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The purpose of this implementation plan is to outline the key activities to be implemented during the period 2012 to 2025 aiming at maintaining and developing all WMO component observing systems. These systems have a collective identity as the WMO Integrated Global Observing System (WIGOS). The objective is to address the observational requirements of WMO weather/climate/water applications in the most cost-effective way. These components will also make major contributions to the Global Earth Observation System of Systems (GEOSS) and to the Global Framework for Climate Services (GFCS). Some of those activities relate to co-sponsored observing systems, and will have to be undertaken in close cooperation with partner organizations.
Observations support an increasingly wide range of applications in monitoring, and forecasting of the atmosphere, of the oceans and land surfaces, at different time scales. These activities support an increasing range of services addressing socio-economical benefits. User requirements have become more stringent and new requirements have appeared with respect to these applications. The observation requirements have become increasingly stringent and their evolution increasingly rapid, as applications have progressed rapidly. More observation systems serve both real-time and non-real time needs. Requirements for observations related to the WMO-IOC-UNEP-ICSU Global Climate Observing System (GCOS) and to the GFCS are expected to increase as well. In some cases, important improvements could be obtained by simply distributing in a timely manner observations which are already made for other purposes.

The actions developed in the present EGOS-IP are the results of several ongoing WMO activities,  conducted in close cooperation with world experts in relevant disciplines:

· the “Vision for the Global Observing System (GOS) in 2025”, approved by EC-LXI (Geneva, 2009), which provides high-level goals to guide the evolution of global observing systems in the coming decades;

· the “Rolling Review of Requirements” (RRR) which has been carried out for several years.  It compares observing systems capabilities with the user requirements in 12 different WMO application areas, and provides a “Statement of Guidance” (SoG) to identify key gaps. 

· the results of impact studies, including observing system experiments, and observing system simulation experiments in some application areas;

The WIGOS vision is taken into account in this plan. It responds to the WIGOS Implementation Plan (WIP), and calls for an integrated, coordinated and comprehensive observing system to satisfy in a cost-effective manner the evolving requirements of WMO Members in delivering their weather, climate, water and related environmental services. With respect to this vision an important requirement is the standardization in three key areas:

· the instruments and methods of observations;

· data exchange through the WMO Information Services (WIS);

· data management according to the principles of  the Quality Management Framework (QMF).

Agents for implementation

For the surface-based observing systems the implementation actions rely mainly on national agencies such as National Meteorological Services (NMS) or National Meteorological and Hydrological Services (NMHS), although in several cases, in-situ observing networks are implemented by non-meteorological institutes or agencies in the context of an international programme or within a strong international cooperation. In some cases the networks are funded for research purposes and their sustainability is therefore a concern.

For the space-based observing systems, the agents are sometimes national agencies operating satellites for research and/or operational purposes, and sometimes some multi-national agencies which are specialized in space observations.

For both surface and space-based systems, the level of international cooperation needed is high, justifying  the existence of several international programmes sponsored or co-sponsored by WMO in partnership with other international organizations. 

For land-based in-situ observing networks, the design and development is often carried out through the WMO Regional Associations (RAs) which have a key coordination role in their respective regions, in collaboration with the WMO Technical Commissions (TCs), primarily (but not only) the Commission for Basic Systems (CBS). Concerning ocean in-situ observing networks, the Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology (JCOMM) is involved for all the observing systems making marine meteorological measurements at the surface, as well as oceanographic measurements at the ocean surface or at depth. For space-based observing systems, the role of RAs is less important because of the general tendency of the satellite observation to be global and less regional than in-situ observing networks. But the role of WMO is equally important, and WMO works in close cooperation the space agencies through the Coordination Group for Meteorological Satellites (CGMS) and the Committee On Earth Observation Satellites (CEOS).




Over-arching and cross-cutting actions

In order to meet user needs, actions have to be taken to transfer some research-based observing systems, where they are mature and cost-effective, to an operational status. The changes to existing systems and the development of new systems have to be assessed continuously with the observation users. This is particularly important for several ocean observing systems which are currently maintained by research funding with limited durations. For some observing systems, improved cost-effectiveness is likely to be achieved through an adaptive mode which seeks to vary the observation set according to the meteorological situation. 

The integrating role of WIGOS is important for the development of the 2025 Vision of the GOS. It is necessary to invite all operators producing observations to adhere to the WIS and WIGOS standards. The continuity and consistency of data records for the key components of the observing system are also essential for many users.

Data policy actions have to be taken to guarantee the continued availability of all essential observational data to all WMO Members, and to ensure a continued adherence to WMO data sharing principles irrespective of the data origin, including data produced by commercial entities.

By 2025, technical developments will result in more automated procedures, much bigger data volumes, and much higher data flow to be transmitted in real-time. Actions are needed to make sure the WIS capacities will be able to handle the observation volume, the observation flow, and also to make sure the radio frequencies needed for WIGOS are protected. In developing countries this implies establishing capacity building strategies.

Surface-based observing system

In order to meet the different user requirements, many surface-based observing systems could be made more efficient without necessarily having to produce more observations. This can be realized  by processing and exchanging more data, for example in the following ways:

· a global exchange of all hourly data which can be used in global applications, and a promotion of global exchange of sub-hourly data in support of relevant application areas;

· an exchange between different user communities (according to WIGOS standards) of observations coming from the atmosphere, ocean and terrestrial observing systems, with different pre-processing levels when needed.

The upper-air observing systems can be improved through various actions on radiosondes, aircraft data and profilers, such as:

· making the upper-air global data coverage more uniform when considering all the observation systems together;

· making a special effort to maintain isolated radiosonde sites or platforms (including Automated Shipboard Aerological Stations - ASAPs);

· making a special effort to reactivate existing radiosonde sites which have stopped operations or which produce observations which are not transmitted;

· developing an adaptive component on radiosondes and Aircraft Meteorological Data Relays (AMDARs), in order to produce some observations where and when they are more needed;

· making a special effort to maintain the GCOS Upper Air Network (GUAN) radiosonde sites and develop the GCOS Reference Upper Air Network (GRUAN) ones;

· improving radiosonde processing and dissemination in order to make available data at a higher vertical resolution, together with position and time for each datum;

· developing a consistent network of remote-sensing profiling stations on the regional scale;

· developing and implementing humidity sensors as an integrated component of the AMDAR system.

Most of the surface observing systems over land would greatly benefit from the general actions on WIS/WIGOS standards (about the processing and the exchange of observations). Benefits are also expected from more frequent observations becoming exchanged globally, from a progressive integration of Global Atmospheric Watch (GAW) stations, lightning detection systems and hydrological stations. A very cost-effective way to obtain more surface observations for the different users is to increase the exchange of observations serving specific applications such as road transport, aviation, agrometeorology, urban meteorology, energy production.

Specific actions are needed with respect to weather radar stations in order to:

· improve the quality of quantitative precipitation estimate;

· develop a weather radar data processing / exchange framework to serve all the users, including at global scale.

Actions have to be taken on sea stations, Voluntary Observing Ships (VOS), moored and drifting buoys, ice buoys, in order to improve the geographical coverage of ocean observations, particularly for measuring sea surface temperature, height, salinity, visibility, wave and surface wind.

For the ocean sub-surface, efforts are required in partnership with the Intergovernmental Oceanographic Commission (IOC) of UNESCO to produce more observations (temperature, salinity,...) with a high vertical resolution through profiling floats and Expendable Bathy-thermograph (XBT) instruments, and to disseminate all the data in real-time. In the deep ocean, it is challenging to obtain any observation at all, and it is important to push the development of  some emerging techniques.

Space-based observing system

The 2025 Vision of the GOS expects an expanded space-based observing capability, an expanded community of space agencies contributing to WMO programmes, and an increased collaboration between them. More and more satellites should serve several applications rather than being dedicated to a single scientific activity.

One important issue for most of the space-based components is the continuity and the overlap of key satellite sensors which have to be guaranteed, together with both the real-time and delayed mode data processing and distribution, and also appropriate inter-comparison and inter-calibration procedures.

Continuous actions have to be taken to complement or maintain at least 6 operational geostationary satellites separated by no more than 70° of longitude, with at least:

· a visible / infra-red imager;

· a hyperspectral infra-red sounder;

· a lightning imager.

The Low Earth Orbit (LEO) satellite missions should include at least 3 operational sun-synchronous polar orbiting satellites (Equatorial Crossing Times: 13:30, 17:30, 21:30, local time, to achieve an optimal global coverage). These orbiting platforms should be equipped with at least:

· an hyperspectral infra-red sounder;

· a microwave sounder;

· a high resolution multi-spectral visible / infra-red imager;
· A microwave imager.

Specific actions are needed for real-time transmission, preprocessing and dissemination to users at different levels of the high data volumes which are expected from LEO satellites.

In addition to the core meteorological satellite missions, several other satellite instruments need to be maintained or developed for weather, ocean, climate and other applications. Many of the following instruments serve more than one application area:

· Scatterometer: at least 2 satellites flying on well-separated orbits with a scatterometer onboard are needed.

· Global Navigation Satellite System (GNSS) receivers on LEO satellites: a radio-occultation constellation of at least 8 GNSS receivers onboard different platforms are needed.

· Altimeter: the user requirements call for a reference altimeter mission on a high-precision, not sun-synchronous, inclined orbit, and 2 other instruments on well separated sun-synchronous orbits.

· Infra-red dual-angle view imager: such an imager onboard a polar orbiting satellite is needed in order to provide sea surface temperature measurements of climate monitoring quality.

· Narrow-band visible / near infra-red imagers: at least one imager of this type is needed for observing the ocean colour, the vegetation, the surface albedo, the aerosols and the clouds.

· High-resolution multi-spectral visible / infra-red imagers: this type of instrument is important for agrometeorology, hydrology, land-use and the monitoring of floods and fires.

· Precipitation radars: associated to passive microwave imagers, these instruments are needed to support the Global Precipitation Measurement (GPM) missions.

· Broad-band visible / infra-red radiometers: this type of radiometers is necessary to monitor the earth radiation budget (on at least one polar orbiting satellite).

· Various sounders (in the UV, visible and near-infra-red bands) on several Geostationary Earth Orbit (GEO) and LEO orbits, including a limb-sounding capability. This is mainly for atmospheric chemistry, monitoring of green-house gases and air pollution.

· Synthetic Aperture Radar (SAR): it is important to have at least one SAR on a polar orbiting satellite to monitor land surfaces, sea level, water level in flooded areas, etc... in order to cope efficiently with disaster management.

In addition to the instruments on the above list, there are several new or emerging instruments and technologies which should be tested and possibly implemented operationally before 2025. Examples of these on LEO satellites are lidars (for wind, clouds and aerosols) and low-frequency microwave radiometers (for soil moisture and ocean salinity). On GEO satellites, microwave and narrow-band visible / near-infra-red instruments should be demonstrated. Gravimetric sensors have the potential for monitoring the ground water. So far, no meteorological or oceanographic instrument has been flown on a Highly Elliptical Orbit (HEO), and a demonstration of this technology would be valuable. 
Space weather

The instruments and space technologies which can help the monitoring of “space weather” should also be developed.

Implementation strategy

Most of the actions of the documents are expected to be feasible by 2025. The main exception is related to research and development actions on emerging observing systems: a lot of uncertainty is attached to some of them regarding its possible operational use by 2025.

The cross-cutting actions (which are not related to one particular observing system) are documented in sections 3 and 4. The actions documenting the evolution of the ground-based observing systems are described in section 5, system by system. The ones documenting the evolution of the space-based observing systems appear in section 6, also system by system.

The implementation of the plan will be reviewed and assessed regularly under CBS guidance during the period 2012-2025, together with other documents, especially the “Vision for the 2025 GOS”. 
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