-term (weekly to daily) forecasting. At present however, the tendency is for the ocean forecasting market to be "supply-driven” (with the UK Meteorological Office and similar bodies taking the initiative) while most end-users are generally reluctant or unable to indicate what data and what degree of accuracy and resolution (in space and time) would be required for their applications.

7 Large scale circulation and climate

7.1 Scientific background

Ocean surface currents are driven by wind stress and non-uniform buoyancy forcing caused by differences in atmospheric-ocean fluxes of heat and fresh water. The wind-driven currents and buoyancy differences give rise to the large-scale circulation of the ocean and its associated mass transport. To the first order, the velocity field in the open ocean is in geostrophic balance (i.e. currents result from the balance of the horizontal pressure gradients and the effect of the Earth rotation), except within a few degrees of the Equator where the Coriolis term vanishes and the ocean circulation becomes dominated by wind friction ([1]).

It is estimated that, in the major boundary and equatorial current systems, the variability of the velocity field is usually greater than the mean when averaged over periods of a year or so. This is both due to the instabilities in the circulation and the variability in the surface forcing. This mesoscale activity represents over 98% of the ocean’s kinetic energy content and has direct implications for the mixing of water masses and the transport of water properties. The term mesoscale usually refers to oceanic features between 50 and 200 km, which propagate slowly and can persist for several days to several months. Improved measurements of the mesoscale activity are important to better understand the role of these processes on a global scale and for the verification of ocean models ([2]).

The wide range of space and time scales of the oceanic velocity field near the surface may be seen in infrared measurements of the sea surface temperature. It shows variability associated with major surface currents, including the western boundary currents such as the Gulf Stream (Figure 1) and the equatorial current systems. Spatial scales of oceanic currents range from O(100 km) in western boundary currents to O(10 - 50 km) when associated with fronts or shoaling bottom topography.

The role of the ocean in modulating the climate is now widely recognised. Ocean currents carry heat from the tropics to higher latitudes and the ocean exchanges heat, fresh water (through evaporation and precipitation) and gases, such as CO2, with the atmosphere. Because of its huge mass and high heat capacity, the ocean modulates climate change and influences the time-scales of variability in the ocean-atmosphere system. 

Considerable progress has been made in the understanding of ocean processes relevant for climate change. Increases in resolution and improved parameterisation of important sub-grid scale processes such as mesoscale eddies, have increased the realism of simulations ([3]). It is becoming increasingly clear however that the ocean is but one component of the Earth System. Climate studies are now using coupled models which include interactions between the ocean and the atmosphere and cryosphere. The importance of the remaining components (biosphere, solid earth, …) are less well understood at present, but are gradually being incorporated in Earth System models. 
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Figure 1: Satellite image of SST in the Gulf Stream region off the east coast of North America contructed from NOAA AVHRR infrared observations (from [4])

7.2 Present status

7.2.1 Numerical modelling

Today’s ocean circulation and climate research is largely based on the use of numerical models.  Rapidly increasing computing capabilities and access to global observations from satellites has led to rapid progress over the past decade. In particular, the increased computer power has led to ever decreasing spatial resolution in models. Latest so-called eddy-resolving models now feature grid sizes of 1/12 degree (Southampton Oceanography Centre’s OCCAM
; http://www.soc.soton.ac.uk/JRD/OCCAM/) or 1/16 degree (NRL’s Layered Ocean Model; http://www7320.nrlssc.navy.mil/global_nlom/) , although further considerations of the vertical resolution and the choice of bathymetry representation are also important. Figure 2 illustrates the type of surface current maps obtained with OCCAM at 1/4 degree resolution in the Arctic and North Atlantic oceans. At present, such models have undergone no validation as the large scale synoptic datasets required for independent validation are not available .
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Figure 2: Ocean surface current field for Arctic and North Atlantic in Southampton Oceanography Centre’s OCCAM global ocean circulation model (1/4 degree resolution).

Overall, spatial resolution remains the dominant issue for global circulation models (GCMs). It determines the ability of models to represent the flow through straits and sills, (which may be critical for the representation of the thermohaline circulation) or to represent highly-localised processes linked to mixing, the presence of bathymetry and/or the shelf edge and coastal shelf ([5], [6]). 

By the same token, grid size determines what physical processes need to be included through sub-grid processes parameterisation. This problem is particularly complex in the case of poorly understood phenomena such as turbulence, convection and mixing processes for which the evaluation of their importance at different scales is non trivial. 

Finally, data-assimilating GCMs must be able to reconcile the chosen parameterisation with the limited availability in time and space of the data used for assimilation. This is a critical issue for ocean circulation and climate studies at present when the resolution of the data is generally poorer than that of most modern GCMs. 

The most complex climate models, termed coupled atmosphere-ocean general circulation models (AOGCM), involve coupling three-dimensional atmospheric general circulation models with ocean general circulation models, sea-ice models and with models of land-surface processes. There is a wide variety of coupled atmosphere-ocean models available (see [3] for a review) including in the UK the HadCM3 model of the Hadley Centre at the UK Met. Office.
Spatial resolution has implications also for climate research, where grid size determines the run-time of models and can lead to unmanageable computing requirements where long-term integration (100-1000 years) are required. Computation limitations mean that the majority of sub-grid processes are parameterised, and for most AOGCMs this includes the important mesoscale dynamics. Fundamental research of the physical processes responsible for climate modelling is generally addressed with simpler theoretical models or with models of intermediate complexity.

7.2.2 Presently available ocean current data

The need to monitor the ocean circulation has been identified as a key objective of many  international and national research programmes. The international WOCE
 programme was based on getting a description of the global movement of the ocean and its transport of heat and salinity.  The TOGA-TAO array of current meters (and other sensors) operating in the tropical Pacific, and the global programme ARGO of satellite-tracked drifters are some examples (http://www.pmel.noaa.gov/tao/index.shtml, http://www.argo.ucsd.edu/). Other international programmes have been focussed on specific ocean basins, such as Arctic-Subarctic Ocean Flux Array (ASOF) and Arctic Ice and Environmental Variability (ARCICE), which focus on the North Atlantic and the Arctic oceans respectively. 

At the national level, both the Norwegian Ocean Climate programme (NoClim; http://www.noclim.org/) and the UK NERC Rapid Climate Change (RCC; http://rapid.nerc.ac.uk/) thematic programme have been set up to investigate the likelihood of abrupt climate change in Northern Europe. Both programmes have a commitment towards supporting direct observations in the North Atlantic, with RCC specifically allocating a significant part of its budget towards an operational system for the long term monitoring of the thermohaline circulation.

7.2.2.1 In situ measurements

There is a tradition in oceanography of monitoring the World’s ocean circulation at a number of internationally recognised hydrographic sections situated at critical locations of the ocean (e.g. Drake Passage, Rockall Trough). The long-term monitoring of these sections is to some extent determined by the specific interests of sea-going scientists and some sections have been visited regularly for several decades. 

The data collected from research cruises consist of ADCP
 and/or CTD
 transects, the latter providing at each station full or partial depth profiles of salinity and temperature. Together with sea level information, the derived density fields serve to reconstruct vertical profiles of the geostrophic current. In addition, the ability to monitor the density structure of the ocean has undergone considerable progress in the recent past with the advent of new technology such as Autonomous Underwater Vehicles (AUVs) and gliders.

Besides hydrographic sections, a number of national and international programmes have been directed towards establishing permanent, long-term measurements of ocean currents at specific locations. Long-term current monitoring is thus performed in a small number of locations with current meters and/or ADCP-equipped moorings (for example at the TAO array in the Tropical Pacific, or the PIRATA array in the Tropical Atlantic). As part of WOCE, over 4000 surface drifters were deployed world-wide and tracked by satellite during the 9 year project and revealed the mean surface (15m) circulation in the four major oceans. As part of GODAE (Global Ocean Data Assimilation Experiment), the ARGO float programme will provide both direct and indirect current estimates from the position of up to 3000 floats free-drifting at 2000 metres depth and from regular vertical density profiles. In addition, there is localised information to be gained from existing global tide gauge networks, such as those provided within WOCE and now within Global Sea Level Observing System (GLOSS; http://www.pol.ac.uk/psmsl/programmes/gloss.info.html)

Another point to note is that high latitude areas, which may be outside the coverage of satellites and/or covered in ice, will require in situ measurement, so a truly global measurement system will have to combine different methods.

7.2.2.2 Satellite measurements of ocean currents

In contrast to in situ measurements, satellite remote sensing techniques benefit from quasi-global coverage, regular sampling and well-calibrated, consistent datasets. Although there are examples of ocean current derivation based on satellite infrared imagery and iceberg tracking in SAR (Synthetic Aperture Radar) images, this section is concerned with the major impact satellite altimetry has had on ocean circulation research in the past decade.

Satellite altimeters allow the measurement of accurate, regular and almost global sea surface heights. Under the geostrophic approximation, the gradients in sea surface elevation can serve to estimate the geostrophic component of ocean surface currents. While repeat-track altimeters are able to provide the time-varying components of ocean currents, the retrieval of the absolute oceanic circulation requires the independent determination of the elevation of the ocean at rest, i.e. the geoid. 

The latter is not known at present with sufficient precision and existing models still feature errors of the order of several tens of centimetres on the scale of typical oceanic features. Hence, two gravimetric missions, GRACE
 and GOCE
, have been designed to measure the Earth’s gravity field. The satellite GRACE was launched on 17 March 2002, and GOCE is planned for launch by ESA towards the end of 2005.  We will eventually be able to estimate the geostrophic current globally, and not only its anomaly, on spatial scales of about 400km and larger after GRACE and 100km and larger after GOCE.  For oceanographic applications, it is expected that we will need the greater accuracy of GOCE to achieve a useful geoid accuracy of <~ 1cm at scales around 50-100 km ([7],[8]).

The availability of nearly 10 years of Topex/Poseidon sea level measurements has led to the extensive use of satellite altimeter height for assimilation into numerical models ([9], [10]). The importance of global altimeter measurements has been recognised in the GODAE programme, where Jason-1 altimeter data and ARGO float data form the major component of the monitoring effort and the basis of a combined data assimilation experiment with the French MERCATOR quasi-operational model. Finally, the need for long-term provision of altimetry data has now recognised with Jason-2 being approved by Eumetsat as part of Europe’s operational Earth System monitoring effort. 

Another issue with data assimilation lies with the available spatial/temporal resolution of data. As already discussed in the previous section, the spatial resolution of existing data is already poorer than that of modern GCMs. The inadequate sampling of the ocean’s mesoscale variability is an important issue which has led to a number of initiatives designed to improve the resolution of altimeter sea level measurements. Among those was the setting up of the High-resolution Ocean Topography Science Working Group (http://www.oce.orst.edu/po/research/hotswg/) and renewed interest by ESA in new altimeter concepts (e.g. GNSS based passive altimetry, wide-swath altimetry)

7.3 Ocean current requirements for ocean circulation and climate research

The fundamental requirement for large scale circulation studies is the need for synoptic data of sufficient spatial extent and accuracy to validate global circulation model currents, in particular with regards to the impact of atmospheric forcing. There has been little or no validation to date but there is some indication that the current features observed in models are realistic. 

Beside providing an independent dataset for model validation, high resolution current information would stimulate fundamental research of poorly understood physical processes like turbulence, convection and mixing. It is still unclear at present whether the mesoscale variability needs to be sampled in detail or if the use of relevant statistics would be adequate. Either way, the monitoring of ocean mesoscale variability needs to be improved before this question can be answered. 

Ideally, full depth current vector information would be required, but surface currents are a useful contribution given the present lack of validation material. Measurement accuracy better than 0.1 m/s would be acceptable if error estimates are available ([11]) with accuracies for monthly averages of the order 5 cm/s being the benchmark for the tropics ([12]). As a minimum, the spatial/temporal resolution of the measurements should be able to capture the mesoscale variability on the space/time scales of 50 km/2 days in the open ocean ([13]) although there are indications that important processes occur at spatial scales under 10 km.

Models show sensitivity of meridional overturning circulation to overflow waters and their mixing ([14]), controlled by friction at sills that are poorly resolved in general circulation models ([6]). Sharp boundaries occur between waters of different origin forming the complex ocean circulation pattern, eg. the Iceland-Faroes front ([15]). Open ocean convection resulting from winter cooling (e.g [16]) is an important component of the meridional overturning circulation, and individual occurrences are believed to occur on spatial scales of just a few kilometres (although clearly the integrated effect is basin-wide).

The overwhelming success of satellite altimetry in the last decade makes it possible to draw conclusions about the essential requirements of any monitoring system for ocean currents. It is clear that global coverage and continuous availability for 10 years or more is absolutely critical if the data is to be used to its full potential, in particular with respect to possible data assimilation.

8 Coastal processes

8.1 Scientific background

The near-shore ocean, extending from the beach to water depth of about 10 metres is of significant societal importance. Beaches are primary recreational areas, are essential to commerce, are regions of coastal evolution, sensitive to pollution and can be important for military operations. Understanding near-shore processes is increasingly important as the majority of the world’s coastline is eroding. Together with climate change and the resulting rising sea level, the increased occurrence of extreme events may accelerate erosion problems and result in increased risk of flooding, changes in coastal morphology, leading to possible loss of habitats e.g. salt-marsh, and changes in land use.

Coastal process research deals with understanding nearshore wave transformation, circulation, sediment transport and associated bathymetric changes. During the last decade, field experiments and numerical models have shown that near-shore dynamics involve complex coupled processes at many spatial and temporal scales. Although large-scale characteristics such as the deep water wave field and beach slope determine the near-shore wave field and flows, small scale processes control the turbulent dissipation of breaking waves and ultimately the sediment flux. Gradients of sediment flux caused by across- and along shore variations in wave and currents result in large-scale sediment transport (erosion/accretion) which in turn alter the near-shore wave and current fields. Besides, association with suspended particles and buoyancy-affected flow patterns near the shore are important controls on the fate of pollutants from rivers and estuaries.

Although this area is still strongly research oriented, there is much interest by coastal management agencies (e.g. DEFRA, Environment Agency, harbour authorities) and relevant industries (e.g. dredging, insurance, tourism). 

8.2 Present status

Much of the progress made in the past 10 years has been made possible by the availability of new measurement technologies. These have provided insight into the complexity of fluid-sediment interactions and of the near-shore circulation, and have often led to the development of sophisticated models. Priority science issues identified at the Near-shore Research Workshop in 1998 ([17]) include the need to address gaps in measurement capabilities such as the velocity and sediment concentration in the swash zone. 

However, the near-shore is an energetic and hostile environment which takes its toll on the lifetime of any in situ equipment. For this reason, there has been increasing interest by the coastal processes community in the use of remote sensing techniques. These can provide a high resolution synoptic view of some of the processes which have so far been difficult and costly to measure with in situ instrumentation, and do not suffer the problems associated with fouling, trawling, short lifetime, cost of replacement, difficulties of deployment, need for high density coverage and interference with the flow.

Particular interest lies in remote sensing techniques which can provide information on wave and current field in the near-shore zone and on any bathymetric and morphological changes. Examples of remote sensing techniques already used in connection with near-shore studies include the airborne scanning altimeter, the airborne topographic mapper (ATM, [18]), x-band and high frequency radars, and LIDAR techniques operating on the same ranging principles. 

The usage of conventional SAR for waves has been limited given the difficulties associated with the imaging of waves by SAR and the complexity of the wave field in the coastal zone. Some success has been obtained with conventional SAR for the imaging of underwater bathymetry in shallow waters ([19]) although successful mapping with this technique requires a specific combination of environmental conditions.

More hope has been placed in the Interferometric SAR (InSAR) approach ([20]) which makes use of phase information to derive surface current information. This technique has for example been shown to produce detailed maps (10 m resolution) of the along and cross-shore currents patterns induced by bi-modal incident wave field in the near-shore ([21]). For the most part, InSAR measurements of ocean currents has been limited to airborne campaigns in coastal or nearshore regions, although the ability of INSAR to measure ocean currents from space has recently been demonstrated from SRTM data ([22]). 

Both optical (ARGUS video,  [23] ) and radar techniques (X-band marine radar, [24]) have successfully been used also from stationary platforms to provide measurements of wave spectra, bathymetry and currents. HF radar are now used routinely to map nearshore currents with O(100m) resolution ([17],[25]). These techniques offer the advantage of long-term measurements but with limited coverage. 

8.3 Ocean current requirements for near-shore research

Ocean current requirements for near-shore processes research are driven by the need for synoptic measurements over large areas (10s km) with high spatial resolution (10 – 100 m).  Long-term monitoring and frequent sampling may be useful for the study of some phenomena which are known to evolve over time scales of the order of 10 minutes. Full depth vector currents would be ideal, but maps of surface currents would be useful to complement in situ instrumentation. Surface current accuracy of the order of 0.1 m/s are typical and are perceived as acceptable.

There is also a need for high resolution, weather independent synoptic study of morphological evolution within the coastal zone over periods spanning months, years and even decades.  For example, it has been observed that sediments move in pulses along the coast (related to forcing and the episodic nature of sediment inputs into the transport conveyor).  The result may be that a beach may appear sediment starved for a number of months before accreting despite external conditions remaining apparently unchanged.  On the other hand, some coastal systems respond rapidly to storms (e.g. tidal inlets).  Deployment of conventional instruments to capture such an event is impracticable. Remote sensing techniques, like the ones identified above, are the only realistic means of acquiring some of the data necessary to unravel these aspects of coastline dynamics.  However, we must not loose sight of the fact that their application must be accompanied by accurate in-situ measurement.

9 Shelf seas 

9.1 Scientific background

The continental shelf is a complex environment where tidal forcing and bathymetry become dominant effects. Unlike the open ocean, friction and mixing processes are often important enough to take shelf-sea circulation far from geostrophic balance, notably on the north-west European shelf. Further region-specific complexity is added by strong seasonal stratification signals and by the impact on dynamics by localised freshwater inputs from land run-offs. The continental shelf area is also characterised by relatively high biological production, especially at mid to low latitudes. The shelf edge is itself the site of special problems, e.g. internal waves and along-slope flows, which are of particular concern to offshore industries such as oil exploration/recovery, fisheries ([26])

The continental shelf hosts more human activities than the open ocean and so its study is generally perceived to be more relevant to societal needs. There is demand for long term measurements for the determination of extremes and their frequency of occurrence. This information has implications for health and safety considerations and the design of offshore structure and coastal defences. The understanding of shelf seas circulation in 3 dimensions is critical for the management of pollutants and anthropogenic effluents. 

9.2 Present status

Given the socio-economic importance and specificity of the shelf sea environment, the modelling of shelf sea dynamics tends to happen on a national basis. Thus there are models of (parts of) the north-west European shelf run by institutes in Belgium (e.g. [27]; [28]), Denmark (e.g., [29]), France ([30]), Germany (e.g. [31]), the Netherlands (e.g. [32]; [33]), Norway (e.g. [34]) and Sweden (e.g. [35]). In the UK, shelf sea modelling is available operationally at the Met. Office while research continues in parallel at POL ([36]). 
Shelf sea models tend to be regional with spatial resolution of the order of 10 to 15 km. The shelf-sea model at POL currently covers the north-west European shelf up to or beyond the shelf break. The models are generally driven by atmospheric forcing and boundary conditions obtained from larger scale ocean circulation models. Typical shelf-sea model output consists of real-time predictions of sea surface height and density and current structure in 3D.

Shelf sea models can vary greatly on the basis of differences in the physics used to account for various processes. Models are usually fully baroclinic and include a good description of the tidal forcing, the local bathymetry and any freshwater input from land. Differences are more likely to lie in the parameterisation of mixing processes or transport schemes (e.g. advection, see http://www.pol.ac.uk/), and resolution (2km rather than 10km, say) is found to be important to representing dispersion.

Outstanding issues for shelf-sea modelling are to improve the simulation of vertical mixing and to include the continental slope and its associated processes. One way to tackle small scale turbulence and mixing processes has been through the nesting of localised higher resolution models (~ 2 km resolution) in areas such as the Rockall Trough and Faeroes.
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Figure 3: Sea surface temperature field in the POL 1/60 degree resolution Rockall Trough model, nested inside the POL 1/9 degree ocean-shelf model.

There are still problems with open boundary conditions in nested models associated with the correct propagation out of the highly resolved domains of internally-generated baroclinic waves on short scales, and the necessity to exactly match bathymetries in nesting zones with sloping topography to avoid mis-match generated instabilities. 
9.3 Ocean current requirements for shelf seas modelling

Shelf sea models have benefited from limited validation with other current measuring devices. The proximity of land and smaller geographical extent has made possible some limited validation of shelf-sea models using ADCP and HF radar data ([37] but further validation is necessary, especially over the continental shelf break. Specific validation programmes are already underway, for example at POL with the Liverpool Bay Coastal Observatory where both in-situ and remote sensing data will be used for assimilation and validation purposes. (http://www.pol.ac.uk/home/research/p3t2-653.html) or at the Met. Office with point validation of surface temperature being carried out at a number of Marine Automatic Weather Stations (see Figure 4)

At present, it is rather hard to say what monitoring is needed because has not been much model experimentation about the relative value of different data types, resolution (space and time) and timeliness to make a cost-effective monitoring array for assimilation in predictive or forecast models. These issues are the subject of EU part-funded projects such as ODON (Optimal Design of Operational Networks) and FERRYBOX (From On-line Oceanographic Measurements to Environmental Information). 

However, in view of the importance of small scale processes on the continental slope and shelf, one can anticipate that the ocean current requirements for shelf-sea modelling will be more stringent than in the open ocean. Hence, high spatial and temporal resolution of the order of 1 km/2 hours or better are necessary to capture the high variability and complexity of this environment. 
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Figure 4: (Top) Location of the Met. Office Marine Automatic Weather Stations used for validation of shelf-sea model surface temperature. (Bottom) Surface SST comparison at Seven Stones Light Vessel station (from http://www.met-office.gov.uk/research/ocean/operational/shelf/validation/index.html)

10 Short-term ocean forecasting

10.1 Scientific background

Short-term forecasting models are based on the ocean component of coupled ocean-atmosphere models used for climate research. As such, they maintain a strong link with research and sit squarely across the research/operation divide. Forecasting models are simultaneously used to provide operational forecasting products akin to atmospheric weather forecasts, while being continuously reassessed to provide state-of-the-art models. 

The demand for short-term forecasting products is driven predominantly by ocean-based industry, such as commercial shipping, cable laying, offshore operations, and leisure activities  e.g. fishing, yachting. There is also considerable interest for military applications. As for shelf seas, there is a need to determine the occurrence and magnitude of extremes for the design of adequate offshore structures and coastal defences. In particular, models have the ability to provide statistics of joint extremes e.g. high currents AND high waves, which pose an increased risk to structures and ships at sea. 

10.2 Present status

In view of the long term commitment and large resources required for the maintenance of operational systems, operational forecasting models tend to be run by national weather forecasting agencies. The spatial domain and resolution of these models can vary from global coverage to single oceanic basin or regional coverage. 

In France, the deep sea operational model SOPRANE is maintained by the French Navy for the Eastern Atlantic, while MERCATOR represents a quasi-operational and rapidly-evolving system (http://www.mercator.com.fr) developed as a contribution to the GODAE research  programme (see section 2).

In the UK, the Met. Office is responsible for the operation of the Forecasting Ocean Atmosphere Model (FOAM) which provides ocean temperature, salinity and current forecasts of the deep ocean up to five days ahead. A global version of FOAM with a one-degree horizontal resolution and 20 levels in the vertical has been operational at the UK Met Office since October 1997. Work is currently underway to implement nested high resolution models with variable spatial resolution increasing from 1/3 to 1/9 deg and higher as one approaches the UK. 

There is a strong tendency for forecasting models to assimilate all available data, thus making independent validation difficult. Currently the FOAM system ingests conventional observations of the ocean at depth extracted from the Global Telecommunication System (GTS) and taken using expendable bathythermographs (XBTs) and conductivity/temperature/depth (CTD) or autonomous profiling float instruments. Ship, buoy and satellite (AVHRR) sea-surface temperature (SST) reports are also used, together with data from the TOGA TAO array. About 100 XBT and CTD observations, several hundred ship SST observations and many thousands of satellite SSTs come in each day. Both FOAM and the French MERCATOR model are or will soon assimilate both altimeter and ARGO data within the context of GODAE. 

10.3 Ocean current requirements for short-term forecasting

Once again, validation of operational forecasting models has been limited, given the difficulties in finding adequate datasets, independent non-assimilated data. Figure 5 gives an illustration of the effect of assimilation on validation; note that the “validation” is effected here through comparison of the SST field against Levitus climatology .
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Figure 5. Dependence of FOAM sea-surface temperature on which data are assimilated. All fields shown are differences from the Met Office sea-surface temperature analysis for 31 October 1995. The bottom figure shows differences for the Levitus climatology. The differences are less than 3 K in most regions. Other figures show differences for model SSTs after 6 months of integration starting from Levitus temperatures and salinities at rest. The top figure shows the model when no data are assimilated. Differences are up to 3 K or 4 K in the equatorial east Pacific and some western boundary current regions. When the available thermal profiles (btts) are assimilated (third down) the differences are considerably reduced compared with the model-only  integration (top) but still larger than differences from climatology (bottom). When the available in situ and satellite surface temperature data are assimilated (second down) the differences are generally smaller than those for the climatology (bottom) (from UK Met. Office web site: http://www.meto.govt.uk/research/ocean/operational/foam/foam_development.html)

Conclusions
We identified four research topics where information on ocean currents would be valuable. These include research in large scale ocean circulation and climate, near-shore processes, shelf-sea modelling and short term forecasting. We found that the time/space sampling requirements vary depending on the research topic, ranging from very high space/time resolution (10m/10 minutes) in specific near-shore regions to global, long-term, medium resolution needs (50 km/2 days) for ocean circulation and climate studies. A consensus seems to be that an accuracy of the order of 0.1 m/s at the relevant space and time scales would be acceptable for all applications.

In all cases, full-depth current vector profiles would be preferred, but mapping of the ocean surface current would still be valuable both for validation purposes and to stimulate fundamental research into poorly understood processes. 
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� including also contributions by John Huthnance, Judith Wolf, Paul Bell, Jon Williams and Roger Proctor.


� Ocean Circulation and Climate Advanced Modelling Project 


� World Ocean Circulation Experiment


� Acoustic Doppler Current Profiler


� Conductivity Temperature Depth


�"Gravity Recovery and Climate Experiment".  A German/USA mission of two low earth-orbiting satellites, whose relative velocity is precisely determined by mean s of a microwave link, will provide a geoid accuracy of about 1 cm at spatial scales typically 400 km and larger. Present models only have an accuracy of 10 cm at scales of 3000 km.


� “Gravity Field and Steady-State Ocean Circulation Explorer Mission”. A European Space Agency mission with a gravity radiometer, will provide a geoid accuracy of order 1cm for spatial  scales typically 100km and larger.
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