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Abstract
Knowledge of marine meteorological and oceanographic (metocean) conditions is an essential requirement for all stages of offshore oil and gas exploration and production.  Metocean data and information are necessary to support offshore operational planning, for the optimal design of offshore installations and to ensure offshore safety and environmental protection.

As exploration and production has moved into ever greater water depths, and into hostile frontier areas such as the Arctic, these requirements have become more critical and more exacting.  This has lead to significant needs for improved capabilities in metocean measurement, data analysis techniques and the application of numerical models. Increased understanding of climate change, whether natural or anthropogenic, has also led to a wider recognition of the importance of global scale operational oceanographic capability in supporting better understanding of how long-term changes in the oceanic and atmospheric environment might impact offshore activities.
Following an outline of offshore industry requirements for metocean information the paper describes how the Global Ocean Data Assimilation Experiment (GODAE) has contributed to supporting offshore industry needs.  Finally, the paper explores how GODAE has laid the foundations upon which to build new services capable of meeting as yet unfulfilled oil and gas industry needs leading to further improvements to offshore industry economics and safety and better protection of the marine environment.
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1.  Introduction
Early moves to exploit hydrocarbons beneath the seafloor were an extension of established techniques for land based exploration and production.  Very early offshore production was confined to the shallow and benign waters of Caddo Lake in Louisiana, Venezuela’s Lake Maracaibo and the Caspian Sea where production facilities were supported on a series of trestles extending out into shallow water.
When the oil industry first moved into the more exposed shallow waters of the Gulf of Mexico in the late 1930’s it plunged into an ocean of ignorance about the challenges of working in a more exposed marine environment (Austin, 2004).  Little was known about the conditions in the Gulf as those involved attempted to adapt land based drilling rigs, pipelines and construction equipment for offshore use. This led to early attempts to collect basic data about winds, waves and offshore soil conditions in order to be able to design structures able to withstand the harsh conditions in this new operating environment including the threat of exposure to hurricane winds and hurricane generated waves.  There were many structural failures and accidents as these early pioneers learnt by a process of trial and error.

Early exploration activities in the UK North Sea were also characterised by a lack of understanding of the metocean risks pertaining to offshore operations.  The structural failure of the Sea Gem rig in December 1965 with the loss of thirteen lives was a wake-up call for improved understanding of the Southern North Sea environment.  As the fledgling North Sea offshore industry moved into deeper and more exposed waters of the Northern North Sea demand for marine meteorological and oceanographic information grew leading to the emergence of engineering meteorology and oceanography as an important offshore industry discipline.
Knowledge of marine meteorological and oceanographic conditions is now an essential requirement for all stages of offshore oil and gas exploration and production.  Ocean data and information are necessary to support offshore operational planning, for the optimal design of offshore installations and to ensure offshore safety and environmental protection. As exploration and production activities have moved into ever greater water depths, and into hostile frontier areas, these requirements have become more critical and more exacting.  This has led to significant needs for improved capabilities in oceanographic measurement, data analysis techniques and the application of numerical models.
Most recently, increased understanding of long-term climate change, whether natural or anthropogenic, has led to a wider recognition of the importance of global scale operational oceanographic capability in supporting better understanding of how long-term changes in the ocean environment might impact the offshore industry.

This paper describes present offshore industry requirements for metocean information.  It explores how research and development undertaken in GODAE has contributed to better serving these needs and will underpin satisfying future challenges.  
2.  Offshore industry needs
Metocean data, information and knowledge in needed to support all stages of offshore exploration and production.  The following summary description of offshore industry needs is drawn from an unpublished manual on engineering oceanography and meteorology for the offshore industry (Stephens, 2006).  It provides an overview of the range and extent of metocean information needed to support offshore exploration and production. 
The first stage of offshore exploration is the acquisition of seismic data to determine the presence and likely extent of geological structures likely to contain hydrocarbons.  Seismic surveys may also be repeated after oil or gas field development in order to monitor reservoir depletion or to reassess the field.
The principal metocean conditions which affect seismic exploration are sea state and near surface current velocity.  Sea state limits the conditions in which a seismic vessel can deploy and recover seismic sources and streamers, and introduces acoustic noise and positional uncertainty into collected data. Surface current velocity can displace the seismic streamer from its intended line. 
It is common to deploy multiple steamer arrays in order to increase the survey coverage and measurement resolution. Typically, the streamers are towed at a depth of 7 to 10 metres below surface, and may be up to 4 kilometres in length.
Prior to commencement of a seismic survey, a series of equally spaced parallel survey lines are planned.  Ideally, these lines should run parallel to the ambient near surface current. The survey ship steams along each line in turn in order to achieve a series of appropriately spaced sub-bottom profile sections. Cross-current (flow perpendicular to the survey line) can cause the seismic streamer to ‘feather’. The angle of streamer feather is described by the offset of the streamer tail buoy from the ships track. If the streamer is displaced from the survey line, this means that the sub-bottom measurements are being made to one side of the ships track.
Seismic exploration contracts require tight tolerances on survey coverage. Thus, it is important that the sub-bottom measurement coverage is consistent with the planned survey lines. It is possible to navigate the ship in order to achieve optimal streamer cover of the prescribed survey lines. However, strong and variable cross-currents may cause portions of a line to be outside specified tolerance on coverage. In such circumstances, expensive ‘infill’ must be undertaken involving repeat measurements over the invalid portion of the line. Additionally, high sea states will cause degradation in the measured acoustic signal which may also necessitate repeating portions of the survey.
The key metocean information requirements for support of seismic surveys are:

Pre-survey Planning

· Assessment of wind and wave climate during the proposed survey period in order to estimate potential weather downtime, and optimise selection of survey period.

· Operational wind and wave statistics by month and direction for estimation of downtime.

· Assessment of the ambient current regime in order to establish the best survey line orientation (should be parallel with the predominant flow direction).

· Predictions of tidal current for the proposed survey period (where flow is predominantly tidal).

· Briefing to seismic survey team on anticipated metocean conditions.
During the Survey

· Provision of real-time measurements of near-surface current velocity onboard the survey vessel during the seismic shoot.

· Provision of competent weather forecasts.

· Provision of water level data for tidal reduction.
After determining the likelihood of occurrence of oil or gas reservoir structures by seismic survey, exploration drilling is carried out to determine whether a potential reservoir contains oil or gas in commercially exploitable quantities.  Successful exploration drilling is followed by appraisal drilling to determine more precisely the extent and hydrocarbon content of the reservoir.  If the field is commercially viable then a final stage of production drilling occurs.  This may be undertaken prior to installation of production facilities, from the production facility itself or, post production facility installation to enhance recovery rates or ‘tie in’ smaller reservoirs close to an existing facility.

Increasingly, exploration is occurring in deeper waters on the continental slope, at depths of 200 to 2000 metres and beyond. This presents many challenges in terms of drilling technology and necessitates good understanding of metocean conditions. 
Current velocity, wind and wave conditions are the principal metocean factors affecting exploration drilling. In deep water, ocean currents impose significant stresses on the sub-sea drilling components, and are a principal parameter in design of the riser which encloses the drill string. Environmental conditions determine rig selection, drilling methodology and optimal drilling season to minimise operational down-time.

Various stages of the drilling operation are sensitive to environmental conditions. Where anchors are to be deployed, the operation of anchor-handling ships is dependent upon wind and wave conditions.  For dynamically positioned drill rigs or drill ships extreme winds, sea states or currents may affect station keeping. For spudding in (initial drill contact with the sea bed) current and rig motion (which is wave induced) are important. For deployment and recovery of the riser and Blow Out Prevention (BOP) stack, the loading induced by current velocity through the water column is of major importance. During drilling, strong currents can cause adverse riser angles. Persistent periods of strong uniform flow can cause Vortex Induced Vibration (VIV) in the riser which will impose additional stress. 
The key metocean information requirements for support of offshore drilling are:
Feasibility Appraisal

· Desk study to identify key regional metocean processes and anticipated operating conditions.
Rig Selection and Riser Design

· Description of regional metocean conditions.
· Operational and extreme current velocity profiles.
· Operational and extreme wind and wave parameters.
Operational Planning

· Monthly mean and percentage exceedence statistics for wind velocity, wave height and current velocity.
· Monthly persistence statistics for wind velocity, wave height and current velocity.
· Assessment of principal current axis to determine optimal rig orientation.
Offshore Drilling

· Briefing to drillers on anticipated metocean conditions.
· Real-time current profile measurements (particularly when drilling in deep water).
· Current forecasts derived from measurement systems.
· Real-time wave and wind measurements.
· Operational wind and wave forecasts.
Once a field has been proven by appraisal drilling a production concept must be selected.  There are a wide variety of production systems in use ranging from fixed structures, through floating production systems, and most recently, subsea production systems.

Fixed offshore structures are used in shelf sea fields, normally in water depths less than 200 metres.  Principal fixed structure types are the piled steel jacket platform and the concrete gravity platform.

Metocean factors are critical to the safe and economical design of fixed structures.  Extreme forces associated with wave and current loading on the substructure and wind loading on the topsides form a major element of the design basis.  Near bed currents determine the degree of scour protection required at the base of the structure. The wind velocity profile will vary substantially over the height of the structure. Wave loadings depend upon the height, period, spectral shape and directional spreading of extreme conditions, and also the theoretical wave profile formulation adopted in design. Care must be taken to understand the dominant current flow mechanisms in the field in order to set an appropriate design current profile. The combination of design Still Water Level and design wave crest elevation determines the air gap below the bottom deck of the structure. Regular annual measurement of the air gap is often undertaken to assess platform settlement.

Floating production systems are of increasing importance in deeper water offshore field development. Principal systems include Tension Leg Platforms (TLPs), Spars and Floating Production Storage and Offloading (FPSO) facilities. Floating systems allow production in deep water environments where conventional fixed structures would not be cost-effective or feasible. For marginal fields, with modest reservoirs, floating systems may provide the only economic production solution.
Metocean factors are of critical importance during the design, installation and operation of floating production systems.  Of principal importance are current, wave and wind conditions. The response of the floating structure or vessel and mooring system to combined environmental forces may be extremely complex. In the design case, many permutations of current, wave and wind loadings may need to be considered, with particular regard to long period wave excitation and the occurrence of wind, waves and current from different directions.  For FPSOs, operability and down-time due to adverse metocean conditions are of major importance in terms of system viability. 

The key metocean information requirements for design of production systems are:

Structural Design

· Extreme mean and gust wind speeds (1, 5, 10, 25, 50 & 100 year return periods) by month and direction.
· Extreme wind velocity profiles.
· Extreme wave parameters (Hs, Hmax, Tz, Tmax) by month and direction.
· Characterisation of wave spectra.
· 30-year individual wave height distribution by direction for fatigue calculations.
· Extreme individual wave parameters (crest and trough elevations and period).
· Extreme current velocity profiles by direction.
· Assessment of near-bed current velocity for design of scour protection.
· Extreme maximum and minimum Still Water Levels (tide + surge + Mean Sea Level).
· Extreme maximum Total Water Level (SWL + wave crest).
In addition for Floating production System design
· Assessment of directional differences between incident currents, waves and winds for determination of vessel alignment and motion (for ship shaped production systems).
· Assessment of joint occurrence of currents, waves and winds in terms of combined loadings on structure/vessel and mooring (for envelope of extreme environmental loadings and determination of mooring life).
· Assessment of ambient and extreme near bed sea temperatures.
Having selected, designed and built a suitable production system it must be installed at the field.  Various procedures are used in offshore installation, depending upon the type of structure and the anticipated

environmental conditions during installation operations.  

For fixed steel structures, the jacket is normally towed out on a barge and then slid off into position. The topsides are then placed on the jacket. For concrete gravity structures, the entire assembly is towed out and then ballasted down onto the sea floor. For floating production systems, the principal installation activities consist of the deployment of subsea components such as flow lines and templates. The structure or vessel will then be brought into the field to be anchored or tethered and have its risers connected. Accommodation and a variety of support vessels are used during offshore construction, hook-up and commissioning.
All offshore installation activities are extremely sensitive to metocean conditions. In most instances, long period wave motion is a principal concern as this causes adverse vessel response which will impair operations.  Current conditions are important in installation, particularly for touchdown operations, which must be undertaken during a favourable window of weak flow. It is important to determine which combinations of environmental conditions will prejudice installation; statistical analyses are undertaken to assess likely durations of favourable operational windows. Metocean information is also required for planning ocean tows of structures from the fabrication yard to the field, and also for assessing fatigue loading during the tow-out.
Once the structure has been installed, the topside facilities must be put in place. The conventional placement procedure is to use a heavy lift crane barge to raise the fabricated topside structure or components from a barge into position on the structure. In certain situations it is possible to install the topsides using a ‘float-over’ technique.  Here, the deck is brought into the field on a barge, carefully floated into position and then ballasted down onto the jacket. No heavy lift crane is required for a float-over, and therefore major cost savings can be achieved. However, these operations are extremely sensitive to sea state and must be planned and monitored very carefully.

The key metocean information requirements of offshore installation are:
Operational Planning

Statistical assessment of metocean conditions is required covering the proposed period of installation. Statistical analysis can also assist in selecting the optimal timing of installation.

This includes:

· Monthly exceedence statistics of wind speed, wave height and current speed.

· Monthly joint frequency distributions of wind speed/direction, wave height/direction, wave height/period and current speed/direction.

· Assessment of the likelihood of favourable (and unfavourable) operational windows during the intended installation period (persistence analysis). This requires knowledge of the envelope of possible operating conditions.

Ocean Tows

· Assessment of the principal metocean hazards along the tow route. Particularly whether there is risk of tropical cyclone encounter.

· Competent operational weather forecasting during the tow.

· Assessment of fatigue loading to be encountered during the tow.
During installation

· Competent medium term wind and wave forecasting before and during the installation exercise.

· Real-time wind and directional sea state monitoring.
· Barge/crane barge motion monitoring.
· Current forecasting and real-time current measurement where the flow regime is unpredictable.

Once installed an operating oil or gas production facility requires continual access to metocean information. Wind, waves and current velocity are the principal metocean factors affecting offshore operations. 
Many operations are of a routine nature and require continual provision of real-time and forecast metocean information for planning. Some major operations, such as structural modifications, require significant advanced planning and preparation and may need specific metocean statistics such as weather downtime estimates.  For operational planning and optimisation, metocean statistics are required to describe typical and worst-case conditions by month, allowing assessment of potential downtime. For on-going operational support, real-time provision of metocean measurements and forecasts are often required. Supply vessel and helicopter operations are highly weather dependent, potentially hazardous, and of vital importance. Ship loading and unloading activity is constrained by sea state (particularly long-period swell waves) and surface current speed. Helicopter operations are constrained by very strong and gusty winds and by low visibility.  Additionally, crane operations are very sensitive to wind conditions. For routine subsea diver and ROV operations, current conditions are important. In particular, operations must be planned to coincide with time of weakest flow. 

The key metocean information requirements to support routine offshore operations are:
Operational Reference Statistics

It is common practice to prepare an Engineering Reference Document (ERD) containing comprehensive operational metocean statistics for a particular region or structure.  Such a document can be widely circulated and utilised for various applications. 
Typical components of a metocean operational ERD are:

· Overview of regional metocean processes (seasonal effects, likely ‘worst-case’ processes etc.).
· Monthly and all-year mean and maximum wind speed, wave height, current speed (in profile), and sea surface and sea bed temperatures.
· Monthly or seasonal joint occurrence statistics (wind speed/direction, significant wave height/mean wave direction, significant wave height/mean wave zero-crossing period, current speed/direction).
· Monthly and all-year percentage exceedence statistics for wind speed, wave height and current speed.
· Directional all year percentage exceedence statistics for wind speed, wave height and current speed.
· Monthly or seasonal persistence statistics (favourable and unfavourable) for wind speed, wave height and current speed.
· Description of characteristic wave spectra (indicating the occurrence of swell energy).
Real Time Metocean Information

It is common to have permanent measurement systems on selected offshore installations. Data acquired at these stations can then be disseminated to other installations, vessels and helicopters in the vicinity. Real-time measured data must also be quality-controlled, reported routinely and databased for subsequent use. Permanent real-time system measurements typically include the following:
· Wind speed (mean and gust) at 10 minute intervals from an anemometer in ‘undisturbed’ air (e.g. at the top of the drill derrick).
· Wave parameters (significant and maximum wave height, mean period and direction, peak period and direction, and wave spectrum).
· Current speed and direction for locations where current is strong and highly variable (in regions which are predominantly tidal, currents may be predicted with confidence and real-time measurements are not necessary).
Operational Forecasting

· Routine 3 to 5 day forecast of weather, wind, waves and swell.
· In tropical regions, a cyclone warning and monitoring service.
In addition to the metocean requirements outlined above, the offshore oil and gas industry also has requirements related to design, installation and maintenance of pipelines and submarine cables as well as those associated with coastal infrastructure such as oil and Liquid Natural Gas (LNG) receiving facilities. 

Taken together all of these requirements for metocean information make the offshore industry one of the most intensive practical users of ocean environmental data, information and knowledge.

As the production potential of shallower and more easily accessible oil and gas fields declines, the offshore industry is looking to developments in extreme water depths and in remote and often extreme environments.  For example, exploration drilling is now taking place in water depths in excess of 3000 metres and production facilities are being designed and installed for a number of Arctic fields.  This is driving demand for new and improved metocean information.

3.  The GODAE contribution to meeting offshore industry needs

Meeting the metocean information needs outlined above has been an evolutionary process. In the early days of offshore oil exploration and production metocean data and information needs were met on an ad hoc basis with no systematic organisational framework.  Often improved provision of metocean information was responsive - driven by offshore system failures such as structural damage, operational downtime or, worse case, loss of life or a serious pollution incident.  There was no systematic framework for managing, interpreting or delivering relevant data, information or knowledge.
As offshore activity grew a patchwork of local observations specific to individual filed developments began to develop as a basis for design and operations.  This took the form of localised site specific measurement campaigns to gather basic design data and, after field development, the collection of local data to support day to day operations.  Over time, the systematic archiving of these data, especially in well developed oil and gas production areas, such as the Gulf of Mexico and the North Sea, began to create a longer term database upon which to base improved design criteria and a better understanding of the statistics of metocean conditions as an aid to operational planning.

Although not principally driven by the needs of the offshore industry, the growth of  coordinated operational meteorological services greatly contributed to meeting offshore metocean information needs.  Better observations, including global coordination of voluntary ships observations, led to improved knowledge of wind and waves at sea.  More recently, the advent of globally coordinated synoptic observations on land, at sea and from meteorological satellites, coupled to huge advances in numerical weather prediction has resulted in the capacity to serve many of the needs of the offshore industry more effectively.  The routine provision of good quality global and regional analysis fields and forecasts has greatly improved the ability to create basin scale hindcasts for use in deriving design criteria and operating statistics even in regions where limited local observations were available.  Improved meteorological forecast skill has made a major contribution to offshore safety and the effective planning of offshore operations.
Given good quality wind fields in hindcast, nowcast and forecast it was a relatively straight forward step to similar capabilities for wind driven waves although issue of adequately determining the impact of surface currents on wave characteristics remains.

A significant intermediate service industry has developed to add value to global and regional operational meteorological information by creating customised added value wind and wave products meeting offshore industry needs.  Today, a mature capability exists for provision of good quality hindcasts, nowcasts and forecasts of weather and sea state to the offshore industry providing the majoirty of the wind/wave information products outlined above for  most regions of offshore activity.  Notable exceptions are the Arctic region where a poor observational base coupled with rapidly changing ice cover makes provision of good quality wind and wave hindcasts, nowcasts and forecasts problematic together with remaining challenges associated with improved understanding of hurricanes/typhoons, hurricane generated waves and highly localised squalls.
The major oil and gas companies have progressively evolved a very close technical cooperation between their respective metocean specialists.  The Metocean Committee of the International Association of Oil and Gas Producers (OGP – www.ogp.co.uk ) provides a proactive collective forum for identifying and researching challenging metocean issues that impact the safety and cost effectiveness of offshore engineering and operations.  The OGP and other pan industry for a, together with certifying bodies and offshore regulatory bodies, ensure that the industry maintains high standards in metocean engineering.  

Offshore wind and wave products continue to improve with greater observational coverage, especially from satellites, better models and more effective analytical tools to deliver customised information products.  These generate small incremental improvements – in general the wind and wave data and information requirements of the offshore industry are largely satisfied. 
This is not true of provision of sub-surface information such as site specific current and water column temperatures.  Here the offshore industry is still largely dependent on site specific observations as a basis determining the statistics of the internal structure of the ocean at locations of interest and as a means of providing knowledge of present conditions and rudimentary forecasts of future operationally significant internal ocean ‘weather’.

The major contribution of GODAE has been to greatly stimulate progress towards a much needed ocean analogue to the global and regional operational meteorological services.  As a major contribution to the Global Ocean Observing System (GOOS), GODAE has made considerable progress towards capacity to integrate ocean remote sensing, in-situ observations and numerical models to provide an ocean forecasting capability equivalent to that for the atmosphere.  This has created the possibility of generating hindcasts, nowcasts and forecasts of the internal dynamics of oceans and seas which are beginning to realise utility in offshore applications and which create the potential for major impact on offshore design and the safe and effective planning of offshore operations.
The global and regional approach of GODAE has facilitated accurate model representation of important large scale ocean processes.  However, for the oil and gas industry, the requirements of ocean modelling are very exacting and location-specific.  It is necessary to accurately quantify the long-term statistical distribution of current velocity (and other variables)  at specific points in order to formulate the extreme and operational criteria against which to design offshore production facilities.  During operation, accurate and reliable forecasts of location-specific currents are required.  Offshore service trials of  state of the art regional operational ocean models have demonstrated that there is further need for temporal and spatial accuracy before they can enter routine operational use for offshore applications.  At present, there is still a strong dependence upon local in-situ observations, but ocean model hindcasting and forecasting is progressively developing skill and gaining acceptance. 
For design criteria, metocean specialists will often adopt a pragmatic approach, combining the detailed characterisation available from short-term in-situ measurements with assessment of longer-term variability from ocean modelling.  For detailed location-specific forecasting, it is now common to combine real-time in-situ current observations with satellite remote sensing and ocean model forecasting in order to satisfy the exacting requirements of offshore operational decision-making.  It is extremely important to recognise the cost, safety and environmental implications of poor or wrong design and operational decision-making in the offshore oil and gas industry due to inadequate metocean information; conversely, reliable and accurate ocean information can facilitate safe and economic reductions in conservatism.
More attention needs to be given to the development of rigorous and consistent procedures for the assessment of ocean model skill and fitness for purpose in applications for offshore structural design and operational planning.  This requires close interaction and mutual understanding between ocean modellers and offshore engineers.  Increased understanding and routine quantification of model skill in specific offshore applications will accelerate confidence and acceptance of the use of ocean modelling in the offshore industry.  There are perhaps some analogies to be drawn between ocean wave modelling and ocean current modelling.  Wave modelling has now achieved sufficient maturity and user confidence that location-specific wave observations are often considered to be unnecessary.  Reduced dependence upon in-situ current observations will signify the acceptance from the industry of the skill and fitness for purpose of ocean modelling. 
4.  Post GODAE research and development needs

GODAE has laid the foundations for creation of an analogue of operational meteorology which will, in time and with incremental improvements, deliver ocean ‘weather’ services equivalent to those available for the atmosphere.  These will be used to create value added products that meet offshore industry needs for data, information and knowledge about the internal structure of the ocean.

Beyond this there are two significant challenges in meeting future offshore industry needs.   Firstly, combining global and basin scale operational oceanography and meteorology to fully realise the capability to generate seasonal forecasts with sufficient skill to have utility in offshore applications.  Secondly, the generation of long-term climate projections that have utility as an input to offshore design.
The merging of global and basin scale operational oceanographic and meteorological capability is already yielding improved skill in seasonal forecasting.  A number of pilot projects are seeking ways of using these improved probabilistic forecasts in offshore operational planning.  As research in this area yields further improvements this will lead probably lead to increased use of seasonal forecast information in a variety of offshore industry applications.

In part as a result of work undertaken in GODAE there is growing understanding of multi-decadal variability in both the atmospheric and oceanic climate as well as improved understanding of long-term climate change being driven by greenhouse gas emissions and changes in land use.

To date, almost all offshore environmental design criteria and operational statistics have been derived on the implicit assumption that nature is ergodic and that a sufficiently long time-history of the past variability of parameters such as wind velocity, current velocity of wave height and period will be statistically representative of what will happen in the future, at least over the design life of offshore installations.
The growing knowledge of long period natural variability and the recognition and growing acceptance of the pace and extent of anthropogenic climate change are challenging this assumption.

A future key direction for research is therefore achieving sufficient understanding of these changes together with development of analytical tools permitting this improved understanding to be adequately factored into offshore industry applications.    
5. Conclusions

Alongside progress with the implementation of systematic and sustained observation of the oceans by means of space based and in-situ observations GODAE has made a significant contribution to incremental improvements to existing metocean support to the offshore industry as well as opening up the prospect of addressing some as yet unfulfilled needs as the capability realised by GODAE matures.
It is vital that what has been achieved in GODAE is sustained and developed and the offshore industry and its intermediate metocean service providers should play an active part in ensuring that this is the case.
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