APPENDIX ______

DATA ASSESSMENT AND REPORTING TEAM 

Draft: November 25, 1998

I.
INTRODUCTION

The CMARP Stage I report called for the development of a data analysis and reporting process that provides

“… technically sound, understandable reports released in a timely manner [to] provide the all-important feedback about monitoring results to managers, regulators, and stakeholders.  Appropriate interpretation and display must accompany monitoring data. Annual monitoring reports are envisioned, which include both data analyses and interpretive graphs and text.”

      

[CMARP Stage I Report, April 24, 1998, p.20]

A vast array of data collection and analysis is occurring in the San Francisco Bay-Delta area and its associated watershed by federal and state agencies, universities, private institutions, scientists and technicians. The Comprehensive Monitoring, Assessment, and Research Program will build upon these existing efforts to provide CALFED with information needed to function in an adaptive management context and to provide assurances to the public and legislators about the success of CALFED actions. CMARP will facilitate making this information available to managers and to all interested parties in a meaningful and understandable format and will resolve those monitoring, analysis and reporting gaps which exist between the needs of CALFED and the information that is currently available.

Following is a discussion of the audiences for CMARP reports and their various information needs and the objectives and operating principles for a CMARP data assessment and reporting process. The remainder of this report is organized under the following headings: Information Gathering, CMARP Quality Assurance, Analysis & Integration, Reporting, and Examples. This report focuses on the various tasks that need to be accomplished and leaves the discussion of who will accomplish these tasks to Chapter VI – Institutional Structure of the CMARP Report.  A further discussion on early implementation is found in Chapter VIII.

Audience for CMARP Reports

CMARP must meet the information needs of a wide and diverse set of people including CALFED Program Managers, the CALFED Policy Group, the CALFED Ops Group, CALFED Agencies, Scientists, Stakeholders, Legislative Staff, and the public. In general the level of detail desired by each group is expected to be different as shown in Figure 1. The process, therefore, must be both robust and flexible to address these diverse needs.
Figure 1. Level of Detail Desired by Different Audiences of CMARP Information and Reports (Note: While some stakeholders are expected to be interested mainly in basic summarized information about the system, other stakeholders are involved either in the actual collection of data or are very interested in information at all levels of the system.  Consequently they are included at both levels of the diagram)
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Level of Detail Desired
data
Information needs of the three groups

The anticipated needs of each level of the triangle are summarized below. 

The Public, Stakeholders, Legislators and the CALFED Policy Group (top of the triangle) are expected to be interested in questions about the “big picture” and less concerned with the details of monitoring and research. Primarily this group’s information needs are anticipated to be:

· what actions has CALFED taken 

· are CALFED program goals and objectives being met

· how are indicators of ecosystem health, water quality, water supply reliability, and levee system integrity doing

· what new issues have arisen

· what information has been learned that impacts Stage II implementation decisions

· is the money being spent effectively

· how does it affect the individual person

· where can more detailed information be gotten, 

· how can concerns be made known.

Some of the needs of this group will have to be addressed through a joint effort between CALFED and CMARP – for example, in a joint annual report.

In addition to the above list, CALFED Program Managers, CALFED Ops Group and CALFED agencies (middle of the triangle) need much more information on which to make their decisions. Their additional information needs are anticipated to be:

· specific information to base decisions upon

· whether individual CALFED project/action goals and objectives being met

· the status of those factors that influence indicators of valued system components

· what adaptive management actions could be used to improve knowledge of the system

· what uncertainties for managers have been removed through research

· what level of confidence is attached to information and results

· whether compliance and mitigation regulations are being met 

· computer models and geographic information system (GIS) as tools for decision-making, and 

· a forum to communicate with scientists. 

Interviews with four of the CALFED Program Managers are given in sub-appendix ____.

Scientists, agency staff, and some stakeholders are at the base of the triangle and work with very detailed information. This group’s needs are anticipated to be:

· to have research and monitoring results published in peer review journals rather than only in “grey” literature, i.e. technical reports.

· general access to data, metadata and reports, 

· increased communication and collaboration with other researchers, stakeholders, and agency staff, and 

· a forum to communicate with managers.

Data Analysis and Reporting Objectives

The future tasks involved in meeting the information needs of these three groups include:

1) using selected indicators to assess the state of valued components of the system and determine if CALFED program goals and objectives are being met, 

2) coordinating among existing programs to gather information to meet CALFED needs, 

3) maintaining quality of data collection and analysis sufficient to meet CALFED needs,

4) coordinating additional data analyses needed which are currently not being performed by other programs, 

5) providing a forum for exchange of information among groups leading to a regional monitoring focus 

6) integrating information to improve understanding of the system and provide assistance for decision-makers, and 

7) providing feedback on monitoring and research results in technically sound, understandable reports released in a timely manner to managers, regulators, and the public.

The steps for meeting the information needs of these groups include gathering of information, quality assurance, analysis and integration, and reporting. Figure 2 shows the role of CMARP in facilitating getting information to decision-makers. Each vertical step further compiles and integrates the information received from the step below.  
Figure 2. Providing Information to Managers and Decision-Makers.
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Figure 3 provides a more detailed conceptual model illustrating 1) the steps involved in collecting the different information involved and integrating them for decision-makers, 

2) the feedback loop between CALFED and CMARP, and 3) the feedback loop within CMARP as new research and monitoring needs are identified and acted upon. 

Data Assessment and Reporting Guiding Principles

To fulfill the objectives described above as effectively and efficiently as possible, the following guiding principles are recommended. CMARP should:

1) coordinate closely with CALFED program managers and agencies in order to be responsive to their scientific information needs.

2) use existing monitoring programs to meet CALFED needs whenever possible.

3) focus on having any new analyses that are needed for CALFED be conducted by the researchers or agencies actually collecting the data, to the extent feasible.  This may require additional funding by CALFED. If the original researchers are not able to do the additional analyses needed, then they may be conducted under the direction of CALFED science staff, in collaboration with the original researchers.

4) strongly encourage publication of research, monitoring, and project results in peer-reviewed literature.

…

Figure 3. Conceptual Model of Information Flow and Feedback Loops between CMARP and CALFED.
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Supplemental Efforts of CMARP

5) make every effort to be an unencumbered channel of information flow between scientists and managers with strong effort made to avoid changes in purpose or content of reports and figures as they travel from scientists to managers.  This will require close collaboration and feedback between CMARP and the researchers involved.

6) act as a communication bridge between scientists and managers -- working to get the information produced by scientists into the hands of managers in an understandable form, and working to help scientists better understand the needs of managers.
 II. 
INFORMATION GATHERING
An important function of data management, assessment and reporting is facilitating the process of getting the overwhelming amount of information currently being generated about the CALFED Bay-Delta system into the hands of decision-makers.  This involves compiling the results from monitoring of indicators, research programs, regional monitoring analyses, real-time monitoring data, permitting and regulation requirements, GIS efforts, and computer modeling efforts and delivering it to decision-makers in a manner that is accessible, timely and understandable. 

Following is a discussion of the purposes of monitoring, the types of information CMARP will be gathering, and how coordination will proceed with existing monitoring programs.

Purposes of Monitoring


There are many ways of describing the various types of monitoring being conducted in the CALFED Bay-Delta system. For the purposes of this appendix, the three principal management purposes of monitoring in the CALFED system are described as (1) monitoring of management actions/projects, (2) monitoring for rapid decision-making, and (3) monitoring of the state of the system.  This differs from the simpler definitions in the Scope section of the CMARP report, which focused on the more immediate purposes of monitoring (baseline, trend, effectiveness, compliance/mitigation, and operations monitoring).  

(
Management Actions/ Project Monitoring

CALFED will be implementing specific projects/activities on both a small and large scale, which must be monitored for implementation status, performance/effectiveness and compliance and mitigation requirements.  The frequency of such monitoring depends on the individual project.  Typically projects which must meet compliance regulations (such as operations of the Central Valley Project (CVP) and the State Water Project (SWP)) will have more frequent measurements than other projects (such as a habitat restoration project).

- Implementation Status - How far has the project proceeded or what percent of the project has been implemented (e.g. % farms participating in using improved irrigation practices)
- Performance/Effectiveness –how effective the project is in meetings its stated goals and objectives. (e.g., improved farm water management practices resulted in a savings of X amount of water).  Such evaluations require before/after project implementation monitoring which involves developing baselines and then monitoring for changes and trends. (See Example A & B at end of report)

- Compliance/Mitigation – reports to regulatory agencies to demonstrate the project/action is complying with regulations (e.g. water quality constraints or species take limits (see Example C)) or mitigating against actions (e.g. developing replacement habitat for habitat lost due to the project)

(
Rapid Decision-Making Monitoring

Some decision-making requires near-immediate information about the system.  This typically involves frequent measurements and rapid turn around of data into information for decision-makers so that they can make their decisions. This monitoring information is used for the following purposes:

- Information to make decisions (e.g. flows, flood stage, position of x2) and/or determine when compliance regulations may be exceeded (e.g. position of salmon in system & current salmon “salvage” information (See Example C)).

- Early warning detection (e.g. changes in turbidity and increase in outflow signaling start of salmon migration (See Example C), or changes in benthic invertebrates communities signal water quality problems)

- Model forecasting & validation (e.g. highest flood stage river will reach at various points in system based upon current water coming down the river and water anticipated from rainfall)

- Develop short-term correlations & possible cause-effect relationships about system functioning (e.g. correlations between river flow and bromide concentrations in the delta within a single water year (See Example F)
(
State of the System Monitoring

Monitoring to assess the long-term trends and status of valued components of the system typically involves less-frequent measurements over a long period of time. However information gathered for rapid-decision making and for project monitoring can also be applied to system monitoring. This monitoring is used to:
- Assess status & trends of valued components of system and the factors that influence them (e.g. change in total salmon population over time) (See Examples B, D, E, G)

- Performance Monitoring – Large-scale effects of CALFED program in meeting stated goals & objectives (e.g. has channel meander been restored?, restoration of riparian habitat achieved?, does evidence support a peripheral canal or not?).  This will often involve before/after CALFED implementation monitoring which requires developing baselines and assessing conditions before CALFED so that the changes attributable to CALFED can be quantified. (See Example B)

 - Develop long-term correlations & possible cause-effect relationships about system functioning. (e.g. correlations between mysid population abundance, X2 position, and clam density over two decades (See Examples B, D, E, and G))
Types of Information Gathered

The types of information that will be gathered from monitoring programs and research projects fall into four general categories: reports, regulatory information, metadata, and data. 

(
Reports from current monitoring programs

As stated under the guiding principles, CMARP will be using information from existing monitoring programs whenever possible.  This will involve coordinating with existing monitoring program managers to get copies of their reports and facilitate getting those reports into the hands of CALFED decision-makers as quickly as possible.  A systematic process for coordination of collection of reports will be developed as well as a tracking system for all reports and information moving through the CMARP process.  This process will become more clearly developed as CMARP moves closer to implementation.

(
Reports from research programs

The data assessment and reporting process will also be facilitating getting information from research projects into the hands of decision-makers. A systematic method of keeping track of the large amount of research projects being funded by the CALFED process will be developed together with their associated reports.

(
Regulations and Permitting Requirements

The data assessment and reporting process will gather together information on the permitting requirements and regulations in order to facilitate reporting to program managers about compliance and mitigation monitoring, to increase communication and understanding among the program managers and to make the process of getting necessary permits easier and more straightforward.

(
Create metadatabases of monitoring programs, research efforts and computer models

The amount of monitoring, research and computer modeling efforts being conducted in the CALFED Bay-Delta system is so large it is difficult for any one person to know even a fraction of the information available. Over 600 monitoring programs have been identified.  In order to avoid duplication of effort, reduce the costs involved in providing information to CALFED, and improve coordination among agencies and researchers, CMARP is building a metadatabase of monitoring programs in the CALFED Bay-Delta system and associated watersheds (see Chapter __).  This database forms the basis for determining what data are available and how they could contribute to broader CALFED goals. 

Three additional metadatabases are also recommended for development involving: 1) larger research efforts related to CALFED, 2) computer modeling efforts related to CALFED, and 3) GIS efforts related to CALFED.  These metadatabases will be accessible to the public via the CALFED/CMARP web page. 

(
CMARP Database

Not all information required by CMARP will be available in current reports.  A CMARP database management system is being constructed into which data of interest to CALFED program managers and stakeholders and especially data that will be used in regional monitoring analyses and GIS development will be compiled.  This is developed in greater detail in Appendix ______.

Coordination with Monitoring Programs and Research Efforts

(
Coordination with Individual Programs

The CMARP work teams have made significant progress towards identifying the important ongoing monitoring efforts or new monitoring efforts needed for a comprehensive monitoring program.  They have identified over 500 monitoring elements, which are listed in Table 2 attached as a sub-appendix to this report.  In order to accomplish the monitoring required to meet CALFED program objectives, CMARP will need 1) to coordinate with existing monitoring programs and 2) arrange for additional supplementary monitoring.

For existing monitoring recommended by the CMARP work teams, CMARP will coordinate with the programs involved to get copies of reports needed by CALFED program managers and copies of the data where it is needed for further regional analyses.  Further discussion of quality assurance continues in the next section. 

There are gaps between what existing monitoring programs cover and the monitoring needs of CALFED. Some recommended monitoring elements are not being monitored at all.  Some monitoring efforts require expansion.  CMARP will determine which of these gaps in monitoring are of highest priority and fund new monitoring as needed.

(
Regional Coordination

An important function of CMARP is to provide a regional focus to monitoring and research in the San Francisco Bay-Delta area and its associated watersheds. Once the CMARP work team recommendations are finalized, CMARP will go through the monitoring recommendations and identify where regional coordination of monitoring efforts are required to provide the information needed by CALFED.  The problems of spatial and timing gaps and consistency of protocols associated with regional monitoring are discussed more fully in the next section under quality assurance. 

Three different methods of regional monitoring are possible: 1) gathering data collected under existing monitoring programs and re-analyzing from a regional perspective, 2) coordinating among existing programs to do systematic regional monitoring once ever several years, 3) financing a new regional-based monitoring program. Each of these options may be used depending on the state of current monitoring and the priority level of providing regional monitoring information. Systematic sampling methods have already been developed by the Environmental Protection Agency’s Environmental Monitoring and Assessment Program (EMAP) and by the U.S. Geological Survey’s NAWQA program. Some examples of regional monitoring efforts in other areas of the country are discussed below.

The Southern California Coastal Waters Research Project (SCCWRP) gives an example of how coordinating among existing programs for systematic regional monitoring once ever several years can be successful. SCCWRP coordinated with municipal dischargers, regulatory agencies, corporations and private organizations to conduct a region-wide systematic monitoring effort in 1994 and 1998.  The monitoring agencies were willing to participate as long as a) there was no net increase in money spent, b) there would be a public benefit, c) they could learn from the information gained and d) the regulatory agencies concurred. The regulatory agencies were willing to agree because the information gained from the systematic coverage was greatly to their benefit. This effort is providing a large consistent database of background information that can be used to show trends throughout the region through time and show spatial differences within the region.  This information is normally not available since each individual program usually monitors only in its specific target area for its own particular purposes.

The Environmental Protection Agency Mass Balance Study in Lake Michigan is an example of how new regional monitoring was conducted through a RFP process.  In this case systematic monitoring was used to quantify the influx, outflux, and location within the food chain of pollutants such as PCB’s.  However this study was research focused with a definite start and end point and monitoring has already ended. A similar pilot study was conducted in Green Bay, Wisconsin and EPA plans to use this method in other areas.

A more complete discussion of these efforts can be found in the Review of Large Ecosystem Management Projects around the country that is attached as an appendix to the CMARP report.


(
Facilitating communication among programs


An additional service CMARP can render to research and monitoring is to increase collaboration and coordination among existing monitoring and research programs.  For example, if research efforts designed to examine mercury levels in fish tissue throughout the delta collaborates with a fish diet study that collects samples throughout the delta, both research efforts could be more efficient and cost-effective by collaboration.  Both research programs could save money by combining efforts and coordinating use of laboratory facilities and their data could be used to yield additional information about the relation between mercury tissue levels and feeding habits.  Additionally watershed groups have expressed an interest in being able to learn from what other groups are doing and gain information that will assist their own efforts.  Computer modeling groups would also benefit from coordination of data collection with existing monitoring and research efforts.  This increased coordination of efforts and accessibility of information would improve the research being conducted and in turn help resolve many of the uncertainties about system functioning and management options in the delta.
III. CMARP QUALITY ASSURANCE

The quality of the information used by CMARP depends on two different levels of focus: 1) the quality of the data collection and analysis by the individual programs and 2) the integration of data from several monitoring programs for regional analysis efforts.

The quality of data collection and analysis by individual programs can be divided into three basic areas: a) how closely CALFED’s needs match the needs and objectives of the individual monitoring program, b) the adequacy of the quality assurance/quality control plan of the individual monitoring program, and c) the effectiveness and efficiency of the monitoring plan design in meeting its stated goals and objectives.

Integration of data from multiple monitoring programs for regional analysis efforts will result in three basic types of problems: d) dissimilar units, basic error-checking, resolving outliers, etc.; e) differences in sampling methodology, laboratory protocols, equipment, experience of personnel, and nomenclature; and f) gaps in space, time and frequency among current monitoring efforts.  


The final issue, which will assurance quality of the data collection and analysis used by CMARP, is external review, particularly external peer review and publication in peer-reviewed literature. CMARP will place a strong emphasis on publication of all results in peer-reviewed literature and will use this standard in all its activities. The process of external review and peer review is further discussed in Chapter 7 – Institutional Structure.

It is important to note that CALFED and CMARP can only make requests of existing monitoring programs to be able to share their data and/or request changes in the existing monitoring design.  It is hoped that existing monitoring programs will be willing to assist CALFED in meeting its needs, in exchange for being able to be part of a regionally coordinated monitoring effort, and have better exchange of information and communication among researchers, and also if CALFED covers any additional costs that are incurred.  Obviously each program’s own needs and objectives are expected to take precedence over CALFED needs.

(
a) Matching CALFED needs with goals and objectives of the existing monitoring programs

CMARP will approach existing monitoring programs identified by the CMARP work teams and consult with the program managers about:  the purpose of their monitoring program, the types of data collected, the laboratory and field protocols used, how the data is reported, how quality assurance/quality control is handled, how the results are interpreted, and what alternative uses of the data are appropriate and what uses are inappropriate.  This will go beyond the level of detail used for the current inventory of monitoring efforts metadatabase (See Chapter 2).  CMARP will use this information to determine whether or not CALFED should coordinate with this program to meet CALFED’s monitoring needs. If the program’s existing design is sufficient to meet CALFED’s needs, then CMARP can proceed with coordinating and/or contracting with the program to get copies of their data and reports.

Where there is a gap between CALFED’s monitoring needs and the way the existing monitoring is currently being conducted (for example, if CALFED needed additional samples taken in two more locations than the program provides), CMARP will 1) decide whether it is possible to accept an existing monitoring programs’ protocols, timing and frequency for the recommendations of the CMARP work teams or substitute other monitoring parameters, 2) consult with the existing monitoring program’s manager to determine if he/she would be willing to adapt to meet CALFED’s needs without compromising their program’s own purpose and objectives, presumably with CALFED providing funding to cover additional costs, or 3) develop new supplemental monitoring programs.

(
b) Adequacy of the quality assurance/quality control plan of the individual monitoring program

CALFED will rely on the adequacy of the quality assurance/quality control plans of the individual monitoring programs which are supplying the data and reports to CALFED.  CMARP will merely request information on what the QA/QC plans are and will not be involved in auditing or in any way policing the information coming from these programs.   Any problems that are brought to CMARP’s attention about the quality of a particular monitoring program's data will be handled on a case-by-case basis.
(
c) Effectiveness and efficiency of the monitoring plan design in meeting its stated goals and objectives
Monitoring programs, research experiments and adaptive management experiments are expensive and must be conducted as efficiently as possible. New supplemental monitoring designs and adaptive management experiments will be evaluated by statisticians and scientists to determine whether the design of the program is sufficient to meet its objectives and whether the efficiency of the design can be improved.  

At the request of CALFED Program Managers, existing monitoring programs from which CALFED is gaining information will also be evaluated for efficiency of design and quality assurance. However, as stated earlier CMARP can only request improvements in the design of existing programs. Such programs exist for their own purposes and objectives and not to meet CALFED’s needs.
(
d) Regional monitoring data integration problems caused by basic error rates, dissimilar units, outliers, etc
Regional monitoring will frequently involve combining data from multiple monitoring programs. Resolving problems caused by errors in the data, differences in units, outliers, etc. will require close collaboration between the researcher integrating the data sets and all the researchers involved in the various monitoring programs, knowledge of how each of the data sets were collected and the QA/QC processing each data set has received.  Resolving such problems will likely require the assistance of a statistician who is experienced in quickly identifying problems involved with integrating large data sets.  The Data Management Work Group Appendix report also addresses these problems and how they will be resolved with data compiled into the CMARP database.

(
e) Regional monitoring data integration problems caused by differences in sampling methodology, laboratory protocols, equipment, experience of personnel, and even nomenclature
In order to evaluate indicators on a regional level, some of the indicators CALFED is considering using involve combining data from several monitoring programs.  Lack of consistency in field protocols, laboratory protocols, experience of personnel and quality assurance/quality control among existing monitoring programs makes combining or comparing of data across programs difficult. In such cases CMARP will facilitate and encourage the development of consistent monitoring and laboratory protocols by 1) informing the various monitoring programs involved of the problem, 2) assess willingness of the programs involved to coordinate to standardize performance measures and/or standardize protocols, 3) organize workshops in which the researchers from the programs can get together and develop methods to standardize across their programs and 4) organize regular training & calibration workshops if necessary to help participants to calibrate equipment together and standardize training.

(
f) Regional monitoring analysis problems caused by gaps in space, time and frequency among current monitoring efforts.
Monitoring programs are developed to meet the specific needs and objectives of their program.  This typically creates a patchwork of unsynchronized monitoring efforts across the landscape.  Some areas may be monitored very well by several different programs whereas other areas receive no monitoring at all.  Some of the uncertainties facing CALFED program managers are caused by the patchy nature of available monitoring data.  

CMARP will first prioritize these gaps according to their impact on CALFED decision-making and will resolve the high-priority gaps in three ways: 1) develop a new monitoring effort paid for with new financing to provide systematic monitoring across the system, 2) fill in the gaps in current monitoring efforts through limited new monitoring efforts, or 3) coordinate  with current monitoring programs to fill in the gaps. 

IV. ANALYSIS AND INTEGRATION

CMARP will assisting with assessing the current status and trends of valued system elements and pressures, improving understanding of system functioning, assessing the effect of management actions, and providing information to help determine and prioritize future management actions. To accomplish these tasks CMARP will assist CALFED in using the following tools: analysis of indicators, adaptive management experiments, computer modeling, and GIS.  Two additional tools, which are also briefly discussed, are comparative risk analysis and event probability analysis.

Analysis of Indicators

(
General analysis of indicators

Much of the information regarding CALFED indicators can already be gleaned from existing agency reports and databases. Where such information is sufficient for CALFED purposes, CMARP’s role will involve facilitating the process of getting the information to decision-makers and making the information generally available. In those cases where the current analysis and reporting mechanisms are inadequate, CMARP will focus on arranging for the additional analysis and reporting to be conducted, preferably by those researchers actually involved in collecting the information whenever possible.

(
Development of Baselines 

In order to be able to gain sufficient understanding of the Bay-Delta System upon which to make decisions and to evaluate the effect of CALFED action once initiated, it is important that baselines for indicators be developed as soon as possible using historical information and data monitored through the year 2000. 

(
Regional analysis across wide spatial and temporal scales

An important function of CMARP is the coordination of regional monitoring efforts among programs so that new analyses can be conducted across wide spatial and temporal scales. Spatio-temporal statistical methods will be used to examine field data taken at approximately regular intervals at spatially distributed sampling stations.  The major methods look at the correlation structure of the data over time (as in conventional time-series analyses) and space, and in a few cases, over both.  Studies of this kind have already been used in IEP-related studies to refine the information needs of water quality nutrient, and plankton sampling programs (i.e. what are the tradeoffs between the number of sites and the frequency of sampling in terms of being able to detect certain kinds of changes). Correlations among causative factors (e.g., effects of nutrients, temperature and light on productivity) can then sometimes be analyzed within the constraints of spatial variability in the data. 

An example of how pulling together information on a regional scale is useful for decision-making is the process the CALFED Ops Group uses to anticipate salmon outmigration and reduce entrainment at the pumping facilities.  This process is described briefly in Example C at the end of this chapter.

(
Develop correlations and hypotheses about cause-effect relationships.

Various areas of uncertainty exist about the San Francisco Bay-Delta, for example how the ecosystem functions and reacts to change or how water transfers affect neighboring areas.  A great deal of data is being collected throughout the San Francisco Bay-Delta and its associated watershed, but the agencies collecting this data often do not have the time or the resources to further analyze this data beyond the scope of their program’s objectives. It is expected that some of these data can be combined and analyzed to identify possible cause-effect hypotheses, which can then be further researched through the RFP process.  One function of CMARP will be to sort through the numerous uncertainties identified by the CMARP workteams and determine those addressable with existing information and arrange for these analyses to be conducted.

Example D at the end of this chapter shows such a shift. In this example mysids are weakly correlated with the position of X2 until the late 1980’s when clam density began increasing. In this case the introduction of a new species changed the strength of existing correlations in the system. Other examples of using correlations to increase understanding of the system include Example C, E, F, and G.

(
Bundling of Indicators

Bundling related information for management is an important function CMARP. Examples A-G show how related information is bundled during reporting to assist management with decision-making.  Example B specifically discusses a conceptual framework for bundling indicators.

Adaptive Management Experiments

The CALFED program has committed to a process of adaptive management that will involve adaptive management experiments.  This will likely involve pilot projects to test hypotheses of system functioning and projects involving manipulation of the system to determine cause-effect relationships (for example, how altering flow rates into the delta affect salmon migration). CMARP’s role will be to organize analysis and reporting of the results of these experiments, preferably by those researchers and agency staff most directly involved. CMARP will also work to facilitate communication between researchers and decision-makers to identify where adaptive management can be effectively applied and to design experiments that will yield as much information as possible.

Role of Computer Modeling

Computer models are typically used to 1) organize information, 2) gain understanding of a system, 3) identify areas of uncertainty, 4) help with decision analysis, 5) forecast future events and 6) increase public understanding.  Computer models can be powerful tools to assist with decision making and are already being used by the CALFED program managers to make management decisions.  The role at present for CMARP is to identify what current computer models are available that could be useful to CALFED and coordinate their use. There has been some interest expressed in pulling together the various computer models so that researchers and decision-makers can do computer gaming to increase understanding of the system and run “what-if” scenarios. New computer models will be developed through a contracting process with established modeling groups or through an RFP process. Strong encouragement will be given for researchers and agency staff to publish their computer models in peer-reviewed literature. 

Role of GIS
Geographic information systems are typically used for 1) organizing information in a graphical format (maps), 2) queries involving different types of graphically organized data, 3) providing input into other computer models, and 4) improving communication and increasing public understanding. Development of new GIS is both time-consuming and expensive.  A special task force will be formed to determine where GIS is actually needed for CALFED, what current GIS efforts are available that CALFED can coordinate with, what new GIS efforts may be needed, and to develop a process for meeting CALFED’s GIS needs. One particular need of program managers that has already been identified is the ability to query a GIS database for the locations of existing monitoring and research activities.

Role of comparative risk assessment

Comparative risk assessment is a tool for policy planning involving environmental problems. Comparative risk assessment is used for defining problem areas, describing the magnitude of problems, and prioritizing them. It is also a useful tool for comparing public views with scientist views about what issues are of greatest concern and determining where public education and outreach efforts could be focused. CALFED has already used this process to some degree and both CALFED and CMARP are expected to use this process in the future to assist with prioritizing which issues are of greatest concern, where project and research money should be focused first, and where projects must be implemented sooner rather than later.  However it is unclear at present whether this will be an additional role of CMARP to facilitate using this tool or whether CALFED program managers will prefer to contract with outside agencies.

Role of event probability risk assessment

The delta levees program especially will be dealing with the issue of seismic risk assessment and levee failure risk assessment.  To what extent CMARP will be involved is unclear. Most likely such risk assessment will be contracted out to specialized groups and CMARP’s role will be make sure the results are made available to all the CALFED program managers, scientists, agency staff and stakeholders.
V.
REPORTING

Characteristics of reporting system

CMARP’s reporting role is to 1) make this information accessible to all interested CALFED participants, 2) sift through the reports to the information requested by decision-makers and facilitate getting the information to them, 3) facilitate the process of integrating and summarizing the information to the extent desired by decision-makers and the public, 4) ensure presentation in a format that is clear and understandable to decision-makers, and 5) facilitate understanding of the science involved by managers and facilitate understanding of management needs by scientists.
The reporting system will be characterized by transparency, accessibility, objectivity, reliability, high quality and rapid reporting of results. 

Accessibility of information to all interested parties will be maintained through the generation of reports, through public quarterly technical meetings and an annual science conference, through a process for querying information and through intensive use of web page technology.

Types and Frequency of Reports

The types and frequency of reports will be determined by the needs of the public and of CALFED program managers. Each of the CALFED Programs is different in nature and purpose and has differing reporting needs. These needs will be more completely understood as the CALFED process moves forward. Reporting needs are expected to range greatly in frequency and content including near-real time monitoring, monthly reports, quarterly reports, annual reports and likely program reviews every 2-3 years.  In addition reporting will also involve papers published in peer-reviewed journals, fact sheets, reports responding to information queries, and web page reporting.

The reporting needs of the public and stakeholders will be met through annual reports, web page reporting, fact sheets, and quarterly technical meetings.  The needs of the CALFED program managers and the CALFED Ops group are expected to be met through real-time monitoring information, monthly and/or quarterly reports, information and analysis queries, an ability to conduct what-if scenarios with computer models and GIS models, and through an annual science conference.  The needs of scientists and agency staff are expected to be met with publication of research and monitoring results, computer models and conceptual models in peer-reviewed journals, access to metadatabases and database information via the web-page, annual science conference, and frequent issue-based workshops. Regulatory agencies will receive necessary reports involving compliance and mitigation monitoring.

 In addition, all parties will have access to information available on the web page such as the CMARP database, metadatabases, indicator status reports, etc.

(
Annual Reports 

An annual report will be produced directed primarily towards the public, stakeholders and legislative staff. It is recommended that the annual report be a joint effort between CALFED and CMARP and include contents reflecting the activities of each. The recommended content of the annual report includes: 1) summary of CALFED actions taken during the year, 2) status of indicators for valued system components and their influencing factors, 3) status of CALFED program goals and objectives, 4) highlights of what has been learned, both positive and negative, during the year, 5) highlights from research projects completed and underway, and 6) a fiscal summary.  Agreement on the contents of the Annual Report must be reached with the public and stakeholder groups, preferably through open-forum meetings.  The recommended delivery date of the Annual Report is the third week of April (approximately the same time as the IEP spring newsletter, which includes indicators that should also be included in the Annual Report). The first annual report will be delivered on April 20, 2001.

(
Annual Science Conference

An annual science conference will bring CALFED Program Managers, scientists, and agency staff together. Various research efforts can be briefly reported, the status of indicators discussed, and new issues raised. This conference will provide information for the annual report.  The description of the Annual Science Conference is discussed further in Chapter 7 – Institutional Structure. 

(
Real-Time Monitoring Reporting

CMARP expects to use some real-time monitoring reporting. Real-time monitoring refers to the near-immediate reporting of data usually with a delay between collection and reporting ranging from a day to a few weeks depending on the type of data. Although such data typically is “raw” and has often gone through very little quality control, the information is useful for compliance monitoring and for early detection of changes and problems so program managers can respond quickly or more focused monitoring or research can be initiated. 

In particular, the CALFED Ops Group already makes effective use of real-time monitoring, using data that relates stream-flow, turbidity, and the location of species of concern in the Delta to make decisions about pumping Delta exports.  In such a case, CMARP’s role will be to not interfere with a decision support system that is already working well, but instead to attempt to facilitate the process of getting information to decision-makers, where needed, and to increase access of this information to other CALFED program managers.

The Water Quality Program anticipates needing monthly status reports, which will probably include a brief 3- to 4-page summary of the status of water quality indicators, and monitoring elements.  Each of the CALFED programs involved in water management (Storage, Conveyance, Water Transfers, Water Use Efficiency) will need regular access to information such as water flow-rates, height (stage), water quality and ground-water levels. 

Because real-time monitoring can be expensive, CMARP will be coordinating reporting of results from existing real-time monitoring efforts. Initiating new real-time monitoring efforts will be considered only after the considerations of purpose, expense, and diminished data-quality risk have been weighed.

(
Quarterly Technical Meetings & Bulletin

Frequent technical workshops or meetings are recommended, possibly on a quarterly basis, during which CALFED program managers, CMARP, scientists and stakeholders can meet for 1) updates on progress, 2) explanation of what the data reveal, and 3) discussion of new issues.  A quarterly bulletin will be issued for the purpose of this workshop.

(
Information Query Response

One important purpose of data analysis and reporting is to assemble the to be easily queried by managers, scientists, etc.  In addition to having information on the web, CMARP will also respond directly to queries for information from program managers, scientists, agency staff and stakeholders.  This process will be developed further in the future as the specific needs of each of the CALFED programs becomes clear and CMARP continues to evolve into the future. Obviously the ability to answer queries efficiently and quickly will depend on the amount of staff time available and the amount of time and effort needed to create an accessible and frequently updated web page.   

Some queries will be simple requests for information; for example the Delta Levees Program will likely need to be able to query the status of delta-levee monitoring on a regular basis.  Other requests for information will require some additional analysis and work involved, such as a requests for information relating to a new invasive species (e.g. mitten crab collection at the south-delta pumps). CMARP’s role will be to channel the request for this information to those researchers and agency staff with the best ability to answer the question and to facilitate getting a timely response to decision-makers. 

(
Web Page Reporting

CMARP will make intensive use of web-page technology to make information available to all interested parties. The CMARP web page is anticipated to include: 1) current status of public indicators, program manager level indicators, and additional monitoring elements of special interest to scientists, agencies and stakeholders; 2) access to metadatabase information compiled through the CALFED process; 3) access to the CMARP monitoring and research database, and 4) copies of annual reports, quarterly and monthly status reports and journal articles related to CMARP.

Creating and maintaining this web page will require planning and investment in staff and training from the beginning. In the long run, this investment will greatly reduce the amount of staff time spent answering queries for basic information and will greatly increase access of information to all interested parties.

VI.
Summary of analytical methods and support staff expertise required

Types of analysis methods identified

A wide variety of analysis methods has been identified in the preceding pages that CMARP will be expected to conduct.  The analysis of indicators is expected to involve trend analysis, regression analysis, multivariate analysis, time-series analysis, spatial analysis and spatio-temporal statistical analysis methods. The analysis of monitoring program designs is expected to involve power analysis and sampling design analysis. The analysis of adaptive management experiments is expected to involve some of the previously mentioned analyses as well as analysis of variance designs.  Comparative risk analysis involves social science statistics involving the use of surveys. GIS and computer modeling have also been mentioned to be used for organizing information, answering queries, forecasting and conducting what-if scenarios.

Recommended types of technical expertise needed by CMARP 

The following types of technical support staff expertise will be needed to assist the scientists involved with CMARP with the process of data assessment and reporting:

Two types of statisticians will be needed: 1) statisticians specializing in monitoring program design, particularly sampling design, trend analysis and time-series analysis and 2) statisticians specializing in multivariate analysis  & spatial analysis who understand complex statistical methods and when to use them and when they are not needed. 

CMARP will also need access to persons with a general background in computer modeling who can utilize computer models developed by others, communicate with other computer modelers, design some computer models themselves and arrange for the development and updating of computer models by other groups. Additional people who are need include: people with high-level database management skills (see Database Management Team report), people with GIS skills, people with strong web page skills, technical editor skills, computer technical illustrator skills, and computer information specialist skills will be needed.

Additionally, people with good integration and synthesis skills are needed who are good at pulling together and integrating information and presenting it in a form that is accessible to decision-makers. 

VII. 
Examples

Examples A-G show how information can be integrated together in meaningful reports that can assist managers with decision-making and provide information that increases understanding of how the system functions. Example A shows how a habitat restoration project can be evaluated and the information channeled to CALFED program managers who can evaluate the success of the project and make changes as necessary.  Example B shows how suites of indicators are bundled together for the purpose of reporting to management. This process is further related to Example C, which describes the decision-making and reporting process of the CALFED Ops Group.  Examples D, E, F and G  show how monitoring information is used to identify correlations among variables and uncertainties which can be further researched to deduce cause-effect relationships.

A. Decision-Making loop on the success of a habitat restoration project

Example A shows how a habitat restoration project can be evaluated and the information channeled to CALFED program managers who can evaluate the success of the project and make changes as necessary.

Figure 4. Conceptual model of the evaluation process for a habitat restoration project








B. Bundling Suites of Indicators for reporting to management

The Environmental Defense Fund Leading Indicators proposal adopted a Pressure-State-Response conceptual framework. For the purposes of discussion in this chapter only, the elements monitored in the San Francisco Bay-Delta System and associated watersheds can generally be classified into a framework of “Management Response (Activities)” which affect “Pressures” which in turn affect the “State” of Valued Components of the Bay-Delta System. 


Figure 5



The Valued System Components are components of ecosystem health, water quality, water supply reliability, and delta levee system integrity.  Pressures can be either negative pressures (pollution) or positive pressures (planting of native vegetation). 

The links that interconnect these valued elements can be quite complex. Multiple management activities can relate to a single valued system component as in Figure 6 on the following page. In addition, a single management activity can relate to multiple valued system components as in figure 5 below, which relates to Example C (CALFED Ops Group Decision-Making Process).  Additional influencing factors are typically also involved. Reporting of these factors together as a bundled suite assists management with effective decision-making.

Figure 6. Relationship between pumping in south Delta and the state of water supply reliability and a healthy salmon population.
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Figure 7 is an example of how management actions are related to the effects on valued system components through a simple conceptual model and how indicators are derived from each. [Please note this example is for illustrative purposes only to show how related indicators would be reported together]. In this example the management objective is to “Increase the amount of floodplain habitat to provide rearing and spawning habitat for native fish species”. All of these indicators would be bundled together in the reporting process to program managers. The publicly oriented indicators would likely be Splittail and Winter Run Chinook salmon populations over time and aerial extent of shallow water habitat over time.

Figure  7.  Relating the management objective of “Increase amount of floodplain habitat to provide rearing and spawning habitat for native fish species” to a conceptual model that shows the relationship between management actions and Splittail and Winter Run Chinook Populations. The corresponding indicators used to measure the various steps in the process are shown below.  These indicators would be bundled together as a suite when reporting the results of management actions to CALFED Program Managers. (This figure is adapted from a figure by Anitra Pawley )
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C. A Description of the CALFED Operations Group Decision-Making Process with an Example of How Environmental Monitoring Data is Used in that Process – by Zachary Hymanson

The CALFED Operations Group has developed a hierarchical process for incorporating current environmental information into decisions regarding operations of the Central Valley Project and the State Water Project.  This process is depicted in Figure 1 and is summarized below.

To be effective in achieving the intended purpose, CALFED Ops Group decisions to make changes in CVP and SWP operations often must be made quickly.  To accomplish this, the Ops Group established working groups to reach consensus at the lowest possible level while assuring that all CALFED Ops Group participants are informed.  The working groups include: 

1.
No-Name Group  This group is comprised of a representative of each of the Ops Group member agencies and interested parties (DFG, DWR, U.S. Bureau of Reclamation, U.S. Fish and Wildlife Service, National Marine Fisheries Service, U.S. Environmental Protection Agency, State Water Resources Control Board staff, The Bay Institute, State Water Project water contractors, and Central Valley Project water contractors).  It is the responsibility of NNG members to inform the parties they represent of information regarding take of listed species and any other factors deemed to be potential urgent issues that may be addressed by the Ops Group.  NNG also may be directed by the Ops Group to develop operational responses for issues of concern raised by member agencies.  It may also be used by USBR and DWR as a forum to discuss proposed operations plans.

2.
Sub-groups  A sub-group is the working level group that analyzes data and proposes an operation action.  A sub-group can be a workgroup associated with endangered or threatened species such as winter-run chinook salmon or delta smelt, real-time fish monitoring, or a temporary workgroup formed to address a specific operational issue.

One such sub-group is the Data Assessment Team (DAT).  DAT consists of biologists from the CALFED agencies (DFG, DWR, USBR, USFWS, and NMFS) and stakeholder groups (such as The Bay Institute), as well as CVP/SWP operators.  DAT compiles and interprets fishery-related data, and disseminates the interpreted information to the Ops Group.

As shown in Figure 1, the sub-group proposes a change in operations to the CVP/SWP operators based on weekly or more frequent review of the current information (e.g., daily data on fish abundance and distribution, turbidity and flow levels, and salvage at the CVP and SWP).  After discussion with management and possible revision of the proposal (done in coordination with the sub-group) a decision regarding implementation of the proposal is made.  If a decision is made to proceed with the proposal, the proposed operation is implemented and NNG is notified by USBR and DWR of the action taken.  If any participant in NNG objects to the action, NNG is convened and the operation is evaluated.  If, upon consensus of the CALFED agency representatives to NNG, a revised operation is developed, the action currently underway will be modified and the Ops Group will be informed.  If no consensus is reached in NNG, the issue is raised to the Ops Group.  The Ops Group will convene to evaluate the operation.  If, upon consensus of the CALFED agency representatives to the Ops Group, a revised operation is developed, the action currently underway will be modified.  If no consensus is reached within the Ops Group, the issue is raised to CALFED.

AN EXAMPLE OF HOW MONITORING DATA ARE USED IN THE CALFED OPERATIONS DECISION MAKING PROCESS 

Interest in spring-run chinook salmon has intensified over the last several years.  Most recently, this race has been listed as threatened under the State Endangered Species Act.  The listing process and the recent decision to list have focused interest in using the CALFED Operations Group decision making process to help minimize the potential adverse impacts of CVP and SWP operations.  A Spring-run Protection Plan is now being developed to address this need.  The plans depends on identifying the time when young spring-run salmon are likely entering the Delta and taking actions to avoid or minimize the effects of SWP and CVP facilities operations on their survival in the Delta.  The Department of Fish and Game and the U.S. Fish and Wildlife Service conduct fisheries sampling at numerous locations on the Sacramento River, on the primary spring-run salmon tributaries, and in the Delta. The fish sampling at these locations will provide data to evaluate the distribution and movement of spring-run salmon during the 1998-1999 outmigration season. Table 1 describes the sampling gear, season and effort, as well as the origin of salmon that could be collected at each location.  Stream flow and either water transparency or turbidity also will be measured at the sampling sites or nearby. 

The Ops Group, through DAT and NNG, has developed specific actions that will be implemented by USBR and DWR in the event that fishery-related monitoring indicates specific criteria have been met. The specific criteria are described below in “Indicators of Sensitive Periods for Spring-run Salmon in the Delta and Operational Responses”.

Data Compilation, Distribution, and Reporting

Data collected at the sampling sites, identified in Table 1, are transmitted by Internet database, e‑mail, fax or phone to Environmental Services Office, DWR, in Sacramento two times per week.  These data are compiled by the CVPIA/CMARP data management program and posted on the DFG Central Valley Bay-Delta Home Page within 24 hours of receipt.   However, if sampling indicates that a warning condition exists, then the data will be immediately telephoned to a DWR staff person in Sacramento.  The staff person will immediately notify the DAT.  Additionally, sampling frequency and data reporting from various stations may be modified by DAT, in coordination with the agencies responsible for the sampling programs, to meet the needs of the Plan.

Data Assessment and Dissemination

DAT will:

1.
Determine the significance of the Indicators of Sensitive Periods for Spring-run Salmon (indicators).  At the request of DFG, these indicators were developed by DAT for use during the candidacy period.

2.
Develop appropriate recommendations within 24 hours of an indicator being observed to USBR and DWR for adjustments to CVP/SWP operations. In addition, once an indicator has been observed, DAT will continue to monitor fish occurrence, assimilate data, and as needed make additional recommendations to USBR and DWR for adjustments to CVP/SWP operations.

3.
Notify the Ops Group that an indicator has been observed by immediately sending a fax or e-mail to the No-Name Group chairperson, the CVP/SWP operators, and the Co-chairs of the CALFED Ops Group. The NNG chairperson notifies agencies in that group, including the DFG representative.

INDICATORS OF SENSITIVE PERIODS FOR SPRING-RUN CHINOOK SALMON IN THE DELTA AND OPERATIONAL RESPONSES

Various environmental conditions and fish sample data are used to indicate the movement of spring-run salmon downstream into the Delta where SWP and CVP pumping may affect survival.  When these indicators are observed, they trigger a data evaluation/decision making process and actions to minimize or avoid the effects of SWP and CVP operations on the spring-run salmon.  These indicators are: (1) direct collection of fish at sampling locations in the spring-run tributaries and at other locations downstream; or (2) abrupt changes in river flow or water clarity, which are often associated with the beginning of downstream movement of salmon, including yearling spring-run in the fall and early winter.  In recent years, increased flow and turbidity have coincided with the capture of the first yearling spring-run salmon in tributary streams and the collection of salmon in the mainstem Sacramento River at Knight’s Landing within several days.  Chinook salmon between 70 mm and 150 mm FL during October through January will be considered possible spring-run chinook salmon yearlings.  Some chinook salmon of other races but in the same size range as spring-run chinook salmon also are found in the Sacramento River system at this time; thus, the DAT must examine all available information during its assessment..  In addition, hatchery-reared late-fall-run salmon from Coleman National Fish Hatchery (CNFH), all marked with coded-wire tags (CWT), will be released at Battle Creek and in the northern Delta and CWT winter-run salmon will be released in the upper Sacramento River in the fall.  Capture of these marked salmon will be used as surrogates for the spring-run salmon migrating through the system during this time. 

The Data Assessment Team (DAT) has the responsibility to examine all available data to initially determine the appropriate operational response to environmental triggers.  Results from the DAT are used as described in the CALFED Operations Group Decision-Making Process.  

Table 1.  Fish Sampling Locations Contributing Data to the 1998-1999 Spring-run Salmon Protection Plan


LOCATION
GEAR
SEASON
EFFORT
UNIT
NOTES

1
Sacramento R.  At Ball’s Ferry (RM 276)
RST
Continuous 
Daily
DFG
salmon from Sac.R.and tribs.upstream of Battle Creek

2
Red Bluff Diversion.  Dam (RM 243)
RST,

Beach

Seine
when gates up


Daily
FWS
salmon from Sac. R and tributaries u/s of Mill and Deer Cr.

3
Sacramento R.  at Hamilton City (GCID)

 (RM 206)
Fish Screen
Continuous
Daily
DFG


includes above salmon plus spring-run from Mill and Deer creeks  

4
Sacramento R.  at Knight’s Landing (RM 90)
RST
Continuous
Daily
DFG
includes above plus spring-run from Big Chico Creek

5
Sacramento R.  at    

Sacramento (RM 55)
KT

MWT 


10/1 - 3/31

4/1 -6/30


 3-4 days/wk

 3 - 5 days/wk + (RMT)
FWS
spring-run from all tributaries

6
Sacramento R.  Near Sacramento (RM 49-80)
beach seine
10/15 -1/31
 3 days/wk
FWS
spring-run from all tributaries

7
Sac.-S.J. Delta
beach seine
continuous
weekly or

bi-weekly
FWS
spring run from all tributaries

8
Mill Creek, valley reach
RST
10/1 - ?
Daily
DFG
spring-run from Mill Creek

9
Deer Creek, valley reach
RST
10/1 - ?
Daily
DFG
spring-run from Deer Creek

10
Butte Creek at Parrott-Phelan Diversion Dam 
RST,

fish screen
10/1-6/30

Continuous when diverting
Daily
DFG
spring-run from Butte Creek

11
Sutter Bypass near Tisdale Bypass
RTS
11/1 - 6/30
Daily
DFG
spring-run from Butte Creek, potentially from Mill, Deer, Chico crks and salmon from upper Sac.  R and tribs. when weirs overflow

12
Mossdale
KT
10/15 - 3/31

4/1 - 6/30
3 days/wk

5 - 7 days /wk
FWS
salmon from San Joaquin River

13
SWP and CVP Delta Fish Facilities 
fish screen
continuous
Daily
DFG


salmon from all Central Valley  rivers

Figure 8. CALFED Ops Group Decision Process


Figure 9. Plot of winter-run Chinook Salmon incidental take at the SWP & CVP Delta Fish Facilities from 8/1/97 through 7/31/98 created by Sheila Greene, Dept. of Water Resources.  In addition to showing chinook salmon salvage, the plot relates salmon salvage to flows and exports and shows the timing between hatchery releases and recapture at the facilities.  The plot also shows the length criteria the hatchery fish fall in.  For example late-fall chinook are released from Coleman hatchery from November to January. The plot shows how many of the recovered late-fall hatchery fish actually fall in the late-fall length criteria.



D. Correlating Mysid abundance, X2 Position, and Clam density 


Developing correlations among different types of data are useful in discerning possible cause-effect relationships, which then can be further researched through an RFP process.  In addition such correlations are important for discerning new problems that are developing.  For example, the following figure shows that mysids were weakly correlated with X2 position until the late 1980’s when clam density began increasing. The San Francisco Bay-Delta ecosystem is a constantly changing system.  Coordination between managers and researchers is needed to rapidly identify and respond to these changes where necessary.

Figure 9.Time series for mysids (Neomysis and Acanthomysis) (top), X2 (middle), and clams (Potamocorbula amurensis), annual means for sampling seasons for stations in Grizzly Bay (triangles) and San Pablo Bay (dashed line).  Mysid abundance is weakly related to X2, but evidently affected by clams: the lowest abundances of mysids were post-clam, and even when flow increased after the drought in the 1980’s-90’s, mysid abundance failed to recover much beyond its previously lowest value (figure provided by Wim Kimmerer).

E. Examples of the relationship between groundwater depletion and aquifer compaction and the relationship between groundwater use and surface water use

Following is another example of how the monitoring data is integrated together to show potential cause-effect relationships and also the uncertainties involved in relating groundwater depletion to aquifer compaction.  

Example provided by Jim Borchers

Land subsidence can alter the landscape drastically, and cause substantial damage to surface and subsurface infrastructure.  Monitoring compaction with borehole extensometers and land surveys, and ground-water levels at observation wells will allow managers at ground-water extraction facilities to detect the onset of inelastic compaction and modify operations to avoid permanent land subsidence.  Differentiating the effects of ground-water extraction at a water transfer facility from natural variations or other manmade effects will depend on information collected during site characterization, on detailed monitoring of the aquifer system, and quantification of the components of the aquifer water budget.

Ground water is an important component of the hydrology of the Central Valley and will be monitored as part of the CalFed Bay-Delta Program.  Monitoring reveals the response of the aquifer system to natural and manmade stresses.   For example, ground-water levels measured in monitoring wells fluctuate--  rising and falling in response to variations in recharge from precipitation, irrigation water, or streams and lakes, and discharge to wells, streams, and wetlands.  Figures A and B illustrate the relation between several kinds of monitoring information. 

Figure A shows the water level in a 1,130-ft-deep monitoring well in the western San Joaquin Valley between 1961 and 1998.  The water level in this well has fluctuated between about 250 and 620 feet below land surface during this time.  Agriculture in the area depended on ground water until the late 1960’s when surface water deliveries began to provide substantial water for irrigation (fig. B).  As surface water use increased, the pumping of ground water decreased (fig. B) allowing ground-water levels to rise during the late 1960’s and early 1970’s (fig. A).  During the drought in 1977 surface water was not readily available and the aquifer system again provided a substantial quantity of ground water for crop irrigation (fig. B), lowering ground-water levels (fig. A).  After the 1977 drought, surface water satisfied most irrigation needs and ground-water levels recovered until the early 1990’s, when the supply of surface water available for irrigation was reduced by lower than normal precipitation and by environmental regulations that required release of surface water from reservoirs to maintain the quality of water flowing through the Delta.  Although figures A and B indicate that ground-water levels declined during droughts, these data are not sufficient to quantify the separate effects of reduced recharge (from precipitation, applied surface water, streams and rivers) and increased ground-water pumping.  Much more information is necessary to accurately quantify the various components of the hydrologic system (see the description of monitoring data in the Water Transfers section of this report.).

Regardless of the cause, lowered ground-water levels increase pumping costs, and can induce compaction of clayey sediments resulting in subsidence, or sinking of the land surface.  Figure A shows the relation between ground-water levels and annual aquifer compaction at a monitoring installation (16S15E34N) in the western San Joaquin Valley.  Prior to the importation of surface water in the late 1960’s, the ground-water system provided water for agricultural irrigation.  When pumping depressurized the aquifer, it compacted at rates exceeding one foot per year (fig. A).  Between 1925 and 1977 aquifer compaction caused about thirty feet of land subsidence in the area of maximum subsidence in the San Joaquin Valley, about 2 miles east of the California Aqueduct, south of Mendota, California (Poland, 1984).  When surface water began to be used extensively for irrigation in late 1960’s and early 1970’s, ground-water levels rose, and the annual rate of compaction decreased (fig. A).  As ground-water pumping decreased and water levels rose (except during 1977 and the early 1990’s) the land surface rebounded (negative compaction on fig. A) in response to repressurization of the aquifer.  

The relation between ground-water levels and aquifer compaction is complex and is not accurately represented in figure A for two reasons.  First, permanent, inelastic compaction that has occurred throughout much of the San Joaquin Valley and part of the Sacramento Valley generally is triggered when ground-water levels decline below historical low levels.  Figure A indicates that inelastic compaction reoccurred in 1977 and in the early 1990’s, at a time when ground-water levels apparently did not exceed historical low levels.  It is likely this was caused by residual inelastic compaction that occurred in thick, poorly permeable clays that had not equilibrated with previous low water levels in more permeable parts of the aquifer.  Secondly, in Figure A compaction is shown as an annual total and water–level data are spring and fall measurements only.  During the peak of the irrigation season, it is likely that ground-water levels were considerable lower than those plotted on Figure A.  Accurate description of elastic and inelastic compaction can only be accomplished by continuously monitoring (and assessing) compaction and water levels at paired borehole extensometer and piezometer installations.  Even then, the pressure at which individual clay beds will begin to compact inelastically cannot be determined.  Developing equipment and techniques that will allow complete understanding of the compaction process are included in the research needs described in the Water Transfers section of this report.   
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F. Bromide and dissolved organic carbon in delta water exports

Two of the major indicators of municipal source water quality are the bromide and organic carbon concentrations of delta exports.  The Municipal Water Quality Investigations Program of DWR has sampled approximately monthly at sites in and around the delta and determined organic carbon concentrations since the early 1980s and bromide concentrations since1990.  An example of the seasonal variability for Water Year 1993 (figure 13) shows bromide concentrations of about 0.5 mg/l  in exports during the fall of 1992 after 2 consecutive dry years.  These concentrations were rapidly reduced to between 0.1 and 0.2 mg/l in early 1993 as a result of runoff from winter storms, and remained in that range for the rest of the year.  Fortunately, pumping of export water remained at a low level through most of the high-concentration period.  Although the concentrations of bromide in the San Joaquin River were at least as high as in export water during most of the year, concentrations in the Sacramento River remained substantially lower during the entire year.


In contrast, dissolved organic carbon (DOC) concentrations in exports were between 3 and 4 mg/l during the fall of 1992 and increased to a maximum for the Water Year of about 11 mg/l in early 1993 during a period of maximum pumping.  Thereafter concentrations declined slowly to previous levels.  Export concentrations were similar to those observed in the San Joaquin River, but were frequently higher than those observed in the Sacramento River. 

The seasonal patterns of bromide and DOC concentrations in 1993 are similar to those observed in other years, with a lot of their variability apparently related to river flow variations.  Other observed variations are less obviously explained using these data. Estimating monthly loads from these data is questionable, however, as can be seen by noticing the variability in daily Sacramento River DOC concentrations beginning in Spring, 1993.  More frequent calculations of bromide and DOC loads (perhaps daily) would be necessary to resolve the relative contributions to exports at any given time of the rivers, island drainage, and the bay. These data exhibit large short-term variability that casts doubt on how representative the monthly data are of monthly means.

Figure 11.  For Water Year 1992-3, concentrations of bromide and organic carbon and flows entering the delta from the Sacramento and San Joaquin Rivers and exiting the delta at the State Water Project pumping plant.  Concentration data and exports were provided by DWR, and river flows were provided by USGS.
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G. Delta Island Soil Subsidence 


Figure 12 shows the rates of soil subsidence over time on three islands, the breakdown in causes of the soil loss, and the accuracy of model prediction for soil losses on the three different islands. (Source CALFED draft Long-Term Levee System Protection Plan)  

Figure 12. Delta Island Subsidence.  The left-hand graphs show measured and model estimates for elevation changes for Mildred, Lower Jones and Bacon over time.  Squares represent measured data and solid lines represent model estimates. The right hand graphs show depth of subsidence in feet per year due to consolidation, burning, gas withdrawal, wind erosion and oxidation
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		Figure 1(cont'd). Depth of subsidence due to consolidation, burning, gas withdrawal,

		wind erosion and oxidation on Jersey, Sherman, Mildred, Bacon and Lower Jones

		at different points in time.
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-7.07922384

-7.14423768

-7.11637896

-9.40179984

-10.7024424

-11.10191328

-11.26912656

-11.98449216

-13.11792144

-13.27583832

-14.09340336



ELEV

						Lower Jo		nes		km = .4, cfluxmax = 1.4, no burning before 1938, wind  = .0083 ft/yr

				c		hange in		elv due to						percen		tage

		yea		r  elv		cflx		H20		wind		burn		burn		wind		cflu		x     h20		cflux		foc1 foc2		bd1

		1980		-14		0.09044		0		0		0		0		0		100		0		0.51		0.25		0.375		0.74

		1979		-13.88		0.09591		0.02234		0		0		0		0		81.10735		18.89264		0.54738		0.2568		0.37611		0.72918

		1978		-13.76		0.09607		0.02921		0		0		0		0		76.68647		23.31353		0.55675		0.2641		0.3773		0.71992

		1977		-13.63		0.09625		0.03094		0		0		0		0		75.6723		24.3277		0.56607		0.27152		0.37851		0.71063

		1976		-13.5		0.09645		0.03142		0		0		0		0		75.42928		24.57072		0.57534		0.27907		0.37974		0.70131

		1975		-13.37		0.09666		0.03158		0		0		0		0		75.37259		24.62741		0.58455		0.28674		0.38099		0.69195

		1974		-13.24		0.09689		0.03168		0		0		0		0		75.36165		24.63835		0.5937		0.29453		0.38226		0.68258

		1973		-13.12		0.09713		0.03175		0		0		0		0		75.36203		24.63797		0.60279		0.30245		0.38355		0.67319

		1972		-12.99		0.09739		0.03183		0		0		0		0		75.36525		24.63475		0.61181		0.31049		0.38486		0.66379

		1971		-12.86		0.09767		0.03192		0		0		0		0		75.36922		24.63078		0.62076		0.31865		0.38619		0.65438

		1970		-12.73		0.09797		0.03201		0		0		0		0		75.37342		24.62658		0.62963		0.32692		0.38754		0.64497

		1969		-12.6		0.09828		0.0321		0		0		0		0		75.37772		24.62228		0.63842		0.33532		0.38891		0.63556

		1968		-12.47		0.09862		0.03221		0		0		0		0		75.38208		24.61792		0.64714		0.34383		0.3903		0.62617

		1967		-12.33		0.09897		0.03231		0		0		0		0		75.38649		24.61351		0.65577		0.35246		0.39171		0.61678

		1966		-12.2		0.09934		0.03243		0		0		0		0		75.39095		24.60905		0.66432		0.3612		0.39313		0.60742

		1965		-12.07		0.09973		0.03255		0		0		0		0		75.39545		24.60456		0.67278		0.37006		0.39457		0.59807

		1964		-11.94		0.10014		0.03267		0		0		0		0		75.39999		24.60002		0.68116		0.37903		0.39604		0.58876

		1963		-11.8		0.10058		0.03281		0		0		0		0		75.40456		24.59545		0.68944		0.38811		0.39752		0.57948

		1962		-11.66		0.10103		0.03295		0.0083		0		0		5.83387		71.00989		23.15625		0.69763		0.3973		0.39902		0.57023

		1961		-11.52		0.10116		0.03514		0.0083		0		0		5.73979		69.95854		24.30167		0.7		0.4		0.4		0.56754

		1960		-11.37		0.10116		0.03572		0.0083		0		0		5.71701		69.68098		24.602		0.7		0.4		0.4		0.56754

		1959		-11.23		0.10116		0.03586		0.0083		0		0		5.71142		69.61276		24.67582		0.7		0.4		0.4		0.56754

		1958		-11.08		0.10116		0.03589		0.0083		0		0		5.71004		69.59593		24.69403		0.7		0.4		0.4		0.56754

		1957		-10.94		0.10116		0.0359		0.0083		0		0		5.7097		69.59178		24.69852		0.7		0.4		0.4		0.56754

		1956		-10.79		0.10116		0.03591		0.0083		0		0		5.70961		69.59075		24.69963		0.7		0.4		0.4		0.56754

		1955		-10.64		0.10116		0.03591		0.0083		0		0		5.70959		69.5905		24.69991		0.7		0.4		0.4		0.56754

		1954		-10.5		0.10116		0.03591		0.0083		0		0		5.70959		69.59044		24.69998		0.7		0.4		0.4		0.56754

		1953		-10.35		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1952		-10.21		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1951		-10.06		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1950		-9.92		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1949		-9.77		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1948		-9.63		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1947		-9.48		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1946		-9.34		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1945		-9.07		0.10116		0.03591		0.0083		0.125		46.23301		3.06987		37.41668		13.28045		0.7		0.4		0.4		0.56754

		1944		-8.76		0.10116		0.06678		0.0083		0.125		41.49451		2.75524		33.58179		22.16846		0.7		0.4		0.4		0.56754

		1943		-8.46		0.10116		0.07441		0.0083		0.125		40.47		2.68721		32.75264		24.09015		0.7		0.4		0.4		0.56754

		1942		-8.15		0.10116		0.07629		0.0083		0.125		40.22469		2.67092		32.55411		24.55028		0.7		0.4		0.4		0.56754

		1941		-7.83		0.10116		0.07676		0.0083		0.125		40.16456		2.66693		32.50544		24.66307		0.7		0.4		0.4		0.56754

		1940		-7.52		0.10116		0.07687		0.0083		0.125		40.14973		2.66594		32.49344		24.69088		0.7		0.4		0.4		0.56754

		1939		-7.21		0.10116		0.0769		0.0083		0.125		40.14607		2.6657		32.49048		24.69775		0.7		0.4		0.4		0.56754

		1938		-6.9		0.10116		0.07691		0.0083		0.125		40.14517		2.66564		32.48975		24.69944		0.7		0.4		0.4		0.56754

		1937		-6.71		0.10116		0.07691		0.0083		0		0		4.45347		54.28041		41.26612		0.7		0.4		0.4		0.56754

		1936		-6.56		0.10116		0.04603		0.0083		0		0		5.33772		65.058		29.60428		0.7		0.4		0.4		0.56754

		1935		-6.41		0.10116		0.03841		0.0083		0		0		5.613		68.41318		25.97383		0.7		0.4		0.4		0.56754

		1934		-6.26		0.10116		0.03652		0.0083		0		0		5.68542		69.29588		25.01869		0.7		0.4		0.4		0.56754

		1933		-6.12		0.10116		0.03606		0.0083		0		0		5.7036		69.51743		24.77897		0.7		0.4		0.4		0.56754

		1932		-5.97		0.10116		0.03594		0.0083		0		0		5.7081		69.57237		24.71952		0.7		0.4		0.4		0.56754

		1931		-5.83		0.10116		0.03592		0.0083		0		0		5.70922		69.58596		24.70482		0.7		0.4		0.4		0.56754

		1930		-5.68		0.10116		0.03591		0.0083		0		0		5.70949		69.58932		24.70119		0.7		0.4		0.4		0.56754

		1929		-5.54		0.10116		0.03591		0.0083		0		0		5.70956		69.59014		24.70029		0.7		0.4		0.4		0.56754

		1928		-5.39		0.10116		0.03591		0.0083		0		0		5.70958		69.59035		24.70007		0.7		0.4		0.4		0.56754

		1927		-5.25		0.10116		0.03591		0.0083		0		0		5.70958		69.5904		24.70002		0.7		0.4		0.4		0.56754

		1926		-5.1		0.10116		0.03591		0.0083		0		0		5.70958		69.59041		24.7		0.7		0.4		0.4		0.56754

		1925		-4.96		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1924		-4.81		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

				Oxidation		Wind		Burning		Consolidation

		1924		0.10116		0.0083		0		0.03591

		1935		0.10116		0.0083		0		0.03841

		1945		0.10116		0.0083		0.125		0.03591

		1955		0.10116		0.0083		0		0.03591

		1965		0.09973		0		0		0.03255

		1975		0.09666		0		0		0.03158

								1980		-14

								1979		-13.88

								1978		-13.76

								1977		-13.63

								1976		-13.5

								1975		-13.37

								1974		-13.24

								1973		-13.12

								1972		-12.99

								1971		-12.86

								1970		-12.73

								1969		-12.6

								1968		-12.47

								1967		-12.33

								1966		-12.2

								1965		-12.07

								1964		-11.94

								1963		-11.8

								1962		-11.66

								1961		-11.52

								1960		-11.37

								1959		-11.23

								1958		-11.08

								1957		-10.94

								1956		-10.79

								1955		-10.64

								1954		-10.5

								1953		-10.35

								1952		-10.21

								1951		-10.06

								1950		-9.92

								1949		-9.77

								1948		-9.63

								1947		-9.48

								1946		-9.34

								1945		-9.07

								1944		-8.76

								1943		-8.46

								1942		-8.15

								1941		-7.83

								1940		-7.52

								1939		-7.21

								1938		-6.9

								1937		-6.71

								1936		-6.56

								1935		-6.41

								1934		-6.26

								1933		-6.12

								1932		-5.97

								1931		-5.83

								1930		-5.68

								1929		-5.54

								1928		-5.39

								1927		-5.25

								1926		-5.1

								1925		-4.96

								1924		-4.81

								1924				-4.645152		24		-152.4

								1925				-5.40696912		25		-177.394

								1926				-5.18397744		26		-170.078

								1928				-5.7878472		28		-189.89

								1929				-5.97365328		29		-195.986

								1930				-5.63922672		30		-185.014

								1931				-6.41030976		31		-210.312

								1933				-6.59611584		33		-216.408

								1934				-7.07922384		34		-232.258

								1936				-7.14423768		36		-234.391

								1938				-7.11637896		38		-233.477

								1948				-9.40179984		48		-308.458

								1955				-10.7024424		55		-351.13

								1958				-11.10191328		58		-364.236

								1961				-11.26912656		61		-369.722

								1964				-11.98449216		64		-393.192

								1973				-13.11792144		73		-430.378

								1978				-13.27583832		78		-435.559

								1981				-14.09340336		81		-462.382
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ELEV

						Lower Jo		nes		km = .4, cfluxmax = 1.4, no burning before 1938, wind  = .0083 ft/yr

				c		hange in		elv due to						percen		tage

		yea		r  elv		cflx		H20		wind		burn		burn		wind		cflu		x     h20		cflux		foc1 foc2		bd1

		1980		-14		0.09044		0		0		0		0		0		100		0		0.51		0.25		0.375		0.74

		1979		-13.88		0.09591		0.02234		0		0		0		0		81.10735		18.89264		0.54738		0.2568		0.37611		0.72918

		1978		-13.76		0.09607		0.02921		0		0		0		0		76.68647		23.31353		0.55675		0.2641		0.3773		0.71992

		1977		-13.63		0.09625		0.03094		0		0		0		0		75.6723		24.3277		0.56607		0.27152		0.37851		0.71063

		1976		-13.5		0.09645		0.03142		0		0		0		0		75.42928		24.57072		0.57534		0.27907		0.37974		0.70131

		1975		-13.37		0.09666		0.03158		0		0		0		0		75.37259		24.62741		0.58455		0.28674		0.38099		0.69195

		1974		-13.24		0.09689		0.03168		0		0		0		0		75.36165		24.63835		0.5937		0.29453		0.38226		0.68258

		1973		-13.12		0.09713		0.03175		0		0		0		0		75.36203		24.63797		0.60279		0.30245		0.38355		0.67319

		1972		-12.99		0.09739		0.03183		0		0		0		0		75.36525		24.63475		0.61181		0.31049		0.38486		0.66379

		1971		-12.86		0.09767		0.03192		0		0		0		0		75.36922		24.63078		0.62076		0.31865		0.38619		0.65438

		1970		-12.73		0.09797		0.03201		0		0		0		0		75.37342		24.62658		0.62963		0.32692		0.38754		0.64497

		1969		-12.6		0.09828		0.0321		0		0		0		0		75.37772		24.62228		0.63842		0.33532		0.38891		0.63556

		1968		-12.47		0.09862		0.03221		0		0		0		0		75.38208		24.61792		0.64714		0.34383		0.3903		0.62617

		1967		-12.33		0.09897		0.03231		0		0		0		0		75.38649		24.61351		0.65577		0.35246		0.39171		0.61678

		1966		-12.2		0.09934		0.03243		0		0		0		0		75.39095		24.60905		0.66432		0.3612		0.39313		0.60742

		1965		-12.07		0.09973		0.03255		0		0		0		0		75.39545		24.60456		0.67278		0.37006		0.39457		0.59807

		1964		-11.94		0.10014		0.03267		0		0		0		0		75.39999		24.60002		0.68116		0.37903		0.39604		0.58876

		1963		-11.8		0.10058		0.03281		0		0		0		0		75.40456		24.59545		0.68944		0.38811		0.39752		0.57948

		1962		-11.66		0.10103		0.03295		0.0083		0		0		5.83387		71.00989		23.15625		0.69763		0.3973		0.39902		0.57023

		1961		-11.52		0.10116		0.03514		0.0083		0		0		5.73979		69.95854		24.30167		0.7		0.4		0.4		0.56754

		1960		-11.37		0.10116		0.03572		0.0083		0		0		5.71701		69.68098		24.602		0.7		0.4		0.4		0.56754

		1959		-11.23		0.10116		0.03586		0.0083		0		0		5.71142		69.61276		24.67582		0.7		0.4		0.4		0.56754

		1958		-11.08		0.10116		0.03589		0.0083		0		0		5.71004		69.59593		24.69403		0.7		0.4		0.4		0.56754

		1957		-10.94		0.10116		0.0359		0.0083		0		0		5.7097		69.59178		24.69852		0.7		0.4		0.4		0.56754

		1956		-10.79		0.10116		0.03591		0.0083		0		0		5.70961		69.59075		24.69963		0.7		0.4		0.4		0.56754

		1955		-10.64		0.10116		0.03591		0.0083		0		0		5.70959		69.5905		24.69991		0.7		0.4		0.4		0.56754

		1954		-10.5		0.10116		0.03591		0.0083		0		0		5.70959		69.59044		24.69998		0.7		0.4		0.4		0.56754

		1953		-10.35		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1952		-10.21		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1951		-10.06		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1950		-9.92		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1949		-9.77		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1948		-9.63		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1947		-9.48		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1946		-9.34		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1945		-9.07		0.10116		0.03591		0.0083		0.125		46.23301		3.06987		37.41668		13.28045		0.7		0.4		0.4		0.56754

		1944		-8.76		0.10116		0.06678		0.0083		0.125		41.49451		2.75524		33.58179		22.16846		0.7		0.4		0.4		0.56754

		1943		-8.46		0.10116		0.07441		0.0083		0.125		40.47		2.68721		32.75264		24.09015		0.7		0.4		0.4		0.56754

		1942		-8.15		0.10116		0.07629		0.0083		0.125		40.22469		2.67092		32.55411		24.55028		0.7		0.4		0.4		0.56754

		1941		-7.83		0.10116		0.07676		0.0083		0.125		40.16456		2.66693		32.50544		24.66307		0.7		0.4		0.4		0.56754

		1940		-7.52		0.10116		0.07687		0.0083		0.125		40.14973		2.66594		32.49344		24.69088		0.7		0.4		0.4		0.56754

		1939		-7.21		0.10116		0.0769		0.0083		0.125		40.14607		2.6657		32.49048		24.69775		0.7		0.4		0.4		0.56754

		1938		-6.9		0.10116		0.07691		0.0083		0.125		40.14517		2.66564		32.48975		24.69944		0.7		0.4		0.4		0.56754

		1937		-6.71		0.10116		0.07691		0.0083		0		0		4.45347		54.28041		41.26612		0.7		0.4		0.4		0.56754

		1936		-6.56		0.10116		0.04603		0.0083		0		0		5.33772		65.058		29.60428		0.7		0.4		0.4		0.56754

		1935		-6.41		0.10116		0.03841		0.0083		0		0		5.613		68.41318		25.97383		0.7		0.4		0.4		0.56754

		1934		-6.26		0.10116		0.03652		0.0083		0		0		5.68542		69.29588		25.01869		0.7		0.4		0.4		0.56754

		1933		-6.12		0.10116		0.03606		0.0083		0		0		5.7036		69.51743		24.77897		0.7		0.4		0.4		0.56754

		1932		-5.97		0.10116		0.03594		0.0083		0		0		5.7081		69.57237		24.71952		0.7		0.4		0.4		0.56754

		1931		-5.83		0.10116		0.03592		0.0083		0		0		5.70922		69.58596		24.70482		0.7		0.4		0.4		0.56754

		1930		-5.68		0.10116		0.03591		0.0083		0		0		5.70949		69.58932		24.70119		0.7		0.4		0.4		0.56754

		1929		-5.54		0.10116		0.03591		0.0083		0		0		5.70956		69.59014		24.70029		0.7		0.4		0.4		0.56754

		1928		-5.39		0.10116		0.03591		0.0083		0		0		5.70958		69.59035		24.70007		0.7		0.4		0.4		0.56754

		1927		-5.25		0.10116		0.03591		0.0083		0		0		5.70958		69.5904		24.70002		0.7		0.4		0.4		0.56754

		1926		-5.1		0.10116		0.03591		0.0083		0		0		5.70958		69.59041		24.7		0.7		0.4		0.4		0.56754

		1925		-4.96		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1924		-4.81		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

				Oxidation		Wind		Burning		Consolidation

		1924		0.10116		0.0083		0		0.03591

		1935		0.10116		0.0083		0		0.03841

		1945		0.10116		0.0083		0.125		0.03591

		1955		0.10116		0.0083		0		0.03591

		1965		0.09973		0		0		0.03255

		1975		0.09666		0		0		0.03158

								1980		-14

								1979		-13.88

								1978		-13.76

								1977		-13.63

								1976		-13.5

								1975		-13.37

								1974		-13.24

								1973		-13.12

								1972		-12.99

								1971		-12.86

								1970		-12.73

								1969		-12.6

								1968		-12.47

								1967		-12.33

								1966		-12.2

								1965		-12.07

								1964		-11.94

								1963		-11.8

								1962		-11.66

								1961		-11.52

								1960		-11.37

								1959		-11.23

								1958		-11.08

								1957		-10.94

								1956		-10.79

								1955		-10.64

								1954		-10.5

								1953		-10.35

								1952		-10.21

								1951		-10.06

								1950		-9.92

								1949		-9.77

								1948		-9.63

								1947		-9.48

								1946		-9.34

								1945		-9.07

								1944		-8.76

								1943		-8.46

								1942		-8.15

								1941		-7.83

								1940		-7.52

								1939		-7.21

								1938		-6.9

								1937		-6.71

								1936		-6.56

								1935		-6.41

								1934		-6.26

								1933		-6.12

								1932		-5.97

								1931		-5.83

								1930		-5.68

								1929		-5.54

								1928		-5.39

								1927		-5.25

								1926		-5.1

								1925		-4.96

								1924		-4.81

								1924				-4.645152		24		-152.4

								1925				-5.40696912		25		-177.394

								1926				-5.18397744		26		-170.078

								1928				-5.7878472		28		-189.89

								1929				-5.97365328		29		-195.986

								1930				-5.63922672		30		-185.014

								1931				-6.41030976		31		-210.312

								1933				-6.59611584		33		-216.408

								1934				-7.07922384		34		-232.258

								1936				-7.14423768		36		-234.391

								1938				-7.11637896		38		-233.477

								1948				-9.40179984		48		-308.458

								1955				-10.7024424		55		-351.13

								1958				-11.10191328		58		-364.236

								1961				-11.26912656		61		-369.722

								1964				-11.98449216		64		-393.192

								1973				-13.11792144		73		-430.378

								1978				-13.27583832		78		-435.559

								1981				-14.09340336		81		-462.382
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Model estimates

Measured data

Lower Jones
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Sheet1

		

		Figure 1(cont'd). Depth of subsidence due to consolidation, burning, gas withdrawal,

		wind erosion and oxidation on Jersey, Sherman, Mildred, Bacon and Lower Jones

		at different points in time.
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ELEV

						Lower Jo		nes		km = .4, cfluxmax = 1.4, no burning before 1938, wind  = .0083 ft/yr

				c		hange in		elv due to						percen		tage

		yea		r  elv		cflx		H20		wind		burn		burn		wind		cflu		x     h20		cflux		foc1 foc2		bd1

		1980		-14		0.09044		0		0		0		0		0		100		0		0.51		0.25		0.375		0.74

		1979		-13.88		0.09591		0.02234		0		0		0		0		81.10735		18.89264		0.54738		0.2568		0.37611		0.72918

		1978		-13.76		0.09607		0.02921		0		0		0		0		76.68647		23.31353		0.55675		0.2641		0.3773		0.71992

		1977		-13.63		0.09625		0.03094		0		0		0		0		75.6723		24.3277		0.56607		0.27152		0.37851		0.71063

		1976		-13.5		0.09645		0.03142		0		0		0		0		75.42928		24.57072		0.57534		0.27907		0.37974		0.70131

		1975		-13.37		0.09666		0.03158		0		0		0		0		75.37259		24.62741		0.58455		0.28674		0.38099		0.69195

		1974		-13.24		0.09689		0.03168		0		0		0		0		75.36165		24.63835		0.5937		0.29453		0.38226		0.68258

		1973		-13.12		0.09713		0.03175		0		0		0		0		75.36203		24.63797		0.60279		0.30245		0.38355		0.67319

		1972		-12.99		0.09739		0.03183		0		0		0		0		75.36525		24.63475		0.61181		0.31049		0.38486		0.66379

		1971		-12.86		0.09767		0.03192		0		0		0		0		75.36922		24.63078		0.62076		0.31865		0.38619		0.65438

		1970		-12.73		0.09797		0.03201		0		0		0		0		75.37342		24.62658		0.62963		0.32692		0.38754		0.64497

		1969		-12.6		0.09828		0.0321		0		0		0		0		75.37772		24.62228		0.63842		0.33532		0.38891		0.63556

		1968		-12.47		0.09862		0.03221		0		0		0		0		75.38208		24.61792		0.64714		0.34383		0.3903		0.62617

		1967		-12.33		0.09897		0.03231		0		0		0		0		75.38649		24.61351		0.65577		0.35246		0.39171		0.61678

		1966		-12.2		0.09934		0.03243		0		0		0		0		75.39095		24.60905		0.66432		0.3612		0.39313		0.60742

		1965		-12.07		0.09973		0.03255		0		0		0		0		75.39545		24.60456		0.67278		0.37006		0.39457		0.59807

		1964		-11.94		0.10014		0.03267		0		0		0		0		75.39999		24.60002		0.68116		0.37903		0.39604		0.58876

		1963		-11.8		0.10058		0.03281		0		0		0		0		75.40456		24.59545		0.68944		0.38811		0.39752		0.57948

		1962		-11.66		0.10103		0.03295		0.0083		0		0		5.83387		71.00989		23.15625		0.69763		0.3973		0.39902		0.57023

		1961		-11.52		0.10116		0.03514		0.0083		0		0		5.73979		69.95854		24.30167		0.7		0.4		0.4		0.56754

		1960		-11.37		0.10116		0.03572		0.0083		0		0		5.71701		69.68098		24.602		0.7		0.4		0.4		0.56754

		1959		-11.23		0.10116		0.03586		0.0083		0		0		5.71142		69.61276		24.67582		0.7		0.4		0.4		0.56754

		1958		-11.08		0.10116		0.03589		0.0083		0		0		5.71004		69.59593		24.69403		0.7		0.4		0.4		0.56754

		1957		-10.94		0.10116		0.0359		0.0083		0		0		5.7097		69.59178		24.69852		0.7		0.4		0.4		0.56754

		1956		-10.79		0.10116		0.03591		0.0083		0		0		5.70961		69.59075		24.69963		0.7		0.4		0.4		0.56754

		1955		-10.64		0.10116		0.03591		0.0083		0		0		5.70959		69.5905		24.69991		0.7		0.4		0.4		0.56754

		1954		-10.5		0.10116		0.03591		0.0083		0		0		5.70959		69.59044		24.69998		0.7		0.4		0.4		0.56754

		1953		-10.35		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1952		-10.21		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1951		-10.06		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1950		-9.92		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1949		-9.77		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1948		-9.63		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1947		-9.48		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1946		-9.34		0.10116		0.03591		0.0083		0		0		5.70958		69.59042		24.7		0.7		0.4		0.4		0.56754

		1945		-9.07		0.10116		0.03591		0.0083		0.125		46.23301		3.06987		37.41668		13.28045		0.7		0.4		0.4		0.56754

		1944		-8.76		0.10116		0.06678		0.0083		0.125		41.49451		2.75524		33.58179		22.16846		0.7		0.4		0.4		0.56754

		1943		-8.46		0.10116		0.07441		0.0083		0.125		40.47		2.68721		32.75264		24.09015		0.7		0.4		0.4		0.56754

		1942		-8.15		0.10116		0.07629		0.0083		0.125		40.22469		2.67092		32.55411		24.55028		0.7		0.4		0.4		0.56754

		1941		-7.83		0.10116		0.07676		0.0083		0.125		40.16456		2.66693		32.50544		24.66307		0.7		0.4		0.4		0.56754

		1940		-7.52		0.10116		0.07687		0.0083		0.125		40.14973		2.66594		32.49344		24.69088		0.7		0.4		0.4		0.56754

		1939		-7.21		0.10116		0.0769		0.0083		0.125		40.14607		2.6657		32.49048		24.69775		0.7		0.4		0.4		0.56754

		1938		-6.9		0.10116		0.07691		0.0083		0.125		40.14517		2.66564		32.48975		24.69944		0.7		0.4		0.4		0.56754

		1937		-6.71		0.10116		0.07691		0.0083		0		0		4.45347		54.28041		41.26612		0.7		0.4		0.4		0.56754

		1936		-6.56		0.10116		0.04603		0.0083		0		0		5.33772		65.058		29.60428		0.7		0.4		0.4		0.56754

		1935		-6.41		0.10116		0.03841		0.0083		0		0		5.613		68.41318		25.97383		0.7		0.4		0.4		0.56754

		1934		-6.26		0.10116		0.03652		0.0083		0		0		5.68542		69.29588		25.01869		0.7		0.4		0.4		0.56754

		1933		-6.12		0.10116		0.03606		0.0083		0		0		5.7036		69.51743		24.77897		0.7		0.4		0.4		0.56754

		1932		-5.97		0.10116		0.03594		0.0083		0		0		5.7081		69.57237		24.71952		0.7		0.4		0.4		0.56754

		1931		-5.83		0.10116		0.03592		0.0083		0		0		5.70922		69.58596		24.70482		0.7		0.4		0.4		0.56754

		1930		-5.68		0.10116		0.03591		0.0083		0		0		5.70949		69.58932		24.70119		0.7		0.4		0.4		0.56754
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Sheet1

		

		Figure 1(cont'd). Depth of subsidence due to consolidation, burning, gas withdrawal,

		wind erosion and oxidation on Jersey, Sherman, Mildred, Bacon and Lower Jones

		at different points in time.
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