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	SUMMARY AND PURPOSE OF DOCUMENT

This document presents the status of the JCOMM statement of guidance for ocean applications.



ACTION PROPOSED


The meeting is invited to note the information contained in this document when considering its recommendations.  The following actions are being proposed:
1. Recommend that JCOMM includes Tsunami monitoring applications in the JCOMM SoG.
2. Ask JCOMM to include missing fields in the requirements and to submit the data to WMO/CEOS database.
3. Ask JCOMM to conduct again the RRR process based on the new requirements and recently updated instrument performances and update the SoG accordingly.

_______________

DISCUSSION
1.
The second ET-EGOS meeting requested JCOMM to nominate a Point of Contact on user requirements of ocean applications, and one on observing system capabilities for ocean in-situ systems. ET-EGOS-2 also requested JCOMM to provide updates to the CEOS/WMO database to reflect (a) recent changes in user requirement (e.g. Tsunami monitoring), and (b) dramatic progress in recent years regarding instrument performances of in situ components, and in particular with regard to horizontal distribution of observing networks (e.g. drifting buoys, moored buoys, Argo floats).
2.
At its fifth Session, the JCOMM Management Committee, Geneva, October 2006 agreed that the JCOMM SoG should be regularly reviewed by the JCOMM, thanks primarily to the designation of: (i.) a focal point for user requirements (i.e., ocean mesoscale forecasts and coastal marine services, including tsunami monitoring), and (ii.) a focal point for estimating in situ observing system capabilities. The Committee designated Dr Craig Donlon and Ms Hester Viola as the respective focal points. The Committee agreed that a specific section for marine services should be developed in the WMO CEOS database.
3.
Since then, Mr Donlon has been working extensively within the Services Programme Area of JCOMM and its Expert Teams on developing an Observations User Requirement Document for JCOMM services (URD) consistent with the Rolling review of Requirements process. A version 1 of the document (Annex II) was made available in April 2007 was presented to the second session of the JCOMM Observations Coordination Group (Geneva, April 2007), and is focusing on metocean forecast systems, which includes (i) ocean mesoscale forecast, (ii) met-ocean products and services (e.g., wind waves and storm surges, marine accident and emergency response, and sea ice services). The document is showing different approaches for these applications but it is planned to have a more consistent version 2 eventually made available at JCOMM-III in 2009. 
4.
The previous version of the JCOMM SoG included the following applications (i) Ocean mesoscale forecast, and (ii) coastal marine services. These two applications are actually covered by the applications mentioned. However, the JCOMM URD (annex II) will now be used for producing the new JCOMM SoG. Requirements for Tsunami monitoring have not been included yet but work is underway. A new draft version of the JCOMM SoG is included in Annex I.
5.
Annex II provides for required information on space/time resolutions, timeliness, accuracies, etc but it presently lacking some of the variables required by the database, especially the breakthrough. JCOMM will continue to improve the document according to ET-EGOS guidelines. Regarding the instrument performances of in situ components, Ms Hester Viola has been conducting a study and appropriate data are about to be submitted to the database. Once the URD has been updated, JCOMM should conduct a new RRR process and consider the most recent performances of the instruments.
_______________

Annexes:  2

Annex I
3.8
Statement of Guidance for JCOMM Program Areas
(new draft, June 2007)

3.8.1
Background

The joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology (JCOMM), at its second session in Halifax, 19-27 September 2005, noted the participation of its satellite rapporteur and JCOMMOPS in the work of the ET-ODRRGOS and contribution to that process. The Commission requested that this work be pursued with ET on Evolution of the GOS (ET-EGOS), through one or more experts designated by the co-Presidents, and that the existing statement of guidance relating to marine user requirements be updated, published as a JCOMM technical report and widely distributed. The Commission also requested the Services Programme Area Coordinator to ensure that eventually a clear set of observational data requirements to support marine meteorological and operational oceanographic products and services be finalized and included in the CEOS/WMO database. This document describes application areas relating to the JCOMM activities. Observation variables used for the application areas are listed as well as their observing systems. 

3.8.2
JCOMM Applications Areas

3.8.2.1
Applications of interest to JCOMM

One of the important roles of JCOMM is to be an efficient mechanism for coordinating and integrating marine observation systems. JCOMM will provide a consistent framework for the collection, archival, distribution, and utilization of data collected at sea for oceanographic and meteorological applications. There are four major application areas relevant to JCOMM: (a) Numerical Weather Prediction, NWP, (b) Ocean Mesoscale Forecast, OMF, (c) Seasonal to Inter-annual Forecast, SIA, and (d) Met-Ocean Products and Services, MOPS. NWP uses the marine meteorological parameters to initialise the numerical models, and the SST distribution becomes one of the most important boundary condition. OMF and SIA predict future ocean status using numerical models, but the former target is higher frequency components (a week to a month) of ocean variability and the latter the lower frequency components (seasonal and inter-annual).

Two of the four application areas are described in the other documents (ET-EGOS) and specific JCOMM requirements in this regard were taken into account. NWP has been discussed in the previous Statement of Guidance (sections 3.1 and 3.2). Seasonal and Inter-annual Forecasts consider both the atmospheric and oceanic lower-frequency variation using coupled numerical models, which are described in the SIA SoG found in section 3.5. The ocean community has produced a widely-agreed and endorsed plan for the next five to ten years, incorporated into the Implementation Plan for the Global Observing System for Climate in support of the UNFCCC (GCOS-92).

3.8.2.2
Applications of specific interest to JCOMM

Therefore, the Statement of Guidance presented below refers to the following application areas, Ocean Mesoscale Forecast and Met-Ocean Products and Services. OMF is now designed and implemented by a GOOS/GCOS OOPC pilot project, Global Ocean Data Assimilation Experiment (GODAE). Integrating existing and near future ocean observation systems, near-operational ocean mesoscale forecast is being conducted in the GODAE project. Following the transition from the development phase to the demonstration phase of GODAE in 2004 many prototype operational centres have been set up in collaborating nations, towards an operational oceanography. These prototype centres provide regular ocean forecasts, such as:

· nowcasts providing the most usefully accurate description of the present state of the sea including living resources;
· forecasts providing continuous forecasts of the future condition of the sea for as far ahead as possible;
· hindcasts assembling long term data sets which will provide data for description of past states, and time series showing trends and changes;
to users of different backgrounds and with different requirements (e.g., industrial users, government agencies, and regulatory authorities). Examples of final products include warnings (of coastal floods, ice and storm damage, harmful algal blooms and contaminants, etc.), electronic charts, optimum routes for ships, prediction of seasonal or annual primary productivity, ocean currents, ocean climate variability, etc.

Met-Ocean Products and Services include the traditional tasks of the JCOMM community. However, the social needs have increased and become diversified, which forces JCOMM community to redesign observing systems including backbone GOSs (e.g., GOOS/Coastal Ocean Observing Panel).

3.8.2.3
Satellite Observations required to JCOMM Applications Areas

Satellite observations are also useful for MOPS as well as the other ocean application areas. Satellite observations with higher temporal and spatial resolutions are required for MOPS because its major activities are carried out in the coastal seas. Concerning the requirements for the coastal phenomena, potential satellite products for MOPS are high-resolution coastal wind, high-resolution SST, and high-resolution ocean colour. Potential of very high-spatial resolution sensors for JCOMM programme areas is pointed out.

High-resolution coastal wind: The surface wind is a key parameter to nowcast and forecast of the coastal marine meteorological and oceanic conditions. It is strongly influenced by the coastal topography and land-sea surface conditions. Traditional global/regional NWP products do not have enough spatial resolution for MOPS. The microwave scatterometer has limited spatial resolution (25km), and the wide swath SAR measurement has limited temporal resolution (one measurement every few days) and provides no wind direction.

High-resolution sea surface temperature: SST in the coastal region has a large variability due to the diurnal cycle of solar radiation, which enhances surface characteristics of the land and sea and forces land-air-sea interactions, i.e., land-sea breezes. High-resolution SSTs (1 km) can be retrieved by the LEO infrared radiometer and rather degraded resolution SSTs (5 km) from the GEO IR radiometer. However, quantitative detection of the SST diurnal cycle is still challenging subject but drifters can provide high temporal resolution SST data. In contrast, microwave radiometers cannot be used for the coastal applications because of (a) rather coarse spatial resolution and (b) contamination of land signals in the measurement in the coastal sea.

High-resolution ocean colour: The ocean colour remote sensing provides images of biological/non-biological parameters with high-spatial resolution of 250m to 1 km. The ocean colour can detect several types of marine pollutions and harmful biological activities. Parameter retrieval algorithm in turbid waters is not established yet, but developments of an observation system based on the OC remote sensing have presented promising results for a future operational observing system.

Very high-resolution visible/infrared imagers (i.e., Landsat, Spot) and synthetic aperture radar (SAR): These provide information on the coastline, which gradually changes through erosion and accretion processes relating to coastal meteorological/oceanic phenomena (e.g., waves and sea ice). However, their images are rather expensive and not freely available to the community. In order to design efficient observing system for MOPS in the near-coast sea region, a mechanism to incorporate these high-resolution images needs to be considered.
Satellite Radar Altimeter: Measurements from satellite radar altimeters have revolutionised our knowledge of the ocean, through studies in sea level, ocean circulation and climate variability. Satellite altimetry is recognised as an essential component of global ocean observing systems under programmes such as GODAE, CLIVAR and GOOS, and through its ability to provide stable and accurate long term monitoring of sea-level change. In addition altimeter wave data are routinely assimilated into wave forecast models, providing support to offshore operations around the world.

Collaboration with space agencies should be strengthening to ensure better continuity and overlap of relevant space-based and in situ ocean observing systems, and to move experimental observing systems into operational status.
3.8.3
Ocean Mesoscale Forecasts

Increasing ocean information from the remote sensing methods enables us to predict high-frequency components of ocean variability, i.e., ocean mesoscale forecasts. On the basis of traditional ocean observation components for NWP and monitoring of the low frequency variability (e.g., in situ platform based observing system), new in situ and satellite observations are being integrated to realize operational ocean nowcasting and forecasting in the near future. The ocean observation data are now being assimilated into numerical forecast models.

Important observation variables and their present global ocean observing systems are listed in the table below. 

	Observation variables
	Observing System

	Temperature/salinity profiles 
	Tropical mooring buoy (TIP) 

	
	XBTs (SOOP) 

	
	Profiling floats (Argo) 

	Sea Surface Height 
	Satellite Altimeter 

	
	Tide Gauges (GLOSS)  

	High-resolution SST 
	Infrared, Microwave radiometers combined with in situ drifter (DBCP) and ship (VOSP) data 


In order to generate the forecasting products, the observed data must be delivered to forecasting centres in timely manner.

The boundary conditions for deriving the ocean forecast model are provided by the NWP products, which are generated by the atmospheric numerical model using the marine meteorological observation data as mentioned above.
3.8.4
Met-Ocean Products and Services (MOPS)
Most of the met-ocean products and services are respected to Marine Meteorology. Nowcasts and forecasts of sea state (wave environment), ocean surface topography, fog, sea ice and coastal circulation are of critical importance to safe and efficient marine operations including shipping, port operations, search and rescue operations, fishing, recreational boating, swimming, and the extraction of natural resources, etc. 

3.8.4.1
Wind Waves and Storm Surges

The vast majority of existing wave measurements is being made in the coastal margins of North America and Western Europe, with a huge data void in most of the rest of the global ocean, particularly in the southern ocean and the tropics, while other existing observational systems have often considerable coverage in these areas.
The primary requirement identified was for additional wave measurements comprising, at a minimum, significant wave height, peak period and 1-D spectra, hourly in real-time, for assimilation into coupled atmosphere-ocean wave models for real-time forecasting activities, and subsequent verification. In particular, the present wave forecast verification exchange activity carried out under the Expert Team on Wind Waves and Storm Surges guidance by ten national centres running global wave models in support of maritime safety services, provides a mechanism for quality assurance of the national wave forecast models contributing to safety of life at sea, ship routing, Global Maritime Distress and Safety System (GMDSS), etc.  Other requirements were identified for additional wave measurements included:

(i) assimilation into offshore wave forecast models;

(ii) validation of wave forecast models;

(iii) calibration/validation of satellite wave sensors;

(iv) description of the ocean wave climate and its variability on seasonal to decadal time scales;

(v) the role of waves in the coupled ocean-atmosphere system, and their inclusion in weather and climate models.

The minimum observation variables and their present global ocean observing systems/Platforms are listed in the table below. 

	Observation variables (minimum)
	Observing System/Platform

	Significant Wave Heigh, 

Peak Period, and

1-D Spectra


	Moored Buoys 

	
	Satellite Altimeter

	
	Synthetic Aperture Radar (SAR)

	
	HF Coastal Radar

	
	Other Technologies (e.g., Navigation Radar, other radar, shipborne sensors such as WAVEX)


Sea level measurements, using real-time tide gauges (GLOSS) and satellite altimeters, are the minimum requirement for observing Storm Surges.
3.8.4.2
Marine Accident Emergency Response
Marine Accident Emergency Response covers two big areas of applications: (i) Marine Pollution and Preparedness for, and response to algae blooms; and (ii) Search and Rescue (SAR) operations.
Marine Pollution involves monitoring polluted sea areas (i.e., oil spill, red tide, high sediment concentration, etc.) that are drifted by surface, near sub-surface and wind-driven currents. Detections of the polluted area and fields involved in fate and weathering processes are required for mitigation of their influence on the coastal environment.  Environmental information required in case of marine pollution is:

(a) Surface winds (Spreading of the pollutant);
(b) 3D ocean currents(Spreading of the pollutant);

(c) Sea state (Spreading and Weathering of the pollutant);

(d) Sea ice (Spreading of the pollutant);

(e) Ocean density (Spreading and Weathering of the pollutant);

(f) Bathymetry/shoreline (Spreading of the pollutant);

(g) Precipitation (Weathering of the pollutant);

(h) Air temperature (Weathering of the pollutant);

(i) Sea temperature (Weathering of the pollutant).
Important observation variables (as described above) and their present global ocean observing systems are listed in the following table.

	Observation Variables
	Field data sources
	Satellite data sources
	Numerical model and analysis data sources

	Sea state


	Wave buoys.

Ship observations.

Oil platforms.

Coastal HF radar.
	Satellite altimetry (wave height data). 

Synthetic Aperture Radar data. 
	Wave model analysis and forecast systems

	Surface wind


	Moored buoys.

Drifting buoys. 

Ship observations.

Oil platforms.
	Scatterometer data.

Satellite altimetry.
	NWP analysis and forecast systems.

	Surface and sub-surface currents


	Drifting buoys. 

Moored buoys.

Current profilers.

Coastal HF radar.
	Satellite altimetry (surface only).
	Ocean analysis and forecasting systems.

Surface current analysis systems.

	Sea Ice and Ice accretion

	Ship observations.

Coastal stations.

Ice mass balance buoys.


	AMSR / SSM/I / AVHRR satellite data. 

Satellite altimetry.

Synthetic Aperture Radar data.

Scatterometer data.
	Ice chart.

Coupled ocean - sea-ice - atmosphere analysis and forecast systems.

	Precipitation


	Ship observations.

Coastal stations.

Oil platforms. 

Weather radar.
	
	NWP analysis and forecast systems.

	Air temperature
	Ship observations.

Coastal stations.

Oil platforms.

Moored buoys (surface only)

Drifting buoys (surface only)
	
	NWP analysis and forecast systems.

	Ocean temperature and density
	Argo floats.

Ship observations.

Moored buoys.

Drifting buoys.
	
	Ocean analysis and forecast systems.

	Sea surface temperature


	Argo floats.

Ship observations.

Moored buoys.

Drifting buoys.
	Infrared satellite data.

Microwave satellite data.
	SST analysis systems. 

Ocean analysis and forecast systems.

	Surface air temperature
	Ship observations.

Moored buoys.

Drifting buoys.
	
	NWP analysis and forecast systems.

	Bathymetry / shoreline
	Aerial photographs.
	Satellite imagery.
	Bathymetric chart data.

Gridded bathymetric datasets. 


Meteorological and oceanographic conditions affect all aspects of a Search and Rescue (SAR) case, from planning where to search to the rescue operation itself.  This note focuses on the environmental data needed for search planning.  Planning response to complex SAR cases contains the following steps: (i) Pre-Incident Voyage; (ii) Drift Trajectories; (iii) Search Effort Allocation; (iv) Search Operations; (v) Account for Previous Search Effort; and (vi) Stopping the Case.  The primary (P) and secondary (S) meteorological and oceanographic parameters needed for planning SAR cases are summarized in the following Table.

	SAR Steps
	Environmental Parameters



	
	Winds
	Currents
	SST
	AST
	Waves
	Visibility
	Cloud cover 
	Icing

	Pre-Incident Voyage
	
	
	
	
	P
	
	
	P

	Drift Trajectories
	P
	P
	
	
	S
	
	
	

	Search Effort Allocation
	S
	
	
	
	S
	P
	S
	

	Search Operations
	P
	
	S
	S
	P
	P
	
	P

	Account for Previous Searches
	S
	
	
	
	S
	P
	S
	

	Stopping the Case
	S
	
	P
	P
	S
	
	
	


3.8.4.3
Sea Ice

Sea Ice products and services are required for: marine operations, NWP and climate applications. Ice concentration, ice thickness iceberg detection and ice motion are the minimum observational requirements for such applications above-mentioned. These parameters are mostly observed using space-based remote sensing platforms and buoys (see table in item 3.8.4.2). 
3.8.4.4
Coastal Met-ocean Products and Services

In order to provide useful information (products) for the society living in/relating to the coastal region, we need various observational data not only the marine meteorological (physical) variables but also geological/biological variables. The following lists some (but not all) of the important marine meteorological parameters: SST, air temperature, air pressure, surface wind, air humidity, surface wave, temperature/salinity profiles, currents, sea ice, river discharge, coast lines, bathymetry, etc. 

Coastline Changes are constantly occurring due to eroding and accreting from routine and episodic events associated with tides, winds, waves, storm surges, sediment re-suspension and transport by rivers, tectonic processes and human modifications of the coastal zone. 

The coastal variables are traditionally observed by the in situ observing systems. The variables and their observing systems are described in the table below. 

	Observation variables 
	Observing System        

	Wind, Wave height/direction/spectrum 
Surface meteorological data 
Subsurface oceanographic data 
(Temperature, salinity currents) 
	Wind/Wave Moored Buoy 
Ships and/or marine platforms 
Small moored buoy, Ships (XBTs), drifters with thermistor strings, ADCP 


Annex II
JCOMM Services Programme Area Observations User
Requirement Document

V0.1 (13/04/2007) NOT FOR GENERAL RELEASE
(Submitted by Craig Donlon on behalf of the Services Programme Area)
Background

The Joint WMO/IOC Commission for Oceanography and Marine Meteorology (JCOMM) promotes a state-of-the-art globally distributed and inter-connected system based on present and next-generation technologies and capabilities. The system is responsive to the evolving needs of all users of marine data and products and a close dialog with the user community is fundamental to the system design. In addition, JCOMM promotes the implementation of an outreach programme to enhance the national capacity of all maritime countries to work effectively for the maritime community and the management of the marine environment. The long-term strategic vision of JCOMM is to benefit the global community through international co-ordination activities, the development of appropriate technical standards and procedures for a fully integrated met-ocean observing, data management and services system. The JCOMM Services Programme Area (SPA), established at the First Session of the Commission (JCOMM-I) and re-established in a slightly revised format at JCOMM-II, September 2005, has been created to facilitate the development and application of these globally distributed marine meteorological and oceanographic services in partnership with the user communities, supporting observational, data management and, capacity building programme areas. JCOMM does not itself conduct research or develop models, but coordinates and facilitates the operational implementation and dissemination of proven models, products and services.  Part of this dissemination process is the implementation and maintenance of a JCOMM Products Web Portal. The process also covers Quality Assurance, Standards and User Interactions related to products and services.  This document presents the work-plan of the JCOMM SPA for the 2006-2009 period. It has been developed based on the abridged final report (WMO-No. 995) of the JCOMM Second Session, Halifax, Canada, 19-27th September 2005 and discussions within the JCOMM SPA teams and the JCOMM Secretariat.

The aim of the JCOMM SPA is:
To coordinate and facilitate the sustained provision of global and regional coverage data products and services to address the continued and expanding requirements of the maritime user community for marine meteorological and oceanographic services and information.

Bearing this in mind, the JCOMM SPA work-plan is founded on the Top Level Objectives (TLO) embodied within the SPA terms of reference which are:

· TLO-1: To provide support to maritime safety, hazard warning and disaster mitigation systems. The objective is to monitor and develop modifications to maritime safety, hazard warning and disaster mitigation systems and to provide assistance to Members/Member States as required. Systems include: the WMO marine broadcast system for the GMDSS, as well as MPERSS; storm surges; tropical cyclones; Tsunami; search and rescue; marine pollution; ice and iceberg warnings; rogue waves and dangerous sea state.
· TLO-2: To develop, maintain and monitor international MetOcean product and service standards. The Objective is to ensure that the JCOMM SPA acts as a flexible, streamlined organisation capable of coordinating international maritime services;

· TLO-3: To implement a User Focussed Programme. The Objective is to understand and respond to present and future needs of the maritime service industry and ensure that the services provided to users meet these requirements, including content, delivery timeliness and quality. A key priority for the JCOMM SPA is to provide mechanisms and services that engage the user community in JCOMM discussions, plans and activities and to manage user feedback on all aspects of JCOMM.
· TLO-4: To working effectively with Members/Member States. The Objective is to keep under review and to respond to the requirements of Members/Member States for guidance in the implementation of their duties and obligations with regard to marine services, in particular those specified in the WMO Manual on Marine Meteorological Services (WMO-No. 558);
· TLO-5: To encourage the pull-through scientific and technical expertise to operational systems. The Objective is to build on international scientific and technical excellence to better meet the needs of the international maritime service industry by developing the preparation and dissemination of ocean products and services;
· TLO-6: To develop and maintain communications across JCOMM  and ‘join up’ the SPA. The Objective is to integrate the internal cross-programme area activities of JCOMM, with international regional/global efforts and with that of others to increase efficiency and capability including the relevant programmes of WMO and IOC (e.g., DPM, WWW, WCP, GOOS, GCOS), as well as with other organizations such as IMO, IHO, IMSO and ICS in the provision of marine services and information;
· TLO-7: To build appropriate capacity within JCOMM. The Objective is to build appropriate capacity within JCOMM to make the most of international collaboration to share marine meteorological and oceanographic knowledge, infrastructure and services for the benefit of the Maritime community.
The role of observations within the SPA
In situ, satellite and visual observations form a critical component for all JCOMM services. Observations are required to constrain MetOcean forecast systems through initialization and assimilation systems, for independent verification and validation of MetOcean forecast systems, in situ observations are required as a necessary component of the satellite observing system for verification and in some cases, calibration, of the satellite observations, observations are also required for climate monitoring in their own right.

The JCOMM Services programme area has a task set out by the Commission at the 2nd Session to provide a comprehensive Observations Requirement document for the current portfolio of services it has technical coordination responsibility for.  This is prioritized in Action Item 6 of the Services Programme Area Workplan as follows:
	6
	Paragraph 4.2.2, 11.2.11 and 11.2.13
	Ensure that a clear set of observational data requirements to support marine meteorological and operational oceanographic products and services are finalized.

Include a clear reference to the activities and  requirements of DRR and DPM activities within the URD.

DRR=Disaster Risk Reduction

DPM=Disaster Prevention and Management
	SPA Coordinator, SCG, ETMSS, ETMAES, ETWS, ETSI
	Intersessional
	High
	Prepare a document on Observation Requirements for JCOMM Services 
	Open


This document constitutes a version 1.0 of the SPA Observations requirements document and is submitted to the Observations Programme Area Coordination Group for review and feedback.  A version 2.0 of the document will be developed during the remainder of this JCOMM Intercessional period.
Structure of the SPA Observations Requirements Document (ORD)
The ORD is split into the following sections which have been prepared by the appropriate Expert Teams working within the SPA.  These are:

· ET on wind Waves and Storm Surges (ET-WS)

· ET on Sea Ice (ET-SI)

· ET on Maritime Safety Services (ET-MSS)

· ET on Marine Accident and Emergency Support (ET-MAES)

· In addition, recognizing the rapid developments in operational MetOcean Forecast systems, a final entry to the document considers weather and water environmental monitoring.

The ORD has a separate section for each of the above headings and contains a slightly different approach to each area in terms of the style of reporting.  The OCG is requested to consider the information provided and its presentation and format and to provide comments and suggestions as to the preferred format of the information reported.  A version 2 of the ORD will be developed for the JCOMM-III Commission in 2009.

General Observational requirements for MetOcean forecast systems

(From NOAA-NCEP Environmental Modeling centre)
Purple shading highlights atmospheric requirements, pink climatological requirements and green ocean requirements.
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	0 
	5000 
	m 
	 
	40 
	m 
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	25
	km 
	 
	0 
	360 
	deg 
	 
	5 
	deg 
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Offshore
	 
	tbs 
	tbs 
	tbs 
	tbs 
	tbs 
	tbs 
	 
	25
	km 
	 
	0 
	360 
	deg 
	 
	5 
	deg 
	 
	1 
	hr 
	 
	15 
	min 
	 
	tbs 
	tbs 
	tbs

	Ocean Waves: Period 
	2 
	T 
	Coastal 
	 
	sfc*
	sfc*
	sfc*
	sfc*
	na 
	m 
	 
	2 
	km 
	 
	0 
	30 
	sec 
	 
	0.25
	sec 
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Coastal 
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	1
	km 
	tbs
	0
	30
	tbs 
	tbs
	0.25
	tbs 
	tbs
	30
	min
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: Period 
	2 
	T 
	Offshore
	 
	sfc*
	sfc*
	sfc*
	sfc*
	na 
	m 
	 
	25
	km 
	 
	0 
	30 
	sec 
	 
	0.25
	sec 
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Offshore
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	25
	km 
	tbs
	0
	30
	sec 
	tbs
	0.25
	tbs 
	tbs
	1 
	hr 
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: Significant Wave Height 
	2 
	T 
	Coastal 
	 
	sfc*
	sfc*
	sfc*
	sfc*
	0 
	m 
	 
	2 
	km 
	 
	0
	30 
	m 
	 
	5
	%
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Coastal 
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	1
	km 
	tbs
	0
	30
	m 
	tbs
	5
	%
	tbs
	30
	min
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: Significant Wave Height 
	2 
	T 
	Offshore
	 
	sfc*
	sfc*
	sfc*
	sfc*
	0 
	m 
	 
	25
	km 
	 
	0
	30 
	m 
	 
	5
	%
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Offshore
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	25
	km 
	tbs
	0
	30
	m 
	tbs
	5
	%
	tbs
	1 
	hr 
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: 1D Freq Spectral Data
	2 
	T 
	Coastal 
	 
	sfc*
	sfc*
	sfc*
	sfc*
	0 
	m 
	 
	2 
	km 
	 
	0
	10000
	m **2
	.03-1Hz
	20
	%
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Coastal 
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	1
	km 
	tbs
	0
	10000
	m **2
	.03-1Hz
	10
	%
	tbs
	30
	min
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: 1D Freq Spectral Data
	2 
	T 
	Offshore
	 
	sfc*
	sfc*
	sfc*
	sfc*
	0 
	m 
	 
	25
	km 
	 
	0
	10000
	m **2
	.03-.2Hz
	20
	%
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Offshore
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	25
	km 
	tbs
	0
	10000
	m **2
	.03-.2Hz
	10
	%
	tbs
	1 
	hr 
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: 2D Freq, Direction Spectral Data
	2 
	T 
	Coastal 
	 
	sfc*
	sfc*
	sfc*
	sfc*
	0 
	m 
	 
	2 
	km 
	 
	0
	360
	deg 
	.03-1Hz
	20
	%
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Coastal 
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	1
	km 
	tbs
	0
	360
	deg 
	.03-1Hz
	10
	%
	tbs
	30
	min
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs

	Ocean Waves: 2D Freq, Direction Spectral Data
	2 
	T 
	Offshore
	 
	sfc*
	sfc*
	sfc*
	sfc*
	0 
	m 
	 
	25
	km 
	 
	0
	360
	deg 
	.03-.2Hz
	20
	%
	 
	1 
	hr 
	 
	15 
	min 
	 
	5 
	deg 
	tbs

	
	
	O 
	Offshore
	tbs
	sfc*
	sfc*
	sfc*
	sfc*
	tbs 
	tbs 
	tbs
	25
	km 
	tbs
	0
	360
	deg 
	.03-.2Hz
	10
	%
	tbs
	1 
	hr 
	tbs
	tbs 
	tbs 
	tbs
	tbs 
	tbs 
	tbs


* Sea Surface Height Data latency estimation represents processed data.  100km along-track average, quasi-global coverage every 10 days.
sfc* = surface only for wave observations

Horizontal resolution: Waves are observed either for a given point averaged in time, in which case this is a pure point observation with no spatial resolution, but with a time averaging interval (typically 20 min), or it is a snapshot averaged over spate, thus instantaneously. In that case offshore T = 25km O = 10km coastal T = 2km O = 1km

Measurement accuracy: Wave height and period are too large for systematic errors, are more representative for random errors. Suggest 0.25s for period and 0.1m or 5% for wave height.

Sampling interval: Here we have the issue between time averaged  (buoy) or space average (remote) observations again. For the point observations, offshore sampling of 1h is fine, coastal 1h is reasonable, 30min is better. Might make that a T = 1h O = 30min. For the remote data, this is hard to define. as spatial resolution in validation can be traded for time resolution. Here T might be daily, O would be to resolve the tidal period 1-3 hours.

Data latency. For modeling, the crux is that these data can get into the modeling system. The standard accepted latency for that is 3 hours. (For forecaster use, much smaller values might be pushed).

Long term stability: Set identical to data accuracy.

What is really missing here is the need for spectral wave data. This should probably be two new entries in the table, the first being 1-D frequency spectra, the second being 2-D frequency-direction spectra, again with a footnote "or equivalent wavenumber spectra".

Measurement range: 0-10,000 m**2 s for both. Frequencies of 0.03 to 1Hz, directions 0-360 degree. Threshold for frequencies 0.03-0.2Hz resolving at least deep ocean swells.

Measurement accuracy : T=20% for spectral densities, O=10%, integral wave height of spectrum as for significant wave height.

V = Value, U = Units, W = Weight

Observation requirements for Marine Accident and Emergency Response(revised by ETMAES, ETMAES-I meeting, Brazil)

Basic principles

· Nowcast, forecast (short and medium-term), and short-term archive weather, oceanographic and sea-ice information should be made available for the incident site.

· Regional models should be used to ensure coverage of MPERSS areas.

· Optimal use should be made of the combination of in situ and remotely sensed observations together with numerical models (preferably with data assimilation where available).

· Priority focus should be on the high risk areas of coastline, shipping routes, ports, navigation hazards or regions that are known as major problem areas for shipping or oil production/exploration platforms.

· Fast communication of metocean data and numerical model outputs is essential for MPEROAs across the MPERSS regions.

· Effective electronic data communications methods should be established for MPEROAs.

· The data must be in a form that meets user requirements in quality, accuracy and presentation needs as specified by ETMAES.

· Spill models should be ground-truthed using observations to ensure the accuracy and performance and to assist in the refinement of algorithms. 

· Procedures should be in place for an NMS to provide the required information as quickly as possible when a request is received.

· Routine weather, oceanographic and sea-ice bulletins should be provided in addition to the response to a request for more specific advice.

Activities requiring environmental information

The particular activities that require environmental information input for specific applications are:


A.  Vessel and crew safety and support:

To ensure safety of life and reduce the potential of further pollution following an incident, MetOcean information will be required for:

· A1: Crew safety and evacuation

· A2: Drifting of a vessel

· A3: Salvage operations

· A4: Cargo removal and lightering


B.  Pollution at sea (including oil, chemicals and cargo containers)
This can be addressed through spill and drift trajectory modelling using fixed or dynamic MetOcean data. The trajectory models to be used vary in complexity, cost and depending upon the geographic area of need, with different input data requirements e.g. open sea (primarily influenced by ocean currents and winds) or near shore (influence of tidal conditions and winds).
Knowledge of the chemical, physical and biological properties of the pollutant from the beginning of the incident is essential for prediction of the outcome. The extent of weathering of the pollutant at sea affects the choice of response procedures to be used to combat the spill. The primary function in response to these incidents is to determine:

· B1: 3-dimensional movement direction and speed 

· B2: 3-dimensional spreading and dispersion of the pollutant

· B3: Weathering of the pollutant

· B4: Stranding of the pollutant

C.
Support for Marine Pollution Emergency Response Operation Authorities (MPEROAs)

MPEROAs will require both archived and real-time MetOcean information to support the planning and carrying out of field operations in response to incidents. The activities to be supported include:

· C1: Planning (scenario development)

· C2: Logistics/equipment (limitations of use under certain sea states)

· C3: Recording of response actions and decision support information


D.  SAR operations

Response to SAR cases may involve some or all of the following activities requiring support:

· D1: Planning based on pre-incident voyage 

· D2: Prediction of drift trajectories

· D3: Search effort allocation

· D4: Search operations 

· D5: Account for previous search effort

· D6: Decision to stop the case

E.  Preparedness for, and response to algae blooms

Preparedness for response to the occurrence of algae blooms depends upon the provision of indicators of the risk of blooms. The response to algae blooms depend upon knowledge of ocean transport and the evolution of the bloom itself. Operations carried out in response to a bloom may include relocating aquaculture and restricting access to bathing waters. The activities that require MetOcean data inputs are:

· E1: Identification of conditions conducive to blooms

· E2: Direction of further monitoring

· E3: Determine spreading and landfall of the bloom

· E4: Operations in response to the bloom

MetOcean parameter requirements

Table 1 contains details of the MetOcean data requirements for each of the tasks that are required to be undertaken in response to incidents. It should be noted that requirements for sea-ice and iceberg information are only applicable for operations in ice infested waters.

Requirements for data latency and updating frequency, together with temporal and spatial sampling requirements will depend upon the nature and location of a particular incident. 

Table 2 provides details of sources typically used to meet particular data requirements. This table is not intended to provide an exhaustive list. Field data sources refers to observed data other than that measured by satellite. Optimal use should be made of the combination of data from the different sources. [Advice required from a HAB expert to complete Table 2]

	Response activity
	Environmental information requirement

	A. Vessel safety and support
	A1: Crew safety and evacuation


	Sea state

Surface winds 

Visibility 

	
	A2: Drifting of the vessel


	Surface winds

Surface and near-surface currents

Sea state

Sea ice

Bathymetry / shoreline

	
	A3: Salvage operations


	Surface winds 

Sea state 

Sea ice

Lightning

Surface and near-surface currents

Visibility

Bathymetry / shoreline

	
	A4: Cargo removal and lightering
	Surface winds

Sea state

Sea ice

Lightning 

Visibility

Bathymetry / shoreline

	B. Pollution at sea

	B1: Movement direction and speed


	Surface winds

3D ocean currents

Sea state

Sea ice

Ocean density

	
	B2: Spreading of the pollutant


	Surface winds

3D ocean currents

Sea state

Sea ice

Ocean density

Bathymetry / shoreline

	
	B3: Weathering of the pollutant
	Sea state

Precipitation

Air temperature

Sea temperature

Ocean density

	
	B4: Stranding of the pollutant
	3D ocean currents

Bathymetry / shoreline

	C. Support for MPEROAs


	C1: Planning (scenario development)


	Surface winds

Sea state

Surface / tidal currents

Sea-ice

Bathymetry / shoreline

	D. 
	C2: Logistics / equipment (limitations of use under certain sea states)
	Sea state

Sea ice

Surface winds

	E. 
	C3: Recording of response actions and decision support information for cost recovery.
	Data as used in the response as appropriate

	D. SAR operations


	D1: Planning based on pre-incident voyage 
	Sea state

Ice accretion

Sea ice

	
	D2: Prediction of drift trajectories
	Surface winds    

Surface currents

Sea state

Bathymetry / shoreline

Sea ice

	
	D3: Search effort allocation


	Surface and upper air winds

Sea state

Sea ice

Visibility

Cloud cover

	
	D4: Search operations 


	Surface winds

Sea state

Visibility

Sea surface temperature

Surface air temperature

Sea ice

	
	D5: Account for previous search effort
	Surface winds

Sea state

Visibility

Cloud cover

Sea ice

	
	D6: Decision to stop the case
	Surface winds

Sea state

Sea surface temperature

Surface air temperature

Sea ice  

	E. Preparedness for, and response to algae blooms
	E1: Identification of conditions conducive to blooms
	[Advice required from a HAB expert]

	
	E2: Direction of further monitoring
	[Advice required from a HAB expert]

	
	E3: Determine spreading and landfall of the bloom
	[Advice required from a HAB expert]

	
	E4: Operations in response to the bloom
	[Advice required from a HAB expert]


Table 1:  MetOcean data requirements

	Parameter
	Field data sources
	Satellite data sources
	Numerical model and analysis data sources

	Sea state


	Wave buoys.

Ship observations.

Oil platforms.

Coastal HF radar.
	Satellite altimetry (wave height data). 

Synthetic Aperture Radar data. 
	Wave model analysis and forecast systems

	Surface wind


	Moored buoys.

Drifting buoys. 

Ship observations.

Oil platforms.
	Scatterometer data.

Satellite altimetry.
	NWP analysis and forecast systems.

	Surface and sub-surface currents


	Drifting buoys. 

Moored buoys.

Current profilers.

Coastal HF radar.
	Satellite altimetry (surface only).
	Ocean analysis and forecasting systems.

Surface current analysis systems.

	Lightning
	Lightning detection systems.
	Satellite-based detection.
	

	Visibility
	Ship observations.

Coastal Stations.
	
	NWP analysis and forecast systems.

	Sea ice


	Ship observations.

Coastal stations.

Ice mass balance buoys.


	AMSR / SSM/I / AVHRR satellite data. 

Satellite altimetry.

Synthetic Aperture Radar data.

Scatterometer data.
	Ice chart.

Coupled ocean - sea-ice - atmosphere analysis and forecast systems.

	Precipitation


	Ship observations.

Coastal stations.

Oil platforms. 

Weather radar.
	
	NWP analysis and forecast systems.

	Air temperature
	Ship observations.

Coastal stations.

Oil platforms.

Moored buoys (surface only)

Drifting buoys (surface only)
	
	NWP analysis and forecast systems.

	Ocean temperature and density
	Argo floats.

Ship observations.

Moored buoys.

Drifting buoys.
	
	Ocean analysis and forecast systems.

	Ice accretion
	Ship observations.
	
	NWP analysis and forecast systems.

	Cloud cover
	Ship observations.

Coastal stations.

Oil platforms.
	Passive radiometry satellite data. 

Geostationary satellite data.
	NWP analysis and forecast systems.

	Sea surface temperature


	Argo floats.

Ship observations.

Moored buoys.

Drifting buoys.
	Infrared satellite data.

Microwave satellite data.
	SST analysis systems. 

Ocean analysis and forecast systems.

	Surface air temperature
	Ship observations.

Moored buoys.

Drifting buoys.
	
	NWP analysis and forecast systems.

	Bathymetry / shoreline
	Aerial photographs.
	Satellite imagery.
	Bathymetric chart data.

Gridded bathymetric datasets. 


Table 2:  Sources of Metocean data

Guide to Marine Meteorological Services (WMO-No. 471)

2.3
Meteorological services in support of maritime search and rescue
2.3.1
Maritime search and rescue
Under the GMDSS, Rescue Coordination Centres (RCCs) are responsible for coordinating search and rescue of ships in distress in each SAR region (links to IMO COMSAR to review issues). The success of a search and rescue operation depends to a large extent on the meteorological and oceanographic information available to the RCC. Survivors may be aboard an open small boat which will drift with the wind, waves, tides and currents and search areas may be extensive if the position of the survival craft is not known with any degree of accuracy. It may be extremely difficult to see a small craft in conditions of poor visibility.

The use made of meteorological and oceanographic information by a RCC is shown in the relevant extracts from the IMO Search and Rescue Manual reproduced at Annex 2.F of this Chapter.

2.3.2
Marine meteorological supporting services

The procedures which should be followed when providing marine meteorological and oceanographic services to maritime search and rescue operations are described in Volume I, Part I, paragraph 3.2 of the Manual on Marine Meteorological Services.

In an emergency situation, meteorological and oceanographic information will be required quickly and procedures should be in place for an NMS to provide the required information to an RCC as quickly as possible when a request is received. This requires the RCC to be kept informed of the addresses of relevant forecasting centres and the available means of communication. It is recommended that there is agreement between the NMS and the RCC on the standard format of the information that is required. This saves time when a request is initiated. The parameters required are described in detail in [refer to Annex here]. Alongside general meteorological forecasts, specific MetOcean data requirements can be summarized as:
· Sea-state

· Icing

· Surface winds    

· Surface / tidal currents

· Visibility

· Cloud cover

· Sea surface temperature

· Surface air temperature

· Atmospheric pressure

· Sea ice
It is useful practice to supply the RCC with routine weather and sea bulletins, so that, in an emergency, the RCC has at least a general forecast of the weather and oceanographic conditions in the area while waiting for the response to a request for more specific advice. On many occasions, when the weather is benign, the routine bulletins will be sufficient for RCC purposes.

ENVIRONMENTAL DATA NEEDS FOR PLANNING MARITIME SEARCHES

by Mr Arthur A. Allen, U.S. Coast Guard, Office of Search and Rescue

1.
Meteorological and oceanographic conditions affect all aspects of a Search and Rescue (SAR) case, from planning where to search to the rescue operation itself.  This note focuses on the environmental data needed for search planning.  When a call comes into a Rescue Coordination Center, the SAR controllers try to determine as much information about the incident as possible.  Most SAR cases are simple from the planning aspect.  They involve determining the nature of the incident and then rendering the appropriate assistance.  Each year, there are many cases that are far more complicated and require many hours of searching to locate the survivors.  

These cases encompass the full breath of the SAR mission and the full range of required environmental data.

2.
Planning response to complex SAR cases contains the following steps:

1) Pre-Incident Voyage:  Often, the only information a SAR planner has is the time and location of the start of the voyage, intended destination and type of craft.  This simple information can be combined with environmental data to develop possible scenarios of when the vessel may have met with hazardous sea or flight conditions, providing clues to where the incident might have occurred.  Ice conditions (vessel and aircraft), sea height and steepness, wind speed or barometric pressure, strong tidal currents and the possibility of rouge waves are all indicators of hazardous sea or flying conditions.  The SAR controller must know these conditions from the time the voyager was last known to be safe, usually the start of the voyage up until the present time, when it is assume he is in trouble, covering the his entire intended track and possible alternates routes.  From this information the SAR planner can take what is known and unknown about the pre-incident voyage and the possible location and time of the incident and determining possible initial starting scenarios.

2) Drift Trajectories:  The survivors and survivor’s craft are freely drifting with the sea currents and wind from the time of the incident until they are rescued or reach land.  Drift trajectories are calculated from the earliest possible time of the scenario to the time when search units complete the planned search.  SAR drift algorithms use winds fields adjusted to the 10-meter level under neutral stability conditions and the sea surface current fields as measured between 0.3 and 1.0 meters depth.  The relative contributions to drift from wind and current are approximately equal, however, accurately determining the direction of the winds and the sea currents are critical to the estimates of total displacements of the survivors from their initial positions.  The Norwegian Met Institute (DNMI) calculates drift trajectories of large disabled vessels (e.g., tankers, freighters) using the 10-m wind, sea surface current and the wave spectrum (see http://drivgjen.dnmi.no./handbook/index.html for a complete description).  Of all the meteorological and oceanographic parameters required for Search and Rescue, 10-meter winds and sea surface currents are the most critical to successfully locating survivors.  It is therefore, these fields that are most directly connected to SAR planning software systems.

3) Search Effort Allocation:  The optimal estimation of search effort is determining the most affective search patterns for each search unit, given limited on scene search time.  For most common searches (daytime visual searches from a vessel or aircraft), the visibility, wind speed, sea height and cloud ceiling are need for the search area.  The parameters need to estimate the search effectiveness of helicopter crews searching at night with night vision goggles (NVG’s) are: moon visibility and phase; percent cloud cover, visibility; significant wave height and whitecaps.  Significant wave  height  is  the  only  parameter  required  for  vessels  searching  with  NVG’s.
Searching with radar or electronic optical / infrared sensors will require an additional set of meteorological parameters, however, the Coast Guard is not presently set up to accept this information.

4) Search Operations: Safe and effective operations of rescue vessels and aircraft are also dependent on knowing the conditions en route to the search area, the expected conditions at the search area and the transit back to base.  For vessels and aircraft, the primary factor for safe operations is sea state and to lesser extent; wind speed, visibility and precipitation.  Helicopter hosting operations are very dependent on sea state.  Rescue pilots and marine operators of surface search units require standard meteorological and oceanographic forecasts.

5) Account for Previous Search Effort:  If the survivors are not located, the process returns to steps 1 or 2 and continues on through to step 4 until the survivors are located or the case is suspended.

6) Stopping the Case:  The desired outcome is to find and rescue the survivors.  Unfortunately, in some cases this is not possible, and active searching for survivors must be suspended.  Survival models are used to help predict the maximum length of time a person can survive in water.  The Cold Exposure Survival Model (CESM version 2.2) is one such model, which predicts the core temperature of survivors and provides estimates of survival time in cold water.  The two primary environmental inputs into CESM are sea surface air and water temperatures (AST and SST); with general indication of; wind speed, relative humidity and sea state.

3.
The primary (P) and secondary (S) meteorological and oceanographic parameters needed for planning SAR cases are summarized in Table 1.

Table 1

Meteorological and Oceanographic Parameters Needed for Planning Maritime Searches

(P primary data required)

(S Secondary data required)

	SAR Steps
	Environmental Parameters



	
	Winds
	Currents
	SST
	AST
	Waves
	Visibility
	Cloud cover 
	Icing

	Pre-Incident Voyage
	
	
	
	
	P
	
	
	P

	Drift Trajectories
	P
	P
	
	
	S
	
	
	

	Search Effort Allocation
	S
	
	
	
	S
	P
	S
	

	Search Operations
	P
	
	S
	S
	P
	P
	
	P

	Account for Previous Searches
	S
	
	
	
	S
	P
	S
	

	Stopping the Case
	S
	
	P
	P
	S
	
	
	


Observation Requirements for wind waves and storm surges

Introduction

The purpose of this document is to specify the requirements for surface wave observations that arise from offshore wave forecast modelling and related activities. The document aims to present the foreseen requirement for the medium to long term (present out to c. 10 years ahead). The requirement has been prepared in consultation with the JCOMM Expert Team on Wind Waves and Storm Surges.

It should be noted that this document presents the requirements for observations, without addressing the availability or otherwise of suitable technical solutions to deliver those observations. The technical solution best able to meet the requirements will depend upon the variety of observing platforms available with consideration of practicalities and costs.

The observation requirements are presented as follows: firstly, a brief description of the applications for which the data are required is given, including indications of any particular issues or priorities relating to the application. Secondly, the table of requirements is specified (Table 1). Within the table the requirements for temporal and spatial sampling, accuracy and timeliness are specified. In each case two values are given:
· Min: the value below which the observation does not yield any significant benefit for the application in question;
· Max: the value above which no further significant benefits would be obtained.

Spatial sampling and temporal frequency entries are based upon point data at the specified spacing, reporting with the specified frequency. Thus a requirement of 100km and 24 hours is taken to mean point observations spaced 100km apart each reporting once every 24 hours. In practice, however, it should be noted that the actual representativeness of the observations will vary between platforms, and the requirement for representativeness of the observations will depend upon model resolution. More specifically, for maximum benefit observations with a footprint smaller than a model grid box, and with temporal averaging smaller than a model timestep will deliver the maximum benefit.

For applications with other quantitative requirements of particular importance, these additional requirements are noted in the table.

Finally, the implications of these requirements in terms of particular observing platforms are presented (Table 2). This table is intended to provide guidance as to how best to meet the requirements given the current observing technology.

Applications

The applications included within the scope of this document are those related to offshore wave forecast modelling. Particular applications are:

1.
Assimilation into offshore wave forecast models
This application includes assimilation into both global and regional scale offshore wave models, and the requirements can be sub-divided accordingly. Assimilation is currently largely based around use of satellite observations. Altimeter wave height observations provide the most straightforward data set to use, and would generally be used alongside associated wind speed observations. SAR derived wave spectra can also be used, but present more technical challenges. In situ  measurements  are  currently  too  sparse  in  the  open ocean to  be of particular value, but could potentially provide higher accuracy observations to complement (and correct for biases in) the satellite observations. In general, the availability of observations with some spatial coverage (e.g. HF radar data, swath data) would offer significant benefits for assimilation though the ability to fully initialise features on a range of scales.  

The requirements for observations for assimilation are dependent upon the resolution of the models employed, with a need to constrain model evolution across the model grid, and in particular a need for sufficient resolution to capture the synoptic scales. Current global model resolutions are typically of the order of 30-100km, with regional model resolutions down to 3-4km (with a natural progression to higher resolution expected). Coastal models require different observing methods to those used for the open ocean due not only to their high resolution, but also due to limitations of the satellite data close to land, hence for these models systems such as coastal HF radar are of particular importance. The real-time nature of the assimilation application together with the rapid response time of sea state parameters to changes in winds makes timeliness a priority.

2.
Validation of wave forecast models
The requirements for validation are driven by two main activities: real-time validation, with requirements very closely related to those for assimilation; and delayed mode validation, with requirements that place greater emphasis on accuracy, and more relaxed timeliness requirements. Requirements for the former, which is generally focussed on rapid validation of performance for particular events, are therefore included with those for data assimilation. Requirements for the latter, which is typically concerned with statistical measures of performance, are presented as a distinct category.

In situ buoy data are currently the key data source for validation due to their accuracy and the availability of spectral data, particularly for delayed mode validation. Due to the dependence of the wave forecasts on surface winds, there is also significant value from use of collocated surface wind data in validation activities. However, spatial sampling of buoy data does not currently meet the requirement for validation of offshore wave models, and in consequence altimeter data are also widely used for validation of point data. As with the assimilation application, availability of observations with some spatial coverage would provide significant benefits through provision of a more spatially homogeneous validation.

Again, requirements are dependent upon model resolution, though the required sampling is less dense than is required for assimilation. The key requirement, however, is to ensure that the sampling is sufficient to include a representative sample of different physical regimes globally. There is a strong requirement for improved coverage of high quality spectral observations, especially to improve representation of swell in wave forecast models.

3.
Calibration / validation of satellite wave sensors
Whilst the satellite instruments clearly have the potential to provide observations with synoptic global coverage, the quality and usability of these observations is dependent upon good calibration of the satellite sensors. This can only be achieved through use of a sufficiently dense network of accurate in situ measurements. Point data are required for validation of altimeter wave measurements, whilst spectral data are required for use with SAR derived wave spectra.

Sampling requirements are similar to those for validation of forecast models, with the additional consideration that buoy observations located along satellite ground tracks would be of particular value. Accuracy is of greater importance than timeliness for this application.

4.
Ocean wave climate and variability
Determination of ocean wave climate requires a long timeseries of stable data, with sufficient sampling to capture the physical regimes of the global ocean. This application therefore involves additional requirements: stability and sustainability of the observing platform. In situ measurements provide the natural source for such a time series of data, though the open ocean in situ sampling is currently inadequate for this purpose.  Satellite observations can provide complementary information, but cannot be used in isolation without the in situ observations. Timeliness is not a consideration for this application.

5.
Role of waves in coupling
Investigation of the role of waves in coupling requires collocated observations of a wider range of parameters than is required for the other observations, most notably air-sea flux measurements. Spatial sampling could be restricted to a small number of open ocean locations to allow processes to be studied in detail. Again, timeliness is not a consideration for this application.

This application differs from the other applications in that the work in this area is generally focussed around dedicated process studies, rather than routine monitoring. Hence the requirements are more specific to particular studies, and in general are not likely to be addressed by the same platforms as the routine observation requirements. 
	Application
	Parameter
	Unit
	Area
	Horizontal Resolution (km)
	Temporal frequency (hours)
	Accuracy
	Delay of Availability (hours)
	Decadal Stability
	Remarks

	
	
	
	
	Min
	Max
	Min
	Max
	Min
	Max
	Units
	Min
	Max
	
	

	(a) Assimilation into / real-time validation of global wave forecast models
	(1) Significant wave height
	m
	Global
	60
	5
	24
	0.1
	10%  0.25m
	2%

0.1m
	% / m
	6
	No delay
	 
	 Data with spatial coverage would be advantageous. Collocated surface wind data advantageous for real-time validation 

	
	(2) Dominant wave direction
	degrees
	Global
	60
	5
	24
	0.1
	22.5
	5 
	degrees
	6
	No delay
	 
	 

	
	(3) Wave period
	s
	Global
	60
	5
	24
	0.1
	1
	0.1
	s
	6
	No delay
	 
	 

	
	(4) 1D frequency spectral wave energy density
	 m2 / Hz
	Global
	300
	25
	24
	0.1
	20%
	10%
	 
	6
	No delay
	 
	

	
	(5) 2D frequency direction spectral wave energy density
	 m2 / Hz
	Global
	300
	25
	24
	0.1
	20%
	10%
	 
	6
	No delay
	 
	Directional accuracy requirements for 2D spectra as for wave direction data.

	(b) Assimilation into / real-time validation of regional wave forecast models
	(1) Significant wave height
	m
	Regional
	20
	0.1
	24
	0.1
	10% 0.25m
	2%

0.1m
	% / m
	6
	No delay
	 
	 Strong requirement for data with spatial coverage. Collocated surface wind data advantageous for real-time validation.

	
	(2) Dominant wave direction
	degrees
	Regional
	20
	0.1
	24
	0.1
	22.5
	 5
	degrees
	6
	No delay
	 
	 

	
	(3) Wave period
	s
	Regional
	20
	0.1
	24
	0.1
	1
	0.1
	s
	6
	No delay
	 
	 

	
	(4) 1D frequency spectral wave energy density
	m2 / Hz 
	Regional
	100
	 1
	24
	0.1
	20%
	10%
	 
	6
	No delay
	
	

	
	(5) 2D frequency direction spectral wave energy density
	m2 / Hz 
	Regional
	100
	 1
	24
	0.1
	20%
	10%
	 
	6
	No delay
	 
	 

	(c) Delayed mode validation of wave forecast models
	(1) Significant wave height
	m
	Global
	1000
	50
	240
	6
	10% 0.25m
	1%

0.05m
	% / m
	720
	24
	 
	 

Priority is increased coverage of high quality spectral observations. 

Additional parameters of use for delayed mode validation (e.g. surface wind data, full time series of sea surface elevation)

	
	(2) Dominant wave direction
	degrees
	Global
	1000
	50
	240
	6
	22.5
	1
	degrees
	720
	24
	 
	

	
	(3) Wave period
	s
	Global
	1000
	50
	240
	6
	1
	0.1
	s
	720
	24
	 
	

	
	(4) 1D frequency spectral wave energy density
	m2 / Hz 
	Global
	1000
	50
	240
	6
	20%
	10%
	 
	720
	24
	
	

	
	(5) 2D frequency direction spectral wave energy density
	m2 / Hz 
	Global
	1000
	50
	240
	6
	20%
	10%
	 
	720
	24
	 
	

	(d) Calibration / validation of satellite wave sensors
	(1) Significant wave height
	m
	Global
	1000
	10
	24
	1
	10% 0.25m
	1%

0.05m
	% / m
	720
	24
	 
	Collocation with satellite ground tracks advantageous



	
	(2) Dominant wave direction
	degrees
	Global
	1000
	10
	24
	1
	5
	1
	degrees
	720
	24
	 
	

	
	(3) Wave period
	s
	Global
	1000
	10
	24
	1
	1
	0.1
	s
	720
	24
	 
	

	
	(4) 1D frequency spectral wave energy density
	 m2 / Hz
	Global
	1000
	100
	24
	1
	20%
	10%
	 
	720
	24
	
	

	
	(5) 2D frequency direction spectral wave energy density
	 m2 / Hz
	Global
	1000
	100
	24
	1
	20%
	10%
	 
	720
	24
	 
	

	(e) Ocean wave climate and variability
	(1) Significant wave height
	m
	Global
	1000
	100
	24
	6
	10% 0.25m
	1%

0.05m
	% / m
	720
	24
	0.01m
	 

Wave climate applications may rely on nearshore wave modelling. Hence validation data for use in nearshore wave models is an additional requirement for climate applications.  

 

 

	
	(2) Dominant wave direction
	degrees
	Global
	1000
	100
	24
	6
	22.5
	1
	degrees
	720
	24
	1.0 degrees
	

	
	(3) Wave period
	s
	Global
	1000
	100
	24
	6
	1
	0.1
	s
	720
	24
	0.05s
	

	
	(4) 1D frequency spectral wave energy density
	 m2 / Hz
	Global
	1000
	100
	24
	6
	20%
	10%
	 
	720
	24
	
	

	
	(5) 2D frequency direction spectral wave energy density
	 m2 / Hz
	Global
	1000
	100
	24
	6
	20%
	10%
	 
	720
	24
	 
	

	(f) Role of waves in coupling
	(1) Significant wave height
	m
	Global
	1000
	10
	6
	0.5
	10% 0.25m
	1%

0.05m
	% / m
	720
	24
	 
	Additional collocated measurements required. Process studies likely to require dedicated dense sampling in small regions, and sampling to higher frequency than routine monitoring. Wave observations should be included routinely in studies of air-sea interaction.

	
	(2) Dominant wave direction
	degrees
	Global
	1000
	10
	6
	0.5
	22.5
	1
	degrees
	720
	24
	 
	

	
	(3) Wave period
	s
	Global
	1000
	10
	6
	0.5
	1
	0.1
	s
	720
	24
	 
	

	
	(4) 1D frequency spectral wave energy density
	 m2 / Hz
	Global
	1000
	10
	6
	0.5
	20%
	10%
	 
	720
	24
	
	

	
	(5) 2D frequency direction spectral wave energy density
	 m2 / Hz
	Global
	1000
	10
	6
	0.5
	20%
	10%
	 
	720
	24
	 
	


Table 1:  Observations requirements

	Platform
	Relevant requirements
	Required network
	Comments

	In situ (non-spectral) buoys
	a1, c1, d1, e1, f1 

a3, c3, d3, e3, f3

c4, d4, e4, f4
	Validation requirement is for average 10º spacing requiring a network of around 400 buoys with minimum 10% / 25cm accuracy for wave height and 1 second for wave period. 

Higher density would be advantageous for data assimilation.

Standardised measurements and meta data are essential to ensure consistency between different stations.

Provision of 1D spectra from buoys with suitable instrumentation is valuable. 
	Primary requirement is for high quality observations for validation and calibration of altimeter data. Secondary requirement for use in assimilation. Lack of open ocean buoy observations currently makes assimilation on a global scale unfeasible. Improvement to the network would make this viable, and a potential primary requirement. 

An (approximately) uniform distribution of buoy observations is desirable.

Collocated surface wind observations are advantageous for validation activities. Further additional parameters are of value for use in delayed mode validation.

Current in situ reports are not standardised resulting in impaired utility. 

	In situ spectral buoys
	c5, d5, e5, f5
	Validation requirement is for average 10º spacing requiring a network of around 400 buoys.

Higher density would be advantageous for assimilation.
	Primary requirement is for high quality observations of 2D spectra for use in validation and in calibration of SAR data. At present this type of data are not widely available, and in consequence validation and calibration activities of this type are not common. Secondary requirement for use in assimilation.

	Satellite altimeter


	a1, b1, c1, e1

a3, b3, c3, e3


	Minimum 20km resolution required for use in regional models. Along track spacing is likely to be adequate to meet this requirement; cross-track spacing is not. Multiple altimeters are therefore required to provide adequate cross track sampling. Fast delivery (within 6 hours at most) required with accuracy of 10% / 25cm for wave height, and 1 second for wave period. Long-term, stable time series of repeat observations required for climate applications.
	Primary requirements arise from data assimilation. Secondary requirement for use in validation. Swath data would be advantageous. 

Precise specification of wave period products is required.

	Synthetic aperture radar / Real aperture radar
	a5, b5, c5
	100km resolution required for use in regional models, with fast delivery required (within 6 hours)
	Primary requirements arise from data assimilation. Secondary requirement for use in validation.

Real aperture radar capability expected to be available within 5 years.

	Coastal radars
	b1, b2, b3

c1, c2, c3
	High resolution observations (up to 100m resolution) required over coastal model areas.  
	Requirement for use in assimilation into, and validation of high resolution coastal wave models.

	Other technologies:

(e.g. Navigation radar,

Other radar, Shipborne sensors such as WAVEX)
	all
	Potential contribution of these platforms should be developed where they can contribute to meeting the specified requirements.
	


Table 2: Implications for particular observing platforms

Observation requirements for sea ice services

The Expert Team on Sea Ice (ETSI) at its 3rd session reviewed the observational and sea ice information requirements for its applications. The Team agreed that maintenance of complete and up to date requirements is essential for the provision of relevant and high-quality marine services. 

To proceed with this exercise, the ETSI identified three sets for requirements developed during the periods of 2003-2006 by the Experts of the International Ice Charting Working Group (IICWG) in collaboration with the ETSI, GCOS SST & SI, as well as other national experts:

· “National Operational Ice Information Requirements” (from “An International Collaborative Effort towards Automated Sea Ice Chart Production”, www.nsidc.org/noaa/iicwg/presentations/IICWG_white_paper_final.doc, also included in the ETSI-II Session Report);
· “Observational Requirements for Key Ice Features/Optimum Future Value” (from “Ice Information Services: Socio-Economic Benefits and Earth Observation Requirements”; prepared for the Group on Earth Observation (GEO) and Global Monitoring for Environment and Security (GMES), September 2004, http://nsidc.org/noaa/iicwg/pdf/IICWG_GEO_Paper_4.pdf);
· “Summary of Current/Planned Capabilities and Requirements for Space-based Remote Sensing of Sea Ice and Iceberg Parameters” and “Summary of Current/Planned Capabilities and Requirements for lake and river ice parameters” (from: “IGOS Cryosphere Theme - Report of the Cryosphere Theme Team”, version 1.0r4, 13 March 2007, source: http://stratus.ssec.wisc.edu/cryos/documents.html).

The ETSI noted that these stated documents had been presented at SCG-III.  SCG then agreed to include relevant information in the SPA URD.  The Team also noted that requirements for climate applications as well as both satellite and in situ data were  considered in the tables. 

The ETSI also considered the completeness and relevance of these documents and agreed on the following:

(i) Some deficiencies were noted in the tables and the team agreed that they could be improved.  For example, tactical requirements should be for more than 6 hours as far as temporal resolution in order to match the spatial resolution. Also, in Antarctic region, geo-referencing within the charts is important and some differences between products have been noted because of the moving ice in Antarctica.
(ii) The three sets of requirements need to be revised by an ad hoc task team in such a way that they would eventually provide for the ETSI vision in terms of marine operations requirements, NWP, and climate applications.
(iii) Requirements for additional floating ice parameters, in particular for dynamic processes and snow on ice, would have to be considered.
(iv) Contribute to: (i) the SPA User Requirement Document (URD) and (ii) to the WMO CEOS database via submission of appropriate information to the CBS ET-EGOS.
(v) A Statement Of Guidance (SOG) for Sea Ice Applications needs to be developed and provided to the SPA Coordinator for inclusion in the JCOMM SOG in addition to the existing JCOMM applications SOGs (i.e. marine services, and ocean mesoscale forecast).

The Team therefore decided to establish an ad hoc task team comprised of Dr Vasily Smolyanistky (ETSI Chair), Mr Jonathan Shanklin (United Kingdom), Dr Soren Andersen (GCOS SST&SI Representative), Mr Paul Seymour (USA), tasked to: (i) refine the requirement tables, (ii) draft SOG for Sea Ice Applications, and (iii) prepare a new document containing the SOG, any required additional information, and the new updated tables (Action: ad-hoc tast team with May-June 2007 as target date). The WMO Secretariat was asked to provide examples of JCOMM SOG and requirements information from the WMO CEOS database (Action: WMO Secretariat).

National Operational Ice Information Requirements

(White Paper on “An International Collaborative Effort Towards Automated Sea Ice Chart Production”, Appendix B.  Prepared for the International Ice Chart Working Group, April, 2003)

	Ice information requirement
	Spatial resolution*
	Temporal resolution*
	Description

	
	Strategic
	Tactical
	Strategic
	Tactical
	

	Ice/water boundary or Ice edge
	5 km
	<1 km
	Daily
	6 hours
	In case of a diffuse ice edge, the CIS defines the ice/water boundary as 10% ice concentration

	Ice concentration
	+/- 10%

Requires resolution <100m
	+/- 5% requires

Resolution <25m


	Daily
	6 hours
	Percentage of ice covered area. Ice concentration is a key parameter in the WMO egg code (reference).

	Stage of development (e.g. new, thin, first-year, and multi-year ice)
	50-100 m
	<20 m
	Daily
	6 hours
	Ice classes are defined by WMO (reference).

	Iceberg detection
	<50m
	<5 m
	Daily
	Hourly
	Detection and tracking, possibly classification of type (reference).

	Presence and location of leads (open water)
	50-100 m

Similar to ice conc.
	<20 m
	Daily
	6 hours
	Leads and polynyas

	Ice thickness
	5 km for average thickness over an area to +/- 20% of total thickness
	<100m to determine average and maximum thickness (including rafting) over an area to +/- 10% of total thickness 
	2x/week
	Daily
	Important for navigation and/or loads on structures

	Ice topography and roughness
	<50m to determine extent of ridging; need average ridge heights to within +/- 20% 
	<10m to determine mean and maximum ridge heights to within +/- 10%
	Daily
	6 hours
	Presence, location and height of ridges.

Roughness indicated by concentration of ridges (in % or in number per unit area) plus average height (or total thickness) of ridges 

	Ice decay state (or, more specifically, Ice strength)
	20 km for average strength over an area to +/- 20% of total strength
	5 km for average strength over an area to +/- 10% of total strength
	Weekly
	Daily
	Identification of melt onset and ponding

	Snow properties (e.g. thickness, wetness/density)
	5 km for average snow depth to +/- 20% and density to??? %
	1 km for average snow depth to +/- 10% and density to??? %
	Weekly
	Daily
	To determine hull friction for ship resistance – also important for ice strength


Observational Requirements for Key Ice Features/Optimum Future Value (Current Threshold Value)

(from “Ice Information Services: Socio-Economic Benefits and Earth Observation Requirements”, prepared by the IICWG, latest update September-October 2006).

	Parameters

	Marine Operations

	Weather Forecasting Regional NWP
	Climate Monitoring
and Science

	Ice Extent – relative edge location 

Ice Edge Location - absolute
	-

± 50m-100m  (750m)
	5km (50km)

-
	15km (50km)

-

	Ice Concentration Accuracy

Ice Concentration Range
	±10% (±20%)

5% - 100%
	5% (50%)

5% - 100%
	5%  (50%)

5% - 100%

	Ice Stage of Development  -probability of correct ice typing

Ice Stage of Development                

Ice Thickness
	90% (70%)


Distinguish new, young, first-year and multi-year ice

10cm (20cm-50cm)
	-


-

50cm  (100cm)
	-

-


50cm (100cm)

	Fast Ice Boundary

Forms of Floating Ice - floe diameter
	Same as for ice edge

10m (50m-100m)
	Same as for ice edge

-
	Same as for ice edge

-

	Leads/Polynas 
	25m width (250m)
	-
	1% of ice area  (10%)

	State of Decay - % area of meltponds
	10%  (50%)
	10% (-)
	5%  (25%)

	Sea Ice Topography - ridge height
	1m (2m)
	2m (-)
	-

	Ice Motion Accuracy

Ice Motion Range
	± 1km/day

0-50 km/day
	-
	± 1km/day

0-50 km/day

	Icebergs – max. waterline dimension
	25m (-)
	-
	-

	River Ice Extent – relative edge location

River Ice Edge Location Accuracy  -absolute
	3m-10m

3m (10m)
	-

-
	-

-

	River Ice Concentration Accuracy

River Ice Concentration Range
	5% (20%)

5% -100%
	-

-
	-

-

	Timeliness
	< 1 hr  (3-6 hr)
	< 1 hr (3-6 hr)
	-

	Sampling Frequency
	 24 hr  (48 hr)
	1 day  (7 days)
	3 days  (7-30 days)

	Geographic Coverage
	North of 30o north and

 south of 45 o south
	North of 30o north and

south of 45 o south
	North of 30o north and

 south of 45 o south


Adapted from: CEOS Ice Hazards Report, 2001

· WMO Satellite Observational Requirements

· WCRP Satellite Observational Requirements

· GMES - Polar View 

· Data Needs and Availability Prospectus

· Global User Needs Directory

· Core User Needs Dossier

· GMES - ICEMON

· Data Needs and Availability Prospectus

· Global User Needs Directory

· Core User Needs Dossier

Summary of Current/Planned Capabilities and Requirements for Space-based Remote
Sensing of Sea Ice and Iceberg Parameters 

(from: IGOS Cryosphere Theme – Report of the Cryosphere Theme Team, version 1.0r4, 13 March 2007)

Codes are as follows: C = Current Capability, T = Threshold Requirement (Minimum necessary), O= Objective Requirement (Target), L = Low end of measurement range, U = Unit, H = High end of measurement range, V = Value, cl = climate, op = operational. 

Table B.2. Summary of current/planned capabilities and requirements for sea ice parameters.
	Parameter


	C

T

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Extent/Edge
	Ccl

Cop
	NA
	NA
	km
	15

0.1
	km
	15

0.1
	km
	1

3
	day
	AMSR

VIR, SAR, AUV

	
	T
	NA
	NA
	km
	10
	km
	10
	km
	1
	day
	CMIS

	
	Ocl

Oop
	NA
	NA
	km
	5

0.1
	km
	1-5

0.1
	km
	1

1
	day
	CMIS, 

SAR, AUV

	Concentration
	Ccl

Cop
	15

0
	100
	%
	5-20
	%
	15
	km
	1
	day
	AMSR, VIR,

SAR, AUV

	
	T
	0
	100
	%
	<10
	%
	15
	km
	1
	day
	

	
	O
	0
	100
	%
	<5
	%
	10
	km
	1
	day
	CMIS,

SAR, AUV

	Leads/polynyas
	Ccl

Cop
	0

0
	100

indet.
	%

km2
	5-20

0.1
	%

km2
	15

0.5
	km
	1

1
	day

week
	AMSR, 

SAR, AUV

	
	T
	
	
	
	
	
	
	
	
	
	

	
	Ocl

Oop
	0

0
	100

indet.
	%

km2
	5

0.1
	%

km2
	10

0.1
	km
	1

1
	day
	MODIS, PM, AUV

	Stage of Development 

(Ice Age)
	Ccl

Cop
	0
	100
	%
	5-20
	%
	15
	km
	1
	day
	SSMI, VIR, Scat, SAR

	
	T
	0
	100
	%
	<10
	%
	15
	km
	1
	day
	SAR

	
	Ocl

Oop
	0
	100
	%
	<5
	%
	10
	km
	1
	day
	SAR

	Motion1
	Ccl

Cop
	0
	100
	km day-1
	5

0.5
	km day-1
	25

1
	km
	1

3
	day
	AMSR2

SAR2, buoys

	
	T
	0
	100
	km day-1
	3
	km day-1
	25
	km
	1
	day
	SAR

	
	Ocl

Oop
	0
	100
	km day-1
	1

0.5
	km day-1
	1

0.1
	km
	1

1
	day
	More freq. SAR, improved MIZ performance

	Thickness
	Ccl

Cop
	0
	10
	m
	0.5

10
	m

%
	0.5

0.5 
	km
	0.5

1
	year

week
	ICESat

op ice charts, mass balance buoys, AUV

	
	T
	0
	10
	m
	
	
	
	
	
	
	

	
	Ocl

Oop
	0
	10
	m
	0.1

10
	m

%
	25

0.5
	km
	1

1
	mnth

day
	sat. altimeter, mass balance buoys, AUV

	Ridge Height, Concentration
	Ccl

Cop
	0
	10
	m
	-
	m
	
	
	
	
	SAR

	
	T
	0
	10
	m
	2
	m
	
	
	
	
	SAR

	
	Ocl

Oop
	0
	10
	m
	1
	m
	
	
	
	
	SAR

	Snow Depth on Ice
	Ccl
	0
	100
	cm
	10-20
	cm
	15
	km
	1
	day
	AMSR

	
	T
	0
	100
	cm
	5
	cm
	10
	km
	1
	day
	CMIS

	
	Ocl
	0
	100
	cm
	2
	cm
	5
	km
	1
	day
	CMIS

	Melt Onset, Duration of Melt
	Ccl
	1
	365
	doy
	4
	day
	15
	km
	1
	day
	AMSR, Scat

	
	T
	1
	365
	doy
	2
	day
	15
	km
	1
	day
	

	
	Ocl
	1
	365
	doy
	1
	day
	10
	km
	1
	day
	

	Surface Characteristics

(albedo, meltpond, dust, snow properties, temperature)3
	Ccl
	0
	100
	%
	10
	%
	1
	km
	1
	day
	MODIS, but not currently produced, AUV

	
	T
	0
	100
	%
	10
	%
	1
	km
	1
	day
	

	
	Ocl
	0
	100
	%
	1-5
	%
	0.5
	km
	1
	day
	

	Volume/Mass Flux
	Ccl
	
	
	
	
	
	
	
	
	
	Derived from motion, thickness, concentration

	
	T
	
	
	
	
	
	
	
	
	
	

	
	Ocl
	0
	indet.
	km3 day-1
	1
	km3 

day-1
	25
	km
	1
	day
	


1Velocity measurement, range and errors are for each orthogonal component. 2Antarctic measurements of much lower quality than Arctic and have limited usefulness. 3Range and errors for albedo and meltpond concentration.  Other parameters listed not yet regularly observed.  There is overlap of these products with products in snow chapter and albedo/temperature chapter.

Table B.3. Summary of current/planned capabilities and requirements for lake and river ice parameters.

	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Concentration
	C
	
	
	%
	
	%
	100-1
	m- km
	1
	w
	Radarsat, AVHRR, OLS

	
	T
	0
	100
	%
	10
	%
	100
	m
	1
	d
	e.g. AMSR-E, SAR, optical

	
	O
	0
	100
	%
	5
	%
	30
	m
	1
	d
	SAR, optical

	Ice areal extent (and open water area)1
	C
	
	
	km2
	
	%
	250-500
	m
	1
	d
	MODIS 

	
	T
	
	
	km2
	10
	%
	100
	m
	1
	d
	SAR, optical

	
	O
	
	
	km2
	5
	%
	30
	m
	1
	d
	SAR, optical

	Freeze-up and break-up date /ice cover duration2


	C
	
	
	JD/d
	1
	d
	point
	
	
	a
	In situ obs.

	
	T
	
	
	JD/d
	2
	d
	100
	m
	1
	a
	SAR, optical, 

	
	O
	
	
	JD/d
	1
	d
	30
	m
	1
	a
	

	Thickness
	C
	0
	5
	m
	2
	cm
	point
	
	1-2
	w
	In situ obs.

	
	T
	0
	3
	m
	5
	cm
	100
	m
	1
	w
	SAR, passive mw

	
	O
	0
	5
	m
	2
	cm
	10
	m
	1
	d
	

	Snow depth on ice
	C
	0
	1
	m
	2
	cm
	point
	
	1-2
	w
	In situ obs.

	
	T
	0
	.8
	m
	5
	cm
	100
	m
	1
	w
	SAR, passive mw

	
	O
	0
	1
	m
	2
	cm
	10
	m
	1
	d
	

	Areal extent of floating and grounded ice1
	C
	
	
	km2
	
	%
	10
	m
	1
	w
	SAR

	
	T
	
	
	km2
	10
	%
	5
	m
	1
	w
	SAR

	
	O
	
	
	km2
	5
	%
	3
	m
	1
	w
	

	River ice jams and dams1
	C
	
	
	km2
	
	%
	0.5
	m
	1
	h
	Aerial survey

	
	T
	
	
	km2
	10
	%
	10
	m
	1
	d
	SAR, optical

	
	O
	
	
	km2
	5
	%
	3
	m
	1
	d
	

	Flooding extent caused by jams and dams1
	C
	
	
	km2
	
	%
	10
	m
	1
	w
	e.g. Radarsat

	
	T
	
	
	km2
	10
	%
	5
	m
	1
	d
	SAR, optical

	
	O
	
	
	km2
	5
	%
	3
	m
	1
	d
	

	River icings (aufeis) 1
	C
	
	
	km2
	
	%
	15-30
	m
	2
	m
	e.g. Landsat, ASTER, SAR

	
	T
	
	
	km2
	10
	%
	10
	m
	1
	w
	SAR, optical



	
	O
	
	
	km2
	5
	%
	3
	m
	1
	w
	


1 The measurement range is not specified because the size (km2) of the parameter can be very variable.  2 Freeze and break-up dates are expressed in Julian Days while ice duration is in days. The measurement range is not specified because the dates and number of days can be highly variable and some lakes at higher latitudes can have a perennially ice cover.

_________________

� Maritime Safety Systems Observational requirements are essentially covered by the other ET and sections of this document noting the requirement for better sea state (for modeling and verification) and visibility information.





