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Data Management for High Level Indicators

Introduction
The High Level Indicator subcommittee of the Pacific Northwest Aquatic Monitoring Partnership (PNAMP) has made significant progress in identifying over-arching indicators and metrics that will inform answers to questions posed by regional executives and their staff, in regards to salmon status and ecosystem health in the Pacific Northwest. As PNAMP and others continue to augment and seek agreement on High Level Indicators, a pivotal next step will be to establish guidelines for the management of data to inform HLIs across agencies and organizations in the Pacific Northwest. 

The considerations and guidelines contained herein are intended to assist agencies and organizations with aligning their monitoring data management systems and policies along the information conduit that will inform HLIs. This document will reference sections of A Guide for Regional Data Collection, Sharing and Exchange (StreamNet, 2009) – a useful resource for the more general considerations of developing and maintaining agency data management systems and practices. This work will be hereon referred to as the StreamNet Guide. 
An interagency workgroup, to be lead by the PNAMP data steward and facilitated by PNAMP coordination staff, will establish and maintain a network of regional data and program management staff in order to couple existing, planned, and proposed data management systems with HLIs. Specifically, this workgroup will exist as a technical advisory body that will:
· Identify and prioritize data management systems that currently or may provide the metrics and subordinate indicators of HLIs

· Establish an HLI-specific data management and exchange framework based on existing examples 

· Work with agency data managers to construct data sharing and interoperability components and practices (agreements, exchange/access protocols, etc.) 
· Communicate solutions, recommendations, issues, and needs to policy and management staff

Background
In line with its efforts to coordinate aquatic monitoring information and activities in the Pacific Northwest, PNAMP was tasked by the Northwest Environmental Information Sharing (NWEIS) executive summit to advise the development of a list of High Level Indicators (HLI) to enhance multi-audience communication of salmon status and ecosystem health in the region. 

“High Level Indicators” can be defined as over-arching classifications of biological and physical information elements designed to communicate the state of a resource in a compendious and easily-interpreted manner. In addition to enhanced communication, HLIs provide direction in the development or modification of data management systems by influencing the following components of agency and regional information system architectures:

· Database design and organization/structure

· Information reporting mechanisms

· Data collection mechanisms and practices
· Data sharing and exchange solutions and practices

· Data documentation standards and practices (metadata)

· Quality control and assurance standards and practices (QA/QC)

The intention is to establish the components of enhanced information flow from the technically abstruse and somewhat myopic geographic and topical perspectives of the aquatic monitoring and research community, to the more general questions of high level officials and decision-makers.
A report compiled by PNAMP in September 2008 provided an overview of current HLIs used in the Pacific Northwest, including those used for biological, physical, and implementation monitoring. Additional information in the report included the organizations using specific indicators, and the metrics that inform the indicator where possible. 
As of April 2009, efforts by PNAMP to provide additional information to NWEIS including potential indicators, data gaps, and further recommendations, have progressed and will continue to rely on engagement and coordination with other efforts to compile HLIs in the Pacific Northwest. Among others, these include work conducted by the Washington Forum on Monitoring Salmon Recovery and Watershed Health, and the Northwest Power and Conservation Council.

The following section will define the data management considerations listed above in terms of HLI adoption and implementation, and will make use of the “Recommended Actions” sub-headings found in the StreamNet Guide as a source of additional information and guidance. 
HLI Data Management Guidelines
The StreamNet Guide makes a few broad recommendations to be considered by agency management and staff, two of which are worth mentioning at the forefront: “follow existing data management guidance documents” and “prepare a data management plan”. The first of these is somewhat recursive in context of this and the StreamNet Guide documents, but is very important to ensuring information system integration and interoperability at a later date. The second ensures that agencies and groups have well-defined goals and objectives that can act as a reference for guidance, and be modified for changes in organizational direction. 
Database Design and Organization/Structure
Because HLIs are subject indexes and are often composed of other subject indexes, they are prime candidates for aspects of the data modeling phase of database development. Their use in establishing the structure and relationships of the entities or objects in a database (i.e. tables), or to provide the structure and content of authority or “lookup” tables, can provide a value-added benefit to data storage and organization. Often, databases will be modeled to reflect natural or organizational relationships, and integration with HLIs may require a redesign of certain areas of the database, or rely on a middle-tier or parallel schema that expresses derived or raw data in terms of one or more HLI’s. This can be a laborious and time-consuming effort, especially for existing large databases, as all records may need to be re-evaluated or synthesized into additional containers either in the storage or “run-time” state. 
See sub-section 4 of the StreamNet Guide (“Use common coding and formatting, and describe in a data dictionary”).
Information Reporting Mechanisms

Most organizations in the biological and environmental monitoring communities generate various products to report on and communicate data and information for which the organization is in some way responsible. These range from scientific and annual reports published as hard-copy or digital documents, to digital datasets and web-based or desktop query interfaces and visualization tools. Often, an agency may report the same information in multiple formats and tailor each to a specific audience, or to meet the requirements of agency record management and storage. In any case, it is often a data management system and the system’s supporting staff that must be engaged to generate queries and provide the raw data for analysis and interpretation according to some reporting requirements. 
Existing and new reporting systems and practices can benefit from HLI adoption at many levels including: organization of and content for search criteria such as that which populates one or more list boxes on a digital search form; arranging the sections of a hard-copy or digital document; and providing a classification scheme for the structure, display, and analysis of derived datasets, including thematic layers for geospatial data. 
In the data flow process, it is often at the reporting level that integration of data management systems can take place. For example, a dynamic, database-driven web application may allow users to ask questions through various interaction components (search forms, interactive GIS layers, etc.), that tie agency monitoring efforts together under specific HLI metrics, and may include additional information such as program and project descriptions, references, locations of survey events on the hydrographic network, etc. 
The key point is to provide the ability to start at a single HLI, and drill down to the specific organizations, programs, projects, information management systems, databases, data elements, codes, and raw data values that eventually comprise the HLI. Parallel to this hierarchical structure, should be the subordinate indicator, metrics, performance measures, and derived statistics of a data element under the HLI. 
See sub-section 10 of the StreamNet Guide (“Plan to share data”).
Data Collection Mechanisms and Practices
It is important to mention that the data collection step of the data flow process does not always refer to field crews walking or floating through a river with sampling equipment and clipboards with hard-copy field forms, though this generally is the first thing that many of us think of when we hear “data collection”. Data collection can refer to a variety of methods pertaining to data generation. For example, remotely sensed data such as satellite imagery and LiDAR can be used to generate raw data about characteristics of the landscape. Information (indicators) such as vegetative cover, stream morphology, riparian density, topography, and an ever-growing list of others can be derived from data collected either actively (LiDAR flights) or passively (orbital satellites). Another example might be a dedicated stream-gaging station that continuously collects temperature data and sends these via satellite into a database at a district office. 
Nonetheless, many projects that characterize aquatic and terrestrial habitat, and the state of ecological and biological systems, rely on individuals in the field who observe and measure the environment, record these observations and measurements in hard-copy and/or digital form, and enter these into some variation of digital or physical storage. 
The data elements and codes used by data collection staff (and which appear on a data collection form or device) should reflect the data dictionary of the data management system in which these data will reside. The relationship between data manager and data collector should be a bi-directional and synchronous one; the data dictionary (and database) should be designed and constructed based on characteristics of data collection events (work flow, data elements, etc.). Both the data collection and database teams also need to react to changes in policy at many levels, and modify their practices to ensure the relevance of their efforts to scientific and regulatory trends. 
Data collection efforts and practices may need to be supplemented and/or modified in order to better inform HLIs and, as noted previously, this should immediately influence or be influenced by modifications to the data management system and data dictionaries. Additionally, the protocols, methods, and attributes appropriate to answer HLIs may need to be considered and adopted for field use by agency data collection staff. Identification of tools such as a template form generation and validation system, would aid agency data collection and data management staff in modifying their efforts in support of HLI data flow.
See sub-section 3 (“Automate data capture and management, to the degree possible”) and sub-section 4 (“Use common coding and formatting, and describe in a data dictionary”) of the StreamNet Guide.
Data Sharing and Exchange Solutions and Practices
Data sharing and exchange considerations are closely related to those for information reporting. Developing and publishing crosswalks of data elements, publishing web services, and developing data exchange components would benefit from establishing the priority information elements to be included in the development of an exchange network. HLIs provide the direction needed to establish the priority data to be included in such a framework. Assistance should be provided to agencies to develop web services using XML (Extensible Markup Language) service descriptions in order to align legacy systems with the metrics and subordinate indicators under HLIs. These description components specify the protocols for access and transport of information between systems, and allow a service to be “discovered” by other applications over the internet.
Other efforts to do this in the region have demonstrated a proof-of-concept for developing such a network. These include the Pacific Northwest Water Quality Data Exchange (PNW-WQDX), and an effort by the Puget Sound Partnership to report salmon smolt abundance information to this network. These efforts should be used as a starting point and applied to broader geographic and topical domains. 

See sub-section 5 (“Describe your data so that others can understand and use them”) and sub-section 6 (“Publish the metadata) of the StreamNet Guide.
Data Documentation Standards and Practices
Closely related to the sections on data sharing and reporting, is the need to document the protocols and methods used to collect and analyze data. In addition to metadata specific to systems architecture, information regarding the purpose, objectives, attributes, codes, and steps performed during data collection and analysis. 

Metadata is also useful as a mechanism for validation of data inputs both at the field-form and database entry steps of the data flow process. A portable template system allowing users to specify a database schema and generate forms based on this specification would be helpful to data collection and management staff. Additionally, identification or development of an appropriate metadata standard (derived from existing standards) should be performed. Having the tools and standards available that could be further modified to include elements specific to HLIs would aid agency staff in determining their level of alignment with HLIs.
See sub-section 5 (“Describe your data so that others can understand and use them”), sub-section 6 (“Publish the metadata), and Appendix A of the StreamNet Guide.

Quality control and assurance standards and practices (QA/QC)
In addition to many other benefits, a quality assurance plan (including a data management plan) would benefit agencies by ensuring that data quality procedures and checks have been met at various levels of the data flow process, most notably  during data collection, entry, analysis, and reporting (e.g. during GIS layer creation). 

Having standards in place and described up front would allow agency data to be compiled, aggregated, and synthesized under HLIs with a degree of assurance that quality control procedures have been applied to a specific data set. While such procedures will vary greatly for historical data, there is an opportunity to develop standard guidelines and tools to assist with establishing and documenting agency QA/QC practices based on the quality of data required by HLIs.
See sub-section 7 (“Assure control over data quality”) of the StreamNet Guide.

Summary
Continuing in its role as a collaborative forum and advisory body for the region, PNAMP could provide the coordination of data management (and other activities) necessary to aid agency adoption of and alignment with HLIs in the Pacific Northwest. Further, a PNAMP workgroup specifically tasked to lead this effort would benefit the region by engaging an interagency community of data managers and stewards to identify the tools, resources, solutions, and specific issues of agencies who currently or will potentially collect and/or manage data pertinent to HLIs.
�We can now also reference the second report.





