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VISION FOR THE GOS
Review Inputs to Preparation of Revised Vision of the GOS in 2025
(Submitted by Dr John Eyre, ET-EGOS Chairperson, UK Met Office)
	Summary and Purpose of Document
The document provides a summary on the activities of the Expert Team on Evolution of the Global Observing System (ET-EGOS), as regard to the preparation of a draft Vision for the GOS in 2025 for consideration by the ICT-IOS (Geneva, Switzerland, from 15 to 18 September 2008).




ACTION PROPOSED


The Meeting is invited to note the information contained in this document when considering a revised version of a draft Vision for the GOS in 2025 for consideration by the 
ICT-IOS
____________
Appendix: 
Vision for the GOS in 2025 (Draft)

VISION FOR THE GOS IN 2025
1.
At the ET-EGOS-3 (Geneva, Switzerland, from 9 to 13 July 2007), we prepared a first draft of the “Vision for the GOS in 2025”.  This version was circulated to other CBS/IOS Expert Teams and to a number of other stakeholders.  By 1 March 2008, I had received substantial input from the WMO Space Programme, from the ET-SAT/SUP and from a few other sources.  On the basis of these comments, I prepared a new draft (dated 2 March 2008), which was circulated to other CBS/IOS ETs and to some members of the ET-EGOS with a request for comments.  This version then received a wider circulation in the context of the 5th meeting of the ET-AWS (Geneva, Switzerland, from 5 to 9 May 2008). 
2.
I received comments on the version dated 2 March 2008 from many people – thanks to all who responded.  On the basis of this input, I have produced a new draft (dated 11 June 2008) – (see Appendix).

3.
I am particularly grateful to Jochen Dibbern for his suggestions for restructuring the material in section 4.2.  I have adopted his structure and content, and introduced suggestions from others on top of this.  I am also very grateful to Ari Meskanen (Vaisala) for offering considerable detailed material for sections 3 and 4.2.  I have either adopted his suggestions or added his proposed material at the end of the new draft, under “Other items for considerations” where I have also placed other interesting ideas and suggestions for consideration by the ET-EGOS.

4.
The new draft still has a number of deficiencies.  I have highlighted in red those I am aware of.
4.1
Section 3 (the surface-based component) is much improved but still relatively immature compared with the space-based section.  In particular we need to decide:

-
which land surface systems to include, and at what level of detail; and
-
how to structure the section on land hydrology, and the details of observed variables.
In the latter case, I received some very good input from Wolfgang Grabs concerning the deficiencies on the current observing systems (i.e., a gap analysis) but we need to turn this into a “Vision”, (i.e., a statement of the observing system we expect to see in 2025), which balances challenge against feasibility.
4.2
Concerning observations of atmospheric composition, we need to make suitable references to the GAW strategy.

4.3
In response to comments concerning the scope of the GOS, and bearing in mind current activities to integrate the GOS with other observing systems, we need to consider whether this “Vision” should be titled “GOS” or “WIGOS”.  This is not a technical issue and we will need guidance from the Chairperson of the OPAG IOS on this question.

4.4
Section 4.2 is much improved, but there are still a few gaps to be filled and questions to be resolved.

4.5
At the end, there are several “Other items for consideration”.  We need to consider them, and decide on which to include and how.

5.
In addition to its status as an input document for the ET-EGOS-4, I also will be sending this version to all those who provided helpful comments on earlier versions and to some other stakeholders for further review.  In this way, I hope we can obtain further useful review in advance of the ET-EGOS-4.
6.
I hope we can make further progress at the ET-EGOS-4 and produce a revised version of sufficient maturity that it can be sent for consideration by the ICT-IOS in September 2008 in preparation for the CBS meeting in March 2009.
____________

DRAFT

11 June 2008

VISION FOR THE GOS IN 2025

1.
General trends and issues
Response to user needs
· The GOS will provide comprehensive observations in response to the needs of all WMO Members and Programmes, including input to forecasts and warnings in support of disaster detection, mitigation and prevention;
· It will continue to provide effective global collaboration in the making and dissemination of observations, through a composite and increasingly complementary system of observing systems;
· It will provide observations when and where they are needed in a reliable, stable, sustained and cost-effective manner;
· It will respond to user requirements for observations of specified spatial and temporal resolution, accuracy and timeliness; and,
· It will evolve in response to a rapidly changing user and technological environment, based on improved scientific understanding and advances in observational and data-processing technologies.

Integration
· The GOS will evolve to become part of the WIGOS, which will integrate current GOS functionalities, which are intended primarily to support operational weather forecasting, with those of other applications: climate monitoring, oceanography, atmospheric composition, hydrology, and weather and climate research.
Expansion
· There will be an expansion in both the user applications served and the variables observed;
· This will include observations to support the production of Essential Climate Variables, adhering to the GCOS climate monitoring principles;
· Sustainability of new components of the GOS will be secured, with some R & D systems integrated as operational systems;
· The range and volume of observations exchanged globally (rather than locally) will be increased; and,
· Some level of targeted observations will be achieved, whereby additional observations are acquired or usual observations are not acquired, in response to the local meteorological situation.

Automation
· The trend to develop fully automatic observing systems, using new observing and information technologies will continue, where it can be shown to be cost-effective;
· Access to real-time and raw data will be improved; and,
· Observational data will be collected and transmitted in digital forms, highly compressed where necessary.  Data processing will be highly computerised.
Consistency and homogeneity

· There will be increased standardisation of instruments and observing methods;
· There will be improvements in calibration of observations and the provision of metadata, to ensure data consistency and traceability to absolute standards;
· There will be increased interoperability, between existing observing systems and with newly implemented systems; and,
· There will be improved homogeneity of data formats and dissemination via the WIS.
____________

2. 
The space-based component
	Platform:
	Instruments:
	Observed variables:

	Operational geostationary satellites.
At least 6, nearly equally spaced
	Vis / IR imagers


	Cloud amount, type, top height/temperature; wind (through tracking cloud and water vapour features); sea / land surface temperature; precipitation; aerosols; snow cover; vegetation cover; atmospheric stability; fires

	
	IR hyperspectral sounders 

	Atmospheric temperature, humidity; wind (through tracking cloud and water vapour features); sea / land surface temperature; cloud amount and top height / temperature; atmospheric composition

	Operational polar-orbiting sun-synchronous satellites.
3 orbital planes (~13:30, 17:30, 21:30 ECT) 
	IR hyperspectral sounders 
	Atmospheric temperature, humidity and wind; sea / land surface temperature; cloud amount, water content and top height / temperature; atmospheric composition

	
	MW sounders
	

	
	Vis / IR imagers


	Cloud amount, type, top height / temperature; wind (high latitudes, through tracking cloud and water vapour features); sea / land surface temperature; precipitation; aerosols; snow and ice cover; vegetation cover; atmospheric stability

	Additional operational missions in appropriate orbits

	MW imagers – at least 3 – some polarimetric
	Sea ice; total column water vapour; precipitation; sea surface wind speed [and direction]; precipitation; cloud liquid water

	
	Scatterometers - at least 2
	Sea surface wind speed and direction; sea ice; soil moisture

	
	UV sounders - at least 2
	Ozone and other atmospheric composition variables; aerosols
[? Remove this row? – include in atmospheric composition?]

	
	Radio occultation constellation – at least 6
	Atmospheric temperature and humidity; ionospheric electron density

	
	Altimeter constellation
	Ocean surface topography; sea level; ocean wave height; lake levels

	
	IR dual-angle view imager
	Sea surface temperature (of climate monitoring quality); aerosols; cloud properties

	
	Narrow-band Vis / NIR imager
	Ocean colour; vegetation (including burnt areas); aerosols; cloud properties

	
	High-resolution VIS/IR imagers – constellation
	Land-surface imaging for land use and vegetation

	
	Active and passive MW instruments - constellation
	Precipitation



	
	Broad-band Vis / IR radiometer + total solar irradiance sensor - at least 1
	Earth radiation budget (supported by imagers and sounders on polar-orbiting and geostationary satellites)


	
	Atmospheric composition instruments – constellation
	Ozone; other atmospheric chemical species; aerosols – for greenhouse gas monitoring, ozone/UV monitoring, air quality monitoring [include link to GAW vision?]

	
	Synthetic aperture radar
	Wave heights, directions and spectra; oil spills; floods; other hazards; earthquake and faults monitoring; sea ice leads; damage assessment; ice shelf and icebergs

	Capability on 
R & D satellites and operational pathfinders

including:
	Doppler wind lidar on LEO
	Wind; aerosol; cloud-top height [and base]

	
	Low-frequency MW radiometer on LEO
	Ocean surface salinity; soil moisture

	
	MW imager / sounder on GEO
	Precipitation; cloud water / ice; atmospheric humidity and temperature

	
	Lightning imager on GEO
	Lightning, location of intense convection \

	
	Vis / IR imagers on satellites in highly elliptical orbit (HEO)
	Winds and clouds at high latitudes; sea ice
[are we confident these really fill a gap and that they will really be implemented?]

	
	Gravimetric sensors
	Water volume in lakes, rivers, ground, etc.

	
	Others? – to be discussed
	Three-dimensional cloud water / ice fields; sea and land ice topography; flood monitoring


3. 
The surface-based component
	In situ observations:

	Land – upper-air
	Upper-air synoptic stations: rawinsondes / radiosondes:

- RBSN, plus GUAN and GRUAN
	Wind, temperature, humidity, pressure

	
	Aircraft
	Wind, temperature, pressure, [humidity], turbulence, icing, thunderstorms, dust / sandstorms, volcanic ash / activity

	
	Ozone sondes
other atm. composition?
	Ozone [link to GAW vision?]

	Land – surface
	Surface synoptic stations:  GSN, …?
	Surface pressure, temperature, humidity, wind; visibility; cloud amount, type and base-height; precipitation; weather; snow cover; solar radiation (visible and UV); soil temperature

	
	Surface climate stations
	Surface pressure, temperature, humidity, wind; visibility; cloud amount, type and base-height; precipitation; weather; snow cover; solar radiation; soil temperature [check this list]

	
	Road weather stations
	Temperature, wind, humidity, state of ground

	
	Atmospheric composition stations
	Ozone, other variables? [link to GAW vision?]

	
	Others?
-airport / heliport weather stations

-rail and port weather stations

-agromet stations

-urban weather stations
	?

	Land – hydrology
	Hydrological reference stations
	?

	
	Precipitation and snow stations
	Precipitation, snow depth, snow water content, …?

	
	Discharge, stream and sediment discharge stations
	?

	
	Ice measurements on lakes and lakes
	?

	
	Ground water stations
	Ground water measurements

	
	Water quality stations
	?

	
	Stream/water gauges
	Water level, water flow

	
	?
	Soil moisture, soil temperature

	Ocean – upper air
	Rawinsondes / radiosondes:

Automated ship aerological programme [dropsondes?]
	Wind, temperature, humidity, pressure

	Ocean – surface
	Synoptic sea stations (ocean, island, coastal and fixed platform)
	Surface pressure, temperature, humidity, wind; visibility; cloud amount, type and base-height; precipitation; weather; sea-surface temperature; wave direction, period and height; sea ice

	
	Ships
	Surface pressure, temperature, humidity, wind; visibility; cloud amount, type and base-height; precipitation; weather; sea surface temperature; wave direction, period and height; sea ice

	
	Buoys – moored and drifting
	Surface pressure, temperature, humidity, wind; visibility; sea surface temperature; wave direction, period and height

	
	Ice buoys
	Surface pressure, temperature

	
	Tide stations
	Sea water height, surface air pressure, wind, salinity, water temperature

	Ocean – sub-surface
	Profiling floats
	Temperature, salinity, current

	
	Others?
	

	Remotely-sensed observations:

	
	Weather radar
	Precipitation (hydrometeor distribution, size, phase), wind (radial component), humidity (from refractivity), [sand and dust storms]

	
	Profilers (radar, lidar, radiometer)
	Wind, cloud base, cloud water, temperature, humidity, aerosols

	
	Lightning detection systems
	Lightning, location of intense convection

	
	GNSS receivers
	Total column water vapour

	
	Sun photometers
	Aerosol optical depth


4.
System-specific trends and issues

4.1
Space-based

· There will be an expanded community of space agencies contributing to the GOS;
· There will be increased collaboration between space agencies, to ensure that user requirements for observations are met in the most cost-effective manner, and that system reliability is assured through arrangements for mutual back-up;
· Observational capability demonstrated on R & D satellites will be progressively transferred to operational platforms, to assure the reliability and sustainability of measurements;
· R & D satellites will continue to play an important role in the GOS; although they cannot guarantee continuity of observations, they offer important contributions beyond the current means of operational systems.  Partnerships will be developed between agencies to extend the operation of functional R & D and other satellites to the maximum useful period;
· Some user requirements will be met through constellations of satellite, often involving collaboration between space agencies.  Expected constellations include: altimetry, precipitation, radio occultation, atmospheric composition and Earth radiation budget;
· Atmospheric composition [Link to the GAW strategy]; and,
· Improved availability and timeliness will be achieved through operational cooperation among agencies.
4.2
Surface-based

· The surface-based GOS will provide:
· improved detection of mesoscale phenomena, such as severe storms, lightning, moisture, and clouds;
· data that cannot be measured by space-based component;
· data for calibration and validation of space-based data;
· enhanced data exchange of regional scale observing data and product from weather radar, hydrological networks, etc.;
· high vertical resolution profiles from radiosondes and other ground based remote-sensing systems;
· improved data quality with defined standards on availability, accuracy and quality control; and,
· long-term datasets for the detection and understanding of environmental trends and changes to complement those derived from space-based systems.

· Radiosondes networks will:
· be optimised, particularly in terms of horizontal resolution which will decrease in data-dense areas;
· maintain the GUAN subset of stations for climate monitoring;
· include a GCOS Reference Upper-Air Network (GRUAN) to serve as a reference network for other radiosonde sites, for calibration and validation of satellite records, and for other applications; and,
· be complemented by the aircraft (AMDAR) ascent / descents profiles and other ground-based profiling systems.
· Aircraft observing systems (AMDAR)
· will be integrated into the broader observing framework;
· will be available from most airport locations, including those regions not currently well covered (Africa, South America and parts of Asia);
· flight-level and ascent / descent data will be available at user-selected temporal resolution;
· will observe humidity, in addition to temperature, pressure and wind;
· will also be developed for small [regional?] aircrafts with flight levels in the mid-troposphere and providing ascent / descent profiles into different airports.
· Land-surface observations systems
· will come from a wider variety of surface networks (e.g., road networks) and multi-application networks; and,
· will include the GSN subset of surface stations for climate monitoring.
· Surface marine observations
· from drifting buoys, moored buoys, ice buoys and Voluntary Observing Ships will complement satellite observations;
· will be improved in timeliness through reliable and cost efficient satellite data communication systems; and,
· [more from the JCOMM?].
· Ocean sub-surface observing technology will be improved, including cost‑effective multi‑purpose in situ observing platforms and ocean gliders.
· Remote-Sensing observing systems:
· Weather radar systems will provide enhanced precipitation products but with increased data coverage.  They will increasingly provide information on other atmospheric variables, such as radial winds, refractivities, and polarisation information to aid data quality and to derive precipitation phase.  There will be much improved data consistency and new radar technology.  Collaborative multi-national networks will deliver composite products.
· Profilers will be developed and used by more applications.  A wider variety of technologies will be used, including lidars, radars and microwave radiometers.  These observing systems will be developed into coherent networks and integrated with other surface networks.
· GNSS (e.g., GPS, GLONASS and GALILEO) receiver networks, for observing total column water vapour, will be extended.
· Lightning detection systems

· Long-range lightning detection systems will provide cost-effective, homogenized, global data with a location accuracy of about 2 km, significantly improving coverage in data sparse regions including oceanic and polar areas.
· High-resolution lightning detection systems with a location accuracy of about 500 m, cloud to cloud and cloud to ground discrimination for special applications.
· Surface-based observations of hydrological variables will contribute.
· Surface‑based observations of atmospheric composition (complemented by balloon‑ and aircraft-borne measurements) will contribute to an integrated three‑dimensional global atmospheric chemistry measurement network, together with a space-based component.  New measurement strategies will be combined to provide near real time data delivery. [Link to GAW strategy]

***

Other items for consideration

4.1

· Improved calibration (e.g., via GSICS); and,
· Surface wind – relative merits of scatterometry and passive polarimetric radiometry

4.2

· More meteorological observing platforms will be shared by instruments for different applications, and more meteorological observations will be performed on “platforms of opportunities”, or using some infrastructures which have been set up for non-meteorological purposes;
· Mesoscale observations responding increasingly to the needs of NWP – changes focus on variables to be measured;
· In response to economic and other pressures, there will be:

· a broader range of station siting;
· a broader range of instrumentation quality;
· less uniformity in networks; and,
· increased attention to IT security.

· Others systems? – Arctic systems, systems in mountainous areas?;
· Siting criteria for instrumentation will be aligned with occurrence or origin of phenomena, especially taking into account the possibility to increase early warning capability of the observing network;
· As an increasing number of people live in urban environment, more physiology-oriented measurements and stations will be needed (statistical data from non grass covered surfaces, wind at 0.1-2.0 m height, etc…);
· Upper-air stations - largely automated - adaptive soundings; and,
· GNSS stations - geophysical usage of atmospheric data (especially atmospheric pressure, radio soundings) at / nearby permanent geodetic observation sites will be increasing. Increasing number of the GNSS stations integrated to tidal / ocean weather stations to support need of global high-quality sea level data.
____________

