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This Master’s Thesis examines certain aspects of the frequently incongruous
relationship in the State of Montana between the natural science of water quality
measurement and the actual practices to which water quality management research is put.
These discordances can be the source of misunderstandings about the purposes and uses
for which data were collected. Moreover, miscues regarding the sharing of information
among stakeholders have become more significant as adaptive and shared management
programs continue to expand. At the core of this study are assessments of the value of
water quality data generated by the Montana Department of Environmental Quality
(DEQ) and surveys of some of the potential consumers of water quality data generated by
the Montana DEQ. Datasets examined are part of an ongoing project at the Montana
DEQ known as the “Reference Stream Project.”

Research was framed using two basic questions: (1) Are Reference Stream Project data
supported by an appropriate metadata framework?; and (2) In general, are water quality
data produced by the Montana DEQ socially and politically useful or relevant to
consumers of water quality information? Question 1 is addressed using a structural
analysis of existing metadata from the Reference Stream Project to infer overall
reliability and usefulness of data quality for these types of water quality data. Question 2
is examined using social inquiry of water resource stakeholders who are potentially
interested in water quality data, in order to evaluate the usefulness and relevance of state
generated water quality data. Question 1 is the primary focus of the study. The research
identified a noteworthy demand among stakeholders to collaborate and share data with
each other, which can be accomplished, in part by the following steps: (1) increasing
metadata structure; and, (2) encouraging joint fact finding processes to be undertaken by
the greater cohort of water quality stakeholders in Montana. This study reaffirmed the
need for water resource managers to be critical of how water quality data are stored and
described, in order to create reliable, useful, and inclusive management processes.
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INTRODUCTION

The State of Montana invests millions of dollars every year to collect, analyze and
store water quality data (Montana State Legislature [updated 2010]). This information
resource is used by the Montana Department of Environmental Quality (DEQ) to decide
whether water bodies support their beneficial uses, whether discharges are in compliance
with permits, whether water quality is improving or declining, and what are the causes
and sources of impairment of water bodies. This information is potentially useful to
citizen groups working to restore and maintain water quality; however for many this

information is not accessible or understandable.

This study examines how the Montana DEQ stores and uses its water quality data,
and what factors affect how easy it is to access, understand, and use that data. The intent
of this study is to recommend to the Montana DEQ how it can make its data more useful
to other users, but especially watershed groups. In the interest of making this thesis

understandable to watershed groups, a glossary of technical terms is provided at the end.

The following metadata analysis was performed to present additional assessment
methods that the Montana DEQ project planners and managers can consider when
evaluating metadata associated with water quality projects. In general terms, metadata
provides the information that describes any document or object in both digital and
traditional formats. Such structured information describes, explains, locates or otherwise
makes it easier to retrieve, use, or manage an information resource (Zeng and Qin 2008).
A crucial component of database structure, metadata can make the difference between a
well understood data resource and a worthless set of numbers. Two different evaluative

frameworks for structuring metadata were applied to a case study of metadata from the



Montana DEQ, known as the “Reference Stream Project” (RefPro). The methods were

designed to help understand how water resource data are stored and used.

Metadata serve not only to describe content of a set of data, but also to connect
potential end-users to a valuable data resource. Hence, | surveyed watershed groups in
Montana to improve the understanding of the relationship between water quality
stakeholders and water quality data created by the Montana DEQ. This research not only
analyzed the technical aspects of how water quality data are used by the Montana DEQ,
but also evaluated its usefulness to citizen groups involved in water quality planning and
management in Montana.

The target audience of this research includes all stakeholders involved with water
quality management in Montana, especially the Montana DEQ* and watershed group
coordinators within the state. Recommendations from a “third party” review of Montana
DEQ metadata can help with future project design and database management (Cornell
University Metadata Services [updated 2011]). Additionally, this study presents an
opportunity for those engaged with water quality management in Montana to better
understand some of the technical aspects of water quality data storage, and demonstrates
how water quality stakeholders (including the Montana DEQ) can improve their ability to

share and disseminate water quality data and information.

! The Montana DEQ can be considered a water quality “stakeholder” at times, but for the purposes this
paper will often be referred to independently of other water quality stakeholders in Montana.



SECTION 1-PRESENTING WATER RESOURCE INFORMATION ISSUES

National Significance of Montana Water Resources

In a recent letter to the United States Secretary of Agriculture, the Western
Governors Association requested that public involvement continue to be increased in the
natural resource planning processes with regard to federal resources (Otter and Gregoire
2011). This request from the Western Governors Associations is in line with the current
trend for more local and regionalized management processes to occur, because so many
of the natural resources in the Western United States require significant human planning
to be cultivated to their full potential. The Rocky Mountain West is a region rich in
natural resources that depend on water, including great quantities of arable soils, ores,
fuels, timber and wildlife. In my view, no other resource is more important than water to
the health & prosperity of Montana citizens. Montana waters flow downstream to serve
millions of Americans on both sides of the Continental Divide. Although it has fewer
than 1-million constituents, the Montana DEQ, compared to other state environmental
agencies, has a disproportionate amount of responsibility to protect the water quality
within its jurisdiction.

Water Resource Information Issues in Montana

There are a host of state and federal agencies within Montana that are involved
with water resource management; their responsibilities range from allocating water rights
to permitting services for oil and gas development (Montana Watercourse [Updated
2011). The Montana DEQ is charged with evaluating restoring and maintaining the
quality of Montana’s water resources (Montana DEQ 2010a). However, recent history

has revealed that confronting the issues of water quality in Montana is as much a policy



issue as it is an issue of understanding how to measure human impacts on water resources
(Water Policy Interim Committee 2010).

Natural resource managers can often be left wondering why a plan or a
management scheme was unsuccessful or did not achieve the intended goal, and that is
why it can be crucial to identify willing stakeholders who need technical assistance to
correct environmental issues (Susskind et al. 2005). Technical assistance for monitoring
water quality can take on a variety of forms (Lanfear et al. 2004). One customary method
of providing technical assistance is data sharing among stakeholders (Conservation
Technology Information Center [updated 2011]).

Sharing data involves developing databases that are rooted in well structured
metadata schemas (Foulonneau and Riley 2004). Environmental resource datasets
described by appropriate metadata schemas help support the immediate intended use of
the data (Fegraus et al. 2005). Moreover, metadata can help make datasets, more widely
accessible to a broad spectrum of stakeholders and other secondary end-users, a
characteristic known as “interoperability” (Shreeves et al.2006). If interested water
quality stakeholders are given technical assistance and encouraged to participate in fact
finding, then they will be more likely to collaborate and share their unique sets of
knowledge, including knowledge in the form of data (Rofougaran and Karl 2005).

Balancing Science and Politics in Water Quality Management

Policy dictates what natural resource issues are actively managed, because
political demands are a reflection of the demands placed on natural resources (MIT-
USGS Science Impact Collaborative 2009). Therefore, scientific research is often

organized to facilitate specific management goals (Bingham 2003). Water policy can be



viewed as an interpretation of both the law and the circumstances of water resources,
both of which are assumed to be predicated on trustworthy data and information (Bryan
et al. 2009; Ozawa 1991). And while reliable information is supported by credible data,
credible data requires well organized metadata (Baca 2008).

The data describing information we call metadata is a forum for acknowledging
the reality that not all data are created equal, because data collection, summarization and
interpretation methods differ (Field et al. 2007). In addition, the value of data should not
only be determined by how it is organized, but also by the demands of potential end-users
(Foshay et al. 2007). Water quality data illuminate ecological implications of water use
by humans, and need to be accessible to all stakeholders whether top down or ground up
governance is taking place (Matso et al. 2008). Developing metadata schemas is a part of
the process of data sharing (Zeng and Qin 2008). And when trying to do conservation
and be aware of the socio-political issues that underpin water quality management, being
able to share information can be the difference between success and failure when
managing water quality (Zeng and Qin 2008; McKinney and Harmon 2004).

Scientific Management of Water Quality

One key role of scientific management is to provide information and data that
support reasoned decision making (McKinney and Harmon 2004). Obtaining a strong
information base to serve a working management environment is crucial, because the
information base is the center of the entire management process (see Figure 1) (Modified
from Kohler and Hubert 1999).

There are four main factors that influence any natural resource management

process. All of them, except the ecological factor, are related to dimensions of human



behavior (see Figure 2) (Modified from Kohler and Hubert 1999). Integrating science
and citizen based stakeholder groups can increase the likelihood for more broadly
acceptable outcomes and encourage active resource management (McKinney and
Harmon 2004). The process of gathering public input in scientific management is
difficult, and requires tailored approaches for each instance of natural resource planning
and management (MIT Science Collaborative [updated 2011]). One process for
facilitating citizen involvement is to employ joint-fact finding (Amengual 2010).

The Case for Joint Fact Finding in Water Resource Management

Contentious natural resource issues in the Western United States often involve
“complex information” (see Display 1) (Modified from McKinney and Harmon 2004).
The theory behind joint fact finding is based on a set of best practices that attempt to
ensure that science and politics are given equal voices in natural resource decision
making processes (Karl et al. 2007). Joint fact finding is a procedure that encourages a
conversation between those engaged in answering natural resource policy questions, and
those who have specialized insight into a given issue from a political, social, or scientific
standpoint (see Figure 3) (Modified from Rofougaran and Karl 2005). Building this
interface can advance better decision making processes and reduce conflict (Modified
from Rofougaran and Karl 2005; Scarlett 2004).

The process of joint fat finding is an opportunity for stakeholders to address
information gaps and scientific uncertainty as well as produce credible, creative, and
more durable management decisions (Ehrmann and Stinson 1999). Joint fact finding is
most likely to be used as a component of a consensus building process, and demonstrates

that inclusive forums for natural resource management can work (see Figure 4) (Modified



from Rofougaran and Karl 2005 originally from CBI, Cambridge, Mass.). Because joint
fact finding promotes shared learning, it helps to create knowledge that is reliable, useful
to decision makers, and publicly legitimate (Karl et al. 2007). Moreover, joint fact
finding allows for the consideration of local and cultural knowledge as well as expert
knowledge (Karl et al. 2007).

During the process of consensus building, local knowledge can support scientific
knowledge to create preferable outcomes for stakeholders (Adler and Birkhoff 2002). In
addition, accounts of non-experts making large contributions to the identification and
understanding of environmental problems exist throughout the literature (Amengual
2010). In Montana, joint fact finding is occurring among stakeholders involved with
natural resource management, including in the management of water quality (Montana
DEQ 2010b). Citizen and quasi-government driven stakeholder groups are beginning to
undertake the process of joint fact finding more regularly (Kohler and Hubert 1999). As
processes and models are refined, water quality can theoretically be adaptively managed
in perpetuity (Montana DEQ 2007; Watson 2011). Joint fact finding is also occurring
within consensus building processes for independent large-scale water quality related
projects in Montana (Upper Clark Fork River Basin Remediation and Restoration
Advisory Council 2010).

Metadata as a Tool for Joint Fact Finding

Making inquiries using joint fact finding needs to be done based on a common
understanding regarding the research methods being used (Ehrmann and Stinson 1999).
Being able to interpret available water quality data from agencies like the United States

Environmental Protection Agency (U.S. EPA) can be crucial to supporting a management



environment predicated on shared knowledge ( U.S. EPAOffice of Environmental
Information [updated 2010]). Credible water quality information is also a valuable
resource for other state government stakeholders beyond the Montana DEQ, such as
Montana Fish, Wildlife and Parks (Land Use Clinic 2009).

The U.S. EPA predominantly uses geospatial metadata schemas to share data, but
they are developing a sense of the importance of metadata for ecologically related
datasets as well, and have encouraged state agencies to do the same (U.S. EPA Data User
Corner [updated 2010]; Lazorchak et al. 1998; Montana DEQ et al. 2009). Digital
databases with well structured metadata are crucial not just for sharing geospatial data,
but ecological data as well (Fegraus et al. 2005). In response to an increased demand for
interoperability of water quality data, the U.S. EPA Environmental Information Exchange
Network has undertaken the development of the national Water Quality Exchange
(WQX) (Environmental Information Exchange Network [updated 2011]). Essentially,
data exchanges like the WQX function through the use of an electronic interface (i.e., a
web-page). Metadata created by a schema that all participants use supports the sharing of
water quality data in a standard format (see Figure 5) (Modified from Environmental

Information Exchange Network [updated 2011]).



SECTION 2 - FRAMING THE ISSUES ASSOCIATED WITH
WATER QUALITY METADATA

Montana DEQ-Managers of Water Quality Data

Located within the Montana DEQ’s Planning Prevention and Assistance Division
(PPA), the Water Quality Planning Bureau (WQPB) is the branch of the DEQ responsible
for assuring that water quality is maintained and improved so that state waters can
support all their beneficial uses (Montana DEQ Quality Assurance Program [updated
2010]). The Montana DEQ WQPB manages two types of data in large database systems
that are made available to the public (Montana DEQ Water Quality Standards and
Classifications [updated 2010]). Data structure and management at the Montana DEQ
are the responsibility of the Information Management and Technical Services Section
(Montana DEQ Information Management and Technical Services [updated 2010]). All of
the data that the Montana DEQ collects have to be properly managed so they can be
interpreted by stakeholders who are becoming more involved in the planning process
(Mathieus et al. 2005b; Watson and Brick 2002).

Data flow through a series of mediums, formats and quality checks from the
planning phase through the completion of the field collection, lab analyses and final entry
(see Figure 6) (Modified from Mathieus et al. 2005a). Through processing, data should
become more reliable, useful and relevant from the standpoint of Montana DEQ
(Mathieus et al. 2006). Moreover, the synthesis of watershed information to determine if
"sufficient credible data” exists to make a “beneficial use-support determination”
regarding a water body, depends largely on whether an adequate metadata structure for a

given data resource is in place (see Figure 7) (Modified from Mathieus et al. 2006).



Current Water Quality Databases in Montana-STORET/WQX

The Clean Water Act (CWA) is a relevant example of a democratic legislative
product that combines significant scientific standards with political demands (Montana
Watercourse Guide to Montana water management [updated 2011). The act legally holds the
U.S. EPA responsible for managing water quality in the United States. Responsibility for
Montana’s water has been formally delegated to the Montana DEQ (Bryan et al. 2009).
With respect to water quality data governance, the U.S. EPA maintains a national water
quality database known as STORET/WQX, which is an evolving attempt to help states
organize and share water quality metric data on a national scale (U.S. EPA Web Guide-
Metadata Frequently Asked Questions [updated 2011]). The U.S. EPA has developed a
loose structural framework for metadata in the original STORET that has existed in
several forms since the 1965. WQX components began being added as of September
2009 in an attempt to improve metadata structure for improved data preservation and data
sharing capabilities (U.S. EPA Web Guide-Metadata Frequently Asked Questions [updated
2011]; Environmental Information Exchange Network [updated 2011]). The relationship
between the federal government and states regarding water quality management is
diverse and varies regionally, but states will continue to rely on federal assistance to pool
data resources to achieve management goals (U.S. EPA Pacific Northwest Water Quality
Data Exchange [updated 2009]). National and state forums, like the Pacific Northwest
Water Quality Exchange, are being developed to share water quality data, and to increase
stakeholder involvement in managing water quality (U.S. EPA Pacific Northwest Water
Quality Data Exchange [updated 2009]; National Water Quality Monitoring Council

[updated 2010]).
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All data collected or received from collaborating partners of the Montana DEQ
are uploaded to the U.S. EPA’s STORET/WQX data warehouse (Montana DEQ
Information Management and Technical Services [updated 2010]). The Montana DEQ has its
own unique process for uploading water quality data to STORET/WQX called Montana-
eWQX (Montana DEQ EQuIS Water Quality Exchange Support [updated 2010]).
Montana-eWQX is partially the product of models designed for the U.S. EPA to
encourage interoperability (enfoTech & Consulting 2005). This process is an attempt to
standardize the way that all water quality data are submitted to STORET/WQX, and also
how these data are structured in the warehouse (Environmental Information Exchange
Network [updated 2011]).

Other Relevant Water Quality Interfaces and Databases in Montana

The Clean Water Act Information Center (CWAIC) is an electronic interface that
is supported by the Montana DEQ, which generates reports of available water quality
assessment data and decisions based on Montana Water Quality Standards (Clean Water
Act Information Center [updated 2011]). These data form the basis for reports required
by the Clean Water Act, namely the state’s 303(d) list and 305(b) water quality integrated
report. These reports are provided to the EPA under explicit delegated authority to
implement the federal Clean Water Act in Montana (CWA 33 U.S.C. 881251 et seq.;
Montana DEQ 2010a). In addition, information in CWAIC is also provided to the public
at the direction of Montana’s Water Quality Act (Bryan et al. 2009). CWAIC provides
query based access to water body specific data, Montana’s 303(d) lists, integrated reports,
a public comment web application for commenting on draft reports and documents, and a

web-based mapping application to view assessment units and listings of interest (Clean
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Water Act Information Center [updated 2011]). A chart for understanding citizen
participation in natural resource planning can be helpful when describing the governance
structure of an agency (McKinney and Harmon 2004). So, based on the intent of CWAIC,
which is largely used in the TMDL planning process, it would appear in Table 1 that
Montana DEQ’s Water Quality Planning Bureau encourages roughly a medium “Degree
of Citizen Influence” (Modified from McKinney and Harmon 2004; Montana DEQ 2007;
Montana DEQ 2010a).

Other databases exist in Montana that are designed to encourage participation
from water quality stakeholders (Montana Watercourse 2009 annual report [updated 2011]).
In addition to CWAIC, the Montana DEQ (and the U.S. EPA) in conjunction with
Montana Watercourse support the Montana Volunteer Water Monitoring Project
(MVWMP), which maintains a database for citizen volunteers to store and access water
quality data from participating stakeholder groups or individuals (Montana Watercourse
Water Monitoring [updated 2011]; Montana Watercourse 2009 annual report [updated
2011]). Volunteers in the MVWMP are required to become certified participants, and are
educated on the importance of using quality assessment methods that support the
development of reliable metadata (Montana Watercourse VVolunteer Monitoring Training
and Certification [updated 2011]). The MVWMP’s database was recently reconfigured
to make submitting data easier and to make data interactive; both of which are also
priorities of other government agencies dealing with water quality (Montana Watercourse

Water Monitoring [updated 2011]; Isaak 2011).
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SECTION 3- THE MONTANA DEQ REFERENCE STREAM PROJECT
AS A CASE STUDY OF DATA ACCESIBILITY AND QUALITY

Nonpoint Source Pollution Created the Need for the Reference Stream Project

Nonpoint source pollution (NSP) is increasingly recognized as a major threat to
the long term sustainability of healthy water quality in Montana (Montana DEQ 2010b).
NPS management is at the intersection of various branches of ecology including aquatic,
landscape and human (Turner et al. 2001). Methods for analyzing NPS require that the
surveying of water quality reach beyond political boundaries, to perform regional risk
assessments that are based on interactions between terrestrial and aquatic systems at the
landscape-scale (Montana DEQ 2010b; Turner et al. 2001)

The Montana DEQ’s NPS Management Program has the responsibility of
protecting and restoring water quality from the impacts of nonpoint sources of pollution
in order to provide a clean and healthy environment (Montana DEQ Nonpoint Source
Program [updated 2011]). The program is required to provide two reports to the U.S.
EPA for the federal Clean Water Act: a five year management plan and an annual report
(see Table 2) (Modified from MT DEQ et al. 2009). Part of the process of evaluating
nonpoint source pollution includes developing both numeric and narrative water quality
standards that the Montana DEQ must substantiate and uphold (Montana DEQ Water
Quality Standards and Classifications [updated 2010]). In order to maintain narrative
water quality standards, the Montana DEQ must compare existing water quality to what
“naturally occurs” or is“normal” (Bryan et al. 1999; Suplee et al. 2005).

The RefPro
The “Reference Stream Project” (RefPro) is an ongoing study at the Montana

DEQ that began collecting data in the early 1990’s, with the initial report published in
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1992 (Bahls et al. 1992). The project is an outgrowth of the reference condition concept
that is widely applied throughout the United States and the world (Suplee et al. 2005;
Doyle et al. 1999). The purpose of the RefPro is to develop a system of reference stream
reaches of first through fifth order streams classified by Level 111 (coarse scale) and Level
IV (fine scale) eco-regions so as to provide a benchmark “normal” condition to set goals
for restoring water quality, and to set criteria for fully supporting certain uses (Bahls et
al. 1992; Suplee et al. 2005).

The project collects a wide range of data on the physical, biological and chemical
stream conditions that can be site specific (Montana DEQ 2009a). Both qualitative and
quantitative measurements are screened against seven different tests, some of which are
directly related to the quality of data reported (Suplee et al. 2005). The sampling
methods used for the RefPro are particular to Montana’s wadeable streams and require a
high level of quality assessment and quality control to ensure that the collected data are
credible; and this includes a need for well structured metadata (Lazorchak et al.1998;
Montana DEQ 2009b; Mathieus et al. 2005b; Montana DEQ 2005). The variety of water
quality indicators collected for the RefPro demand the use of an integrated database such
as STORET/WQX to hold raw data (Montana DEQ Information Management and
Technical Services [updated 2010]). For this reason the RefPro provides an interesting
case study with regard to metadata quality assessment, because there is such a variety of
data collected for the project, making data challenging to describe (Margaritopoulos et al.

2008; Park 2009).
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RefPro Data Management

The protocol for gathering and structuring metadata for the RefPro is a process
unique to the project that combines approaches from the Montana DEQ Quality
Assurance Project Plan (QAPP), Sampling and Analysis Plan, and specific contractual
agreements with partnering entities such as the University of Montana Watershed Health
Clinic (Mathieus et al. 2005a; Montana DEQ 2009a; Montana DEQ 2009b; Montana
DEQ 2005). Appropriate field forms and chain of custody forms are essential for
adequately describing the data being gathered and need to be filled out with consistent
language (see Displays 2-5) (Montana DEQ 2009; Bostrom et al. 2008). In addition,
water quality metric data management at Montana DEQ’s WQPB is also a highly defined
process where the RefPro dataset (that is initially gathered, see Displays 2-5) is
maintained in the local MT-eWQX data system (Montana DEQ EQuIS Water Quality
Exchange Support [updated 2010]).

Scientifically valid methodologies for collecting physical, chemical, and
biological data are crucial components of planning and managing water quality (Mathieus
et al. 2006). Long term monitoring has been difficult to sustain, but there have been
large strides made recently with regard to the technology available to perform remote
sensing, which can digitally record environmental conditions and automatically relay
information to a database (Connell and Miller 1984; Turner et al. 2001). Also, it is
worthwhile to mention that current methods of river classification similar to those used in
the RefPro (i.e., Rosgen methodologies for stream classification) are controversial in
some geomorphic communities (Snelder and Biggs; Omernik and Bailey; Doyle et al.

1999). Nevertheless, these different approaches to water quality planning and research
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should not have an effect on the way metadata are structured for a given project (Caplan
2003).

Capabilities of the RefPro Dataset

The Montana DEQ is adamant about ensuring that full and complete metadata are
made available for all its metric data (Montana DEQ et al. 2009). While the Montana
DEQ does seek to provide all critical metadata about the data and information they
produce to secondary data end-users, potential data consumers such as academia, industry
or other stakeholders are responsible for assessing data quality and the appropriateness of
data for their business or project needs (Montana DEQ Information Management and
Technical Services [updated 2010]; Conservation Technology Information Center
[updated 2011]; Foshay et al. 2007). Furthermore, the Montana DEQ gathers data for
specific project objectives, which are defined in each project’s Sampling & Analysis
Plan, and they do not have the resources to understand and provide all possible data and
information products conceived by interested parties, nor would they be expected to even
with available resources (Montana DEQ Information Management and Technical
Services [updated 2010]; Lanfear et al. 2004; Bryan et al. 2009). Even so, the metadata
structure used by the Montana DEQ for the RefPro still provides a valid case study for
examining how state generated water quality data rates in terms of its reliability,
usefulness and relevance, based on the fact that similar frameworks for metadata
structure are used throughout the Montana DEQ. By examining the RefPro, there are
valuable lessons to be learned regarding interoperability (Montana DEQ et al. 2009;

Bruce and Hillmann 2004).
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RefPro Quality Assessment and Quality Control

Quality assessment and quality control (QA/QC) procedures are critical to
establishing integrity for any dataset, and the scale at which RefPro data are collected
imposes a need for particularly strict QA/QC measures, which can be done in part by
evaluating project metadata (Mathieus et al. 2005b; Montana DEQ Quality Assurance
Program [updated 2011]; Turner et al. 2001; Hughes et al. 2005). The practical
framework used by the Montana DEQ’s WQPB for managing the quality of water quality
data collection, generation, and use is referred to as a "quality system™ (Montana DEQ
Quality Assurance Program [updated 2011]). Within Montana DEQ’s WQPB is the Quality
Assurance Program that requires all metric data without adequate metadata be rejected
"quality data™ are defined as those data that enable the end-user to make a timely decision
with an acceptable risk of decision error (Montana DEQ Quality Assurance Program
[updated 2011]). When determining whether sufficient credible data exist to make a
beneficial use-support determination, the Montana DEQ will “score” pertinent data
relevant to the particular decision (Mathieus et al. 2006). This is done using a numeric
and narrative method that accounts for several factors including metadata characteristics

of the data (see Tables 3-5) (Modified from Mathieus et al. 2006; Mathieus et al. 2005b)
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SECTION 4 — METHODS OF EXAMINING METADATA

The Purpose of Metadata

Metadata are often defined as “data about data,” and meant to facilitate the
understanding, use and management of an individual data item or a collection of data
items (Dublin Core Metadata Initiative [updated 2011]; Foulonneau and Riley 2008).
There are serious consequences that are associated with inadequate metadata practices
(Bruce and Hillman 2004). At the forefront of these concerns is the information content
associated with data-this will inevitably change and degrade overtime without proper
structural support from metadata (see Figure 8) (Modified from Michener et al. 1997).
Metadata based on a framework of well characterized descriptions are critical to
upholding high quality datasets such as the one that the RefPro maintains, as well as
ensuring that datasets are accessible to potential end-users (Foulonneau and Riley 2008).

RefPro Metadata

Illustrated information pathways work best to describe the importance of metadata
(Bui and Park 2006; Ma 2007; U.S. EPA Web Guide-Metadata...[updated 2011]).
Without an understanding of potential end-users, it is difficult to determine an
appropriate metadata structure for a given project (see Table 6) (Modified from Michener et
al. 1997). The Montana DEQ regularly publishes data and endures audits of its data,
which are some of the most critiqued uses of an information resources; moreover, based
on Table 6 there is no excessive amount of structure that can occur for a “Level
II/publishable and auditable” use of data (Michener et al. 1997; Montana DEQ et al. 2009;
Suplee et al. 2005; Montana DEQ 2010b). During the initial construction of a metadata

framework, the format (or type) of the metadata has to be in line with audience
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expectations (see Table 7), the RefPro uses almost exclusively definitional and lineage
based metadata structures to convey characteristics of the data (Modified from Foshay et al.
2007; Bahls et al. 1992; Suplee et al. 2005). Additional, and more in depth concepts of
format and type can be seen in Table 8, with RefPro metadata fitting into administrative,
descriptive and use types (Modified from Baca 2008; Bahls et al. 1992; Suplee et al. 2005).

Metadata structure is in part determined by data type and structure, because
metadata quality assessment is part of the data quality assessment process discussed
above. This explains why it is so crucial for the RefPro (and other water quality
monitoring projects) to maintain a basic set of metadata attributes regarding structure,
characteristics and examples that can describe a wide range of data types (see Table 9)
(Modified from Baca 2008; U.S. EPA Data User Corner [updated 2010]; King et al. 2005;
Lanfear et al. 2004). RefPro metadata consist of a large groups of “elements” embedded
within files called “Regular Files” or Biological Files” (which are determined by
Sampling and Analysis Plans mentioned above) and “descriptive” metadata files
(formally known as “application profiles”) that stand alone (Montana DEQ STREFPRO
2011a; Montana DEQ STREFPRO 2011b). These metadata do not abide by a specific
structural program that is organized to serve on a broad vocational basis (i.e. librarians,
ecologists, etc.), but rather are intended to be used by a distinct community of agency
personnel (Dublin Core Metadata Initiative [updated 2011]; Fegraus et al. 2005; Montana
DEQ Information Management and Technical Services [updated 2010]).

Need for this Analysis of Montana DEQ Water Quality Metadata

Overall, this research was performed to try to better understand the way water

quality data generated by the Montana DEQ are structured, and how potential end-users
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are interacting with water quality data. In the interest of examining how well RefPro
metadata are organized, the following research was designed to see if end-user
community-based conceptual models for metadata could be successfully applied to the
RefPro as evaluative frameworks (Bui and Park 2006; Margaritopoulos et al. 2008). The
RefPro, like many projects in the environmental sciences, has specific objectives and
requires a specialized metadata structure or schema (Park 2009; Caplan 2003).
Therefore, the following metadata quality assessment compares existing metadata to
broadly applicable evaluative frameworks to determine the Montana DEQ’s ability to
disseminate information, distinguish the value of data from the standpoint of different
communities, and to briefly look at the possibility of employing a common metadata
structure at the Montana DEQ as a basic schema (Zeng and Qin 2008).

The RefPro is an ongoing project at the Montana DEQ, and being able to preserve
the value of its water quality data into the foreseeable future is largely a function of
metadata structure (Michener et al. 1997). Furthermore, the RefPro is a relatively long-
term project, and as such can illustrate for potential end-users (i.e. those stakeholders
involved with water quality planning and management) that the value of data resources
can vary with their metadata structure over time; this will be addressed by looking at pre-
1999 and post-1999 RefPro metadata (Montana DEQ 2010b; Field et al. 2007; Michener
et al.1997). Moreover, although no legal precedent was discovered to indicate poor
metadata structure has been used as grounds for dismissing water quality data from a
trial, this does not completely discount the notion that metadata could be used as grounds
for dismissing data as evidence in a courtroom (Westlaw Research Trail [updated 2011]).

Even without this legal concern, there are still significant reasons to develop a reliable
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metadata structure for internal purposes (Bruce and Hillmann 2004; Land Use Clinic

2009).
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SECTION 5- METHODS

Three Potential Problems Associated With Inadequate Metadata

1. Adequate metadata structure is necessary for all Montana DEQ projects to accomplish
their objectives (Mathieus DEQ). Without proper metadata structure, the RefPro would
be unable to aid in the development of narrative water quality standards (Suplee et al.
2005)

2. If data are not well described and adequately supported by well structured metadata,
the value of data will degrade over time as the information resource will be difficult to
understand to future end-users (Michener et al.1997).

3. ldentifying secondary audiences for water quality research, and subsequently applying
research and monitoring water quality can present significant challenges for water
resource managers (Johnson and Host 2010; Juracek and Fitzpatrick 2003; Field et al.
2007).

This study was designed to examine whether data quality assessment and quality
control by the Montana DEQ result in adequate metadata “scores” for the “Reference
Stream Project” based on the “Bruce- Hillmann Framework™ and the “Dublin Core
Metadata Element Set” metadata quality assessments. The scope of this work is to serve
as an initial analysis of the “Reference Stream Project” metadata using methods of
metadata quality assessment that differ from those used by the Montana DEQ. Narrative
(not numeric) based metadata evaluative frameworks were used because they are more in
line with the procedures employed by the Montana DEQ. There are more technical
issues that can arise with regard to computer coded metadata than the three listed above;

but, for the purposes of looking at the metadata that Montana DEQ creates for the
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“Reference Stream Project,” a relatively coarse level of quality assessment was adequate
to address the issues (Zeng and Qin 2008).

Three Main Questions Based on Metadata Quality Concerns:

The following questions are based on the three main issues listed above:

Question 1: Is there an adequate metadata structure to support the immediate use of data
by the Montana DEQ for the RefPro’s intended purpose based on two metadata
frameworks for quality assessment?

Question 2: How well will metadata associated with the RefPro preserve data value
through time?

Question 3: How can metadata facilitate applying research and data sharing?

Researching Methods for Assessing Metadata Quality

Broadly, four approaches to researching the topic of metadata and water quality
data in Montana were used: (1) literature review, (2) harvesting metadata/metadata
analysis, (3) interviewing and surveying, and (4) participation in the Reference Stream
Project as a field technician for the 2009 and 2010 field seasons. While researching the
topic, | noted two issues of interest that relate to the majority of metadata literature to
Montana DEQ water quality data: (1) the rise of commonly used metadata has coincided
with the rise of the internet, and therefore little literature exists on the topic roughly pre-
1995, especially with regard to scientific communities outside of computer science
(Caplan 2003; Baca 2008); and (2) metadata and related concepts have been slow to be
integrated into the thought process of the natural resource community, but exposure and
aptitude for the average non-information/technology savvy natural resource professional

seems to be increasing (Fegraus et al. 2005; Caplan 2003).
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Literature and Web-based Resource Review

This study reviewed the state-of-the art of metadata structure for water quality
information, but found ecologically based metadata to be the primary searchable body of
literature. Water resource and metadata related journals such as the Journal of the
American Water Resources Association and Cataloging and Classification Quarterly
respectively, were among the peer reviewed journals examined. University library
systems were also fruitful places to search for information regarding metadata structure,
as these systems were some of the first communities to be heavily involved with the use
of metadata (Caplan 2003). In addition, professional consultants marketing metadata
services provided a business/industry perspective on the value of metadata structure; in
some cases these ventures were related to university libraries (Cornell University
Metadata Services [updated 2011]). Reviewing of reports and web based information at
federal and state water related agencies was a useful process, and was absolutely
necessary to acquire the information to complete this study. Reviewing documents
produced by the Montana DEQ Water Quality Planning Bureau was particularly
worthwhile, as were interviews of agency personnel at the Montana DEQ Water Quality
Planning Bureau and the Oregon DEQ. Also, web based searches for water quality
related stakeholders in Montana, and examining case studies of joint fact finding for
technical information contributed to building the discussion.

Overview of Metadata Analysis Methods

This portion of the methods addresses the types of methods that were used to
address the reliability and usefulness of state generated water quality data and methods

used to answer Questions 1 and 2. Methodologies for analyzing metadata are varied and
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approaches differ based on what type of information is being stored as data (Bruce and
Hillmann 2004). A variety of “loose fitting” methods for quality assessment do exist and
are intended to be applied to a wide range of resources (Foulonneau and Riley 2008;
Zeng and Qin 2008). These methods are based on conceptual models that use statistical
procedures (not tests) and narrative indices for checking the quality of metadata (Park
2009). The purpose of this portion of the study is to evaluate how the Montana DEQ is
delineating and describing the water quality data that they are producing. Two metadata
standards were employed to assess metadata quality for the RefPro: a “conceptual”
metadata approach used by the Bruce-Hillmann Framework (BHF), and the “firm”
metadata approach used by the Dublin Core Metadata Element Set (DCMES). These two
methods will be described in a later section.

Querying STORET/WQX

STORET/WQX is where data and associated metadata for the RefPro are housed,
and made publically accessible. Data are ordered in the database by “organization” and
the Montana DEQ maintains nine organizations. However, only two organizations
contain data that are owned by the Montana DEQ, meaning that they only assume
QA/QC responsibilities for data and associated metadata for those organizations
(Montana DEQ Information Management and Technical Services [updated 2010]).
“MDEQ WQ WQX” is the name of the organization that houses current water quality
data, and it is complemented by a collection of historic data collected before 1999, in
“MONT_DEQ_WQX.” Display 6 illustrates the formal queries submitted to

STORET/WQX for all files associated with the RefPro.
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Using R to Evaluate Metadata

Once data have been placed in STORET/WQX by the Montana DEQ), the
expectation exists that it has undergone all of the QA/QC measures associated with the
RefPro’s Sampling and Analysis Plan (Montana DEQ Information Management and
Technical Services [updated 2010]; Montana DEQ et al. 2009). The flowchart in Figure
9 provides a common procedure for managing, curating and storing data in the ecological
sciences (Modified from Gotelli and Ellison 2004). The top half of the figure illustrates
how this process generally occurs to create a finished product (i.e. the data resource) that
is then archived in STORET/WQX. Moreover, in this model which can be viewed as a
generalized version of the data management and statistical procedures used at the
Montana DEQ, metadata are generated initially, and then are reviewed based on QA/QC
procedures to develop an informative structure that is accurate in describing the specific
data resource (Montana DEQ Information Management and Technical Services [updated
2010]; Montana DEQ Quality Assurance Program [updated 2011]; Gotelli and Ellison
2004).

As this study was an analysis of RefPro metadata and not RefPro data, the queried
files were not thoroughly checked for outliers or specific errors in preparation for a
formal statistical analysis. Instead the statistical program “R” was used to look at some
conceptual aspects of metadata structure (Bolker 2008). R is a software package used for
statistical computing and generating graphical displays; R-commander is a supplemental
interface that can run in conjunction with R. R can help organize metadata elements, and

create outputs for indices of basic quality assessment (Verzani 2004). One advantage of
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using R to aid in evaluating metadata is its ability to process large data files, such as those
associated with the RefPro, in a relatively short amount of time (Bolker 2008).

R was employed in this study to measure completeness of the RefPro files on an
elemental basis, meaning objects (i.e., the values of individual measurements taken in the
field) were counted separately for each element (i.e., the measurements being taken in the
field). The intention was to quantify the number of absent data values for each element.
The process for doing this was as follows:

1. Data were changed from a text format in Notepad to a spreadsheet format in

Excel.

2. Appropriate options for converting the file were necessary to be able to use the

Excel file in R; the following are options as they appear in Excel:

(i) text delimited for no spaces (ii) tab delimiter (iii) generally format column data

3. R-Commander received data via the functions: Import - Data from Excel

4. Code was developed using the features: Statistics = Summaries - Count

missing objects.

Deciding On Standards for Metadata Quality

Although numeric based frameworks can be used to analyze metadata, as is
evidenced by the use of statistical procedure in R, narrative frameworks rooted in the
concepts of data description and sharing can be applied to a wider range of data resources
and can still act as a common method of assessing data durability and interoperability
(Bruce and Hillmann 2004; Dublin Core Metadata Initiative [updated 2011];
Margaritopoulos et al. 2008; Park 2009). Other models for quality assessment were

considered besides the BHF and the DCMES. Ma (2007) presents results from a survey
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that gathered information on metadata demand and structure at university libraries in the
United States. A spectrum of options for models to use in this study were laid out here,
but many of them were not conceptually based and focused on the needs of cataloging
and library professionals. Hughes et al. (2005) present an example of quality evaluation
using open language archives; however, this approach is far more appropriate for
metadata in a web-based format. Table 10 illustrates an Ecological Metadata Language
(EML) record used by Fegraus et al. (2005) to evaluate natural resource based metadata
(Modified from Caplan 2003 as retrieved from http://knb.ecoinformatics.org). While
similar in format to the DCMES, EML does not encourage the same level of
interoperability that the DCMES does and is designed to serve a narrower community of
end-users (Baca 2008; Caplan 2003; Zeng and Qin 2008).

Challenges in approaching questions of metadata quality include the fact that new
metadata standards are arising quickly; quality standards and measures can be overlooked
in metadata creation; and specialist communities who often see their work as unique,
frequently resist the notion that there may be strategies available to them that could
enable their metadata to interoperate (Baca 2008; Foulonneau and Riley 2004; Zeng and
Qin 2008). No one metadata standard can serve every type of dataset; theories and
practices differ considerably, because of varying cultural and professional purposes for
storing information (Baca 2008). In addition, metadata can relate to more than just the
description of an object, they can designate context, management, processing,
preservation, uses of the data, and can originate from different sources, experts and non-
experts (Baca 2008). For these reasons, two different standards were employed for this

study.
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RefPro metadata were compared against “conceptual” and “firm” metadata
standards. “Conceptual standards” refer in part to a reasoned narrative framework of
standards recommended by the BHF. While the DCMES provides “firm standards” to
compare the specific elements provided for description in a given Montana DEQ dataset
to a set of element types, there is still a conceptual foundation that underlies the fifteen
core elements of the of the Dublin Core Metadata Initiative (Dublin Core Metadata
Initiative [updated 2011]; Cornell University Metadata Services [updated 2011]).

Bruce-Hillmann Framework Methods

The BHF is an attempt at a systematic, domain- and method- independent
discussion of quality indicators for metadata (Bruce and Hillmann 2004). The approach
is touted by its creators as being, “pragmatic and managerial, rather than idealistic,”
because it is understood that projects like the RefPro operate under resource constraints
(Bruce and Hillmann 2004). The primary reason for choosing the BHF for this study is
its ability to effectively evaluate information resources across a variety of disciplines
(Beall 2005). In addition, Park (2009) acknowledges in “Metadata quality in digital
repositories: A survey of the current state of the art,” the refined nature of the BHF and
how it emphasizes the use of functional metadata structures. The BHF is based on a set of
seven characteristics that are intended to act as places to look for quality in a database-
specific schema, and should not be used as a checklist or contribute to a quantitative
metadata evaluation (Bruce and Hillmann 2004).

Metadata characteristics that can be isolated using the BHF include:
completeness, accuracy, provenance, conformance to expectations, logical consistency

and coherence, timeliness, and accessibility. The original BHF is illustrated in Table 11,
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but is summarized in Table 12 for the purposes of creating a meaningful narrative “score”
for each category based on metadata from the RefPro (Both Modified from Bruce and
Hillman 2004). The following explanations of the seven characteristics are modified and
abbreviated from the framework presented in Bruce and Hillmann’s The Continuum of
Metadata Quality: Defining, Expressing Exploiting, which was published as a section of
Hillmann and Westbrook’s 2004 compilation “Metadata in Practice.” Each characteristic
was applied to the metadata queried for the RefPro, and a narrative “score” was
produced.

“Completeness” determines whether there is sufficient information quality to
answer a given question. The element set should describe the data as completely as is
economically feasible, and the element sets should be applied as completely as possible.
It is less effective to prescribe a particular set of elements if most of them are never used,
because most end-users will expect uniformity across the collection. However, this may
improve interoperability by creating a wide range of elements to satisfy the needs of a
variety of end-users.

“Accuracy” is defined by whether metadata are factual in the way they describe
objects. At a basic level this is determined by whether information provided is correct;
and at an advanced level accuracy pertains to the ability to perform high quality editing
for typographical errors. In large heterogeneous databases such as the RefPro’s, accuracy
may not be directly verifiable, and alternatives to labor intensive inspection may be
necessary (this is where R has a variety of potential applications).

“Provenance” relates to the preparer and origin of the resource. This

characteristic is based on judgment, experience, as well as expertise of the creator in the
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relevant domain (here this would be water quality), and general metadata standards.
Provenance should also include records about transformations made to the dataset that
have occurred over time, detailing whether value has been added or subtracted since the
dataset’s inception.

“Conformance to expectations” is an indicator of whether the elements are
relevant, and are those that an end-user community would reasonably expect to find in a
collection. To fully satisfy this characteristic, the end-user community should be
considered when developing metadata structure, so as not to include elements that are not
likely to be used. In addition, it is recommended that a common and well defined
language be used to encourage cooperative standards, rather than an approach that tries to
satisfy demands from all end-users.

“Logical consistency and coherence” are particularly important characteristics for
collections like the RefPro’s, which are joined together over time. The use of standard
mechanisms such as application profiles (see Glossary) and common crosswalks (see
Glossary) are important for tracking the record of intent over time. An overreliance on
computer generated default values for some elements can cause issues with consistency
and coherence; and it is within the realm of reason for this to be occurring in RefPro
datasets, because there are elements that are populated with objects that have little or no
variation between them. This characteristic is crucial for a common and reliable end-user
experience to occur.

There are two different aspects of “timelines:” (1) “currency” refers to when
objects change, but the metadata do not; and (2) “lag,” is when objects are disseminated

before some or all of the metadata are made available. Cultural differences among
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different professions can also contribute to timeliness, and should prompt project teams
to not only ask what metadata are good for the end-user, but what structures yield the
most utility, the fastest, and over the long term.

Lastly, “accessibility” as a characteristic refers to the ability of metadata to be
read and understood by end-users. Physical obstacles to accessibility include technical or
organizational barriers where metadata are not directly associated with objects. For
example, RefPro files are separated in STORET/WQX by “organization,” as well as
within the zip files that are delivered from the STORET/WQX query. Intellectual
obstacles to accessibility are difficult to overcome, because both objects and elements can
be employed by a wide range of potential end-users, and the extent to which data are
disseminated can be unpredictable. If a project has a diverse end-user base in mind, there
needs to be an interface created for a broad audience, and there should be practice guides
and other content rich forms of documentation available.

Dublin Core Metadata Element Set Methods

The DCMES is a basic and universally applicable approach to metadata structure,
developed by a committee of professionals in Dublin, Ohio in the mid-1990’s and is
managed by the “Dublin Core Metadata Initiative” (Dublin Core Metadata Initiative
[updated 2011]). It was originally created to be a “catalog card” for networked resources,
but has expanded to be able to describe nearly any information resource (Baca 2008;
Caplan 2003). DCMES was chosen for this study because it provides an approach to
metadata that can be applied across disciplines due to its ability to offer simple and
generic resource descriptions that are accessible to experts and non-experts alike (Dublin

Core Metadata Initiative [updated 2011]; Baca 2008). Moreover, DCMES was an
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appealing standard for this study, because it is inexpensive to create and maintain, but can
be complimented by other metadata elements or profiles to meet the needs of a particular
project or end-user (Baca 2008; Zeng and Qin 2008).

The DCMES, as a standard, allows a quality assessment to look for holes in data
based on a set of fifteen elements (see Table 13) (Modified from Dublin Core Metadata
Initiative [updated 2011]). These fifteen elements are considered to be the fundamental
terms that should be satisfied to create minimally adequate metadata structure (Dublin
Core Metadata Initiative [updated 2011]. Their necessity can be best understood by
placing the terms in specific groups (see Figure 10) (Modified from Zeng and Qin 2008).
Tables 14-16 are lists of elements reported from three different files queried from
STORET/WQX. They were used to identify one “robust” element that exemplified a
given term, for as many of the fifteen DCMES terms as could be satisfied. This approach
to using the DCMES was taken because the categorization of elements into term groups
IS subject to a certain degree of interpretation, and some elements could satisfy more than
one category (Dublin Core Metadata Initiative [updated 2011]; Caplan 2003; Foulonneau
and Riley 2004). Furthermore, attempting to populate the fifteen terms of the DCMES
with the complete list of all elements from each RefPro data file would not have been
possible. Some elements in the RefPro data files were not completely populated by
objects, thus their meaning or context could not be completely deciphered; this is noted
as having a negative contribution in the “scoring” process in the sub-section below

“Using R to Evaluate STORET/WQX Metadata.”
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Overview of Stakeholder Survey Methods

This portion of the methods describes methods used to answer Question 3 by
examining the utility and political/social relevance of state generated water quality data,
based on a survey that tried to address the relationship between water quality
stakeholders, and the data resources generated by the Montana DEQ. The survey was
primarily designed to provide insight into how water quality stakeholders are organized
in Montana (Frey et al. 1991). Combining the methods used in the metadata analysis
(the primary purpose of this study) with looking at social aspects of water quality data,
had the intention of allowing issues regarding water quality data to be approached from
the perspective of water quality data producers as well as end-users in various watersheds
in Montana (Foshay et al. 2007).

Water quality stakeholders are entities that inherently require certain types of
water quality information to operate (Montana Watershed Coordination Council [updated
2011]; (Conservation Technology Information Center [updated 2011]; Montana
Watercourse 2009 annual report [updated 2011]). Watershed groups that are members of
the Montana Watershed Coordination Council (MWCC), provided an actively engaged
stakeholder group focused on water quality in Montana to survey (McKinney and
Harmon 2004; Susskind et al. 2005; Montana Watershed Coordination Council [updated
2011]). The MWCC is a statewide information and support network created to advance
local watershed work (see Displays 7 and 8) (Modified from Montana Watershed
Coordination Council [updated 2011]; Montana DEQ 2010b).

An organizational survey (see Display 9) was designed to capture how watershed

groups involved with Montana Watershed Coordination Council are interacting with the
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Montana DEQ and state generated water quality data (Frey et al. 1991). Surveys were
distributed to watershed coordinators via email over the course of six weeks.

The survey was also conducted to better understand the potential that metadata
structure has to increase accessibility of state generated water quality for stakeholder
groups outside of the Montana DEQ (Foshay et al. 2007; Frey et al. 1991). Sharing
information and encouraging collaboration in natural resource disputes, particularly those
related to water in the Western United States, can be difficult (Rofougaran and Karl
2005). Strategies can vary to obtain technical information that collaborative groups need;
the MWCC is a forum related to consensus building that is capable of engaging in the
process of “joint fact finding” (Montana DEQ 2010b; Karl et al. 2007). This also made
the member watershed groups of the MWCC a viable target response group for the

survey (Frey et al.1991).
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SECTION 6 — RESULTS

Query of STORET/WOQX for RefPro Data

Querying STORET/WQX vyielded five raw data files for the RefPro. Two files
were produced from the pre-1999 sampling done for the project: one “Regular File” and
one “Metadata File” (also known as an application profile). Three files were produced
from post-1999 sampling done for the RefPro: one “Regular File, one “Biology File,” and
one “Metadata File.” Based on the RefPro Sampling and Analysis Plan there is the
possibility that there should have been a “Habitat File” included, but the shift from
STORET to WQX may have eliminated querying potentially empty files (Montana DEQ
2009a; Montana DEQ 2009b; Montana DEQ Information Management and Technical
Services [updated 2010]). When initially queried, all files are presented in a text file
format. The Regular and Biology Files contain field measurements, and metadata
elements are located within these files. The Metadata Files are application profiles and
serve as the way that the Montana DEQ (a specialized community) interacts with the
greater community of those who use metadata (Baca 2008). Displays 10 and 11 contain
abbreviated versions of the metadata records (also known as application profiles) queried
from STORET/WQX for the pre-1999 and post-1999 RefPro data (Modified Montana
DEQ STREFPRO 2011a; Montana DEQ STREFPRO 2011b). Not all entries were
included, and the entries that are displayed are either common between Montana DEQ
projects or are specific to the RefPro. The application profiles in Displays 10 and 11
have missing values that are not justified with any explanation of why an entry is omitted.

This in turn contributes negatively during the “scoring” process. Also, abbreviations and
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other open-ended language are used throughout, but are not explained by any defined
language; this also has a negative impact during scoring.

An Evaluation of STORET/WQX Metadata by R

Importing the raw data into Excel and then into R were major victories for this
study. It allowed the metadata to be sorted and examined in an easy to use format.
Completeness was the only variable from the BHF or the DCMES that was measured
using R, and did not contribute extensively to the completeness term analysis when
applied to the BHF. Displays 12-14 contain the R code and the output for the pre-1999
Regular File, post-1999 Regular File, and the post-1999 Biology File. Each series of
code entered in R illustrates how to find out the number of missing objects for each
element; each element is listed above its respective number of missing entries. The
important point to recognize here is that the pre-1999 structure supported a much more
completely filled in set of elements, than the post-1999 structure, probably because there
were fewer elements to satisfy in the pre-1999 framework (i.e., fewer measurements were
being taken in the field at the time). Additionally, as noted above many elements in all
RefPro files are not completely populated by objects, and the extent to which this is
occurring can be gauged based on the output from R that gives a numeric value for the
number of missing objects for each element. These objects could have been omitted for
either of two reasons: one, data was accidentally omitted during entry in the field or
during electronic entry, or two, the element (i.e. the field measurement, in the case of the
RefPro) did not apply to the site being sampled (i.e. the reference stream, in the case of

the RefPro).
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Bruce-Hillmann Framework Analysis of RefPro Metadata

The application of the BHF allowed the post-1999 Regular and Biology Files to
be analyzed together. Using the standard produced a narrative analysis that can be
viewed in Tables 17 and 18 for the pre-1999 RefPro metadata and the post-1999 metadata
respectively. These tables serve as the formal results for the narrative scoring process
and present direct questions and answers regarding quality criteria for each metadata
characteristic as well as where to locate the criteria indices among documents associated
with the RefPro metadata.

Dublin Core Metadata Element Set Framework Analysis of RefPro Metadata

As previously mentioned, an initial examination of the Regular and Biology Files
yielded “element reports” displayed in Tables 14-16 for the pre-1999 Regular File, the
post-1999 Regular File, and the post-1999 Biology File respectively. Similar to the BHF
standard, applying the DCMES allowed files to be grouped together for analysis, because
there was significant overlap between the Regular and Biology Files for the post-1999
data. When applied to the element reports and the Metadata Files, the DCMES
evaluative framework produced Tables 19 and 20 for all pre-1999 files and all post-1999
files respectively. A robust (i.e. exemplary) element was selected from an element report
(see Tables 14-16), and is listed next to the given file name(s) from which it was drawn.

Results of Survey of Potential End-users of Montana DEQ Water Quality Data

Responses to the organizational survey are presented in two ways. Questions 1-
5b were “yes or no” questions and were quantified and are presented in Table 21. For the

extended response questions (5c-8), relevant and interesting quotations were chosen from
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those provided by respondents and are presented in Display 15. Survey responses were
received from 24 of 39 watershed groups who were asked to participate.

Display 15 presents a mixed message from respondents regarding use of water
quality data from the Montana DEQ), ease of use of that data, and what additional
information resources would be beneficial. It seems that while some groups are relying
on technical advisors to understand information, others are relying on the Montana DEQ
to provide technical assistance and interpret which water quality data are appropriate to
use. Across the board, responses indicated that watershed groups are trying to use water
quality information that the Montana DEQ creates, but the ease-of-use responses for
database accessibility varied from “easy enough” to “very difficult.” While some
respondents seem quite satisfied with the interactions occurring among water quality
stakeholders, the following response illustrates the level of frustration that can occur
among those involved with managing water resources:

If you want to address a real problem you need to get DNRC and DEQ together

and have one of them in charge of Montana Water. DNRC is interested in

Quantity and keeps allowing "exempt wells" even in closed basins while DEQ is

interested in "quality" while the availability is being reduced. You also might

help these folks fund the Ground Water Information Program (GWIP) so we can
have, at least, some idea how much ground water is available in these closed
basins before DNRC gives it all away. Water quality becomes meaningless when
there is no water!
Multiple respondents offered an opportunity to squelch confrontation, and promote
constructive dialogue, by expressing their demand for a centralized location to access
information. Essentially, this would enable all stakeholders involved with the

management of water quality in a particular basin to be on the same page regarding what

information is available to them.
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Respondents also indicated that they are knowledgeable about, “...raw data out
there that goes beyond the TMDL's and 303d lists...,” and how they would appreciate
having this information made available to them through a single interface. So, while it
appears that TMDL related information is more immediately relevant to watershed
groups, data from the RefPro would also be of interest, and even possibly helpful in
planning. In addition, respondents articulated a need for more consistency between
datasets as well as increased types of data such as temporal, spatial, and pollutant specific
(i.e., heavy metals, pharmaceuticals, personal body care products, etc.) information. As
water quality databases are set up now by the Montana DEQ, end-users may need to sift
through multiple data repositories to query the right information. Also, respondents
recognized the cost of acquiring water quality data, and as a result it seems they
understand why it is crucial to build working relationships with the Montana DEQ and
collaborate with stakeholders in seeking the appropriate technical information to plan for

and manage water quality.
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SECTION 7 — DISCUSSION

How RefPro Metadata Scored Based on the Bruce-Hillmann and Dublin Core Metadata

Element Set Frameworks

Application of these two standards suggested that the RefPro data are described
well and deserve an overall positive “score” for their intended purpose. The two
analytical standards clearly conveyed that the objects describe the field measurements
taken at the reference streams, and the elements selected for the RefPro illustrate the
stream project as a whole (Zeng and Qin 2008; Foulonneau and Riley 2004; Hughes et al.
2005). However, even with the adequate narrative metadata scores provided in Tables
17-20, improvements can be made in the metadata if for no other reason than metadata
concepts are evolving rapidly (Zeng and Qin 2008).

Question 1 asks: is there an adequate metadata structure to support the immediate
use of data by the Montana DEQ for the RefPro’s intended purpose based on two
alternative frameworks? Results from the application of the BHF and the DCMES found
that, based on these standards, Montana DEQ provides more than adequate fundamental
metadata structure to support the immediate use of RefPro data by the Montana DEQ.
Both standards were able to be completely applied to the RefPro metadata, and all
characteristics scored well. The only glaring omission that was discovered from use of
the BHF was the lack of basic standards documents such as explanations of vocabularies
that should accompany best practice guidelines for data management, and exemplary
templates for how metadata are created. Without these files, the RefPro data are missing
information that could benefit monitoring, data preservation, and data sharing (Fegraus et

al. 2005; Shreeves et al.2006).

41



Question 2 asks: how well will metadata associated with the RefPro preserve data
value through time? Data are often best protected from decay by including a highly
descriptive “Data Content Standard” as part of the metadata structure. This gives end-
users the opportunity to look up reasons for discrepancies in the data, have terminology
explained, or simply to read about the general metadata framework being used for the
dataset. Results from the application of the BHF and the DCMES research found that,
the data files associated with the RefPro in STORET/WQX from pre-1999 and post-1999
are not equal in terms of their metadata structure, meaning that fewer elements are made
available to be populated for the pre-1999 file than the post-1999 files. In addition, the
pre-1999 Metadata File (application profile) is less extensive in what it describes about
the RefPro than the post-1999 metadata file. This is most likely because fewer
measurements were being taken in the field during the pre-1999 years of the RefPro.
Unfortunately, even if this is the case, no documentation exists to bring these older data
up to current standards used in the post-1999 files. As a result there may be issues
preserving or assessing their value through time. Moreover, drawing distinctions
between pre-1999 metadata and post -1999 metadata only provides a snapshot of
variation over time. Elements currently required to describe the array of measurements
taken for the RefPro will inevitably change again, whether because of fluctuations in
project resources or some other reason(s) related to project objectives. If metadata
structure is not improved with more descriptive documents detailing the contents of an
older dataset to support changes and discuss variations that have occurred through time,

the context and value of older data can be lost (Michener et al. 1997). Furthermore, since
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metadata concepts are evolving rapidly, it is difficult to draw too many conclusions when
comparing pre-1999 and post-1999 files (Caplan 2003; Bui and Park 2006).

As seen in Tables 19 and 20, there are significant differences in the way that pre-
1999 and post-1999 metadata match up with the “firm” metadata standard provided by
the DCMES. In the pre-1999 analysis, more DC-Elements were satisfied by the
Metadata File than by actual reported elements from the Regular File; and in the post-
1999 analysis, one can see that the Regular and Biology Files satisfy the majority of DC-
Elements, and do not rely as heavily on the Metadata File to perform simple descriptions
of elements. This indicates that pre-1999 files may be relying too heavily on the use of
an application profile to describe the data, which can potentially be confusing for end-
users as core elements are generally expected to be embedded within the files that contain
the objects (Baca 2008).

Based on the DCMES standard, some robust elements (i.e., elements that portray
the DC-Element well) exist in both the pre-1999 and post-1999 files, which are indicative
of a set of variables that are readily available to be analyzed (Baca 2008). Moreover,
metadata elements are a static structure, but only temporarily static, because they can
change based on project priorities, available resources and other outside influences that
impact project design (Dublin Core Metadata Initiative [updated 2011]; Bui and Park
2006; Montana DEQ Information Management and Technical Services [updated 2010]).
The pre-1999 metadata, for reasons most likely related to the RefPro being in its initial
stages of development, are not nearly as well populated with elements as their post-1999

counterparts (Bahls et al. 1992).
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The BHF (see Tables 17 and 18) provides an excellent standard for the Montana
DEQ to use in trying to build a common set of metadata elements and types. It has the
structure needed to capture the crucial aspects of a metadata configuration and the
flexibility to handle the large volume of information present in project data files such as
those found in the RefPro. It would seem that while the BHF provides an excellent
resource for most any data resource, the DCMES has fewer applications as a metadata
standard for ecologically relevant data resources such as the RefPro (Park 2009; Caplan
2003). The RefPro is a project that has a relatively high level of complexity with regard
to the elements (i.e. field measurements at different streams) needed to describe the data
objects (recorded information). And even though the DCMES has 15 term elements to
satisfy and can act as a good standard for some types of data; in comparison to the BHF,
which is based on seven conceptual metadata characteristics, it is too simplistic to assess
the quality of metadata for a project such as the RefPro.  Even so, the DCMES was
preferred when comparing the pre-1999 and post-1999 files, because it produces results
that are based on less interpretation of the metadata than the BHF. The DCMES is either
satisfied by existing metadata, or it is not, the results from the BHF are not as clear cut,
and do not lend themselves to the same type side-by-side comparisons that the DCMES
standard does.

The “conceptual” standard formed predominantly by the BHF and partly by the
DCMES revealed areas where the Montana DEQ can improve the way it relates data to
specific projects or end-user requests (Bruce and Hillman 2004; Bui and Park 2006;
Margaritopoulos et al. 2008). Some metadata specialists argue that: “specialists tend to

consider only the attributes that matter to them, neglecting those that make their data
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more useful to dimly imagined, and hence easily dismissed, groups of outsiders” (Bruce
and Hillman 2004). Even though the RefPro is a government project, and therefore a
public resource, there is still a culture among many data managers to avoid sharing
internal practices and material for others to use. In addition, it is not unusual for projects
to not budget time or resources for metadata documentation for internal purposes, much
less external purposes (Bruce and Hillman 2004; Baca 2008). Isolation and specialized
solutions can create barriers for coordinated thinking about metadata quality and other
resource issues (Baca 2008). In Montana, there are examples of where interoperating has
been a large part of collaborative ventures, and demands for data from future projects,
especially collaborative projects, simply cannot be predicted (Montana Consensus
Council 2002).

Encouraging widespread approaches to water quality management across
communities can promote practical solutions to cross-discipline issues (Environmental
Information Exchange Network [updated 2011]; MIT-USGS Science Impact
Collaborative 2009). One way of doing this is by encouraging “interoperability”” among
stakeholders; which is a conceptual initiative that adds significant value to datasets via
metadata structure (Baca 2008). Though data are usually generated for a specific
purpose, that dataset can still have potential value beyond that immediate purpose;
therefore, it would seem worthwhile to reinvest in “curating metadata” to keep datasets
valuable and relevant well into the future (Foulonneau and Riley 2004). An estimated
cost of how much “reinvesting” could add to the Montana DEQ’s “data management

budget” was not acquired for this study; however, hiring, training, or paying an hourly
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wage to personnel with the appropriate skills would most likely be a significant expense
for a state agency already under tight fiscal constraints.

Creating interoperability is expensive, and for an agency such as the Montana
DEQ, quality that serves unspecified projects is what Bruce and Hillmann (2004) would
refer to as an “unaffordable altruism.” Moreover, in addition to any self-directive to
encourage interoperability, projects like the RefPro have to contend with a high rate of
change in technology and metadata standards (U.S. EPA Office of Environmental
Information [updated 2010]). However, while it is not the responsibility of the primary
project entity to ensure that all possible uses of the data are supported, it is to the
Montana DEQ’s advantage to encourage public involvement in water quality
management in any way they can (Montana DEQ Information Management and
Technical Services [updated 2010]; Rofougaran and Karl 2005; Kohler and Hubert 1999)

By providing metadata elements based on a standard structure, similar to the 15
core elements in DCMES, moving data between computer software programs can take
place more easily, and encourage end-users to perform self-directed analyses of objects
of interest (Shreeves et al.2006; Dublin Core Metadata Initiative [updated 2011]). This
may be particularly important for watershed groups trying to do basic analysis of local
water quality data (Conservation Technology Information Center [updated 2011]; USGS
Science in Your Watershed [updated 2011]). Despite resource constraints at agencies like
the Montana DEQ), recent developments in electronic interfaces such as the Montana
Natural Resource Information System and the rise of the Environmental Information
Exchange Network, are promising advances in terms of enabling water quality data to

reach a wider audience of potential end-users and stakeholders (Environmental
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Information Exchange Network [updated 2011]; enfoTech & Consulting 2005; Foshay et
al. 2007).

Organizational Feedback Survey Discussion

Integrated Resource Management-Connecting Managers and Stakeholders

The RefPro has specific purposes for the data it collects, and it may not
necessarily be the type of information that watershed groups would be interested in using
(Montana Watercourse Guide to Montana water management 2011). However, the
metadata structure used for the RefPro is a fairly common set of criteria used across
water quality projects at the Montana DEQ. Therefore, this study has not asked the
RefPro data to “be all things to all people" interested in water quality, but considered how
metadata can increase usefulness of data to more end-users (Montana DEQ et al. 2009).
Moreover, it is important for natural resource managers to build connections between
research priorities and information that is in demand from stakeholders involved with
applied water resource management (Kohler and Hubert 1999).

Question 3 asks: how can metadata facilitate applying research and data sharing?
Metadata can help facilitate applying research and data sharing by providing end-users
with well developed metadata with sufficient descriptions of the water quality data that
help them understand exactly what a dataset contains (Foshay et al. 2007). Based on
responses to survey questions 1-5b (see Table 21), the majority of watershed groups
revealed that they do all of the following: (1) use water quality data in decision making
processes, (2) communicate with the Montana DEQ, (3) use a technical advisor to gather
water quality data, (4) use the process of “joint fact finding” or collaborate with other

stakeholders, and (5) are aware of, and use water quality data generated by the Montana
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DEQ. These responses are indicative of the enormous potential for the MWCC to
continue to act as a forum for watershed groups and other water quality stakeholders in
Montana, as well as to implement best practices for and engage in joint fact finding with
the Montana DEQ to develop relevant water quality information (see Display 16)
(Modified from McKinney and Harmon 2004).

In general, if water quality metadata are scored favorably, water quality data end-
users will have an easier time gathering and using water quality data (Lanfear et al. 2004;
Shreeves et al.2006; Foulonneau and Riley 2004). Also, it is crucial for the Montana
DEQ to encourage public participation from water quality stakeholders in a constructive
forum, and metadata can help facilitate discussions regarding available water quality
information (Montana DEQ 2010b; Lanfear et al. 2004). Water resource managers need
to communicate with constituents just as any natural resource manager does, and
metadata structure is one pathway of communication that can improve working
relationships among stakeholders (Shepard et al. 2011; Fegraus et al. 2005).

The Montana DEQ has initiated efforts to help stakeholders understand the
TMDL planning process and other aspects of water quality management (Montana DEQ
2007; Montana DEQ 2010b). Nevertheless, based on selected survey responses (see
Display 15) the MWCC can continue to act as an effective mediating force between the
Montana DEQ (i.e. data generators, inspectors, and primary end-users) and water quality
stakeholders (i.e., secondary consumers of the data) to improve their relationship
(Montana DEQ 2010b). Collaboration and consensus building are both two way streets
(MIT-USGS Science Impact Collaborative 2009). Therefore, the Montana DEQ and

water quality stakeholders need to engage each other, but the responsibility to provide
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education and technical assistance to stakeholders must be the charge of the Montana
DEQ (Matso et al. 2008; Montana DEQ 2010b). If the Montana DEQ can improve
metadata structure to facilitate interoperability, they can make the sharing of water
quality data increasingly possible for a growing number of secondary end-users (King et
al. 2005; Lanfear et al. 2004). Furthermore, metadata structure can be used to support
web-based interfaces that provide statistical summaries of water quality data; in turn
these summaries can help make water quality data more understandable for non-expert
end-users (Baca 2008).

Integrated Resource Management-Joint Fact Finding

Well defined forums and procedures create high-quality decision making
processes, which then result in the best quality science being used (Kohler and Hubert
1999). Joint fact finding is a process that integrates science and policy; it is intended to
produce a package of technical information that is: scientifically credible and
socially/politically relevant/useful (Amengual 2010). As environmental resources
become more intensively managed, public involvement in natural resource management
must continue to increase, and joint fact finding is a way to encourage this (Kohler and
Hubert 1999; Montana DEQ Nonpoint Source Program [updated 2011]). Web-based
technologies supported by well developed metadata structures can increase public
participation in environmental decision making processes and make joint fact finding
easier (Yao 2006). In turn, by creating a prescriptive joint fact finding process that is
developed for a specific natural resource conflict, adaptive management becomes far
easier and promotes better resource management through integrated approaches (Matso et

al. 2008; Watson 2011).

49



Oregon DEQ and the Pacific Northwest Water Quality Exchange

Like the Montana DEQ), the Oregon DEQ, has many projects that collect a wide
range of data that create a blend of datasets under one water quality domain (Mrazik
2009; U.S. EPA Pacific Northwest Water Quality Data Exchange [updated 2009]). Also,
like the Montana DEQ, the Oregon DEQ also has a “Reference Stream Project,” which
collects, checks and stores water quality data much the same way that the Montana DEQ
does for its RefPro (Drake 2004; Cude 2001). The web-based data retrieval tool used by
the Oregon DEQ is outdated and not relatively accessible to secondary end-users
compared to some applications on the internet (Environmental Information Exchange
Network-Pacific Northwest Water Quality Data Exchange [updated 2010]). Furthermore,
technological advances have established a certain expectation from the general internet
user, and since the Oregon DEQ stores raw data, their data architecture currently does not
accommodate an online retrieval tool that is simple (Pacific Northwest Water Quality
Data Exchange 2005).

The Pacific Northwest Water Quality Exchange is a contemporary example of
how improved data management and metadata structure can begin to serve the demands
and needs of applied water resource managers (Pacific Northwest Water Quality Data
Exchange 2005). Through the use of a common metadata schema, data submitted to the
Pacific Northwest Water Quality Exchange are organized in a similar format which
makes submitting queries to the data exchange straightforward, for a broad base of end-
users (Pacific Northwest Water Quality Data Exchange 2005). When data are submitted
to the Pacific Northwest Water Quality Exchange, they are all uploaded using the same

guidelines, so when data arrive in the database, they are all uniform in structure and are
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able to be queried and manipulated using fairly simply functions from web-based
interfaces or software packages. For these reasons the Pacific Northwest Water Quality
Exchange has the potential to help the Network of Oregon Watershed Councils (NOWC,
a collaborative effort similar to the MWCC), and other water quality stakeholders in
participating states (e.g., Alaska, Idaho, and Washington) (Network of Oregon Watershed
Councils [updated 2011]). The NOWC, like the MWCC can be viewed as a model for
the country and the world in terms of their ability to use joint fact finding to build
consensus regarding water resource disputes (Network of Oregon Watershed Councils
[updated 2011]; Montana Watershed Coordination Council [updated 2011]). And with
the use of interfaces supported by well structured metadata, joint fact finding can be
increased and made easier. The Pacific Northwest Water Quality Exchange, is an
advanced project in data sharing, but is not the standard for interoperability. As more
states and regions begin to see value in integrating information resources, there will
probably be an increased number of projects like the Pacific Northwest Water Quality

Exchange.
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SECTION 8 — CONCLUSIONS AND RECOMMENDATIONS
Conclusion
Answers are provided below for the three questions raised by this thesis:
Question 1: Based on the BHF and DCMES standards, it seems that adequate metadata
structure is in place to support the immediate use of data for the RefPro’s intended
purpose by the Montana DEQ. From the standpoint of other standard frameworks or
purposes, no conclusions can be inferred.
Question 2: Based on the BHF and DCMES standards, it was found that the pre-1999 and
post-1999 data associated with the RefPro in STORET/WQX are not equal in terms of
their metadata structure. This made it difficult to compare data from the two different
eras.
Question 3: Well designed metadata can help to facilitate applying research through data

sharing thereby making joint fact finding more efficient and end-user friendly.

Successful natural resource management and conservation practices depend on
documenting the social aspects of the natural resource issues (Mascia et al. 2003). This
study was designed with the purpose of not only examining issues regarding water
quality data storage, but also the public’s use of water quality data. Metadata structure is
a strategy to make data more understandable and useful, provide data descriptions and
relay any data discrepancies that may exist. As citizen involvement in water resource
management increases, the demand for water quality data in Montana will also most

likely increase.
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Even though metadata “scores” for the RefPro are good based on the two
standards, this still does not support the notion that watershed groups are being properly
informed. Montana’s Department of Environmental Quality has many public servants
who are committed to engaging water groups and other water quality stakeholders. As
water resource use intensifies in the future, developing inclusive processes to connect
these stakeholders to planning and management processes is crucial to generating
positive outcomes. These outcomes, positive or not, are reflected in the water quality in
lakes, rivers and streams, and also in the policy based decisions that are made.

Recommendations

Based on the findings from this initial search, a further investigation into the
problem would track metadata over long periods of time since the RefPro is an ongoing
project. Future work should also look at the potential for the Montana DEQ to create a
formal narrative of their metadata structure. This would be a valuable resource for two
primary reasons: (1) it would ensure that there is always a reference for metadata
structure through time, and (2) could push the concepts of ecological metadata forward
and improve resource management by making monitoring and data sharing easier.
Metadata frameworks vary, and a database specific option can be selected or developed,
but it should contain a set of universal attributes to facilitate interoperability for potential
end-users.

Increasing metadata structure can in turn facilitate joint fact finding among a
diverse group of stakeholders in Montana by fostering their ability to collaborate and
share information. As a seasonal technician for two summers with the Reference Stream

Project, | was educated on the specific purposes for the measurements being taken. Still,
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| believe that because the data gathered are so resource intensive to acquire, the Montana
DEQ should broadcast these data to as many potential end-users as possible. Particularly
since there is such a well developed cohort of stakeholders in the Montana water quality
management community that are willing to participate in planning and managing water
quality.

Recommendations for Montana DEQ:

1. Based on the results from comparing RefPro metadata against the BHF and the
DCMES standards, the Montana DEQ should more directly address the methods they use
for developing metadata in a “Data Content Standard.” This should be done in order to:
(1) track information over time, (2) prepare metadata to contribute to a wider audience of
end-users, and (3) to help end-users better understand the value of data at a glance. The
current standard is not explained clearly enough and does not lend itself to be understood
to many outside of the Montana DEQ. Also, developing consistency between datasets
generated by the Montana DEQ was a concern of some respondents to the survey and can
be made possible through developing metadata schemas that are in-part built on a
universal structure that can be moved from one project to another. This would still allow
for specific project parameters to be recorded using an application profile or other “basic
standard document.”

2. Consider increasing input from water resource stakeholders when determining research
priorities and develop metadata structure to be inclusive of constituents. Without
knowing what information each watershed group needs to be successful, a management

plan really has no direction. By developing a common metadata schema, watershed
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groups and other stakeholders could potentially be interacting more efficiently with
information that the Montana DEQ generates.

3. Increase data interoperability by building an interactive regional database like the
Pacific Northwest Water Quality Exchange. Again, through the use of a common
metadata schema as a template for sharing data, information can be broadcast and shared
freely. This also may help to encourage participation in water quality management, if
stakeholders are given the proverbial “reins” over how they seek out technical
information. This could be a “one stop shop for state data,” that makes information on a
variety of water quality indices available from all state agencies. This was a
recommendation provided by multiple respondents to the survey (see Display 15). Based
on survey responses it seems that watershed coordinators are being relied on heavily to
interpret technical information, but by making technical information more interactive in a
web-based “point-and-click” format the ordinary internet user (or watershed group
member) could participate in the process of joint fact finding. Therefore, they could
hopefully take more ownership of the water quality management process. The Montana
Natural Resource Information System (NRIS) does provide a web-based user-friendly
clearinghouse for many kinds of natural resource data; however, water quality data is not
made available via NRIS.

4. Refine metadata quality assessment methods by standardizing them further, possibly
by linking them to an established community of metadata professionals. One again, this
would accompany the building of a metadata schema that is based on providing a

common end-user experience.
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Recommendation for data consumers (stakeholders):

1. Be critical of how natural resource data are stored and described.

2. Objectively consider the role of the researcher in the process of joint fact finding.
Montana DEQ personnel are aware of their role in providing technical assistance, but also
certainly have a firm grasp of agency priorities as dictated by the law and policy. They
have two needs to satisfy, one internally at the agency, and one externally for the public
3. Be constructive when trying to engage the decision making body, and articulate
information and data needs. The Montana DEQ is resource limited and does not have the
ability to monitor every basin; they need direction with regard to where water quality
iSsues are arising.

4. Support adequate funding of the Montana DEQ water monitoring and data
management programs.

5. The Montana Watershed Coordination Council holds educational workshops for
watershed coordinators several times per year. Workshops on water quality data
collection, and particularly storage and sharing would be helpful in preparing watershed
coordinators to better use Montana DEQ data. As approaches to management and
planning evolve, it will most likely become increasingly important for natural resource
stakeholders (water quality included) to be given the technical assistance to able to use

electronic data and information resources.
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GLOSSARY

303(d) list: under section 303(d) of the 1972 Clean Water Act, states, territories, and
authorized tribes are required to develop lists of impaired waters

305(b) water quality integrated report: this document characterizes water quality,
identifies widespread water quality problems on a state-by-state basis, and describes
various programs implemented to restore and protect waters

Accessibility: a metadata characteristic; refers to the ability of metadata to be read and
understood by end-users

Accuracy: as a metadata characteristic; refers to whether metadata are factual in the way
they describe objects

Adaptive management: a process for administering the governance of a resource with the
use of a flexible approach that can change as issues or demands change

Application profile: is a set of metadata elements, policies, and guidelines defined for a
specific dataset

Basic Standards Documents: literature associated with metadata that often refer to the
framework used to structure metadata

Beneficial Use Determination: gauging the extent to which a water body is impaired to
evaluate which valuable uses of the water resource can still take place

Bruce-Hillman Framework: a metadata standard used to assess the quality of metadata
structure

Coherence: a metadata characteristic; the ability of information to be understood based on
its logic, order and consistency

Common crosswalks: digital pathways that allow information resource end-users to share
data or other information

Completeness: a metadata characteristic; explains if there is sufficient information of a
certain quality to answer a given question

Conceptual standards: evaluative frameworks that are narrative based and do not refer to
specific metadata elements

Conformance: a metadata characteristic; refers to whether elements contained in a
metadata structure are relevant to potential end-users

Consistency: a metadata characteristic; the same throughout in structure or composition
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Clean Water Act: the primary federal law in the United States governing water pollution

Clean Water Act Information Center (CWAIC): an end-user friendly interface used to
find information about the quality of Montana's rivers, streams, lakes and wetlands in
relation to Montana's Water Quality Standards

Curating metadata: the act of organizing and maintaining metadata

Currency: an aspect of the metadata characteristic of timeliness; the property of
belonging to the present time

Data Content Standard: rules that determine the vocabulary, syntax or format of content
entered into data fields or metadata elements (Baca 2008)

Data governance: relates to decisions that define expectations, grant power, or verify
performance when managing data

Descriptive metadata: information describing the content of a data resource

Dublin Core Metadata Element Set (DCMES): a metadata standard developed by the
Dublin Core Metadata Initiative to promote interoperation of data resources; also can be
used to assess the quality of metadata structure

Durability of Use: whether an information resource can endure through time

Ecological Metadata Language (EML): a metadata structure developed for use in the
ecology discipline

Element profile (see DCMES analysis tables): a report of the elements included in a
metadata scheme

End-user community based conceptual models of metadata: methods of structuring
metadata, which are designed with a specific community of data end-users in mind

Evaluative Framework: a metadata standard for quality assessment

Firm standards: evaluative frameworks that are based on reporting elements present in a
given metadata scheme

Governance (top down and ground up): atop down management process does not
encourage citizen input, and reflects the decision making authority of an individual or
select group in charge; a ground up management process allows input from citizens when
making decisions

Interoperability: the ability of information to be readily shared between end-users
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Joint fact finding: an inclusive process used in natural resource governance to aid in
resolving disputes; used as part of a consensus building process

Lag: an aspect of the metadata characteristic of timeliness; refers to delays in information
transmission between network nodes

Metadata: encapsulates the information that describes any document or object in both
digital and traditional formats

Metadata attributes: specific qualities of a metadata schema

Metadata element (as used in database management): an individual division of a metadata
structure or schema, which contains a particular category of information that relates to the
information resource; for example, “Organization ID,” which could describe the creator
of the data

Metadata element type: a categorization of individual metadata elements into groups to
aid in organizing a schema

Metadata scheme: a rational structure of Metadata features that makes the organization of
data attributes, and the entry of data easier for end-users

Metadata score: a numeric or narrative rating of the value of a metadata structure based
on a comparison of that structure to a standard

Metadata standard: framework used to assess the quality of metadata

Metadata term (with regard to the DCMES): a term is an element or a qualifier from a
controlled vocabulary maintained by the Dublin Core Metadata Initiative

Montana DEQ: the state environmental agency in Montana that plans and manages air
and water quality

Montana DEQ Water Quality Planning Bureau (WQPB): is the division within the
Montana DEQ that is responsible for maintaining and improving water quality so that
state waters can support their beneficial uses

Montana Natural Resource Information System: also known as “NRIS,” this wide-ranging
program is used to acquire store, and retrieve existing natural resource data in the state of
Montana

Montana Volunteer Water Monitoring Project (MVWMP): focuses on teaching water
quality and water monitoring procedures to citizens in order to provide them with
technical assistance so that they can make knowledgeable decisions about local water
quality issues
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Montana Watershed Coordination Council (MWCC): is a collaborative effort made up of
governmental and non-governmental stakeholder groups that are involved with the
management of water quality on a basin wide scale

Montana-eWQX: is the chief storehouse for water quality monitoring data in Montana;
includes physical, chemical, and biological data from various projects across the state

Obijects (target or information objects): a resource in storage, such as a field measurement
in a dataset, which can be addressed and manipulated as a discrete entity; it is made up of
content, context and structure

Pacific Northwest Water Quality Exchange: includes a collection of related information
management projects that collectively seek to facilitate the aggregation of and access to a
comprehensive source of data related to water quality in the Pacific Northwest (Pacific
Northwest Water Quality Data Exchange 2005)

Potential end-user: a possible consumer of an information resource

Primary end-user: is the consumer for which an information resource was chiefly
designed

Provenance: a metadata characteristic; a record of the source of an information resource
that can include a historical record

Quality Assessment: refers to a plan for the orderly examination and monitoring of
different aspects of a project

Quality Control: a process by which the value of all factors involved in the production of
an information resource are reviewed

Reference Condition: a benchmark state of a water body, usually a stream, used to gauge
the health of potentially impaired waters

Reference Stream Project (RefPro): an ongoing study at the Montana DEQ that collects
data and information on streams throughout Montana’s eco-regions to use as benchmarks
for developing water quality standards and restoration plans

Robust element (in reference to the Dublin Core Metadata Element Set): an element from
a list of reported elements that exemplifies the metadata term being described

Secondary end-user: a possible consumer of an information resource, but not the
audience that the resource was initially intended to serve

Statistical Procedure: a method of analyzing or representing data before they are used in a
statistical analysis
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STORET/WQX: STORET is a digital warehouse used by the U.S. EPA as a repository
for water quality data collected by various groups across the nation; the Water Quality
Exchange (WQX) is a structural component of the warehouse that makes it easier for
States, Tribes, and others to upload and share water quality data

Sufficient Credible Data: data subject to specific guidelines that are used to assess the
legitimacy and dependability of available data for making a beneficial use-support
determination

Timeliness: a metadata characteristic; reflects the length of time between when data are
made available and the event they describe; measured in the context of the duration of
time that allows the information resource valuable and used

Total Maximum Daily Load (TMDL) Plan: a plan developed by water quality regulators
(such as the U.S. EPA or state environmental agencies) that explains the calculation of the
maximum amount of a pollutant that a water body can receive and still meet water quality
standards, and an allocation of that amount to the pollutant's sources

Water quality: refers to the physical, chemical and biological characteristics of water;
often relates to a water resource based on how water is impacted by natural processes
and/or human activities

Watershed coordinator: an individual (or sometimes a panel of individuals) that is
responsible for representing a watershed group at the Montana Watershed Coordination
Council

Watershed group: a citizen driven initiative that is involved with the planning and
management of water quality in a specific basin; the Montana Watershed Coordination
Council is made up of watershed groups

Westlaw: an internet based legal research service

Water Quality Exchange (WQX): is a new framework being developed to make it easier
for States, Tribes, and others to submit and share water quality monitoring data over the
internet

Water Quality Planning Bureau (WQPB): plays a central role at the Montana DEQ in the
protection, maintenance and restoration of Montana’s water quality; they establish and
maintain water quality standards, monitor and report on water quality, manage data and
develop watershed restoration plans
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Table 1. A Continuum of Citizen Participation. the Montana DEQ-Water Quality Planning
Bureau has roughly a medium “Degree of Citizen Influence,” but because of the way decision
making processes are structured by law, this is often the highest degree of influence citizens may
obtain in water quality planning and management.

Objective Inform and  Seek Input Build Empower  Civic
Educate and Advice Agreement  Citizens Entreprencurs
Role of  Provide infor- Consult Work with Delegate  Varies
public mation 1o mdividuals a diverse the decision
officials  help citizens  or a diverse group of to citizens,
understand  group of stakeholders,
problems, people, and and share
options,or  thendecide.  problem-
solutions, solving
and then responsibility:
decide.
Promise  We will We willkeep  Wewill work  We will Citizens take
to keep you you informed;  with youside  attempt to  the initiative
citigens  infurmed. listen to, by side to implement  and convene
acknowledge,  formulate vour public
and Lry to solutionsand  recommens forums for
incorporate will incorpor-  dations multiple
YOUT CONCOrns  ateany recom- consistent  objectives.
into the mendations  with
decisionpand it the relevant Issue-specific,
provide decisions to  lows and
feedback on the maximum  policies. Place-specific,
how your extent
input influ- possible; Ongoing
enced the we will not forums,
decision, abdicate our
authority 1o
make decisions.
Low Medium High Highest

Degree of Citizen Influence

(Modified from McKinney and Harmon 2004)
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Table 2. State Generated Clean Water Act Documents. This table outlines a list of reports that
the Montana DEQ must produce to fulfill their responsibilities as delegated by the U.S. EPA
under the authority of the federal Clean Water Act.

Report

Timelrame

Com ments

Woater Ohaliry
Inbegrited Hq‘pnr‘r =
ASh) Watar
Chudity Report amd
M) Lt

Blennial - written repint i
eveh tumbered vears aild
inteirmled with thee 3030 ) s

S il fhe primary esessment of stalewide
waler qualliy conditions, The 3031d) List
consEks o m st of impaered wisiors st
ot wanter gquality stodu s, desorbes
(e ['-nllu'lmﬂ.xc::uxu g I T e T nttd
asslgtis i prioeiy ranking 10 waters regulring
I L developmeit.

Waber Cumhity
Asscsment
M ethodil gy

Muodified = neeesary and
Frechuded oy part of the Waler
Crunbity Integraled Baprt
LAppemdix A,

Critenn Dor deteintining 1T o witer s
brrsperir e, we by mon oring progrun dola of
ither siffreiont eredible datn

THWIN. Documents

{ngoing

IMAIN. program staft prepare reports
filentifving te csels) amd soumed 5) of the
P e Ve s of ey pod it thin
dorives from poiil sources and nonjpoind
sofrces guantiticaion of the beckproond or
namral component of the pollutw, 5
allocation of required pollutant ratictions,
il estnblishment of wikdr guality. endpoints.

Bl it ™o ik e
Muopres Mannge ment
I*lan

Rojulied cvery § veits; lus
wpcated i 2007

Mesonly DEQ s vision for sddiesding

P R O rTe PERnes mornsk the simte,
doscribes primary noppeint source isswes
gz, Toresiry, agriottnne, wiban ), aml
hentifics a list of recommended Bes
Munopement Practices,

Monpoint Sotiree
Annual Kepor

Armitial Repoit o EPA

Shile reports on sotivilies, simmary of
projests, environmenial acommplishmens,
{ederal consistency, status of grants,
red U o D oo int souree ladings.

Chuplils
hliingeiant Plan

Revised ps necessory

See Qunlity Assurinice Soction of this
ot et

(Modified from MT DEQ et al. 2009)
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Table 3. Biology Sufficient Credible Data Decision Table for Aquatic Life Use (Streams) as seen
in the Montana DEQ publication “Standard Operating Procedure-Water Quality Assessment
Process and Methods.”

Score | Technical Components Spatial Temporal Data Quality Data Currency
Coverage
Visml ohezrentant of biota were mada with o tme assessment. Very imited manitarime Dafa precition and snativiry 15 very low ot imknom Dista are not elevant:
Simple documentation Dain wre sxtrapolated from Qualified professional does not provide any orerught hioloical commmmmines
1 Uniabie to muake 3 companson 10 reference condimon. otfier aifes Doar tronpmie resolkutian my e <hanged
Relative sbumdance dats of fish that are not supplemented with mificantly since i
quanfitative dats of camnist be wterpreted by a biclogzt P —
Fush creel surveys with hmited supplemental informetion.
Qnly one 355emblage was sssessed (e.£. RBE Profocols), Limitsfo 3 gl samling Dam precisson and senafimity are dow o modemte Data can be used 1o
X Probable sources and cyuses of muaument are documented Limitsd ;ampin;z i Ditn were collzcted followme apropnzte protocels, give o Insforical
- A profesetem <cientint can spprosimate reference condiion. specic sudies 7 howeverindividuals had limited ramins penpéctive for
Relatrve fiek abundance data that can be inferpreted by a qualified Qualified professionsl provided oversizht pproNstng
prodessinmal or also wehndes qrantitafive fish denaity Gaod fionomic resolution Tefeence condifion o7
s,
Itis mlikely fhat the
tolomeal communities
Ive changad
significantly since the
saurvey was conducted.
Trwo assenblages xisesied or one assemblage wifh quanfintive M onitoring nommatky oeeurs Data have moderate prevision and sensitivity. Dty were collected
(22, biomas) mednements also made following dundard durmg 2 singfe seas0n. Qualfied profesaon performs svey o: provides recently ar it s very
oparating procedure: (SOP) Mowtorme may inchude zife- traimng; fhe mdrvidual makmg the survey 1 well nlibely hat the:
3 Often wehides biotic mdex interpretaions. mectfic studses: Howeve, framed. biclozical commumty
Frifienies daia eften ineindz: mfommation sbout growthmtes, age #lio hag limited spatial Qulified professionsl perfomms the srvey ms changed
tlzss and condifion; The enire fish 2esemblage & targeted. covemze of the treamreach. Detailed taxmnomic resolution sgmifieantly snee the
Reference confition can be determmad with 17ezsonable dezree survey was conductsd.
of confidence and usad 23 3 basis for assessment
Towo or niare assemblages nzsested and often include quantitative Snrveys condueted for Huzh prevsion and senzitrty Dat are comveat: there
measwrements following SOPs. mltiple venrs andor seasons Assessment perfarmed by o hshly expesienced 15 10 doubl that the
4 Reeference condition t5 well understood mnd 1 vised o5 the basss of Broad zoverage of sites qualified professional biolozoal sarvey
the assessment Often uges targeted of Teflacts cument
Often wehdes hiotie mdex interpretshons prababilistic desipn conditions

(Modified from Mathieus et al. 2006)
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Table 4. Chemistry/Toxicity Sufficient Credible Data Decision Table for Aquatic Life Use
(Streams) as seen in the Montana DEQ publication “Standard Operating Procedure-Water Quality
Assessment Process and Methods.”

Seare | Technical Components Spatial Temposal Coverage Data Quality Data Currency
Best professtonal judzment based on land use data of souree Leow spatial and tenzporal = Dats precinon and snsitriaty 1 very low o unknown Deta do not reflect
Tocstions covernge -hmited dats at enical nnd dita appesr to be & outher (suspect). eument conditions.
1 (vemiral parameters analyred are limited and do not provide s - High detection limits moke the data difficult o7
sufficient information concemme probable canses of Tmuted peniod of record (22 impossible to inferpret
Impamznt. one day) = QC profocels mdicate confanimation, ele.
- QAQC protocols were not fellowed.
Usually gzab or composite water quality samiples Moderate spatial and‘or - Dab2 qualiry and semsitrorty are fow to moderate Datn are substantially
Synthests of histonieal information on fish contamination lavels temporal covemze . - Data were collectsd following appropriats protocals older than ideal. tut
Sereenme models based ox josdme data (w0t calibrated or = Datacollected gt enitical penods but meivadusis had fnmted mmms appeirtobes
2 venied) (e, sprng summer spawmng | - Low detection limmts Teasansble mdicator of
= Sediment contemination dafa (e 2. metal srams) sa5an) - QC miicates there vys 16 contaminaion, efe cmment ¢anditions
Limyted chemical paramaters: however probable impairment - Shortpened ofracord bt 200d | - Low replication uséd for toxicity tests
catises are targeted and probable sources of imparment spatial coversge
documented Quarterly samplmg
A professional can appronnete reference condition
Aeute or Chrome WET, or Acule ambient, or soule sediment
tests
Senes of zmb or componte ssmples (dirml coverge as - Brond spatial and temporal - Duta have moderate precision and senmtivaty. Datn aze alder than
Approprste) covemazz of sitewith ufficient | - Profesnonal soventst provides treming; the individual ideal. but there arz o
Calibrated modelz frequancy and coverage to collecting the samples i well amed indications fhat
Wclth depth miegrated sampling caphure gcute events. - Qualrfied professional callects samples; Data 12 conditsons have
Combinanon of two or more anafyves of the followme watep Typically monthly s3mpling mnalyzed {n 1 competent labaratary that nses methods changed aguficantly
3 cohum, sedment chiorophyl; tomeity testng. darm key periads. with v detection limify
bipace data {e.2. fish eonewmmption advisory datn). - Lengthy pered of record - QC documents where there are no sampling o
Reference condition can bie determmed with 1 ressonable {sampled over o period of malytical zmors.
degree of confidence and used a5 1 boss for ansessment months for =2 years) - Moderote replication used for toxivity fests
213 Acufe o7 Chronic Ambient, or Acute sadiment, or Acute
ond Chromie WET fests fir effluent d d syitem
Combimation of theg or more of the fllowing: water column | - Broad spatial (seversl) and - Hizh precision and sensitivity Dita are currest,
chemustry, sedment chemusiry, chorophvll or bioacommulstion temporal covernge (mentily - Datncollected and amalyzed by qualified professionals genenplly Jess than 3
4 dnta; o toxicary festing. samplims dunng key penods for followng detarled QAQC protocals years old, and/or theee
-3 weute and chronie ambient teats; o acute or chronie 3 ym) of site with sufficient - High replication used for toucity tests ¢ hugh certanty that
sediment tests frequency and pormmeter couditions have not
coveraze to caphee acufe chmeed smes data were
events, chrome conditions and coltected
1l other patential impacts

(Modified from Mathieus et al. 2006)

74



Table 5. Habitat/physical Sufficient Credible Data Decision Table for Aquatic Life Use
(Streams) as seen in the Montana DEQ publication “Standard Operating Procedure-Water Quality
Assessment Process and Methods.”

Score | Technical Components Spatial Temparal Coverage Data Qualiry Dat Corrency
Habitat charsctersties were sheervad vismllywith no fruz Sporadic visits: assessments are Data presivion and sensitivity are very low o Data are not televant
assessmemt only made at limited aceess unknown, habptat has {kely
1 Ouly s documentation of iand wse practices that might alter points such a3 read erosames Datn were ot collectzd by trained mdividhnls chmyed sizmficantly
Tbutat. followniz sppropriate profocels. sng the assessment
No attmpt to conpare to referance condifion: observed was made
impacts are Iikely to be anural.
Visml obszrvatians of hakutst charscteniztics were made with Limited to xmmal visit smd non- Data precision and sensitivity are low z?:: ﬁ;ﬁ::d L
; simple assessment speciic to sezson. Dats were collectéd following apptopnate protacols, ﬁmm\e for
& Land uze maps wsed to charnotenze witesshed condition: Lmnted spatial covernze howevermdrvduals hed lmried rming e
Probable sources of mmpairment are docmmented Site specific stmdies Qualified professional mvolved enly throngh efivenc LS oF
A qualified profeetional can approximate reference condition comspadEnee, ticids
It 15 mlikely that the
bt has chansed
significantly smee the
a3tesTment was made
Use of visunl-based hahitt assesmment following SOPs {e2. Assesment pormally ecstrs Data have moderate precision md sensy. Dhata were collacted
Seream Peach Assessment and FFC) during a zingle season Profezstomal biolagist performz survey r provides recently ar itz very
3 Documentanon meludes photozraphs: ) Assessment 15 broad; often framing; the mdividual makme the assessment 5 well unitkely that the habatat
Assegsment inclndes quiniitstive measurements o selacted covenne the enie sream rzach tramed Ims ehanpsd
PRMIE orrgion Profesaoml kologist ar hvdrlogmst perfomis the agnificantly sncs the
Data on land tse compiled and wsad to supplement 2sseszment An sttempt was made-to access assessment agsesement was mada.
Paference condition o2n be determmed with 2 rezsonable the stream reach wherever
degree of confidence and tied a5 o basis for sssssment poszible
Assessment of abitat bosed on quantative measraments of Good secess of the entre sweam: High precision and segsiiviry. Dt arz crrent: Thers
Instream | morphelozy and floodpl reach meludme povate property Highly expensnced professional performed 15 1o dombt that the
4 chametaties Felicopter surveys, etc fsseiment Assessment reflect:
Reference conditrm is well mderstood mnd is used a4 the basts Data from multiple vears. cumrent eonditions.
of the assesmment

(Modified from Mathieus et al. 2006)
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Table 6. Metadata structure depends on projected secondary data use. This table shows the level
of format and structure necessary to support “good practices” for three levels of planned end-
users. An entity like the Montana DEQ would need a “HIGH” level of metadata structure to
support publications and audits that they perform, but it is predicted by the table that for
“searching and third party reuse” this could be excessive. Too much structure, might make
accessing the data too complicated for end-users like watershed groups who wish to reuse the
data for their own purposes.

Level Planned Use

Publishable and

I auditable Inadequate Minimal Good practice

" Searchable and

Minimal Good practice Excessive
third party reuse P
I Exchange with Good practice Excessive Excessive
expert colleague
Low MEDIUM HIGH
{Free farmal, ASCI, {Mixed format, pariiaily {Fixed format, highly
narfalive, or hard copy) parameterized) paramaterized,
executable,
language-dependent)

Amount of structure

{Formalization, level of effort)

(Modified from Michener et al. 1997)
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Table 7. End-user metadata types. What is referred to as the type or format of the metadata
has to be in line with the expectations of the intended audience. The Reference Stream
Project uses mostly definitional and lineage based metadata structures to convey data
characteristics.

Data Quality

Navigational

Lineage

Definitional  Definitional metadata is any information that conveys the meaning of data in the warehouse

(or, for example, on reports) to end users. Included in this category are business definitions,
calculations, business rules, and allowable values. Definitional metadata answers the question:
What does this data mean, from a business perspective?

Dara quality metadata advises users about the currency (freshness), accuracy, validity, or
completeness of the data in the warehouse (or on reports, queries, or OLAP cubes). Data
quality metadata answers the business user's question: Does this data possess sufficient
quality for me to use it for a specific purpose?

Navigational metadata provides users with a means to search for data (or other resources,
such as a report). In other words, navigational metadata lets users query the data warehouse
to search for what they need and to get an understanding of relationships between data
objects of various types. Navigational metadata answers the question: Where can | find the

Lineage information tells users about the original source of data in the warehouse (or, for
example, on a report) and describes what has been done to the data (for example, cleansing,
transformation, or aggregation) prior te being loaded into the warehouse. Lineage information
answers the user's questions: Where did this data originate, and what's been done to it?

(Modified from Foshay et al. 2007)
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Table 8. Types of Metadata, Their Function and Examples. This table shows in depth concepts
regarding format and type. RefPro metadata would fit into administrative, descriptive and use

types.

Type Definition Examples
Administrative  Metadata used in managing and o Acquisiion information
administering callections and » fjights and reproduction bizcking
information rEsources « Documentation of laal access requiremants
« |gcation inlormation
o Selaction crilena for digitezaticn
Descriptive Melatata used 1o identity and * Cataloging ecords
teseribe collections and related » Finding aids
inlormation resources o Dilferenliations belween versions
o Spacialized indaxes
» Curatorial Information
« Hyparlinked relationships between resourcss
* Annotations by crealofs and usels
Prosarvation Mitadats refated to ihe presena- o Dpcumentation of physical condilion o resaurcas
tion management of collections o Documentation of actions taken o preserve physical and digital vessions ol
and inlormation resonrces resoutees, & 4., data rehieshing ana migration
« Documentation of any changas ocoutring duting digitization or preservation
Techwical Metadata retated fo how @ system « Hardware and soltware documentation
lunctions or matadata behaves « Technical digitization Information, 2.g.. formats, compression ratios, scaling
toulings
o Tracking of Sysiem responsa times
o Agthentication and securily dala. &g, encryplon kays, passworcs
Use Meaciala retated to the fevel and o Clrculation records

lype ol usa ol colieclions 2nd
informalion resources

(Modified from Baca 2008)

o Physical and digital exhibilon records

* |Jgz and uaer fracking

* Cortant cpuse and mulliversioning infarmation
» Search logs

« Aights matadata
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Table 9. Metadata Attributes, Characteristics and Examples. Explains the overarching need
for the Reference Stream Project (and other water quality monitoring projects) to

maintain a basic set of metadata attributes that can describe a wide range of data types.

Attritiute Charscteristics Examples
Stutce Yl milocets Inbgrrial thanlmcatls geodratild 2y Ihe crining agaid loe s o File (atian 200 Nesaor Infarmoton
rferstion alect & e fime whan if 16 i Srsed o * DireciRny STVUES
itz o Flle Ly sl camprestion sohoine
Westadina pmnam 1 31 MM Gf wors © A1 or ottt frscaptian addial (0 &n el werk by &5 crmam
© A i 2 suhtaly 09 the e page of 3 asumactipt of priied buok
Sabesmih mitadas Inling 1 an engittidl dum et informa- « URLY and otz dIQint alatenants ol prowaance
won Fnest, tha 16 et fan, offon by Samo0d oth * “Tragwndt changes” _
i 152 g ot © Hagiutinr il g saaloging ey
 flighttzand uihes Segai inlefmatiod
Yettiod of suinsakh Autgruble metacsy gans3ied by 2 sorulE o Kawocd [ighensis
chodlan * \Jpar traraacfon kgs
* Audit ads
Maruni mezadata arasteg By furmans * Desoriplive metatity byon & Siling sk lirdifag iiess, st
sobelizEe Indees
Nature of mefadat Nonaapert metaidatd cratad by pessons who 2z raither * wima fags troated fon @ persnnyl Wob page
Uit specialists mor infermation professionals, &g, o Pezsonal liliog systems
the ariginal craator of ihe information object or  loik- * Fafksnnomlss
sonarmst
Expent metadata created by subject specialists and/or o Spagiziong sitject Readings
indarmation prafessionats, oftén nol the ongingl credlore! — « MARC récards
ihe information obget o Archival finding afds
o (atalog eniries for musum objects
* A0 hoe metdats crazted by subject expers, &g, nolalions by
scholars of rasarchoars
Status Static metadata thet doss ot of should nat shange once o Teshnical nlotmition such as thie dale(s) of praativn and modiliog-
i1 has heea crezted tion of an mformation obiect, how I wis oksed, lile size
Oyramic metadats that mdy changs with Lse, manipuls- » Directiey stucture
1o, or praservation of @ information objent o Uses transactivg logs
Lpog-1erm matdara necessary to ensura thal thg informa- @ Teshnjcal format and prasassing information
ton object connnues to be sccessible @l usable = flights information
« Pigssivalion management documentation
Shozt-tarm metadatd, mainly ol afransztional salue « Intetim |ocation inloiralion
Structure Suclured metadata It conforms 0 2 prediclanle stan- - & MARC
dardizad or proprietscy structure o Tkl
* EAD
o COWA Lita
* Local catabase lommats
Utstructured metadata thal ggas nat conlorm 1o 4 pradict- —  Unstructored nois Nelds and othes fies-1axt snnolations
able strscture
(Modified from Baca 2008)
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Table 9 cont.

Attribute Characleristics Examples
Semantics Carifrotied metadald thal conlorme to 2 standardiz2d © LCSH, LONAF, AAT, ULAN, TGN, TGN
vocabulary or authonty form. 2ad ihat follows slandard « AAGR (HDA), DACS, CCO
content (12, calaloging) tules
\nconfrolted mpiadata thal does not conformio any stan- e Free-faxt iokes
dardized vacabutaty or autharity form o HIML uEta {295 and olher user-Created 13gs
L.evel (Collciion-level melzdala retating lo colléétions ol Colleclion- of group:level rocord, e.g,, @ MARC record for

origioal ilems and/or infarmation abjects

\tern-fevel matadata felatihg 1o individual llems
and/or information objects, often containes within
collections

(Modified from Baca 2008)

a roup of collection ol items, a linding aid for an inlact
archival collaction
« Spatialeed index

« Calalog records for individual bibliographic 12ms o7 unique
culliral abjects

» Transaribed image captions and dates

o "Tombstone™ information for warks of art and matarial
cullure

* Format infarmalion
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Table 10. Ecological Metadata Language (EML) Record; A metadata structure developed for use
in the ecological sciences. EML is an example of a professional community collaborating to
create a uniform metadata structure for their industry/discipline.

Data set description
Ecological Metadata Language
Tt || waleh.17.2
Shott Nemoel  Ballimore demographic dats by block group
Tide: 1 Baltimore demegraphic dats by hlock group
' NS SR L ARSI A HUTER RN R Rl

Individual: | Grove
M"iiii- 705 Spesr, Strect,
[ Butington.
Al 4 T VT 05403
N vsa

PROBE | 117177 (802) 951-5771

m I' I meroveinfs fed.us

Tltbm www. beslier.org

&tlz ‘1!, Originetor
mmmmnmumnmmmmmnmm

— of Education, housing, empioyvmnent, income, and papulation daw by block
JL) poup the Gwynns Falls watershed i

mmmmmt&m FIRATORINGS

« demogrmphics, block groups
mxmmmmm
o NTTTTT fipi/iwww ecostudies ory/publbespisrbdatwiefdemog sporip
VI Az [ Iwaldh 18] provides table-entity information for package jwalsh 172
S Iwalli 191 provides eml-attribute Information for Toble jumlsh 8.1
Iy 1 Iwalsh 201 provides eml-physical Information for Table jualsh 181
3L 0 fwalsh 1601 provides access control mles for jwalibh 172

P pwalsh 16 provides scoess control mles for jwaluh 18:1

o pwalsh 161 provides access control rules for jwalah. 191
E S jemtih 161 provides sccess control mies for jwalsh,20.1

(Modified from Caplan 2003 as retrieved from http://knb.ecoinformatics.org)
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Table 11. Bruce and Hillman Framework; provides seven conceptual quality measures, quality
criteria and compliance indicators to assess the quality of metadata on a narrative basis.

Quality Measare

Quality Criteria

Compliance Indicators

CTE0TNE. exXTraciing, on
transtorming the memadam?

Canrpleteness Daes the element et com- Application profile; docu-
plerely deseribe the object=? | memiation
Are all relevant elemenss Visual view® sample
used for each object?

Proverance Who is responsible for AL server info,T File

mio, TED Header?

How was rhe metodaca
created or exrracted?

OAl Provenance: colophon
or hle deseription

Wit transtormations
have béen done an the
it since its creation?

OAL About

Accuracy

Have accepred methods
been used for ceeation or
extraction?

OAl About: documentation

Whart lias been done o
emsure valid values and
sToucTge?

OAl Abouts visual view:
sample; knowledge of
source providey practicess
documenmanon for cre-
ator-provided memdarm:
kEnown-stem search tesrs

Are defrzolt values appro-
priare, aud have they been
appropristely uked?

Kinown-item search tesis:
visual view

(Modified from Bruce and Hillman 2004)
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Table 11 cont.

Quality Meanire Quality Chndria | Comspliance
Clinfotimsnce 0 Does metadata describe | Vinmal yiew; =4
EXFreCEItIONS whar i etdibos 3 winiesttatuon; Figh
pupatated tlemenrs
tecoed
Are eootrolled yocabular- | Vikaal vigws, sample,
ws algned with sudwnce | mentaion; expers
charaieristics wnd under-
sandug of she abjecra?
Are competmmes doan: Diocumuent
meated snd in Fine with | ssesement i
SN expectaionst T
anil coltbrotics tor througlons b
Home does 8 onnpare with | Researchi o Lirwliidss ol | |
erehoot Jare within che éom- | athie cottiniuiity davm’
iyt docmmmtanon
Tiredimess e mmeadata rojoularfy Sumiple or darn soen bl
vipdated dy the nooarces | admsnassaye infoomaoen
chiangs?
Are cmtrolled wocabulas. | Tese sininge krown |
ien upsdared when nee hanges i rckevant voorl
Avvesarinhty 15 i appropoars element | Roscaech or kpwlodgpe of |1
pet bo ind conm | pekar comitmity dsza;
pssiy b aeed? docnmientinon
I it afinedalris (0 sbe @od | Experieficd of oter imgle
AT menters; o idenoe of
licrming o ther canes
Dises it peernbt funthees Scurbdard foruuy; extemal’
valar adds? bl schems

T My Twpemml e e siteast the juvcess of evsluiaring seotadun using hinnl grihicsl
s sk vl s discpibed o e Dy ansd Blildvam pagoer cnd -:r;-c" >

1 Teat Bucoding lmitache thome pagel, Mitisiwss decina’ (acoesed 28 Joly 20634

(Modified from Bruce and Hillman 2004)
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Table 12. Summarized version of the Bruce-Hillman Framework used to analyze RefPro

metadata

Abbreviated Version of Bruce-Hillman Framework

Metadata
Characteristics

Definition

Quality Criteria

Completeness

Metadata delineate and
describe the entire resource.

~Element set describes the data as completely as possible
given project resources

~The element set should be applied as completely as
possible

Provenance The source of metadata is ~The origin and preparer of the metadata are identified
thoroughly described and ~Metadata standards are based on sound judgment, past
documented. experience, as well as expertise in the relevant domain and

general metadata standards

~Dataset transformations that have occurred over time are
documented, and describe whether value has been added or
subtracted since the resource's inception

Accuracy Metadata "hit the bull's-eye” | ~Metadata should be accurate in the way they describe

with regards to how they
delineate and describe the
resource.

objects
~Basic Level: information provided is correct and factual
~Advanced Level: high quality editing for typos

Conformance to
Expectations

Metadata describe what they
intend to for the potential
audience.

~Elements are those that the community of relevance would
reasonably expect to find

~Should not contain elements that are not likely to be used
~Syntax is appropriate and standardized

Logical Objects are reliably ~Use of standard mechanisms such as application profiles
Consistency and described based on a and common crosswalks are present
Coherence dependable metadata
structure
Timeliness Metadata updates are ~Currency: target object changes but the metadata do not
documented and kept current | ~Lag: target object is disseminated before some or all of the
metadata is available
Accessibility Metadata are able to be ~Physical and intellectual obstacles are kept to a minimum

viewed and comprehended

~Basic standards documents, practice guides, and other
descriptive information is available

(Modified from Bruce and Hillman 2004)
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Table 13. Set of 15 elements that make up the Dublin Core Metadata Element Set (DCMES).

Dublin Core Metadata Element Set (DCMES)

Term Name

Description

Contributor

The entity responsible for making
contributions to the resource. Examples: a
person, an organization, or a service. Name of
a contributor should be used to indicate the
entity.

Term Name: coverage

The spatial or temporal topic of the resource;
the spatial applicability of the resource.
Spatial topic and spatial applicability may be
a named place or a location specified by its
geographic coordinates. Temporal topic may
be a named period, date, or date range. A
jurisdiction may be a named administrative
entity or a geographic place to which the
resource applies. Recommended best practice
is to use a controlled vocabulary.

Term Name: creator

The entity primarily responsible for making
the resource. Examples: a person, an
organization, or a service.

Term Name: date

A point or period of time associated with an
event in the lifecycle of the resource. Date
may be used to express temporal information
at any level of granularity.

Term Name: description

An account of the resource. Description may
include but is not limited to: an abstract, a
table of contents, a graphical representation,
or a free-text account of the resource.

Term Name: format

The file format, physical medium, or
dimensions of the resource. Examples of
dimensions include size and duration.
Recommended best practice is to use a
controlled vocabulary.

Term Name: identifier

An unambiguous reference to the resource
within a given context. Recommended best
practice is to identify the resource by means
of a string conforming to a formal
identification system.
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Table 13 cont.

Term Name: language

The language of the resource. Recommended
best practice is to use a controlled
vocabulary.

Term Name: publisher

An entity responsible for making the resource
available. Examples: a person, an
organization, or a service.

10

Term Name: relation

A related resource. Recommended best
practice is to identify the related resource by
means of a series of linkages conforming to
an identification system.

11

Term Name: rights

Information about rights held in and over the
resource. Typically, rights information
includes a statement about various property
rights associated with the resource, including
intellectual property rights.

12

Term Name: source

A related resource from which the described
resource is derived. The described resource
may be derived from the related resource in
whole or in part. Recommended best practice
is to identify the related resource by means of
a series of linkages conforming to an
identification system.

13

Term Name: subject

The topic of the resource. Typically, the
subject will be represented using keywords,
key phrases, or classification codes.
Recommended best practice is to use a
controlled vocabulary. To describe the spatial
or temporal topic of the resource, use the
Coverage element.

14

Term Name: title

A name given to the resource. Typically, a
“Title” will be a name by which the resource
is formally known.

15

Term Name: type

The nature or genre of the resource.
Recommended best practice is to use a
controlled vocabulary. To describe the file
format, physical medium, or dimensions of
the resource, use the Format element.

(Modified from Dublin Core Metadata Initiative [updated 2011])
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Table 14. Elements associated with pre-1999 Regular File. These are term names that were used
to describe actions taken during sample collection and analysis for the Reference Stream Project

prior to 1999.

26 Elements Reported for “STORET Data Request - Request_ID: 859362 — pre-1999 data

1.0rg Name

2.Station ID

3.State

4.County

5.HUC

6.Generated HUC

7.Station Latitude

8.Station Longitude

9.Station Horizontal Datum

10.Visit Num

11.Activity ID

12.Activity Start

13.Activity Start Zone

14.Activity Medium

15.Activity Type

16.Activity Category-Rep Num

17.Activity Depth

18.Activity Depth Unit

19.Characteristic Name

20.Sample Fraction

21.Value Type

22.Statistic Type

23.Result VValue Status

24.Result Value as Text

25.Units

26.Analytical Proc 1D
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Table 15. Elements associated with post-1999 Regular File. These are term names that have been
used to describe actions taken during sample collection and analysis for the Reference Stream

Project since 1999.

117 Elements Reported for “STORET Data Request - Request_ID: 859093” — post-1999 data-Regular File

1.0rg ID 60.Activity Depth Ref Point
2.Beach ID/Project ID 61.Sample Collection ID
3.0rg Name 62.Field Gear ID
4.Station ID 63.Field Gear Config ID
5.Station Name 64.Container Desc
6.State 65.Temp Pres Type
7.County 66.Pres Storage Proc
8.HUC 67.Portable Data Logger
9.Generated HUC 68.Characteristic Name
10.Station Latitude 69.CAS Num

11.Station Longitude 70.EPA Registry Num
12.Station Horizontal Datum 71.1TIS Num
13.Converted Station Latitude 72.Sample Fraction
14.Converted Station Longitude 73.Value Type
15.Converted Station Horizontal Datum 74.Statistic Type

16.Primary Type

75.Result Value Status

17.Secondary Type 76.Result Value as Text
18.S/G/O Indicator 77.Result Value as Number
19.Visit Num 78.Units

20.Visit Start 79.Converted Result Value
21.Visit Start Zone 80.Converted Result Unit
22.Visit Stop 81.Activity Comment
23.Visit Stop Zone 82.Result Comment

24.Trip ID 83.Result Measure Qualifier
25.Trip Name 84.Result Free Text

26.Project Name

85.Weight Basis

27.Project Description

86.Temperature Basis

28.Project Document/Graphic

87.Duration Basis

29.Project Document/Graphic URL

88.Particle Size Basis

30.Activity ID 89.Distance Measured From
31.Activity Start 90.Distance Measured To
32.Activity Start Zone 91.Analytical Proc ID
33.Activity Stop 92.Detection Limit
34.Activity Stop Zone 93.Detection Limit Descript
35.Activity Medium 94.Lower Quantification Limit
36.Activity Matrix 95.Upper Quantification Limit
37.Activity Type 96.Lab Remark

38.Activity Category-Rep Num

97.Dilution Ind

39.Activity Intent

98.Recovery Ind

40.Field Set

99.Correction Ind

41.Actual Location Point Type

100.Lab ID

42.Actual Point Sequence Num

101.Lab Name

43.Actual Point Name

102.Lab Cert

44.Actual Activity Latitude

103.Lab Batch ID

45.Actual Activity Longitude

104.2004

46.Actual Activity Horizontal Datum

105.Analysis Date Zone

47.Converted Actual Activity Latitude

106.Num of Reps

48.Converted Actual Activity Longitude

107.Precision

49.Converted Actual Activity Horizontal Datum

108.Bias
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Table 15 cont. Elements associated with post-1999 Regular File

50.Well Number

109.Conf Level

51.Pipe Number

110.Correction for Bias Ind

52.Geopositioning Method

111.Result Document/Graphic Name

53.Map Scale

112.Result Document/Graphic URL

54.Activity Depth

113.Activity Document/Graphic Name

55.Activity Depth Unit

114.Activity Document/Graphic URL

56.Activity Upper Depth

115.Last Change Date

57.Activity Rel Depth

116.User ID Last Change

58.Activity Lower Depth

117.Last Transaction ID

59.Upr Lwr Depth Unit
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Table 16. Elements associated with post-1999 Biology File. These are term names used to
describe actions during sample collection and analysis for the RefPro since 1999.

178 Elements Reported for “STORET Data Request - Request_ID: 859093”°-post-1999 data-Biology File

1 Org ID 48 Actual Activity Horizontal Datum
2 Beach ID/Project ID 49 Converted Actual Activity Latitude
3 Org Name 50 Converted Actual Activity Longitude
4 Station ID 51 Converted Actual Activity Horizontal Datum
5 Station Name 52 Well Number

6 State 53 Pipe Number

7 County 54 Geopositioning Method

8 HUC 55 Map Scale

9 Generated HUC 56 Activity Depth

10 | Station Latitude 57 Activity Depth Unit

11 | Station Longitude 58 Activity Upper Depth

12 | Station Horizontal Datum 59 Activity Rel Depth

13 | Converted Station Latitude 60 Activity Lower Depth

14 | Converted Station Longitude 61 Upr Lwr Depth Unit

15 | Converted Station Horizontal Datum 62 Activity Depth Ref Point
16 | Primary Type 63 Sample Collection ID

17 | Secondary Type 64 Field Gear ID

18 | S/G/O Indicator 65 Field Gear Config ID

19 | Visit Num 66 Container Desc

20 | Visit Start 67 Temp Pres Type

21 | Visit Start Zone 68 Pres Storage Proc

22 | Visit Stop 69 Characteristic Name

23 | Visit Stop Zone 70 Characteristic Description
24 | Trip ID 71 CAS Num

25 | Trip Name 72 EPA Registry Num

26 | Project Name 73 ITIS Num

27 | Project Description 74 Sample Fraction

28 | Project Document/Graphic 75 Value Type

29 | Project Document/Graphic URL 76 Statistic Type

30 | Activity ID 77 Result Value Status

31 | Activity Start 78 Result Value as Text

32 | Activity Start Zone 79 Result Value as Number
33 | Activity Stop 80 Units

34 | Activity Stop Zone 81 Converted Result Value
35 | Activity Medium 82 Converted Result Unit

36 | Activity Type 83 Activity Comment

37 | Activity Category-Rep Num 84 Result Comment

38 | Activity Intent 85 Result Measure Qualifier
39 | Community Sampled 86 Result Free Text

40 | Subject Taxon 87 Weight Basis

41 | Biopart 88 Temperature Basis

42 | Field Set 89 Duration Basis

43 | Actual Location Point Type 90 Particle Size Basis

44 | Actual Point Sequence Num 91 Distance Measured From
45 | Actual Point Name 92 Distance Measured To
46 | Actual Activity Latitude 93 Analytical Proc ID

47 | Actual Activity Longitude 94 Detection Limit
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Table 16 cont.

95 Detection Limit Descript 140 | Current Type Code

96 Lower Quantification Limit 141 | Amperage Measure

97 Upper Quantification Limit 142 | Pass Count

98 Lab Remark 143 | Pass Length Measure

99 Dilution Ind 144 | Pulse Rate Measure

100 | Recovery Ind 145 | Electroshock Comment
101 | Correction Ind 146 | Total Energzd Time

102 | LabID 147 | Sampling Duration

103 | Lab Name 148 | Orientation to Current
104 | Lab Cert 149 | Trap/Net Rel Current Dir
105 | Lab Batch ID 150 | Trap/Net Rel Wind Dir
106 | Analysis Date 151 | Trap Net Comment

107 | Analysis Date Zone 152 | Bio Result Group ID

108 | Num of Reps 153 | Bio Result Group Type
109 | Precision 154 | Bio Result Group Subj Txn
110 | Bias 155 | Bio Result Group Desc
111 | Conf Level 156 | Feeding Group

112 | Correction for Bias Ind 157 | Pollution Tolerance

113 | Result Document/Graphic Name 158 | Trophic Level

114 | Result Document/Graphic URL 159 | Habit

115 | Activity Document/Graphic Name 160 | Voltinism

116 | Activity Document/Graphic URL 161 | Cell Shape

117 | Trawl Start Point Name 162 | Cell Form

118 | Trawl Start Latitude 163 | Number in Group

119 | Trawl Start Longitude 164 | Group Count Type

120 | Trawl Start Datum 165 | Phys/Bio Ind

121 | Conv Trawl Start Latitude 166 | Bio Result Group ID (sex)
122 | Conv Trawl Start Longitude 167 | Bio Result Group ID (lifestage)
123 | Conv Trawl Start Datum 168 | Bio Result Group Class Var
124 | Trawl Start Depth 169 | Class Prim Desc

125 | Trawl Stop Point Name 170 | Class Sec Desc

126 | Trawl Stop Latitude 171 | Class Lower Bound

127 | Trawl Stop Longitude 172 | Class Upper Bound

128 | Trawl Stop Datum 173 | Class Units

129 | Conv Trawl Stop Latitude 174 | Number in Class

130 | Conv Trawl Stop Longitude 175 | Bio Individual Number
131 | Conv Trawl Stop Datum 176 | Last Change Date

132 | Trawl Stop Depth 177 | User ID Last Change

133 | Fished Duration Measure 178 | Last Transaction ID

134 | Boat Speed

135 | Fished Distance

136 | Trawl Rel Current Dir

137 | Trawl Rel Wind Dir

138 | Trawl Comment

139 | Voltage Measure
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Table 17. Pre-1999 RefPro metadata analysis using the Bruce-Hillman Framework

Bruce-Hillman Framework Analysis of Pre-1999 RefPro Metadata

"Quality Criteria

RefPro Pre-1999 Files -
Narrative Metadata
Score Based on "Quality
Criteria Questions' from

Metadata Questions™ from Bruce- Bruce-Hillman

Characteristics Hillman Framework Framework Location

Completeness 1. Does the element set 1. No, not all 1. (Bahls et al.
completely describe the measurements (objects) 1992)

objects?
2. Are all relevant elements
used for each object?

noted in the report are
expressed as elements.

2. Yes, there are sufficient
elements to describe the
objects present in the
dataset; all objects are
described by elements.

2. Visual view

Provenance 1. Who is responsible for 1. Contains information on | 1-3. Application
creating, extracting, or the generator and end-user. | profile
transforming the metadata? | 2. Contains no information
2. How was the metadata on documents pertaining to
created or extracted? the project protocols.

3. What transformations 3. Notes that the data are
have been done on the data historic and are from a
since its creation? "pre-1999" era.

Accuracy 1. Have accepted methods 1. Yes, there are series of 1. (Bahls et al.
been used for creation or protocols offered by the 1992)
extraction? contributor and publisher. | 2. (Bahls et al.
2. What has been done to 2. QA protocols exist for 1992)
ensure valid values and field, lab, and database 3. Montana
structure? management; they are not | DEQ external
3. Are default values mentioned in the metadata. | sources

appropriate, and have they
been appropriately used?

3. Yes, and yes; QA
protocols have been
developed for older
datasets.
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Table 17 cont. Pre-1999 RefPro metadata analysis using the Bruce-Hillman Framework

Metadata

"Quality Criteria
Questions" from Bruce-

RefPro Pre-1999 Files -
Narrative Metadata
Score Based on ""Quality
Criteria Questions' from
Bruce-Hillman

Characteristics Hillman Framework Framework Location
Conformance to 1. Does metadata describe 1. Yes 1. (Bahls et al.
Expectations what it claims to? 2. Yes, but syntax is not 1992)

2. Are controlled
vocabularies aligned with

outlined or defined in the
queried files.

2. Visual view
and application

audience characteristics and | 3. Yes and no: primary profile
understanding of the end-users are satisfied:; 3. User
objects? potential end-users are assessment
3. Are compromises generally not satisfied. study (see joint
documented and in line with fact finding
community expectations? section)
Logical Consistency | 1. Is data in elements 1. No, object values 1. Visual view
and Coherence consistent throughout? change in some cases. 2. Comparing
2. How does it compare with | 2. Elements vary based on | fileson a

other data within the

project and when data was

temporal scale.

community? generated.

Timeliness 1. Is metadata regularly 1. Yes, but what is 1. Visual View
updated as the resource changed is not 2. Montana
changes? documented. DEQ external
2. Are controlled 2. Yes, documentation source
vocabularies updated when | exists for correcting
relevant? metadata files.

Accessibility 1. Is an appropriate element | 1. Yes and no. 1. User
set for audience and 2. Yes and no. assessment
community being used? 3. Yes, data is accessible study,

2. Is it affordable to use and | and can be manipulated immediate
maintain? audience is
3. Does it permit further satisfied;
value-adds? community is

generally not.

2. Experience of
U.S. EPA,
database
changed recently
because of
resource
constraints; new
system is being
implemented.

3. Standard
format
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Table 18. Post-1999 RefPro metadata analysis using the Bruce-Hillman Framework

Bruce-Hillman Framework Analysis of Post -1999 RefPro Metadata

"Quality Criteria
Questions™ from

RefPro Post-1999 Files
- Narrative Metadata
Score Based on
"Quality Criteria

Metadata Bruce- Hillman Questions" from Bruce-

Characteristics Framework Hillman Framework Location

Completeness 1. Does the element set | 1. Yes, all measurements | 1. (Suplee et al.
completely describe the | (objects) described in the | 2005)

objects?

2. Are all relevant
elements used for each
object?

report are expressed as
elements.

2. Yes, there are
sufficient elements to
describe the objects
present in the dataset; all
objects are described by
elements.

2. Visual view

Provenance 1. Who is responsible 1. Contains information | 1. Application
for creating, extracting, | on the generator, user, profile
or transforming the and curator of the 2. Application
metadata? metadata. profile
2. How was the 2. Contains information 3. Visual view
metadata created or on documents pertaining
extracted? to the project protocols.

3. What 3. Updates are noted
transformations have using element fields.
been done on the data

since its creation?

Accuracy 1. Have accepted 1. Yes, there is a series of | 1. Montana
methods been used for | protocols offered by the | DEQ external
creation or extraction? | contributor and source
2. What has been done | publisher. 2. U.S. EPA and

to ensure valid values
and structure?

3. Are default values
appropriate, and have
they been appropriately
used?

2. QA protocols exist for
field, lab, and database
management; they are
mentioned in the
metadata.

3. Yes, and yes; QA
protocols have been
developed.

Montana DEQ
external sources
3. Montana
DEQ external
sources
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Table 18 cont. Post-1999 RefPro metadata analysis using the Bruce-Hillman Framework

RefPro Post-1999
Files - Narrative
Metadata Score
Based on ""Quality
Criteria
Questions™ from

Metadata "Quality Criteria Questions™ Bruce-Hillman
Characteristics from Bruce- Hillman Framework | Framework Location
Conformance to 1. Do metadata describe what it 1. Yes 1. (Suplee et al. 2005)

Expectations

claims to?

2. Are controlled vocabularies
aligned with audience
characteristics and understanding
of the objects?

3. Are compromises documented
and in line with community
expectations?

2. Yes, but syntax
is not outlined or
defined in the
queried files

3. Yes and no:
primary end-users
are satisfied,;
potential end-users
are generally not
satisfied.

2. Visual view and
application profile

3. User assessment study
(see joint fact finding
section)

Logical Consistency
and Coherence

1. Are data in elements consistent
throughout?

2. How does it compare with other
data within the community?

1. No, object values
change in some
cases.

2. Elements vary
based on project
and when data was
generated.

1. Visual view
2. Comparing files on a
temporal scale.

Timeliness 1. Is metadata regularly updated as | 1. Yes, but whatis | 1. Visual View
the resource changes? changed is not 2. Montana DEQ external
2. Are controlled vocabularies documented. source
updated when relevant? 2. Montana DEQ
external source
Accessibility 1. Is an appropriate element set for | 1. Yes, but some 1. User assessment study,

audience and community being
used? 2. 1sit
affordable to use and maintain?
3. Does it permit further value-
adds?

elements are
superfluous and do
not pertain to every
site sampled.

2. Yes, for its
intended use.

3. Yes, data is
accessible and can
be manipulated

immediate audience is
satisfied; community is
generally not.

2. Experience of U.S.
EPA, database changed
recently because of
resource constraints; new
system is being
implemented.

3. Standard format
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Table 19. DCMES analysis for Pre-1999 RefPro files queried from STORET/WQX.

Dublin Core Metadata Element Set (DCMES) Analysis of Pre-1999
DC-Elements (Pre-1999 File)-reported element
1 | Contributor (Regular File)-Org Name
2 | Coverage (Regular File)-HUC
3 | Creator (Metadata File)
4 | Date (Regular File)-Activity Start
5 | Description (Metadata File)
6 | Format (Regular File)-Activity Medium
7 | ldentifier (Regular File) Station ID
8 | Language (Metadata File) (Regular File)-Units
9 | Publisher (Metadata File)
10 | Relation (Regular File)-Characteristic Name
11 | Rights (Metadata File)
12 | Source (Metadata File); (Regular File)-Analytical Proc ID
13 | Subject (Metadata File); (Regular File)-Activity ID
14 | Title (Metadata File)
15 | Type (Metadata File)-Activity Type

Table 20. DCMES analysis for Post-1999 RefPro files queried from STORET/WQX.

Dublin Core Metadata Element Set (DCMES) Analysis of Post-1999
DC-Elements (Post-1999 File)-reported exemplary element

1 Contributor (R/B Files)-Org ID

2 Coverage (R/B Files)-HUC

3 Creator (R/B Files)-Project Name

4 Date (R/B Files)-Acitivity Start

5 Description (R/B Files)-Project Description

6 Format (R/B Files)-Activity Medium

7 Identifier (R/B Files)-Station 1D

8 Language (Metadata File); (R/B Files)-Units

S Publisher (R/B Files)-Org Name

10 | Relation (R/B Files)-Characteristic Name

11 | Rights (Metadata File)

12 | Source (Metadata File); (R/B Files)-Analytical Proc ID

13 | Subject (Metadata File); (R/B Files)-Activity 1D

14 | Title (Metadata File)

15 | Type (Metadata File); (R/B Files)-Activity Type

Notes for Tables 19 and 20:

Note: the Regular and Biology files share a metadata file (also known as an application profile),
but the Pre-1999 file has its own.

--(Regular File)-file queried from STORET/WQX that contain actual data described by
traditional elements, robust examples from the element report (see Table 14) are listed.

--(R/B Files)-Regular/Biology files queried from STORET/WQX that contain actual data
described by traditional elements, robust examples from the element report (see Table 15 and 16)
are listed.

--(Metadata File)-or application profile, is a file queried from STORET/WQX that contains
narrative metadata and not traditional elements.
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Table 21. Survey responses for questions 1-5b; “Unidentified /Non-response” indicates the
respondent did not select an organization type on the survey; “Other/2+ Groups” indicates that
the respondent selected two or more groupings on the survey, or wrote in a self-selected

organization type

Question 4. Question 5.
Does your Does your
Question 1. Question 3. organization organization
Does your Question 2. Does your use the know about | Question 5b.
organization | Does your organization | process of the water If yes, does
use water organization use a “joint fact quality data | your
quality data communicate technical finding” or that the organization
in decision with the advisor to collaborate Montana- use any
making Montana gather water | with other DEQ Montana DEQ
processes? DEQ? quality data? | stakeholders? | generates? data?
MWCC
Organization
Type Yes No Yes No Yes No Yes No Yes No Yes No
Watershed
Group 15 2 15 13 4 13 17 0 15
Unidentified/Non
-response 4 0 4 3 1 4 4 0 2
Other/2+ Groups 2 1 3 3 0 3 3 0 3
TOTAL 20 2 21 17 5 19 22 0 18
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Figure 1. The importance of obtaining a strong information base to serve a working
management environment. A strong information base needs to be able to support the
management environment as processes are refined. This figure shows how adaptive
management is fed by the available information base.
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Figure 2. Factors influencing the process of natural resource management. This figure
shows the components that contribute to the management process in time and space; and
is used to help natural resource managers understand the various factors that influence a

given management process.
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Figure 3. A model for interpreting the purpose of joint fact finding. This Venn diagram
shows the overlap between the three major stakeholder groups in a natural resource
context. Joint fact finding is located in the middle of the diagram where groups’ interests
intersect and where collaboration can take place.
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Figure 4. A model for using joint fact finding as part of the consensus building process.
Joint fact finding is a prescribed procedure that can help to build consensus regarding the
technical aspects of water quality planning and management. It is a prescriptive process,
but has a basic framework that should be adhered to.
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Figure 5. Illustrates how the Environmental Information Exchange Network operates.
This figure shows how a web-based interface can be used to share data between multiple
partners. The exchange network uses “data exchange templates” (i.e., metadata schemas)
to link end-users together, enabling them to share information.
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Figure 6. Flow of data at the Montana DEQ); covers from the planning phase through the
completion of the analyses and final entry. It is a comprehensive process that is best
understood in an illustrated format. Metadata are gathered throughout the process at
critical points including in the field forms, chain of custody forms and during lab

analysis.
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Figure 7. Montana DEQ sufficient credible data flowchart. In order to proceed with a
beneficial use determination, data need to be tested for coverage, quality, and currency.
Without adequate metadata, performing these tests would not be possible. Sufficient
credible data should have a limited number of data gaps and few missing elements or
they will be deemed unfit to inform a beneficial use support determination.
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Figure 8. Information entropy; this figure is an example of how information connected
with data and metadata degrades over time. Accidents or changes in storage technology
(dashed line) may eliminate access to remaining raw data and metadata at any time.
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Figure 9. Flowchart of procedures for managing, curating and storing data. Thisisa
valuable figure for understanding how metadata structure contributes to statistical
procedure. There are several key nodes in the diagram, particularly in the QA/QC
procedures, where adequate metadata are critical to proceeding with a meaningful
analysis.

Detailed methods (field)
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Raw data (field notebooks,
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Stare wrchival version of datases date atamp (Credte
o permanent medio (paper and audit trail)
other optical media, o.g.. CI3-ROM) I
QA/QC check and
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checked outliers valid data
“Jor outhigrs and wr the sesult of
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Documernt v
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Add 1o metadata
Upalate audit traif

-

Transform doata

Exploratory dat analysis
Surnmary statistics

Store wrchiival version of dataset
to be analyzed an permancat media

!

‘ Proceed to data analysis

(Modified from Gotelli and Ellison 2004)
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Figure 10. The 15 elements of the Dublin Core Metadata Element Set (DCMES) grouped
by category. The Dublin Core Metadata Initiative is an endeavor to categorize metadata
elements to create a common metadata structure for use across disciplines. These
categories are presented by Zeng and Qin (2008) to demonstrate how element
descriptions are related, and how they can rely on each other to support overall metadata
structure.

( Dublin Core i|

\ intellectual \

( Content -’ ( Property -’ ( Instantiation }

» title » creator » date

f’ :iescription : :’i;ﬁii:her > format

”~

> syupt;ect » contributor £ aniior
- » language
» relation

» coverage

(Modified from Zeng and Qin 2008)
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Display 1. Commonalities among resource disputes in the Western United States.

(Modified from McKinney and Harmon 2004)
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Display 2. Site Visit Form contributing metadata to files queried for the RefPro 2009

field season from STORET/WQX.

Ve =

rs

“:L -
/ ,,Im? Site Visit Form Frdess 101 HUT L
baryriey bl (e Statin poe page) Trip 11 2000-NUT-UNIF
Date: gx_laql CF7 Mme: 1000 P Bolow. B Sewacy 1 Aeses 0
Waterbody: L0 €y Teteal W 1
St n: Vigit #; \ HUC County:
Lattode: 4 % 0 L1 © 2 Longiwde: “)L\_j_ M. 22 2 2 LaLong Vensiedr (] By:
Wevation (m): Gieo Method: LOther Dwtum: NAD2T “NADSY WG4

Analymis: TP & T Preserved: HIND, HSO, H;PO, HCL lee Frozen (None
AnalyBif: 1 pms =, IR EAL. =L (FT ) Preserved: IND, HS0, H,PO, HCL loc Froven 1&¥one |
Analysis; Preserved: HNO, H,S0, H,PO, HCL lee Fromen None
Analyms: Preserved: HNO, HS0, H,PO. HCL lce Fromen Nome
Analynis: Prescrved: HNO, HS0, PO, HCL lce Frosen None
Analy Prescrved: HNO, HSO0, HPO, HCL fee Frosen None
Analysis: Preserved: HNO, HSO, HPO. HOL lee Fromen None
Sediment [31 SED-1
Analy FPreserved: None  Other:
Analysis: Preserved: None  Onher:
s Satmple Method: O-Core HeHoop T=Template NeNote
Composite st Lab Sample Location: R~Right C+Center L=Left
Transect A__- B_. C_. D__. E - F - O - H_- I - J . K_.
Fhytoplankton | [ D1 Fillered: mi D2 Fillered: mL
| Algae [H] PERI-1-MOD  OTHER:
Macrofavert. MAC-R-500 HESS OTHER:
Couawnnu-:btq:h(m) £ of Jars: | Mesh Sixe: 500 OTHER:

Resch [ ]

Suel 1 EMAr T

Sub Pebble Count [ | Pocent Fanes | | BSIL )

Channel Cross Section L]

Phosograplis: tal Film

(Montana DEQ, Sampling Protocol, 2009)

Duts Logger T Y31 [ ] Aqualtod TruTrack
Lab & Swbmited to: State [ab Account £ T77408 Daste Sobmitied:
Invoice Contact & Address: Ronic Sada 7 (406) 443-3964 / 1520 E 6° Aveuue, Tielons, MT 59620
Contact Name & Phone: Rosic Sada / (406) 4445964
EDD [ Format: MT DEQ Compatible | Term G Number nfa
Telinguished By & Duse] e Shipped By & Dale T me Weceived Iy & Date/ Tame
Relimguishied By & DateThne: ‘Skipped By & DateTime Reczvved Uy & Dito/Tiene-
Lab Use Gly - Delivery Temp Wet loe C Diyles_ G Wew IR SN
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Display 3. Site Visit Form contributing metadata to files queried for the RefPro 2009

field season from STORET/WQX.

; EXAMNALE —
—————— . 3
/ Site Visit Form AN S SIEELERR
(U Sution pes ags) Trip i 2009-STREEPRQ
I

Date:  Z/77/ 200F  Time: LY FO P e A ..x‘/:( P Saulay
Waterbody: A o Leeation: . ‘\:4:!@454._
Stetion TD: e S WUC: _ Spfeze/  County: Scaderss
Latinde: & 5. P 0 F T Longitude: /O ¥ P O & 3 LatTong Verified? [ Dyt
Elevation (m): SIS Geo Method: GPS  Other: Datuny: NADZ? @ WGSK4
Samples Colles: “Suniple 1D [Provide for all saples): || Sample Collection Tnformution/Presen ation:
Water ] % | 75600 —to— - Emb EWIL

Analysin: 70 747 Presecved: HNG, HSOL HAPOu

Avalysin: My.y, Ay, , SHP (F7) 1 Preservet: [INO. 1LSOL IOy

Analvsin: P ELTDS ” Presetved: HNOW  HLSOL 1LPOJ

Analysiz: 78 velole Lomedodi ) Prescrved (IINGD 11L.S0,  1LPO,

ACANSIY: D saahod mofals (mne He ) £ €F) Presenved (HNOD HS0,  HLPO, HCL (ee _Frozen

AN (o Ay, K, Catosnfancon bsbamve, Larorss Presenved(TINOD 11,80, IL,PO;  HCL (Jee) Frozen |

Adalysis: S22 S Luie Pressrved: HNO, H80, TLPO, HICL I
Sediment — D) £ |

Analysis: A dete  fohidon A% ) Picsenved (Uats Othee:  Z eer |

Annly=is = &5 Presarved: None  Other: <|i

|

Sample Methad: C=Core H=Hoop T=Template N=Noae

Chlvrophylia | ]
Cuoluposiio a1 Lub Sainple Location: R=Right C=Center L=Lsft

Troasect: A ~ B - & = D__- E: = - G - H - 1 = 1 = K =

Fhytoplanicton | [] D1 Filtered: ml D2 Fiktered: ml. |
Algae | Zopo - GERLIMOD OTHER: |
Macroluvert. | Zs5 - MAC-R300) HESS OTHER:

Colleetion Reach Lenotl (m): S0 Eoflars P | Mesh Sz S60) OTHER: {
Field Mensurementas o Ficld Adsessments: U |
Water Temp: /&5 COF | Air Femp:. 2% GO °F | Macrok b A ]

pli. &= SC:  F20  {umhn/cm) | Habitt Assessiment: Reack B Sie [ EMAP [ |45 |
DO 2 (mg/L) | Flow: (efs) | Subsuste: Pebble Count P Percomt Fines[ ] RSI[ ] |
Flow C :Pry Bed [[] NoMe hle Flow [_| Charmel Cross-Section 24

ﬁuw Method: Meter B Float T] Gape [] Wisual Est. [] | Phétsgmphs: Digital Film )

Tuebidity: Clear L] Stight B Twrbid L] Opague ] Dutn Logeee: Temperature X Y81 T T AquaRod/Trulmck (]

l Site Visit Comments: | Jl
Chomistry Lab Informsation: - AN TSR, X
Lab Samples Submitted w: Siste Lab | Account 8- T77208 | Dnte Submitted:
Invoice Conmgt & Address: Rosic Sada 7 (406) 444-5964 /1530 E 6" Avenue, Tlelena, MT 39620
Cantact Name & Phone: Rosio Suda / (406} 444-5964
EDNED  Format MT DEQ Compatibie | Tern Contnct Numbor wn

Y] Bolizquinhed By & Date/Timeo: Shipped By & DausTune Roceived By & Date’Tome:
Rolinguizhed By & DaeTimo: Shipped By & DateTune: Received By & Die/Tuna:

= b Use Tmly - Delivery. T Weilee L. Dry lee ~ o, dnisseay |

(Montana DEQ, Sampling Protocol, 2009)
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Display 4. Site Visit Form contributing metadata to files queried for the RefPro 2009

field season from STORET/WQX.

=3C
©
ras |

£l O

X hueE

Site Visit Form
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(Montana DEQ, Sampling Protocol, 2009)
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Display 5. Reverse side of standard Site Visit Form with instructions for how to interpret
metadata elements

Site Visit Form Instructions
1, Flice a Site Vislt Code label in the upper leht comer (ONLY 1 SITE VISIT COGE PER FORM),
. Flace a Trip Labelin the uppo right comur (Covering Projoct [ and Trip (0 with tabel 4 alnght)
3 STORET Projoct 1D If you do not have a Trip Label, anter the Praject 1D assigned by Data
Managamerit If Project I js not assigned, (esve blank for STCRET Dastabase Manager,
. Trp ID: I you do not have a Trip Label, enber the Trip 1D assignid by Dots Management If Trlp 1D s
ot assigned leave blank for STORET Database Marage.
Date/Mime: Enter hie date and tirme of e station visi,
Pomonnal Entsr the first @nd sl ramals) of the pasorngl conducting Meld sctvities
Witorbody: Entar tha ramde of the wataibody such a4 "Miksoun River.
. Lotation, Desaription of sampte localion siich ag "upstream from bodge on Forest Sandca road 1007
For confidentality plessa 00 NOT usa proper mames of people n e location lidd
§ Statiop ID; It you havea Trip Label, enler the astablished 10 i there m no |0 on the Tnp Labal,
fearen e firld bintk and Cata Managament wlll genemle & Station 10 when the SVF | submitted,
10 VImit#: Erter 1° If this Is 3 new station, Leave Mank If vist number is uniknuwn _
11 HUG If you di aet hive 8 Trip Label, enter the fourth code (8 difit) HUC the atation falls within
12 County If you do rint hava & Trip Label, anter the courty in witich the station falls within
13 Latlong: Latitude and Longliudes shauld be obtained (0 decimal degraes using @ GPS uil raading
NADES whenever posislble, 118 lallng s cblained by anolher method, the dalilm and method must
b recorded in the Site Vit Commustite
14 LatiLong Vorifled Latitudes and Longitudas shoulld be visified Immadiataly Upon relutn from dis
fisld. Varily by pictling on a paper map or uging & mapping websie, Oncs tha latfong has bean
verfiad check the Varified box and enter Infllals atter "By’
» Do nol make minor adjustments 1o messurad values dunng vanfcabarn, hey am assymad
o be comect wehin the limftations of the messurament sysiem
=  Gross amars shtuld be comected as follows 1) Draw a snfle line through the Sroneous
valug(s) and fnalal, Do nol erase the orginal reading  2) Wrile the correclad valle | the
comment Reld 3long with the mathod and datism Used 1o disive the cofrectad value.
15 Elevation: Record elavation collected by GPE and drcle the GPS dalum usad, | elevalion lis
obtained by snotEn mathod, (e dtum and mesthod must bs recordzd in tha Sits Visit Commenis
10 Samples Collocted! Crisck fhis Box st 1 eac Aetivity that s collsctad during the staton visiL
17. Sample ID: Writo the Sample 1D (S Visit Coda-sampile idaritfer) lor all of the samplos.collected
18 Sample Collection Procedure. Circls the appropriste Sample Colection Procedurs (D
»  Foreadh Chiorophyll s tansscl record Lhe sample collection method in the Nist spacsy
provided and the-sample incation in the second 3pace provided (e@mple: AT « B ),
+ ForPhytoplarikton, record th vellume Tiltered for ageh sample colleated)
18 Analysin Requeatod Record ho requbsted lsboratory analytin for eath chamistey sample and ook
e presarvative used,
20 Fiold Moanuroments. Resomd your iald meaasurements in the upsces provided,
21 Fiold Ansesamentn: Ghieck the boxes nast 1 eseh type of fisld assesament complated,
22 Sits Vimit Commenta: Record genessl comments aboul the station vieil, sampiae, and feld
mEHsuEmETS )
23 Chamistry Lab Information, If chamistry |8b samples ware tiken, camphite ihis section
»  Lab Samples Submitted to- Ertar name of inbomatary whem samples will be sert
o Account & Enter account rumber at inboatory wher sampleswill o sent,
» Datn Submifled: Record date the samples wearn recaived by the laboratory.
= Sigr and dele the fonm asch tme the saim plesd change possasmia.

e ~

@@

(Bostrom et al. 2008)
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Display 6. Query performed in STORET/WQX for Reference Stream Project Data.
Directive is followed by contents of “processing” and “completion” electronic notifications
for pre-1999 and post-1999 data.

1. Go to: http://www.epa.gov/storet/dw_home.html

2. Select “Results by Project” query.

3. Select the following organization ID from the drop-down list depending on the data
queried:

2>“MONT _DEQ WQX” - will query pre-1999 data
2>“MDEQ WQ WQX” - will query post-1999 data

4. Select “Look Up” and select the following project ID from the drop-down list:
“STREFPRO”

5. Before selecting “Continue” at the bottom of the screen, choose “Select All” for each data
element of the report. This will include all available fields in the exported files. There
will be some blank fields, but the default fields can leave out some important elements
out, so it is usually best to “Select All” and then narrow down the fields once the files
have been imported into Excel (or Access). [To query specific dates, media, characteristics
or other parameters, narrow the search before selecting “Continue.” For example: A
“Results by Geographic Query” can be performed that searches for a specific “HUC,” but
this would produce more data that would need to be narrowed down down by organization
and project.]

6. In the next window, it will display how many results were found; enter an email address

and a three character report prefix to identify the data when it is forwarded via email.

8. After doing that select “Immediate” and wait for the results to arrive at the submitted

email address.

9. A "Processing" email will arrive first and say “STORET data request submitted
(PROCESSING)”. Then a group of text files will arrive in a second email as a zip file;
this email should say “STORET data request status (COMPLETED)”

10. When the "Completed" email arrives, it will have a link to a zip file. In the zip file will
be three data files: one for regular results, one for bio results, and a metadata file.

11. Import these files into Excel (or Access) and then data can be filtered based on elements
of interest such as HUC, or other elements.
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http://www.epa.gov/storet/dw_home.html

Display 6 cont.

“STORET Data Request - Request ID: 859362” — pre-1999 data

[Contents of the “Processing Email”- STORET data request submitted (PROCESSING). Request ID: 859362]

Your request for Result Download is submitted for Immediate batch

processing.

Following is your request information:

Request ID : 859362

Request Type : Result Download

Record Count : 1570

Request Mode : Immediate batch

File Name : P99 20110328 110721.zip

URL :
http://www.epa.gov/storpubl/modern/downloads/P99 20110328 110721.zip
Email provided: Jjonathan.leiman@umontana.edu

You will be notified when the request is processed.
List of Filters: ~Organization~Project~

Query Parameter Values:

Organization(s) : MONT DEQ WOX<br>

Project (s): 10 - REFERENCE STREAM STUDY

Contents of the “Completed Email”- [STORET data request status (COMPLETED). Request_ID: 859362]

Your request for STORET Results download is completed via Immediate
batch processing. The Request ID is 859362. You can download your
file (size : 20.9 KB) using the hyperlink
http://www.epa.gov/storpubl/modern/downloads/P99 20110328 110721.zip

“STORET Data Request - Request ID: 859093” — post-1999 data

Contents of the “Processing Email”- [STORET data request submitted (PROCESSING). Request_ID: 859093]

Your request for Result Download is submitted for Immediate batch

processing.

Following is your request information:

Request ID : 8590093

Request Type : Result Download

Record Count : 53520

Request Mode : Immediate batch

File Name : Jsl 20110320 163712.zip

URL :
http://www.epa.gov/storpubl/modern/downloads/jsl 20110320 163712.zip
Email provided: Jjonathan.leiman@umontana.edu

You will be notified when the request is processed.

List of Filters: ~Organization~Project~

Query Parameter Values:

Organization(s) : MDEQ WQ WQX<br>

Project (s) : STREFPRO - Stream Reference Project Monitoring

Contents of the “Completed Email”- [STORET data request status (COMPLETED). Request ID: 859093

Your request for STORET Results download is completed via Immediate
batch processing. The Request ID is 859093. You can download your
file (size : 2016.4 KB) using the hyperlink

http://www.epa.gov/storpubl/modern/downloads/jsl 20110320 163712.zip
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Display 7. Locations of Montana Watershed Coordination Council (MWCC) member
watershed groups
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Display 8. Locations of Montana Watershed Coordination Council (MWCC) member

watershed groups from large basins
Montana Large Basin Watershed Groups

| Missouri Headwaters Partnership

N | Clark Fork Basin Task Force Canservation District Council borders
. . N iy not involved
| Missouri River CD Council and inste
> g : . buouiclir ‘
Miles | Yellowstone River CD Council the maln stems af those rive
012525 50 75 160

o ned By ¥ T

(I\/ibdifiéd frorﬁ Montana Watershed Coordination Council [updated 2011])

i o s WSS 0%

115



Display 9. Survey given to members of the Montana Watershed Coordination Council
Organizational Feedback Survey: Utilization of Water Quality Data Generated by the
Montana Department of Environmental Quality (MT DEQ)

The following questionnaire intends to gather information regarding how organizations involved
with water resource management in Montana are interacting with information generated by the
MT DEQ (Montana Department of Environmental Quality). The results from this survey will be
used in a sub-section of a master’s thesis project and will contribute to a discussion regarding
state generated water quality data. Please provide answers to the best of your ability, circling or
filling out the appropriate response. If you need to detail your response beyond “Yes/No,” please
write below the question.

Organization name and location (optional):
Type of organization (circle):  watershed group  gov’t agency  for-profit other

1. Does your organization use water quality data in decision making processes? Yes/No
2. Does your organization communicate with the MT DEQ? Yes / No

- 1f yes, who does your organization communicate with at MT DEQ (i.e.
bureau/program/staff)?

3. Does your organization use a technical advisor to gather water quality data? Yes / No

4. Does your organization use the process of “joint fact finding” or collaborate with other stakeholders?
Yes/ No

5. Does your organization know about the water quality data that the MT-DEQ generates?
Yes / No

- If yes, does your organization use any MT-DEQ data? Yes / No

—>If yes, please list the dataset(s) used AND note how easy it is to use
(i.e. very easy, easy enough, difficult, very difficult)?

6. How could the water quality data used/needed by your organization be made easier to
use/obtain?

7. What additional water quality data would your organization like to have available?
8. Please provide any further feedback you may have on your organization’s use of water quality

data/information in their planning and decision making processes; use the back of this sheet if
necessary.
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Display 10. Metadata record for pre-1999 RefPro metadata; reported from query
“STORET Data Request - Request ID: 859362” — pre-1999 data} in STORET/WQX;
### signifies new summary; yellow highlights example(s)

STORET Results Metadata Report Result Report Name:SDR20110328_110728.txt Date:03/28/2011

Hith
Organization Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data

Type: US Government/State

Description: The MONT_DEQ_WQX organization is a static, historic dataset with the majority of data originating from
the Storease database.

Parent Organization:

Electronic Addresses:

Internet http://deq.mt.gov/

Office 406-444-5304

Hith
Cooperating Organization Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data

Hitt
Project Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WAQX - Montana DEQ - Pre-1999 Data
examples of RefPro entries:

Project: 10 REFERENCE STREAM STUDY
Start Date: Planned Duration:Unknown
Purpose:

Study Area:

Project Design:

Obtain Plan:

Quality Assurance:

Quality Objectives:

Assigned Stations

Station ID Station Name

Project: 12 ECO-REGION REFERENCE STREAM MONITORING PROGRAM
Start Date: Planned Duration:Unknown
Purpose:

Study Area:

Project Design:

Obtain Plan:

Quality Assurance:

Quality Objectives:

Assigned Stations

Station ID Station Name

HitH

Program Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data
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Display 10 cont.

HiH
Sample Collection/Creation Procedure Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data
ProcedurelD:HISTORIC

Procedure Name:Unknown, Historic Data, Migrated from STOREASE

Gear Group Name:Miscellaneous/Other

Description:

Citation:

HiH
Sample Gear And Equipment Configuration Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data
Gear Group Name: Miscellaneous/Other

Field Gear ID:

Gear Name: Miscellaneous (Other)

Config ID:

Config Name:

Specification:

Hitt
Sample Preservation And Handling Profile Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data

HiH
Laboratory Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WAQX - Montana DEQ - Pre-1999 Data

HitH
Analytical Procedure And Equipment Detail Summary

example of RefPro entry:

Procedure Source: USEPA

Procedure ID: 200.7(W)

Procedure Name: Metals in Water by ICP-AES
Citation:

Equipment:

Comparable National Procedure ID: USEPA200.7(W)

HitH
Lab Sample Preparation Procedure Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WQX - Montana DEQ - Pre-1999 Data

HitH
Bibliographic Citation Summary

Organization:MONT_DEQ_WQX MONT_DEQ_WAQX - Montana DEQ - Pre-1999 Data

(Modified STREFPRO 2011a)
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Display 11. Metadata record for post-1999 RefPro metadata; reported from query
{“STORET Data Request - Request ID: 859093” — post-1999 datal in
STORET/WQX; ### signifies new summary; yellow highlights RefPro samples

STORET Results Metadata Report Result Report Name:SDR20110320_163810.txt Date:03/20/2011

Hit#
Organization Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB

Type: US Government/State

Description: The MDEQ_WQ_WQX organization is for data collected by DEQ’s Water Quality Planning Bureau
(WQpB).

Parent Organization:

Electronic Addresses:

Internet http://deq.mt.gov/

Office 406-444-5304

Internet http://deq.mt.gov/

Office 406-444-5304 --------

Hith
Cooperating Organization Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB

Hitt
Project Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB

Project: STREFPRO Stream Reference Project Monitoring
Start Date:

Planned Duration: Unknown
Purpose:

Study Area:

Project Design:

Obtain Plan:

Quality Assurance:

Quality Objectives:

Assigned Stations

Station ID

Station Name

Hith
Program Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB

HHH
Sample Collection/Creation Procedure Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB
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Display 11 cont.

example from RefPro:

ProcedurelD:HOOP

Procedure Name:Chlorophyll-a Hoop Sample
Gear Group Name:Miscellaneous/Other
Description:

Citation:

HiH
Sample Gear And Equipment Configuration Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB
example from RefPro:

Gear Group Name: Water Sampler

Field Gear ID:

Gear Name: Water Bottle

Config ID:

Config Name:

Specification:

Hitt
Sample Preservation And Handling Profile Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB

HiH
Laboratory Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB
example RefPro:

/University of Montana Watershed Health Clinic Laboratory

Electronic Addresses:

Hith

Analytical Procedure And Equipment Detail Summary

Organization:MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB
example from RefPro:

Procedure Source: USEPA

Procedure ID: 447.0

Procedure Name: Chlorophyll a and b in phytoplankton by HPLC/UV
Citation:

Equipment:

Comparable National Procedure ID: USEPA447.0

Hit#

Lab Sample Preparation Procedure Summary

Organization: MDEQ_WQ_WQX MDEQ_WQ_WQX - Montana DEQ WQPB
example from RefPro:

Procedure Source: USEPA

Procedure ID: USEPA 200.2

Procedure Name: Preparation for Water, Soil, or Waste Samples

Citation:

(Modified from STREFPRO 2011b)
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Display 12. R code for checking completeness of 26 Elements Reported for “STORET
Data Request - Request ID: 859362 — pre-1999 data

> Dataset <- sqlQuery(channel = 1, select * from

+ [Data_P99_20110328_110721_RegRes$])

> names(Dataset) <- make.names(names(Dataset))

> library(relimp, pos=4)

> showData(Dataset, placement="-20+200', font=getRcmdr('logFont'),

+ maxwidth=80, maxheight=30)

> sapply(Dataset, function(x)(sum(is.na(x)))) # NA counts

Org.Name Station.ID
0 0
County HUC
0 0
Station.Latitude Station.Longitude
0 0
Activity.ID Activity.Start
0 0
Activity.Medium  Activity.Type
0 0
Characteristic.Name Sample.Fraction
0 561
Result.Value.Status  Result.Value.as.Text
0 479
Analytical.Proc.ID
0

State
0
Generated.HUC
0
Station.Horizontal.Datum
0
Activity.Start.Zone
0
Activity.Category.Rep.Num
0
Value.Type
0
Units
479
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Display 13. R code for checking completeness of 117 Elements Reported for “STORET
Data Request - Request ID: 859093 — post-1999 data-Reg File

> reg <- sqlQuery(channel = 3, select * from
+ [Data_jsl_20110320_163712_RegResS$])
> names(reg) <- make.names(names(reg))

> library(relimp, pos=4)

> showData(reg, placement='-20+200', font=getRcmdr('logFont'), maxwidth=80,

+ maxheight=30)

> sapply(reg, function(x)(sum(is.na(x)))) # NA counts

Org.ID Beach.ID.Project.ID
0 0
Org.Name Station.ID
0 686
Station.Name State
686 686
County HUC
686 686
Generated.HUC Station.Latitude
686 686
Station.Longitude Station.Horizontal.Datum
686 686
Converted.Station.Latitude Converted.Station.Longitude
686 686
Converted.Station.Horizontal.Datum Primary.Type
686 686
Project.Name Project.Description
0 0
Activity.ID Activity.Start
0 0
Activity.Start.Zone Activity.Medium
0 0
Activity.Matrix Activity.Type
3689 0
Activity.Category.Rep.Num Actual.Location.Point.Type
0 686
Sample.Collection.ID Field.Gear.ID
2819 2819
Portable.Data.Logger Characteristic.Name
18003 0
CAS.Num Sample.Fraction
8954 7939
Value.Type Result.Value.Status
0 0
Result.Value.as.Text Result.Value.as.Number
5808 5808
Units Converted.Result.Value
5808 5808
Converted.Result.Unit Activity.Comment
5808 6977
Result.Comment Result.Measure.Qualifier
8069 17366
Particle.Size.Basis Analytical.Proc.ID
17416 0
Detection.Limit Detection.Limit.Descript
6982 4203
Lab.Name F104
2997 5159
Analysis.Date.Zone Activity.Document.Graphic.Name
13580 17553
Last.Change.Date User.ID.Last.Change
0 14961
Last.Transaction.ID
14961
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Display 14. R code for checking completeness of Biology File; 178 elements reported for

“STORET Data Request - Request_ID: 859093” — post-1999 data-Bio File

> bio <- sqlQuery(channel = 1, select * from
+ [Data_js|_20110320_163712_BioRes$])
> names(bio) <- make.names(names(bio))

> library(relimp, pos=4)

> showData(bio, placement="'-20+200', font=getRcmdr('logFont'), maxwidth=80,

+ maxheight=30)

> sapply(bio, function(x)(sum(is.na(x)))) # NA counts

Org.ID Beach.ID.Project.ID
0 0
Org.Name Station.ID
0 0
Station.Name State
0 0
County HUC
0 0
Generated.HUC Station.Latitude
0 0
Station.Longitude Station.Horizontal.Datum
0 0

Converted.Station.Latitude

Converted.Station.Longitude

0 0
Converted.Station.Horizontal.Datum Primary.Type
0 0
Project.Name Project.Description
0 0
Activity.ID Activity.Start
0 0
Activity.Start.Zone Activity.Medium
0 0
Activity.Type Activity.Category.Rep.Num
0 0
Activity.Intent Community.Sampled
0 0
Subject.Taxon Actual.Location.Point.Type
0 0
Sample.Collection.ID Field.Gear.ID
0 0
Characteristic.Name Characteristic.Description
0 1845
ITIS.Num Value.Type
1845 0
Result.Value.Status Result.Value.as.Text
0 1613
Result.Value.as.Number Units
1613 1613
Converted.Result.Value Converted.Result.Unit
1613 1613
Activity.Comment Result.Comment
6468 7262
Analytical.Proc.ID Lab.Name
0 31921
Analysis.Date.Zone Last.Change.Date
33761 0
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Display 15. Selected responses from “watershed group” respondents for questions 5¢-8

Question 5¢. Does your organization know about the water quality data that the MT-DEQ
generates; if yes, please list the dataset(s) used AND note how easy it is to use.
—> Use STORET, TMDL info and DEQ web site- STORET data is not user friendly, so difficult

—>303d list for GIS (we contact usually DEQ directly for this), and the Clean Water Act
Information Database (easy enough) —watershed group

->TMDL data, and monitoring data from our restoration projects. It is all DEQ data, but we
contracted and collected it and gave it to DEQ. We then use it to help chart our course of action
and set priorities. It is not user friendly, and | am the only one in the group that can understand it.

->This past year we performed sampling runs in cooperation with Montana DEQ, the resultant
data will become part of: MDEQ_WQ_WQX - MDEQ_WQ_WQX - Montana DEQ WQPB data
in STORET. At this point the datasets are easy enough to use.

—>Past use of STORET, very difficult to use.

Question 6. How could the water quality data used/needed by your organization be made
easier to use/obtain?

->This might be a little "pie in the sky", but it would be wonderful to have a one stop shop for
state data - flows, aquatic life, water quality, findings, etc. -- a super-site between DEQ, Natural
Heritage, FWP, DNRC, GWIC, . ...

—>Without me functioning as the watershed coordinator it is unlikely that the data would be used
by the group. They do not understand the science, and are unable to recognize what information
is relevant/important. Nor would they even know where to look. They rely on contractors or me
to “translate.” A huge effort would be necessary to turn the data into something usable for the
“common person.” It is way above their heads.

—~>No recommendation I find it useful now & easy to obtain —watershed group

- The --- River Watershed has developed their own water quality monitoring strategy and
database to make the data easier to analyze and use for decision-makers in the watershed. The
database that DEQ uses is very difficult to use and is largely a deterrent for non-agency people to
access.

-> The data could be made simpler to find and use if it was somehow attached to a watershed
map, with points to click on and then data behind it. Similar to the USGS map/data. —watershed

group
—>Point and click on map on website. Simplicity in excel spreadsheet- currently overcomplicated

last time | checked. There is probably good reasoning behind spreadsheet organization but it is
not user friendly.
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Display 15 cont.

Question 7. What additional water quality data would your organization like to have
available?

—>There is a lot of raw data out there that goes beyond the TMDL's and 303 lists where
applicable. We know this partially from a reporting standpoint. The information might not be
relevant to the categories

listed, but would be to other projects. Many of these reports can be found on their own, but the
data in the database with the stream listing would be great. Even a reference to alternative data
sets under the stream name would be great.

->Regular sampling of lakes and 303 Streams. Nutrient Loading estimates for main lakes.

->Consistent water quality data for --- Lake (monitoring is critical), site specific information
about water quality impacts on Flathead Lake, prevention measures for --- Lake and upstream
rivers (i.e. locally relevant information about riparian buffers (width, species composition,
density, etc) to prevent nutrients and other pollution from entering lake and rivers).

Water quality data for shallow alluvial aquifer (--- Aquifer) over time; specific impacts on
aquifer’s ecological integrity and its ability to maintain clean water in the aquifer and --- River;
impacts of specific land use on aquifer’s water quality that might help guide recommendations for
various land use densities/intensity (farming, residential housing densities, etc.)

—>Both temporal and spatial water quality data on the --- River mainstem, major tributaries, and
irrigation return flows. The --- has developed an extensive baseline, but lack the funds to extend
it much beyond this calendar year. It would also be helpful if the data collected in the headwaters
by the --- Tribe was available.

-1 wish there was an easy way to keep all data in one place for each watershed group. So what
would be nice if we each had a web site that could easily import USGS data, DEQ data and our
own data to overlay onto one map and one database.

—>Not sure if there are fields for specific pollutants like mercury or pharmaceuticals and personal
care products.

Question 8. Additional feedback.

—>Water quality data is great but getting harder to obtain due to smaller budgets. And is hard to
get each agency and/or group to agree on what is best to monitor so have consistency between
data sets.

—>We find the best way to access state generated data reliably is to access a state employee. In
our work we invite state agency representatives to work out our projects. When we need
information generated by their agency, we ask them for help rather than trying to interpret and
search on our own. The results are much more fruitful that way and helps us to know that the
information we are using is accurate.

—>We use information in education, outreach, BMPs education, restoration planning, lake levels
and drought planning, legislation advocacy
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Display 15 cont.

—>0ur organization is in the pre-TMDL planning process. We are gathering our own water
quality data thru volunteer monitoring. Working with the DEQ is both helpful and challenging.

—>If you want to address a real problem you need to get DNRC and DEQ together and have one
of them in charge of Montana Water. DNRC is interested in Quantity and keeps allowing
"exempt wells" even in closed basins while DEQ is interested in "quality” while the availability is
being reduced. You also might help these folks fund the Ground Water Information Program
(GWIP) so we can have, at least, some idea how much ground water is available in these closed
basins before DNRC gives it all away. Water quality becomes meaningless when there is no
water!
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Display 16. Suggested best practices for using joint fact finding

(Modified from McKinney and Harmon 2004)
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