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Introduction 
In 1992 Congress passed H.R. 429, Public Law 102-575 which includes Title 34, the Central 
Valley Project Improvement Act (CVPIA). CVPIA mandated management changes for the 
Central Valley Project, particularly for the protection, restoration, and enhancement of fish and 
wildlife. Among the requirements of CVPIA are:  
 

● special efforts to double anadromous fish populations by 2002,  
● establishment of a restoration fund financed by water and power users for habitat 

restoration and enhancement, and  
● a limit on new water contracts until fish and wildlife goals are achieved.  

 
In 2006, the Office of Management and Budget (OMB) evaluated the progress of CVPIA. OMB 
had concerns that stemmed in part from the disparity between the “double by 2002” objective, 
and the status of Central Valley anadromous fish populations. OMB questioned the lack of 
measurable performance goals for program implementation, especially goals that could relate to 
factors within the control of the agencies in program implementation. 
 
OMB recommended that the agencies undertake a comprehensive program review, including an 
independent science review. In response to the OMB critique, the Bureau of Reclamation 
(Reclamation) and the U.S. Fish and Wildlife Service (Service) organized an independent 
review (Listen to the River, 2008), seeking to address four objectives: 
 

● improve the effectiveness and efficiency of programs and implementation actions to 
achieve the fish restoration goals of the Act; 

● enhance the agencies’ ability to learn from and optimize program actions; 
● improve the transparency and accountability of the fish restoration programs to 

management, stakeholders, and the public; and 
● by achieving the first three objectives, enhance public understanding and support for the 

program and continuing restoration activities. 
 
To address these objectives, Reclamation and the Service adopted a Structured Decision 
Making process. Structured decision making provides a formal, documented, open, and 
transparent process to develop quantifiable and measurable objectives and determine the best 
decision alternatives to achieve restoration through the use of quantitative models. Decision 
support models represent how actions would improve natural production for all four runs of 
Chinook salmon, steelhead, and sturgeon. 
 
Development of the models is guided by an inter-agency, multi-stakeholder group of scientists 
and resource experts called the Science Integration Team (SIT). The models represent the 
current snapshot of the best collective understanding of population effects on anadromous fish 
in the Central Valley, and are subject to revision and refinement as that understanding 
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improves. Reclamation and the Service seek broad support and buy-in for resource decisions 
by using the SIT models to inform and prioritize restoration fund expenditures. The Data 
Guidance described here will support continuous improvement of structured decision making 
within, between, and outside of the stakeholder agencies. Ultimately, these guidelines will result 
in better management of data used in the SIT models and generated by restoration fund 
expenditures, which is essential to achieving the CVPIA fish doubling goal. 
 
Quality data is needed throughout CVPIA to drive continued improvement in project 
management and restoration practices. CVPIA uses data to: 
 

1. Track project status and costs, 
2. Calibrate and parameterise the Decision Support Models,  
3. Improve understanding of limiting factors on fish populations, and 
4. Quantify project success. 

 
To achieve these goals, CVPIA requires quality data from researchers, fishery monitors, and 
restoration practitioners awarded funds for projects by CVPIA. To date, program guidance on 
data quality has not been sufficient to ensure quality data. This guidance describes the 
program’s data needs and how practitioners should organize and document their data for 
submittal to CVPIA. Additionally, this guidance will characterize how CVPIA intends to utilize 
submitted data to support continuous improvement and innovation in fisheries restoration and 
species recovery. 

Purpose 
The purpose of this data guidance document is to increase, manage, and protect the value of 
data needed and generated by the CVPIA Science Integration Team, specifically through the 
structured decision making process. In order to implement structured decision making, the 
agencies needed to assess all of the data available to build decision models and improve the 
basis and defensibility of decisions.  
 
The data primarily supports the development of a numerical population model that estimates 
effects of flows, habitat, and other parameters on winter-, spring-, and fall-run salmon 
populations, as well as O. mykiss and sturgeon populations. The numerical models will be used 
to support prioritization of CVPIA restoration efforts, and explain how that prioritization 
addresses the current state of knowledge about Central Valley salmonids. This guidance is 
consistent with several adjacent efforts such that sharing of source data across programs will 
support decision-making based on open, transparent data. The result should improve the 
shared understanding of resources. 
 
Data Guidance for CVPIA Funded Projects emphasizes the creation and use of “tidy data” 
principles (Wickham 2014). The strategy, inspired by Hadley Wickham in his paper “Tidy Data” 
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published in the Journal of Statistical Software (August 2014, Volume 59, Issue 10), creates 
datasets that are easy to manipulate, model, and visualize. Neatly structured data is essential to 
the CVPIA structured decision making process that relies on domain experts to focus on 
achieving the CVPIA fish doubling goal. The datasets will be hosted on public-facing websites 
so that reviewers and stakeholders can quickly access the data, output, visualizations, and 
source references.  
This Data Guidance is intended to further the CVPIA Data Management Strategy. Data derived 
from CVPIA-authorized projects will be stored in a trusted repository that will safeguard the 
durability of the data. The trusted repository will include a consistent metadata standard and will 
be the registration authority for unique data generated by the program.  

CVPIA Science Data Priorities 
Data has been developed since the implementation of CVPIA, but without a central repository or 
data management standard, much of it has been unavailable to inform current and future efforts. 
This list of data priorities is based on current understanding of the system and the management 
needs of the CVPIA program. As the data management program evolves, the data priorities 
may change, consistent with the priorities determined by the SIT. This Data Guidance will serve 
to expedite that evolution.  
 
The current direction of the SIT is to develop a series of five-year near-term restoration 
strategies. Strategies will be based on numerical population models and will outline the best 
recommendations to achieve the CVPIA doubling goals. Each five-year near-term restoration 
strategy will include restoration actions, monitoring needs, and research intended to support 
continuous improvement and adaptive management of the system. The SIT would continue 
developing and refining the near-term restoration strategies every five years until either the 
doubling goal is met, or it is determined by the Secretary of the Interior that the restoration 
actions are complete. 
 
In developing the Data Guidance, SIT members identified information needs and categorized 
these needs according to three criteria: 
 

1. Is the information used directly in the Decision Support Model (DSM)? 
2. What is the needed frequency of collecting and compiling information? 
3. Is the information needed for adaptive management? 

 
The SIT considers these data essential to the DSM and adaptive management. The information 
and monitoring needed for the DSMs will include elements in the categories listed in the table 
below and included here: 
 

1. DSM inputs 
a. modeled flow and diversions (CALSIM II) 
b. modeled and gaged temperature (HEC5Q, CDEC, districts) 
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c. passage obstruction and predator contact points (PAD) 
d. survival and growth estimates 
e. territory size requirements 
f. habitat modeling 

2. Annual fish monitoring data 
a. screw-trap capture and efficiency trial data 
b. coded wire tag data (hatchery allocation) 
c. trawl catch data 
d. creel census data 
e. adult escapement estimates 

3. Research  
a. predator effects 
b. temperature estimation in tributaries 
c. habitat decay and evolution 
d. food availability 
e. entrainment rate 

CVPIA Data for Program Management Priorities 
In January 2006, the Assistant Secretary for Water and Science of the Department of the 
Interior (Assistant Secretary) in Washington D.C. directed the Commissioner of the Bureau of 
Reclamation and the Mid-Pacific Regional Director, to conduct a performance review of the 
CVPIA, with specific attention to the fish and wildlife provisions of the Act.  
 
The primary purpose of that review was to determine when the relevant provisions of the Act 
would be sufficiently implemented to consider them “complete” for funding purposes. In 
response to the directive by the Assistant Secretary, Reclamation and the Service conducted 
the CVPIA Program Activity Review (CPAR). A specific concern and focus of many water and 
power contractors is Section 3407(d)(2), which describes a mechanism by which the Secretary 
of the Interior can reduce the Restoration Fund payments required of water and power 
contractors. 
 
Collection of quality data about the status of expenditures and timing of projects is important for 
the regular assessment of 3407(d)(2) and allows for prudent management of the Restoration 
Fund. Specific information is required to support prompt reporting in both the Annual Work 
Plans and the Annual Financial Reports. Key data to collect will include: 
 

1. Budget  
2. Dates and milestones 
3. Key personnel 
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This data will be used to inform annual reports to Congress as required in Section 3408(f) of 
CVPIA. Section 3408(f) is used to assess overall success of the program and the status of 
Restoration Fund collections. 

Reporting of Quality Data 

Who Reports 
Practitioners awarded funds for projects by CVPIA should designate a ‘data steward’ on their 
project team. Data stewards manage the project data to ensure CVPIA data requirements are 
met, and data documentation is developed and maintained. Ideally, data stewards have a 
background in data management. This person is responsible for interacting with the CVPIA data 
managers to ensure that quality data is transferred inline with CVPIA standards.  
 
Generally, the data steward performs the following tasks: 
 

1. Prepare data management plan aligned with CVPIA data guidance, 
2. Document how project data was generated, noting the methodology and equipment or 

software used, 
3. Capture information about how the data has been altered or processed, 
4. Track all file names and formats associated with the project, 
5. Generate explanation of codes, abbreviations, or variables used in the data or in the file 

naming structure, 
6. Manage data quality and backup datasets regularly, 
7. Create metadata files, 
8. Share data products with CVPIA data stewards, and 
9. Schedule six-month data exchanges with designated CVPIA data manager. 

 
The data steward should be actively engaged throughout the entire project life cycle. If not 
engaged early enough, important information is lost or more difficult to acquire. Committed data 
stewards are essential to CVPIA data products being well-described and fit for re-use. 

Quality Data to be Reported 
The purpose of this section is to guide practitioners while developing CVPIA charters. Charters 
will be scored in part on how well the proposed data management plan conforms to this 
guidance document and aligns with the priorities of the SIT, particularly as recorded in 
Near-term Restoration Strategies. If a charter is awarded, during the contracting process a 
designated data steward must meet with the CVPIA data managers to ensure that data 
collected throughout the project conforms to standards. Data must meet the documentation 
requirements in these guidelines and be released in a machine-readable form during regular 
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intervals until the end of the project. Upon project completion, the project data steward must 
conduct a close-out meeting with the CVPIA data managers to confirm proper submittal of all 
project data and necessary metadata information to ensure the continued value of the data 
beyond the project’s lifespan. 

Research and Monitoring 
For research projects, researchers must state what hypothesis they are testing and how it 
addresses priority CVPIA areas of uncertainty. For monitoring projects, practitioners must state 
how their monitoring will address CVPIA priority data needs. Research and monitoring projects 
must specify types of data that will be collected, the project’s location, and the interval at which 
data will be collected and published. The practitioners must provide a detailed description of the 
methodology for data generation, noting what type of equipment or software will be used. 

Restoration  
For projects that build structures or enhance spawning and/or rearing habitat, practitioners must 
supply estimates of existing suitable habitat and the additional suitable habitat generated by the 
project.  During the project planning stage, the data steward should acquire existing habitat 
model estimates covering the project’s extent. If the existing habitat data is insufficient (old, 
doesn’t exist), then the project should include a plan to improve the quantification of the existing 
suitable habitat. Where feasible, habitat mapping generated with 2D hydraulic modeling and 
best available habitat suitability criteria should be produced.  
 
Project proponents must describe the project type (e.g. spawning, perennial instream or 
seasonally inundated rearing habitats) and state whether the intervention is maintenance or new 
habitat. If the project is creating new habitat, provide an estimate of how many additional acres 
of habitat will be created and the expected suitability variability within the targeted range of 
flows. If the project is excavating to generate new habitat, discuss if there will be a loss of high 
flow habitat to gain suitable habitat at lower flows. For passage barrier removal, provide an 
estimate of how many additional acres of habitat are made accessible. 
 
After construction, monitoring data must be collected and provided to confirm habitat is 
performing as designed. This could include, but is not limited to, topographic and/or bathymetric 
surveys to document as-built conditions, snorkel surveys to quantify habitat use, and habitat 
modeling if as-built conditions differ significantly from design with respect to suitable habitat 
creation. 

Data for Program Management 
All projects must provide information on project status to support reporting in the CVPIA Annual 
Work Plans and the Annual Financial Reports. Prompt and accurate reporting is necessary to 
facilitate those plans and also to maintain public support for the program. Following selection of 
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charters for funding, project management teams will establish timelines, budgets, and reporting 
schedules with the designated CVPIA data manager. 

How to Report Quality Data to CVPIA 

Data Repository  
The long term data management strategy for CVPIA is for all data to be hosted within a trusted 
data repository managed by the Bureau of Reclamation. Reclamation is currently developing 
RISE (Reclamation Information Sharing Environment), an effort to share a broad range of 
Reclamation’s data in consistent, open, machine-readable formats via a centralized and 
sustainable public and internal data portal. CVPIA staff will coordinate with RISE developers to 
ensure that the data and metadata standards adopted are compatible with their standards. Until 
RISE is more mature, CVPIA data and metadata will be kept in cloud storage consistent with 
available RISE requirements. In the future, it is anticipated that web services and APIs will be 
developed to facilitate easy data access. 
 
In the near-term, CVPIA data managers intend to use a data portal maintained by the 
Environmental Data Initiative (EDI) as a platform for curating data. EDI is a National Science 
Foundation funded project, that actively promotes and enables curation and re-use of 
environmental data. EDI enables researchers to host their data according to FAIR data 
principles, an international stakeholder driven effort to improve data access and reuse. The EDI 
Data Portal contains environmental and ecological data packages contributed by a number of 
participating organizations, including USGS and USFWS. 
 
EDI was developed to support high-level analysis and synthesis of complex ecosystem data 
across the science-policy-management continuum. Its intent is to advance ecosystem research. 
Through an open process, EDI seeks to improve: 
 

1. the availability and quality of data from the varied contributing research sites, 
2. the timeliness and quantity of derived data products, and 
3. the knowledge gained from the synthesis of research data. 

 
The EDI Data Portal uses a rolling-update approach to continuously release improved versions 
as they are ready for the community. 

Restoration, Research, and Monitoring Data 

Quality Assurance 
Data should be reviewed periodically to discover inconsistencies and other anomalies in the 
data, as well as performing data cleansing activities (e.g. removing outliers, missing data 
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interpolation) to improve the data quality. Increasing access and review of data will be a critical 
step in improving data quality. 

Accepted Data Formats 
Tabular datasets should be formatted in a machine readable format. Comma Separated Values 
(CSV) are flat datasets separated by delimiters and the standard format for publication. CSV 
files must be encoded in UTF-8. The first row must contain the headers for each column. 
 
The following are not allowed within a machine readable file: 
 

● Merged cells  
● Multiple tables 
● Notes/descriptions 
● Non-data elements 
● Blank row or columns within the data 
● Aggregates (e.g., sum of values) 

 
For more guidance on dataset formatting best practices, please refer to Hadley Wickham’s 
paper Tidy Data.  
 
In a tidy dataset: 
 

1. Each variable forms a column 
2. Each observation forms a row 
3. Each type of observational unit forms a table 

 
Vector geospatial datasets should be provided as Shapefiles and raster geospatial datasets as 
GeoTiffs.  
 
If the data steward has collected data that can not be provided in any of the above listed 
formats, please communicate directly with the CVPIA data managers to establish a mutually 
agreed upon appropriate data format. 

Metadata Standards 
Metadata standards endorsed by the Federal Geographic Data Committee (FGDC) are 
mandated for federal agencies by Executive Order 12906. CVPIA is using the Ecological 
Metadata Language (EML) shema, which maps to the federally approved metadata standard 
International Organization for Standardization (ISO) 19115-2 series of standards. EML is a 
robust and widely used set of protocols for extracting rich metadata from datasets with 
specifications particularly developed for the ecology discipline. 
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Metadata Creation Tools  
The EML team provides an R package for automating the process of extraction; more details for 
this tool can be found here. A CVPIA specific EML metadata creation tool is in development. 
Templates will be provided to project data stewards and assistance from CVPIA data managers 
will be available in creating metadata documents to ensure consistent and quality metadata for 
the program. 

Data Backups and Versioning 
Data backups and versioning will be maintained by EDI as part of their hosting services. 

Digital Object Identifier 
A digital object identifier (DOI) will be provided for each dataset to facilitate citation. A DOI is a 
string of numbers, letters and symbols used to permanently identify an article or document and 
link to it on the web. 

Data for Program Management 
The data steward will be responsible for submitting the following information via a series of web 
forms that will be made available at contracting.  
 

1. Type of Project (Monitoring / Research / Restoration) 
2. Budget  
3. Document Control Number 
4. Agreement Number 
5. CVPIA Authority 
6. Obligation amount by Fiscal Year 
7. Expenditure rate by Fiscal Year 
8. Roles and responsibilities 
9. Dates and milestones (as applicable) 

a. Kickoff meeting 
b. Permit submittal 
c. Environmental documentation timeline 
d. Design timeline 
e. ESA Consultation status 
f. SHPO Consultation status 
g. 6-month reporting dates 
h. Project archiving dates 
i. Press release announcing completion 

10. Contingency plans 
 
The submittals will be evaluated by CVPIA data managers and resubmittals are necessary until 
the data meets completeness criteria. 
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How to Submit Questions and Comments Regarding Data 
Submission 
Data stewards can contact the CVPIA data managers with questions, comments or concerns via 
the web contact form at cvpia.scienceintegrationteam.com. 
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Legal Citations 

Data Management Under the Law  
In addition to improving the results of CVPIA investments, improvements to data management is 
increasingly a required action under various legal and policy directives. For example, data 
management is required by various pieces of legislation and Executive Orders, such as: 

● Information Quality Act  (Section 515 of The Treasury & General Government 
Appropriations Act for FY 2001) allows the public to examine and challenge the data 
disseminated by the federal agencies and provides review procedures for those 
challenges. 
  

● Clinger-Cohen Act (IT Management Reform Act) established the position of Chief 
Information Officer to oversee information quality and IT implementation. It mandates 
that agencies develop Enterprise-wide information architectures to improve business 
performance and data portability. 
  

● Privacy Act establishes a Code of Fair Information Practice that governs the collection, 
maintenance, use, and dissemination of personally identifiable information about 
individuals that is maintained in systems of records by Federal agencies. 
  

● Government Performance & Results Act is one of a series of laws designed to 
improve government project management. GPRA requires agencies to engage in project 
management tasks such as setting goals, measuring results, and reporting their 
progress. In order to comply with GPRA, agencies produce strategic plans, performance 
plans, and conduct gap analyses of projects. 
  

● Computer Matching & Personal Privacy Act expands the Privacy Act guarantees to 
ensure that privacy violations do not occur when databases are combined or integrated. 
  

● Government Paperwork Elimination Act requires that, when practicable, Federal 
agencies use electronic forms, electronic filing, and electronic signatures to conduct 
official business with the public. 
  

● Paperwork Reduction Act provides the basis for managing information as a resource. It 
mandates that agencies take steps to improve their data quality and data sharing 
capabilities. 
  

● Freedom of Information Act (FOIA) is a Federal law that allows for the full or partial 
disclosure of previously unreleased information and documents controlled by the United 
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States government. FOIA defines agency records subject to disclosure, outlines 
mandatory disclosure procedures, and grants exemptions to the statute. 
  

● Executive Order 12906 (Geospatial Data) [PDF] directed the Federal Geographic Data 
Committee (FGDC) to establish a National Spatial Data Infrastructure (NSDI) to acquire, 
process, store, distribute, and improve utilization of geospatial data. 
 

● Open, Public, Electronic and Necessary (OPEN) Government Data Act provides a 
sweeping, government-wide mandate for federal agencies to publish all their information 
as open data – using standardized, non-proprietary formats. The OPEN Government 
Data Act builds on President Obama’s May 2013 Open Data Policy. It makes the key 
aspects of the Open Data Policy permanent. 

Follow good data management practices. It's the law! 
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Appendix A: Data Management Template 
EDI metadata template 
CVPIA specific template in development 
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Appendix B: Dataset Examples 
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Appendix C: Metadata Examples 
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