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EXECUTIVE SUMMARY

This guidance is intended to assist managers of ecological restoration projects with developing and
implementing effective quality assurance (QA) and quality control (QC) strategies. If designed and
implemented properly, such QA/QC approaches will improve the quality of data collected, increase the
certainty of project decision making, and ultimately save time and money. Although many resources are
available to assist project managers with quality systems, this guidance focuses specifically on applying
QA/QC concepts to monitoring the effectiveness of ecological restoration projects, with the recognition that
these projects have unique QA/QC challenges. Anticipated additional users of this guidance include ecological
restoration specialists and stakeholders representing federal and state agencies, non-governmental
organizations (NGOs), civic and local groups, and the academic community. Guidance is provided on QA/QC
considerations throughout project planning and preparation, as well as data collection, review and
evaluation. Details, instructions, resources and examples are provided within each of the individual chapters.
Because every restoration project is unique and requirements vary widely among organizations, the
information is provided in a guidance document rather than an instruction manual. Notably, we have
included information about the philosophy behind the recommended QA/QC strategies so that users can
adapt the recommendations to the particular needs of their project and funding organization.

Chapter 1 provides the background, purpose and scope of the guidance document as well as a summary
of the content and a description of the project and quality management lifecycles within which the
monitoring and QA/QC activities are conducted within an adaptive management framework.
Information that can be used by project planners and others to define the QA/QC roles and
responsibilities of individuals involved throughout an ecological restoration project is also provided.

Chapter 2 provides a summary of fundamental principles that underlie much of the remaining chapters.
It serves as a primer for readers with limited backgrounds in concepts pertaining to quality management
or statistics and a quick reference tool or refresher for those with more experience in these fields. As
such, it addresses basic quality management and statistical principles and considerations, including the
intent and distinction between QA and QC activities, potential implementation challenges, the graded
approach to quality management, documentation requirements, use of data quality indicators (DQls),
sources and types of errors to consider, and a high-level summary of aspects to consider when
developing a monitoring strategy for ecological restoration projects.

Chapter 3 provides specific guidance and examples for planning data collection activities, including
establishing appropriate restoration project goals, objectives and strategies; using project objectives to
determine sampling objectives (which in turn informs the sampling design); and defining associated data
quality acceptance criteria. Prior to initiating an ecological restoration project, project managers should
determine the type, amount and quality of data needed to support decision making, beginning with
determining general restoration project goals that convey the project’s purpose and direction and
describe expected results. Project goals are used to determine specific and quantitative project
objectives that provide the basis for planning restoration strategies, including treatment and
maintenance, as well as monitoring that can be used to evaluate project success. Project objectives also
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provide the basis for developing sampling objectives, which are clear, succinct statements defining the
ecological attributes monitored, the magnitude of change desired, and the acceptable risks associated
with making incorrect decisions. These sampling objectives are used to develop sampling designs,
determine sample sizes, and establish necessary data quality criteria. Data quality should be assessed
according to DQlIs of precision, bias, accuracy, completeness, comparability, detectability and
representativeness. For each observation or measurement, project planners should define acceptable
limits for DQIs that are needed to meet stated sampling objectives. Chapter 3 concludes with guidance
on QA/QC strategies that project planning teams should address when using existing data to support
planning or supplement new data that will be generated during the project.

Chapter 4 describes a suite of QA strategies that project planning teams should address before data
collection crews are deployed to the field. Recommended strategies include preparing for data collection
by identifying, developing or modifying standard operating procedures (SOPs) that are tailored to the
needs of the project, verifying that personnel are properly trained and certified, and preparing for field
logistics. All SOPs, manuals or other written procedures should be (1) designed to meet the project’s
sampling objectives and data quality criteria and (2) standardized to ensure reproducibility and minimize
errors. Project personnel collecting the data should be adequately trained and certified and should be able
to demonstrate competency. Project managers should allow adequate time for training and certification in
the project timeline, confirm that the training is relevant to the field location and conditions, and
document all training and certification records. With respect to field operation plans, project personnel
should address site permits, schedules, equipment, supplies and other field logistics before a sampling
season is scheduled to begin. Before work starts, field crews should have information on sampling
locations, SOPs, QA plans, and approaches to address unforeseen circumstances.

Chapter 5 recommends and describes several QC checks (hot checks, calibration checks, cold checks,
blind checks and precision checks) that can be implemented prior to and during data collection to
ensure that (1) field activities conform to requirements specified in project planning documents, and (2)
the quality of collected data meets sampling objectives and acceptance criteria for DQIs. These QC
checks provide a means for evaluating the ability of routine field crews to collect data as well as the
precision, bias, and overall accuracy of these data.

Chapter 6 provides guidance regarding the review of ecological restoration monitoring data. Data
generated and collected during these projects form the basis of critical decisions, including whether
objectives were achieved and what adaptive management strategies might be needed to improve
project outcomes. Data quality review is crucial for supporting such decision making. Throughout this
process, data reviewers reconcile the data with pre-established requirements and acceptance criteria to
evaluate data quality, identify limitations, and assist managers in understanding any data uncertainties.
Data review should involve identifying possible data discrepancies or errors, deciding whether to accept,
correct or flag the data, instituting any necessary corrective actions, and documenting resulting
decisions and actions.

Chapter 7 discusses various aspects of data assessment, analysis and reporting, including the QA/QC
strategies that are important to ensure data are used and analyzed appropriately, analysis techniques

Application of QA/QC Principles to Ecological Restoration Project Monitoring Page xiv
April 2019



are properly selected and executed, and reports accurately reflect project results. Guidance is provided
on data assessment, data analysis and project reporting.

Chapter 8 provides a discussion of adaptive management and, specifically, the relationship between
quality management and adaptive management strategies. Adaptive management provides a
framework for structured decision making while ensuring sufficient flexibility for restoration project
managers to adjust restoration actions as needed throughout the project lifecycle. The success of
adaptive management in ecological restoration projects will be impacted by certain considerations,
including the need for accurate monitoring baselines; the limitations of surveillance monitoring; and the
application of modeling, data substitution, and recordkeeping strategies. Project planners and managers
can help improve the effectiveness of an adaptive management framework by establishing clear
objectives and ensuring the implementation of robust QA/QC activities and documentation throughout
the quality management or project lifecycle.

Checklists are provided at the end of Chapters 3 — 7 to provide a summary of key take-away messages
and serve as quick reference tools concerning quality management strategies associated with planning
data collection activities (Chapter 3), preparing to implement the plans (Chapter 4), collection of data
and samples in the field (Chapter 5), verifying and validating the quality of resulting data (Chapter 6),
and assessing, analyzing and reporting results of the validated dataset (Chapter 7).

A suite of appendices are also included at the end of this guidance. Appendix A builds on the guidance
and information provided in Chapters 1 — 8 by providing additional information on important data
management considerations that should be addressed during project planning and throughout project
implementation. Appendix B supplements the information in Chapter 7 by providing guidance on
statistical procedures that are commonly used to evaluate the reliability of data acquired during
ecological restoration monitoring. Appendix C provides a template that can be used as a tool to
document project-specific quality management strategies in a Quality Assurance Project Plan (QAPP).
The template is designed to comply with EPA Requirements for Quality Assurance Project Plans (EPA
2001), but is tailored to better fit the needs of projects involving ecological restoration and/or the
control of invasive species. The template reflects recommendations provided throughout this guidance
document, and it includes cross-references to specific locations in this guidance where each topic is
addressed. Finally, Appendix D provides a checklist that can be used to assist with the review of QAPPs.

In summary, the QA/QC principles described in this document include (1) defining and documenting
ecological restoration project goals, project objectives, and sampling objectives, (2) designing and
implementing a monitoring program that will provide data needed to determine if the objectives have
been met, (3) identifying and implementing QA practices and QC checks to ensure the plan is properly
followed and data quality targets are achieved, and (4) reviewing the quality of data to confirm it is
sufficient for the intended data use. Application of these principles are valuable only if the collected
data are used in a way that allows restoration ecologists to confirm project success and draw on lessons
learned, determine if adjustments to the restoration or monitoring designs are needed, and/or
implement adjustments to improve overall project or program outcomes.
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CHAPTER 1 INTRODUCTION

1.1 BACKGROUND

Government agencies and other organizations direct
substantial resources towards addressing serious
threats to ecosystems such as habitat loss, invasive
species, toxic pollutants, shifts in wildlife populations
and alterations to natural water levels and flow
regimes. Since being launched in 2010, for example,
more than 2,000 projects have been funded in support
of the Great Lakes Restoration Initiative (GLRI) Habitat
and Wildlife Protection and Restoration and Invasive
Species focus areas.! Other projects are conducted
each year by a diverse range of federal, state, and local
agencies and non-governmental organizations (NGOs)
interested in protecting, monitoring, or improving
ecosystems outside the GLRI purview.

' (EPA 2013)
Considerable resources are needed to plan and

implement these ecological restoration projects and,

after restoration activities have been implemented,

additional resources are needed to assess their effectiveness in achieving the desired outcomes (Thayer et
al. 2003). The success of each project depends on a number of factors, not the least of which is the quality
of the ecological data that are used to (1) define pre-restoration conditions, (2) ensure planned activities
are implemented correctly, and (3) assess post-restoration success. Although practitioners and decision
makers rely heavily on the quality of these data,

e ecological data collection activities are inherently difficult to control, and

e |ittle guidance exists on strategies for mitigating this challenge in the field or determining if the
resulting data are reliable enough to support sound decisions. In the absence of such guidance,
many projects are compromised by poor or incomplete data.

In June 2012, the U.S. Environmental Protection Agency (EPA) convened an Interagency Ecological
Restoration Quality Committee (IERQC) to address this challenge. The IERQC provides a collaborative
environment to share quality-related concepts, practices, guidance, methods and tools to ultimately
improve ecological restoration projects. Although the committee’s focus is on projects that are funded
by the GLRI, tools developed by the committee are also applicable to ecological restoration projects
undertaken for other purposes.

1 The number of projects supporting these focus areas can be obtained from information on EPA’s website dedicated to the Great
Lakes Restoration Initiative (https://www.glri.us/projects).
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1.2 PURPOSE AND INTENDED AUDIENCE

This guidance is intended to encourage and facilitate the adoption of effective quality assurance (QA)
and quality control (QC) strategies in support of ecological restoration projects. Anticipated users include
ecological restoration specialists and stakeholders representing federal, state and tribal agencies, NGOs,
civic and local groups, and the academic community. Although it is assumed that users will have some
background in and knowledge of basic ecological restoration practices and QA/QC concepts, Chapter 2
includes a brief review of QA/QC principles that are discussed throughout the remainder of the document.

The practices, procedures, information, and concepts outlined in this guidance can provide the following
benefits to practitioners and stakeholders:

e Save time and resources by enhancing the consistency of documentation and procedures in current
and future projects.

e Improve data quality for ecological measurements and observations, aid in evaluating project
success, and incorporate long-term effectiveness monitoring as feedback to adaptive management.

e Encourage a common approach to QA/QC across multiple entities involved in ecological restoration
projects to improve data comparability over time and support comparison of various restoration
strategies.

e Serve as a consolidated collection of the best QA/QC practices for ecological restoration projects
across multiple agencies.

Section 2.2 provides a more in-depth discussion of the potential benefits that can be realized from
implementation of effective quality management strategies in monitoring programs. It also discusses the
importance of considering the total cost of quality over the life of a project, a concept that involves
considering the total cost of (1) QA/QC investments made before and during the project to prevent or
mitigate problems and (2) resources incurred during and after the project to address problems and
failures. Much of the guidance in Chapters 3 — 7 is focused on the first half of the equation (QA/QC
investments to prevent problems) in order to avoid problems and failures that may prove to be far more
costly in the long run (e.g., costs associated with re-work, scrapping data or an entire project, further
degradation of ecological resources or wasted financial resources that can occur when incorrect
conclusions are made based on flawed data). Project planning teams should carefully consider the
information offered in this guidance and select the QA/QC strategies that best meet their project needs
and resources (see Section 2.3 Graded Approach to the Application of QA/QC).

1.3 GUIDANCE SCOPE

This document presents QA/QC best practices compiled from the IERQC agencies; it reflects the
combined knowledge and experience of IERQC members and provides guidance on how to:

e apply basic QA/QC concepts,
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e establish quality goals and objectives,

e implement QA/QC practices to achieve quality objectives,

e monitor the quality of data collection activities,

e verify and validate the quality of data collected,

e incorporate quality management principles into data analysis and reporting activities,
e apply adaptive management approaches, and

e implement best practices for information management.

The guidance includes decision trees, examples to illustrate implementation of the concepts, and a
template designed to assist project planning teams in

documenting the QA/QC strategies they intend to use for _
Use of Terminology
Because it is intended to serve as
an interagency tool, this guidance
checklist to assist managers and others responsible for avoids relying on terminology used

ensuring the reliability of ecological data generated during
their projects. The guidance also includes a companion

by a single agency or organization.
. . All QA-related terms are defined to
as key references and links to federal agency guidance ensure a common understanding

reviewing and approving such planning documents, as well

documents, checklists, programs and efforts. among users.

We emphasize that the guidance addresses only those

aspects of ecological restoration projects that involve the collection, analysis and use of monitoring
data. It does not address other phases of ecological restoration processes, such as site assessment,
engineering and construction, surveillance monitoring, and implementation of restoration activities. This
guidance serves as a tool to assist users in determining the QA/QC strategies that should be employed
to ensure that the data collected to evaluate the efficacy of the restoration activities are of sufficient
quality to support project goals and decisions. The primary focus is on QA/QC strategies for data
gathered in the field and, in particular, observer-determined (i.e., visual or sound) data that are
obtained using “best professional judgment” (e.g., Mack 2001). In some cases, related topics are
introduced but not covered in-depth. For example, ecological restoration projects rely on effective
sample tracking procedures and often involve the collection of samples that are subsequently shipped
to a laboratory for chemical (or other) analysis. Because these practices are not unique to ecological
restoration projects, and because QA/QC strategies for such practices are widely addressed elsewhere
(e.g., EPA “Quality” website, U.S. Geological Survey (USGS) “National Water-Quality Assessment

Biological Protocols” website, EPA “Good Laboratory Practices” website, international standard on

general requirements for the competence of testing and calibration laboratories (1ISO 2017)), they are
covered in this guidance only for context and illustrative purposes.

1.4 CONTENT AND ORGANIZATION

Ecological restoration projects require the collection of data before, during, and after restoration
activities. The project lifecycle for such data collection is no different than the lifecycle for other project
activities: you should plan your efforts, prepare for data collection, collect the data, review the data to
verify that it meets your needs, evaluate the results, and make any adjustments in monitoring or project
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design through an adaptive management framework. As shown in Exhibit 1-1, each phase of this
lifecycle aligns with the Plan-Do-Check-Act (PDCA) cycle that forms the basis of many Total Quality
Management systems. Sometimes referred to as “plan—do—check—adjust,” PDCA is an iterative four-step
model for defining new or improved processes and implementing continuous improvement of processes
and products (ASQ 2018). It is also known by other names such as the plan—do—study—act (PDSA) cycle,
the Shewhart cycle, or the Deming cycle, and in each case, the word “cycle” is sometimes replaced with
the word “circle.” Regardless of the specific nomenclature, ecological restoration projects have ample
opportunities to incorporate the PDCA model into the broader project lifecycle.

Exhibit 1-1. Relationship between the Monitoring Project Chapter 2 provides a brief overview of

Lifecycle and the Plan/Do/Check/Act Quality quality-related principles that underlie
Management Lifecycle the remaining chapters of this
guidance. Chapters 3 — 7 present key
QA/QC strategies to be considered
during each of the Plan, Prepare,

Collect, Review and Evaluate phases of
an ecological restoration project.
Chapter 8 discusses how the QA/QC
strategies described in the preceding
chapters support implementation of
effective adaptive management
strategies for ecological restoration
projects. Four appendices are provided
at the end of the guidance. Appendix
A discusses best practices for
managing monitoring data, Appendix
B provides guidance on statistical
procedures that are commonly used to

evaluate the quality of monitoring data, Appendix C provides a template for documenting project-
specific QA/QC plans, and Appendix D provides a checklist designed to facilitate the review of such
plans.

All project activities should be carefully planned and documented before data collection begins, and
then implemented throughout the project lifecycle. In fact, some organizations will not allow data
gathering activities to begin until the QA/QC strategies for all phases of the project lifecycle have been
documented and approved in a signed quality planning document.

Note that the project and PDCA management lifecycles illustrated in Exhibit 1-1 above are not intended
to represent an endless cycle of the same project. The dotted arrow leading into the “Plan” component
of the project lifecycle is intended to illustrate how knowledge gained from a project can be used to
support the process of planning for improvements within the project or for a similar project. This
concept of integrating improvements into a project or similar projects is consistent with the use of
adaptive monitoring and adaptive management strategies as described in Chapter 8.
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1.5 APPLICATION OF QA/QC TO ECOLOGICAL RESTORATION PROJECTS

The notion of applying quality management principles to environmental programs is not new, and tools for
doing so have long been available for many types of environmental applications— most notably those
involving the collection and analysis of samples for chemical parameters or the use of environmental
technology. Many of these concepts, however, have not been widely applied or adopted for ecological
restoration monitoring projects. Because much of the data gathered involve field observations (e.g., visual
and/or auditory identifications of species, visual estimates of canopy cover), some ecological restoration
practitioners assume that such field observations are not subject to evaluations of data quality (Stapanian
et al. 2016). To the contrary, all data, including field observations, have some level of associated
uncertainty that can and should be evaluated. (The degree of allowable uncertainty will be determined by
the intended use of these data.) Field observations can and should be standardized in how they are
collected, furthering comparability between crews, sites and years.

In developing this guidance, we have built upon QA/QC strategies that are widely used by a variety of
organizations that collect samples for chemical analysis, adapting them where needed to support the
unique challenges associated with field data gathered during ecological restoration projects. Towards
that goal, this guidance:

e presents well-established principles to aid users in explicitly defining restoration goals and
objectives for each project;

e recommends the use of a systematic planning process to develop sampling objectives that will
support the project objectives and be used to determine a sampling design for the monitoring
program and to identify quality requirements for data that will be collected;

e recommends the use of data quality acceptance criteria that specify the level of quality needed for
each measurement or observation, and data quality indicators (e.g., precision, bias, accuracy,
representativeness, comparability, completeness, detectability) that can be used to determine if this
level of quality has been achieved;

e advocates the use of standard operating procedures (SOPs), training and certification, audits and
inspections, data verification, data validation and data management procedures as effective
strategies for assuring and controlling the quality of ecological restoration project data;

e advocates the integration of all components of the project lifecycle, including QA/QC applications
into an overarching decision-support environment, most commonly referred to as Adaptive
Management; and

e recognizes the importance of incorporating climate resiliency strategies in project quality design and
decision making (EPA 2014a).
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1.6 QUALITY ASSURANCE ROLES AND RESPONSIBILITIES

This section provides information that can be used by project planners and others to define the QA/QC
roles and responsibilities of individuals involved in an ecological restoration project. Everyone involved
in the project bears some responsibility for ensuring and controlling quality at various stages of
restoration, ranging from those who define the requirements to those who are responsible for
implementing those requirements.

All restoration projects require a clear delineation of the project’s organization and how responsibilities
are assigned within that organization. This includes identifying:

e each organization involved in the project;

e functional groups within the project;

e roles within each functional group;

e key staff involved within each functional group;

e project responsibilities associated with each role; and

e designated authority(ies) for making modifications and adapting when necessary to address
unforeseen problems along with responsibilities for:
0 communicating those changes to the project team, and
0 updating project planning documents, forms, data systems, and other materials to reflect the

modifications.

All individuals supporting an ecological restoration project must fully understand their roles and
responsibilities and to whom they should be reporting. They should also be familiar with who is
responsible for making specific decisions related to financial matters, field activities or other issues.
Defining roles and responsibilities is a primary component of the project planning process and helps
project planners build a cohesive team with clear and effective communication methods. Since every
project is unique, the specific roles and responsibilities will be influenced by several factors, including
the project size and scope, the organizations involved, and the skills of staff members. For example,
some projects implemented by smaller organizations with limited resources may require an individual to
assume more than one role, while others may have additional roles that are not represented in this
section (or are represented in this section but have a different description).

Note: While there is no doubt that primary responsibilities have to be defined, defining roles too
narrowly can have a negative effect on quality by isolating specific individuals or groups and
discouraging members from looking at quality concerns outside of their own group. Hierarchies
often deemphasize the idea that quality-related responsibilities are shared responsibilities. In
some cases, the less rigid the organizational structure, the better an organization is able to work
collaboratively. This benefits data quality through all stages of the project lifecycle when a focus
on quality strategies is an organizational goal.

The organizational chart shown in Exhibit 1-2 outlines common roles and Exhibit 1-3 provides examples
of QA/QC responsibilities for the project team members who fulfill those roles. The roles and
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responsibilities depicted in these exhibits are for illustrative purposes only and are intended to serve as
examples to provide context for subsequent discussions throughout this guidance document. Note that
the QA/QC staff shown in Exhibit 1-2 are independent of the staff responsible for data collection.
Because QA and QC are critical tools for preventing and detecting fraud, QA staff may interact with — but
should ideally operate independently of — the staff involved in data collection.

Exhibit 1-2. Example Organizational Chart for an Ecological Restoration Project

NOTE: This figure serves as an example of organizational structure for an ecological restoration project for illustrative
purposes only. The generalized structure is used as a guideline for discussions throughout this document. Note that
references to the “planning team” typically refer to roles within the top two rows of this chart with contributions from other
roles across the entire organization.
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Exhibit 1-3. Example Quality Assurance Roles and Responsibilities for Restoration Project Team Members

Role

Example Responsibilities

Funding Recipient
Project Manager

¢ Coordinates development of project plans and associated restoration
goals, project objectives, sampling objectives and monitoring strategy

e Reviews, approves and submits QA/QC documentation and updates to the
funding agency for review and approval

e Distributes approved QA/QC documentation and updates team members
e Ensures project team members receive training on QA/QC requirements
e Selects and approves changes to SOPs

e Assists with QA review of existing data

e Addresses deviations from planned activities and approves corrective
actions

e Ensures QA/QC requirements are met for all project data

e Coordinates development of data management plan (DMP) and ensures
the plan is implemented

e Reviews and certifies project database for quality and completeness

o |dentifies opportunities for quality improvement

e Completes and delivers project reports, along with certified data and
metadata

e Establishes technical and QA requirements for laboratory analysis and
procures laboratory services

Funding Recipient
Quality Assurance (QA)
Manager

e Provides technical input for development of QA/QC documentation
¢ Reviews and approves QA/QC documentation and oversees any revisions
e Provides independent oversight for project activities affecting data quality

e Verifies that field and laboratory QA/QC procedures are implemented as
planned

e Assists with field and laboratory assessments (e.g., QC checks/audits)

e Reviews QC check results against data quality requirements

e Ensures that corrective actions are implemented as needed to meet QA
requirements

e Ensures that QA/QC problems, disputes or deficiencies are resolved

o Assists with QA review of project data

« Ensures that data and records are in compliance with the QA/QC
documentation
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Exhibit 1-3. Example Quality Assurance Roles and Responsibilities for Restoration Project Team Members

Role

Example Responsibilities

Subject Matter
Specialist(s)

(Ecologists, Engineers,
Taxonomists, Geographic
Information System (GIS)
Specialists, Statisticians,
etc.)

e Consults on design of restoration plan and management prescriptions
e Consults on sampling design and statistical analysis

e Consults on effective monitoring strategies

e Creates and interprets land cover information needed for project plan
o Assists with training staff in data collection, management and review
o Assists with review of project data

o Assists with data analysis and preparation of project reports

Data Manager

e Assists with developing and/or selecting data management system (DMS)

o Assists with downloading, reviewing and posting data, metadata and
reports

e Maintains DMS

e Develops electronic data collection forms with built-in QC checks

. e Ensures restoration efforts are performed according to restoration plan
Restoration Crew e
specifications

2 | Team Leader ] ] ]
g e Provides updates and reports to project manager regarding progress
S . ¢ Implements planned restoration activities according to specifications
s | Restoration Crew ) )
© ¢ Implements corrective actions
o
‘5 Construction e Provides oversight and observation of implementation of restoration
o . o .

Oversight prescriptions or actions

Specialist(s) e Provides feedback regarding quality issues related to construction activities

e Trains field staff to collect data with assistance of subject matter specialists
3 and project manager
g e Acquires, maintains and calibrates field equipment
o e Ensures that monitoring protocols are followed by all monitoring team
[T}
ir | Monitoring Crew members
oo . -
£ | Team Leader e Reviews the results of collected data to ensure completeness and legibility
S
_g ¢ Maintains contact with project manager regarding issues or concerns
c . .
<§> affecting data quality
e Ensures data entry and transfer to the project database is completed
correctly
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Exhibit 1-3. Example Quality Assurance Roles and Responsibilities for Restoration Project Team Members

Role

Example Responsibilities

Monitoring Field Crew

Monitoring Routine
Crew Leader

e Serves as leader for crews of two members or more

e Supports and assists routine crew with data collection; provides decision
authority

e Reviews completed data forms and collected samples prior to submittal

Monitoring Routine
Crew

e Implements SOPs to collect monitoring data
e Collects and handles samples and specimens

e Downloads electronic data from data loggers, digital cameras and other
electronic equipment

Monitoring
Expert/QA Crew

e Conducts QC checks
e Reports potential impacts affecting data quality
e Ensures that QA/QC problems, disputes, or deficiencies are resolved

e Evaluates whether reported data meet quality objectives

Laboratory

Analytical Lab
Manager

e Ensures laboratory QA/QC procedures are followed
e Reviews laboratory data

e Approves laboratory data and associated reports prior to submission

Analytical Lab QA
Manager

e Provides independent oversight for laboratory activities affecting data
quality

e Verifies that QA/QC procedures are implemented as planned

e Assists with laboratory assessments (e.g., QA reviews/audits)

e Ensures corrective actions are implemented as necessary to maintain QA
standards

e Ensures that QA/QC problems, disputes, or deficiencies are resolved
e Evaluates whether reported data meet quality objectives

e Assists with QA review of laboratory data to ensure the laboratory quality
specifications have been met

Analytical Lab
Technician(s)

e Analyzes samples
e Conducts laboratory QA/QC procedures

e Ensures data sheets are complete and legible
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CHAPTER 2 FUNDAMENTAL PRINCIPLES CONCERNING QUALITY ASSURANCE /
QUALITY CONTROL (QA/QC) AND ECOLOGICAL RESTORATION
PROJECT MONITORING

This chapter provides a brief review of fundamental principles that underlie much of the guidance and
terminology in the remainder of this document. As such, this chapter serves as a quick reference tool and a:

e primer for readers with limited backgrounds in concepts pertaining to quality management (which
includes quality assurance and control) or statistics, and a

o refresher for those who have more experience in either field.

Sections 2.1 — 2.5 provide an overview about quality management terminology and concepts, which are
essential for practitioners who wish to apply the concepts in this guidance. Sections 2.6 — 2.8 describe
sources of variability (also known as error) that can impact data quality, types of decision error that can
result from poorly designed monitoring programs or data of insufficient quality, and statistical principles
related to the development of effective monitoring strategies.

2.1  WHAT IS QUALITY?

Numerous definitions are currently in use to describe the term “quality,” and these definitions vary
widely in length, complexity and clarity. For the purposes of this document, we have avoided relying
on terminology that is used by a single agency or organization. Instead, definitions for QA-related
terms used in this guidance are provided in a glossary to ensure a common understanding. For the
general term “quality” we adopted the International Organization for Standardization (ISO) definition
that “quality is the degree to which a set of inherent (existing) characteristics fulfills requirements”
(ISO 2015a).

2.1.1 The Data Quality Act

Data Quality Act requirements

apply to all data and other
Act, was passed by the U.S. Congress as a two-sentence rider to information generated during

a 2001 appropriations bill (Section 515 of the Consolidated federally-funded projects,
Lo . including ecological restoration.

Appropriations Act of 2001 (Pub.L. 106-554)). The Act instructs

the U.S. Office of Management and Budget (OMB) to issue

guidelines that:

The Data Quality Act, also referred to as the Information Quality

e “Provide policy and procedural guidance to federal agencies for ensuring and maximizing the
quality, objectivity, utility, and integrity of information including statistical information disseminated
by Federal agencies” and

e  “Establish administrative mechanisms allowing affected persons to seek and obtain correction of
information maintained and disseminated by the agency that does not comply with the guidelines.”
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In response, the OMB issued its Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility,

and Integrity of Information Disseminated by Federal Agencies.? In doing so, it defined quality based on

the following three characteristics:

e Objectivity: (1) The information itself must be accurate, reliable and unbiased, and (2) the manner
in which the information is presented must be accurate, clear, complete and unbiased.

e  Utility: The information must be useful for the intended users.

o Integrity: The information may not be compromised through corruption or falsification, either by
accident, or by unauthorized access or revision.

Note that the OMB definition of quality is consistent with and can be viewed as an elaboration of the
ISO definition cited above, in that any data that meet OMB's requirements for objectivity, utility and
integrity can be said to fulfill requirements and thus be of acceptable quality.

It also is important to note that U.S. federal agencies are required to adopt standards for data quality
that are consistent with the OMB definition and to develop processes for reviewing the quality of all
information before it is disseminated. These agencies also are required to establish administrative
mechanisms that (1) enable the public to seek and, where appropriate, obtain corrections to
disseminated information that does not comply with the OMB guidelines; and (2) provide an appeals
process for those who disagree with an agency’s verdict on a data-quality challenge.

In other words, all data and other information generated during federally-funded ecological restoration
projects are subject to the requirements of the Data Quality Act. Although the specific processes for
complying with the Act vary among agencies, all agencies are responsible for disseminating data that
meet OMB quality requirements concerning objectivity, utility and integrity. This guidance is designed to
provide tools that will assist in fulfilling these responsibilities.

2.1.2  What is the Difference between Quality Assurance and Quality Control?

The terms quality assurance (QA) and quality control (QC) are often used interchangeably. Although
related, they address different aspects of quality management. Exact definitions vary among
organizations, but most recognize that QA is focused on preventing problems, while QC is focused on
identifying defects and confirming that project requirements are met. As a result, many people view QA
as process-oriented and QC as product-oriented.

For the purpose of this guidance, we have adopted the following definitions for these concepts, drawn
from both I1SO and the American Society for Quality/American National Standard Institute (ASQ 2014)
standard that addresses quality systems for environmental data (ASQ 2014; ISO 2015a):

2 The final guidelines and subsequent corrections were printed in the Federal Register on January 3, 2002 (67 FR 369-378) and on
February 5, 2002 (67 FR 5365), respectively.
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Quality Assurance: Part of quality management focused on providing confidence that quality
requirements will be fulfilled (1SO 2015a).

Quality Control: Part of quality management focused on fulfilling quality requirements (ISO 2015a).

Quality control includes technical activities that measure the attributes and performance of a process,

item, or service against defined standards to verify that they meet the stated requirements established
by the customer (ASQ 2014).

Exhibit 2-1 provides additional information to help understand these concepts as applied to ecological

restoration monitoring activities.

Exhibit 2-1. Quality Assurance and Quality Control Comparison

Quality Assurance

Quality Control

Features

Process oriented

Focuses on preventing deviations from project
objectives and requirements (proactive)

Involves identifying measurable quality
requirements needed to support project objectives
and specifying the measurements used to verify
that these requirements have been met

Involves developing plans, processes and
procedures before implementing data collection
and management activities

Involves assessing processes to detect deviations
and areas for improvement, and identifying
corrective actions to address findings

e Product oriented

e Focuses on identifying deviations from
project objectives and requirements
(reactive)

e Involves performing QC checks during
monitoring and data management
activities, and assessing results to
determine if plans, processes and
results meet requirements

e Involves collecting data using modified
or corrected processes to verify that
changes are yielding the desired results
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Exhibit 2-1. Quality Assurance and Quality Control Comparison

Quality Assurance

Quality Control

Examples

Documenting measurable objectives, data quality
indicators and acceptance criteria, and specific
strategies in QA plans that will be used to ensure
collected data will support project objectives
Documenting site- or project-specific procedures
(e.g., Standard Operating Procedures (SOPs),
methods, guidance, maps) that describe what data
to collect, and where, how and when to collect the
data. Includes templates, forms, checklists and
other tools for documenting and managing results
Identifying training, certifications, equipment, etc.
that are needed to ensure the data collected will
support project objectives

Documenting procedures for data reduction, data
analysis, and data management to control errors
and ensure data integrity during transcription,

e Collecting QC data for each data quality

indicator as a tool to determine if
specified criteria have been met
Reviewing field and laboratory records
to verify that data reflect the required
locations, procedures, calculations and
frequencies

Verifying that staff have the required
experience and training, as well as
access to necessary information and
equipment before allowing them to
collect data

Examining the final dataset to verify it
accurately reflects project results

e Using QC data to determine overall

data quality and evaluate outliers

transfer and storage

e Identifying recommendations for improving
process controls and criteria based on results of
process audits and analysis of data quality

2.1.3  Role of QA/QC in a Quality Management System

Collectively, an organization’s policies, processes and procedures for implementing quality management
activities are known as a Quality Management System (QMS) or Quality System (QS). As described by the
American Society for Quality, a QMS is the “blueprint” or framework by which an organization applies
sufficient QA/QC practices to produce results that meet or exceed the organization’s objectives and
expectations (ASQ 2014). The QMS encompasses both management and technical activities pertaining to
planning, implementing and assessing environmental programs within the organization’s mission and scope.

2.2  BENEFITS OF AND CHALLENGES TO IMPLEMENTING QA/QC IN
ECOLOGICAL RESTORATION PROJECTS

As discussed in Section 2.1.1, the Data Quality Act and subsequent OMB guidelines require U.S. federal
agencies to adopt standards for data quality and develop processes for reviewing the quality of all
information before it is disseminated. Several U.S. federal regulations also require contractors and
grantees to develop and implement quality documentation when receiving federal funds (e.g., 2 Code of
Federal Regulations (CFR) 1500.11, 40 CFR 35, 48 CFR 46). Beyond these legislative and regulatory
requirements, a more obvious need exists for developing and applying QA/QC strategies to ecological

restoration projects — taxpayers and project sponsors want to know that their money is being put to
good use, and QA/QC strategies are designed to ensure that happens.
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Prescribed burn in Dow Field, Nichols Arboretum, Ann Arbor, Michigan. This burn was a training exercise for students in an ecological
restoration course at the University of Michigan. Photo Credit: Bob Grese
To be effective, quality must be planned into a project. All project planning activities involve a trade-
off between the project’s scope (design), cost and schedule. These trade-offs are often referred to as
the “triple constraints of project management” or the “project management triangle,” in which each
side of the triangle represents a constraint. A change to one side will affect the other two, and
quality is impacted by decisions about all three. In recent years, this project management triangle
has been updated to include six constraints that include quality, risk and resources, in addition to the
original three (cost, scope and schedule). In this new model, quality is not simply impacted by
changes to other project constraints; it is considered a constraint itself (Project Management

Institute 2014). Regardless of which model one prefers, it is clear that quality plays a significant role
in project planning and is subject to competing pressures.

Project managers, including those responsible for ecological restoration projects, are often under
intense pressure to deliver results within a specified timeframe and/or budget. When the project scope
cannot be accomplished on time and within budget, managers may be tempted to reduce costs by
eliminating or reducing the level of QA/QC. Such a strategy is ill-advised, in that doing so may solve
short-term needs, but create longer term problems. The following quote from the well-known architect
Frank Lloyd Wright underscores this point: “You can use an eraser on the drafting table or a sledge
hammer on the construction site.” This concept is known as the cost of quality, which recognizes the
cost of NOT creating a quality product or service. Note that the term “cost of quality” is often
misunderstood. It is not the price of creating a quality product; it is a methodology for quantifying the
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total cost of QA/QC activities and deficiencies in the quality of a product or service (ASQ 2017). If work
has to be re-done, the cost of quality increases.

Examples of this in ecological restoration projects include:
e repeating ecological measurements or observations made by an improperly trained field crew;
e re-entering project data into a compromised database;

e falsely concluding that a project was successful when it was not, leading to further ecological
degradation of and wasted financial resources; or falsely believing that a project was unsuccessful
when it was actually successful, resulting in continued expenditures in project design and failure to
implement successful designs at other sites (Stapanian et al. 2016; Stankey et al. 2005);

e assuming project success within a shorter time period of project funding, instead of providing for
long-term maintenance and ensuring the preservation of ecological benefits; and

e failing to incorporate restoration design elements that take into account the effects of climate
change on the ecological system being restored.

To avoid these problems, planning teams must carefully consider the total quality-related costs incurred
over the life of the project. These include costs for investing in measures to prevent nonconformance
with project requirements, costs associated with evaluating the quality of project activities and results,
and costs associated with failing to meet project requirements. Examples of such costs are shown in
Exhibit 2-2 below.
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Exhibit 2-2. Total Quality Costs (adapted from Project Management Institute 2014)

COST OF CONFORMANCE COST OF NONCONFORMANCE

Investments prior to and during the Investments during and after the
project to avoid failures project because of failures

Prevention Costs Internal Failure Costs

(conducting an effective ecological (failures found by the project team)
restoration project)

* Re-work

* Training * Scrapping data or the entire project

* Documenting processes

* Calibrating/checkingequipment )
External Failure Costs

(failures found by clients or other organizations)

* Time to do it right

* Liabilities/warranty work
Evaluation Costs
(assessing quality)

* Lost program funding or business

* Further degradation of ecological resources/
* |Inspections/audits wasted financial resources caused by falsely
* Data review concluding project was successful

2.3 GRADED APPROACH TO THE APPLICATION OF QA/QC

In a well-designed QA/QC program, the cost of conforming to requirements is lower than the cost of
non-conformance. Accordingly, this guidance advocates a graded approach to the application of QA/QC,
which is consistent with the quality management philosophy adopted by ASQ, ANSI, EPA and others. As
stated in the ASQ/ANSI E4 standard (ASQ 2014), the graded approach “is the process of applying
management controls to an activity according to the intended use of the results and the degree of
confidence needed in the quality of the results.” In other words, the level of QA/QC performed should be
commensurate with such factors as the project goals and objectives, project importance, risks
associated with decision errors, resources and schedules.

Although many governmental agencies encourage the use of a graded approach, there are no national
implementation guidelines. This is largely because its application varies according to the unique needs of
each organization. For example, some organizations are focused on regulatory development, others on
compliance monitoring or enforcement, and others on non-regulatory monitoring activities.
Organizations also differ in the maturity of their quality system and in the resources that are available to
support development and implementation of an objective approach. In addition, the diversity of project
types to which a graded approach may be applied is so extensive that it essentially precludes
development of one-size fits all criteria (Blume et al. 2013). This is true even within large organizations.

Users of this guidance should consult their funding organizations to determine if the organization has
an established protocol for applying the graded approach; if no such protocol exists, users should
work with the funding organization to develop an approach that is appropriate for their project. In
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doing so, organizations should bear in mind that, although a lack of QC data does not necessarily
mean that project data will be of poor quality, it does limit the ability to document or defend the
reliability of the data when used to support project decisions.

2.4 QA/QC DOCUMENTATION

Documentation of organizational and project-specific policies, requirements and procedures is a key
requirement of any quality system. Exact approaches to addressing these requirements vary among
organizations, and can take the form of various names and formats including, for example, Quality
Manuals, Quality Plans, Quality Management Plans, Quality Assurance Project Plans, Quality Assurance
Program Plans and Quality Control Plans. Some organizations incorporate their quality management
strategies in broader documents such as study plans, research and surveillance plans, project plans and
data management plans.

For simplicity, this guidance document generally relies on the approach advocated by the ASQ and EPA,
which requires a:

e Quality Management Plan (QMP) to document an organization’s quality management policies and
how the organization will plan, implement, and assess its quality system, and a

e Quality Assurance Project Plan (QAPP) to document the specific QA/QC strategies that will be used
for each unique project or service (ASQ 2014; EPA 2000a, 2000b, 2008).

The QAPP (or equivalent document), when combined with other supporting documents discussed
throughout this guidance (e.g., SOPs, data management plans), represents a project’s quality documentation.
These project-level documents are then applied under the umbrella of an organization’s QMP.

Because organizations differ in their approach to documenting quality management activities, users are
encouraged to consult with their sponsoring organizations to determine if specific documentation
requirements must be met. As noted in Chapter 1, some organizations will not allow data gathering
activities to begin until QA/QC strategies for all phases of the project lifecycle have been documented
and approved in signed quality planning documentation. For example, the U.S. Army Corps of Engineers
(USACE) relies on use of a Quality Control Plan that documents the roles and responsibilities of
individuals involved in each project, projected schedules, and quality management practices. USACE
requires all branch chiefs within the applicable USACE District to sign the Quality Control Plan before the
construction phase of any project, including ecological restoration projects. The EPA applies a similar
concept with QAPPs, which must be signed by the applicable project and QA manager before initiating
any work involving the collection, analysis, or use of environmental information or the performance of
environmental technology. To facilitate compliance with these requirements, EPA’s Great Lakes National
Program Office (GLNPO) has developed a QAPP template for use in documenting plans for ecological
restoration and invasive species control projects (see Appendix C) and a checklist that can be used as a
tool when reviewing QAPPs (see Appendix D).
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2.5 DATA QUALITY INDICATORS

The concept of quality indicators also merits some discussion. In a broad context, the term refers to
measurable attributes that are used to evaluate the quality of a particular outcome or decision (EPA
2005a). When focused specifically on environmental monitoring data, the term data quality indicators
(DQl) refers to statistics or other descriptors that are used to evaluate data acceptability or usefulness.
Criteria for each indicator are established to define the quality of data that is needed to support a
project’s objectives. Commonly accepted DQIs include precision, bias, accuracy, representativeness,
comparability, completeness and sensitivity (EPA 2002; Taylor 1987). In ecological restoration projects

that rely on observer-determined data, the term “detectability” (which includes both sensitivity and
specificity), is usually preferred over “sensitivity.”

Exhibit 2-3 summarizes how these DQls are defined for the purpose of this guidance. Chapter 3 explains
how DQls can be developed to support the unique goals and objectives of ecological restoration projects.

Exhibit 2-3. Common Data Quality Indicators for Environmental Monitoring Data

Data Quality

Indicator (DQI) Description

The degree of agreement among repeated measurements or observations of the
same variable under the same or very similar conditions

The systematic or persistent distortion of a data collection process resulting in
error in one direction

The degree to which a measured or observer-determined value agrees with a
Accuracy known or reference value; includes a combination of random error (precision) and
systematic error (bias)

The degree to which data represent the characteristic of a population being
assessed

Confidence that data can be compared to or combined with other data collected
for similar purposes

A measure of the amount of valid data obtained from a data collection system
Completeness compared to the amount that was expected to be obtained under correct, normal
conditions

A measure of the sensitivity and specificity of the sampling design, measurement
procedures, instrumentation and/or data collection personnel in detecting true
Detectability differences in a target variable at ambient levels or when the measurement or
observation of a target variable is dependent upon detecting a rare, cryptic or
secretive organism

Precision

Bias

Representativeness

Comparability

Note that there appear to be two conflicting definitions of accuracy (Clark and Whitfield 1994). One

definition states that accuracy is the same as bias; the other states that accuracy considers both
precision and bias (Millard and Neerchal 2001). For the purposes of this guidance document, we have

adopted the second definition, which assumes that both precision and bias contribute to accuracy, as
demonstrated in Exhibit 2-4. This visual representation illustrates how a result with zero bias may not be
accurate if the data collection process is not precise.
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Exhibit 2-4. Influence of Precision and Bias on Accuracy

Exhibit 2-4 shows four hypothetical field sampling crews, each with different combinations of
measurement precision and bias.

e Crew 1 tended to overestimate the stem density, with a mean close to 15 stems/m?. Crew 1
measurements also tended to vary widely around that mean, including some results that were
below the true value of 10 stems/m?. Due to the combination of a high bias and high variability,
Crew 1’s data are inaccurate.

e Crew 2 measurements did not vary widely, with stem densities clustered much more closely to the
crew’s mean of 5 stems/m?. However, their mean was well below the true value of 10 stems/m?.
This negative bias renders Crew 2’s data inaccurate, despite the low variability of their
measurements.

e On average, Crew 3 did not over or under estimate the stem density, with a mean that was
approximately equal to the true value of 10 stems/m?2. However, this crew exhibited high variability,
such that the results varied from approximately 4 — 15 stems/m?2. As a result of this high variability,
Crew 3’s data also are inaccurate.
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e Crew 4 achieved a mean that was approximately equal to the true value of 10 stems/m? with all
results tightly clustered around the mean. Because their measurements were unbiased and
exhibited low variability, Crew 4’s data are considered accurate.

2.6 SOURCES OF VARIABILITY: SAMPLING AND MEASUREMENT ERROR

All data associated with ecological restoration projects are subject to both sampling and measurement
error. Project planning teams must be aware of these sources of error and consider their impacts on the
level of confidence one can place in the data. Both concepts are illustrated in Exhibit 2-5, briefly
explained below, and widely discussed elsewhere (e.g., Lohr 2010; Lesser 1999; Gy 1998; Kish 1965).

Sampling error can be thought of as the difference between the characteristics identified in a sample
of a population (observed or measured values) and the actual characteristics of the entire population
(true values).

e For example, in a project to restore shoreline habitats of edible mussels, one might choose to use
the number of blue mussels (Mytilus edulis) as an indicator of success. Because it is impractical to
count every mussel present in a relatively large area, the area is divided into transects or quadrats,
and counts of blue mussels within the transects or quadrats are extrapolated to estimate the total
number present in the region. The difference between this estimated value and the actual value
obtained if one had counted every mussel in the shoreline habitats is defined as the sampling error.

e Asanother example, consider a project to increase the relative abundance of migratory songbirds
within a designated area in a specific timeframe. In this example, sampling error could occur if the
sampling design failed to specify sufficient frequencies, times or locations.

Generally, sampling error can be reduced by (1) increasing the number of sample units within the target
population (e.g., measuring the number of blue mussels at more plots or transects), or (2) applying a
sampling design methodology that more accurately represents the distribution characteristic the target
population (e.g., modifying the placement and size/shape of the sample unit).

Measurement error refers to the difference between a measured or observed value and the true value,
and it is caused by individuals, instruments or processes (e.g., methods, protocols, SOPs) used to obtain
the measurements or observations.

e Inthe blue mussel example, sampling error can occur if the areas selected for sampling do not
accurately represent the entire population. In contrast, measurement error can occur when the
individuals, instruments or processes used fail to correctly count the number of blue mussels.
Examples include cases where mussels are so densely packed together that it is hard to count each
one in a given area, or an insufficiently trained crew member cannot differentiate ribbed mussels (a
non-target species) from blue mussels. The difference between the actual number of blue mussels
present in the area examined and the number of mussels reported represents measurement error.
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e In the songbird example, measurement error could occur by misidentifying or miscounting
individuals per species, or by failing to detect a species presence.

e For laboratory results, measurement error can be caused by imperfections in the processes or
equipment used during field sampling, sample shipping and handling, and/or laboratory analysis.

e Imperfections in data transcriptions and reduction processes also are potential sources of
measurement error.

Both types of errors are important to consider when defining specific sampling objectives for a
restoration project and developing a detailed study design that can be used to determine if these
sampling objectives are met. Where practical, strategies that can control for (or at least minimize) each
type of error should be considered in order to increase confidence during decision making. This is
particularly relevant in ecological restoration monitoring since it typically includes the collection of
diverse types of environmental data. Chapter 3 provides additional guidance in addressing these
concerns during the project planning phase. In addition, Chapter 6 discusses strategies for identifying
and mitigating data reduction and processing errors.

Exhibit 2-5. Common Sources of Error in Environmental Sampling/Monitoring Programs

Total Study Error
(total variability)

Measurement/

Sampling Error* Observation Error

(field variability)

(measurement variability)

Sampling A Sample Sample —
T Design ‘ 2Ei Handlin Analysis e
9 Collection g ¥ Processing

* Note: The term “sampling error” does not refer to error arising during the physical process of collecting a sample (e.g.,
collecting a sample that will be subsequently analyzed for phytoplankton counts); such errors are considered to be a
component of measurement error.
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2.7 DECISION ERROR

In addition to considering the impacts of sampling and measurement errors as described above, project
teams must consider the types of decision errors that may occur during data interpretation. Most
monitoring programs are based on classical hypothesis testing and, as shown in Exhibit 2-6, hypothesis
testing can lead to one of four possible outcomes. Two of the possible outcomes will result in a correct
decision, and two will result in an erroneous decision. The nature of these outcomes depends on
whether the restoration project objective is based on affecting a change from a baseline condition or
meeting a specified threshold. (Section 3.2.2 discusses the difference between targeted changes and
targeted thresholds in greater detail.)

Exhibit 2-6. Types of Decision Error

True Condition of the Monitored Ecosystem

Conclusions Based on

Monitoring Data

No change in the monitored
parameter has occurred
(null hypothesis)

A change has occurred
in the monitored parameter
(alternative hypothesis)

Targeted change in
the monitored
parameter has not
occurred

TYPE 2 ERROR
(False Negative/Missed Change, p =

B)

CORRECT DECISION

Targeted change in
the monitored
parameter has
occurred

TYPE 1 ERROR
(False Positive/False Change, p =
a)

CORRECT DECISION

In hypothesis testing, a null hypothesis indicates that treatment (restoration activities) did not yield the
desired change, and the goal of the test is to demonstrate that either the null hypothesis is supported
(i.e., restoration efforts failed to achieve the desired change) or the alternative hypothesis is supported
(i.e., restoration efforts did lead to the desired change). Incorrectly concluding that a change has
occurred when it has not is known as a Type 1 (“False Positive”) error; failing to recognize that a change
has occurred is known as a Type 2 (“False Negative”) error (Quinn and Keough 2002). The probability (p)
of making a Type 1 error is denoted by a, and the probability of making a Type 2 error is denoted by PB.

In ecological restoration projects, Type 1 and Type 2 errors are sometimes referred to as “false change”
and “missed change” errors, respectively (Elzinga, Salzer and Willoughby 1998). Concluding that a

project was successful when it was not (Type 1 error) may lead to further ecological degradation and
wasted resources. Alternatively, believing that restoration objectives were not met when they actually
were (Type 2 error) may result in additional expenditures associated with redesigning the project as well
as a failure to recognize a successful design that could be implemented at other impaired sites
(Stapanian et al. 2016; Stankey et al. 2005).
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2.8 DEVELOPING A MONITORING STRATEGY

In general, sampling error can be reduced and statistical power increased by choosing an appropriate
study design and monitoring strategy (sampling design) to measure change in one or more ecological
attributes (Morrison et al. 2008; Zhang 2007). Measurement error can be more easily controlled by

planning and implementing the QA/QC practices described throughout this guidance, such as
standardization of data collection and management procedures, training staff in the use of the those
procedures, conducting QC checks to verify that the procedures are being followed, and ensuring that
project data reflect pre-determined standards of quality.

The scope of this guidance document is not intended to include detailed information on study design
concepts or on how to develop a monitoring strategy. Project planners should work with a qualified
statistician when considering their design and monitoring strategy needs. (For less complex projects, a
biologist or ecologist with experience in statistical study design and interpretation may be able to fill this
role.) In addition, the monitoring strategy should be designed to support an adaptive management
framework as discussed in Chapter 8. In lieu of providing detailed guidance on this topic, we
recommend considering the following aspects when developing a monitoring strategy:

o Define the measurements and observations: Be specific regarding the data to be collected. For
example, if you are monitoring for a change in vegetation structure in response to restoration
planting, you may be interested in stem density that includes all woody plant species, native or
non-native species, or a particular stem height or diameter class (e.g., stems less than 1.4 meters
height or < 5 centimeters diameter at breast height). Alternatively, if you are monitoring for a
change in wildlife abundance as result of habitat restoration, you may consider measuring bird
species absolute abundance, relative abundance, or an index based on the frequency of
occurrence for one or more indicator species. The appropriate measurements and observations
will be determined based, in part, on the conceptual model imposed (see Section 3.2.1) and the
selected study design and sampling design strategies. When making these decisions, distinguish
between primary variables of interest (i.e., those that will be used to determine if objectives have
been achieved) and ancillary variables that describe who collected the data and when, weather
conditions at the time of collection, and other information that can be used to help evaluate data
quality and interpret results.

e Consider the need for baseline and reference condition sampling: Ecological restoration projects
attempt to restore components of an impaired ecosystem to a target condition (see Section 3.2.2).
In order to demonstrate this transition, baseline condition sampling and reference condition
sampling are often necessary components of the monitoring strategy and study design. When
conducted, baseline condition sampling is typically performed within the framework of a before-
after-control-impact (BACI) study design to assess if the site being restored has achieved a targeted
change or is trending toward a targeted threshold condition (Morrison et al. 2008). There are

several variations on the application of the BACI study design, including the use of one or more
reference sites in addition to the site being restored. A reference site is often selected because it
reflects physiographic and ecological characteristics similar to the site being restored, however, it
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does not receive restoration. When included in the study design, a reference site is typically paired
with the site being restored and identical sampling that includes baseline sampling occurs
simultaneously at each to monitor change over time. This can be an effective strategy to (1) control
experimental bias, and (2) develop the empirical evidence necessary to relate any change in
condition of the restored site with the restoration efforts. Such a design consideration can provide
data needed to estimate the “effect-size” required to evaluate a project’s sampling objectives, and
to support decision making within an adaptive management framework. (Refer to Chapter 8 for a
discussion of adaptive management.) Reference condition sampling can also be conducted at a site
that represents optimal, un-impacted, or undisturbed conditions to establish characteristics
(benchmarks) that represent the target condition.? Establishment and monitoring of such un-
impacted reference sites allows the success of the project to be evaluated against how closely the
restored site resembles an un-impacted (natural) reference condition (Morrison et al. 2008).

o Determine the study design: Select a study design that is most appropriate to address your project
goals and objectives (i.e., hypotheses), and maximizes the ability of producing unbiased and precise
estimates of your ecological response. There are three broad categories of empirical research
distinguished primarily by elements of research or study design and the degree to which statistical

inference can be applied. They include:

0 Manipulative or true experiment — designs that include the manipulation of one or more
conditions (factors) randomly assigned as experimental treatments and where the treatments,
including a control, are replicated,

0 Quasi-experimental — designs that include the manipulation of one or more conditions, but
typically lack random assignment and/or true replication, and

0 Mensurative — designs that lack experimental manipulation and that may or may not
incorporate random selection and replication of independent sample units. Depending upon the
design elements incorporated, mensurative research can more precisely be defined as
observational or descriptive; for environmental monitoring projects, these designs are greatly
limited in their ability to make inference regarding causality.

Ecological restoration can be described as a quasi-experiment given that these projects are based on
an assumption that predicts an ecological response to restoration actions. With quasi-

experiments, the degree to which statistical inference can be applied is generally limited when
compared to a true experiment (e.g., the ability to establish cause-effect relationships). However,
the ability to make statistical inference can be increased in quasi-experimental designs by
controlling experimental bias and increasing precision in estimates of true effect-size. The latter can

3 Specifically, the term reference sampling in ecological restoration projects can refer to the use of either (1) a “natural” reference site
that represents conditions targeted or used to establish ecological benchmarks of progress toward a targeted state, or (2) a site that
has been determined to be similar to the restoration site (pre-restoration) so that it represents the same conditions as the site that is
being restored. The latter type is often referred to as a “control” site and receives no restoration. Both sites are monitored in the same
way; the difference in change is considered the “effect-size” and accounts for natural variation across the restoration site and the
reference (control) site.
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be done by including reference condition sampling at one or more randomly selected, independent
control sites concurrent with sampling before and after implementing restoration actions. It is
important that these control sites are similar to the pre-restoration site in terms of size, geographic
setting or proximity, and key ecological characteristics. When these design elements are included in
ecological restoration monitoring, they are commonly referred to as a BACI study (see previous
bullet). An inherent assumption with BACI designs is that temporal variation for a response variable
among control sites that have not been restored will be similar and more consistent than the
temporal change in the same variable at the restoration site (Morrison et al. 2008; Block et al. 2001).

o Define the sampling units and timeframe for data collection: Sampling units may be natural (e.g., a
tree, a pond) or user-defined (e.g., plots, transects, net hauls, soil cores). The units should not
overlap (unless using a hierarchical or nested design), and they may need to meet certain
assumptions of statistical independence. To minimize variance, they also should reflect the optimal
period of time that sampling can occur and result in consistent estimates for the variable(s) of
interest. Sample units should attempt to capture the characteristics and natural variability within
the area, target population, community or site of interest rather than simply among sample units.
Thus the size, shape and orientation of the sample units are important considerations (Elzinga,
Salzer, and Willoughby 1998).

o Determine the sample size: The required sample size will depend on the anticipated total variability
(sampling and measurement/observation), acceptable error rates (Types 1 and 2), and desired
detectable magnitude of change (targeted effect-size or threshold exceedance). Sample size
decisions should not be based solely on project budget considerations, as insufficient sample sizes
can significantly limit the ability to make informed decisions regarding the project’s progress and/or
success. Exhibit 2-7 depicts the relationship between statistical power, variability and sample size
for a hypothetical project that seeks to restore optimal willow density (at least 2.5 stems/m?) along
a stream riparian shoreline. The Y-axis shows the statistical power needed to detect a 20%
exceedance of the 2.5 stems/m? target (with the dotted line depicting the goal of at least 90%
power); the X-axis shows the number of measurements that would be needed to achieve the
statistical power; and the two curves show the relationship between power and sample size for two
levels of variability. For the scenario with lower variability (blue curve), 90% power can be achieved
with approximately 21 measurements. For the scenario with higher variability (red curve), 90%
power can be achieved with approximately 36 measurements. In the event it is not feasible to
increase sampling effort at one or more of the initially selected sites, statistical power can be
increased by adding additional reference sites to sample that are in comparable “pre-restoration”
condition to the site being restored (Morrison et al. 2008).

e Choose a sampling design: There are many different ways to position sampling units within an area
that is to be sampled. The different ways of positioning sampling units share three characteristics:
(1) random placement (each location has a known probability of being sampled), (2) good
interspersion through the area to be sampled, and (3) independence (conditions in one sample unit
do not influence conditions in another). Random sampling allows inferences to be made to the area,
population, community, or site of interest and reduces bias. Positioning of sample units to ensure
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interspersion and independence can be done by (1) simple random sampling, (2) stratified random
sampling, (3) systematic sampling with a random start, (4) restricted random sampling, (5) multi-
stage sampling, (6) cluster sampling or (7) double sampling. Sampling can occur spatially (e.g., across
an area) and also temporally (i.e., over time). For example, the Generalized Random Tessellation
Stratified (GRTS) sampling approach may be an appropriate and useful strategy, but only for
ecological restoration projects that cover a very large geographic area and have the necessary
resources and expertise to invest in proper implementation.* A statistician can help determine the
best sampling design options, but project planners will need to contribute knowledge regarding the
biology and ecology of the system to be monitored, as well as practical constraints such as access to
property, availability of equipment, and adverse environmental conditions.

¢ Identify and document specific procedures: Although it is usually easier to minimize sources of
measurement error than it is to minimize the inherent variability in a sampled population or the
error resulting from the sampling design, the ability to minimize error depends on the specific type
of data being collected (e.g., observer-determined versus measurements made with a calibrated
instrument). Chapter 4 discusses the importance of providing standard procedures and using trained
individuals to collect data in field situations; Chapter 5 discusses approaches to monitoring data
collection procedures and their implementation.

Exhibit 2-7. Example Power Curve

Sample Size, Variability and Statistical Power
Willow Stem Density Example
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4 The GRTS sampling approach is a form of probability sampling that results in greater spatial balance (i.e., less clumping), while
decreasing the variance and thus increasing statistical power (Stevens & Olsen, 2004). Additionally, sampling locations eliminated by
selected criteria (such as placement on a road or other inaccessible site) can be replaced by extra locations generated by GRTS while
maintaining a balanced, independent, and random selection process. The GRTS approach is typically applied to large projects, however,
and specific skills are required to use the software involved.
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CHAPTER 3 PLANNING FOR DATA COLLECTION

We noted in Chapter 1 that practitioners and decision makers rely heavily on the quality of data
associated with ecological restoration projects, but guidance is lacking on how to ensure these data are
reliable enough to support sound decisions. In this chapter, we provide guidance on how to address
data quality needs early in the planning stage of a project. This chapter provides information and
guidance on the processes that can be used to determine the type, amount, and quality of data required
to support decision making, including the associated acceptance criteria against which data quality can
be assessed.

The process begins with selection of general restoration w "
. . . . Exhibit 3-1. Process for Establishing Data
project goals, as described in Section 3.1. These goals are

Quality Criteria

then used to determine specific and measurable

restoration project objectives that provide the basis for Restoration
planning restoration strategies (Section 3.2). These Project Goals
include strategies associated with the restoration process ‘

itself, such as treatment and monitoring, as well as
Restoration

monitoring strategies that can be used to evaluate project ) o
Project Objectives

success. Because the primary focus of this document is on

monitoring (rather than restoration) activities, Section 3.3 ‘
includes guidance on how to use the restoration project Sampling
objectives as the basis for selecting sampling objectives Objectives
which, in turn, are used to determine a sampling design ‘

for the monitoring activities and to identify quality
Data Quality

requirements for the data that will be collected. Guidance e
Criteria

on defining appropriate data quality acceptance criteria is
provided in Section 3.4. Section 3.5 describes quality
considerations that project planning teams should address

if they will use existing (i.e., previously generated) data to support their project planning process or to
supplement new data that will be generated by the project team.

Although there may be times when it is necessary to repeat one or more of these steps to address
overall project constraints (e.g., schedules, budgets, resources), the process generally flows in a natural
progression from setting general restoration goals towards defining more specific objectives and
criteria, as shown in Exhibit 3-1. It is important to avoid selecting data quality acceptance criteria
without first identifying the sampling objectives on which they are based. Similarly, sampling objectives
should not be defined without first defining the restoration project objectives the sampling activities are
designed to support, and there is little sense in specifying the overall objectives of a restoration project
without first understanding the broad goals these objectives are intended to meet. Designing a
monitoring strategy in such a “reverse order” may produce data that are of high quality but inadequate
for demonstrating how well the project goals and objectives have been met.
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3.1 RESTORATION PROJECT GOALS

The planning process begins with the identification of goals that describe the desired future conditions
or ideal states an ecological restoration effort will attempt to achieve. Goals should be descriptive and
convey a purpose. They should define the general direction for a project but should not define specific
desired future conditions in measureable terms. The latter is accomplished through identification of
restoration project objectives (Section 3.2) that will support the overall goals.

3.1.1 Preparing to Define Restoration Project Goals

When preparing to define goals for a restoration
project, it is helpful, if not essential, to have
background information on the:

e project location, boundaries, and ownership;

e targets of restoration (e.g., ecosystems,
natural communities, rare or protected
species);

e threats, need for restoration, and desired
state and anticipated benefits;

e current and past condition of the site;
e adjacent land use;

e social, political, and physical context of the

project; and
Installation of willow cuttings for revegetation of the riparian area

° expectations from fu nding sources, along EIm Creek, Minnesota. Photo Credit: Britta Suppes, Joe
. Magner, Chris Lenhart
stakeholders and project staff.

This background information regarding the project site, restoration needs, and planning team
members will help set the stage for the selection of restoration goals. In some cases, restoration goals
are defined by decision makers in other organizations, and the project planning team is responsible
for defining objectives and strategies needed to achieve those goals. For example, a legislature may
issue funding to “restore the aquatic habitat of Icky Inlet and make it safe and healthy for recreational
activities” and then direct those funds to a federal, state or local agency to manage. When this occurs,
project planning teams are responsible for defining specific objectives that can be used to
demonstrate the project outcome will support the mandated goals—a process that will be aided by a
thorough understanding of the relationship between restoration goals and objectives, as described in
Sections 3.1 and 3.2.
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3.1.2 Defining Restoration Project Goals

The response of ecosystems to restoration activities may take several years to decades to be fully
realized. Therefore, it is helpful for planning teams to define restoration goals that represent desired
short-term, mid-term and long-term outcomes (NOAA 2013). Short-term goals describe anticipated
immediate effects of restoration efforts; long-term goals describe the overall change that is desired,
though this change may not necessarily be a direct outcome of the restoration efforts. Mid-term goals
describe an intermediate response in the ecosystem (or system being restored) due to project activities.
For example, a restoration activity may improve the hydrologic regime for a wetland (short-term)
resulting in improved wetland quality (mid-term) and the successful re-establishment of wetland
functional processes (long-term). When establishing short-, mid- and long-term project goals, project
planners will find it constructive to define them within the context of whether they may be achieved
given the scale (extent) of the project and available project resources. Often, project goals that are
based on anticipated long-term outcomes may require substantial financial resource inputs and
coordination that are beyond the scope of any one restoration project, and achievable only within the
context of a larger, over-arching programmatic goal or regional initiative. For example, a programmatic
goal may be to restore a federally endangered wetland plant species across its historic range, and to do
so will require the coordinated efforts and resources of multiple projects feasible only through a larger
programmatic or regional initiative.

Each restoration project goal should include the following four elements (Adamcik et al. 2004):

1) Subject or resource of concern (e.g., the particular species, biotic community, ecosystem process,
ecosystem service, habitat type)

2) Attribute of interest for that subject or resource (e.g., species diversity, population size, functioning
of an ecosystem process)

3) Conceptual target or condition for that attribute (e.g., optimum, proper, natural, maximum)
4) An action or effort to be made relative to the target (e.g., restore, provide, achieve)

3.1.3 Examples of Restoration Project Goals

The following are examples of restoration goals that “We cannot overemphasize the
importance of expressing each and
every project goal with a succinct

address each of these four elements for hypothetical

restoration project sites. and carefully crafted statement”
(Clewell, Rieger, and Munro 2005).

e Restore optimal willow (Salix sp.) density along stream
riparian shoreline impacted by historical grazing to
reduce bank erosion and provide habitat for riparian wildlife species.

e Restore native wet prairie plant species cover to improve floristic quality on a 15-acre wet prairie
degraded by historic drainage and invasive reed canarygrass, Phalaris arundinacea.
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e Establish an urban park woodland with a diversity of native tree species considered to be resilient to
the effects of the invasive Emerald Ash Borer (EAB, Agrilus planipennis).

Note how succinctly each of these restoration goals addresses the four key elements. In the first
example, the stream riparian shoreline is the subject or resource of concern, willow density and stream
channel width (erosion) are the attributes of interest, the conceptual target is an optimal willow density
that results in reduced stream bank erosion and restored habitat for stream riparian wildlife species,
and the action or effort to be made is to “restore” optimal willow density. In the second example, a 15-
acre wet prairie plant community is the resource of concern, the attributes of interest are the cover and
floristic quality of the plant community, the conceptual target or condition is an improvement to these
attributes, and the desired actions are to “restore” the native species and “improve” the floristic quality.
Similarly, the urban park woodland is the resource of concern in the third example, a diversity of tree
species considered to be resilient to the effects of the EAB is the attribute of interest, the conceptual
target is an EAB resilient “native woodland” plant community, and the action to be made relative to the
target is to “establish” an urban park native woodland resilient to the detrimental effects of EAB. It is
important to note here that, although project goals may address multiple outcomes (e.g., restore
optimal willow density and reduce bank erosion), the more focused and specific the goal, the fewer
assumptions are needed to establish clear objectives to achieve that goal.

When defining restoration project goals, the planning team should carefully consider what can be
realistically accomplished. This includes understanding the importance of defining the conceptual target
based on the ecological scale to which the restoration actions will result in a predicted outcome. Some
restoration activities may emphasize habitats, such as restoring coastal wetlands, while others may be
directed at species, such as promoting the recovery of threatened or endangered species. On a site-level
scale, restoration activities may emphasize ecological processes, such as restoring the hydrologic
connectivity of an entire watershed. The selection of goals should recognize that an ecosystem may not
be able to return to a former state because of unknown stressors or changes in society and the
environment (Clewell, Rieger and Munro 2005). Goals may be unrealistic if they are based on an

outcome that is beyond the temporal or ecological scale of a project’s influence, and could set the stage
for actual or perceived project failure. Development of realistic restoration goals, however, provides a
needed framework from which to build specific project objectives.

3.2 RESTORATION PROJECT OBJECTIVES

Once the planning team has defined restoration project goals, team members can determine specific
objectives that will support those goals, serve as the foundation for planning restoration and monitoring
activities, and provide interim benchmarks (i.e., quantitative endpoints) for each phase of the project as
the basis for measuring progress. The team will need to gather information about the targeted
ecosystem that can help them define specific components of the restoration project objectives and
maximize the effectiveness of subsequent restoration activities. The following subsections describe
these processes and provide examples of well-written objectives, each with a specific, measurable basis
for supporting the overarching restoration project goals.
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3.2.1 Preparing to Define Restoration Objectives

In order to define restoration objectives, the team must gather and evaluate information regarding the
environmental stressors that may be compromising biota and other resources at the project site and the
ecological resources affected by these stressors (Mulder et al. 1999). Examples of stressors include fire,

alteration of hydrologic cycles, habitat fragmentation, sedimentation, road construction and pollution. A
pre-restoration assessment of the relevant biotic and abiotic conditions, as well as baseline monitoring
data on variables such as water quality, can be very helpful in characterizing both the stressors and the
ecological resources affected by them. Other resources that may be helpful include land use plans and
knowledge about the life history of species, ecological reference sites, and historical records (Clewell,
Rieger and Munro 2005).

We recommend the development of conceptual models as a tool for organizing information and
documenting key assumptions (EPA 2006b). Conceptual models are often depicted as a statement or a
diagram linking external driving forces and stressors with ecological effects and the measurable or
observable attributes that characterize the state of impacted ecological resources. These models are
representations of ecosystem components, processes and drivers, and they can facilitate understanding
of key ecosystem interactions and function, bring common understanding among interested parties, and

clarify assumptions (Ogden et al. 2005; Woodward et al. 2008). Building on the 15-acre wet prairie
example in Section 3.1.3, the project team has determined that tile drainage and introduction of
invasive reed canarygrass (stressors) have resulted in a degraded wet prairie (ecological effect) as
measured by the relative cover of existing plant species (attribute). Based on this conceptual model, a
reasonable restoration objective might be to increase the relative cover of native wet prairie species in
the wetland by X%. Once the objective is defined, specific restoration strategies and activities necessary
to accomplish the objective can be defined, and a monitoring program can be designed that will allow
project managers to determine if the objective has been met.

3.2.2 Selection of Restoration Objectives

As described previously (see Section 3.1.2), restoration project goals identify the resource of concern,
attributes of interest for that resource, conceptual targets, and an action relative to that target.
Restoration objectives build upon these goals by providing specific measurable targets for desired future
conditions. Each restoration objective should be: specific, measurable, achievable, results-oriented and
time-sensitive (SMART) (Doran 1981). These attributes should be identified for each variable of interest
that is included in a restoration goal. This is accomplished by specifying the direction and quantity of
change desired, pinpointing the specific geographic area for the restoration activity, and identifying a
time frame (or project phase) to accomplish this change or see the anticipated ecosystem response.
SMART restoration objectives, when developed to support short-, mid- and long-term outcomes, are a
necessary component of project-level adaptive management (see Chapter 8), and provide the
guantitative benchmarks or endpoints necessary to support decision making within an adaptive
management framework throughout the project lifecycle.
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The desired ecological change can be stated in a project objective as either a targeted change from a
baseline condition (i.e., an observed trend or improvement) or the achievement of a targeted
threshold (Clewell, Rieger and Munro 2005; Elzinga, Salzer and Willoughby 1998).

e Targeted Change: A change from a baseline condition would be expressed either as a difference
between the results of initial and final data collection efforts (for example, an increase of 10% in
population size between baseline and final monitoring efforts) or as an observed trend in results
over multiple efforts (for example, an average 2% increase in population size per year). This type of
objective is based on a comparison of future monitoring results to baseline conditions.

o Targeted Threshold: In contrast, restoration project objectives that define the desired change in
terms of a target threshold would define the final condition based on a single numeric goal (e.g., a
final population size of X species/acre). In this case, the objective is based on a sampling design and
sampling objectives that compare future monitoring results to the specified target or threshold. For
this type of objective, it is assumed that prior studies have established that baseline conditions do
not meet the target/threshold.’

3.2.3  Examples of Restoration Objectives

Exhibit 3-2 provides examples of SMART restoration project objectives that are designed to support the
project goal examples provided in Section 3.1.3.

Note that in Exhibit 3-2, each of the example project objectives directly supports an attribute of
interest and conceptual target in its corresponding goal by defining one or more specific outcomes
that can be measured or observed within a specific timeframe. For the first project goal, the first
objective specifies a measurable amount of shoreline (1,000 linear meters) that will be covered by a
specific, measurable amount of willow (average density of 2.5 stems per square meter), and that
should be present within a specific timeframe (after two years). The conceptual target identified (an
optimal willow density that results in reduced stream bank erosion and restored habitat for stream
riparian wildlife species) is addressed by specific, measurable, reportable and achievable objectives. A
similar relationship exists between the restoration goals defined in the second and third examples and
their corresponding project objectives.

The above examples are for illustrative purposes only, and many projects are likely to have more than
one goal, along with several objectives to support each goal. When this is the case, project planners may
find it helpful to list the project objectives according to a hierarchy based on whether they address a
short-, mid- or long-term goal (outcome). This is particularly relevant when the mid- and long-term
outcomes are only possible if and when the short-term outcomes are achieved.

5 There is some risk in assuming that prior studies have demonstrated that baseline conditions do not meet the desired target or
threshold. If effective QA/QC strategies were not used in these prior studies, your decision to initiate a restoration action may be based
on faulty initial condition estimates. Refer to Section 3.5 of this chapter for guidance on evaluating the quality of existing data.
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Exhibit 3-2. Example Restoration Goals and Corresponding SMART Restoration Project Objectives

Project Goal"
(from Section 3.1.3)

Corresponding Project Objectives™

Restore optimal willow (Salix
sp.) density along stream
riparian shoreline impacted by
historical grazing to reduce
bank erosion and to provide
habitat for riparian wildlife
species

Restore native willow to an average stem density of 2.5 stems per
square meter along a total of 1,000 linear meters of riparian
shoreline within the toe and transition zones after 2 years

Reduce the annual rate of stream channel (bank-full width) widening
along the restored riparian zone after 6 years, with particular
interest in an annual rate reduction of at least 80%

Increase the relative abundance of migratory songbirds within the
1,000 linear meters of restored riparian habitat area after 6 years,
with particular interest in an increase of at least 40%

Restore native wet prairie plant
species cover to improve
floristic quality on a 15-acre
wet prairie degraded by historic
drainage and introduction of
invasive reed canarygrass,
Phalaris arundinacea

Increase the total area of wet prairie characterized by saturated soils
to greater than 50% within the 15-acre project area after 2 years

Reduce total cover of reed canarygrass to less than 10% across the
15-acre wet prairie after 8 years

Increase, by at least 75% over a 12-year period, the total cover of
native wet prairie plant species characterized by a floristic quality
assessment (FQA) Coefficient of Conservatism score of greater than 5

Establish an urban park native
woodland with a diversity of
native tree species resilient to
the effects of the invasive EAB,
Agrilus planipennis

Restore 5 acres of urban park woodland with native tree and shrub
species where tree species composition reflects less than 20%
representation of ash (Fraxinus spp.) after 6 years

* In general, state restoration goals in the positive reflecting a future or target “restored” condition.

** Restoration objectives can be stated as a positive or negative change using “absolute” (e.g., 10 mm, 500 mg/L, 2.5
stems/meter?) or “relative” (e.g., 20%, 50%, 80%) change, and can refer to an ecologically or biologically meaningful effect,
often referred to as “effect-size” or “effectiveness criteria.” Regardless of whether expressed as absolute or relative, change
is usually specific to one direction, i.e., an increase or decrease. The magnitude of the desired change is determined with
consideration of the inherent variability of the system under study, including sampling error, measurement error, sample

size, and desired statistical power.

Once restoration project objectives have been defined, the project planning team can use them to:

1) determine the specific remediation requirements, activities, resources and schedules that are

needed to accomplish the objectives, and

2) develop a monitoring program that can be used to evaluate the effectiveness of the remediation

efforts in meeting those objectives.

The remainder of this chapter addresses the second task, with a specific focus on QA/QC strategies that

should be considered when designing the monitoring program.
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3.3 SAMPLING OBJECTIVES

As mentioned above, the project planning team will need to create a monitoring program that will allow
project managers to determine if the restoration activities were effective in achieving the specified
restoration goal(s) and project objectives. Development of such a monitoring program will require:

1) identification of specific sampling objectives (which also can be thought of as “monitoring
objectives”) and

2) development of a detailed sampling (monitoring) plan that will provide data that can be used to
determine if the sampling objectives are met.

Both activities require some understanding of the sources of variability that can arise in any monitoring
program, and of the types of decision errors that may result from the monitoring data (see Sections 2.6 and
2.7, respectively, for a brief overview of these concepts). Given the significant amount of resources invested
in ecological restoration projects and the importance of monitoring data in determining project success, we
strongly recommend that project planning teams consult with an experienced statistician for assistance.®

3.3.1 Establishing Sampling Objectives

As discussed in Section 2.7, Type 1 and Type 2 errors can lead to wasted resources, further degradation,
and missed opportunities. Therefore, sampling objectives should clearly state the level of uncertainty
that stakeholders are willing to accept for making an incorrect decision.

Type 2 errors are also dependent on the size of the change that actually occurred. Consequently, when
establishing sampling objectives, project planners need to determine the size of an effect (effect size)
that will be meaningful, and recognize that the “false negative” (Type 2/missed change) error rate will
reflect a change of this size or greater. In other words, the probability of concluding that no change had
occurred when in fact a change of at least this size did occur would be less than or equal to the Type 2
error rate. Monitoring programs, therefore, should be designed to ensure a sufficient sample size and
yield enough usable data to (1) allow a high probability of identifying when the specified change occurs,
and (2) avoid the additional costs and resources that would be needed to detect a smaller (and not
necessarily meaningful) difference at the same high probability.

The established meaningful effect size needs to be compatible with the restoration project objectives.
Specifically, if an objective is expressed as a change between a baseline and final condition, then the
effect size must be a specific amount of change, expressed as either an absolute, relative, or
standardized effect size that is consistent with the restoration goal.” Similarly, if the objective is defined
as a comparison to a target or threshold, the effect size would be a difference (either absolute or
relative) from that target/threshold. The decision of selecting the appropriate effect size is complicated

6 In accordance with the graded approach discussed in Chapter 2, a biologist or ecologist with experience in statistical study design and
data interpretation may be sufficient for less complex monitoring projects.

7 Targeted changes specified in absolute terms are expressed in directly measured units, such as mm, mg/L or total count. Targeted
changes specified in relative terms are expressed as a percent difference from the baseline. Targeted changes specified in standardized
terms are expressed as a unitless metric, standardized based on the observed variability.

Application of QA/QC Principles to Ecological Restoration Project Monitoring Chapter 3
April 2019 Page 3-8



by federal requirements to consider the potential for increased variability in system response due to
effects of regional climate change (EPA 2014a). In theory, such effects might be assumed to apply
equally across different sites within a region (e.g., a site subject to ecological restoration activities as
compared to a reference or control site). However, the effects could vary considerably over time,
reducing the level of precision in estimating change as a result of restoration actions.

Sampling, Measurement and Decision Errors — Summary

Sampling and Measurement Errors (see Section 2.6)

e Sampling error refers to the difference between the characteristics of a sample of a population
(observed or measured values) and the actual characteristics of the entire population (true values).
Sources of sampling error include the natural variability within the sampled population, the sample
collection design, and the number of samples taken.

Measurement error refers to the difference between an observed or measured value and the true
value. For data collected in the field, it is caused by imperfections in the field crew processes, crew
expertise and equipment. Measurement error in laboratory results may be caused by imperfections in
the processes or equipment used during field sampling, shipping and handling, and laboratory
activities. Imperfections in data transcription and reduction processes also are potential sources of
measurement error.

Project planning teams must be aware of sampling and measurement errors and consider their
impacts on the level of confidence one can place the collected data.

Decision Error (see Section 2.7)

e Type 1 errors involve incorrectly concluding that a project achieved its desired outcome even though
it did not. These “false change” errors can lead to further ecological degradation and wasted
resources.

e Type 2 errors involve incorrectly concluding that a project failed to achieve its intended target when
it actually did. Such “missed change” errors may result in unnecessary project redesign expenditures
and failure to implement a successful design at other impaired sites.

Sampling objectives should clearly state the level of uncertainty that the stakeholders are willing to

accept for making an incorrect decision.

o The probability of making a Type 1 error is denoted by a; the probability of making a Type 2 error
is denoted by B
When defining sampling objectives, project planning teams must balance potential
consequences associated with each type of error against project constraints (e.g., schedule,
budgets and resources) and a study design aimed at minimizing sources of error.

Consider once again our hypothetical example of a project objective to increase the number of
migratory songbirds within the restored shoreline after a six-year period. The effect size of this increase
would need to be a difference between baseline abundance and the abundance after six years. Now
suppose that historical knowledge of bird activity indicates that, to meaningfully increase the songbird
population, the abundance needs to increase by at least 40% in order to avoid misinterpreting effects
due solely to the inherent variability of the system.® In our example, stakeholders want to be sure that
the chances of missing a change of 40% or greater are small, so they specify a Type 2 error rate of 20%
(e.g., no more than a 20% probability of missing a 40% or greater increase in songbird abundance).
Although a smaller than 40% change in abundance could be detected with a lower probability,

8 Determination of meaningful effect size generally requires a combination of best professional judgment and available study data or
literature concerning the variables of interest in similar environments.
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stakeholders in our hypothetical project are interested in a reasonable probability of detecting a change
that is considered to be biologically meaningful. In addition to specifying the biologically meaningful
effect size and Type 2 error rate, our hypothetical stakeholders want to be at least 95% confident they
will not falsely conclude there was a change when, in fact, there was no difference in abundance. In
other words, the stakeholders want to limit the Type 1 error rate to 5% and the Type 2 error rate for a
40% or greater change to 20%. The sampling strategy would then be designed to collect sufficient data
to meet these requirements.

3.3.2  Examples of Sampling Objectives

The goal in developing effective sampling objectives is to avoid ending up with an inadequate sampling
design that would make it difficult to determine whether a restoration project objective has been met.
Towards this goal, well-defined sampling objectives specify (1) the degree of change that must be
detected to define project success, and (2) the degree of certainty needed when stating that the change
has been detected. Exhibit 3-3 provides example sampling objectives that might be derived to support
the example restoration project goals and objectives presented in Sections 3.1 and 3.2, based on
traditional hypothesis testing approaches such as those discussed in Chapter 2. (Although Bayesian
Methodology and other approaches may be appropriate alternatives to traditional hypothesis testing,
discussion of such strategies is beyond the scope of this document.)

Ideally, the specific information required to develop sampling objectives can be derived from the
restoration project objectives. This information includes the target population or resource of interest,
along with its geographic location, attributes of interest, and the anticipated direction, degree and time
frame for the response. Note that:

e restoration goals describe why a restoration activity is being conducted;
e restoration project objectives delineate what needs to be measured or observed; and

e sampling objectives provide additional information that planners will use to decide how, where, and
when data are to be collected, and how many samples are required or needed.

Finally, it is important to recognize that, although sampling objectives serve as the basis for designing a
monitoring strategy, these two components are often developed in an iterative manner. For example,
when designing the strategy, the project planning team may determine that it is not possible to achieve
the original sampling objectives within budget constraints. In this situation, the sampling objectives may
need to be modified to reflect the financial limitations (e.g., accepting a lower level of confidence that
the desired change will be detected or accepting a higher risk of falsely concluding that a change has
occurred). At times, it may even be necessary to revisit and re-scope the project objectives to reflect the
constraints (e.g., reduce the size of the restoration area or reduce the magnitude of change desired).
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Exhibit 3-3. Example Sampling Objectives for Corresponding Restoration Project Goals and SMART Restoration Project Objectives

Restoration Goal
(from Section 3.1.3)

Corresponding
Restoration Project
Objectives

Statistical Interpretation of Project Objective

Corresponding Sampling Objectives
The results of this monitoring effort will...

Restore optimal
willow density along
stream riparian
shoreline impacted
by historical grazing
to reduce bank
erosion and to
provide habitat for
riparian wildlife
species

Restore native willow to an
average density of 2.5 stems
per square meter (m?) along
1,000 linear meters of
riparian shoreline within the
toe and transition zones after
2 years

Objective Type: Target Threshold

Null Hypothesis (Ho): Densyr < 2.5 stems/m?
Alternative Hypothesis (Ha): Densyr > 2.5 stems/m?
Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.10 (when Densy: is at
least 20% greater than the target 2.5 stems/m?)
Densyr2 is the mean native willow stems density
after 2 years of implementing restoration effort.

Demonstrate achievement of a mean density of
2.5 stems/m? (with 90% certainty or statistical
power when the true density is at least 20%
greater than the targeted 2.5 stems/m?) along
1,000 linear meters of riparian shoreline within
the toe and transition zones after 2 years of
restoration effort, with a 5% chance (a) of
incorrectly concluding that the 2.5 stems/m?
objective was reached when it in fact was not.

Reduce the annual rate of
stream channel (bankfull
width) widening along the
restored riparian zone after 6
years, with particular interest
in a reduction of at least 80%

Objective Type: Baseline Comparison

Ho: Rateyr1< Rateyrs

Ha: Rateyr1 > Rateyrs

Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.20 (when Rateyrs at least
80% lower than Rateyr)

Rateyr1 and Rateyrs are the annual rate of stream
channel widening at year 1 (before restoration) and
year 6 (after restoration), respectively.

Demonstrate a reduction in the rate of stream
channel widening (with 80% certainty when the
rate is at least 80%) along 1,000 linear meters of
riparian shoreline after 6 years of restoration
effort, with a 5% chance (a) of incorrectly
concluding that the rate has been reduced when
in fact it did not.

Increase the relative
abundance of migratory
songbirds within the 1,000
linear meters of restored
riparian habitat area after 6
years, with particular interest
in an increase of at least 40%

Objective Type: Baseline Comparison

Ho: Abundyr1 2 Abundyre

Ha: Abundyr1 < Abundyrs

Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.20 (when Abundyss is at
least 40% greater than Abundyr)

Abundyr1 and Abundyrs are mean abundance year 1
(before restoration) and year 6 (after restoration).

Demonstrate an increase in migratory songbirds
(with 80% certainty when the increase is at least
40%) within the 1,000 linear meters of restored
riparian habitat after 6 years of restoration
effort, with a 5% chance (a) of incorrectly
concluding that the abundance had increased
when it in fact did not.
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Exhibit 3-3. Example Sampling Objectives for Corresponding Restoration Project Goals and SMART Restoration Project Objectives

Restoration Goal
(from Section 3.1.3)

Corresponding
Restoration Project
Objectives

Statistical Interpretation of Project Objective

Corresponding Sampling Objectives
The results of this monitoring effort will...

Restore native wet
prairie plant species
cover to improve
floristic quality on a
15-acre wet prairie
degraded by historic
drainage and
introduction of
invasive reed
canarygrass,
Phalaris
arundinacea

Increase total area of the 15-
acre wet prairie
characterized by saturated
soils (SS) to greater than 50%
within the project site after 2
years

Objective Type: Target Threshold

Ho: SSCoveryr2 < 50%

Ha: SSCoveryrz > 50%

Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.20 (when Covery: is
increased to 60% or greater)

SSCoveryr is the mean percent cover of saturated
soils after 2 years

Assess whether the relative cover of saturated
soils has been increased to 50% or greater within
the project site after 2 years (and demonstrate
with 80% certainty an increase greater than
60%), with a 5% chance (a) of incorrectly
concluding that the relative cover has increased
when in fact it did not.

Reduce total cover of reed
canarygrass (RC) to less than
10% across the 15-acre wet
prairie after 8 years

Objective Type: Target Threshold

Ho: RCCoveryrs 2 10%

Ha: RCCoveryrs < 10%

Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.20 (when RCCoverys is
reduced to 5% or less)

RCCoverys is the mean percent cover of reed
canarygrass after 8 years of restoration effort

Assess whether the total cover of reed
canarygrass has been reduced to less than 10%
across the 15-acre wet prairie after 8 years of
restoration effort (and demonstrate with 80%
certainty a reduction in total cover to 5% or less),
with a 5% chance (a) of incorrectly concluding
that the percent cover has decreased to below
10% when in fact it did not.

Increase, by at least 75%
over a 12-year period, the
total cover of native wet
prairie plant species
characterized by an FQA
Coefficient of Conservatism
score greater than 5

Objective Type: Baseline Comparison

Ho: FQCoveryr1 < Coveryri2

Ha: FQCoveryr1 > Coveryri2

Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.20 (when FQCoveryr12 is at
least 75% or greater than FQCoveryr1)

FQCoveryr1 and FQCoveryr12 are mean relative cover
(of species with FQA CC>5) at year 1 (before
restoration) and year 12 (after restoration),
respectively

Assess whether the total cover of native wet
prairie plant species with FQA Coefficient of
Conservatism scores greater than 5 has
increased after 12 years of restoration effort
(and demonstrate with 80% certainty if it has
increased by at least 75%), with a 5% chance (a)
of incorrectly concluding that the relative cover
has increased when in fact it has not.
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Exhibit 3-3. Example Sampling Objectives for Corresponding Restoration Project Goals and SMART Restoration Project Objectives

Restoration Goal
(from Section 3.1.3)

Corresponding
Restoration Project
Objectives

Statistical Interpretation of Project Objective

Corresponding Sampling Objectives
The results of this monitoring effort will...

Establish an urban
park native
woodland with a
diversity of native
tree species resilient
to the effects of the
invasive EAB, Agrilus
planipennis

Restore 5 acres of urban park
woodland with native tree
and shrub species where tree
species composition reflects
less than 20% representation
of ash (Fraxinus spp.) after 6
years

Objective Type: Target Threshold

Ho: AshCompyrs 2 20%

Ha: AshCompyrs < 20%

Risk of Type 1 Error: a = 0.05

Risk of Type 2 Error: B = 0.20 (when AshCompyrs is
less than 10%)

AshCompyrs is the mean species abundance of
Fraxinus spp. relative to non-Fraxinus spp.
abundance after 6 years of restoration effort

Assess whether the tree species composition of
an urban park native woodland has less than
20% representation in total abundance by
Fraxinus spp. after 6 years of restoration effort
(and demonstrate with 80% certainty when the
composition is less than 10%) and accept a 5%
chance (a) of incorrectly concluding that the
cover decreased to below 20% when in fact it did
not.

Note: In general, state restoration goals in the positive, reflecting a future or target desired condition. Avoid reference to or use of specific intermediate steps
necessary to achieve the goal.
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3.4 DATA QUALITY INDICATORS AND ACCEPTANCE CRITERIA

In Section 3.3, we discussed the importance of defining sampling objectives that specify the degree of
certainty needed to support decisions based on the monitoring data collected. We also noted that
sources of uncertainty include the sampled population—largely addressed through the project’s
sampling design—as well as the data collection processes that will be used. The next step in controlling
overall error is to address the data collection process itself. This begins with identifying the quality of
data that is needed to evaluate whether or not you have achieved your sampling objectives (i.e., how
good must your data be in order to achieve the desired levels of certainty in your decisions?).

In Section 3.4.4, we present a stepwise procedure for determining data quality acceptance criteria and
provide an example application of that procedure. Before doing so, however, it is important to review
the types of data being collected (Section 3.4.1) and how acceptance criteria for different data quality
indicators are described (Sections 3.4.2 and 3.4.3). The discussion builds on the text in Section 2.5,
where we introduced precision, bias, accuracy, representativeness, comparability, completeness and
detectability as commonly accepted data quality indicators (DQls) for environmental monitoring data
(see Exhibit 2-3 for definitions of each term). In this section, we discuss acceptance criteria as
performance goals for individual DQls.

The practice of using DQls to set data quality acceptance criteria is well established for data generated
using laboratory methods for chemical and physical analysis of environmental samples. In contrast, the
use of DQIs has been less widely adopted for data that are generated primarily using methods of visual-
and/or aural-assessment (observer-determined) and best professional judgment. We believe that
project planning teams can and should develop acceptance criteria for the collection of all data,
including observer-determined data, as a means of ensuring and documenting that decisions are
based on acceptable levels of measurement error; the remainder of this section provides guidance for
doing so. Data quality acceptance criteria for laboratory measurements are discussed here only for
context and with an understanding that specific guidance is available elsewhere (EPA 2003a, 20063a;
Cross-Smiecinski and Stetzenbach 1994).

3.4.1 Types of Data

Before considering how to establish acceptance criteria for each DQJ, it is helpful to review the different
types of data that are often collected in support of ecological restoration projects. For the purposes of
this guidance, and as shown in Exhibit 3-4, these types of data are categorized as:

e Species, Taxa or Group, or Community Classification,
e (Class or Categorical Assignment,
e Numerical Rank Assignment, and

e Numerical Estimate.
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These categories apply to all types of information that is typically targeted during ecological restoration
monitoring, including primary or ancillary variables of interest, stable variables that can be expected to
produce the same result when measured repeatedly over a fixed period of time, and transitory
variables that are affected by stochastic processes and easily biased by the presence of an observer, the
sampling activities, or other disturbances.

Project planners should be aware of the statistical properties imposed on data when deciding how to
qguantify an ecological variable (or type of data it represents), including any implied limits in
measurement precision as result of the method used to quantify the variable (i.e., based on an
observer’s best professional judgment or by use of a graduated device or calibrated instrument). For
example, distance measurements made using observer-based judgement and recorded as numeric rank
values (e.g., intervals of 0-10m, 10-20m) are less precise than measurements recorded as discrete
numeric values (e.g., to the nearest whole 1-meter integer), and both are less precise than continuous
numeric distance measurements (e.g., fractions of a meter) determined using a graduated measuring
tape, an optical or digital rangefinder, or global positioning system (GPS) device. In practice, an observer
or crew will often combine the use of best professional judgment and a graduated measuring device or
electronic instrument as part of a standard procedure to quantify a given variable. Examples include the
use of a straight ruler or digital caliper to determine the length of an anatomical feature in order to
distinguish between similar plant or animal species, a quadrat frame to interpret vegetation ground
cover, a spherical densiometer to assess canopy cover, a Secchi disk to interpret depth of water
transparency, or standard reference material (e.g., color chart) to interpret the percent of organic
matter contained in a soil sample. When such combined practices are utilized, project planners should
clearly define standard procedures to minimize the potential compounding of measurement error and
its effects on measurement precision. Appendix B, Section B.1 provides additional information
regarding measurement scales and their statistical properties.
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Exhibit 3-4. Types of Data Frequently Collected in a Field Setting for Ecological Restoration Monitoring

Type of Data* Description Examples
Taxonomic or vernacular names representing a
Species, Taxa or | nominal variable that uniquely distinguishes an Salix interior, Salix sp., sandbar willow,
Group, or observable and identifiable organism, group of shrub, scrub-shrub wetland, or
Community organisms, or natural community based on Hexagenia limbata, Hexagenia,
Classification phenotypical traits or community compositional burrowing mayfly, mayfly
-l
< characteristics
(@)
ez Discrete, mutually exclusive descriptive (non- Gender (male/female), age
Class or . . . .
©) Categorical numeric) categories of an observable and (juvenile/adult), abundance (none, few,
8 Assi gnment identifiable ecological attribute or condition; may | many), substrate type (gravelly, sandy,
:: & be represented by a nominal or ordinal variable silty, organic muck)
c Numeric val igned to describe the relati
umeric values assigned to describe the relative . L
. - 8 . . Plant vigor (1= <25% live tissue, 2= 25-
Numerical |condition of an observable attribute, object or . . .
. . . 50% live tissue, etc.), wind speed (e.g.,
Rank organism; represents estimates of an ordinal or .
Assignment | interval variable scaled along an arbitrary numeric Beaufort wind scale), plant cover (1=
g _ & ¥ <25%, 2=25-50%, etc.)
g gradient
>
~ Quantitative estimates of variables expressed as | Observer’s judgment: precise count
f_': either a discrete or continuous numeric value (e.g., 7 stems) or estimates of total
B determined by: (1) an observer’s judgment of count (e.g., 300 seagulls), or units of
S <Zt the absolute (count) or relative frequency (rate, | length (e.g., 25 m), area (e.g., 10 m?,
o | > | Numerical | percentage, and proportion) of occurrence of an | 22% cover), volume (10 mL or 1 cubic
; O | Estimate | observable and identifiable ecological feature; yard) or weight (e.g., 5 grams or 1 Ib)
= organism; condition; or unit of length, area, Scientific instrument: a positive or
g volume or weight; or (2) a scientific instrument negative value (e.g., + 0.00)
associated with manufacturer’s specification of interpreted from an analog display or
limits of precision and accuracy transcribed from a digital display

*Types of data listed are intended to reflect actual variables being assessed by an observer (or crew) and recorded on a data
collection form, and are organized in approximate order of measurement scale as presented in Appendix B, Exhibit B-2.

Each type of data has unique characteristics and, therefore, presents unique challenges for establishing

data quality acceptance criteria. For example, a laboratory chemist may be able to test measurement

accuracy by using standard reference materials to spike a known amount of a chemical into a sample

and comparing the known amount to the amount measured. However, it would not be feasible to spike

a known quantity or quality into an observation of an ecological attribute such as the categorical

determination of a plant community type. What is feasible is to employ a combination of descriptive

references (including standard operating procedures) and illustrative keys (e.g., soil color chart) to

standardize observer-determined data. Recommendations on how to establish acceptance criteria for

the different types of data common to ecological restoration projects are provided in Sections 3.4.2

through 3.4.4.
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3.4.2  Acceptance Criteria for Precision, Bias and Accuracy
The DQls of precision, bias and accuracy were discussed previously in Section 2.5. In summary:

e Precision is a measure of the degree of agreement among data collection efforts under identical or
very similar conditions. When data collection relies upon observer-determined methods, precision is
commonly estimated by comparing the data collected independently by two or more crews or crew
members for the same ecological parameter or attribute. Within-crew precision can be estimated
for a single crew, or a single crew member, by having the crew (or crew member) collect
measurements or observations at the same sampling unit more than once. A true value is not
needed to estimate precision.

e Biasis a measure of a systematic or persistent misrepresentation of a data collection process or
effort that results in error in one direction. Generally, bias includes a directional component
(whether the estimates are higher or lower than the true value being assessed) and a magnitude
(the amount that the estimate differs from the true value).

e Accuracy is an evaluation of the degree of the closeness of the data to known or reference values
and includes a combination of random error (precision) and systematic error (bias) components.
(Refer to Exhibit 2-4 for a graphic display of the impacts of precision and bias on accuracy.)

Due to the difficulty in determining a “true value” for many ecological attributes or variables, values
collected by expert or QA crews often serve as surrogates to true values, and accuracy and bias are
commonly estimated by comparing results from routine crews to expert crews. This approach is
discussed in detail in Chapter 5. In some cases, it may be possible to evaluate accuracy and bias using an
independent method for a subset of sites or monitoring events that is more accurate and precise
(referred to here as a “reference method”). Although more complete or accurate methods may be
available for many ecological variables, these methods may not be practical because they are too time
consuming, too costly, or cause damage to the sampled environment. This is often the case when
sampling objectives require estimating transitory variables, such as wildlife response to habitat
restoration efforts or stable variables that require a large number of samples to be representative of the
area under study. For these circumstances, use of a reference method across a subset of sample units
can be an effective approach. Examples of how a “reference method” approach might be implemented
in different situations include the following:

e Percent cover, density or abundance estimates: If the “standard” methods used in a particular
project involve visual estimates representing a numerical estimate of percent cover or abundance of
a given sessile species or slow moving organism (e.g., plants, mussels), then actual counts of
individuals for a smaller set of representative plots or subplots might be used as a “reference”
method to evaluate the accuracy (and precision) of the visual estimates.

¢ Biotic index estimates: Estimates of biological indicators often employ sub-sampling to economize
the sampling effort required to determine species composition. For instance, aquatic
macroinvertebrates are often sampled using dip-nets as part of standard procedures for calculating
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a biological index that is indicative of water quality. Methods typically require that captured
invertebrates be picked from vegetative debris and deposited in a sample vial until a certain number
of individuals are counted (e.g., 200 individuals) or for a pre-determined duration of time. All
macroinvertebrates collected in the vial are then later identified and taxonomically sorted and
counted to estimate the relative proportion or taxonomic composition of the macroinvertebrate
community in the sampled area. A reference method approach would involve repeating this
procedure for a subset of samples or sites by conducting complete counts for all taxa in the entire
dip-net sample, recording the total time required (to normalize sample effort), and comparing the
results to the estimates produced using routine methods.

e Biomarker measurements: Biomarkers and non-lethal tissue sampling methods are often used to
model environmental levels (concentrations) of industrial contaminants or exposure risk for
certain types of organisms. These non-lethal methods are preferred for large studies where the
environmental impact of wide-scale lethal sampling of organisms would create undue harm or be
detrimental to a species’ population viability. In these cases, more invasive or potentially lethal
sampling methods could be used in a subset of locations to evaluate the accuracy of the less-
invasive routine method. An example would be the routine use of fish biopsy plugs for monitoring
mercury exposure coupled with targeted whole-body analysis to evaluate accuracy and bias.

Exhibit 3-5 shows that acceptance criteria for precision, bias and accuracy of observer-determined
data generally consist of two components: an error tolerance specification and an expected frequency
of compliance in meeting that specification (Westfall and Woodall 2007). Error tolerance is defined as

the expected range for repeated measurements or observations, and is necessary to assess the
repeatability of a procedure. The expected frequency of compliance (or “compliance rate objective”)
is dependent on how difficult it may be to achieve the desired error tolerance for a given variable of
interest, the level of confidence necessary for a particular variable, or the variable’s importance in
defining restoration success. When applied together, the error tolerance objective and the
compliance rate objective provide a means for assessing precision, bias and accuracy.

Specific examples of quality acceptance criteria for these DQIs also are provided in Exhibit 3-5 for
several types of variables. For example, a project planning team may propose to assess the degree to
which a routine crew or crew member correctly assigns a forest classification type by having an expert
independently evaluate 10% of the areas assessed by the routine crew. If the expert’s results confirm
the routine crew’s results (i.e., 100% agreement at least 95% of the time), the crew’s results are
considered to be accurate and reliable. In contrast, if the expert results confirm the crew’s results only
20% of the time, the crew’s results would be considered inaccurate and unreliable.

Such assessments also can be examined on the basis of individual crew members, rather than as a
whole. Imagine, for example, a project in which the expert results confirm the crew results (100%
agreement) 82% of the time. Further examination of the data indicates that a single crew member’s
results are responsible for all of the non-compliant pairs. If that crew member is consistently making the
same type of mistake (e.g., consistently misinterpreting the scale on an analog instrument), the crew
member is contributing to bias in the data. If that crew member is making different types of mistakes
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(e.g., interpretation, instrument calibration or sensor positioning errors), the crew member is

contributing to imprecision (and possibly bias) in the data. Both types of error (bias and imprecision)

contribute to inaccuracy in the overall dataset.

Exhibit 3-5. Example Variables and Acceptance Criteria for Precision, Bias and Accuracy

Error Compliance
Variable Assessed Type of Data Tolerance | Rate Description
Objective | Objective
Species, Taxa or 100% agreement in forest type
Group, or 100% classification identified by routine and
Forest type 959
P Community Correct % QA crews, 95% of the time (or 1 error
Classification allowed per 20 sample units)
Species, Taxa or 100% agreement in fish species
S | Fish species Group, or 100% 95% identified by routine and QA crews,
E identification Community Correct 0 95% of the time (e.g., 1 error allowed
E Classification per 20 sample units)
()
o Estimated percentages of bare soil
g . . +10% must fall within £10% (or 1 class) of
2 | % cover bare soil Numerical , .
w . (orx1 90% a QA expert’s estimated value, 90% of
8| (11 classes) Estimate .
(e} class) the time (e.g., 1 error allowed per 10
sample units)
100% agreement in rank assignments
Bird abundance Numerical Rank | 100% 90% for bird abundance between routine
(3 categories) Assignment correct ° and QA crews, 90% of the time (or 1
error allowed per 10 sample units)
Estimated Secchi disk depth must fall
@ o Numerical . within £10 cm of a QA expert’s
S Secchi disk depth Estimate 10 cm 90% estimated value, 90% of the time (or 1
5 error allowed per 10 sample units)
>
§ Concentrations of dissolved oxygen
> . must fall within £0.5 mg/L of
S| N Numerical o ) 0
— | Dissolved oxygen . +0.5 mg/L | 90% duplicate measurements, 90% of the
= Estimate .
= time (or 1 error allowed per 10
sample units)

. Species, Taxa or 100% agreement in
Macrom\{ertebrate Group, or 100% . macroinvertebrate identification
jcaxon'o'mlc' Community correct 95% between routine and QA expert
identification Classification results, 95% of the time

>

9 Concentrations of total phosphorus

©

s Numerical +1 ug/Lor must fall within 1 pg/L or +5% of

8 | Total phosphorus 959

E phosphoru Estimate +5% % duplicate measurements, 95% of the
time

. Percentages of moisture content
. Numerical o .
Moisture content . 3% 95% must fall within £3% duplicate
Estimate .

measurements, 95% of the time
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Once again, project planners are advised to work closely with a statistician when determining
acceptance criteria. These criteria should be stringent enough to protect against errors that adversely
affect interpretation of the data. Poor precision could mean that assumptions made when developing
the sampling design are not being met, resulting in weaker than expected statistical power. A systematic
error could directly affect the comparison of results to a target threshold. Another way of saying this is
that the magnitude of the measurement error for a particular performance criterion or variable has the
potential to mislead or even mask accurate interpretation of true estimates and accurate understanding
of whether the project objective has been achieved. For example, if a routine field crew is able to
consistently achieve a minimum error tolerance objective of £10% when assessing percent cover of bare
soil, project planners should consider establishing a target change in % bare soil cover based on an
effect size that is substantially greater than 20% (i.e., the total width of a £10% error tolerance
objective). Doing so recognizes the possibility that, by chance alone, the routine field crew results could
demonstrate a bias toward an outer limit of the error tolerance even though the crew has successfully
achieved that objective.

As shown in Exhibit 3-5, tolerance and compliance
rate objectives can be applied to field and laboratory
measurements, as well as observer-determined
results. Note, however, that many of these
measurements are also well-suited for other types of

Observer-Determined
Measurement Examples
Transitory vs. Stable Variables

Transitory Variables:
e Species detection and identification

quality assessment strategies. When measuring total « Estimates of non-persistent herbaceous
phosphorus, for example, field crews may be asked ground cover
to collect extra volume for a certain percentage of e Plant or animal surveys involving lethal

or destructive physical sampling

the field samples. The laboratory divides this extra i
Stable Variables:

Stationary and physical ecological
received, and two others that are spiked with a features such as tree canopy cover

volume into three aliquots - one that is analyzed as

known amount of phosphorus. After the spiked Stem density of persistent vegetation
samples are analyzed, measurement bias can be Frequency of plant species occurrence

determined by comparing the measured value to the Soil texture

theoretical “true” value (which is based on the
known amount spiked into the samples), and
precision can be evaluated by comparing the relative percent difference of the measured spike values.
Such use of spiked and duplicate samples is a common means of evaluating measurement error in the
laboratory. For large projects involving multiple sampling events and analytical batches, these QC data
can be included in assessments of overall accuracy. Strategies for assessing the quality of these types of
measurements are widely addressed elsewhere and, therefore, are not the focus of this guidance.

As noted previously, observer-determined results often target variables that represent ecological
phenomena that are considered transitory in time and space. If monitoring of transitory variables is
required, project planners should consider planning for the following activities:

e Conduct classroom or simulated field trials to estimate observer accuracy, bias and precision (and
for potential use in determining data quality acceptance criteria).
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e Use multiple routine field crew members (e.g., double-observer) to produce paired datasets for
assessing precision.

e Pair routine field crew members with experts to collect paired datasets that can be used to assess
accuracy and bias.

e Collect duplicate samples or retain samples to allow for repeated measurements to estimate
accuracy, bias and precision.

e Collect voucher specimens or samples to support observer-determined data, serve as standard
reference materials, and/or facilitate crew member training.

e Periodically assess observers’ ability to meet acceptance criteria.
3.4.3 Acceptance Criteria for Representativeness, Comparability, Completeness and Detectability

Also discussed in Section 2.5, there are the commonly accepted DQIs of representativeness,
comparability, completeness and detectability.

Representativeness is determined by the degree to which data represent the characteristic of a
population being assessed (EPA 2002), and planning teams should strive to ensure sampling designs are
based on sampling units that represent the population of interest. Failing to do so can have devastating
consequences on the utility of the data collected, regardless of how precise, unbiased and accurate the
data may be. Selection of unrepresentative streams in the Pacific Northwest, for example, was shown to
be a contributing factor in the subsequent collapse of the salmon stocks, as only high quality streams
that were not representative of all streams in the region were selected for monitoring. Unaware of this
inadequacy in their sampling design, fishery managers overestimated the overall productivity of the
region’s salmon stocks, leading to decisions that ultimately failed to protect the resource (Siitari, Martin

and Taylor 2014). Similarly, if a certain plant species is known to be uncommon in a project area but the

abundance recorded is high, those data should be confirmed through the collection of voucher
specimens or additional sampling within the overall study area (Stapanian et al. 2016). Plant images also

can be used for authentication by experts and can be sent as attachments to text messages to expedite
identification or verification of the species.

Comparability expresses the confidence with which the data can be compared to or combined with
other data collected using similar procedures. Within a given project, comparability among crew
members and over time can be achieved by thorough training and strict adherence to standard
operating procedures (SOPs), as described in Chapter 4.

e In some cases, it may be possible to combine datasets that were generated using different methods,
but comparability of the methods should be carefully assessed before doing so. Field calibration
studies that include evaluations of the quality (e.g., precision and accuracy) of data generated by
multiple methods are a useful means of evaluating comparability. One such example is an
interagency calibration study (described in Section 4.4.1) that was designed to compare Lake Erie
fish abundance estimates generated by multiple agencies using different SOPs and trawl vessels
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(Tyson et al. 2006). Results of that study provide a means for adjusting data collected by some of the

agencies based on a procedure designated as the “standard” while also preserving each agency’s
ability to continue using procedures that are consistent with their own historical data.

e Another important consideration for ecological restoration projects is the comparability of
taxonomic data. In general, project planning teams can promote comparability by using the most
current and regionally accepted taxonomic systems. In some cases, however, it may not be possible
to crosswalk historic taxonomic data with current keys, particularly when certain taxa have been
split into multiple groups; in such circumstances, datasets need to be maintained at the lowest
possible taxonomic resolution that is consistent between historic and current data.

e Forlong-term monitoring projects, the project planning team needs to consider and implement
strategies that will allow older baseline monitoring data to be compared with monitoring data
gathered using updated methods or taxonomic systems. In the context of long-term monitoring
projects, planners also may discover that historical datasets used to define baseline conditions have
become less comparable due to changes in the stability of conventional indicators of condition or
health as a result of climate change or other impacts on the ecological system of study. For example,
measures such as floristic quality index (FQI) and other indicators of biotic integrity (IBls) developed
in relation to existing disturbance regimes may become less comparable (and potentially less
relevant) moving forward in time.

Completeness is the proportion of collected data that can be considered valid and usable relative to the
amount required in the sampling plan, with the remainder considered as missing. The concepts of
“valid” and “usable” may vary depending on project objectives and the user of the data. Sampling
designs often require a certain number of samples to ensure that sampling objectives related to Type 1
and Type 2 errors can be met. Logistical and safety considerations or unplanned events (e.g., flooding)
can limit the ability to collect all monitoring data as planned. In other words, (1) a minimum number of
results are often required to provide the statistical power needed to support restoration project
decisions, and (2) logistical, safety, or other considerations may prevent the required number of samples
from being obtained. In addition to the amount of data that could not be collected or used,
completeness also can be affected by the nature of invalid or missing data and whether they are
“missing at random.” A large number of missing observations from the same subarea or time of day
could limit the representativeness of the data, even if the overall completeness goal (based on total
number of samples and measurements) was met. Project planning teams should mitigate these types of
problems by pre-determining contingency measures that can be taken to ensure that the minimum
amount of useful data needed to support decision making is obtained. Examples might include
proactively identifying alternate sampling strategies or one or more “backup plots” to be sampled in
case planned study plots cannot be accessed.

Detectability is a measure of the sensitivity and specificity of the sampling design, measurement
procedures, instrumentation and/or data collection personnel in detecting true differences in a target
variable at ambient levels or when the measurement or observation of a target variable is dependent
upon detecting the true occurrence of a rare, cryptic or secretive organism. Detectability is typically
expressed as a minimum absolute value (“lower detection limit”) or as an estimate of probability
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between zero and one (“probability of detection”). The ability to correctly identify the true presence or
absence of an ecological condition (e.g., species presence/absence, disease prevalence, water quality
impact) is represented by the combined attributes of measurement sensitivity and specificity.
Measurement sensitivity, also called the true positive rate, is the proportion of positives correctly
determined as positive (e.g., the field crew correctly detects the true presence of species X or the true
proportion of water samples that are impacted by a disturbance). Measurement specificity represents
the proportion of accurately determined true negatives or, in other words, the proportion of negatives
or absences that are correctly identified as negatives or absences (Gitzen 2012; Drew, Wiersma, and
Huettmann 2010).

Exhibit 3-6 provides examples of suggested acceptance criteria for the DQls of representativeness,
comparability, completeness and detectability, when estimating areal cover of plants.

Exhibit 3-6. Example Acceptance Criteria for Representativeness, Comparability, Completeness and

Detectability for Plant Cover Data

Data Quality Indicator | Example Acceptance Criteria

All recorded plant species and their frequencies of occurrence accurately
. reflect those typically found throughout the study area of interest. A

Representativeness . . .
cumulative species-area curve will be generated and evaluated to

determine minimum sample-size requirements.

c bilit All individuals collecting data have been trained, certified and determined
omparabili
P y competent to implement SOPs according to the project quality objectives.

Valid and usable data are collected and reported for at least 95% of the
Completeness . . . .
sampling units for each sampling period.

. Targeted species presence and absence, regardless of abundance, are
Detectability

correctly detected 95% of the time.

As noted previously, representativeness, comparability and completeness must be built into the
sampling design through careful selection of the locations to be sampled, number and size of the
sampled plots, and procedures used by the field crews. Detectability is similar, in that a poorly designed
study or a poorly trained crew may be incapable of detecting the presence or absence of a targeted
species or condition. The need to design the sampling strategy around these four DQls, however, does
not preclude the development of qualitative or quantitative data quality acceptance criteria for each. As
shown in Exhibit 3-6, it is possible to establish quantitative acceptance criteria for representativeness,
completeness and detectability. The table also presents examples of qualitative criteria that can be used
to verify that requirements designed to promote representativeness (i.e., a statistically sound sampling
design) and comparability (i.e., confirmation of crew competency) have been met. In some cases,
development of quantitative criteria for comparability also may be possible. Each ecological restoration
project is different, and the acceptance criteria used to ensure that collected data are of sufficient
quality should be uniquely tailored to specific project needs.
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Graded Approach to QC

When selecting acceptance criteria and corresponding QC checks (described in Chapter 5),
project planning teams should consider adopting a graded approach (Section 2.3) that:

¢ Reflects the unique circumstances of their project, and

e Strikes an appropriate balance in the cost of quality equation (Section 2.2) such that the cost of
QA/QC practices needed to ensure conformance with project requirements does not outweigh
the costs of non-conformance (e.g., unreliable data, further degradation or wasted resources
arising from incorrect conclusions).

3.4.4 Stepwise Procedures for Determining Acceptance Criteria

We concluded the previous section by advising project planning teams to establish acceptance criteria
that are tailored to the unique needs of their ecological restoration project. In this section, we suggest
the following simple, stepwise approach as guidance for determining these acceptance criteria:

1. State project and sampling objectives in quantitative terms (SMART restoration project objectives
and associated sampling objectives) as described in Sections 3.2 and 3.3.

2. List and describe each planned observation or measurement (i.e., target variable) and its units for
data collection.

3. For each of these observations or measurements, identify the DQls (i.e., precision, bias, accuracy,
representativeness, comparability, completeness and detectability) that will be used to evaluate results.

4. For each planned observation or measurement, state the acceptance criteria associated with each
DQl. These acceptance criteria should be stringent enough to control measurement error while also
being achievable by properly trained staff using well-defined procedures.

5. Describe how quality will be evaluated. Refer to Chapter 5, Quality Control during Data Collection,
for a discussion regarding tools such as calibration plots, hot checks, cold checks, blind checks and
precision checks to evaluate data quality.

An example of how this stepwise procedure might be followed is shown in Exhibit 3-7. For illustrative
purposes, this example builds on the first example project and sampling objectives presented in Exhibit
3-3. As noted in the exhibit, it is important not only to select acceptance criteria for each DQI, but also to
determine how these acceptance criteria will be evaluated during and after data collection.
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Exhibit 3-7. Example Stepwise Procedure for the Selection of Acceptance Criteria for an Ecological

Restoration Monitoring Effort

Step

Example Approach to Accomplish This Step

1. State
objectives

Project Objective

Restore native willow to an average stem density of 2.5
/m? along 1,000 linear meters of riparian shoreline within
the toe and transition zones after 2 years.

Sampling Objective

The results of this monitoring effort will demonstrate the
achievement of a mean density of 2.5 stems/m? (with 90%
certainty or statistical power when, in fact, it is at least 20%
greater than the target) along 1,000 linear meters of riparian
shoreline within the toe and transition zones after 2 years,
and with a 5% chance (a) of incorrectly concluding that the
2.5 stems/m? objective was reached when it, in fact, was
not.

2. Identify target
variables and

Observations and

Willow stem density will be measured on thirty (30) 1m x
3m rectangular plots with plot markers geo-referenced

cor:respondlng Measurements using sub-meter accuracy GPS equipment.
units

3. Identify the Precision Defined collectively in terms based on error tolerance +
DQls that will | Bias frequency of compliance for each variable of interest.
be used to Accuracy
define data . The degree to which data will represent the characteristic
quality and Representativeness of the population being assessed.
determine The confidence that data collected in the project can be
usability Comparability compared to or combined with other data collected for

similar purposes.

Completeness

The amount of valid data obtained from the project
compared to the amount that was expected to be obtained
under correct, normal conditions.

Detectability

The sensitivity and specificity of the sampling design,
measurement procedures, instrumentation and/or data
collection personnel in detecting true differences in a target
variable at ambient levels or when the measurement or
observation of a target variable is dependent upon detecting
the true occurrence of a rare, cryptic or secretive organism.
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Exhibit 3-7. Example Stepwise Procedure for the Selection of Acceptance Criteria for an Ecological

Restoration Monitoring Effort

Step Example Approach to Accomplish This Step

Precision Willow Shrub ID (Genus and criteria):

Bias

e Genus (Salix) Level: 100% correct (error tolerance) 95% of
the time (frequency of compliance)

e Species level: 100% correct (error tolerance) 90% of the
time (frequency of compliance)

Willow Shrub Stem Count: £10% (error tolerance) 95% of the

time (frequency of compliance)

WGS84 GPS Position: Latitude/Longitude Horizontal

Accuracy within 0.5 meter (error tolerance) 95% of the

time (frequency of compliance)

Accuracy

Error Tolerance and
Frequency of Compliance

4, Select

acceptance
criteria for Representativeness

Data are obtained in accordance with a statistically sound
sampling design, are complete and meet minimum data
quality acceptance criteria for precision, bias, accuracy and
each DQI detectability.

Data are determined to be representative and have been
collected using equivalent procedures.

A minimum of 95% of plots provide valid data for each
target variable.

Willow Shrub ID: Species level ID correctly identified 90% of
the time when willow is truly present or not identified when
truly absent.

Willow Shrub Stem Count: A basal stem is counted 95% of
the time when it is truly present, regardless of abundance,
or is not counted when truly absent.

Precision Conduct QC field checks (described in Chapter 5) for each
target variable to estimate within- and between-crew
precision, bias and accuracy and compare to established
Accuracy acceptance criteria.

Obtain independent statistical review of sampling design,
verify specified procedures were followed, and verify that
acceptance criteria for precision, bias, accuracy and
detectability were achieved for each target variable.

Comparability

Completeness

Detectability

Bias

5. Describe how | Representativeness
achievement

of - - -
o Verify that data are representative and were collected using
acceptance Comparability .
S equivalent procedures.
criteria will

Calculate percent completeness among plots for each
sample year to determine the amount of usable data (see
Chapter 6) meeting or exceeding data quality acceptance
criteria.

Evaluate QC data to estimate false positive and false
Detectability negative rates for each target variable and compare to
established acceptance criteria.

be evaluated
Completeness
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3.5 USE OF EXISTING DATA

Nearly all ecological restoration projects rely on existing data to facilitate project planning or to
supplement data collected by the project team. The term existing data refers to any data that were not
directly and specifically generated to support the purpose or decision at hand. This may include data
obtained from the published literature; data obtained from other divisions within your organization;
data obtained from other federal, state, or local agencies; and even data collected by your own
organization for a completely different purpose. (See Exhibit 3-8 for additional examples.) Other
commonly used terms to describe existing data include “acquired data,” “data from other sources,”

” u

“historical data,” “secondary source data” and “tertiary source data.”

Exhibit 3-8. Examples of Existing Data

e Data collected by or for someone other than your organization and not under your organization’s
control

e Data collected by your organization or others for a purpose other than the current intended use
e Data published in the literature

e Voucher samples or specimens collected during prior studies

e Models and results from models developed by other organizations or for a different purpose

e (Queries of states, organizations, trade associations, etc.

e Includes, but is not limited to, any of the following data that were not generated by or for your
organization to support the decision at hand:

O GISdata 0 Landuse data
Maps O Field or laboratory results
0 Classification of habitat types 0 Conceptual ecological models
0 Economic and statistical data 0 Census data
0 Citizen science/crowd sourcing (e.g., eMammal, eBird, iNaturalist)

In many cases, existing data may be the only data available to determine historical or baseline
conditions of the ecosystem being restored or monitored. In other cases, a different organization may
already be gathering data similar to the data you need to support your project. Appropriate use of
existing data can save time, money and other resources. Appropriate use, however, requires careful
planning and subject matter expertise to ensure the data are both relevant and of sufficient quality to
meet the needs of your project.

When conducting your own data gathering activities, you design the project in a way that focuses on
collecting exactly what you need, the way you need it; in doing so, you are able to consider each of the
DQls described above (i.e., precision, accuracy, representativeness, comparability, completeness and
detectability) and build them into your study design. This is not the case with existing data, and
information about these indicators is often not published with the dataset. Even when information is
available to demonstrate that data are of sufficient quality for their originally intended use, careful
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investigation of the methodology that was used may indicate that the data, while good, are not directly
relevant to or appropriate for your project needs.

The DQI that is of particular critical concern when

considering the use of existing data is - Tip -

- - EPA’s Assessment Factor Guidance: A Summar
comparability. Are the existing data comparable of General Assessment Factors for Evaluating !
to the primary data collected? Common factors the Quality of Scientific and Technical
to consider when evaluating this comparability Information (EPA 2003b) is a helpful resource for
. L planning how to evaluate the quality and
include, but are not limited to, the methodology relevance of existing data.

used, timing, location, target populations,
measurement error, and detection, quantitation
or reporting limits. For example, imagine that you are designing a program to monitor the long-term
effectiveness of ecological restoration projects in a geographically large area (e.g., coastal wetlands of
western Lake Erie). It may be helpful to identify existing data that describe baseline conditions in the
area, but it is also critical to ensure that the existing data are available on a geographic scale that allows
for detection of statistically-significant differences over the time period of interest. As another example
of geographic comparability, it is essential to verify that the location is correct if secondary data will be
combined with more contemporary data by geographic coordinates. Plotting the points on a digital high-
resolution map prior to use helps ensure that the data were actually collected in proximity of the
current restoration project area.

Similarly, if different methodologies were used to collect the existing data than are planned for primary
data collection, it could produce a systematic bias that leads to an erroneous conclusion that there was
a change in the baseline condition when there was not (a Type 1 error). It may be beneficial to examine
the methods used in past monitoring efforts and, if found to be acceptable, adopt the same methods for
the current project. Doing so helps managers of new monitoring efforts protect project resources and
alleviates the data comparability problem.

From a quality perspective, it is tempting to assume that data from the published literature and or
government databases are reliable. Unfortunately, this is not always the case. Articles published in peer
reviewed journals are often retracted, and even more are “corrected” after publication (Fang, Steen and
Casadevall 2012). Even if an article has been corrected, the original version is often widely available. A
2012 study of 1,779 articles published in MEDLINE between 1973 and 2010, and subsequently retracted,
revealed that 289 of the articles were still available on a non-publisher website; 27 of these were available
in multiple locations (Davis 2012). Transparency and completeness also are concerns when relying on
secondary data. In November 2015, researchers reported that they examined 100 studies in seven leading
evolutionary and/or ecology journals with policies that require researchers to publicly archive data
necessary to replicate study results. The research team found that more than half of the archived datasets
were missing data or contained insufficient metadata (Roche et al. 2015). Data available in government

databases also may require some investigation to verify they are of sufficient quality for your use. Some
government databases capture data that are reported to the government by regulated entities, rather
than data that have been generated and carefully evaluated by the agency that manages the database. In
other cases, results may reflect average values compiled from multiple sources rather than independent
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measurements or observations (Kelly and Walters 2014). It is important to understand the impacts of such

data manipulations on your project objectives. For these reasons, we recommend that users investigate
existing data carefully to fully understand what is being reported; in many cases, this may require
contacting the authors or managing agency for additional information.

Planning how you will use existing data is no less important than planning how you will collect new data,
and the remainder of this section describes strategies to consider. While they may require a greater
investment up front, these strategies are designed to reduce overall project costs by avoiding resources
wasted in gathering existing data that, at best, are not useful and, at worst, can lead to inaccurate
conclusions or inappropriate actions. An added benefit is that these strategies can increase the
comparability and transparency of your project (Kelly and Walters 2014).

Identify and document your project objectives. Note that this strategy (along with many others) also is
required when planning to collect new data (see Sections 3.1 and 3.2). It is not possible to identify and
gather the data you need without first knowing your project objectives, including any decisions that
need to be made and the risks of reaching an inaccurate conclusion.

Determine and document the type of data you need and where you might find them. This seemingly
simple activity actually involves a number of steps to ensure that your efforts are focused only on data
that will directly support your project needs. These include:

o Data Needs: Prepare a detailed list of the specific data elements needed to support the project
goals and objectives, and describe the scope of each element. For example, if you anticipate needing
data that reflect a full range of conditions (e.g., multiple seasons, multiple species), include such
details in your project plan. If your project includes development of one or more databases to
capture existing data from other sources, identify and define each database field. The intent is to
ensure that all individuals involved in data gathering and handling understand exactly what data are
needed and to avoid misunderstandings about what a particular data element means.

e Potential Data Sources: Identify potential sources of existing data that that might support your
project objectives. Examples include topographical maps, photographs, land use databases, data
from studies previously conducted in the area of interest, meteorological data, published literature
sources, etc. If literature searches are required, describe the search engines that will be used and
key search terms. If databases will be used, describe each database in terms of who developed and
operates it, the type of data it contains, and any search/query parameters to be used when
extracting data from that source. Similarly, describe any other potential sources of data and the
rationale for considering or using them. If you plan to obtain data by contacting specific individuals
or organizations, document these plans.

e Potential Data Constraints: Identify any legal, security or other restrictions that might limit your
application of or access to the data you need, and determine if these constraints can be resolved.
Geospatial and remotely sensed data typically are made available with associated metadata
documentation that can provide very detailed descriptions. Metadata often define use and/or
application constraints that may include statements qualifying any limitations based on temporal
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variation, sensor detection limits, atmospheric or location error, or an inappropriate maximum
scale of application. Other constraints associated with geospatial or remotely sensed data may
relate to lack of “ground truthing” or other applications (e.g., simulation modeling) used to
validate model results.

e Criteria for Selecting Data Sources: If you are able to identify a number of potential data sources,
define criteria that you will use to determine which sources are most likely to meet your needs
and prioritize their use. These source selection criteria will vary according to the unique needs of
your project; examples include the comparability, reliability, applicability, format, access
constraints, or even the quantity of data available in the candidate source. Regardless of the
criteria you choose, explain the rating system that will be applied. For example, a project team
may choose to use the age of the source as a criterion for applicability, with a qualitative rating
scale in which data that are less than 3 years old are rated high, data between 3 and 8 years old
are rated medium, and older data are rated low because they may be less representative of
current conditions. As another example, the project team may apply a rating approach to the
format of the data source, with electronically available sources rated higher than sources
containing data that must be entered manually.

e Data Value Selection Strategy: Once you have screened potential data sources, you may find that
several of the sources yield values for the data element(s) you need, only one source provides
values for the data elements of interest, no sources yield values for the data elements of interest, or
some sources address multiple data elements of interest. Therefore, it is helpful to define and
document criteria and procedures that your project team can use to determine which value(s) are
most appropriate for use. For example, if water quality measurements are available for your project
site, and these data represent state monitoring results as well as volunteer monitoring data, will you
prioritize one set of values over the other or capture all of these data?

e Resolution of Data Gaps: Projects that rely on existing data are often cyclical because it is difficult to
gather all the data needed in a single step. This is true whether the existing data are being used for
project planning purposes (e.g., to determine baseline conditions or determine project scope) or
during project implementation (e.g., to fill gaps in data that will be collected by the project team).
Initial data gathering efforts often yield important information, but also (1) leave gaps for data that are
not available or could not be located and/or (2) reveal additional data needs that were not previously
considered. For this reason, it is useful to establish a process that the team can follow to identify and
address those gaps. Doing so during the planning stage will help the project team prepare for rather
than respond to unanticipated data needs during or after project implementation.

e Documentation and Recordkeeping: We recommend that you also plan how you will document the
results of your source selection process, including any sources that you decided against using and
the rationale for not using them. Failure to do so can lead to accusations of “cherry picking” the
data. This is especially important for projects that may face legal challenges and federally-funded
projects that are subject to Data Quality Act requirements.
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Identify and document how you will manage the data you gather. In most cases, data gathered from
different sources reflect a variety of formats, reporting conventions, and other differences that require

manipu
identify
membe

lations to make the data suitable for use in your project. The project planning team should
standard conventions and data handling procedures in advance to ensure that all project team
rs understand and implement what is necessary to achieve project objectives.

e Standardization of Data Elements: Data gathered from multiple sources are often presented in

different units and may be associated with a data element code or identity based on different

nomenclature systems. Examples include, but are not limited to, the following:

(0}

Some datasets may present spatial data in degrees, minutes and seconds, while others present
the same information in decimal degree format. Additionally, latitude and longitude values can
be based on different geodetic systems. The most widely used is World Geodetic System (WGS),
used by the Global Positioning System and last updated in 2004 (WGS 84, also known as WGS
1984, EPSG:4326). Earlier schemes included WGS 72, WGS 66, and WGS 60. Positional data
extracted from existing sources that predate implementation of the 2004 standard will likely
need to be converted to ensure data comparability, as will data extracted from sources that use
an entirely different system.

Taxonomic nomenclature is a common type of data element in ecological restoration. In order
to standardize the representation of species taxonomic identification within and across data
management systems, the use of standardized numeric codes (e.g., Taxonomic Serial Number
maintained by the Integrated Taxonomic Information System (ITIS)), alpha-numeric codes (e.g.,
Symbol Code maintained by the U.S. Department of Agriculture (USDA) Plant Database), or
alpha codes (e.g., “alpha-code” listing maintained by the American Ornithologists Union (AOU))
can facilitate accurate comparisons and data element documentation. In addition to
standardization of taxonomic codes, project teams also may need to consider inconsistencies in
taxonomic resolution. Example considerations include using the lowest common resolution
among available datasets, excluding data that are not at the appropriate resolution, or using
multiple resolutions with appropriate adjustments to indicators or metrics.

Chemical data are often reported using different nomenclature, including trade names,
International Union of Pure and Applied Chemistry (IUPAC) names, Chemical Abstract Service
(CAS) names and CAS numbers. Project teams should standardize nomenclature to harmonize
organic and inorganic chemical data that may be gathered and used in the project. For example,
including a CAS number field in every record containing chemical data provides a means for
comparing data for the same compound from different sources, even when each source uses a
different naming convention.

Project teams also should identify the standard units that will be used for each data element
and the specific processes that will be used to make any necessary conversions or comparisons.
In doing so, project teams should consider simple imperial/metric conversions (e.g., ounces to
grams) as well as the practical ability to convert all units and element identifiers to a common
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standard. For example, some chemical results may be reported in wet weight, while others are
reported in dry weight; these results are not directly comparable without additional information
that may or may not be available.

e Data Capture: Planning activities should include consideration and documentation of the processes
that will be used to manually enter data obtained from existing sources (i.e., data entry), and/or to
merge or upload data from existing electronic sources into the project database. Both types of
activities provide ample opportunities for error, including transcription errors associated with data
entry and large-scale errors that can arise during file transfers when delimiters are not properly
placed. Data gathering activities should include steps to both mitigate these problems and verify
that errors have not occurred.

o Data Storage and Manipulation: Project planning teams should identify how existing data and its
associated metadata will be stored, who will be responsible for access and maintenance, and how it
will be incorporated with other project data. This includes documenting the hardware, software and
personnel requirements for managing and incorporating the existing data into the project, and the
quality management strategies that will be employed to ensure the integrity of the data is not
compromised during data storage, access/retrieval, updates or other manipulation. Additional
guidance regarding management of project data is provided in Appendix A.

Incorporate data quality validation and data analysis. After all data have been screened, gathered and
entered into the database, it is important to examine the overall dataset to confirm it supports the
project objectives, and document any quality issues associated with individual or overall results. In some
cases, the gathered data may not meet your original quality objectives, but are the only data available. If
such a situation arises, it is important to document the data limitations and their associated impacts on
data analysis and the resulting decisions or conclusions (e.g., in planning documents, internal project
files, data review files and final reports). Chapter 6 provides additional information on data review and
documentation strategies.

The project team also should determine and document exactly how the existing data will be used to
support project decisions. This includes identifying and explaining what calculations will be performed
(e.g., mean tree diameter, % change in crop cover), the exact data that will be used to perform these
calculations, and the methodology for making the calculations. If calculations will be performed after
elimination of data outliers, the project plan should define how outliers will be determined and the basis
for their exclusion.

Assess the process. Finally, the project team should consider mechanisms that can be used to verify that
data are located, extracted and validated in accordance with the project plans. For example, it may be
helpful to include periodic assessments of any existing data that have been selected by the team to
verify that decisions regarding the utility of the potential data sources, methods for documenting the
data sources, and any data quality issues are appropriate. Similarly, it may be helpful to implement
manual or automated queries that are designed to help identify errors that might arise from electronic
data transfer processes.
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3.6 PLANNING FOR DATA COLLECTION - CHECKLIST

The checklist below provides a summary list of overarching principles and aspects that should be
considered and implemented when planning for data collection activities. As with any checklist, the
listed items should not be interpreted or applied without comprehension of the supporting information.
Users of this checklist are encouraged to read and understand the corresponding details that are
provided throughout this chapter, and to implement these details using a graded approach that is
commensurate with a project’s scope, importance and available resources.

PLANNING FOR DATA COLLECTION — CHECKLIST

[] Define restoration project goals.
[J Consider project location, land ownership, restoration targets, current and desired condition,
anticipated benefits of restoration, and expectations of funding resources.
[J Develop succinct and clear project goals that include the:
O subject or resource of concern (e.g., species, biotic community, ecosystem process,
habitat);
O corresponding attribute (e.g., species diversity, population size, process function);
O conceptual target condition of the attribute (e.g., optimum, proper, natural, maximum);
and
O action to be taken relative to the target (e.g., restore, provide, achieve).
[J Include short-term, mid-term and long-term goals.
[ Ensure goals are realistic (i.e., achievable given site conditions and available resources).

[1 Define restoration project objectives.
[ Evaluate and have a clear understanding of the project goal.
[J Assess biotic and abiotic pre-restoration conditions, and develop a conceptual model.
[J Define restoration project objectives for each subject or resource of concern in the project goal.
O Ensure each objective is specific, measurable, achievable, results-oriented and time-
sensitive (SMART).
O State each objective as either a targeted change from a baseline condition or the
achievement of a threshold.
O Specify the direction and quantity of change desired, pinpoint the specific geographic
area, and identify a timeframe.

[] Establish sampling objectives.
[1 Consider and have a clear understanding of the project goal and objectives.
[] Determine the effect size (size of change) that will be used to evaluate success and consider
the risk of Type 1 and Type 2 errors.
[J Ensure each objective clearly specifies 1) the degree of change that must be detected to
define project success, and 2) the degree of certainty needed when stating that the change
has been detected.
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PLANNING FOR DATA COLLECTION — CHECKLIST

O

O

Determine data quality acceptance criteria.

[J Determine the types of data that will be collected (e.g., categorical, numerical), along with the
specific data and corresponding units.

[] Determine the data quality indicators (DQIs) that will be used to evaluate data quality (i.e.,
precision, bias, accuracy, representativeness, comparability, completeness and detectability).

1 For each DQJ, determine data quality acceptance criteria that are

O Stringent enough to control error, and

O Achievable by properly trained staff using well-defined procedures.

Determine how DQIs will be evaluated using the acceptance criteria (i.e., what methods and

data will be used).

O

ill existing (secondary) data be needed to support project planning or decisions? If yes,

Identify the type(s) of data needed.

Determine criteria that will be used to select existing data.

Identify and select sources of existing data.

Evaluate existing data for use.

O Are the data comparable to the primary data (e.g., similar or identical methodology used,

location, target populations, measurement error, reporting units and limits)?

O Are the data transparent, complete and understood in the context of your intended use?

L1 Are the data of sufficient quality for your intended use?

OO0o0ods

3.7
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CHAPTER 4 PREPARING FOR DATA COLLECTION

In Chapter 3, we focused on QA strategies for developing a monitoring program designed to evaluate
the effectiveness of ecological restoration activities and help guide future decisions. These strategies
begin with carefully defining specific, measureable, achievable, results-oriented and time-sensitive
(SMART) project objectives that support the overall restoration project goals, followed by development
of sampling (monitoring) objectives and a monitoring program designed to determine if the desired
change has occurred within acceptable limits of uncertainty (error). We noted that sources of
uncertainty include the sampled population itself (largely addressed through the monitoring program’s
sampling design) and the data collection processes used. We also recommended that project planning
teams identify data quality indicators (DQIs) and corresponding acceptance criteria as QC tools to define
and control measurement error. In this chapter, we build on the planning foundation laid in Chapter 3
by describing a suite of QA strategies that project planning teams should address before crews are
deployed to the field. These include:

e identifying, developing or modifying standard operating procedures (SOPs) that are tailored to the
needs of the monitoring program (Section 4.1);

e verifying that personnel who will be responsible for conducting field activities have received training
and demonstrated competency in the activities they will perform before they are allowed to gather
data without supervision (Section 4.2);

e addressing site permit and other field logistics needs before the sampling season is scheduled to
begin (Section 4.3); and

e making arrangements for analysis of field samples by laboratories that have demonstrated
competency in performing the required determinations (Section 4.4).

4.1 STANDARD OPERATING PROCEDURES

Much of the data collected in support of ecological restoration projects is based on best professional
judgment, which is prone to measurement error due to subjectivity associated with observer
assessments, and the limited ability to quantify and/or control many environmental factors. For
ecological restoration monitoring to be effective, SOPs need to be accurate, complete, concise,
understandable and available to all project staff prior to data collection and handling activities. The
importance of well-written SOPs cannot be overstated; time and resources can be significantly impacted
by failing to provide these documents. Similarly, if SOPs are provided, but the instructions are not
appropriate, understood and followed consistently, the resulting data will likely be inaccurate and could
have significant impacts on the quality of results, conclusions and decisions.

In practice, SOPs may be identified alternatively, as manuals, methods, protocols, work instructions or
other names. These documents play a critical role in maximizing the quality of ecological restoration
monitoring data by:

e promoting efficiency;
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® minimizing miscommunication;

e helping ensure procedures are performed consistently by multiple individuals and over long periods
of time (both within and, where applicable, across projects);

e providing a basis for training staff;

e serving as references if confusion arises in the field or during data transfer, reduction, review,
extraction or analysis; and

° serving as references to data users.

Cumulatively, these SOP attributes increase confidence that (1)
Caution!

Even if SOPs fulfill all of the

) ) ) desirable qualities discussed in
actual changes are not masked by inconsistent or incorrect results this section, they are of little

(Oakley, Boudreau, and Humphrey 2001). A library of SOPs also value if they are not made

any changes detected in the variables being monitored reflect an
actual change stemming from the restoration activities and (2)

readily available to individuals
involved in data collection and

can serve as a useful tool for project planning teams. The

subsections that follow describe the influence they can have on documentation, personnel are
not trained in their use, or the

data quality, characteristics of effective SOPs, recommendations
procedures are not followed.

for evaluating and comparing existing SOPs to the project-specific

needs, and sources of example SOPs. Although these subsections
focus heavily on field and laboratory procedures, SOPs are not limited to data collection activities. For
example, the Quality Assurance Oversight Team (QAOT) governed by the Comprehensive Everglades
Restoration Plan developed an SOP document to guide QAOT members as they develop and implement
SOPs for a variety of procedures and activities.

(https://evergladesrestoration.gov/content/gaot/QAOT SOPs 020918.pdf) SOPs also are useful tools in
ensuring the consistency and accuracy of other data handling activities, including compilation of data

into project databases, and data review, assessment, and reporting. In general, any activities that are (1)
related to the collection, handling, or use of samples or data and/or (2) will be repeated over multiple
days or by multiple individuals are candidates for an SOP.

4.1.1 Influence of SOPs on Data Quality

As discussed in Chapter 3, project planning teams should identify DQls and corresponding acceptance
criteria to ensure that conclusions and decisions are based on accurate and reliable data; SOPs are a
critical tool for controlling data collection processes so that resulting data fall within these established
criteria. The influence of SOPs on the ability to meet acceptance criteria for the seven DQls identified in
Chapter 3 is discussed below.

Representativeness: Ensuring a high level of representativeness depends on designing a monitoring plan
that includes sampling locations that have been selected to accurately reflect the population of interest,
and careful selection or preparation of SOPs to implement that plan. Project planners should ensure the
SOPs allow for collection of data that are representative of the ecosystem being monitored by verifying
that the SOPs are (1) consistent with the project goals and the corresponding project and sampling
objectives (Chapter 3), (2) applicable to the project site locations, (3) applicable to the ecological
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community and the individual species of concern, and (4) applicable to anticipated ranges in
environmental conditions and associated spatial and temporal variability. Project planners may use
existing SOPs that have been previously developed for national, regional, or project-specific
applications, and adapt those SOPs as necessary to address the specific needs of their project.

Comparability: Many of the variables measured or observed in ecological restoration projects are
procedurally defined, meaning that each value is tied directly to the procedure used to collect it. For
instance, model results for fish population estimates can differ significantly depending upon whether
fish are marked and recaptured using electrofishing or netting. Even slight variations within each
procedure (such as the voltage used, the shocking time in electrofishing surveys or net placement) can
result in substantial variability. To ensure data comparability within a project, SOPs must be adapted or
developed, and followed consistently throughout the project. Strict adherence to SOPs across different
field crews, different field sites, and different seasons or years is important in meeting comparability
needs. Well-documented SOPs, including those used to select sampling site locations, can assist in
evaluating the comparability of data between different projects; an evaluation of the SOPs used can
determine whether the results collected can be appropriately compared.

Completeness: SOPs for field and laboratory activities typically include step-by-step procedures for
collecting samples or data, as well as forms for recording observations, measurements, and ancillary
information. Together, these are important tools in maximizing the percentage of collected data that
will be considered valid and usable. The procedures are designed to ensure collection of representative
and accurate data when followed correctly, and the reporting forms are designed to facilitate accurate
and consistent capture of data, including qualifying or ancillary information such as the date and time of
collection, weather conditions, and vegetative status of target plant species (e.g., flowering, fruiting,
senescence or die-back). Thus, when used correctly, SOPs can increase the chances of obtaining a
complete set of valid data consistent with the monitoring design.

Precision, Bias and Accuracy: Field and laboratory SOPs should include detailed, step-by-step procedural
instructions for all activities associated with collecting, handling and shipping samples, making
measurements and observations, and documenting results. Before using them in a project, the
procedures should be tested to verify that they are clear enough to be understood and applied
consistently by different people with different levels of experience. Such testing can help identify areas
that require further clarification to minimize bias and enhance precision and accuracy among project
personnel. SOPs also should (1) document the acceptance criteria that have been established, and (2)
identify the QC checks (see Chapter 5) or samples that will be used to evaluate whether the data
gathered meet the specified criteria.

Detectability: In many cases, the details provided in an SOP can have a direct impact on detectability.
Specific criteria for identifying a species, for example, will impact species counts. If the criteria include
descriptions or definitions for species identification that are either too limited or too broad, resulting species
counts could include false negatives (Type 2 error, or B) or false positives (Type 1 error, or a).
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4.1.2  Characteristics of Effective SOPs

Ecological monitoring protocols vary widely in both content and format, which leads to confusion about
the information they should contain and how they should be formatted (Oakley, Boudreau, and

Humphrey 2001). For the purpose of this discussion, we are referring to any detailed instructions that

are designed and implemented to ensure the uniformity and consistency of a specific activity or set of
activities. While there is no universally accepted format, good SOPs (or their equivalent) typically include
elements and topics such as those shown in Exhibit 4-1, and discussed below.

Exhibit 4-1. Recommended SOP Contents

UPFRONT CONTENT APPENDICES and
INFORMATION e Purpose, scope and applicability ATTACHMENTS
o Title e Schedule and timing of data collection o Data sheets,
e |dentification number | ® Health and safety warnings forms and
(e.g., SOP FS-34) e Cautions and interferences checklists
e Version number, e Required equipment and supplies e Reference
revision date, revision | ® Personnel qualifications and responsibilities tables/materials
history e Detailed procedures
e Name of the e QA/QC, including
organization 0 Type and frequency/timing of QC checks
e Table of contents 0 Acceptance criteria
e Acronyms, 0 Corrective actions
abbreviations, and e Data and records management (including data
explanations or entry; reporting units; data uploading, handling,
definitions of and storage)
uncommon e Pertinent references
terms/phrases e Charts and maps
e Graphic representations (e.g., diagrams,
illustrations)

Scope and Level of Detail: SOPs vary in scope from those covering a broad range of activities to those
targeting a single aspect of the project (e.g., field crew training, establishing and using sampling grids,
catching and processing specimens, transcribing data from field forms) or a particular data need (e.g.,
tree diameter measurements, species counts, laboratory analysis of samples for nutrient
concentrations). Regardless of their scope, SOPs should be written in a clear, concise manner that
provides an understanding of the processes and corresponding step-by-step procedures that can be
understood and applied by those involved in data collection, management and/or use.

Content: To ensure that data meet the quality criteria, it is essential that SOPs include detailed instructions
regarding implementation of the procedures as well as the use, maintenance and limitations of any
equipment. For example, if requirements regarding the location, time period and weather during which
bird species are to be identified and counted are not sufficiently specified or followed, the consistency
between results generated by multiple field team members will be compromised, with results potentially
duplicated or missed. In cases where equipment is used, SOPs should provide details regarding the
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equipment specifications, such as minimum optical quality requirements for binoculars, camera resolution,
recording quality and length, and minimum units of time.

Detailed step-by-step activities included in data collection SOPs often include the purpose, areal extent
and time period in which data are collected. If data are required for a specific set of plant species, for
example, the SOP should include the specific area of interest and the time frame during which the
species are expected to exhibit key features (i.e., flowers, fruiting bodies and leaf-out). Ideally, and as
shown in Exhibit 4-1, SOPs will include all corresponding QA/QC procedures, references, reporting
forms, units of measure, and quality objectives associated with any data collected. References should be
provided for specific field guides and taxonomic keys that will be used. When practical, some of these
guides may be included as actual attachments to the SOP, along with standardized field or laboratory
data forms.

SOPs should describe procedures for using forms or other data collection and reporting tools. As was
noted in Section 4.1.1, pre-developed, standardized field reporting forms are often helpful in ensuring
the completeness and comparability of project data, as they make it easier for field crews to collect the
appropriate data without forgetting or missing an important activity or data element. Laboratory
reporting forms can be similarly helpful in standardizing nomenclature, capturing all required data, and
presenting summary-level information. Standardized forms provide consistency within and between
different field and laboratory crews, and eventually aid in data verification and validation. Field data
collection forms often include reference pictures, charts, or tables that can be used to document
measurements and observations, and aid in subjective field assessments. For example, pictures of
percent ground cover or percent canopy cover can help in calibrating data collection across field crews
and across individual field staff. SOPs for ecological restoration projects that use portable data recorders
(PDRs) to streamline data capture should include detailed instructions regarding their use. These hand-
held electronic data recorders (including smart phones, tablets, and global positioning system (GPS)
technology) also can be programmed to include pick lists and QA/QC checks to ensure the data entered
are specific (e.g., assigned to one or more of a pre-selected list of options) and reasonable (e.g., within a
specified range of temperature or wind velocity). If used, these tools can significantly assist field
personnel in meeting acceptance criteria established for DQls.

In addition to items discussed above, SOPs can include checklists, equations, charts and maps,
definitions of numeric or letter codes, reference tables, and graphic representations, all of which
facilitate data collection and enhance data quality. Exhibit 4-2 provides examples of common
applications of these SOP items.

Exhibit 4-2. Example Applications of Selected SOP Items

SOP Items Example Applications

Documentation and records management, hiring, procurement and
Checklists preparation of equipment and supplies, field gear and equipment,
scheduling, training, and crew qualifications

Equations Tree height, tree basal area, horizontal distance, unit conversion
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Exhibit 4-2. Example Applications of Selected SOP Items

SOP Items

Example Applications

Charts and Maps

Plot map, including sub-plot, transect, and plot center coordinates;
ground cover density determination; vegetation count boundaries;
sampling rotations; species counts; land cover type(s)

Definitions, Keys and Codes

Decay class, ground cover substrate classification, % cover class,
branch density, soil texture, vegetation type, herbivory, crown class,
damage status and location, species abundance, sky conditions, wind
speed, background noise, bird detection type, detection symbols,
photograph descriptors, data queries

Reference tables

Soil material, environmental features, landforms, insects and disease-
causing agents, sampling point locations (and random sample
numbers), American Ornithologists Union (AOU) bird codes, U.S.
Department of Agriculture (USDA) Plant Database plant symbol codes,
National Land Cover Database (NLCD) Classifications

Graphic representations

Tree crown classes, tree form classes, sampling methods,
measurement methods, species identification, plant or animal
anatomy

SOP Identifiers and Version Control: Regardless of the format and exact content, all SOPs should be
treated as controlled documents with a specific assigned document number, version number, and issue

and approval date(s) to ensure that multiple users are following the same, current protocols. The SOP

number and/or abbreviated title, version number, and date should be captured on each page along with

the page number (preferably in a “page # of #” format). Ideally, project managers should complete the

following tasks:

e Include a brief “revision history” page that summarizes the changes made to each version of the SOP

(typically behind the title page or at the end of the document), which can help users quickly identify

areas in which the procedures have changed.

e Ensure that SOPs are peer reviewed and validated prior to use to verify that all procedures are

clearly understood, consistently implemented by multiple staff, applicable to the project at hand,

and expected to yield the desired results.

e Establish and implement a process for managing and distributing SOPs and other controlled

documents so that only the most recent approved versions of the documents are available for use,

which facilitates interpretation of the data and ensures consistency when there is a change in data

collection personnel.

e Maintain a log of the changes made to an approved SOP in the project files, which can provide

valuable information when comparing data collected during different time periods.
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4.1.3  Evaluation and Comparison of SOPs

Planning teams involved in selecting, modifying or developing SOPs need to balance efficiency with
sufficiency to ensure SOPs are logistically practical, are adequately informative, and facilitate
achievement of sampling and data quality objectives while avoiding the collection of redundant or
inaccurate data (Stapanian, Bur, and Adams 2007). Planning teams should evaluate SOPs prior to their

use to make sure all elements are addressed, activities pertaining to data collection and handling are
specified and appropriately detailed, and information about recently implemented procedures or
lessons learned has been incorporated.

In some cases, existing SOPs may be readily available for direct application to a project. In other cases,
SOPs will need to be developed, or existing SOPs will need to be modified (or partitioned from an SOP
designed for broader application) in order to meet the specific project needs, location, schedules,
resources and/or objectives (Stapanian et al. 2016). Depending on the unique needs of the project, the

planning team can evaluate existing SOPs to determine if they can be used as-is (particularly where
consistency with previous efforts is important) or modified to meet the specific needs of the project,
rather than creating SOPs from scratch.

As described in Chapter 3, acceptance criteria should be project-specific and driven by comprehensive
planning that includes restoration goals and corresponding project and sampling objectives. Therefore,
the elements of an existing SOP should not drive the QC acceptance criteria for the project. Instead, new
SOPs should be developed or existing SOPs adapted to reflect project-specific QC elements and
acceptance criteria. Although in some cases it may be advantageous to use QC criteria from existing
SOPs that are more stringent than needed, criteria should only be adopted if appropriate given the
sampling objectives, schedule and resources.

Although it might be preferable to have common SOPs
Existing SOPs

Using and adapting existing SOPs to
meet project needs can save time and
address a specific project or location. Three examples are money, and facilitate data

provided below. comparisons across multiple projects.
Project managers should ensure,
however that the SOPs used will meet
the specific needs of the project.

that can be used across similar projects, there may be
cases where an SOP could and should be enhanced to

e Field techniques for counting birds differ between
coastal areas, wetlands, and terrestrial environments.

e Gill netting, which is an effective way to assess
pelagic fish species populations in open lake waters, would not be practical (or effective) in shallow
littoral zones along a lake shore that would require consideration of alternative techniques (e.g.,
fyke-nets or seines).

e Western U.S. projects address trees that are typically larger than those addressed in other areas; the
U.S. Forest Service (USFS) has developed a big tree protocol to address this difference, allowing field
staff to remove the use of subplots and address only trees of a certain diameter within the entire
larger sample frame.
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Planning teams may decide to modify SOPs based on lessons learned. For example, an SOP for collecting
understory vegetation in the USFS’ National Forest Health Monitoring program originally included
estimating the proportion of cover from trees > 3 meters tall in a 1-m? quadrat. After the pilot season, it
was determined that the precision among crews was unacceptable, and the desired information could
be derived from other, more reliable measurements that were being collected at the same site.
Removing this measurement saved considerable time and money and provided a more reliable dataset
(Stapanian, Cline, and Cassell 1994, 11.1-11.44; Gartner and Schulz 2009, 55-78).

Similarly, planning teams may be confronted with a decision to switch to a newer, cheaper, faster or
more accurate procedure. While the decision to switch has obvious advantages, the impact of such
changes on the ability to evaluate long-term trends in the data should be carefully considered. Any
changes in data collection methodology should be documented and, if possible, a comparison study
between the old and the new procedures should be conducted to allow for interpretation of trends and
changes using data gathered with both the original and new methodology. Comparison studies are
recommended, particularly in cases where long-term use of a given procedure exists or is anticipated.
These studies can involve collecting data using both the new and old procedures for one or multiple field
seasons. While this will increase the costs and level of effort in the short term, it can provide huge
benefits in the long term. Before deciding to modify data collection procedures, planning teams should
consult with a qualified statistician and potential data users. In addition, and as noted above, a revision
history page should be included to summarize the changes made so that future data users can easily
identify and evaluate the impact of any changes that have been made over time.

In large-scale projects involving multiple agencies or parties, it may be impractical for the activities of all
participants to conform to the same SOP. In certain cases, results can be “corrected” or adjusted based
on a designated standard. An example is provided below.

e In western Lake Erie, catches from annual bottom trawl surveys conducted by several agencies are
used to estimate lake-wide abundances of yellow perch (Perca flavescens) and walleye (Sander
vitreum) (Forage Task Group 2013). Each agency uses a different vessel and different SOPs (e.g.,

combination of net configuration, trawling speed, and time the trawl is on bottom) that reflect
agency-specific procedures that have been used for decades. For this reason, combining results is
difficult, and an interagency calibration study was performed to address this challenge (Tyson et al.
2006). As a result of the study, one vessel was designated as the “standard” vessel, which allows
catches of yellow perch and walleye from the other vessels to be adjusted according to the catch
from the standard vessel. Consistency with each agency’s long-term data also is maintained because
the individual SOPs used by each agency were not changed.

Even in smaller scale projects (e.g., stream reach, coastal shoreline, estuary), certain circumstances may
prevent collaborators from complying with the same standards and procedures. Two examples are
provided below.

e Restoration of estuarine ecosystems that border two or more political boundaries (e.g., national,
state, tribal, county) may require collaborators to comply with policies regarding potential impacts
of sampling procedures that risk incidental take of regulated species or disturbance of historic
landmarks or archeological sites.
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e Physiographic differences between sampling locations may require an allowance for the use of

alternative equipment to quantify the same ecological variable. Examples include (1) use of

alternate fish-sampling gear as a result of differences in aquatic vegetation structure or water depth,

(2) use of alternate methods to monitor coastal wetland bird or amphibian populations across sites

that differ significantly in vegetation, or (3) wind or wave energy and its associated impact on

species detection while conducting visual and aural surveys.

In any case, it is imperative that differences in procedural standards among collaborators are clearly

described and documented for consistent application and implementation to ensure reproducibility and

to maintain minimum data quality standards that meet the data quality acceptance criteria.

4.1.4 Examples of SOPs

Exhibit 4-3 lists some of the types of SOPs that might be used to support the example projects discussed

in Chapter 3, Exhibit 3-3. Specific examples of sources of SOPs used in actual ecological monitoring

programs are provided at the end of this section.

Exhibit 4-3. Example Data Collection SOPs Needed to Support Sampling Objectives

Example Sampling Objectives (from Exhibit 3-3)

Example Corresponding SOPs

e Demonstrate achievement of a mean density of 2.5 stems/m?
(with 90% certainty when the true stem density is at least 20%
greater than the targeted 2.5 stems/m?) along 1,000 linear
meters of riparian shoreline within the toe and transition zones
after 2 years, and with a 5% chance (a) of incorrectly concluding
that the 2.5 stems/ m? objective was reached when it in fact
was not.

e Demonstrate a reduction in the rate of stream channel widening
(with 80% certainty when the rate is at least 80%) along 1,000
linear meters of riparian shoreline after 6 years, and with a 5%
chance (a) of incorrectly concluding that the rate has been
reduced when in fact it did not.

e Demonstrate an increase in migratory songbirds (with 80%
certainty when the increase is at least 40%) within the 1,000
linear meters of restored riparian habitat after 6 years and with
a 5% chance (a) of incorrectly concluding that the abundance
had increased when it in fact did not.

e Use of GPS and topographic surveys

e Plot selection and marking

e Field identification, measurement and
mapping of native vegetative species

e Monitoring vegetative cover

e Stream channel measurement and
monitoring

¢ Identification and monitoring
abundance of migratory songbirds

e Data collection and documentation

e Photographic image processing and
management
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Example Sampling Objectives (from Exhibit 3-3)

Exhibit 4-3. Example Data Collection SOPs Needed to Support Sampling Objectives

Example Corresponding SOPs

e Assess whether the relative cover of saturated soils has been

increased to greater than 50% within the project site after 2
years (and demonstrate with 80% certainty an increase greater
than 60%) with a 5% chance (a) of incorrectly concluding that
the relative cover has increased when in fact it did not.

Assess whether the total reed canarygrass cover has been
reduced to less than 10% across the 15-acre wet prairie after
eight years (and demonstrate with 80% certainty a reduction in
total cover to less than 5%) with a 5% chance (a) of incorrectly
concluding that the % cover has decreased to below 10% when
in fact it did not.

Assess whether the total cover of native wet prairie plant
species with floristic quality assessment (FQA) coefficient of
conservatism scores greater than 5 has increased after 12 years
(and demonstrate with 80% certainty if it has increased by at
least 75%) with a 5% chance (a) of incorrectly concluding that
the relative cover has increased when in fact it has not.

e GPSuse

e Plot selection and marking

e Prescriptions for herbicide or
mechanical control

e |dentification, measurement and
monitoring coverage of saturated soils

e |dentification, measurement and
monitoring vegetative cover, density,
species and abundance

e Geographic Information System (GIS)
data entry and analysis

e Voucher specimen identification and
processing

e Data collection and documentation

Assess whether the total cover of an established Emerald Ash
Borer (EAB)-resilient native woodland has less than 20%
representation by Fraxinus spp. after 6 years (and demonstrate
with 80% certainty when the composition is 10% or less); accept
a 5% chance (a) of incorrectly concluding that the cover
decreased to below 20% when in fact it did not.

e GPSuse

e Plot selection and marking

e Field identification and counts of native
vegetation

e Monitoring vegetative cover

e Photographic image processing and
management

e Data collection and documentation

The following examples are not intended to be an exhaustive list of all ecological restoration project

SOPs, nor are inclusions intended as a specific endorsement. The information is intended to provide

examples of SOPs, field manuals, and other formal protocol formats that may help planning teams in

designing SOPs.

The National Park Service provides a library of SOPs that are specific to ecological monitoring in the

Great Lakes, on the Great Lakes Inventory and Monitoring Network website:

http://science.nature.nps.gov/im/units/glkn/monitor. From this site, example protocols are

available for monitoring amphibians, climate, diatoms, water quality, land birds, land cover and use,

persistent contaminants and vegetation.

A National Parks Service protocol for monitoring land birds at two National Parks includes SOPs for

(1) preparations and setting up equipment before the field season, (2) training field crew members,

(3) using GPS, (4) establishing and marking sampling plots, (5) conducting variable circular plot

counts, (6) documenting habitat variables, (7) managing data, (8) analyzing data, (9) reporting

data/results, (10) storing equipment, and (11) revising protocols (Oakley, Thomas, and Fancy 2003).

http://science.nature.nps.gov/im/reports/index.cfm?tab=1#products
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The Great Lakes Inventory and Monitoring Network website,
http://science.nature.nps.gov/im/units/glkn/monitor/index.cfm, posts SOPs covering numerous

topics, including sampling designs, field preparation, hiring and training data collectors, locating
sampling points, conducting bird counts, monitoring vegetation, and data management and reporting.

EPA manages several surveys of the nation’s aquatic resources; each survey uses standardized field
and laboratory methods designed to result in unbiased estimates. Methods and manuals used in
each of these surveys can be found at the following links:

0 https://www.epa.gov/national-aquatic-resource-surveys/ncca for the National Coastal
Condition Assessment

0 https://www.epa.gov/national-aquatic-resource-surveys/nrsa for the National Rivers and
Streams Assessment

0 https://www.epa.gov/national-aguatic-resource-surveys/nla for the National Lakes Assessment

O http://water.epa.gov/type/wetlands/assessment/survey/index.cfm for the National Wetlands
Condition Assessment

Environment Canada has compiled a suite of protocols designed to help research teams detect,
describe, and report on ecosystem changes and promote standardized study designs, sampling
procedures, sample and data analysis, and reporting. These protocols are available at
https://ec.gc.ca/faunescience-wildlifescience/default.asp?lang=En&n=E19163B6-

1#Ecologicalmonitoringprotocols.

The U.S. Geological Survey (USGS) Forest Vegetation Monitoring Protocol for National Parks in the
North Coast and Cascades Network (2009) (https://pubs.usgs.gov/tm/tm2a8/pdf/tm2a8.pdf) includes
29 SOPs covering everything from records management through project data and posting, and

includes SOPs for hiring, orienting and training personnel; establishing and marking monitoring
plots; preparing information packets and equipment; recording visit details; measuring and
mapping; handling field forms; entering, verifying, reviewing and certifying data; developing
metadata; and debriefing and close out.

Wisconsin Frog and Toad Survey.
http://wiatri.net/inventory/frogtoadsurvey/Volunteer/PDFs/WFTS manual.pdf

Field and Laboratory Methods for using the MAIS (Macroinvertebrate Aggregated Index for Streams)
in Rapid Bioassessment of Ohio Streams.
http://www.epa.state.oh.us/portals/35/credibledata/references/MAIS training_manual 2007.pdf

Ohio Rapid Assessment Method for Wetlands Quality (Mack 2001).

Xerces Society-Bee Monitoring Protocol. http://www.xerces.org/wp-
content/uploads/2014/09/StreamlinedBeeMonitoring web.pdf

Published Bird Survey Protocol.
http://images.library.wisc.edu/EcoNatRes/EFacs/PassPigeon/ppv59n003/reference/econatres.pp59

n03.rhowe.pdf
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4.2 TRAINING AND CERTIFICATION OF FIELD PERSONNEL

Strategies to control the quality of ecological
restoration project data begin in the project
planning phase and continue throughout all phases
of the project’s lifecycle. Data quality is particularly
sensitive during the data collection phase when
personnel are involved in field sampling,
measurement and observation activities; these
personnel must have the basic skills and training
necessary to ensure they are able to safely and
accurately perform assigned tasks. Inadequately
trained individuals can increase data variability and
inflate measurement error, significantly impacting Wetland Vegetation Sampling; Environment Canada
project decision making and outcomes. This is particularly important for observer-determined data that
do not rely on a calibrated piece of equipment. Human observation can be subjective and variable by its
nature, and proper and continuous training is critical to ensure that data are collected based on
objective assessments. Even calibrated instruments can yield improper results when used by
insufficiently trained individuals. Ensuring that field crews are properly trained will increase project
efficiency and mitigate unanticipated adverse impacts on schedules and budgets. In general terms,
appropriate training consists of instruction, practice, and skills evaluation and/or certification prior to
data collection. If crew capabilities are not periodically assessed throughout data collection, initial
training should be supplemented by periodic refresher or “booster” training. Details regarding these
aspects of training are provided throughout this section.

4.2.1 Crew Qualifications

Many ecological restoration projects require field crew members to have a level of existing expertise
along with project-specific training. For example, bird surveys often require individuals who are experts
in detecting and identifying birds using refined visual and aural skills under less than ideal conditions;
studies have shown that human bias is one of the most noteworthy factors affecting the accuracy of
trend estimates for songbird populations (Kepler and Scott 1981, 366-371; Baker and Sauer 1995),

demonstrating the need for a well-trained and experienced field crew.

Some field data collection activities may require less expertise and skill than others. In forest surveys, for
example, assessing crown density (how much light is blocked by the tree crown) is challenging, and
focused, extensive training is required. In contrast, assessing crown dieback (estimate of mortality of
branches with fine twigs) is often easy for field crews and the percent of such observations within a
project’s error tolerance limits is usually good. The USFS Forest Inventory and Analysis (FIA) National
Assessment of Data Quality for Forest Health Indicators concluded that, while training and protocols
were producing acceptable levels of repeatability for crown dieback, either more training was needed or
the acceptance criteria needed to be reevaluated. Exhibit 4-4 shows the results of 2,221 data records
that were included in this assessment, along with corresponding statistical results.
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Exhibit 4-4. Repeatability Statistics for Tree Crown Density and Crown Dieback

% within Mean difference
FIA % Confi
Variable ! error 95% Confidence (QA crew —field RMSE? | Records
Region Interval
tolerance crew)
SRS 78.9 75.0-82.4 1.0 11.7 493
NE 60.7 54.6 - 66.6 -2.8 14.9 270
NC 78.6 75.0-81.9 -0.5 11.0 579
Crown density
IW 67.8 64.4-71.1 0.0 13.4 789
PNW 67.8 57.1-77.2 -3.1 13.0 90
All 72.2 70.3-74.1 -0.4 12.6 2,221
SRS 97.4 95.5-98.6 -0.2 6.3 493
NE 90.4 86.2-93.6 -1.2 8.5 270
NC 96.9 95.1-98.1 0.0 7.4 579
Crown dieback
W 95.9 94.3-97.2 0.9 7.6 789
PNW 96.7 90.6 —99.3 -0.9 6.7 90
All 95.9 94.9-96.6 0.1 7.4 2,221
SRS — Southern; NE — Northeast; NC — North Central; IW — Interior West; PNW — Pacific Northwest
2RMSE — Root mean square difference [sic]
Source: Amacher et al. 2009

As another example, surveys that require field crews to collect material that will be examined later by
one or more experts in species taxonomy and identification (e.g., benthic or plankton samples) or
analyzed by chemists in a laboratory (e.g., chemical composition of soils sampled from a restored
wetland) require individuals who are well-trained in conducting the sampling procedures, but are not
necessarily experts in species identification or chemical analysis.

Planning teams should carefully consider the qualifications and skills needed for each field activity, and
develop procedures to ensure that the data, voucher specimens and samples will be collected by
qualified personnel. Some organizations have found it useful to develop SOPs that are specifically
designed to address hiring, training and certification. Such SOPs may include interviewing procedures
and appropriate interview questions, certification requirements, assessment of physical capabilities,
proficiency assessments and ranking. In addition to practices that focus on qualifications when hiring,
organizations should conduct training and periodic assessments to verify that the training programs and
specified qualifications are appropriate. Assessments can be as simple as confirming that data collected
by staff who have the required qualifications and training meet the specified project needs and data
acceptance criteria. Frequent failures in meeting acceptance criteria suggest that the combination of
qualifications and training is insufficient, the SOPs are incorrect or inadequate, and/or the acceptance
criteria established for the project may be overly optimistic.
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4.2.2 Pre-Training Preparation

We recommend that potential field crew members receive and be required to study field manuals, SOPs
and project overviews before classroom or field-based training sessions begin. Where applicable,
trainees should be provided with any field gear, equipment and a list of species that are likely to be
encountered and/or monitored, and should be required to possess prior monitoring experience and
knowledge related to any target species in advance of their formal training. Trainees also should be
encouraged to reach out to the technical lead(s) prior to the training for clarification of questions they
may have regarding the procedures, and should plan to bring equipment, appropriate field clothing, and
field guides with them to each day of training. Training will be more effective with such preparation
because more time can be devoted to practicing data collection and coordinating crew activities.

4.2.3 Classroom and Field Instruction

It is extremely useful to provide instruction regarding data collection, particularly in regards to visual
and audio identification skills in the classroom, with subsequent reinforcement in the field.
Participants should be provided with SOPs and lists of any species that will be observed or measured,
shown specimens, trained in the use of the SOPs, and trained to observe and recognize species that
are likely to be encountered. For example, trainees for the understory vegetation data collection in
the USFS FIA Program are supplied with herbarium specimens of the region’s common species to
study in the classroom, and hone their identification skills each day during a week-long training period
at various sites under the supervision of an expert. During classroom training sessions, trainers may
note that trainees are weak in certain SOP elements, and should highlight these elements for
reinforcement during field training. Training kits, photographs or illustrations, audio recordings of
species’ vocalizations, and Web-based learning and testing tools also are available and provide an
alternate means of instruction (e.g., Bird Studies Canada 2000; Bird Certification Online program).

Field training provides an opportunity for participants to view live specimens, gain competency in the
implementation of SOPs, become familiar with equipment, field gear and clothing, and become familiar
with crew organization and each crew member’s role in the data collection process. Trainees should
practice data collection tasks that are relevant to the project, such as:

e preparing and handling voucher specimens;

e collecting data under typical field conditions; : ..
Field training
e completing data forms; The_r_e is no substitu_te for fie_ld
training and experience. Field

. . training allows trainees to view live
e notifying appropriate personnel of unforeseen

specimens, gain competency with
problems; and SOPs and equipment, become
familiar with field gear and clothing,
and become familiar with crew
interactions and roles.

e implementing appropriate procedures or approval

processes for mitigating such problems.

We recommend that instructors lead trainees in a mock
establishment and monitoring of at least one representative project plot — including site access through
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data collection and documentation — so that individuals can become familiar with the entire process. We
also recommend that instructors assess the accuracy of the data collected during these trial runs and
ensure that results fall within the established acceptance criteria prior to completion.

There is no substitute for practicing SOPs in the field to achieve competency in collecting data, and
training should provide ample time to include the activities that must occur before and after the data
are collected each day (e.g., plot layout, preparing and shipping materials). Although time, budgetary
constraints, and sampling objectives may necessitate specialization, we recommend cross-training each
crew member in all SOPs relevant to their expertise and qualifications. Ideally, trainees will practice
SOPs until they become second nature, going beyond an attempt to just “get it right.” For example,
EPA’s National Aquatic Resource Surveys involve diverse monitoring teams from many offices within

EPA, state agencies, and other organizations. All survey partners are required to sign a QA Project Plan
(QAPP) and implement the standardized field methods. State, tribal, EPA, contractor, and other field
crews are required to take part in standardized and structured training activities prior to the start of
field training, and training is supplemented by an on-site field assistance visit/audit of each crew during
the first few weeks of sampling. Their training includes:

e classroom/webinar instruction on the objectives of the surveys, the basic protocols and procedures,
and all documents relevant to the survey;

e on-site, hands on demonstrations of all methods used for that survey; and
e practice of all methods by each crew with training team oversight to ensure proper implementation.
4.2.4  Training Content

Training should begin with a discussion covering the
history, goals and objectives of the project, and an Promoting Crew Interest

outline of the project design. Crew members are The value of having crew members “buy
in” to a project and commit to following
SOPs has a large impact on meeting
designed to foster each participant’s commitment to guality objectives and should not be

underrated. We recommend that

motivated in various ways, and training should be

project objectives. Some are motivated by knowing

. . trainers begin training sessions by
they are contributing to a larger effort and helping to clearly explaining the importance of the
restore coastal wetlands or reducing the impact of project and the role of each crew
member. A prepared and poised trainer
can greatly influence participants’
by knowing that their efforts positively impact local commitment to data quality.

invasive species, for example. Others may be motivated

communities or Tribal entities who value ecological
resources for economic and cultural reasons. Still others may be motivated by the satisfaction that they
are generating information needed to update and enhance available datasets containing information for
a species or taxon of interest, ensure rigorous analyses, provide cost-effective remediation, enhance
program assessment, or evaluate treatment effectiveness. Whatever the reason, training sessions
should include (1) a reaffirmation of why the project is important and why high quality data are
paramount for project success; (2) a reaffirmation of the importance of each crew member’s role; (3)
instruction, practice and training in the field and classroom; and (4) evaluation of crew performance and
feedback. In other words, staff should understand what they are doing and why. In addition, it is helpful

Application of QA/QC Principles to Ecological Restoration Project Monitoring Chapter 4
April 2019 Page 4-15


https://www.epa.gov/national-aquatic-resource-surveys/manuals-used-national-aquatic-resource-surveys#National%20Lakes%20Assessment

for trainees to learn the rationale behind the SOPs so that they may better adapt to slight changes in
circumstance.

Once trainees have had a chance to implement SOPs and practice data collection in the field, project
goals and objectives should be reviewed again to provide the crew with a chance to ask questions based
on what has been learned and experienced. As noted in Section 4.2.3, effective training programs
include sessions in both the classroom and the field. For ecological restoration projects, training should
provide individuals with information and skills pertaining but not limited to:

e site access and establishing plot boundaries;

e species to be observed, counted, and described;

e variables to be measured or observed;

e methods and strategies for collecting information;

e the rationale supporting collection strategies;

e maintenance and calibration of instruments and equipment;

e methods for collecting samples or materials for further identification by experts or laboratories;
e data recording/entry processes;

e use of standardized data sheets;

e use of handheld equipment, including GPS and PDRs;

e equipment maintenance and calibration;

e procedures for handling data (including samples and specimens) in the field; and
e data backup, entry, verification and validation.

Training should be tailored to address region- and project-specific conditions to provide individuals with
a clear sense of what to expect in the field. If the project covers a broad geographic area, training can be
tailored to each specific region within the area.

Finally, successful data operations require a culture of safety in addition to a culture of quality.
Therefore, all training should include discussions of safety. Trainers should stress the importance of
creating a “safety culture” in the field, both at the field sites and during travel to and from the sites.
Trainees should learn how to avoid, react to and respond to unsafe conditions; they also should learn
how to assess risk, and be briefed on what conditions constitute a safety risk, such as working late at
night or working for extended shifts. Although the primary purpose of safety training is to protect crew
members, it is worth noting that safe conditions have a significant impact on ensuring data quality;
unsafe conditions can easily lead to collection of incomplete, non-representative and/or inaccurate
information. Examples of field-related risks that could adversely impact data collection include boat and
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water safety, vehicular safety, sun exposure and dehydration, hunting activities, hypothermia, allergic
reactions to plants or stinging and biting insects, and wild animals.

4.2.5 Certifying Crew Competency

Before beginning actual field work, each new crew member, no matter the level of experience, should
be able to demonstrate their ability to collect data of sufficient quality under actual field conditions.
Training should include evaluations at the end of each session to rate participants’ levels of
understanding and proficiency. Various metrics, such as the use of calibration plots and hot checks (see
Section 5.2) can be used to assess field readiness. During development of forest health indicators for the
FIA Program, for example, crew members were certified in understory vegetation when their results
agreed with the expert at least 90% of the time on species identification and within 20% on vegetation
cover at least 80% of the time (Stapanian, Cline, and Cassell 1994; Stapanian unpublished data).

Monitoring of Great Lakes coastal wetlands includes the formal training and certification of all new field
personnel regardless of prior experience. For example, the anuran and bird field crews are trained and
tested to minimize errors in species identification, data entry and the locating of sampling points with
GPS receivers (Uzarski et al. 2017). As another example, crew members who conduct point counts in

Great Lakes Network parks are required to complete an online certification program developed by the
University of Wisconsin-Green Bay, which allows (1) trainees to certify their skills in identifying birds by
sight and sound, and (2) the parks to verify that certification.

Some projects may require that each field crew responsible for collecting observer-determined data on
vegetation or animal species include at least one expert skilled in the field of botany or the specific
animal taxon or species. Although field crew members with prior experience will not need as much
training as new crew members, they will need to be trained regarding the project goals, objectives,
SOPs, data acceptance criteria, and location. They also will need to demonstrate sufficient capability for
collecting data for the specific project. The USFS often uses hot checks and calibration plots (see Section
5.2) during and/or as a last step of training to evaluate crew capabilities prior to actual data collection.

In addition to a hands-on, on-site evaluation and confirmation of crew capabilities prior to actual data
collection, it is recommended that all crew members participate in periodic refresher training and
recertification. Experienced crew members can assist as additional instructors with less experienced
trainees, giving them an opportunity to continue practicing observational skills such as distance
estimation, working on identification of birds by call notes and partial songs, and improving species
identification and characterization skills. Ongoing training and certification should also be linked to QC
checks that are a part of the overall project QA strategies. Hot checks, cold checks, and blind checks are
mechanisms for ensuring that data meet the data quality acceptance criteria, but these checks can also
provide opportunities for ongoing training. Immediate feedback from a QA crew during a hot check can
reinforce training principles. Results from cold and blind checks can assess training effectiveness or
determine if refresher training is needed. These checks are described in more detail in Chapter 5.

Exhibit 4-5 shows our recommended approach to ensuring that individuals are capable of and certified
for data collection in support of ecological restoration projects.
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Exhibit 4-5. Training and Certification for Observer-Determined Data Collection

4.2.6  Failure to Meet Certification Requirements

Each crew member will either pass or fail competency testing based on established qualification
requirements. If a crew member passes, that individual is certified and can begin data collection, with
periodic refresher training and recertification (see Section 4.2.5). If a crew member fails, it is
recommended that they be retrained and re-assessed for certification a second time. Following the
evaluations, time and resources should be devoted to corrective action and improvement to provide an
opportunity for participants to correct any deficiencies. Ideally, a proficiency scoring system could be
applied to “grade” crew member skills along a numeric or ordinal scale, and the resulting certification
values used to assign field crew teams in a way that minimizes effects caused by systematic errors.

As appropriate, individuals failing a second assessment may be re-assigned to non-data collection
activities, assigned data collection work that is directly supervised, or released from the project. In some
cases, a probationary period may be warranted, with experienced crew members accompanying new
members until appropriate certification is obtained. Because failures and their potential impact on data
can range from small to large, they are often handled on a case-by-case basis.

4.2.7 Examples

Numerous training programs and opportunities address topics directly pertaining to ecological
restoration monitoring. The list below provides just a few examples of training that has been made
available by government and private organizations.

e Observers who conduct bird counts using sight and sound in Great Lakes Network parks and the
Great Lakes Coastal Wetland Monitoring Program are required to complete a Birder Certification
Online program developed by the University of Wisconsin-Green Bay under funding and
collaboration from the Wisconsin Department of Natural Resources, the Wisconsin Bird
Conservation Initiative, the National Park Service and the U.S. Fish and Wildlife Service.
(http://www.birdercertification.org/)
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e Environment Canada provides several training modules targeting bird studies. Bird Studies Canada

2000. (http://www.bsc-eoc.org/volunteer/bccws/index.jsp?targetpg=bccwsresources)

e Environmental Canada also provides training kits, photographs or illustrations, audio recordings of

species’ vocalizations, and Web-based learning and testing tools (e.g., Bird Studies Canada, 2000;

Bird Certification Online program).

e The Naturelnstruct website training allows trainees to certify their skills in identifying birds by sight

and sound. Nature learn is an interactive website to help individuals improve their skills in visual or

audial identification of wildlife. (http://www.natureinstruct.org)

4.3 PREPARING FOR FIELD LOGISTICS

The importance of preparing for field logistics before field crews are sent to collect samples and data

should not be overlooked. Preparation activities include conducting site reconnaissance and obtaining

any required permits (Section 4.3.1), organizing and preparing equipment and information needed in

the field (Section 4.3.2), and supplementing SOPs with site-specific information that will guide crews in

their daily efforts at each project site (Section 4.3.3). Examples of such activities are provided in Exhibit
4-6 and discussed further in Sections 4.3.1 through 4.3.3.

Exhibit 4-6. Planning and Preparation for Field Logistics

Site Reconnaissance and Permits

Supplies and Equipment

Site-Specific Field Instructions

e Verify suitability of selected
sampling sites

e Obtain permits and approval of
documented compliance with
regulations

e Obtain site access permission
from landowners

e Notify local authorities of field
activities when sites are located
on public lands

e Establish a master schedule for
routine and QA crew field
activities

Sampling gear, equipment, supplies
and checklists

Equipment instructions and manuals
Pre-departure check list

SOPs

Field guides

Species “cheat sheets”

Maps

Data forms

Emergency first aid kit

Emergency radio or cellular device
Permits/site access permission
documents

e Overview of restoration
goals, project objectives
and sampling objectives

e Schedules, roles and
responsibilities

e Data collection locations

e General considerations
(e.g., site-specific health
and safety, site access)

e Overview of daily activities

e Post data collection
activities

4.3.1 Site Reconnaissance, Permits and Master Schedules

Before field data collection begins, site reconnaissance should be performed to confirm the suitability of

the selected sampling sites. All of the necessary federal and state permits and landowner access

permissions also should be obtained, and a master schedule of activities should be in place that includes

information regarding when QC checks will be performed.

Site Reconnaissance: Candidate site locations are typically selected during the monitoring plan design

phase (see Section 2.8), and may be selected based on previously utilized locations or from maps and

GIS data to meet specific project criteria. Ideally, the datums, coordinate systems and selected
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locations will remain consistent and be verified throughout the design, restoration and post-
restoration monitoring phases of the project. Regardless of how the sites are selected, field
reconnaissance should be conducted prior to permanently establishing each location. During this
reconnaissance, project planners should confirm that the location (1) can be safely and consistently
accessed, (2) is representative of the area and variable(s) targeted by the project, and (3) can meet
sampling objectives.

Reconnaissance efforts also should verify that all SOPs that will be used are applicable and appropriate
for the site conditions. A site’s physical and biological conditions can change dramatically throughout a
given time period; therefore, it is recommended that site reconnaissance be performed during the same
season or seasons in which data collection will occur and that any changes are documented.

Environmental conditions and seasonal impacts such as snowpack, stream flow, water elevations, or
dense undergrowth may limit site access, increase safety concerns and/or impact data quality. To offset
any likelihood that selected sites might be deemed unsuitable, or that the necessary permits or
landowner access cannot be obtained within schedules, project planning teams should consider
strategies for selecting equally representative sites that can be used as back-ups, consulting with a
statistician as needed. Such pro-active planning to include back-up locations can be critical to ensuring
the completeness of both routine and QC data collection (see Exhibit 4-7). Note that the elimination of
sampling locations should be based on predetermined criteria instead of subjective decisions by field
personnel, which can create bias. These criteria can address (1) accessibility such as landowner
permission, (2) sample unit characteristics such as trails or other unique disturbances, and (3) sampling
areas that meet the project objectives such as the presence of habitat or invasive species.
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Exhibit 4-7. Example Selection of Alternate Sample Locations

In some cases, field crews may have to identify alternate sample locations as a result of site-
conditions. Ideally, field crews will be able to refer to procedural steps that meet the project’s
sampling objectives without introducing bias.

Example Scenario:

A project sampling design uses a systematic, randomized approach to select three 100-meter lengths
of stream reach to estimate average stem density of native willow. Project planners first divide the
targeted stream reach into three equal lengths of 500 meters. Subsequently, each 500-meter length is
divided into five equal lengths of 100-meters. Finally, a single 100-meter length is randomly selected
for each 500-meter segment to position a survey transect along which ten 1-m? rectangular quadrats
are equally spaced within the bank zone parallel to the stream’s wetted edge. The sampling design
dictates that transects cannot be adjacent to or include confluences of perennial tributaries.

While establishing transects, the field crew discovers that along one of the randomly selected 100-
meter lengths of stream there is an unmapped perennial tributary. Since sampling design rules were
established a priori in the event of this scenario, the crew knows that an alternate 100-meter length
must be randomly selected from the remaining four 100-meter lengths. The sampling design also
specifies that this procedure can be iterated as needed until a 100-meter length is selected that
meets all sampling design criteria. In the event that none of the five 100-meter lengths satisfy the
criteria, the design also specifies that the crew should exclude that 500-meter stretch of stream and
proceed to the next 500-meter length. Sampling design criteria indicate that at least three 100-meter
transects are needed to meet minimum sample size requirements, and allow for extension of the
stream reach by an additional 500-meter length upstream if needed.

Site Permits: All required permits must be identified and secured before initiating field activities.
Projects selected to receive federal funding, for example, may be subject to requirements of the
National Environmental Policy Act, Endangered Species Act, and/or National Historic Preservation Act. In
such cases, documentation of compliance with these regulations must be approved prior to initiating
activities that disturb or alter habitat or other features of a site. Likewise, restoration activities that
occur in streams and wetlands may require federal permits under Section 404 of the Clean Water Act,
and most states require permits for certain activities that require collection of biological specimens (e.g.,
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benthic macroinvertebrate sampling or fish and wildlife sampling). Check with the state environmental
or natural resource agency to determine which activities planned for the project may require a permit.
In some cases, the delay time for securing permits may be lengthy, so proper project planning should
initiate the permitting process well before (e.g., six months to a year) field activities are scheduled to
begin.

Coordination with Landowners: In addition to state and federal permits that might be required for
ecological restoration activities, permission may need to be obtained from local landowners to access
field sites. Ideally, any affected landowners would already be included in project planning. Written
agreements are recommended for granting access to field locations on private land; to protect both
parties, such agreements should specify the timing and location of activities, the nature of such activities
and any special conditions. When sites are located on public land or in remote locations, it is important
to notify local officials or other authorities of any scheduled field work. Ideally, authorities should be
provided with a document identifying the project manager and their contact information; the location,
dates and times of field activities; the purpose of the activities; the number and names of field crew
members; and any relevant individual health concerns (e.g., allergies). This information is critical to
support effective search and rescue or medical evacuation. It also empowers local authorities to
accurately respond to any questions, complaints, or other inquiries by the general public who may
encounter field crew members or perceive crew activities as inconsistent with existing land
management policies (e.g., the capture of wildlife or the collection of plant specimens in a state or
federal park).

Master Schedule: A master schedule that includes when and where QC checks may occur should be
provided to project managers and QA crews (see Chapter 5 regarding various types of QC checks).
Maintenance and distribution of such schedules to those who are responsible for implementing them
can help ensure these important QA activities are not forgotten or arbitrarily placed, leading to possible
inaccuracies in QA results. For instance, a project plan may state that precision checks (see Section
5.2.3.3) will be performed for each field crew at a minimum of three plots, or that specimen duplicates
will be collected at a frequency of 5%; the master schedule should detail when and where these
activities will be performed to meet the stated frequency goals, and which staff are responsible for
performing them.

4.3.2  Field Equipment and On-Site Supplies

Proper field gear, equipment and supplies are critical for ensuring that data collection activities are
conducted safely, efficiently and in a manner that ensures consistency with project quality objectives.
Examples of equipment and on-site supplies supporting ecological restoration projects are shown in
Exhibit 4-8.
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Exhibit 4-8. Example Field Operation Supplies and Materials for Vegetation Plots or Avian Surveys

e Appropriate clothing e First aid kit

e Audio playback and recorder e Land access permission forms

e Batteries e Maps, compass (digital data recorder), GPS

e Binoculars/scope e SOPs

e (Calibrated quadrat frame e Species check list

e Camera and density board e Tape measure (range finder)

e Cell phone e Thermometer (digital weather recorder)

e Data forms, PDRs e Vehicle insurance and registration

e Digital camera e Voucher specimen plant press, bags, and labels
e Emergency contact information e Watch

e Extra batteries e Water

e Field guides and other keys o Writing utensils (including extras)

NOTE: Certain supplies/materials such as a calibrated quadrat frame and voucher specimen plant press, bags and labels are
typically only needed for vegetation plots, while supplies such as binoculars/scope are only needed for avian surveys.

Field crews need to prepare equipment and assemble their supplies prior to each field event. As part of
pre-departure activities, equipment will need to be checked to ensure it is in good working order and
has been cleaned to prevent transfer of contamination or invasive species. All instruments need to be
checked to ensure they are functional, fully charged and calibrated. If SOPs are not available for
equipment preparation, appropriate instructions should be provided. In addition to the equipment used
to collect data, equipment checklists should include cell phones, first aid kits, vehicle insurance and
registration, GPS, batteries, and water. Checklists are recommended for making sure that all necessary
gear, equipment, and supplies are gathered and ready for field use prior to departure.

Site supplies also should include all pertinent SOPs, road maps, topographic maps, field guides, species
identification sheets and keys, directions to each data collection site or plot, landowner access
permission forms, check lists, and any other information to ensure an efficient and safe day of data
collection, including contact information and the location of the nearest medical facilities. Sometimes
referred to as “site packets,” these supplies also should include blank versions of any required
standardized data collection forms (see Exhibit 4-9 for an example of a completed form for collecting
ground cover data), field data sheets, field logs, sample labels, and tracking/chain-of-custody forms,
including those needed to cover QC checks and samples.
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Exhibit 4-9. Example Completed Data Collection Form

FOREST GROUND COVER 1-M QUADRAT DATA FORM Site ID/Name: _MUD LAKE - 14
Time Start: _ogoo Time End: _og2o (24HR) Plot#: _ =
Date: _ 02-Jun-201F Crew Leader ID: Assistant Crew Member(s) ID:
(DD-MMM-YYYY) JWC-1 KT-1
SubPlot ID: 141 Quadrat ID: 10 Quadrat Photo ID: 14-1/10
Weather Condition: Cloud Cover: _45 Wind: _1 Temp: _22
(PERCENT) (BEAUFORT SCALE) (CELSIUS)
Foliage Moisture: Dry__x Damp Dripping (IF DRIPPING — DO NOT SURVEY)
Name or Group cC
BARE SOIL 0
DUFF or LITTER 3
MOSS 2
LICHEN 0
Genus, Species Name Voucher ID Photo ID CC/FF
Lnknown Herbaceous Seedlings 2
Unknown Woody Seedlings 1
Matanthemum canadense 2/FR
Aquilegin canndensis 1/FL
Rubus allegheniensis 2/ A
Fragavia virginiana 3/ FL
Burybin macrophylla 2/ A
Plns bankstana 2
Cover Class (CC) Code: 0 = Absent (group) 2 =1-5% cover 4 =25-50% cover 6 = >75% cover
1=<1% cover 3 =5-25% cover 5 =50-75% cover
Flowers and/or FL = flowers only present FR = fruit present (or both) A = FL/FR absent
Fruit (FF) Code: (When at least one individual exhibits flowers and/or fruits) (No flowers and/or fruits)
(for herbaceous species only)
FIELD QC Survey Type: Checks: Yes No Comment:
(CHECK) M Routine 1. Form Complete 1] O Slgwns of heavy deer
OaQc 2. Form Legible %} O browse
3. Data Verified 4| O
Crew Member ID and Signature: KT-1 Date: 0g-jun-2017
OFFICEQC  Checks: Yes  No Comment:
(CHECK) 1. Data entered into electronic database o} O Butry delayed due to
2. Form data transcription verified accurate M O MDLLD(&IM
3. Errors flagged in data form persist in database O |
Office QC Check Conducted by: ®BDT-2
(NAME AND ID) Date: 11-jul-2017
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4.3.3  Field Instructions

Although SOPs and sampling plans include specifics regarding the locations, frequencies and procedures
for collecting and recording data, these documents typically do not provide some of the information
crews need for day-to-day data collection efforts, including pre-departure activities, scheduling and daily
wrap-up activities. For example:

e Which data should a field crew member collect first, and where should it be collected?
o  Will the effort to measure or observe one variable impact the quality of another variable?

e Are variables stable or transitory? If transitory, are they time-sensitive, or easily influenced by
disturbances, the presence of an observer, or other sampling activities?

e What happens if crew members encounter or are exposed to a hazard or other condition impacting
data collection and/or quality?

e Who is responsible for ensuring collected specimens are packaged, labeled and transported
properly?

e Who is responsible for reviewing completed data collection forms to ensure all relevant data have
been collected and reviewed and all recorded information is legible?

Field operation instructions help ensure that data are collected from the appropriate locations, at the
correct time, and by the appropriate individuals and provide information on back up plans and contacts
if problems arise that might impact data collection or impair data quality. The instructions serve as a
daily operations guide for field crews and should be used in conjunction with other project-specific
documents, including sampling plans, site packets (Section 4.3.2) and health and safety plans. Field
operation instructions can be a simple summary or quick reference guide for a single field crew
collecting measurement or observer-determined data for a single species at a single location.
Alternatively, the instructions can cover detailed activities that impact several crews collecting samples,
measurements and observer-determined data for several species at several locations. Regardless, all
instructions include the following components.

e The sequence and locations for implementing different SOPs during a given day
e Schedules, roles, and responsibilities for different crew members
e Site-specific safety considerations

e Contact information for individuals to notify when unforeseen circumstances arise that could impact
data collection or data quality

e Information regarding required planned QA/QC checks (see Chapter 5)

e Alternate plans and procedures for instances in which data collection is compromised, if for
example, sites are inaccessible, inclement weather occurs, or unanticipated hazards are present.
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No matter the length of the instructions, we recommend that the following information be included to
guide crews during their daily data collection activities:

Schedules: A schedule of field activities is needed to let field crew members know when and where
sampling events will occur; which field crews are responsible for each event; and the timing and location
of certain QC activities (e.g., see Chapter 5). In addition to enhancing data quality, proper scheduling can
reduce project costs by more efficiently scheduling hourly labor, reducing vehicle miles, avoiding
unnecessary duplication, and ensuring field crews are in place during refresher training or hot checks
(Section 5.3.1). If possible, guidance for the selection of substitute sites for situations where target sites
are not accessible or are unsafe for monitoring activities can also be included.

Site-Specific Considerations: Instructions should include a review of site-specific health and safety
considerations. Field data collection presents certain risks and hazards associated with site access; the
operation of motor vehicles, boats, and sampling equipment (e.g., electro-shocking); and other dangers
such as insect bites (e.g., bees, ticks) and weather effects (e.g., hypothermia, heat exhaustion,
sunstroke). Specific safety guidelines for each of the data collection activities should be reviewed and
summarized. If not already included in land access permission forms (see Exhibit 4-8), information
regarding site access considerations (e.g., contacts, landowner expectations) also should be provided.

Overview of Site-Specific Field Activities: Field instructions should provide a summary list of the SOPs to
be used and the activities to be conducted at each monitoring site, including confirmation of the site
location (e.g., using maps, scaled images and/or GPS data), marking the site (e.g., using flagging, pin
flags and/or permanent markings), and documenting the site (e.g., using digital cameras and/or rough
sketches made by the crew) to identify the exact locations where samples and data are collected. The
overview should also identify the number and types of measurements and observations to be made,
samples to be collected, and information about any additional sample volume or samples required for
QC purposes.

Post Sample and Data Collection Activities: Instructions should include a listing of the activities to be
conducted after leaving the field and returning to the base site or office, as well as a requirement for
property owners or responsible local authorities to be notified when all crew members have returned
from conducting field activities. Once crews have returned to the base site or office, each of the data
collection forms, PDRs and sample labels that have been used or completed throughout the day need to
be reviewed again immediately to ensure that they are accurate, complete and legible. All QC check
data forms and QC sample labels also need to be reviewed for accuracy, completeness and legibility.
Unless these forms and labels are filled out correctly, it will be difficult — if not impossible —to link
results to the correct location, time, ancillary information and/or QC results for evaluation of data
guality. Any samples or specimens that were collected need to be properly processed, preserved, sealed
and labeled in preparation for shipment, which should occur as soon as is practical to ensure holding
time limits are not exceeded. Sample shipment and chain-of-custody forms will need to be filled out and
included in the packaging; the instructions should provide complete shipping address information,
including the name and physical address of the receiving organization as well as a contact name and
number at that organization (note that addresses to post office boxes should not be used). During post
data collection activities, all equipment should be cleaned and/or disinfected to reduce the risk of
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interfering substances or organisms, and supplies that were depleted during the day will need to be
replenished in preparation for future data collection efforts.

4.4 ARRANGING LABORATORY ANALYSES

Many ecological restoration monitoring programs require field crews to collect and ship samples to one
or more laboratories for analyses that will supplement the observations and measurements made
directly in the field. Common examples include but are not limited to:

e analysis of environmental samples (e.g., aqueous, soil,

Communication

sediment, or tissue) for organic, inorganic or biological

contaminants or indicators; Thorough and extensive
communication is key in ensuring
e analysis of soil and sediment samples for physical appropriate coordination between
characteristics (e.g., grain size, porosity); field teams and laboratories.

Means of communication should

e examination of specimens for ecological health indicators be established early, and

(e.g., abnormalities); continued throughout the project.

e taxonomic identification and/or counts of organisms within
an environmental sample;

e evaluation of specimens to confirm accuracy of species identification by field crews; and
o DNA analysis for species identification.

As with data collected in the field, data generated by laboratories will be used to evaluate project
success and inform decisions regarding future actions. In Section 4.1, we discussed the importance of
using clearly defined SOPs for all project activities —including laboratory analyses. In Section 4.2, we
discussed the need to verify the competency of field crew personnel in the activities they will perform
before they are allowed to gather study data or samples without supervision. In this section, we discuss
the need to identify and make arrangements with one or more laboratories that has demonstrated
competency in using the required techniques and the capacity to analyze your project’s samples within
the required time frames.

4.4.1 Laboratory Capacity

Unless you are working with an in-house laboratory, chances are high that the laboratory will be
handling samples from other projects as well as yours. Accordingly, it is wise to verify that the laboratory
has sufficient capacity to handle your samples without compromising their integrity, that the processing
of your samples will be conducted within required holding times, and that data will be reported using
the required format. Depending on project requirements, evaluations of laboratory capacity should
consider the following aspects.

The capacity to conduct the analyses within any required holding times: Holding times vary widely,
depending on what is being measured or evaluated, the sample type, and the preservation techniques.
Some chemical analytes may have multiple holding times, such as a holding time of no more than 7 days
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before a sample is extracted, and a separate holding time of no more than 14 days between sample
extraction and analysis of the extracts. Failing to meet specified holding times will adversely impact data
quality so this issue is of particular concern for analytes with short holding times (e.g., 12 hours or less),
as these typically require use of a laboratory that is within driving distance of the sampling site and that
has the capacity to begin processing samples immediately upon receipt. Sample deliveries should be
planned and coordinated to ensure samples will be delivered to laboratories during periods when the
laboratory is open (e.g., normal working hours). Project planning teams need to review specified holding
times, implement measures for immediate transfer of samples to the laboratory when holding times are
short, and ensure the laboratory has the capacity to meet the specified holding times throughout the
duration of the project. When contracting for laboratory services, planning teams also must ensure the
laboratory is basing holding times on the time of collection in the field, rather than the time of sample
receipt at the lab.

The capacity to store and handle your samples: As with holding times, specific requirements for
sample processing and storage vary widely depending on the analyte and sample matrix. Some
samples/analytes may require preservation or filtration immediately upon laboratory receipt, while
others may require only refrigeration to protect sample integrity. Project planning teams need to
review these requirements and ensure the laboratory is properly equipped to meet them. For
example, if a project will require the laboratory to store large volumes of agueous samples at <4°C, it
is important to verify the laboratory has sufficient refrigeration capacity to do so, even during periods
of peak demand. At a minimum, the laboratory should have a dedicated sample custodian who is
available to immediately inspect and document the condition of samples upon receipt and notify your
organization of any problems.

The capacity to report laboratory results in the format and within the timeframes you need: 1t does
little good to have samples analyzed if you cannot receive the results in time to support your decisions
and obligations. Thus, project planning teams should determine and define the “data turnaround time”
and data format needed from the laboratory. The most common approach is to define turnaround time
as the maximum number of calendar days from the time of sample receipt at the laboratory to delivery
of the required results. Data turnaround times can vary depending on a number of factors such as the
complexity of the analyses, the complexity of the reporting requirements, and the urgency for
information. For most “routine” types of analyses, commercial laboratories usually can offer price
quotes for their “standard” turnaround time and a premium price for shorter timeframes. Note that the
data turnaround time is different than the sample holding times discussed above. For example, samples
may have a 7-day holding time, and a 30-day data turnaround time. This means that the laboratory must
analyze the samples within seven days of collection, but has up to 30 days to compile and report the
results. Project managers should clearly define the data to be reported, including metadata and QC
results, along with the reporting format that will be needed to facilitate data evaluation and transfer.

Enforcement Provisions: Even when laboratory capacity has been ascertained, unforeseen situations
may arise that can stretch the capacity to its limits, and force the laboratory to prioritize one project
over another. To mitigate such circumstances, it may be helpful to establish positive incentives for early
delivery, negative incentives for late delivery, and/or damages caused by missed holding times.
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4.4.2 Laboratory Competency

The stakes are high when it comes to laboratory results; extensive resources have been invested to
collect samples, and the quality of your project data and conclusions will be compromised if the
laboratory is not sufficiently competent in using the required instrumentation or techniques, or in
applying those techniques to your samples. The need to verify competency is so important that EPA has
established three competency policies to better ensure the quality of field and laboratory data
generated (EPA 2016). One policy governs internal EPA laboratories, one governs organizations that
perform field or laboratory measurements under EPA contract agreements, and one governs
organizations that conduct such activities under EPA grants or other assistance agreements. Together,
these policies require an assessment of competency before a laboratory is allowed to analyze samples.
Concerns about the competency of laboratories analyzing environmental samples are not limited to EPA.
For example, many states require the use of certified or accredited laboratories for specific programs
(e.g., drinking water analysis) or when using state funding.

Although it may be tempting to rely simply on laboratory accreditation or certification as a sole indicator
of competency, we caution against doing so. Among other concerns, the cost of accreditation or
certification may be prohibitive for some organizations, and thus may eliminate highly qualified and
competent organizations from consideration. Because accreditation requirements sometimes vary by
state, highly qualified laboratories may be eliminated if they are participating in a program that does not
share reciprocity with the program required by another state. Additionally, accreditation is often specific
to a single program, method, or group of analytes, and in many cases, accreditation does not even exist
for the types of laboratory analyses you may need (e.g., taxonomic identifications, analysis for emerging
contaminants of concern, and use of novel techniques). For example, a laboratory may be certified to
analyze samples for the presence of metals in drinking water, but that certification would have little
value in demonstrating their competency to analyze benthic organisms in sediment samples or organic
compounds in agueous samples. In such cases, relying on accreditation is primarily of value in
confirming that the lab has a quality system in place and undergoes internal and external assessments to
verify that it is adhering to its procedures (for the types of analyses covered by the accreditation). Unless
all the sample types, analytes and methods in your project fall within an existing accreditation program,
we recommend that you view accreditation/certification as one of many tools that can be used. Other
tools for demonstrating laboratory competency include, but are not limited to:

e requesting that the laboratory provide results from QC data generated using the techniques
required in your project (e.g., can the laboratory demonstrate the ability to produce clean blanks
and achieve required detection limits using those techniques?);

e requesting that the laboratory submit descriptions of applicable instrumentation, sampling
equipment, method sensitivities, reporting practices, capacity, experience, staffing and past
performance;

e examining results from the laboratory’s participation in proficiency testing or round-robin programs
involving the data collection techniques and sample types being used in your project;
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e reviewing reports of audits conducted at the laboratory, or even conducting your own on-site audit
before entering an agreement with the laboratory;

e reviewing the laboratory’s quality manual, quality management plan or similar documentation;
e requesting references who can attest to the laboratory’s past performance history; and
e prior experience working with the laboratory.

In short, we believe that a one-size-fits-all approach to demonstrating organizational competency is
neither feasible nor desirable. Instead, a number of options are available, and should be tailored to the
specific needs of your project. Finally, it should be noted that assessment of laboratory competency is
intended as a preventative measure designed to ensure the laboratory has the staff, equipment, and
capability to properly analyze your samples, but it is not a guarantee. The only way to guarantee the
quality of the data is to review it, as described in Chapter 6.

4.4.3 Soliciting Bids from Qualified Laboratories

In Section 4.1, we emphasized the need to customize SOPs to reflect specific project requirements; this
advice extends to the analysis of samples using those procedures. Project planning teams should
carefully document the technical, QA/QC and reporting requirements that will support their project
objectives and data management strategies, and solicit bids from laboratories based on these needs.
Although most laboratories provide off-the-shelf analyses through catalog or website listings, many are
experienced in adapting their standard analyses to meet specific client-defined requirements. In some
cases, laboratories may even employ staff trained to assist clients in defining customized requirements
that meet the specific needs of their projects. Detailed strategies for procuring laboratory services are
beyond the scope of this guidance, but can be found in a Guide to Laboratory Contracting (EPA 1998),
which relies on the five-step process shown in Exhibit 4-10.

Exhibit 4-10. Steps for a Successful Laboratory Contract*

1. Clearly define your analytical needs.

e Number and type of samples

e Applicable SOPs or methods

e QCrequirements

e Reporting requirements, including format

2. Develop a clearly defined contract.

e Analytical and QC requirements
e Data deliverables and data turnaround
e Contract enforcement clauses

3. Solicit and award the contract openly and fairly.

e Ensure laboratory competency before awarding
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Exhibit 4-10. Steps for a Successful Laboratory Contract*

4. Maintain communications with the laboratory after sample receipt.

5. Thoroughly review the resulting data.

* Adapted from the U.S. Environmental Protection Agency a Guide to Laboratory Contracting (July 1998, page 1)

4.5 PREPARING FOR DATA COLLECTION - CHECKLIST

The checklist below provides a summary list of overarching principles and aspects that should be
considered and implemented when preparing for project data collection activities. As with any checklist,
the listed items should not be interpreted or applied without comprehension of the supporting
information. Users of this checklist are encouraged to read and understand the corresponding details
that are provided throughout this chapter, and to implement these details using a graded approach that
is commensurate with a project’s scope, importance and available resources.

PREPARING FOR DATA COLLECTION — CHECKLIST

[] Identify, develop or modify standard procedures for data collection and handling.

[ Verify the procedures to be used are applicable to the specific needs of your project and are
consistent with the goals and objectives.

[ Verify the procedures are applicable to project site locations, the ecological community and
species of concern, and the anticipated ranges of environmental conditions including
associated spatial and temporal variability.

[J Ensure the procedures are documented clearly and appropriately (including revision tracking)
and can be easily understood and followed consistently throughout the project.

[ Verify the procedures are thorough, and include all instructions and details required to collect
and/or handle data needs (see Exhibits 4-1 and 4-2). Test the procedures before use to verify
they are clear enough to be applied consistently by individuals with varying levels of
experience.

[J Ensure procedures are available to all staff prior to data collection and handling.

] Verify that personnel who will be conducting field activities have demonstrated competency.

] Ensure that all individuals who will be collecting and/or handling data have the required
expertise and experience, and have been sufficiently trained to safely and accurately perform
their assigned tasks.

[] Ensure training provides an understanding of the purpose of the project, affirms the
importance of each crew member’s role, provides project-specific instruction and practice in
both the field and classroom, emphasizes safety, and includes an evaluation of crew
performance.

[J Plan and implement procedures to certify, document and monitor crew member competency,
including plans for re-training or reassigning personnel who fail to demonstrate competency.
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PREPARING FOR DATA COLLECTION — CHECKLIST

O

[J Address site access requirements.

O

O

O

[] Address field logistics before initiating data collection activities.

O
O
O

[J Make arrangements for sample analysis.

O

O

Plan and implement procedures for conducting periodic assessments to ensure crew
competency throughout the project.

Obtain required state and/or federal permits and site-access permission from local
landowners.

Notify local authorities of planned field activities on public lands; provide them with
appropriate contact information and other information needed to support effective public
outreach or emergency response.

Verify suitability and accessibility of selected sampling sites and confirm that SOPs are
applicable and appropriate for the site conditions.

Develop and distribute schedules.
Assemble field equipment; ensure equipment is clean, calibrated, and in good working order.

Ensure crew members have all necessary equipment and supplies, including documented
procedures, site logistics, maps, data forms, communication devices, equipment instructions,
and first aid kits.

Define and understand your analytical needs, including the number and type of samples,
target analytical parameters, procedures to be used and associated QC requirements.

Identify qualified laboratory(ies).

Ensure laboratories are able to analyze your samples in accordance with sample holding time
restrictions and project schedules.

Establish clearly defined contract(s)/agreement(s) with the laboratory(ies), including reporting
requirements and schedules.

4.6

ADDITIONAL READINGS

Utah Department of Environmental Quality. 2014. Utah Comprehensive Assessment of Stream
Ecosystems (UCASE) — Field Operations Manual. Salt Lake City, UT: Division of Water Quality.

u.S.

Environmental Protection Agency. 2009. National Rivers and Streams Assessment: Field

Operations Manual. Publication No. EPA-841-B-07-009. Washington, D.C.: Office of Environmental
Information.
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CHAPTER 5 QUALITY CONTROL DURING FIELD ACTIVITIES

The information in this chapter builds on the planning and preparation activities recommended in
Chapters 3 and 4, respectively. While those activities are essential to the success of an ecological
restoration project, they do not guarantee that monitoring activities will go as planned or that all
samples and data collected will be accurate and usable. Even well-trained personnel make errors, and
situations can arise that were not considered during the planning and preparation stages.

A variety of good field practices and QC checks can be used to identify and mitigate data collection
errors and address unforeseen problems to promote continuous improvement, help identify solutions to
challenges encountered in the field, and facilitate evaluation of data quality. This chapter provides a
QA/QC framework that can be used to (1) demonstrate how well routine field crew members are
conforming to requirements specified in the project planning documents and standard operating
procedures (SOPs), (2) obtain information that will be needed to evaluate the quality of results reported
by the routine field crews, and (3) gather information that can be used to improve data quality over
time. It also provides guidance on strategies for reporting, evaluating, and using QC check results to
facilitate continuous improvements.

The chapter is organized as follows:

e Section 5.1 provides a brief review of good field practices that should be implemented in all
ecological restoration projects and describes characteristics of effective QA (or expert) crews.

e Section 5.2 provides in-depth information on five QC checks that can be used to meet the unique
needs of ecological restoration.

e Section 5.3 provides specific strategies for reporting QC check results in a manner that supports
timely improvements to data collection procedures and project decision making, and presents a
recommended approach for collecting and considering feedback from field crew members to help
support continuous process improvements.

5.1 FIELD PRACTICES AND QA CREWS

5.1.1 Good Field Practices

Field crews should be provided with all required SOPs, information, and site-specific equipment, and
should be competent in conducting data collection operations systematically and accurately— including
the correct use of appropriate and standardized data collection forms, codes, units, terminology and
charts. Data collected using these mechanisms should be legible and transferable, and should include
field notes, comments and explanations regarding any considerations that might assist with data
interpretation. Field crews also should review the collected data and completed data forms for
completeness and legibility prior to leaving a sampling site to ensure corrections are made in real time
before any changes in site conditions or lapses in memory occur.
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Field crew members should rely on their training, experience and available resources to adapt to
unanticipated field conditions or events when necessary and document what occurred, how they
responded and how the data could be impacted. Exhibit 5-1 presents a brief summary of good practices
that field crews can implement to maximize the quality of data collected in support of ecological
restoration projects. These practices assume that field crews have the necessary information and are
already competent in data collection operations.

Exhibit 5-1. Good Field Practices during Routine Data Collection

e Adhere to all safety requirements.

e Understand the purpose of data collection.

e Ensure that site packets and equipment are readily available and in good condition (see Section 4.3).

e Establish effective communication methods between field crews and the project office or
designated project leader to ensure that any questions/concerns or support requests can be readily
addressed.

e Use teams of at least two field crew members to collect data (if practical).

e Observe and document any conditions that could impact the data collected.

e Calibrate equipment onsite when practical and ensure proper functioning prior to use.

e Ensure site is marked correctly and markings are stable.

e Have a copy of the SOP in the field and follow SOPs as written. Note any deviations to those
procedures that were necessary based on site conditions.

e Prioritize collection of measurements or observations on target variables considered least stable
(i.e., transitory) during the presence of the crew, or least resilient to crew disturbance.

e Use verbal repetition to confirm data during data transcription.

e Ensure data collection completeness and legibility prior to leaving the site by completing the
following activities: (1) double check all collected data, notes and comments, and (2) ensure all data
forms, photographs, recordings, charts, samples and/or specimens are labeled, organized and
stored correctly, and (3) ensure samples requiring laboratory analysis are handled in accordance
with specified shipping and chain of custody procedures.

5.1.2  Characteristics of Effective QA Crews

Most of the QC checks described in this chapter (with the exception of precision checks) rely heavily on
comparisons of data collected by routine field crews to data collected by expert QA crews. Expert QA
crews provide a means for estimating accuracy and bias associated with results reported by routine field
crews. Because measurements and observations made by QA crews will be used as surrogates for “true
values” when assessing the quality of data collected by routine field crews, project managers and others
who are responsible for selecting QA crew members must make sure these individuals have the
appropriate level of experience, proficiency, and expertise. Ideally, these experts are independent of
(and not influenced by) routine field crews or project outcomes. This ensures their findings are objective
and unbiased. If independent experts or financial resources are limited, project managers might
consider (1) using QA crews to participate in QC checks of a smaller subset of plots, or (2) prioritizing
which survey types or target variables should be assessed by these experts. Project managers also might
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consider using trainers or project principal investigators as QA crews, or accessing available experts for a
limited period of time to train routine field crew members to function as QA crews, pairing available
experts with routine field crew trainees over a period of time (allowing for simultaneous assessments of
selected sample plots). Results of the paired assessments should be evaluated, and the differences
discussed and resolved before newly trained QA field crew members are used to perform QC
assessments of routine field crew data collection.

5.2 QUALITY CONTROL FIELD CHECKS

This section describes five QC field checks that are similar in function to QC samples that are collected
by field teams and analyzed by laboratories. These field QC checks include hot checks, calibration
checks, cold checks, blind checks and precision checks. Together, these checks provide a means for (1)
verifying the readiness of routine field crews, (2) “calibrating” crew members, (3) evaluating compliance
with specified quality acceptance criteria, and (4) assessing variability among crews and individual crew
members. QC checks can also be used to identify and mitigate data collection errors, support continuous
improvement, help identify solutions to challenges encountered in the field, and increase the
confidence in (and understanding of) the quality of data collected.

Section 5.2 is organized as follows:

e Section 5.2.1 provides detailed information on hot checks, including an example review form that
would be completed by a QA crew member while conducting a hot check

e Section 5.2.2 describes calibration checks, including some key topics project planners should
consider with respect to these checks

e Section 5.2.3 describes three different checks that can be used to estimate measurement error
including:

0 Cold checks (Section 5.2.3.1)
0 Blind checks (Section 5.2.3.2)
O Precision checks (Section 5.2.3.3)

e Section 5.2.4 provides a summary of the checks as well as some general considerations when
selecting checks and a decision tree for selecting appropriate checks for stable variables

Project planners should consider and select appropriate QC field checks for their project, and include
instructions regarding the selected checks in project documentation.

5.2.1 Hot Checks

Hot checks are a type of field QC check used to objectively and systematically determine if data
collection activities are being implemented as planned. Hot checks are often referred to as “field audits”
or “technical systems audits,” (or in laboratory settings, as “laboratory audits”) and can be used as part
of routine field crew training or during data collection to examine, in real time, the procedures being
performed by routine field crew members. This type of check can help determine whether routine field

Application of QA/QC Principles to Ecological Restoration Project Monitoring Chapter 5
April 2019 Page 5-3



crew members are collecting data correctly and following appropriate SOPs. The QA crew observes the

routine crew activities, examines the data collected, and provides immediate feedback on crew/trainee

performance, SOP efficacy and/or data quality. The characteristics, purpose and timing of hot checks are

summarized in Exhibit 5-2.

Exhibit 5-2. Characteristics, Purpose and Timing of Hot Checks

Characteristics

Purpose

Timing

Data Management

e Performed by QA
crew

e Performed
concurrently with
routine data
collection

e Suitable for both
stable and transitory
variables

e Evaluate accuracy of
data collection

e Evaluate crew
coordination and
implementation of
SOPs, including
establishing and
marking plots

e Evaluate
appropriateness of
SOPs

e Provide real-time and
immediate feedback,
training, and problem
resolution

e During or at the
completion of routine
field crew training

e Preferably at the
beginning of data
collection, but also
applied, as needed,
throughout project
data collection

e Field crew data
forms are corrected
on-site and in real-
time as QA crew
input is received

e Field crew and QA
crew data forms are
maintained
separately

Hot check procedures should be designed to include opportunities for discussion and constructive criticism
aimed at improving crew performance and identifying practical solutions to challenges faced by field crews
when implementing SOPs in a field setting. Because hot checks are conducted concurrently with field crew
data collection, these checks are most effective for evaluating stable variables that are resilient to the
presence of additional staff and/or the potential of increased disturbance contributed by the routine and
QA crews (or expert). Variables that are transitory in nature (i.e., where their properties change quickly
and/or are easily impacted by the sampling effort) can be assessed using hot checks. However, project
planners should develop or adopt specialized methods to estimate values that minimize uncontrolled
measurement error. Depending on the timing and scope, hot checks can be used to:

e assess crew readiness and progress during training,

e certify crew competence at the end of training,

e calibrate crew members at the beginning of a field season,

e assess accuracy and re-calibration of crew members during the field season, and
e determine the effectiveness of established SOPs.

Hot checks are intended to provide objective and systematic examinations that can be used to
determine whether data collection activities conducted throughout the process, from establishment of a
sampling plot through site exit, are being implemented as planned and are suitable to achieve the
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project’s sampling objectives and data quality acceptance criteria. These checks can also function as the
equivalent of an instrument calibration, in that they provide an early opportunity to ensure that each
field crew member is able to use the specified procedures to collect data that meet pre-established data
quality acceptance criteria.

During these checks, a QA crew observes routine field crew collecting data in real time, and provides
constructive feedback aimed at improving their data collection techniques. Although the primary activity
for the QA crew is to observe field crew activities, dialogue between the field and QA crews is also
needed to share ideas and provide feedback.

QA crews should:
e convey attitudes that are helpful, constructive, positive and unbiased;

e conduct evaluations in a manner that provides an opportunity for improvements in project data and
personnel performance; and

e offer practical solutions to problems and engage in conversation with field crew members to better
understand any challenges encountered.

Hot checks also provide an excellent opportunity for field crew members to ask any questions regarding
data collection activities that may have arisen since their training and certification, and for less
experienced crew members to discuss and resolve unanticipated challenges. These feedback
opportunities are inherent to hot checks and are helpful in identifying noteworthy practices that should
be shared with other crew members. When applied during a field season, subsequent resolution of
important deficiencies may need to be verified quickly through a follow-up hot check of the same field
crew or crew member.

As with all QA activities, hot checks benefit from proper planning, including appropriate selection of
individuals for the QA crew(s); preparation of checklists, questionnaires, or reports for each protocol
being used; and the creation of printed electronic forms for collating assessment results. Project
planners should consider the following additional topics when planning to implement hot checks during
the field season or sampling period (USDA 2012).

e Conduct hot checks early in the project cycle. Although hot checks should be conducted throughout
an entire sampling period, they are particularly useful when conducted early to identify issues that
could result in errors that might otherwise go undiscovered until late in the data collection cycle.

e Prioritize inexperienced or problematic members. Newly certified crew members or members who
experienced problems during field training or testing may need to be prioritized for hot checks over
more qualified members.

e Review all variables. Hot checks should include a review of all measured or observed target and
ancillary variables.
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o Address issues promptly. Data should be corrected onsite as issues are identified, and related
problems should be documented and later evaluated to determine the cause.

e Consider the big picture. In cases where site conditions have been impacted and data can no longer
be collected as specified in the SOP, QA crews can still use the opportunity to ask questions, review
and discuss SOPs, and document the results of these discussions.

In addition to assessing whether SOPs are being followed correctly, the QA crew must also determine
whether the quality of the data being collected meets established acceptance criteria. Throughout the
hot check, the QA crew should compare their observations with what the field crew is recording. Any
discrepancies should be noted on reporting forms (e.g., checklists) and discussed with the field crew.

Checklists or questionnaires used by QA crews should be developed and approved for use in advance to
ensure all necessary components of the hot check are addressed and the hot check is conducted in an
orderly and efficient manner. ldeally, these forms include information such as:

e first and last names
of routine and QA
crew members,

e |ocation of the hot
check,

e date and beginning
and ending times of
the hot check,

e steps for selecting or
locating a transect or
sampling site,

e steps of the SOP(s)
under review, and

e data quality
University of Wisconsin Arboretum staff demonstrate seed collecting technique at Curtis Prairie to
students participating in Make a Difference Day at the Society of Ecological Restoration's World
Conference in Madison, WI in 2013. Photo credit: Nancy Aten

acceptance criteria.

These documents also

should include project- and site-specific questions and allow for comments related to particular
activities for each SOP under review. It is important to review each step of the SOPs to determine if
protocols are being followed as specified, and provide feedback if and when issues arise. As the routine
crew collects data, the QA crew observes the activities and fills out the appropriate checklist. An
example checklist for a hot check evaluating data collection in support of a ground cover vegetation
survey is provided in Exhibit 5-3.
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Exhibit 5-3. Example Hot Check Review Sheet

EXAMPLE MONITORING PROGRAM
QA/QC Hot Check: Ground Cover Survey (1-m? quadrats)

Date: Start Time: End Time:
(DD/MMM/YYYY) (HH:MM) (HH:MM)

Weather Conditions:

(TEMPERATURE, WIND, PRECIPITATION)

Plot ID: Quadrat IDs:

Field Crew Members:

Field Crew Leader: Signature:

QA Crew Evaluator: Signature:

PROTOCOL EVALUATION Yes No

Field crew has all required survey equipment, materials, and a copy of procedures (SOPs)

Survey conducted during full tree/shrub 1eaf-0Ut..........ccueeviiiiiiecii e
VEgetation iS ArY ..uii e

Transect location procedures correctly followed
Quadrats placed along transects in correct locations, parallel to ground in correct orientation..........
Locations of the quadrats were marked with permanent stakes .........cccceeciieericiee e
Vegetation allowed natural posture after quadrat placement prior to cover assessment....................
For plants occurring along the boundaries or edges, correctly included or excluded..................cc.......
Referred to the supplemental 5% and 1% cover class, nested mini-quadrat frame for calibration.......
Assessed cover class from vertical position center 1 meter above quadrat..........ccccceeeeeeiciiiiieeceeenns
Photo documentation of quadrat and plant vouchers completed correctly ........ccocccuiiieiieiiicciiienneennn.
Field data forms correctly filled in and confirmed accurate and complete .......ccoevevcieeeecieeecciiee e,
Comments:

I o o o I I
OO0OOoOooOoooooooag

DATA QUALITY EVALUATION: Ground Cover Class Determination for 1-m? Quadrats by Crew Type

Quadrat 1 ID: Quadrat 2 ID:
Substrate/Species Field Crew | QA Crew | Difference FieldCrew | QA Crew | Difference
Bare Soil
Rock
Tree Stem
Woody Litter
Herbaceous Litter
Moss/Fungi/Lichens
Species #1 (RECORD SCIENTIFIC NAME)
Species #...n
Substrate Symbols: BS = Bare Soil HL = Herbaceous Litter M = Moss TS = Tree Stem
A = Artificial F = Fungi L = Lichen R = Rock WL = Woody Litter
Cover Class (CC) Code: 0 = Absent (group) 2 =1-5% cover 4 =25-50% cover 6 =>75% cover
1=<1% cover 3 =5-25% cover 5 =50-75% cover

QA REVIEW: Please circle any missed/misidentified substrate types or plant species and any cover estimates where
differences are greater than the * one class code tolerance quality objective.
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5.2.2 Calibration Checks

One approach to obtaining information needed to assess the quality of ecological restoration project
data is to require routine field crew members to measure or observe variables that have been previously
determined by an expert. Such calibration checks can be performed on one or more variables
independent of any sampling unit or plot, staged under controlled conditions, or by using established
calibration plots within the project area that have been fully characterized by a QA crew. These
calibration checks can be viewed as being similar to standard reference materials or performance
evaluation materials used in laboratories to assess analytical accuracy and competency. Calibration
check results are used to evaluate the data collection abilities of routine field crew members and can
support determination of achievable sampling objectives and data quality acceptance criteria. The

characteristics, purpose and timing of calibration checks are summarized in Exhibit 5-4.

Exhibit 5-4. Characteristics, Purpose and Timing of Calibration Checks

Characteristics Purpose Timing Data Management
e Performed by e Provide empirical data | e During training e Field crew and QA
routine field crew for determining e Systematically crew calibration
following sampling objectives throughout the check data are

characterization of and data quality project/field maintained
calibration plot acceptance criteria separately
variables by QA e Evaluate ability of field season(s)
crew crew to collect * Shortly after QA
e Primarily addresses accurate data crew com'ple'Fes plot
stable variables e Enhance routine crew characterization
performance

Typically, QA crews determine the values of the

target variables selected for calibration checks just Calibration Plot Selection Criteria
Calibration plot locations should be:

easily accessible,
secure and unlikely to be disturbed,

prior to data collection by the routine field crew(s).
Locations where specific observations or
measurements are to be recorded are marked using

relatively stable with respect to target

semi-permanent methods that may include use of variables and ecological change, and
flagging tape or placing stakes/pins in plot centers, representative of the project site being
transect interval locations and/or quadrat corners. monitored.

Calibration checks are not used to test the ability of
a crew or crew member to establish a sample plot
site. These checks are used primarily to (1) evaluate the ability of crew members to consistently collect
accurate data in conformance with the SOPs, and (2) provide empirical data that could be useful in
determining achievable sampling objectives and data quality acceptance criteria. Evaluation of sample
plot establishment is typically addressed during training (see Section 4.2) and/or hot checks (see Section
5.2.1).
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The list below describes topics project planners should consider with respect to calibration checks:

e Conduct calibration checks prior to routine field crew measurements and observations. The use of
calibration checks requires QA crews to collect data that are independent of the project data prior
to field crew measurements and their observations. Calibration check data are collected by routine
field crews/crew members after the plots have been characterized by the QA crew, and compared
to the results previously reported by the QA crew.

e Consider using repeated calibration checks. Field crews/crew members can be asked to repeat
measurements or observations of one or more target variables again as part of a regular, repeated
calibration check to periodically assess and confirm the precision of their measurements and
observations.

e Assess crew variability. Between-crew and within-crew variability can be assessed by having
different crews/crew members conduct calibration checks within the same time frame. For each
parameter assessed, between-crew variability is estimated from a pooled variance from all crews;
within-crew variability is assessed by pooling the variance from all visits to the plot by a single crew
(Stapanian et al. 2016).

e Evaluate and enhance field crew capabilities. Calibration check results can be used to assess the
ability of crews/crew members to consistently collect accurate data (when compared to expert
results) and provide opportunities for correction or improvement prior to collection of routine data.
Calibration checks are also particularly useful for the certification of crew members after training
and/or before the start of a new sampling event (see Section 4.2), and can be used at the end of a
sampling event or field season to document that field crews have maintained their quality standards
in data collection.

Project planners should use caution when implementing calibration checks to ensure the integrity of the
target variables is maintained over multiple visits by crews or crew members. Repeated visits to
calibration plots can easily impact the target variables due to trampling and other disturbances by crew
members, particularly those variables associated with the understory vegetation and soil or substrate
integrity. In addition, if calibration checks are conducted on a limited set of variables multiple times by
the same individual(s), the individual(s) are likely to recall previous results which may bias any
assessment of precision and accuracy. This is of most concern for those variables characterized by
simplistic results, such as the number of white pine > 5cm diameter at breast height (DBH), estimates of
percent cover, vegetation species identification, and percent slope.

5.2.3 QC Checks to Estimate Measurement Error

In this section, we describe three types of QC checks — cold checks, blind checks, and precision checks
— that can be used to evaluate how well data comply with the corresponding acceptance criteria to
ultimately assess measurement error. Cold checks and blind checks are conducted by QA crews who are
distinct from the routine field crews and whose measurements and observations are considered to be
the equivalent of a “true value.” In each case, the QA crew visits a plot after data have been collected by

Application of QA/QC Principles to Ecological Restoration Project Monitoring Chapter 5
April 2019 Page 5-9



the routine field crew and measures or observes the variables and characteristics using the same SOP(s)
as the routine field crew.

The original values generated by the routine field crew are then compared to the values collected by the
QA crew to determine differences or deviations. The paired values and calculated differences are
compared against the applicable acceptance criteria to (1) identify and possibly correct issues related to
data collection procedures (including implementation) or personnel training, (2) assess the overall
quality of the specific data elements addressed by the checks, and (3) develop more appropriate
acceptance criteria. Precision checks are typically performed when the use of a QA crew is not feasible,
and instead rely on the routine field crews to repeat measurements or observations (USDA 2012). These
checks are limited because they lack the expertise needed to provide a theoretical “true” value. While
they can provide an assessment of precision, they cannot be used to evaluate bias or overall accuracy.

As with calibration checks (Section 5.2.2), these three checks are used to evaluate the ability of crew
members to collect the required data using the SOPs; they are not used to test the ability of a crew(s) to
establish a plot site. Evaluations of plot establishments are typically addressed during training (see
Section 4.2) and/or hot checks (see Section 5.2.1). As shown in Exhibit 5-5, these three types of QC
checks differ slightly in how they are conducted, why they are conducted and how they impact the
collected data. Each is discussed in detail in subsections 5.2.3.1 through 5.2.3.3.

The overarching principles listed below should be considered by project managers when planning the
type and frequency of these checks as they are built into data collection activities:

e Conduct QC checks promptly after field data collection. To minimize the effects of temporal
variability that might prevent an accurate assessment of data quality, cold checks, blind checks and
precision checks should be conducted as soon as possible following collection of the original data.
Although timing will depend on the project, variable and/or characteristic being observed or
measured, site conditions, and resources, these checks should be scheduled in a time frame that
minimizes the effects of temporal variability between crews. For example, if field crews are
conducting monitoring activities during a growing season, the project planners should determine the
optimal time for QA crews to revisit the site based on local phenology and other environmental
factors germane to the project’s location.

e Address key variables. These QC checks should address the primary or key set of variables that are
being observed or measured, as determined by project quality objectives. Depending on project
needs and available resources, these checks also can address supplementary or ancillary data that
are associated with the primary variables of interest.

e Ensure relevance of QC check. Where cold checks are typically used to both assess and improve the
quality of project data that are being collected, blind checks and precision checks are typically only
used to provide an overall assessment of the quality of project data once data collection is complete
and project data compiled. However, depending on how the results of these checks are used, the
results of all three can contribute to both the collection and assessment of project data.
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Exhibit 5-5. Comparison of Cold, Blind and Precision Checks

Qc . . Data
Characteristics Purpose Timing
Check Management
Performed by QA crew
QA crew has access to field crew data
Field crew not told which sampling
" site(s) will be revisited e Evaluate data )
= Can be used to confirm data quality of accuracyand | ® Throughout the | © Field crew and
£ problematic site(s) or of randomly completeness project/field QA crew data
; selected site(s) * Identify and season(s) forms (hardcopy
S Typically assess a core set of correct * Shortly after or electronic)
measurements and/or observations problems field crew are maintained
QA crew provides documentation with completes sseparately
i activities e Field crew and
feedback regarding errors ]
Used to address stable variables * Across sampling QA c'rew results
units and site are linked by
Performed by QA crew considered unique
QA crew does not have access to field representative identifiers, plot
" crew data of the variability or sample codes
§ Field crew not told which sampling ¢ Evaluate data exhibited by the |  for subsequent
S| site(s) will be revisited accuracy and routine field data quality
T Applied to randomly selected sampling completeness crews assessments
@ sites
Used to assess data quality —immediate
feedback not provided
Used to address stable variables
Performed by separate routine field
crews or crew members * Results are
Neither crew or crew members have maintained
access to the others’ data e Throughout the | separately
P Used in addition to cold and blind e Evaluate data project/field e Data COHECteF'
] checks, or when it is not feasible to precision season(s) by separate field
S have a QA crew. Also used when within- and e Shortly after or crews are linked
S observer-determined data have to be between-field |  concurrently by unique
2 collected in real-time to avoid temporal | Créwsorcrew with data identifiers, and
2 effects members collection by plot or sample
Used to assess data quality —immediate other field codes for
feedback not provided crews subsequent data
Used to address stable variables; if quality
performed concurrently, can also assessments
address transitory variables
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5.2.3.1 Cold Checks

Similar to hot checks, cold checks are objective and systematic assessments that are typically used to
determine if data collection activities are being implemented as planned and are suitable to achieve
data quality acceptance criteria. During a cold check, the QA crew visits a site and measures or observes
all or a subset of the variables that have been previously and recently assessed by a routine field crew.

Whereas QA crews conduct hot checks while a field crew is still present, cold checks are performed
shortly after the field crew has completed its activities and reported its data. Thus, cold checks provide
an opportunity to evaluate routine field crew results and correct errors, but do not provide a means for
observing the routine field crew’s implementation of the procedures. Cold checks also differ from hot
checks in that field crews are not informed of which sites or plots will be revisited. While hot checks
provide a potential opportunity for routine field crews to “be on their best behavior,” cold checks and
blind checks (see Section 5.2.3.2) are more likely to provide an unbiased assessment of routine field
crew data collection.

We recommend that project planners consider the following principles when establishing requirements
for the use of cold checks (USDA 2012):

e Completion time: Cold checks should be completed as soon as possible following the initial routine
field crew data collection to identify problems and errors.

e Prioritization: Cold checks should be prioritized for routine field crews that have incorporated
improvements based on results of a previous hot check. This provides an opportunity to confirm the
improvements are being implemented correctly.

e Site selection: Although it is desirable for QA crews to randomly select plots for cold checks, the
desire for randomness may be outweighed by environmental and other logistical challenges or
random chance events (e.g., unexpected disturbance or absence of the target ecological
phenomenon) that obstruct the possibility to conduct repeat measurements or observations.

o Data management: Cold check datasets (including hard copy and electronic data forms) generated
by the QA crew should be maintained separately from the routine field crew datasets.

During a cold check, the QA crew often has the routine field crew’s data in hand to facilitate comparisons
of the field crew results with results collected by the QA crew. This differs from blind checks (see Section
5.2.3.2), during which QA crews do not have and have not seen the original field data. In cases where the
collected data are comparable, the QA crew can check off the data to indicate agreement; in cases where
discrepancies are found, the QA crew should provide notations that include what they believe to be the
correct value. Any changes made to the original data should be discussed with additional QA reviewers
prior to implementing the change. In cases where resources are limited, project managers might decide to
modify cold checks by having the QA crew refer to the routine field crew data only after they have
completed and compiled the results of the cold check. This approach also mitigates potential bias that
could be introduced due to knowledge of the previously recorded observations and measurements;
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although the data are not technically independent, they might be considered along with blind check data
(see Section 5.2.3.2) for use in evaluating overall project data quality.

The following QA crew procedures are recommended when conducting a cold check:

1. Identify data collection site: The first step upon arrival is to locate and confirm the specific site
and/or sample unit(s) (e.g., plot, subplot, transect, quadrat, stream reach) for data collection by
locating any permanent markers including any necessary reconstruction of sampling lines or areas
using flagging or other non-permanent markers.

2. Collect data: The QA crew then collects data (following the same SOPs used by the routine field
crew), being sure to address all targeted variables initially assessed by the routine field crew.

3. Compile results: The QA crew transcribes their results into a data form that already includes the
routine field crew data.

4. Compare data: While still at the site, the QA crew compares the cold check data to the original data
collected by the routine field crew. Data discrepancies are immediately identified and flagged. Note:
For QA crew results to be considered unbiased, comparison of results should occur following
completion of cold check data collection.

5. Evaluate differences: Discrepancies between QA crew and routine field crew data are evaluated and
compared to the data quality acceptance criteria for each variable. The achieved compliance rates
for the field crew depicted in Exhibit 5-6, for example, were 95% (19/20) for identification of genus
and 80% (16/20) of species. In certain cases, particularly for transitory variables, quantitative
assessment of differences between QA crew and routine field crew results may not be directly
comparable, and may require use of reference tables, multiple plots, alternative statistical methods
and/or computer software.

6. Confirm findings: The findings identified during Step 5 should be confirmed. In the example
provided in Exhibit 5-6, the QA crew might want to revisit trees 6, 10, 11, and 17 to validate the
correctness of their assessments.

7. Assess causes: QA crew assesses potential site-related causes for discrepancies and documents
findings.

8. Confirm cold check is complete: QA crew reviews data form(s) for completion, ensures all notes and
flagged results are correctly documented, and confirms that any collected samples are properly
labeled and secured for transport.

Exhibit 5-6 provides an example comparison between routine field crew data and cold check data, for
tree species identified on a plot. The data quality acceptance criteria are included, with a tolerance for
no errors in species identification and a corresponding compliance rate of at least 99% for genus and
95% for species. In conducting their comparison, the QA crew should have noted one genus and species
error (tree 11) and three additional species errors (trees 6, 10, and 17).
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Exhibit 5-6. Example Cold Check Data Comparison — Tree Species Identification

Tolerance: No Errors
Compliance Rate: At least 99% of the time for genus, at least 95% of the time for species
Tree Field Crew QA Crew Genus Error Species Error
1 Northern Red Oak Northern Red Oak No No
2 White Oak White Oak No No
3 Bigtooth Aspen Bigtooth Aspen No No
4 Black Cherry Black Cherry No No
5 White Oak White Oak No No
6 Red Maple Sugar Maple No Yes
7 Black Cherry Black Cherry No No
8 Black Cherry Black Cherry No No
9 Northern Red Oak Northern Red Oak No No
10 Northern Red Oak Northern Pin Oak No Yes
11 Balsam Fir White Spruce Yes Yes
12 Bigtooth Aspen Bigtooth Aspen No No
13 Northern Red Oak Northern Red Oak No No
14 Black Cherry Black Cherry No No
15 White Oak White Oak No No
16 Northern Red Oak Northern Red Oak No No
17 Northern Red Oak Black Oak No Yes
18 Black Cherry Black Cherry No No
19 White Oak White Oak No No
20 Northern Red Oak Northern Red Oak No No

5.2.3.2 Blind Checks

The process for conducting blind checks is similar to cold checks except the QA crew has not seen the
routine field crew data and does not have the original data in-hand. Thus, blind checks are conducted
both separately and independently of the original data collection effort, affording significantly less
opportunity for potential unintended bias. Similar to cold checks, routine field crews do not know which
of their data collection locations will be revisited. Unlike hot checks and cold checks, blind checks are
typically not used to control the quality of project data. Instead, blind check data are collected
independently and separately from field crew data to provide information that can be used to assess
routine field crew performance and data quality, including the precision and accuracy. Although QA
crews are provided with the same project information (e.g., site packet) provided to the field crews, the
QA crew does not receive any information regarding the data that have been collected by the field crew
except for the date and specific location that correspond to the data collection efforts.

An important step in conducting a blind check is to randomly select a data collection site from the full
suite of sampling sites associated with the project. Random selection is valuable because the inferences
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on data quality derived from blind check results are meant to apply to the entire project dataset.
Exceptions would be cases where specific sites are known to have problems or data quality concerns.

We recommend that project planners consider the following principles when establishing requirements
for the use of blind checks:

o Completion time: As with cold checks, blind checks need to be conducted as soon as feasible after
the routine field crew collected the data. Also as with cold checks, timing will depend on the project
or variable being measured or observed, site and weather conditions, and resources. As an example,
the US Forest Service strives to conduct blind checks within two weeks of the original data collection
effort (USDA 2012) so that differences identified between crew results can be attributed to
variability in measurement or observation, and not confounded with natural temporal variability.

e Scope: Blind check results should provide enough data for each variable (e.g., 10 or greater) being
monitored to allow for evaluation of the quality of the overall (i.e., complete) dataset.

e Data management: No corrections should be made to the original data based on the results of
blind checks. Blind check datasets need to be maintained separately, yet linked to the routine field
crew data in the project database. Similar to analytical results of duplicate or replicate samples,
blind check data should be treated exactly as the routine field crew data for data entry and
subsequent review, including data verification and validation (see Chapter 6 for a discussion of
data review steps).

The following QA crew procedures are recommended when conducting a blind check:

1. Identify data collection site: The first step upon arrival is to locate and confirm the specific site
and/or sample unit(s) (e.g., plot, subplot, transect, quadrat, stream reach) for data collection by
locating any permanent markers including any necessary reconstruction of sampling lines or areas
using flagging or other non-permanent markers.

2. Collect data: The QA crew then collects data (following the same SOPs used by the routine field
crew), including required voucher specimens and/or photos being sure to address all targeted
variables initially assessed by the routine field crew.

3. Compile results: The QA crew transcribes their results into a data form that is separate from and
independent of the routine field crew data.

4. Confirm blind check is complete: The QA crew reviews data form(s) for completion, ensures all
notes are correctly documented, and confirms that any collected samples and/or specimens are
properly labeled and secured for transport.

Once both the routine field crew data and the QA crew’s blind check data have been reviewed, they can
be compared to assess whether data quality acceptance criteria have been met.
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5.2.3.3 Precision Checks

Not all restoration projects have the ability, either due to limited funding or access to available experts,
to have separate QA crews conduct hot, cold or blind checks. Nor can many of the target variables
associated with ecological restoration projects (e.g., wildlife species counts, vegetation structure, soil
moisture) be expected to remain stable even over short time periods. For these situations, we
recommend the systematic use of precision checks that are conducted by routine field crew(s) as a
necessary component of the sampling design. Observer-determined data must be collected in a
reproducible manner in order for it to be reliable and useful in supporting project decisions, and the
simplest evaluation of data quality is a precision check.

Precision checks are conducted by having one or more field crews or members conduct re-
measurements or observations of the same target variables at the same site. Estimates of within-crew
precision can be made if a crew repeats measurement or observation of target variables for any given
site where that same crew had previously collected data. Estimates of between-crew precision can be
made if two or more crews collect data at the same site. Because these checks are conducted without
the benefit of data collected by experts for comparison, results of these checks cannot be used to
estimate the accuracy or bias of the collected data.

We recommend that project planners consider the following principles when establishing requirements
for the use of precision checks:

e Site selection: As with other QC checks, sites for conducting precision checks should be selected so
that the results are likely to be representative of typical data collection efforts.

e Timing and variability: Dates for monitoring will need to be coordinated to meet scheduling
requirements and to ensure that crews collect data within a specific window to minimize the
impacts of temporal variations on estimates of both within- and between-crew precision. For
example, Kercher, Frieswyk, and Zedler (2003) describe a between-crew precision test for two
sampling teams of botanists who evaluated species richness and cover estimates on twelve wet
meadows in Dane County, Wisconsin, USA. After sampling by the first team, the second team made
an independent assessment of ten 1 m? quadrats on each meadow. The corners of the quadrats
were marked to assist the second team in finding them. Results indicated that species richness and
cover estimates were similar, but one of the teams tended to have higher estimates for cover than
the other.

o Data management: As with blind checks, data collected by the routine field crew or member are not
available to the individuals conducting the precision check. Each dataset is treated as if it were the
original during the process of data review and checking, and data are reviewed and processed in a
manner similar to blind check data, with an emphasis on evaluating precision of the dataset against
pre-established quality objectives.
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5.2.4  Summary of QC Field Checks

For any data collection effort, the more QC checks conducted, the better the ability to assess data
quality. Consistent with application of the graded approach to quality management (Section 2.3), the
type and extent of QC checks applied to collection of observer-determined data will depend on the (1)
intended use of the data, (2) anticipated impact of the project, (3) availability of appropriate resources,
(4) project schedule and (5) requirements of the funding organization. Comparing and contrasting the
five QC checks can be challenging as project managers try to evaluate what checks to consider for their
projects. Exhibit 5-7 provides a summary of the five QC checks discussed in this chapter to facilitate a
high-level comparison.

Exhibit 5-7. Summary of QC Checks for Observer-Determined Data

Used to Assess
QC Field Check Purpose Conelsise
by Precision Bias Accuracy
Hot Check Provide Training and | QA Crew P . P
Real-time Feedback

Calibration Check E;‘;‘Sf;;?mmg and | Field Crew v v P
2 S| cold Check Produce Empirical QC | QA Crew Y L, ,
S o Data

€ [}

5 3| o Produce Empirical QC | QA Crew Y L, .
2 g Blind Check | pata (unbiased)

Y S

§ ﬁ Precision Provide Empirical QC | Field Crew Y

S €| Check Data

There are many overarching principles that project planners should consider as they plan the types and
frequency of QC checks that will be integrated into data collection activities. These considerations are
summarized below and discussed in greater detail throughout the previous sections.

e Prioritize QC checks for routine field crews containing new members or crews with higher levels of
quality problems identified during training.

e Use QC checks conducted in real time to address transitory variables (e.g., wildlife species
identification and counts) as opposed to relatively stable variables (e.g., % canopy cover).

e Conduct QC checks within an acceptable time frame that sufficiently mimics site conditions at the
time of routine field crew data collection.

e Select QC check locations that are sufficiently representative of the sampling sites and variables.

e Report, review and carefully consider results of QC checks within a time frame that allows for
sufficient evaluation and, in some cases, data correction.

Application of QA/QC Principles to Ecological Restoration Project Monitoring Chapter 5
April 2019 Page 5-17



¢ Incorporate results of QC checks into real-time decision making as part of feedback to inform
improvements in data collection.

e Choose a QC check strategy that provides a reasonable assessment of data collection procedures
and/or data (e.g., minimum number of sites, variables at each site, QC checks) to support the
credibility of any conclusions based on the results of QC checks.

When selecting the appropriate QC checks, project planners also need to consider if the target variables
are stable or transitory (as described in Chapter 3). With the exception of hot checks (Section 5.2.1) and
precision checks (Section 5.2.3.3), the QC checks discussed in this chapter are applicable to assessing
the quality of procedures used to collect data during monitoring of stable variables. Hot checks are
conducted concurrently with routine data collection and are, therefore, an especially useful QC tool
when the sampling design requires monitoring of transitory variables. Precision checks offer similar
advantages for transitory variables, but are limited to providing information about precision, without
the added benefit that hot checks offer in terms of assessing accuracy.

The following QA/QC strategies should be considered when projects require monitoring of transitory
variables:

¢ Implement hot checks or concurrent precision checks.

e Conduct classroom or simulated field trials to estimate routine field crew accuracy, bias, and
precision (and for potential use in determining data quality acceptance criteria).

e Periodically assess routine field crew ability to meet acceptance criteria.
e Use multiple routine field crew members to produce paired datasets for assessing precision.

e Pair routine field crew members with experts to collect paired datasets that can be used to assess
accuracy and bias.

e Collect physical samples that can be split or duplicated to estimate accuracy, bias, and precision.

Exhibit 5-8 below presents considerations to apply when considering strategies to address data
collected for stable variables.
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Exhibit 5-8. QC Strategies for Stable Variables

* Includes results from physical and biological samples that can be split, duplicated or vouchered.

** Access to previous monitoring results not permitted prior to assessment.

As just one example of the application of QC strategies described in this chapter, we refer again to the
example sampling objectives described in Chapter 3 (Exhibit 3-3 and Exhibit 3-7) and Chapter 4 (Exhibit
4-3) related to the restoration of native willow. In this project, the monitoring design might include the
overall measurement of 30 plots using three routine field crews, with each of the three crews measuring
ten of the plots. The project planners could require each crew to be tested prior to the field season by a
QA crew made up of field crew trainers, using hot checks. Blind checks could then be performed during
the field season to document data quality. Because each routine field crew is measuring ten plots, a
minimum of one blind check per crew might be selected as the re-measurement strategy.
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5.3 USE AND REPORTING OF QC CHECK RESULTS

This section provides a general overview regarding the use and reporting of results of the QC checks
described throughout this chapter. As noted, the results of these QC checks can be used to:

e provide feedback to improve data collection procedures and field crew capabilities;
e inform decisions regarding data collection activities; and
o facilitate assessments of data quality.

All of the QC checks described in this chapter result in some form of documentation of results, including
notations, checklists, data forms, or reports. The procedures used to report the results are project-
specific and will depend on the type, timing and purpose of the QC checks conducted. To facilitate and
expedite use of QC check results, findings and reports should be provided to individuals involved in
decision making, including the leaders and managers described below.

o Field crew leaders are often responsible for ensuring the correctness and completeness of all data
from sampling site(s), and benefit from QC check findings to improve current or future data
collection efforts.

e Project managers need to know if a field crew or member is failing to meet data quality acceptance
criteria so they can make effective and well-informed decisions and take corrective actions as needed.

e Project data managers and QA managers ensure that corrections identified during the QC checks
are reflected in the project database.

e Project QA managers are typically responsible for making and/or reviewing data usability
assessments (see Chapter 7) and rely on QC check information as a critical component in doing so.

The results of these checks should be clearly linked to the corresponding project data, and provided to
the appropriate responsible parties in sufficient time to (1) facilitate and improve data collection
procedures, assessments and quality; and (2) support project decision making.

5.3.1 Feedback for the Routine Field Crew

Feedback based on the results of hot checks and calibration checks can be provided to field crew
members at various stages, including as (1) immediate feedback, or (2) feedback based on results of
compiled QC check results. Regardless of when feedback is received by the routine field crew members,
the information can result in improvements to training and certification processes, data collection
procedures, and the QC check documentation itself.

Both hot checks and calibration checks (Section 5.2.1 and Section 5.2.2, respectively) are often used
during training and certification. Immediately reporting these check results to trainers and field crew
members can improve crew performance prior to initiating or continuing data collection activities. In cases
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where results reveal potential problems with SOPs, results should also be provided to project planners or

other individuals responsible for ensuring that appropriate procedures are used for the project.

Hot checks are the only QC checks that allow field crew members to receive immediate real-time

feedback regarding discrepancies or problems. These checks provide an ideal opportunity to discuss the

discrepancies and problems along with any related concerns with experts. Upon completion of hot
checks, the QA crew should report their findings to project management in a format that suits the
nature of the project and the issues or problems identified. A report can be as basic as providing a verbal

summary along with the completed checklists, or as comprehensive as a detailed summary report of key

findings and recommendations.
5.3.2 Debriefings

In addition to providing
feedback to field crew
members, a comprehensive
debriefing at the end of a field
season or data collection effort
is recommended to obtain a
qualitative assessment
regarding the reliability and
appropriateness of the SOPs
from the field personnel’s point
of view. For larger projects that
are geographically extensive
and involve multiple crews,
feedback from routine field
crew members should be

Soliciting Feedback from the Field Crew:
General Strategies for Project Managers
Encourage crew members to contribute ideas.
Establish opportunities for field crews to report questions,
concerns or suggestions related to their data collection
efforts on a regular basis (during and after the sampling
period or field season).
Conduct routine (e.g., weekly) staff briefings, interviews or

telephone calls, or request written feedback as part of a
routine reporting requirement.

Review feedback promptly if received during the field
season.

Respond promptly to all questions and concerns.

Implement suggestions that would help improve operations
and data quality.

integrated into both ongoing reporting activities and a detailed debriefing at the end of each field

season or data collection effort. For small localized projects, debriefings at the end of each sampling
period or data collection effort may be adequate.

Potential debriefing methods include (1) providing field crew personnel with a comprehensive

guestionnaire, or (2) planning a debriefing meeting (in an office location or at the sampling site) during

which one or more field crew members provide project managers with feedback and discuss possible

suggestions for improving future data collection efforts. Debriefings and subsequent activities designed

to improve data collection processes have been successfully integrated into the Great Lakes Coastal

Wetland Monitoring program, which conducts monitoring efforts within coastal wetlands along the

Great Lakes. Under this program, a debriefing of regional team leaders is held each winter to review

procedures and identify potential improvements. This effort is a key component of their QA program

(Uzarski et al. 2017).
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On a broader level, an important component of any ecological restoration project is to allow for
continuous improvements to data collection processes and data quality. Continuous improvements can
be achieved by (1) increasing the effectiveness and efficiency of field SOPs (and resulting data quality)
through process improvements that reflect QA crew feedback provided to routine field crew members,
and (2) implementing debriefing procedures that help obtain objective and constructive feedback from
field crew members.

5.3.3 Use of QC Check Results to Inform Decisions

The extent to which QC checks are used to inform decisions regarding data collection activities and data
corrections varies widely, and is highly dependent on the timing, significance, and intended use of the
results. Results of all QC checks should be included in the project database along with all original
uncorrected field data. This allows for decisions to be made as needed, including during the data review
process (see Chapter 6) based on all available information. In some cases, depending on humerous
factors, data corrections may be needed sooner rather than later. For example, if results of a cold check
indicate that a routine field crew member measured tree stem DBH incorrectly, producing an inaccurate
estimate of basal area, the result may need to be corrected to reflect the corresponding “true” stem
diameter. This information also informs decisions regarding whether additional visits to the site or field
team should be made — or more significantly, whether the procedures used should be adjusted or
described in more detail. Each project should have documented procedures that are planned ahead and
in place for handling such corrections. In general, data errors that are identified during QC checks will
need to be corrected in the project database along with a notation to explain the reason for the
correction. These errors could include data found to be outside data quality acceptance criteria.

Each non-conformance finding pertaining to documented procedures or data quality acceptance criteria
should be reviewed, particularly if the deficiency could result in unacceptable data quality. QA crews can
often identify the root causes of a non-conformance finding (e.g., additional training needs, procedural
changes) and provide recommendations to project managers that would help address the underlying
problem. Resolution of data quality deficiencies may need to be verified by a subsequent hot check (or
other type of QC check) within a sufficient period of time to ensure appropriate changes are
implemented in a manner that improves data quality.

5.3.4 Assessment of Data Quality

QC check results are crucial for evaluating and documenting data quality. Specifically, these results allow
data to be evaluated in terms of data quality indicators (DQls), such as precision, bias, accuracy,
representativeness, comparability, completeness, and detectability, and their related data quality
acceptance criteria (see Section 3.4). Details regarding data review and assessments including the
assessment of QC check results are provided in Chapters 6 and 7. In addition, Appendix B describes
several statistical procedures that support these assessments. Depending on the specific project and
purpose of data collection, potential impacts of QC check results include demonstrating that data quality
acceptance criteria have been met, ensuring implementation of corrective actions, and improving data
quality (see Exhibit 5-9).
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Results of precision checks (see Section 5.2.3.3) provide the simplest means for evaluating whether
data collected by field crews meet data quality acceptance criteria for precision. Because there are no
QA crew datasets associated with these checks, results are reported separately, and subsequently
reviewed and verified using identical procedures and considerations. Results of cold checks and blind
checks also can be used to assess precision but because these results are collected by experts, their
use is more appropriate for evaluating bias and accuracy. The ability of the data to meet the data
quality acceptance criteria for the remaining DQls also can be assessed using results from the suite of
QC checks described in this chapter.

Exhibit 5-9. Iterative Process Incorporating Results of QC Checks

An example of the iterative process shown in Exhibit 5-9 is a case where precise tree volume data were
needed. One variable that fed into the calculation was tree length to a 4-inch top diameter; the specified
acceptance criterion for this variable was that the reported length should fall within 1 foot of the true
value, 90% of the time. The project manager worked with the database manager on a method for
storing the data, and with experts to develop methods for collecting the data. Crews were trained, but
the data collected were neither sufficiently accurate nor precise enough to meet the quality
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requirement. Field crews recognized that it was not possible to meet the acceptance criterion, as the
methods being used required a visual estimate of a 4-inch top diameter from more than 100-feet away,
through dense canopy and on trees with very little taper. In this example, the field crews informed the
project manager of the need to develop alternative sampling methods. The project manager then
worked with experts to develop alternative sampling methods, and the desired level of quality was met
given the project design.

Results based on the QC checks should be documented in summary reports (or more detailed reports,
depending on the intended use) and provided to project managers and decision makers who are
evaluating the success of the ecological restoration efforts. These reports also should be provided to
individuals involved in the verification and validation of data, as described in Chapter 6, and should
include an assessment of whether data quality acceptance criteria were met for all targeted variables.

5.4 QUALITY CONTROL DURING FIELD ACTIVITIES — CHECKLIST

The checklist below provides a summary list of overarching considerations regarding the application of
QC during field data collection activities. As with any checklist, the listed items should not be interpreted
or applied without comprehension of the supporting information. Users of this checklist are encouraged
to read and understand the corresponding details that are provided throughout this chapter, and to
implement these details using a graded approach that is commensurate with a project’s scope,
importance and available resources.

QUALITY CONTROL DURING FIELD ACTIVITIES — CHECKLIST

[1 Establish and maintain good field practices.

[ Ensure field crews have all the necessary information, documentation, equipment and
materials, training, and data reporting forms needed to perform their assigned field
activities.

[J Establish communication methods between field crews and designated project leader(s).

[ Ensure field crews have the necessary expertise and materials to record collected data and
associated information clearly, legibly and with the level of detail required to address all
target variables, including ancillary information.

[ Establish and implement procedures for field crews to review data during and immediately
following collection (e.g., use of multiple crew members, verbal repetition, reviewing
transcribed results prior to leaving sampling location).

[J Establish and implement procedures to ensure all specified data collection activities are
completed before leaving sampling sites (e.g., double check all collected data, notes and
comments; ensure all data forms, photographs, recordings, charts, samples and/or
specimens are correctly labeled, organized, and stored; and ensure samples requiring
laboratory analysis are handled in accordance with specified handling, transport and chain-
of-custody procedures).
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QUALITY CONTROL DURING FIELD ACTIVITIES — CHECKLIST

L1 Establish qualified QA crews.

[] Identify and obtain access to individuals with the appropriate levels of experience,
proficiency, and expertise to perform as QA crew members.

[] Clearly document QA crew activities and responsibilities.
[] Determine field QC strategies.
[] Determine the type of QC field checks that are appropriate for your project.

[] Determine the location, timing and number of QC field checks that are appropriate for your
project. Chose a strategy that allows a reasonable assessment of sample and data collection
procedures, field crews, and the resulting data. Consider prioritizing checks for less
experienced crew members and more challenging procedures. Ensure the strategy provides
QC check data that are sufficiently representative of site conditions and target variables.

[] Use QA crews to perform QC field checks where feasible; rely on routine field crews to
conduct precision checks in other circumstances or as an additional QA tool.

[] Conduct all QC field checks within a time frame that sufficiently mimics site conditions at the
time of routine field crew data collection. Address transitory variables by conducting QC
checks in real time (concurrent with routine data collection).

[] Use and reporting of QC field check results.
[] Establish and implement procedures to:

0 Ensure QC field check data are complete and accurately associated with corresponding
field crew data.

0 Compare QC field check data to routine field data, and evaluate the results against data
quality acceptance criteria.

L] Report, review and consider results of QC checks within a time frame that allow for
sufficient evaluation and corrective action.

[] Establish and implement communication between field crews, QA crews, and project
decision makers to evaluate and act upon QC field check results and data collection
activities.

5.5 ADDITIONAL READINGS

e Bergstedt, Johan, Lars Westerberg and Per Milberg. 2009. In the eye of the beholder: bias and
stochastic variation in cover estimates. P. Plant Ecol 204:271. doi: 10.1007/s11258-009-9590-7.

e Nadeau, Christopher P. and Courtney J. Conway. 2012. Field evaluation of distance-estimation error
during wetland-dependent bird surveys. Wildlife Research 39(4):311-320
https://doi.org/10.1071/WR11161.
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CHAPTER 6 DATA REVIEW

Data generated and collected during ecological restoration projects form the basis of critical decisions,
including whether objectives were achieved and what adaptive management strategies are needed to
prevent or correct failures and build on successful efforts. Thorough review of project data is crucial for
identifying limitations that might impact its use in making reliable decisions regarding project
effectiveness, next steps and potential improvements. For the purposes of this chapter, we refer to the
process of evaluating data quality and documenting limitations as a “data review” that consists of data
verification, data validation and data certification (see text box).

No single data review process is perfectly suited to the needs of all organizations, projects or data types.
Therefore, this chapter provides guidance on process-related options that should be considered. Section
6.1 discusses concepts to consider when planning data review activities. Data verification and validation
processes are described in Section 6.2, followed by guidance for handling data discrepancies and errors
in Section 6.3. Finally, Section 6.4 provides recommendations concerning data certification. Although
the primary focus is on data collected in the field, the review of laboratory data can play a critical role in
supporting decisions for ecological restoration projects and is included in some of the examples.

Data Review

Data Review is a process to confirm data quality, identify any associated limitations, and help
managers understand how confident they should be in these data if they are used to support
decision-making activities. Components include:

o Verification: Confirmation, through provision of objective evidence, that specified
requirements have been fulfilled (ISO 2015b, ASQ 2014). For ecological restoration data, this
includes verification that specified procedures were followed, results comply with data
quality requirements (e.g., established acceptance criteria for data quality indicators were
achieved), data entry and calculations were performed correctly, and data integrity has
been protected. In other words, data verification asks, “Did they do it right?”

Validation: Confirmation, through provision of objective evidence, that the requirements
for a specific intended use or application have been fulfilled (ISO 2015b, ASQ 2014). For
ecological restoration data, this includes ensuring that the data are scientifically valid,
and that they support broader project and sampling objectives. In other words, data
validation asks, “Does it make sense?”

Certification: Ensuring a secure validated database has been completed, documented
and certified (if applicable) and that the data within the database are suitable for final
usability assessments in preparation for analysis, reporting, distribution and archiving.

6.1 PLANNING DATA REVIEW ACTIVITIES

Data review activities should be planned well in advance, preferably along with other aspects of project
planning. Qualified data reviewers should be included in planning efforts. These reviewers should be
carefully selected and must possess the knowledge, skills and experience needed to accurately assess
conformance with required data collection procedures and established project criteria. Early planning of
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data review allows for the integration of data review components with data collection and

documentation processes, which can expedite portions of the review process and facilitate timely

support for project decisions. Guidance on the timing, responsibilities and procedures for performing

and documenting data review activities are provided in the five subsections that follow.

Important Project Planning Considerations
When will data review activities be performed? (Section 6.1.1)
Who will review the data? (Section 6.1.2)

What will be reviewed and what materials are needed? (Section 6.1.3)

How will the data be reviewed and findings conveyed to data users? (Section 6.1.4)

Documenting the results of these decisions in written data review procedures

(Section 6.1.5)

6.1.1 Timing (When to Review the Data)

In general, data review should occur at each stage of data collection or reporting, and each time data

are submitted or passed from one level to the next (see Exhibit 6-1). Some data review activities, such as

those shown in the first row of Exhibit 6-1, are performed by field and laboratory staff before crews

leave the field or results are submitted by the laboratory. These pre-submission activities should be built

into data collection standard operating procedures (SOPs), and provide an opportunity to correct

problems or errors in real-time (i.e., during data collection) when conditions best reflect the data

collected (see Section 5.1). Additional data reviews should be conducted by personnel who were not

directly involved with (i.e., were independent of) the generation or collection of data, as discussed in

Section 6.1.2.

Exhibit 6-1 identifies four potential stages of
data review, but these are not absolutes.
Project managers should use a graded
approach that balances resources against the
risks of obtaining and relying on flawed data.
This may require deciding to consolidate some
of the review activities and accepting the
associated risks. For example, limited
resources may require combining the activities
described in the second and third stages; this
action would result in fewer opportunities for

Benefits of Early Data Review

Timely review of data increases opportunities for
correcting errors early and preventing similar
ones from occurring as the project progresses.
In addition, preliminary analysis (e.g., plotting)
of key data variables can be useful in

identifying unexpected results or trends and
determining if modification to the monitoring
program is needed. (See Chapters 7 and 8 for
guidance on analyzing verified and validated
data and adapting the restoration or monitoring
programs as needed based on results of those
analyses.)

(1) correcting procedural problems while the sampling season is still underway, or (2) having labs

reanalyze samples that failed to meet specified acceptance criteria. Conversely, use of automated data

capture and/or data review tools may streamline activities enough to allow for review of data

immediately upon receipt, thus allowing the second and third stages to be combined without

compromising opportunities for timely correction of problems.
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Exhibit 6-1. Example Strategies for Conducting Data Review Activities at Each Stage of the Data

Collection, Reporting, Transcription and Management Process

When Description Examples
Ensure data are complete, legible | 1. Field crew leader confirms the presence of a plant species
Before and correct before reporting and ensures the species identification code is
results results; includes inspection of documented correctly and legibly before leaving the plot
leave the data by field crew leader before (see Section 5.1)
field or lab | leaving site or internal review of | 2, Lab QA manager reviews compiled data package and
data by lab QA manager certifies it complies with requirements before submission
3. During a cold check, the QA crew determines the routine
field crew recorded the wrong plant species and
Upon Ensure field or lab data are identification code, initiates corrective action to prevent
receipt of reviewed early enough to correct future recurrences, and recommends replacing the
reported problems and prevent identified incorrect routine crew values (see Section 5.2.3.1)
results problems from recurring 4. A data reviewer identifies blank contamination affecting
laboratory-reported phosphorus results and requests
reanalysis before analytical holding times expire
5. A data reviewer confirms the plant species codes on the
) original field crew forms have been corrected to reflect
Before Ensure correctlon.s recommended the QA crew recommendations made in Example 3 before
upload to from previous reviews have been data entry
project captured before data are . .
database uploaded or merged 6. A data reviewer verifies the reanalyzed phosphorus
results requested in Example 4 have been received and
are acceptable
7. After merging data, a data reviewer verifies all required
Ensure data manipulation fields are populated correctly (e.g., without data shifts),
After. activities were successful without and units are correctly and consistently reported
wi?cll:\gl)r']cﬁer compromising inte.grity (?f th-e- 8. A data reviewer examines the fully merged dataset (or
data database and confirm scientific the newly uploaded material) to determine if reported
validity of the dataset values are consistent with expected as described in
Section 6.2.3.2
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6.1.2 Internal vs. External Review (Who will Review the Data)

Although staff who generate and
Independent Data Review — Examples

Review by experts or QA crews performing QC checks

Laboratory QA Manager review and certification of

data packages before release or submission

often somewhat subjective. For this Review of submitted field or lab data by independent

reason, data review plans should QC staff (data reviewers)

always include some level of review by Review of the final, validated dataset by a Senior

Scientist or Principal Investigator before submission to
the sponsoring Agency

record field or laboratory data should
review their work carefully before
submission, these self-checks are

individuals who are independent of
(i.e., not directly involved in) the data

collection or generation.

In some projects, it may be appropriate to plan at least two levels of independent data review that
include:

e aninternal review by the organization that generates the data (e.g., a university, state or other
party operating under a federal grant), and

e an external review performed by an entirely separate organization (e.g., scientists within the federal
agency that is funding the grant or an independent contractor hired by the federal agency to review
all grant data submissions).

Questions to consider when making this decision pertain to the likelihood of decision errors, reliability of
the organization or individuals collecting the data, available budget, scheduling limitations, and the data
review methods/tools that will be used. Examples of relevant questions include the following:

e What is the likelihood that a decision error might be made based on faulty data (or what is the risk
of a decision error being made)?

e What is the likelihood the organization generating the data will make mistakes?
e Isit possible to conduct an external review within the project schedule and budget?
e What is the risk of not conducting an external review?

e What tools are available to perform and document the data review activities? For example, in some
types of projects (most notably, those involving laboratory analysis of water or soil samples),
software that automates data review can be obtained and customized fairly easily.®

As discussed in Chapter 2, the cost of conforming to quality requirements should be lower than the
costs of non-conformance. Therefore, project planning teams making decisions regarding the use of
external data reviewers must balance the need to mitigate identified risks against the resources and

°The U.S. EPA Superfund Contract Laboratory Program uses data reporting software that automates certain aspects of data review,
and similar products can be purchased and customized by entering project-specific details about target variables, data quality
indicators, corresponding acceptance criteria, etc.
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nature of their project. Decisions do not need to be applied on an all-or-nothing basis. For example, an
organization may rely on internal data reviewers who are independent of the data collection activities to
verify and validate the data as it is received from the field, and rely on another organization to re-review
a representative portion of the data after it is compiled into a project database. Alternatively, if missed
deadlines pose a significant risk, an organization may opt to outsource all or most of the review to a firm
with expertise in data review.

Risk Mitigation and Decision Making — an Analogy

Deciding whether to incorporate external data review is somewhat analogous to the car buying
process. When purchasing a new car, buyers typically rely on internal quality checks performed by
the manufacturer and dealer, while used car buyers often hire a mechanic to identify potential
problems. An explanation for the difference lies in the degree of risk. New cars usually have a

substantial manufacturer’s warranty, and manufacturers control quality from start to finish because
quality-related problems can have a significant adverse impact on their reputation. Used cars rarely
come with warranties that offer the same level of protection and are often purchased from individuals
or secondary vendors who cannot guarantee the same level of quality. Project planning teams must
similarly consider and balance risks when deciding who should review data and how.

6.1.3 Identifying Data be Reviewed and the Materials Needed (What Data Reviewers Will Examine)

Once decisions have been made about who will conduct the data review activities, project planning
teams need to identify the specific types of data that require review and the materials required by
reviewers in order to do so. Each of these topics is addressed in the subsections below. Although the
emphasis is on data collected by field crews, the concepts presented can also be applied to laboratory
results reported from analysis of collected samples.

6.1.3.1 Primary vs. Ancillary Variables
Ancillary Variables — Examples

Ecological restoration projects typically Examples of variables that can impact reported
results, help verify data accuracy and/or influence

involve the collection of (1) data for - Y
data interpretation include:

primary variables of interest, such as stem

wind speed,
density, species, cover class codes, and tree T
height, and (2) ancillary data such as observer ID,
information about who collected the data sample location or GPS coordinates,
and when, weather conditions encountered camera trap metadata,
during collection, vegetative status of reproductive status, and
target plant species (e.g., flowering, the presence (or absence) of certain plant

structures.

fruiting, senescence), or other information
such as voucher and photo IDs or metadata.
Both types of data need to be considered when planning data review strategies.

Data concerning primary variables of interest are used to determine if objectives have been achieved
and guide adaptive management decisions; careful review is essential to ensure the data are reliable

Application of QA/QC Principles to Ecological Restoration Project Monitoring Chapter 6
April 2019 Page 6-5



enough to support such decisions. Ancillary data can be used to help evaluate data quality and interpret
results as shown in the following examples.

Ancillary Variables Describing... Can be Used to...

e Where (e.g., stream reaches, transects, o Verify that reported data were collected from
plots) and when (e.g., date, time start/end) the specified locations and within the required
data were collected timeframes

e Who collected the data (i.e., identification e Detect bias among results reported by different
of field crew teams and members), in field crews

conjunction with QA crew data

e Camera trap placement (e.g., angle and e Explain anomalies when confirming the validity of
distance of target relative to the camera) scientific assumptions (Parsons et al. 2015)

e Environmental conditions (e.g., air e Establish whether field activities were conducted
temperature, wind, cloud cover, in accordance with pre-established criteria and
precipitation) at the time of data collection thus can help support (or refute) data collected

for a primary variable of interest

For instance, sampling during peak flows can lead to increased variation in the total counts of stream
bed invertebrates, and the reliability of bird census data can diminish when wind speed is excessive
(Larsen et al. 2004). To address the latter concern, the North American Breeding Bird Survey protocols

specify that wind speed must not exceed 12 mph (USGS 2017a). As discussed in Section 6.2.3.1, we
recommend that project planning teams develop variable-specific procedures that describe how each
primary variable, and its corresponding ancillary and QC data will be verified.

Note: In some cases, ancillary data that do not directly support the sampling objectives and monitoring
strategy are collected because they are cost effective to obtain while personnel are in the field and may
provide useful information for related projects. If such additional variables are collected, project
planning teams also need to decide when, if, and how to review the results. At a minimum, we advise
allocating enough resources to verify that these additional ancillary data are complete and comply with
requirements because (1) concurrent review with other project data is likely to be most cost effective
and (2) the ability to investigate and resolve problems tends to diminish over time.

6.1.3.2 Materials Needed for the Review

As shown in Exhibit 6-2, data reviewers will need to examine requirements governing the collection or
generation of the data they will be reviewing, results of field and laboratory QC checks, and other
information (e.g., post-season debriefing results) that may shed light on the data being reviewed. Having
access to the requirements and all field and laboratory records during data review is vital.

e Plans, maps, SOPs and other instructions provide a baseline for confirming requirements are met.

e Reporting forms submitted by routine field crews, QA crews and laboratories (digitally or on paper)
summarize results for the variables of interest and provide an efficient means for verifying all
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required locations were sampled, all required data were gathered, all required QC checks were
performed, and results complied with specified QC acceptance criteria.

e Raw field and lab data, including completed forms, logs, video- and audio- recordings, photos,
drawings and instrument output provide a means for verifying the procedures and calculations used
to generate the data were performed correctly. They also can be used during data validation to
investigate questionable results. For example, crossed-out data, inconsistencies between sample
collection logs, and other anomalies could be an indicator that certain samples or specimens were
mislabeled and may help explain why results collected at two plots during one event appear to be
reversed relative to all other recorded observations.

Exhibit 6-2. Example List of Materials and Documents Needed to Review Data

. Routine Field Crew and Laboratory | Field and Laboratory QA
Requirements .
Data QC Data Information
e Sampling or monitoring e Completed data reporting forms e Instrument
plans capturing primary and ancillary data calibration records Feedback
e Maps of locations to be e Specimen and sample packing forms | e QC check findings, from routine
sampled e Field and laboratory notes and logs reports and forms field and QA
e Field and laboratory (including sample collection logs) (including QA crew crews (?'g"
SOPs e Video, audio/acoustic recordings field notes/logs, debriefing
e Field guides, lists, keys, e Photographs recordings, results)
code definitions e Chain-of-custody forms recommendations)
e Data review procedures e Lab QC sample
results

6.1.4 Determining Data Review Strategies (How to Review the Data and Document Results)
6.1.4.1 Level of Review

Project planning teams need to determine the degree of data review that will be required, again
balancing resources against risk. At one extreme, this could include nothing more than self-inspection of
results before submission. At the other extreme, it could include a complete review of all (1) personnel
training records, (2) reported results and (3) supporting information (e.g., calibration records, field or
laboratory notes, bench sheets, photographs, recordings), at every stage of the data collection,
reporting, transcription and management process. Neither extreme is practical or recommended. The
former is highly risky, and any savings in data review resources are likely to be less than the costs
associated with making decisions based on data of poor quality. The latter is highly time-consuming, and
unlikely to reveal data quality issues that could not be detected using a more cost-effective approach.

In most cases, planning teams should be able to strike a balance that involves:
e reviewing all summary-level results as early and often as practical to

O maximize opportunities for obtaining missing information and clarifying questionable results,
and
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0 minimize opportunities for propagation of errors throughout the data acquisition and

management processes,

e spot-checking supporting data at a pre-determined frequency to confirm that personnel are

following procedures correctly, and

e using supporting data as a tool to investigate potential causes of summary-level results found to

deviate from requirements or expectations.

Project planning teams also need to determine how and when spot checks will be applied. For example,

if a team decides to require spot checks on 10% of the supporting data, data reviewers could be

instructed to randomly pick 10% of the values in their data package. Alternatively, spot checks could be

pre-assigned in some way that ensures an overall average of 10%, with a higher frequency on primary

variables of interest and a lower frequency on ancillary data.

Problems detected may be indicative of other
problems within the data. Therefore,
reviewers who find problems should be
instructed to conduct additional spot checks
as needed to determine the potential extent
of any errors identified and their impacts on
data quality. The amount of additional review
required will likely depend on the nature of
the errors identified (e.g., whether an error is
isolated, part of a pattern, or likely to have a
substantial impact on data interpretation).

6.1.4.2 Automated vs. Manual Data Review
Strategies

Spot Check Strategies

Spot checks do not need to be applied
consistently. The following are examples of
situations where it may be helpful to apply more
frequent spot checks:

Data reported by new field crew members

Primary variables of interest

Variables that are particularly challenging to
quantify

Sites that are known to present more challenging
conditions

Data submissions in which initial spot checks
revealed problems

Data review can often involve time-consuming manual review of data forms, field and laboratory notes,

instrument printouts and other documentation. A number of tools are available to automate some of

these processes, ranging from complex data management systems and software to simple, customized

spreadsheets and portable data recorders (PDRs) with built-in data capture QC checks.

At the low end of automation, a project team might rely on standardized reporting forms to facilitate

manual data entry, coupled with simple automated routines to identify missing values and verify

compliance with pre-determined reporting rules (e.g., valid date formats, correct measurement units) or

requirements (e.g., reference tables that list valid species names or codes). Errors identified using easily

automated checks can be investigated and corrected before remaining data are reviewed manually

against requirements that were deemed too difficult to automate given project resources.
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At the high end of automation is a fully- or near fully-automated data capture and review process that uses:

e scanners that can read encoded labels such as barcodes or embedded radio frequency identifier tags
(e.g., pit-tags);

e digital instruments such as in-line continuous monitoring devices (e.g., a remote data logger
monitoring water characteristics and quality);

e laboratory instruments that capture data directly as they are generated; and/or

e laptops, computer tablets, smartphones or more specialized PDRs (e.g., handheld digital weather
meters, software enhanced global positioning system (GPS) units) with programs that enable crews
to electronically record and check observations and measurements in real time.

These highly automated tools reduce the potential for entry or transcription errors. They also allow data
to be automatically checked during capture for conformance to reporting requirements. Data that pass
this layer of verification can then be subjected to more thorough review as described in Section 6.2.

Data Review Strategies - Finding a Balance

Some data automation efforts can be easily implemented through commercially available software
(e.g., review of traditional chemical measurement results). However, some types of data reviews (e.g.,

for observer-based field data or novel measurement data) are difficult to automate. For ecological
restoration projects, an optimal balance of cost and efficiency usually lies somewhere between an
entirely manual process and complete automation.

Ideally, decisions about the use of manual and automated approaches are considered early in the
planning process and developed, documented and deployed in time for use during staff training and
certification.

6.1.4.3 Determining How Data Review Results Will Be Documented and Certified

Data review activities usually result in the identification of at least some questionable data and potential
errors.’® Questionable data are typically caused by:

1. field crews, lab personnel and other data handlers (e.g., species misidentification, inadequately
defined variables or procedures, problems related to data entry or transcription), which is the most
common type, or

2. factors outside the organization’s control (e.g., a storm that prevented crews from conducting a
field survey during the scheduled time).

Regardless of the cause, it is extremely important that procedures for handling these data be included in
project planning decisions and data review procedures. This includes deciding (1) how the data will be

10 As an example, a semiannual progress report (Uzarski et al. 2015) prepared for the U.S. EPA Great Lakes National Program Office
described a comprehensive audit of all water quality data, noting QC flags related to the use of incorrect units (77% of total), incorrect
calculations for total alkalinity (17%), questionable pH readings (5%), and values entered in the wrong location (1%).
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identified; (2) what and how decisions will be made regarding treatment of the data; (3) what and how
corrective actions will be taken; and (4) how the data, decisions and actions will be documented. Section
6.3 provides guidance on these aspects of data review; Section 6.4 provides guidance on certifying that
the reviewed datasets are complete and of known and documented quality.

6.1.5 Documenting Data Review Strategies

As a final step, project planning teams should clearly document the results of their decisions in writing.
Doing so provides a reference and training resource for data reviewers, helps ensure consistency across
all data review practices and among different data review personnel, and serves as a tool to ensure data
review results are clearly understood and transparent. Whether they are included in a data
management plan, the project QA plan, a formal SOP, or some other documentation, these procedures
should be (1) in place prior to any data collection; and (2) fully understood by those involved in data
review and by those who rely on the quality of the data to support their decisions.

Written Data Review Procedures
When will the data be reviewed?
Who will review the data?

What will be reviewed and what documents are needed to support data review activities?

How will this documentation be made available to reviewers?

How will the data be reviewed (including variable-specific strategies and criteria)?

How will results of the data review be documented?

How will issues, such as data discrepancies and potential errors, be documented and handled?

6.2 DATA VERIFICATION AND VALIDATION

Data verification and validation are related aspects of data review activities performed to provide data
users and decisions makers with data of known and documented quality (see text box below and
Chapter 2). Data verification focuses on evaluating

whether specified requirements were met, and : .
. o The U.S. OMB defines quality based on the
generally involves determining whether: following overarching principles:

] Obijectivity: The information and the manner
e all required data are present, in which it is presented must be accurate,
clear, complete and unbiased.
e approved procedures were followed, Integrity: The information must not be
compromised through inadvertent data

e acceptance criteria were met for specified data corruption, falsification or revisions, and/or

ey unauthorized access.
quality indicators, and

Utility: The information must be useful for the
intended users.

e data were documented accurately at each
stage of data handling.

Data validation focuses on evaluating whether the data make sense and generally involves
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determining if reported values are scientifically logical. From a practical perspective, data verification
and validation activities often overlap and can occur at all stages of data collection and transfer,
beginning with verifying the capabilities of the individuals collecting or generating the data. Specific
approaches to data verification and validation may vary by organization, project or data types.
Therefore, this section describes general process-related strategies (Section 6.2.1), discusses specific
activities that are performed during data review (Section 6.2.2), and provides examples of techniques
that are useful in implementing these activities (Section 6.2.3).

6.2.1 General Process-Related Strategies

We believe the three strategies described below are helpful, regardless of project scope, size, and
complexity.!

1. Begin by verifying all required data are present and legible. In essence, this involves conducting a
completeness check (described below in Section 6.2.2.1) to verify that field and/or laboratory
personnel reported results for all data they were supposed to generate or collect. Such checks
tend to be less time-consuming than those for other data verification and validation activities, so
it is usually most efficient for data reviewers to confirm they have all the required data in hand
before immersing themselves in details and discovering they have to stop, request, and wait for
missing information.

If data are illegible or missing, the data reviewer should initiate corrective action activities
immediately. For illegible results, this usually involves contacting field or laboratory personnel to
request clarification and documenting the corrections as described in Section 6.3, “Handling Data
Discrepancies and Errors.” For missing values, corrective action may include re-sampling if (1) the
problem was detected while crews are still in the field, (2) there are sufficient resources to conduct
the re-sampling, and (3) the re-sampling efforts are consistent with the study design. If samples
requiring laboratory analysis were sent to a laboratory but never analyzed, corrective action should
include consideration of whether the analyses can be completed before analytical holding times
expire. In some cases, project planning teams may prefer to accept and qualify results generated
slightly outside of recommended holding times in lieu of having no results at all.*?

11 For the purpose of this discussion, we assume qualifications of field and laboratory personnel have already been established as
described in Chapter 4, and all results have been reviewed before leaving the field or submitting laboratory results as discussed in

Section 5.1.

12 Analytical holding times are typically established by testing the stability of a variable in replicate aliquots over specified intervals of
time. If no statistically significant changes are detected, holding times are typically set to the maximum amount of time evaluated. If
there is reason to believe the recommended holding times represent the longest period of time evaluated rather than an actual point
at which values were determined to significantly change, it may be more helpful to qualify results generated outside of holding times
than to have no data at all.
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2. Once data are determined to be
complete, focus on summary-level Summary-Level Data — Examples
results (e.g., data reporting forms) e Results reported on field reporting forms or

.. . checklists
before examining raw data (e.g., field
. Field data captured with portable device
notes, photos, instrument output).

recorders and exported into specified
Summary-level reports are designed to spreadsheet formats

convey information about primary and Data exported from laboratory systems to

. . . . summary-level printout or spreadsheets
ancillary variables of interest in an 24 P P

organized, logical format. Accordingly,
they are often an efficient mechanism for
quickly identifying potential deviations from project requirements and flagging these deviations for
further review. For example, when data are reported on hardcopy reporting forms, data reviewers
can quickly cross-reference each form against checklists or reference tables that identify acceptable
values (e.g., valid site locations, species codes, range limits) for each variable on the form. Such
assessments can be streamlined even further if summary data are reported in or have been
converted to an electronic format, as discussed below.

Raw data include all other types of records generated by field and laboratory personnel, such as
field or laboratory notes, drawings, bench sheets, raw instrument printouts, photographs,
specimens, and video and audio recordings. These data as are used to:

e investigate potential problems identified during review of the summary-level data, and

e confirm that summary data that passed the initial screen are consistent with the raw data and
the required protocols.

3. Use automated tools as much as possible to quickly identify results that do not conform to
requirements (verification) or scientific expectations (validation). Automated tools can significantly
improve the effectiveness and the efficiency of the verification and validation processes, and should
be used whenever feasible. Such tools do not have to be expensive. For example, modern
spreadsheet software can easily be configured to compare reported results against requirements
and expectations by creating or using:

o |ook-up tables that capture acceptable values (e.g., lists of all valid site names, species names,
species codes) for primary and ancillary variables;

o formulas or macros to compare reported data against the corresponding values in the look-up
tables;

e conditional formatting or formulas created to quickly identify results that fall outside of
acceptable or expected ranges; and

e frequency checks to help quickly identify missing values or inadvertent data shifts that may have
occurred during data merges or other manipulations.
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Note: When using spreadsheet software to process data, project teams should document
procedures that all staff must follow to minimize the introduction and compounding of error that
normally would be avoided when working within a relational database management system that
provides advanced version and error control features. Refer to Appendix A for a more in-depth
discussion of effective data management practices.

6.2.2 Data Verification and Validation Activities

In addition to the general process-related strategies described above, certain activities apply to all data
reviews, regardless of the project size, scope and complexity. These activities are described in the
following subsections, and include determining if the reported results (1) are complete, (2) reflect
correct application of procedures, (3) meet specified data quality acceptance criteria, (4) were
documented and reported correctly, and (5) make scientific sense. Many of these activities can be
streamlined significantly through the use of electronic data reporting tools that are pre-populated with
look-up tables and application of macros, if/then statements, or range checks that can highlight non-
compliant or questionable results.

6.2.2.1 Verifying Completeness

In order to confirm all required data were collected, generated, and reported, data reviewers should
verify that:

1. data are present from all required sampling locations;

2. data are present for all required variables and corresponding ancillary and QC data;
3. all planned samples and voucher specimens were collected and reported;

4. any required data reporting forms were used and filled out legibly and completely;

5. raw data are present and legible for each variable, as applicable (e.g., field notes, bench sheets,
laboratory notebooks, raw instrument outputs, written narratives);

6. all required/supporting QC data are present, including:

a. samples collected for lab analysis, such as instrument, method and matrix QC (e.g., field or trip
blanks, instrument calibration blanks, method blanks, field duplicates), and

b. samples collected for species identification, such as plant or animal voucher specimens, tissue
samples for DNA analysis, audio recordings and digital photographs;

7. field QC checks (e.g., hot checks, cold checks, blind checks, precision checks, calibration checks)
were implemented and documented;

8. field crew and laboratory analyst feedback regarding data quality concerns has been documented;
and
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9. data quality issues identified by field or laboratory QC checks were evaluated, and the affected data
have been tagged with corresponding explanations.

Note that the items listed above should reflect the timing and scope of the data being reviewed. For
example, when verifying the completeness of routine field crew data reported from a single site
assessment on a single day, a data reviewer would address the first five items listed above. In contrast, a
reviewer examining a batch of routine field crew data, QA crew data, and laboratory data for a group of
sampling events would address the first eight items. The last item is usually applied to data that have
already been reviewed and determined to have data quality issues that require correction or annotation
of results; the purpose of a completeness check at this stage is to verify that such data review
recommendations are captured in the final dataset.

6.2.2.2 Verifying Compliance with Required Procedures

All project results should be carefully reviewed to verify they were collected from the correct location(s),
during the correct time(s), using the correct forms and procedures, and that any anomalies, corrections
or other issues were properly addressed. This includes verifying that:

o field crews followed the specified protocols;

e environmental samples were properly preserved and handled from collection to laboratory
processing;

e laboratories used the specified procedures for sample analysis and analyzed samples within
appropriate holding times;

e data were collected at specified frequencies and within specified time frames (e.g., seasons);
e data were collected by individuals having the required experience and training;

e sample locations are consistent with specified locations;

e field and laboratory calculations were performed correctly;

e field notes or laboratory narratives provide explanations of any difficulties encountered, deviations
from procedures, or deviations from QC requirements;

e identified errors have been corrected and signed by the person who made the change; and

e data flags that field or laboratory personnel are required to apply to results that deviate from
requirements, are present and accurate.
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6.2.2.3 Assessing Conformance of Data to Data Quality Acceptance Criteria

In addition to verifying that data were generated in
Commonly used DQIs

accordance with required procedures, reviewers also need N
Precision

to determine if QC data demonstrate conformance with .
specified acceptance criteria. As discussed in Section 3.4,

Accuracy (includes precision &

acceptance criteria vary by data quality indicator (DQI) and bias)

by the type of data collected. Detectability
Representativeness

Determining if precision, bias, accuracy, and detectability Comparability

requirements were met involves the following activities: Completeness

e verifying that equipment used in the field was properly
calibrated before use;

e comparing routine field crew results to corresponding results reported by QA crews to determine if
the desired level of agreement was achieved; and

e examining results from laboratory analysis of QC standards and samples (e.g., instrument calibration
standards and blanks, field blanks, method blanks, field duplicates, spiked samples) to identify any
deviations from specified acceptance criteria.

Although strategies for ensuring comparability and representativeness must be built into the sampling
design (e.g., through the use of SOPs and a sufficient distribution and number of sample locations to
represent the population of interest), data reviewers can use range and consistency checks to help
identify inconsistent or unrepresentative values. For example, a consistency check may reveal the
reported presence of a plant species outside its previously known range. Such a finding usually warrants
examination of photographs or voucher specimens to confirm the identification, and once confirmed,
may warrant additional sampling within the study area to more accurately characterize distribution of
the species. Similarly, checks for impossible values (e.g., an invalid species name) or illogical values (e.g.,
a total organic carbon value that is less than a corresponding dissolved organic carbon value) can help
identify questionable results, and once investigated and corrected, enhance the comparability and
representativeness of the dataset. Section 6.2.3.2 provides a more in depth discussion of range and
consistency check techniques.
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Installation of log vanes and a bankfull bench on ElIm Creek, Minnesota in the southern glaciated cornbelt region. Photo Credit: Britta
Suppes, Joe Magner, Chris Lenhart

6.2.2.4 Verifying the Integrity of Results

Data handling activities introduce ample opportunity for (1) inadvertent corruption of results, or (2)
incomplete or inaccurate linkage of related results. For example, errors as small as a single stray value
can cause significant data shifts to occur when one set of data is merged with another. Similarly, data
transfers between different types of documentation (e.g., from field notes to forms), can introduce
mistakes related to transcription and typographic errors, omissions, duplication or erroneous data
associations (linkages).

To help identify and correct such problems, we recommend designing data management systems in a
manner that documents all modifications by data reviewers, managers or other project staff, such as an
audit log that documents the individual who revised the data, the date and time of the revision was
made, and the value(s) before and after the revision. (Refer to Appendix A for additional
recommendations concerning data management.) We also recommend identifying and correcting:
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e transcription or typographical errors between field notes and field forms or between field forms and
the electronic data system;

e transcription or typographical errors between laboratory bench sheets and laboratory data forms or
electronic data deliverables;

e data merge errors, if data have been uploaded from one system to another (at a minimum, this
involves randomly checking the entire range of the dataset); and

e any duplicate records inadvertently captured in the dataset.

Verification of data integrity also includes a number of activities that overlap with those discussed in the
previous sections, including confirmation that:

e data are legible and reported using correct forms, checklists, PDR devices, etc.;

e reported results are consistent with project requirements (e.g., correct nomenclature, units,
location format, use of date/time stamps on digital records, signatures);

e original field forms are available to be examined and are appropriately linked to transcribed data;

e chain-of-custody forms were completed correctly and accurately represent corresponding samples
or specimens;

e data have been completely and correctly linked or cross-labeled to supporting or related information;
e QC data are correctly associated with corresponding field data or laboratory results; and
e all revisions or corrections are signed and dated.

6.2.2.5 Evaluating the Scientific Validity of Reported

Results Linking Data Elements to
Ensure Integrity
Evaluating the validity of reported data involves: Data verification checks for integrity can
help confirm the accuracy of links among
e evaluating results that appear to be impossible, variables, such as GPS data, digital

photographs, digital sound recordings,
field instrument data recordings, or
laboratory data and the corresponding
e confirming that values reported for one or more field data. This linking is often
related variables are consistent with scientific accomplished by adding relevant header
. descriptors on the field data form that are
expectations; and used in an electronic database to create
attributes or entity relationships between

illogical or outside anticipated range;

e confirming project results appear temporally and related datasets. Data verification
spatially logical and consistent with scientific activities need to be undertaken to ensure
derstandi (i ti ) of t that this linking of data has been
un F:'rs andings |.e.,.assump ions) of ecosystems accomplished and that data have not
and inherent ecological processes. been lost or duplicated in the process.

6.2.3 Data Verification and Validation Techniques
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The following subsections provide guidance on several techniques that can be used to implement the
data verification and validation activities described in Section 6.2.2. These include the development and
use of variable-specific data review procedures (Section 6.2.3.1) and the use of reference tables,
compliance checks, range checks and consistency checks (Section 6.2.3.2).

6.2.3.1 Variable-Specific Data Review Procedures

One highly effective technique for conducting the activities described Section 6.2.2 is to develop and use
tables that describe specific verification and validation procedures for each variable. Such tables:

e help ensure that each variable is reviewed consistently over time by different staff members;

o facilitate development of automated or manual compliance checks, range checks, consistency checks
and look-up tables that can be used to implement data review activities (see Section 6.2.3.2); and

e should be incorporated into the project-specific data review procedures (see Section 6.1.5).

Exhibit 6-3 illustrates how such a table might be applied to data collected for the ground cover
monitoring example used in previous chapters. The example table includes two primary variables of
interest (Plant Species or Ground Cover Group and Cover Class Code), which are highlighted in grey, as
well as ancillary variables that provide information about the sampling location and date, field crew
members, and equipment used to pinpoint the location of data collection (e.g., GPS Unit #). These types
of ancillary variables are typically recorded near the header of any field data form (electronic or
otherwise) or sample label, and can easily be checked against these forms and labels during data review.
The table also includes ancillary variables that can help support or refute questionable results. For
example, flowering or fruiting plant structures are key identification features; a “yes” result for the
Flower/Fruit variable indicates such structures were present at the time of data collection and provides
data reviewers with added confidence in the accuracy of the primary variable results. Similarly,
verification of the Plant Voucher Specimen ID and Photo ID variables helps ensure that specimens and/or
photos taken by the field crew are correctly linked to the corresponding sample data. Once verified, the
specimens and photos can be used to confirm the accuracy of the data reported by the field crew.

Finally, the following observations should be noted:

e Exhibit 6-3 includes verification procedures for all variables, but validation procedures are included
only for the target variables and those ancillary variables that serve as diagnostic tools. Making
decisions about what data to review and how those data should be reviewed, are crucial in project
planning (see Section 6.1).

e The procedures shown in Exhibit 6-3 are for illustrative purposes only. For example, the verification
procedures for digital photographs (see the Photo ID variable) focus on confirming photos are
properly documented in terms of time, location and unique identifier. Other data (e.g., make,
model, shutter speed, exposure settings) may be useful for some projects.

e Although the primary purpose of such variable-specific tables is to clearly identify what needs to be
reviewed and how, other information can be included. For example, Exhibit 6-3 indicates that soil
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and foliage moisture help data reviewers verify procedures were followed correctly and includes

supplementary notes explaining that these variables also may be useful diagnostic tools during data

analysis.

Exhibit 6-3. Example Variable-Specific Data Verification and Validation Procedures

Data/Sample Verification Strategy: Ground Cover Survey (1-m? quadrats)

Coordinates

generated by GPS unit

Variable Description Verification and Validation Procedures
Site Name of restoration site Verification: Compare to list of approved names for restoration sites
Transect # Unique number assigned to | Verification: Compare to all site transects to ensure that each one is
each ground cover transect | uniquely numbered (no duplicate numbers)
Plot # Unique number assigned to | Verification: Compare to all plots within the transect to ensure they
each plot within a transect are numbered sequentially and there are no duplicates
Subplot Unique code assigned to Verification: Confirm each plot has four subplots using assigned (and
Code each subplot (A1, A2, B1, B2) | no duplicated) codes
Quadrat # Number of the quadrat Verification: Confirm there is only one quadrat per subplot and the
examined with a subplot Quadrat # is within range of acceptable numbers for subplot
Date Format YYYY-MM-DD Verification: Confirm date is within range of possible dates for survey
Time Format hh:mm:ss AM/PM Verification: Confirm time is within range of possible times for survey
Observer Full name of crew Verification: Compare to list of crew members certified to collect
Name(s) member(s) collecting data ground cover data
. . Verification: (1) Compare to GPS Unit # known to be used by the crew
GPS Unit # Unique num!aer assigned to for that date. (2) Confirm this unit’s locational accuracy was checked
each GPS unit . . . .
against known locations on a routine basis.
Verification: Confirm GPS coordinates reflect 3-D and <5m accuracy,
. . and are mapped and visually inspected to ensure quadrat locations
GPS Location automatically

correspond to correct site, transect, plot and subplot (where relevant)

Validation: Confirm values are within range of plausible coordinates
for latitude, longitude and elevation for the quadrat location

Unique filename of a digital

Verification: (1) Confirm digital photograph properties reflect correct
date, timestamp and GPS coordinates (if camera is GPS enabled). (2)

Photo ID hotograph taken of a . . .
P grap . Confirm Photo ID is cross-referenced to Plant Voucher Specimen ID
quadrat or specimen
and Quadrat #.
Verification: Confirm one soil moisture code has been selected for
. D =dry .
Soil M = moist each quadrat where data collection occurred
Moisture S = saturated NOTE: Can be used to help evaluate potential sources of variation in
target variables during analysis of project data
D=dr Verification: Confirm one foliage moisture code has been selected for
Foliage M_ ¥ st each quadrat where data collection occurred
. = mois
Moisture W = wet NOTE: Can be used to help evaluate potential sources of variation in

target variables during analysis of project data
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Exhibit 6-3. Example Variable-Specific Data Verification and Validation Procedures

Data/Sample Verification Strategy: Ground Cover Survey (1-m? quadrats)

database

Variable Description Verification and Validation Procedures
Verification: (1) Confirm that one plant species scientific name, ground
cover group, or photo/voucher ID is present and legible for each
Plant evaluation of cover. (2) Verify all required species are identified. (3)
an . Verify evidence (from QC checks during field season) that plant
Species or . . e o
species or ground cover groups are correctly identified within data
Ground . o . . . .
Plant species scientific name | quality acceptance criteria by the field crew member(s) responsible
Cover e .. . “
or ground cover group name | for reported result. (4) Implement verification strategies for “Photo
Group ” . . D .
) ID” and “Plant Voucher Specimen ID” if physical samples were
(:rrr_n:;y) collected.
ariable
Validation: Confirm the scientific names reported are valid and
presence of the species or group is consistent with ecological
expectations
£ Verification: For each plant species identified, confirm that an
Prgsgnce ot flower or assessment of the presence of a flower or fruit was made
Flower/ fruiting structures used to — - -
. . Validation: Use presence/absence at the time of data collection to
Fruit evaluate a plant species ; .
help support or refute questionable species or cover group results
name (yes/no) )
reported by field crews
Verification: (1) Confirm that only valid codes (1 — 6) were reported.
1 =less than 1% cover (2) Verify evidence (from QC checks during the field season) that cover
Cover Class |2 =1-5% cover classes were being estimated within data quality acceptance criteria
Code 3 =6-25% cover (e.g., £ one cover class code, 90% of the time)
(Primary 4 = 26-50% cover Validation: Compare to other values from same location to evaluate
Variable) 5 =51-75% cover consistency with ecological expectations and conditions; investigate
6 = >75% cover further if anomalies are found (e.g., unexpected absence due to
senescence or mortality)
Verification: (1) Confirm specimen was collected and archived in
Plant accordance with specified protocols and labeled correctly with the
Voucher Physical specimen correct Quadrat #, and unique Voucher and digital Photo IDs. (2)
Specimen/ | represented by Voucher and | Corroborate file properties of digital photo (date, time, photo
Specimen Photo ID number) by cross-referencing with data form.
ID Validation: Use specimen to confirm field crew is correctly identifying
the genus, plants species or ground cover group
After capture in electronic Verification: Compare results of double data entry. If discrepancies are
All variables | format using a double data | found, check hardcopy data to identify and correct errors before
entry process merging into project database
Verification: (1) Run frequency checks for all variables in the existing
database (before merging) and for all variables in the file to be
uploaded. Then run new frequency checks in the merged dataset to
identify potential data shifts that may have occurred. If no problems
After merging with proiect are identified, spot check results across the dataset to confirm data
All variables ging proj integrity. (2) Determine total record count in the existing database

(before merging) and in the file to be uploaded. Then confirm the total
record count of the uploaded file is reflected in the merged dataset. If
discrepancies are found, check to identify potential errors in record
omission or duplication (a common error as result of appending data
to an existing dataset (table) using copy/paste methodology).
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6.2.3.2 Reference Tables, Compliance Checks, Range Checks and Consistency Checks

A number of the verification and validation procedures shown in Exhibit 6-3 involve comparisons of
reported values to:

e project-specific lists (e.g., approved names for restoration sites, approved timeframes for sampling
activities, names of certified field personnel, valid cover class codes);

e project-specific acceptance criteria (e.g., <5m accuracy for GPS coordinates; + one cover class code,
90% of the time); and

e non-project specific lists (e.g., valid species or genus names).

Each of these comparisons can be expedited by using reference tables, coupled with compliance
checks, range checks and consistency checks. This aspect of data review is often the easiest to
automate, using databases, spreadsheets and valid value checks programmed into electronic data
collection forms or devices (e.g., see General Strategy #3 in Section 6.2.1).

Reference Tables: Reference tables (also known as

Reference Tables — Examples
Valid site ID codes for the project
List of certified crew members

reference lists, look-up tables, or mapping tables) are

used as the basis for conducting compliance, range

and consistency checks. These tables may be static, - N -
. . . . . Dynamic list of species identified in

dynamic, universal or project-specific, depending on project to date

the variable. Depending on the content and use, QC acceptance criteria for each

some reference tables may be easily converted to variable and DQI

automated checks, while others may be more suited Typical fish length-weight relationships

. . by species
for use in performing manual checks.

For example, data reviewers may want to compare

reported fish measurement data against a reference table such as that shown in Exhibit 6-4, which was
compiled by the Michigan Department of Natural Resources and documents length and weight
relationships typical of large, wild-caught sport fish. This particular type of allometric relationship is
highly dependent on water body, year and other variables and should only be used as a tool for
identifying questionable values that deserve additional scrutiny as a result of the range and consistency
checks discussed below. Although it is possible to automate such comparisons, doing so is likely to
require use of a relational database and careful coding. For small projects in which data are stored and
reviewed using simple spreadsheet software, it may be easier to manually compare reported results
against the desired reference table.

In contrast, when field data are electronically available in spreadsheet format, verification of reported
site IDs can be easily expedited by using an “IF” statement to compare reported values to a list of valid
site IDs contained in another worksheet within the file.
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Exhibit 6-4. Length-Weight Relationships (inches-pounds) for Large Wild Sport Fish!3

Length Large- Small- Walleye Northern| Muskel- Lake Channel | Flathead Lake
(inches) | mouth Bass | mouth Bass pike lunge Sturgeon | Catfish Catfish |Whitefish
1.5 .0013 .0016 .0010 .0005 .0002 .0005 .0005 .0009 .0006
2.5 .0065 .0077 .0047 .0025 .0013 .0024 .0027 .0045 .0030
35 .0186 .0212 .0132 .0072 .0041 .0070 .0082 .0132 .0092
4.5 .0409 .0454 .0282 .0158 .0098 .0154 .0188 .0292 .0211
5.5 .0765 .0834 .0519 .0297 .0197 .0289 .0362 .0551 .0408
6.5 129 .138 .086 .050 .035 .049 .063 .094 .071
7.5 .202 213 133 .079 .057 .077 .100 147 113
8.5 .299 311 .195 117 .088 113 151 219 171
9.5 423 436 273 .165 129 .161 217 311 .246
10.5 .578 .590 .369 .226 .182 .220 .302 427 .343
11.5 77 .78 .49 .30 .25 .29 41 .57 .46
12.5 1.00 1.00 .63 .39 .33 .38 .53 74 .61
135 1.27 1.26 .79 .50 43 .48 .69 .95 .78
14.5 1.59 1.57 .98 .62 .55 .61 .87 1.19 .99
15.5 1.95 1.92 1.21 77 .70 .75 1.08 1.46 1.23
16.5 2.38 2.32 1.46 .94 .86 91 1.33 1.78 1.52
17.5 2.86 2.77 1.74 1.13 1.06 1.09 1.61 2.15 1.84
18.5 3.40 3.28 2.06 1.34 1.28 1.30 1.93 2.56 2.21

Compliance Checks: Compliance checks are used to identify data that deviate from study requirements;
they include checks to determine if results conform to (1) specified reporting formats and units, and (2)
procedural requirements and acceptance criteria for DQls. As shown in Exhibit 6-5, both types of
compliance checks are verification techniques that can be applied to all types of monitoring data.

13 Excerpted from Schneider, Laarman, and Gowing 2000.
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Exhibit 6-5. Using Compliance Checks to Verify Ecological Restoration Monitoring Data

Type Description Examples
Data comply e Scientific name used when reporting species
Structural with specified | e Dissolved oxygen results reported in mg/L
Compliance reporting o GPS locations recorded in decimal degrees
formats and e Total phosphorus results reported in pg/L
units e Sampling time recorded in hh:mm format
e Routine crew and QA crew cover class codes agree within the specified 90%
tolerance limit
e Taxonomic re-identification of voucher specimens shows less than 15%
difference from field crew taxonomic ID
Data comply e Recorded GPS location is within project site boundaries
with study e Routine crew data collection and associated cold check assessment were
Procedural o - .
and QC paramete':r's conducted within spem.fled .2-week wmdow. . -
Compliance and specified | e Total phosphorus matrix spike result falls within specified 90-110%
QC acceptance acceptance criterion for recovery
criteria o Relative percent difference between total nitrogen (N) sample and duplicate
is less than the 20% acceptance criterion limit
e Site ID is on list of IDs for the project
e Field crew name on list of staff certified to collect data
e Topographic survey results meet intended levels of precision and accuracy

Structural compliance checks are shown in the first row of Exhibit 6-5, and are helpful techniques for
verifying the integrity of a dataset. Examples include verifying that units are applied consistently across
the dataset and verifying that species and chemicals are reported consistently (e.g., using scientific
names, International Union of Pure and Applied Chemistry (IUPAC) numbers, or designated codes).
These checks can be performed at any point in the gathering process (e.g., immediately after receipt of
field or lab data and/or after the data have been uploaded into the project database). In addition to
protecting data integrity, structural compliance checks promote accurate interpretation of whether field
protocols were followed correctly. For example, some projects may require that data be collected at
certain times of the day; a field reporting form that shows a sampling time of “5:30” (rather than 05:30
or 17:30) could be interpreted to mean data were collected near dawn or early evening.

The second type of compliance check is to confirm the following:

e Project data were generated within required study parameters (e.g., site boundaries, allowed
sampling time frames, or acceptable weather conditions). These checks can be performed at any
point in the data gathering process, as they do not require comparison of routine crew results to QA
crew results.

e Project data meet specified data quality acceptance criteria (e.g., specified limits for precision or
bias). These checks can be performed immediately upon data receipt when corresponding QC data
are available, as is usually the case for laboratory data (e.g., nitrogen data that include laboratory
calibration, blank, spike and duplicate results, or benthic organism counts that include re-counts by
lab QA staff). In other cases, reviewers must wait until both the routine field crew and QA crew data
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are available for comparison (e.g., cover class codes or field-based taxonomic identification of
species).

Range Checks: Range checks are used to identify data that are (1) scientifically impossible or illogical, (2)
outside the normal range anticipated for the variable, or (3) within an anticipated range, but at such
high or low extremes of the range that they warrant additional scrutiny. Exhibit 6-6 provides examples
of how data reviewers can apply such range checks to validate different types of monitoring data.

Exhibit 6-6. Using Range Checks to Validate Ecological Restoration Monitoring Data

Type Description Examples
e Values >100% cover for an individual species
Identification | ¢ nyalid scientific name for a recorded species
Impossible/ of data not e Invasive Phragmites australis height 30 meters
Illogical scientifically e pH>14 or pH <0
possible e Total carbon 150%

e Time recorded as 28:30

Questionable | , Plant or animal species outside of its recorded range

result outside | ¢ High abundance estimates for a rare species

Out-of-Range

of anticipated
range of
values for a
variable

e Water temperature of 35°C

e pH of 2

e Chlorophyll a result outside anticipated 0.7 — 11,000 pg/L range (based on
historical data)

Extreme Value
Within

Values within
anticipated
range that

e Uncommon or rare taxa for a region
e High count for species requiring extensive area
e Unusually high or low values for recorded stream temperatures

Anticipated may deserve e Very low dissolved oxygen values
Range additional e Highest or lowest values for biological, chemical, or physical laboratory
scrutiny results within expected range

As shown in Exhibit 6-6, range checks can be used to identify impossible values such as a reported pH of
15, a total carbon measurement greater than 100%, a recorded ground cover value greater than 100%
for an individual species, or a sampling time recorded as 28:30. This type of range check also can be
used to identify illogical values. For example, a recorded height of 30 meters for invasive Phragmites
australis would likely prompt a reviewer to investigate whether a decimal was omitted (e.g., the
originally recorded result was 3.0) or some other error occurred in the field or data processing activities.
Although impossible or illogical values can be recorded during actual data collection, they most often
arise due to errors during data transcription or processing (e.g., transposed numbers, missing decimal
points, misspellings, or faulty equipment readings).

A second type of range check can be used to identify questionable results that might not be impossible
but are outside the anticipated range for a given variable. For example, when reviewing data reported in
its National Wetland Condition Assessment surveys, EPA compares values reported for conductivity, pH,
ammonia, nitrate-nitrite, total nitrogen, total phosphorus and chlorophyll-a to a range of anticipated
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values developed from historical data generated from samples collected across the U.S. from 1999-2005
(EPA 2012). A range check that reveals the reported presence of an uncommon or rare taxon may
prompt a data reviewer to determine if a voucher specimen was taken that can be used to verify the
species was identified correctly. Other examples of out-of-range results that require closer scrutiny
include the reported presence of a plant species that is not normally found in the area, a recorded
stream water temperature that is much higher than the range expected, or a laboratory value for soil pH
that is lower than previously recorded for similar soil types in the area.

Finally, range checks can be used to identify and evaluate the highest and lowest values collected for a
given variable, even if they are found to be within the anticipated range. There is often a logical reason for
these values, but they also might signal an error. For example, unusually high or low values for a stream
parameter, such as temperature or turbidity, might be explained by the timing of storm events. If a logical
explanation exists for these values, it should be documented in the project records or metadata.

Consistency Checks: Consistency checks are another commonly used data validation technique.
Sometimes known by other names, these checks can be grouped according to three general
categories that address (1) how well related variables within the dataset compare internally (internal
consistency), (2) how well the data for a given variable compares to similar but external data for that
variable (external consistency), and (3) how well the data compare to predictions of natural inherent
relationships of the measured variables (ecological consistency). Examples of each are provided in
Exhibit 6-7 and discussed below.

Exhibit 6-7. Using Consistency Checks to Validate Ecological Restoration Monitoring Data

Type Description Examples

e Total cover of all cover classes in a quadrat is at least 100% when all cover
types representative of the quadrat are summed
e Fish weight/length or tree height/diameter are consistent with known

Expected
relationships

Internal between allometric relationships
Consistency | variables e Total phosphorus (P) is greater than dissolved P
within a e Total nitrogen (N) is greater than nitrate-N
dataset e First 6 digits of the Specimen Voucher ID # match the Quadrat # and last 6
digits match the sampling date
Similarity in ® % cover of invasive species is similar to % cover in nearby impacted site
expected e Atree’s species ID did not change between two monitoring events
External values across | ® Stream temperature is similar to nearby monitoring location for a specific

time period

Consistency | space or time
yo|°P e Macroinvertebrate diversity and abundance are similar to diversity in nearby

for.a given comparable sites
variable e Culvert reported near site is consistent with previous reports
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Exhibit 6-7. Using Consistency Checks to Validate Ecological Restoration Monitoring Data

Type Description Examples
Compares e Specific plant species and associations are expected in certain locations
results with o Fish or other species assemblages are consistent with the habitat type or
Ecological established physical habitat characteristics

o Field-measured water quality properties (e.g., dissolved oxygen, pH,
conductivity, temperature) are consistent with documented biotic
assemblages

e Soil properties are consistent with published soil maps

Consistency | scientific
understanding
of ecosystems

Internal consistency checks are
helpful in identifying data that Compliance, Range, and Consistency Checks

Compliance checks are used to verify data
Range and consistency checks are used to validate data

Range checks focus on examining results for a single
variable without requiring comparisons to other variables in
example, the total cover of all the dataset or to other datasets

appear to violate a relationship
that naturally exists between
one or more variables. For

plant species recorded for a Consistency checks focus on comparing results for
given quadrat area can exceed o One variable to one or more related variables within the
same dataset

. A single variable to results for the same variable in a
canopies, but can only range similar dataset (e.g., containing past data from the same
from 0 to 100% for individual location or current data from a nearby location)

100% as a result of overlapping

One or more variables for consistency with established

. scientific understanding of ecosystems or ecological
all cover classes in a quadrat processes

should add up to 100% or

species. Therefore, total cover of

greater when including all cover

types representative of the

quadrat. The previously discussed allometric relationship between the length and weight of certain
sport fish species (see Exhibit 6-4) and the relationship between the diameter at breast height and
expected maximum height of certain tree species are additional examples of relationships that can be
examined in the dataset using internal consistency checks. In reviewing laboratory results for internal
consistency, one would expect total phosphorus (P) or total nitrogen (N) to be greater than or at least
equal to their components (e.g., dissolved P or nitrate-N). These checks can also be helpful in identifying
potential problems with ancillary data, such as identification numbers. For example, a project team may
decide to facilitate linkages by requiring field crews to identify photos and vouchers with a numbering
system that combines the quadrat or transect number with the sampling date, time or other important
information. In such cases, internal consistency checks can be used to confirm the components of each
photo or voucher ID match their corresponding values.

External consistency checks of values across space or time are another tool that can be used during data
validation. Whereas internal consistency checks can only be applied to variables with known relationships,
external consistency checks can be applied to any variable of interest. Examples are provided below:
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e An evaluation of plant species composition should be similar to that occurring in nearby locations of
similar size and with comparable habitat characteristics (consistency in space). These data can also
be compared to corresponding data obtained at the same location during a prior monitoring event
with comparable conditions (consistency across time) assuming no disturbance has occurred or
treatment applied that would have changed conditions since the last monitoring event.

e Atagged animal that is captured repeatedly in live trap surveys should have the same sex recorded
each time, although its weight, age and reproductive status might differ.

e Stream temperature data can be evaluated by examining temperatures taken in nearby streams
with similar geomorphic and riparian habitat conditions (for spatial consistency) or temperatures
taken at the same stream location and same time of year during previous monitoring events (for
temporal consistency).

e Laboratory results, such as macroinvertebrate counts or water chemistry measurements, can be
evaluated for external consistency by comparing results to the same parameters at similar nearby sites
or to results obtained during previous monitoring events at the same site under similar conditions.

Ecological consistency checks are used to evaluate data in relation to established scientific understanding
of ecosystems. This type of check is difficult to prescribe and requires specific expertise by those
conducting data validation activities. For example, certain plant species or plant associations might be
expected to be found in different locations at a site based on soil type and hydrology; a validation check
for ecological consistency would evaluate whether or not these species or associations were found as
anticipated. If a plant species that is normally only found in dry uplands was reported in a wetland, the
result could trigger additional scrutiny of those data, as well as any data associated with them.

Similar approaches to the evaluation of ecological consistency can be applied to data collected from
field and laboratory measurements, particularly when combined with results from field observations.
For example, certain biotic assemblages are anticipated in stream riffles of fresh-water streams based
on certain field and laboratory measurements of water quality. If reported data are not consistent with
the anticipated results, they should be evaluated and possibly flagged for potential errors.
Recommended procedures for handling such discrepancies or errors (including identifying data with
potential discrepancies or errors, deciding how to address those issues, implementing corrective actions,
and documenting these processes and decisions) are described below in Section 6.3.

6.3 HANDLING DATA DISCREPANCIES AND ERRORS

Any results found during the data review process that are inconsistent with specified requirements,
acceptance criteria, or scientific expectations should be documented, investigated and, where
appropriate, corrected. A summary of the general process is shown in Exhibit 6-8, and includes:

e identifying questionable data;

e making decisions regarding how to handle the questionable data identified;
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e documenting the identified data, along with any corresponding decisions and actions taken; and

e implementing the corrective action.

Exhibit 6-8. Identifying, Handling and Documenting Questionable Data

Identify

Mark questionable data requiring further
examination using descriptors or other
notations to classify suspected error types

Decide

Make decision regarding questionable data to
accept, correct, or flag based on a review of
completed field data forms, results from QC

checks, staff interviews, SOPs, etc.

. h 4 h

Accept Correct Flag
Accept data as valid with Correct data and provide Incorporate flag into verified
explanation in metadata explanation in metadata or validated database

Corrective Action

Implement corrective action, as appropriate,

to improve or correct data collection and
corresponding results

Document

Maintain documentation of error
identification, any changes, and
corresponding decisions and rationale

The end result should be a transparent, verified and validated database that can be advanced for use in

data analysis described in Chapter 7. Each component of Exhibit 6-8 is described in greater detail below.
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6.3.1 Identifying Real or Potential Errors

The data verification and validation processes described in Section 6.2 usually result in the identification
of questionable data that require further investigation. Examples include:

e errorsintroduced during data collection (e.g., missing decimals, transposed numbers, incorrect
measurement units) or during transcription of field data sheets to a project database; and

e potential biases that originate from (1) variable measurements or observations, such as improper
equipment calibrations or inadequately trained crew members; or (2) site-condition impacts on data
quality, such as adverse weather.

Any data identified as questionable should be tagged (e.g., marked or highlighted) for further
examination. This tagging should include standardized notations or descriptors that are familiar to all
data review personnel and provide a clear reason why the data are considered to be questionable.

Evaluating Questionable Data — Examples

e A guestionable dissolved oxygen reading can be examined by determining whether the equipment
used was calibrated or maintained appropriately.

e Questionable identification of a rare species can be checked to determine whether voucher
samples or photos confirm the identification.

¢ A review of information regarding weather conditions can provide an explanation for questionable
results for bird or amphibians.

6.3.2 Deciding an Appropriate Course of Action

As shown in Exhibit 6-8, the next step in the treatment of questionable data is to decide whether to (1)
accept the data, (2) correct the data based on available information, or (3) flag the data as questionable.
This evaluation typically requires access to ancillary and supporting information, such as SOPs, field
notebooks, field QC checks and laboratory results, laboratory bench sheets, discussions with field crew
members or laboratory analysts, sample collection logs, chain of custody forms, photographs and audio
recordings. The original field data sheets often include notes and additional information entered by field
crew members, and may provide an explanation for questionable values.

Questionable data that cannot be accepted as correct and cannot be corrected need to be flagged as
suspect using a flag code or other standardized format that explains and documents the reason for this
designation. There is no right or wrong way to flag data, but project planners should ensure that a
consistent set of codes or identifiers are established early on and used by all personnel involved in the
identification, handling, and documentation of questionable data.
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Tips for Using Flags to Identify Questionable Data and Standardize Actions

Project planners should develop a list of common and anticipated errors along with corresponding
flag codes for use by data reviewers. The use of standardized flags (rather than detailed written
descriptions) is more efficient and should be used to ensure that all data are handled appropriately.
As they develop the relevant list of codes, project planners should consider that these codes or flags
may be used to:

Identify actions (such as items for follow-up) or observations (such as QA issues or errors);

Cover a variety of issues, such as missing data, range checks, exceedances (based on established
limits), impacts on the sample, non-standard units, etc.;

Identify multiple (potentially concurrent or overlapping) issues and/or action items;

Facilitate global database corrections (requires careful design of flags and accurate tracking); or

Identify patterns in data quality.

Flags may be numeric or non-numeric values (numeric flags should generally be non-zero values to
avoid confusion) and each flag or code is generally linked to a description in a data dictionary. Some
project planners will set up a system that allows the reviewer to enter additional comments to explain
the flag.

A set of codes or flags should be developed that meets the needs of the project team. When properly

designed and implemented, codes or flags can significantly mitigate confusion, facilitate data sorting,
and expedite both decision making and the implementation of corrective actions.

Examples of non-numeric flagging codes that have been used by organizations to address anticipated
common occurrences are provided in Exhibit 6-9. In some cases, multiple data flags can be combined to
provide a complete picture of the data quality and/or issues that may require follow-up. Organizations
may also use non-zero numeric values, such as “-3” for rejected data, “-2” for missing data, or “1” for
suspect data. The use of zero as a flag is not recommended since it can lead to errors (e.g., conversion to
a null or blank entry), particularly during data transfer or migration. In all cases, an explanation of any
action taken should be provided and included in the database. As questionable data are evaluated and
decisions made regarding their treatment, the database should be updated along with any supporting
metadata that includes decisions and explanations.
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Exhibit 6-9. Example Data Flagging Codes

Examples from “Estuary Water Examples from the Quality Assurance Examples from the Great Lakes

Quality Monitoring Program — Report for the “National Study of Human Health Fish Tissue Study

Old Woman Creek”; National Chemical Residues in Lake Fish Tissue: (GLHHFTS); U.S. EPA, OW, Office

Estuarine Research Reserve Analytical Data for Years 1 through 4”; of Science and Technology

System, Ohio Division of U.S. EPA, Office of Water (OW) (EPA 2005b)

Wildlife (National Estuarine (EPA 2014b)

Research Reserve System 2015)

GDM Data missing B Blank contamination B, RNAF Blank contamination;
Result is not affected

GQab Rejected due to QC B, RMAX Blank contamination; result |HRPD High RPD

checks is @ maximum value
GQS Suspect due to QC HMSR Potential high bias, high J Estimated value
checks recovery in matrix spike
SRD Replicate values differ  |LVER Low recovery in associated |LLCS Low lab control sample
calibration verification recovery
SIC Incorrect calibration MTRX Chromatogram suggests RMAX Result is a maximum
possible matrix interference value

CRE Significant rain event

CIP Ice present

CLE Collected later/earlier

than scheduled

CSM See metadata

CCU Cause unknown

6.3.3 Documenting Issues, Decisions and Impacts on Data Quality

It is crucial that data users have access to documentation regarding the results of data review and that
these results are incorporated in the project datasets. By making this information readily available, the
reasons for rejecting, questioning and/or accepting a data point will be clear and can be used to support
project decisions and data usability assessments. Documenting the reasons for accepting questionable
data as well as any revisions to the data (including who made the changes and when and why the
changes were made) assists in maintaining data integrity and facilitates understanding by both primary
and secondary data users. Documenting all revisions also allows you to track recurring or persistent data
quality issues that can and should be avoided or corrected during future data collection efforts.
Regardless of the problems identified, it is critical that project managers be able to determine the
source so that they or other team members may take appropriate corrective actions.

6.3.4 Corrective Actions

As depicted in Exhibit 6-8, appropriate corrective action is needed to prevent future problems.
Corrective actions are particularly helpful if data review activities are ongoing throughout a project and
the quality of data can be improved proactively before additional data are collected. Responses to the
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results of data review efforts will vary according to your project objectives and to the specific type and
intended use of the data. Examples are provided below:

e Corrective action for an erroneous result may require the entire entry be disqualified, in which case
the corrective action will be focused on ensuring that data users understand the limitations of the
results produced.

e Corrective action for a misidentified sampling location may involve taking steps to (1) confirm the
location was incorrectly recorded, (2) correct the error, and (3) document the correct location. In
this case, the focus is on fixing and documenting the problem so that the error and the correction
are transparent to subsequent data reviewers and users.

e Corrective actions described in Section 6.2.1 may be taken to resolve illegible or incomplete data.

As noted earlier, questionable data are typically associated with two general types of problems — those
associated with field crews, lab personnel and other data handlers, and those associated with factors
outside the organization’s control. Regardless of the source, the goals of corrective action should be to
(1) obtain data that meet the stated project quality requirements, (2) document when that goal has not
been met, and (3) determine which problems can be prevented or mitigated in the future through
modified practices. The last is part of the continuous improvement phase of the quality management
lifecycle and an important component in developing adaptive monitoring strategies described in
Chapter 8.

Avoid Discarding Data

To the extent possible, project planning teams should avoid corrective actions that result in
discarded data, even when data are determined to be unacceptable. Instead, records of the
entire data collection and review process — including the criteria against which the data were

evaluated, the process for doing so, and the objective DECISIONS made based on those criteria —
should be retained and archived in the project files. This information may prove to be critical for
subsequent data assessments, resulting project activities, project decisions, and/or future data use.

6.4 DATA CERTIFICATION

The final step in the data review process involves certifying that the datasets are complete for the
period of record and have been subject to comprehensive quality inspection. Certification:

e ensures the data review process and any necessary data modifications have been appropriately
documented;

e demonstrates good stewardship of data through effective management and oversight practices,
resulting in a high degree of confidence that the data can be shared for use; and

e provides confirmation that the data are ready for analysis, reporting, distribution and archiving.
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Data certification does not imply that a dataset is
completely free of errors, only that rigorous
review has been conducted for the period of
record to ensure that all data reviewers, project
planners and other stakeholders have a solid
understanding of the degree of data quality,
completeness, structural integrity and
consistency. Certification includes
documentation of known errors, data gaps and
data of questionable quality. It provides a ‘seal of
approval’ by the organization, project manager,
or other individual that produced the data, and
indicates that the data are in a finalized state, of
sufficient quality, and understood well-enough to
be assessed for use.

Certifying Datasets —
A Seal of Approval

Some agencies, such as organizations within
the U.S. Forest Service and National Park
Service, certify their datasets following data
verification and validation, prior to further
assessments. A “seal of approval” is assigned
to the dataset, making it available and

providing all users with an understanding of
the data’s quality and potential limitations.
Other organizations that collect
environmental data, such as the National
Climate Data Center, offer data certifications
(certification marks) that provide legal
assurance of product testing and audits.

Data certification provides an overall assessment of data quality based on existing documentation and
the results of the data review. The overall assessment may take the form of a commentary that is
appended to the dataset before release. This commentary should:

e disclose the results of data verification and validation;

e provide a description of the data relative to the data quality acceptance criteria;

e review and analyze any significant data problems identified along with their cause, corrective

action(s) and follow-up activities;

e assess the relevance or significance of the data elements with respect to the quality of the data and
their intended use (e.g., errors associated with important data elements and the potential impacts

of those errors);

e include a statement by a data manager certifying that the commentary is true, accurate and

complete to the best of their knowledge; and

e provide an audit trail of all changes to the data, including the reasons for any changes, time stamps,
and identities of data editors (particularly important for projects with high levels of political impact).

In the event that a correction or update is required following certification, the dataset should be
removed from certified status, modified as necessary, reviewed and re-certified. Notification of this
process and re-certification should be provided to any previous or current data users.

Depending on the needs of your project and the schedule for data collection, you might certify some of
your datasets seasonally, annually or even daily if real-time monitoring is critical to your objectives. Your

certification process should encompass:
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e specifications for the issuance of certification (e.g., criteria, minimum standards, data quality
thresholds, data verification and validation requirements, data maintenance requirements, and
prescriptive actions for handling questionable data); and

e requirements for maintaining certification status, renewing certification, and downgrading (or
revoking) the certification.

For projects that generate a large amount of data requiring rapid, recurring or point-of-time
certification, developing a semi-automated certification process driven by software code that is
integrated into the data management system and reporting procedures may be a valuable resource
investment. Developing a semi-automated process to review, validate, document and report on data
quality provides a means for comprehensive systems analysis with enhanced capacity to analyze, auto-
correct, secure and document data quality specific to each component or property for which
certification is sought.

Once all data have been verified, validated and certified, the “check” phase of the “Plan/Do/Check/Act”
quality management cycle and the “review” phase of the “Plan/Prepare/Collect/Review/Evaluate”
project management cycle are considered to be complete (see Exhibit 1-1), and the data are ready for
the “act” and “evaluate” phases discussed in Chapter 7. The data analysis activities described in Chapter
7 include assessments to:

e confirm the data conform to the assumptions used in designing the monitoring program (e.g., the
estimated amount of error used to estimate confidence in the resulting data),

e identify any relevant patterns and trends, and
o determine if the project and sampling objectives were achieved.

Where the data verification and validation processes described in this chapter are used to confirm
project data were gathered correctly and are scientifically sound, the data analyses described in Chapter
7 provide important information on the value of the plans and procedures used to prepare, collect and
review the data, and help project managers determine if modifications are needed to improve the
relevance and quality of the data for future monitoring efforts.

6.5 DATA REVIEW - CHECKLIST

The checklist below provides a summary list of overarching principles and aspects that should be
considered and implemented when reviewing project data. As with any checklist, the listed items should
not be interpreted or applied without comprehension of the supporting information. Users of this
checklist are encouraged to read and understand the corresponding details that are provided
throughout this chapter, and to implement these details using a graded approach that is commensurate
with a project’s scope, importance and available resources.
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DATA REVIEW — CHECKLIST

[0 Plan data review activities in advance.

L] Determine who will review project data (identify data reviewers with the appropriate
knowledge, skills and experience, and objectivity).

Identify which information will be reviewed by which data reviewers.
Identify when data review activities will be performed.
Determine how data will be reviewed and how the results will be reported.

Identify the materials and information data reviewers will need when conducting their
reviews.

Determine how the data will be certified for assessment and use.

OO0 OoOoOod

Document these who, what, when, and how data review decisions in written procedures.
[] Verify and validate project data.
[] Review project data to ensure specified requirements have been met.
O Are all required data, including QC data, present and legible?
O Have all revisions or corrections been signed and dated?

O Have all required sa