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Background:

The view of Sensor Web technology is that of a coordinated infrastructure comprised of a distributed collection of resources that can collectively behave as a single, autonomous, task-able, dynamically adaptive and reconfigurable observing system [ESTO 2007]. Under the guidance of the SWTT, who's main function is to explore sensor web technology and make recommendations in terms of standards and practices and  help co-ordinate Space Agency development in this area, a project that demonstrates sensor web capability has been created. The nature of the project is such that it not only provides a technical demonstrator of sensor web capability in the context of inter-organisational collaboration but also speaks to the GEO SBAs. The project will also be contributed as a use case to the GEOSS Sensor Web task DA 07-04. 

The goal of the activity is to define and conduct Earth Observation scenario demonstrations to show utilization of one or more of the CEOS Virtual Constellations in concert with Sensor Web services to bring those capabilities to bear upon GEOSS Societal Benefit Areas - SBAs.  Sensor Web services have been developed in conformance with the proposed GEOSS architecture and have been demonstrated on various satellites, unmanned robotic vehicles, and in-situ sensor installations within the context of the GEOSS Architecture and Data Committee Implementation Pilot and Workshops.  

Sensor Webs provide standard interfaces for asset tasking, data processing, data delivery, and publication/notification services that are common across all GEOSS-compatible components, including the CEOS Constellations.  Models that provide simulations or predictions of EO events (such as floods, smoke plumes, volcanic lava flows, etc.) will be made available to GEOSS users via standard Sensor Web service interfaces, thus allowing for seamless interaction between modelled data views and observed sensor data product views of evolving EO phenomena.  Historical archive data and other discipline-specific data sets are also being served to the GEOSS community via standard web service interfaces that optimize interoperability across user areas and support cross-discipline analysis and response actions.

A number of Use Case scenarios have been proposed including:

· Sensor Web Assisted Cal/Val for the CHAMP-GRACE Constellation.

· Flood monitoring in Eastern Europe and Africa.

However, supporting these Use Cases is a longer-term activity requiring access to significant resources. It has been suggested that the Task Team should initially tackle a slightly easier activity which can demonstrate a “quick win” and at the same time form the foundation for longer-term Use Case development. Parallel activities can proceed but the goal is to progressively iterate demonstrations in phases that build on initial capabilities and involve components contributed by various WGISS members, i.e., an international collaboration.

Purpose/Rationale:

· To provide a pilot project as a mechanism to explore how best to address the development of Sensor Web type applications within the context of an inter-organisational community such as WGISS. The lessons learnt in this project will form the foundation for more ambitious efforts going forward.

· To prototype an initial Sensor Web capability as a contribution from WGISS to GEOSS and IFRS.

· To explore the applicability of the use of Sensor Web Technology within developing countries such as Mozambique.

· To show how Sensor Web technology can bring models, space-based, and in-situ sensors together in a single application.

· To show synergy of Sensor Web and Grid technologies and create a pilot bridge between them.

· To make use of sensor web technologies and tools developed and or tested by WGISS  to support GEOSS tasks such as task DA 07-04.

Expected Duration of Project:


1 WGISS Calendar Year.

GEOSS Task this project addresses:


DA 07-04, ...

Potential External Partnerships (if any):


International Federation of the Red Cross.


SERVIR.

Project Contact: 


Email address: ???@wgiss.ceos.org


Project Web Site URL: http://wgiss.ceos.org/ (TBD)

Relationship to WGISS Goals:

To provide a framework for addressing the long-term needs of both data and service providers to better serve the users. As such, WGISS addresses all activities related to the capture, description, processing, access, retrieval, utilization, maintenance, archiving and exchange of space borne Earth Observation data and supporting ancillary data and information, enabling improved interoperability and interconnectivity of Earth observation information systems and services, combining space borne EO data with in-situ data. 

The project will provide a test bed that will allow for the experimentation with respect to sensor web and inform various stakeholders in regard to interoperability issues in the sensor arena. These lessons learnt will span both remote and in-situ sensor assets, specifically their integration.

To maximize the impact and benefit of WGISS activities, the group will coordinate with other CEOS groups, non-CEOS agencies and organizations, including governmental and non-governmental organizations that have interests, resources and networks supporting EO data development and exchange.  

The project will engage GEO, GEO NetCast, SERVIR and IFRC.

WGISS will provide a forum for worldwide cooperation and management of compatibility of agency policies, protocols and interfaces, in which technical and administrative issues can be addressed, and where critical interactions between technical implementers can take place.   

The project provides an opportunity to show how sensor web technology can assist in projects that span various organisations and entities extending even into the developing and emerging world.

The archive management, data production, procedural consistency, web presentation, access interoperability and delivery of the data and derived metadata and information is the focus for WGISS.  

The project focuses on interoperability, data fusion access to historical data, now cast and predictions all presented in a standard and interoperable way. The project will also explore various encodings and metadata standards in the sensor web area.

Project Plan

Deliverables

· Validated regional Numerical Weather Prediction model for Mozambique and surrounding territories.

· Validated flood prediction model for Mozambique.

· EO-1 images for IFRC portal.

· Sensor Web Application Development Handbook.

· Technical demonstrator showing feasibility of Sensor Web approach to WGISS.

· Web Portal demonstrating access to in-situ, Space, and Model output data using SWE interfaces, for two test areas.
· Software for Grid-enabling Sensor Web services.

Project Plan Summary

Phase I

Show Sensor Web capability to dynamically acquire and integrate satellite and in-situ sensor data in a model.

· Establish all necessary static data (such as elevation, land use/land cover maps, soil maps etc.) and dynamic data such as global meteorological forecasts, in-situ meteorological and hydrological measurements, remote-sensing retrievals.

· Deliver a Numerical Weather Prediction (NWP) model that utilizes data from various in-situ and remote sensor instruments and whose results can be validated using unrelated data sets.

· Deliver a flood prediction/flood response model that utilizes data from various in-situ instruments, remote sensor instruments and other models (such as NWP) and whose results can be validated using unrelated data sets.

· To provide a CEOS recommended standard for the description of sensor platforms.

1. 



Phase II

Show Sensor Web capability to incorporate feedback and use flood forecast as an event trigger mechanism to dynamically task the acquisition of relevant observations.

· Task EO-1 based on rain gauge threshold so that an observation will be taken within x hours to capture pre-flood image in near real-time.

· Task EO-1, based on a flood warning, for a future observation such that EO-1 will be optimally positioned so as to acquire the image if needed.

· Implement base Sensor Web services in the framework of Grid to take advantage of notification and triggering services.

· Provide the observations of the event as a offering in the IFRC flood web portal.

· Provide the Synthetic Aperture Radar (SAR) observations of the flood extent during flood events (using JAXA ALOS or ESA Envisat data).

· Validate and calibrate Numerical Weather Prediction model using in-situ and remote-sensing data and products.

· Collect precise ground data from local authorities (including precise DEM and river's cross-sections).

· Validate and calibrate flood prediction model using in-situ data and flood extent products.



Phase III

Demonstrate a complete sensor web application incorporating all the characteristics of the sensor web. The application will show the integration of remote, in-situ, and modeled sensor data. 

· The tasked image from EO-1 is then fed back into the model so as to refine the accuracy of the new forecast.

· Provide a Sensor Web application handbook that describe the use case driven approach used in arriving at the above sensor web application. The handbook will include lessons learnt and templates for various documents 

Project Plan Details

Phase I

It is recognised that modelling plays an important part in the interpretation of EO observations, and in the production of forecasts and impact assessments. Observations from sensors, particularly in weather forecasting, are also ingested into a model to create a coherent “nowcast” representing an integrated and uniform representation of current observations. A nowcast can be regarded as an observation from a virtual sensor array and so there is every reason to make the information available through a sensor web environment in which “observations” from the nowcast are treated in the same way as actual observations from sensors. It then follows that information from forecasts could be treated as simple “future” observations from this virtual sensor array.

The SWMA Project is intended to investigate the issues associated with integrating model output into a sensor web environment, i.e., to develop OGC-compliant SWE interfaces to databases of model outputs. Once this is achieved, then additional benefits accrue such as the ability to subscribe to alarm notifications, for example for automatic triggering of additional in-situ and/or satellite observations.

As validation of model outputs is an important aspect of modelling, the SWMA Project will also address the issue of accessing data from in-situ and Space sensors through standard sensor web interfaces to demonstrate the advantages of seamless access to both real and virtual (modelled) sensors. Seamless access to past, current and future (forecast) observations will also be demonstrated.

	
	Past
	Current
	Future

	In-situ
	x
	x
	

	Space
	x
	x
	

	Model
	x
	x
	x


Seamless access to a range of information types

(for practical purposes, past and current distinguishes between access to data from an archive compared to access from a near-real-time information system. The distinction may be blurred in some situations).

Phase II

Flood Sensor Web with International Federation of the Red Cross (IFRS) Portal

This sensor web concept leverages the EO-1 spacecraft demonstrations which generated near real time wild fire products (one of the ADM Architecture Implementation Pilots). The IFRC has recently spoken to NASA about the need for near real time flood products approximately 200 times/year for warnings to populated areas in Asia and Africa. The current concept is to first acquire and archive EO-1 images of the ~100-200 areas susceptible to flooding in a pre-flood state. When the IFRS portal generates a flood alert (need details on how this is done), it would trigger the tasking of EO-1 to acquire a current image, as well as triggering the automatic retrieval of the pre-flood image. A flood data product is automatically generated by fusing the pre-flood and current images and depicting the flood conditions. The IFRS has an existing portal for presenting such flood data products to the application users. It may also be possible to call on the International Disaster Charter to provide additional observations from, for example SAR instruments.

Another flood data production system is SERVIR (http://www.servir.net) a joint project of NASA, CATHALAC, the United States Agency for International Development (USAID), the Central American Commission for Environment and Development (CCAD), the World Bank, the Nature Conservancy, and the United Nations Environmental Programme (UNEP-ROLAC) and IAGT. SERVIR is a regional visualization and monitoring system for Mesoamerica that integrates satellite and other geospatial data for improved scientific knowledge and decision making by managers, researchers, students, and the general public. SERVIR addresses the nine societal benefit areas of the Global Earth Observation System of Systems (GEOSS): disasters, ecosystems, biodiversity, weather, water, climate, oceans, health, agriculture, and energy. For example, SERVIR can be used to monitor and forecast ecological changes and severe events such as forest fires, red tides, and tropical storms. SERVIR and collaborators provide several products for both monitoring existing floods and analyzing historical events.

Martha Maiden initiated discussions with Ernie Hilsenrath/NASA the lead for the Atmospheric Composition Virtual Constellation (ACVC). ESA is the co-lead with NASA. The following discussion summarizes key points from the initial discussion on possible scenario. The ADM is also exploring an air quality scenario for the next phase of AIP.

http://wgcv.ceos.org/docs/plenary/wgcv27/ACConstellation_Hilsenrath.pdf

Sensor Web services like SOS, SAS, WNS and SPS can take significant advantage from running on Grid platform like Globus Toolkit. Globus environment includes notification and triggering services as a part of standard distribution and also provides functionality for high-level access to XML services capabilities and sensor descriptions. Other advantages include reliable transfer of large data volumes without controlling user connection and wide set of capabilities for enforcing data and services access policy.
Phase III

(TBD) The outputs of Phase I and Phase II need to be integrated into a single sensor web capability. However the details for how this is to be achieved has not been fully discussed.

Constraints

The emphasis of this initial activity will be the development of the software and the demonstration of the principles of the concept. The scope of the activity can therefore be limited in space and time.

In order that there be some synergy with existing Agency interests, it is proposed that two test areas are used, one in the Ukraine and one in Mozambique. A spatial extent of 1000km and a time interval of about 1 week is sufficient to provide an initial framework.

Given that one of the proposed Use Cases was concerned with flood modelling, it is proposed that the SWMA Project initially concentrate on access to information on precipitation.

Schedule

Phase I:  February 2008 to September 2008
· Set up a regional Numerical Weather Prediction model as a WCS and or through OpenDAP.

· Set up a flood prediction model as a WCS and or through OpenDAP.

· Provide remote and in-situ sensor inputs using open standards.

· Integrate flood prediction model with provided data sets.

· Provide SensorML documents for all sensors to aid sensor discovery.

· Initial display capability.

Phase II:  March 2008 to November 2009

· Validate and calibrate Numerical Weather Prediction model.

· Provide flood forecast event detection (impending flood) as notification to EO-1.

· Configure EO-1 to automatically respond to event, schedule and make a near real time observation.

· New image is provided to flood model to produce a refined forecast and to IFRC flood monitoring system.

· Create SAR-based flood extent product and deliver through WCS/WMS.

· Implementation of Sensor Web services in Grid environment.
· Validate and calibrate flood prediction model using in-situ data ground data from local authorities and flood extent products.
· Flood model provides updated forecast to IFRC flood monitoring system.
Phase III:  September 2008 to February 2009

· Integrate Phase I and Phase II into a single sensor web capability.

· Refine final integrated demo around the 2009 Mozambique seasonal flood.

· Complete Sensor Web Application Development Handbook.

Appendix A: Technology Overview

Sensor Webs are distributed sensor systems that enable operational concepts such as:

· Dynamically acquiring and fusing satellite, in situ and modelling data

· Validating data observations in real time (i.e., for use in model nowcasts)

· Providing intelligent sensor control feedback enabling real-time sensor tasking in response to event detection or model predictions

· Providing mechanisms to enable discovery and access to sensor web components and services in support of SBA applications

Sensor Web Enablement standards used in the initial development include:

· SensorML and O&M Schema

· SOS Sensor Observation Service

· SAS Sensor Alert Service 

· WNS Web Notification Service.

The discovery and activation of sensor web components and services is enabled by GEOSS and other community portals that provide infrastructure and mechanisms like theme-based icon symbols for accessing the GEOSS services without having to know which component or service is being accessed.

Appendix B: Project Continuity

With this demonstrator in place, the Sensor Web Task Team will be in a strong position to move on to a more substantial Use Case, such as validation of other modelled data sets such as coming from the CEOS virtual constellations.

Appendix C: Data Sources

Data are required to support initial modelling and to support validation of, and prediction from the model outputs. Data for the Ukraine are required for initial testing, and data for Mozambique for testing in a more challenging environment.

Potential sources of data are:

	
	Ukraine
	Mozambique

	In-situ
	Rain Gauges (NSAU)
	Rain Gauges (CSIR)

	Space
	Data for modelling (TBD)

TRMM
 Mission (NASA, JAXA)

MPE
 (Eumetsat)?

Aqua (NASA, JAXA)

QuikSCAT (NASA)
	Data for modelling (TBD)

TRMM Mission (NASA, JAXA)

MPE (Eumetsat)?

Aqua (NASA, JAXA)

QuikSCAT (NASA)

	Model
	WRF/MM5 (NSAU)

NOAA NCEP GFS?
	WRF/MM5 (NSAU)

NOAA NCEP GFS?


Potential sources of data.

In particular, for the first stage of the project we propose to assimilate the following satellite data:

	Satellite/

Sensor
	Product
	Data source

	Aqua/AIRS
	Temperature and moisture atmospheric profiles, AIRS/Aqua Level 2 Standard Final Retrieval Product (AIRX2RET)
	NASA

http://mirador.gsfc.nasa.gov 

ftp://airspar1u.ecs.nasa.gov/ftp/data/s4pa/Aqua_AIRS_Level2/

	Aqua/

AMSR-E
	Columnar water vapour, cloud liquid water (over sea only) (AMSR-E/Aqua L2B Global Swath Ocean Products)
	NSIDC (National Snow and Ice Data Center)

ftp://n0dps01u.ecs.nasa.gov/SAN/AMSA/

	QuikSCAT/

SeaWinds
	Wind speed/direction over sea,

Level 2B Ocean Wind Vectors in 25 Km Swath Grid
	NASA

http://podaac.jpl.nasa.gov


Data sources for the first stage of the project

To validate model, especially the rainfall rate, we propose to use TRMM based data:

	Satellite/

Sensor
	Product
	Data source

	TRMM/TMI and other
	Rainfall rate (every 3 hours, spatial resolution 0.25º),

3B40RT combined microwave precipitation estimate (TMI, SSM/I, AMSR-E, AMSU-B)
	NASA

ftp://trmmopen.gsfc.nasa.gov


Satellite products for validation of model

 SHAPE 



Appendix D: Misc

The ACVC plans to leverage recent work that demonstrates the use of satellite aerosol observations to overcome some of the limitations of surface monitoring networks to enhance daily air quality forecasts associated with particle pollution (see http://idea.ssec.wisc.edu/)  They plan to expand the international AirNow products using NOAA models augmented with Calipso and MODIS (vertical component) data sets. Much like our SWMA, the ACVC team is combining satellite and in situ data with model outputs. They are working with the Calipso sensor team to get near real time products to generate regional fire products (part of IPY demo). Jack Fishman/NASA Langley scientist has a smoke trajectory model and is interested in producing a 3D product to AirNow. EO-1 and MODIS have successfully been used to identify active fires. The fire products may be augmented to compare predicted smoke trajectory forecasts with actual smoke conditions in near real time, hence improving the AirNow forecasts. Initial scenario would likely address California wild fires and smoke forecasts but future scenarios could address burning in Botswana and Namibia that produces smoke impacts in Cape Town.

Drawing � SEQ "Drawing" \*Arabic �1�: Data flows in the initial arrangements








�	 Contributing authors: Wyn Cudlip, Stu Frye, Karen Moe, Dan Mandl, Terence van Zyl


�	 CSIR Council for Scientific and Industrial Research, South Africa.


�	 NASA National Aeronautics and Space Administration.


�	 NSAU National Space Agency of Ukraine.


�	 BNSC British National Space Centre.


�	 JAXA Japanese Space Agency.
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�I think IFRC may be part of phase 2, after model demo
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