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1. Introduction

The ability to easily exchange water information in a timely and useful fashion is becoming increasingly important. Water information in general, is both highly spatial and highly temporal in nature. Water information is also an exemplar of the kinds of environmental information that is required to be shared across organizational and jurisdictional boundaries, which is facilitated by OGC's interoperability standards. The Hydrology Domain Working Group brings together interested parties to develop and promote the technology for greatly improving the way in which water information is described and shared. This working group is to be hosted by the OGC and co-chaired by up to two representatives nominated by the World Meteorological Organisation’s (WMO) Commission for Hydrology (CHy) from their Open Panel of CHy Experts (OPACHE). The Hydrology Domain Working Group will coordinate efforts with other earth science DWGs (Meteorology, Oceans, etc) through the Earth System Science DWG.
2. Background

WMO, CHy and International Water Standards
The Commission for Hydrology (CHy) of the WMO has a mandate for the publication of international water data standards. WMO has a long and successful record of establishing internationally adopted standards in operational meteorology, using a variety of technologies. In the past these have generally been bespoke, although recent WMO initiatives have involved greater use of ISO/OGC standards.
Unlike the meteorology domain, where data transfer tends to be between a limited number of agencies, the hydrology domain has a large and diverse community of organisations providing and consuming data. CHy has the challenge of developing a model that will support the needs of this community.

CHy is coordinated by an Advisory Working Group (AWG). Activities have traditionally matched the quadrennial rhythm of the WMO's main meetings, though the current CHy leadership has expressed an intention to attempt a faster agenda. 
OGC and Hydrology
Open Geospatial Consortium (OGC) is the primary international organisation for developing open standards concerning exchange of data with geospatial context. Traditionally, OGC standards have focused on elements that are common to multiple communities, and have been widely adopted for spatial data infrastructures. Community-specific activities have been regarded as outside the scope of OGC's activities. However, there are circumstances where OGC has provided facilitation for a community. Precedents include oceanography and the architecture-engineering-construction (AEC) communities.

A number of OGC members have a particular interest in hydrology and standards for describing and sharing hydrological information. The US-based Consortium of Universities for Advancement of Hydrologic Science (CUAHSI) and Australia’s Commonwealth Scientific and Industrial Research Organisation (CSIRO) are actively working on the development of standards for water observations data transfer. The WISE project from the European Environment Agency (EEA) has been promoting exchange of water data. Both INSPIRE (Europe) and the Canadian Geospatial Data Infrastructure have water/hydrology/hydrography as a framework theme. 

A Joint OGC/WMO Working Group

The original proposal for this working group came about when CUAHSI and CSIRO teams discovered they were working on similar problems and that an international approach to the problem space would potentially have greater benefits than each team continuing alone. These groups further realized that technology standards developed and maintained by the OGC provide an excellent basis upon which to developed protocols for the hydrology domain. Since this time discussions including CHy have a led to the proposal to jointly convene a hydrology working group, hosted by OGC and co-chaired by a representative nominated by CHy. This will provide an open forum for work on water data, metadata, and web services interoperability leading to the development of standards that CHy can endorse.
The benefits to CHy of working with OGC are:
· a regular and more frequent OGC meeting schedule,

· visibility and a level of accountability to a broader group of stakeholders,

· access to interoperability expertise and a set of web-based tools and practices supporting consensus-based standards development among widely dispersed and disparate organizations, and

· exposure to an ecosystem of tool-builders, from researchers and small companies through to some of the largest geospatial and generic software houses.
The benefits to OGC of hosting a joint working group co-convened with CHy include:
· rigorous testing of OGC technologies for a domain that uses a wide variety of "observations" (in-situ monitoring, imagery, gridded simulations) that are in scope for Sensor Web Enablement (SWE)
· development of a profiling methodology for OGC standards

· maturation of domain harmonisation/dependencies methodology for spatial data infrastructures (SDI) of regional and national scope

3. Purpose of the Hydrology DWG

The purpose of the Hydrology DWG is to provide a venue and mechanism for seeking technical and institutional solutions to the challenge of describing and exchanging data describing the state and location of water resources, both above and below the ground surface. The path to adoption will be through OGC papers and standards, advanced to ISO where appropriate, and also through the World Meteorological Organization’s (WMO) and its Commission for Hydrology (CHy) and Information Systems (WIS) activities.

While CHy has the recognized mandate to publish and promote standards in this area, OGC contributes to the process with its resources and experience in guiding collaborative development among disparate participants in a rapidly evolving technological environment. It is proposed that the OGC Hydrology DWG will provide a means of developing candidate standards for submission to ISO and for adoption by CHy as appropriate.

4. Problem Statement

Recent and ongoing water crises of various natures around the world have shown that our ability to describe water resources (and hydrological hazards) adequately and transfer information about them is limited. Increasing population growth, climate change and numerous other challenges are putting greater demands on what is already a scarce resource

A key to being able to manage water is the ability to measure it and share information about it. For some years, a number of groups around the world have been developing tools for water information. For many reasons, this work has concentrated on particular problems with little view to wider applicability. In recent times, the need to think more broadly has become important. 

Water information is inherently spatial and temporal. In order to understand how much there is, how much there will be, its quality, and so on, measurements are taken at many locations on regular and irregular time intervals. There are many diverse groups with an interest in this information, ranging from national agencies to private landholders to financial institutions. The information is used for policy development, planning, research, and as the basis upon which financial decisions are made. The ability to provide consistent information on a timely basis to each of these stakeholders is key.

Around the world, agencies are being created to collect and manage water information. New information sources in the form of in-situ and remote sensors are coming on line and telecommunications and computing technology has improved to the point that information about water resources can be analysed in near-real-time. A veritable flood of water information is now available.

However, there is not a consensus-based suite of definitions or (interoperable) form in which this information is packaged. The problem is two-fold. Firstly, a consistent set of formalisms that reflect core hydrologic notions (e.g. watersheds, estuaries, river channels, different types of measurement points), common types of hydrologic sampling features (e.g. transects, vertical profiles), typical ways of organizing hydrologic data (e.g. time series), and canonical usage scenarios for hydrologic data are needed. Secondly, such formalisms need to be expressed using general and consistent notation to ensure that hydrologic data are unambiguously interpreted and interoperable with data from related disciplines.

A number of attempts have been made with, perhaps, CUAHSI’s WaterML (OGC Discussion Paper 07-041r1) being the most widely deployed. WaterML and the underlying Observations Data Model were developed to address the first part of the problem, i.e. to capture semantics of hydrologic observations (hydrologic time series, in particular) and create formalisms that would present the lowest barrier of entry for hydrologists. However, WaterML and the HIS services which use it were developed independently of OGC, and are not based on the OGC technology stack, so are not interoperable with other services which have or might be deployed using the OGC standards. Furthermore, WaterML does not provide a framework for describing hydrology features, beyond measurement points and grids. Such a model has been proposed within the EU INSPIRE Draft Implementing Rules, in particular for use in the Water Information System for Europe (WISE), and there is an urgent need for reconciling these sub-domains.

A further consideration is the need for a mechanism to include various datasets and services from related disciplines (e.g., atmospheric science and meteorology, and ocean observation) which are essential for water resources monitoring and analysis. Hence, a consistent method is needed for modeling and encoding water resources information based on the robust technical base provided by OGC standards.

Another important activity has been undertaken by the Global Runoff Data Centre (GRDC), under the auspices and direction of WMO CHy. This group has developed a draft Metadata Profile for Hydrologic Datasets. The development of the metadata profile for hydrometeorological datasets is a core project of the Global Terrestrial Network Hydrology (GTN-H), that is operated by the Hydrology and Water Resources Programme of WMO and the Global Climate Observing System (GCOS).
It is important to note that the WMO does not expect there to be a single harmonised data model for all water resources world-wide. However, they do, wish to establish core guidelines for water resources metadata.

A number of current OGC and ISO standards will be relevant to the working group. These include:

· GML – encoding standards for geospatial and technical data

· WFS – interface for hosting and accessing feature data

· O&M – observation & measurement metadata and results

· SOS – interface for hosting and accessing observation data

· SPS – interface for tasking observational sensors

· WCS – interface for hosting and accessing gridded data (could include time-series)

· ISO 19115 – geospatial information – metadata (for datasets)

· ISO 19119 – geospatial information – metadata (for web services)

In order to apply these OGC and ISO standards to the water resources domain, they need to be profiled appropriately. It is expected that a significant part of the standards work undertaken through the Hydrology DWG will focus on this task. 

The Hydrology DWG will need to address a key issue for the OGC and its membership, regarding the relationships between spatial information (features) and observational data (O&M). This is partially addressed in the use of references between O&M and features, but to date the OGC has provided no guidance on how feature definitions and O&M can be combined to address the needs of a domain. 

5. Charter 

The charter of this Working Group is to address conceptual, technical and institutional challenges posed by management and exchange of hydrological information, to interface with other OGC working groups which address technical areas that are affected by the hydrology problem, and to engage in outreach and communication with the hydrological information community. 
5.1 Members 

The Hydrology DWG will be a joint working group between the OGC and WMO CHy. The group will be co-chaired by: an OGC member elected by the DWG; and up to two representatives nominated by CHy from their Open Panel if CHy Experts (OPACHE). Membership of the group will be open to any OGC member at any time, in accordance with the OGC Policies and Procedures. WMO CHy may also nominate non OGC members to participate in the group. This will provide an open forum for work on water data interoperability, and a route to publication through OGC's standards ladder (Discussion paper / Best Practice / Standard/ ISO Standard) as well as a route to adoption by the WMO CHy.
5.2 Key Activities 

In the course of fulfilling its Charter, the Hydrology DWG will:

1. Develop communications materials, including white papers, a web site (including OGCNetwork), and other documents that focus on the technical problem area of hydrologic data management and exchange.
2. Manage a mailing list for discussion of domain-relevant issues within OGC.

3. Build relationships: engage members of the geospatial data community (including relevant OGC working groups) and the hydrological community. Foment and mediate communication within this target audience. 

4. Conceive, design, coordinate, and implement demonstration, pilot, and production projects that demonstrate technical approaches to hydrologic data management and exchange within the context of the OGC suite of technologies and relevant technologies emerging within the hydrological community.
5. As appropriate, serve as a forum for the development of specification profiles and application schemas for hydrological purposes.
6. Engage the interest of sponsors for these activities. 

6. Statement of Opportunity for OGC

6.1 Membership 

Constituents of the hydrology domain include data producers, managers, and consumers who have a stake in collecting, processing, analyzing, and publishing hydrologic information. Data producers bear responsibility for selectively maintaining data resources which have been developed at considerable public or private expense. Data managers assemble and manage data archives, and require cost effective means to assemble those archives in cases where the constituent data must be assembled from far ranging sources. Data users increasingly are seeking hydrologic data with which to carry out relevant analysis.

The domain is becoming increasingly dependent on data from spatially distributed sensors, both in-situ and remote. These sensors are used for real-time monitoring as well as providing data for forecasting. Furthermore, hydrological sensor webs are starting to be implemented around the world. 

6.2 Specification Program

OGC specifications and initiatives have promoted interoperability of data and services across vendor and organizational boundaries. A new focus on hydrology would enable the OGC to address the challenge of supporting interoperability of data and services within the hydrologic communities. The issue of hydrology intersects with a range of existing or potential OGC specification and technology development areas including:

· Support for data and services across versions of specifications, profiles, or application schemas over time (e.g., support for GML data adhering to a specific application schema and/or profile across GML versions).

· Development of a content packaging scheme to support routine exchange of content, automated enforcement of rights or policies vis-à-vis static data files, and automated formulation of data repository ingest packages.

· Metadata support for versioned data, allowing for metadata related to data temporal instances to be managed or be discovered in concert with the “series set” corresponding to the individual data snapshot.

· Documenting, for later review, interactions with distributed services and applications in a decision support context (including recreating output from earlier interactions with services).

· Elaboration of a persistent identifier scheme or schemes to support long-term access to data and to enable stable linkages between datasets, schemas, services, and metadata.

The Hydrology WG engagement with the water resources and meteorology communities would continue a tradition of cross-fertilization of ideas and technologies between these communities and the geospatial community. Earlier technology cross-fertilizations have included:

· Development of Water Observation Markup Language based on OGC Observations and Measurements (O&M) model.

6.3 Business Case

Assessing the business value of hydrologic data for unanticipated, arbitrary, future applications is impossible to quantify. But the ability to study and relate hydrologic information in various kinds of topographic data, earth observation data, urban infrastructure data and many others, can have profound scientific and even commercial value, and may be important for establishing future government policies for land use, environmental protection, and so on. The work of supporting data and services across versions of specific specifications, profiles, or application schemas over time can optimize local, state, national and international governments’ use of geographic data and geo-analytics in their planning of strategies, managing of their organizations, and offering of goods and services to the public. 

An increasing number of hydrologic projects are components of larger-scale efforts that will lead to further work, more extensive integration with other data collection and analysis efforts, and ongoing maintenance. 

7. Organizational Approach and Scope of Work

7.1 Hydrology DWG Business Goals
The primary goals for OGC in the area of hydrologic information are to:

· Focus industry attention on the problems and issues of water resources.
· Cultivate technical solutions which support interoperable concepts, data definitions, formats and services for publishing, search, and exchange of water information.
· Identify and work with a select set of partners in this arena, and initiate demonstration projects to develop and publicize best practices in this area.

· Establish a workable approach to managing standards for hydrologic spatial features, their temporal aspects, related metadata, and other business information.
7.2 Organisation and Roles 

Membership of the Hydrology DWG is open to OGC members, and members of organizations affiliated with or working on projects for WMO CHy. 
The Hydrology DWG will have up to three co-chairs, who will coordinate the agenda for OGC meetings. One co-chair will be selected by majority vote by the WG members, the others shall be nominated by Advisory Working Group of CHy from their Open Panel of CHy Experts (OPACHE).  

As development projects emerge, the specification editor(s) will be selected from the WG members. 

The Earth System Science DWG is the forum for coordinating activities and documents produced by domain specific earth science DWGs, including Hydrology. 

7.3 Scope of Work

The scope of work for the Hydrology DWG is defined by the Key Activities it plans, as described in Section 5.2, above.

The highest priorities at the outset are to develop tools for communication, including a web site and mailing list, and to identify partners, including other OGC working groups, with which to engage in addressing domain data modeling and web service challenges.

8. Summary and Recommendations

Most producers, vendors, and end users of water resources information have a vested interest in the development of best practices to make hydrologic data available to the broader community. The OGC Technical Committee provides an excellent platform for addressing technical areas affected by the need for studying water resources. 

The charter recommends the establishment of a Hydrology DWG within the OGC Technical Committee for promoting the development, awareness and use of OGC standards, and for engaging the members of both the geospatial data community and the water resources community toward addressing the technical and institutional challenges in collecting, processing and publishing hydrologic data.
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