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 SYSTEMS PERSPECTIVE 

To design a water quality monitoring system, the system must first be identified and defined in such a way that all its various components can be related to an overall purpose for monitoring, usually some form of an information goal.  The definition of a monitoring system can be based on the flow of ''information" through a series of monitoring system components.  The flow of information can be viewed as beginning with the interface between the water and monitoring system personnel – at the point in space and time when a sample is collected.  For purposes of this discussion, no specification of measurements is being made.  Measurements can be physical, chemical, biological and/or ecological in nature.  Once a sample is collected, it can be analyzed in the field or taken back to a laboratory.  Thus, if we follow the sample, or the information it contains, we can define a water quality monitoring (or information) system.

Continuing the above logic, we see the sample going to the laboratory where it is analyzed.  The laboratory results (numbers) now represent the information we are following.  The water quality information in the sample has, via laboratory analysis, been converted into data.   (Along the same line, the USGS laboratory in Denver refers to their work as ‘Changing Water into Data’).  The laboratory results, or data, are now stored in a data storage and retrieval system.  If planned in an ‘information oriented’ manner, ‘data management’ permits the data to be organized and readily available for further analysis and conversion to information.

At some point (related to information goals), sufficient data are available to support data analysis, via such methods as graphical presentation, statistics, modeling, index computation or some combination thereof.  The choice of data analysis methodology depends upon the information sought.  Ideally, the data analysis methods have been identified prior to sampling so that the data are collected in direct support of the data analysis methodology.

After data are analyzed, results of the data analysis must be reported to the information user.  Reporting can take many forms, depending upon the information need, timeliness sought, and the management style of the information users.

Generation of reports cannot be viewed as the final component in the water quality monitoring (information) system.  Unless the information is used, the system is incomplete. Thus, "information utilization'' becomes the final component in the water quality information system.  Defining how water quality information will be used within a water quality management program (e.g. within the operation of a National Park and/or within regional or national administration of National Parks) is an essential component of the design.  Without quantification, the information may or may not be used within management or by the public.  If monitoring information has no predefined use within management, why is monitoring conducted?

Ideally, the water quality information obtained from a water quality monitoring program supports management decision-making regarding future impacts of human activities upon water quality conditions.  Thus, future water quality conditions, as measured by the monitoring system, should reflect the efforts of management to control water quality conditions within the limits defined by the agency’s mission.  

The water quality monitoring system, continuing to follow the flow of information, can be defined in a summary fashion as shown in Figure 1.  As graphically illustrated, the purpose of a monitoring system is to develop an understanding of the water quality conditions that exist in the water body of interest and, thereby, facilitate sound management decisions and accountability for management within the eyes of the public.  The monitoring system is the only connection between the water in the environment and decision-makers.  It is the only way the public can determine if management is achieving the water quality objectives stated when the management program was established and when tax money is appropriated for such management.

Let's now review each of the above six monitoring system tasks in more detail.

Sample Collection

Collecting a sample is the first step in the long flow of information through a monitoring system.  Sampling can be as "simple'' as dipping a sampling container into a stream or as complicated as drawing a sample up from several hundred meters below the ground surface.  The sample can be from the water column, sediments and/or biomass. Regardless of the sampling situation, there are a number of tasks that must be carried out carefully to obtain a sample that accurately represents the water body.  These are summarized in Figure 2, along with some examples of the issues that must be addressed.

The list of tasks helps to further define exactly what sample collection involves. The specific definition needed to conduct all the details of sampling can be obtained from a number of references on the subject.  Many of these references are “standard protocols” that have been developed over the years.  Environment Canada (1983), U.S. Environmental Protection Agency (l982), Scalf et al (l981), Wilson (l980), Dunlop et al (l977), Mills et al (l986), Plafkin et al (1989), Keith (1996) and U.S Geological Survey (1977) are examples of references providing the detail on sampling procedures.  The Methods and Data Comparability Board (http://wi.water.usgs.gov/pmethods/) is an excellent source of sampling methods information.


Figure 1   The water quality information (monitoring) system following the flow of information
Preparation for sampling

      Site access (have legal consents been obtained?)

      Sampling logs

      Equipment availability and maintenance

      Scheduling sample collection (same day sampling?)

      Pre-sampling checklist

Sampling procedures (documented? staff trained?)

      Pre-sampling tasks (eg, purging a well)

      Sampling protocol (replicates needed?)

      Sample numbering and labeling 

      Sample preservation (physical or chemical)

      Sample transport (fast transport to laboratory required?)

      QA/QC during sampling

      Field measurements (field calibration procedures)

      Field logs

Follow up to sampling

      Filing sampling logs

      Equipment cleaning/maintenance

      Disposal of chemical preservatives

      Audit trail established?

Figure 2.  Further breakdown of sampling tasks

Laboratory Analysis

During laboratory analysis, there are a number of procedures that must be carefully documented and followed if the data are to be consistent and accurate.  Figure 3 represents a breakdown of some of these tasks.


Preparation for sample analysis 


     Scheduling analyses 


     Verifying sample numbers 


     Initiating recording system for sample’s results 


     Initiating sample tracking system through lab 


     Equipment maintenance 


Laboratory analysis 


     Via standard and well documented method/protocol 


Data recording/verification 


     Coding sheets/data logger 


     Data verification procedures 


     Analysis of splits/re-sampling protocol

Figure 3. Further definition of the laboratory analysis component

As noted earlier, laboratory analysis is an area of the water quality information system where considerable documentation is readily available. The American Public Health Association (eg 1985 – but issued regularly) is probably the most widely known standard for laboratory analysis.  As the sophistication of environmental measurements increases, there are additional publications being prepared on the subject of laboratory analysis.  For example, the U.S. Environmental Protection Agency (1981) describes methods for the analysis of organic chemicals, and Plafkin et al (1989) describe methods for performing rapid bioassessment.  Keith (1996) is a compilation of the U.S. Environmental Protection Agency’s analysis methods and the Methods and Data Comparability Board webpage is a current source of information (http://wi.water.usgs.gov/pmethods/)

.

Quality control within a laboratory is a major element of quality assurance for the entire water-quality information system.  There are many excellent references on this topic that can be used to define this element of the total system.  For example, Taylor and Stanley (1985) is a compilation of papers on the topic of quality assurance for environmental measurements.

Data Handling

The tasks to be performed at this point in the information system are data entry, data storage, data retrieval, and data manipulation for use in data analysis software.  These activities can be grouped under the general heading of data handling or data management.  For data sets of any appreciable size, a commuter and data base software are required to permit ready access to fully documented water quality data for current and future data analysis.

Frequently, for a variety of reasons, the information contained in water quality data is not extracted and utilized.  The availability of the data may not be widely known, or its documentation may be ambiguous.  (For example, the laboratory method used to determine a nitrate concentration may not have been recorded, or it is not stated whether the units are recorded as nitrogen or as nitrate - there being a four-fold difference between the two.)   This situation is the inevitable result of poor data handling systems which result not only in data ambiguity, but also eventually in the loss of the data altogether.

There are two fundamental parts of data handling systems.  The first is the system used in the laboratory and field to store laboratory analytical results and field measurements.  These are the means by which the laboratory and field staff record their own results and keep an audit trail.  The second is the general-purpose water quality data archive system that makes all the data available, often from various sources, to those who perform data analysis and write reports.  Data in the data handling system may include results from more than one laboratory and field party.  Data from different agencies may need to be stored in the same data handling system.

Because there are many good laboratory data and field data recording systems in use, they cannot all be compatible with the general-purpose water quality data archive system.  It is therefore a mistake to force the two components into one when resistance is high.  There will be little purpose served by trying to quickly force unwilling laboratory and field staff to change good, familiar methods of data recording.  But it is essential that an efficient, friendly interface be built between the laboratory and field data recording systems are used and the general-purpose water quality data archive system.  Then, the data may be accessed using common conventions.

There is a lack of availability of existing general-purpose water quality data archive systems.  Far too often the data are left on sheets of paper, or on an ad hoc computer storage system.  Poorly designed and implemented data storage systems lead to the above noted problem that bedevils water quality monitoring: non-existent, or at best ambiguous, documentation.  A generalized data storage system must be designed carefully to ensure that the data are stored unambiguously and are secure.  It may be possible to provide for this using a general-purpose database software, but the design of the data management system should incorporate the many essential features described in Appendix B of Ward et al (1990).

At present the choice of which data handling system to use will depend upon many factors.  In almost all cases, considerable effort will have to be invested in coordinating data handling via a mainframe or in adapting a general-purpose data management system for PCs.  The size of the monitoring system will dictate whether a large system is needed or whether a smaller, general-purpose system can suffice.  Personnel support for the operation of the data base system can also influence selection.  The larger systems will require more computer expertise to operate while the smaller, general-purpose systems can be operated without specialized computer expertise after they have been established.  

Operation of the data-handling portion of the water quality information system will require regular data entry either manually or by direct read out from the laboratory. There must be means available to check that the data are entered correctly.

Data Analysis

The means for analyzing water quality data have undergone considerable change over the past 20 years as closer attention has been paid to the information sought and the data analysis procedures by which information can be extracted from data.  Adkins (l993) and Griffith et. al (2001) provide fairly comprehensive overviews of the data analysis methods being used in water quality data analysis today.

Software packages used to graphically present or statistically analyze the data are a critical focus of this portion of the water quality information system.  Such package(s) must interface with the data storage and retrieval system, perform the designed data analysis, and provide results in a form suitable for inclusion in reports.

Statistical analysis procedures could be incorporated directly into the water quality data archive system, but it is sometimes simpler to keep them separate with a clearly defined and efficient interface.

There are a number of commercial data analysis software packages for desktop machines that can be utilized within a water quality information system.  However, they generally do not have features for handling censored data so common in water quality monitoring (i.e., the "less-than'' and, less commonly, the "greater-than" data).  Nor do they have straightforward procedures for the types of statistical analyses that are being suggested for water quality data (e.g., see Gilbert, 1987).  Loftis et al (1989b) describe a computer software package (WQStat) developed specifically for graphical and statistical analysis of water quality data.  Gilbert (1987) and Lettenmaier et al (1982) have both produced trend analysis programs (called TREND).  The U.S. Geological Survey has also produced software (Alexander et al, 1989).  In the Great Britain a  product, called AARDVARK, has been developed (J. Ellis, Water Research Centre, Medmenham, England, personal communication).  Other, more general purpose packages, are STATgraphics, SAS, SYSTAT, MINITAB, and DATADESK.  Such data analysis packages should ideally interface with word processor/desktop publishing software to facilitate report writing.

Reporting

Regardless of the automation of the data analysis phase of the information system, interpretation of the results relative to the system's information goals will be needed.  This interpretation will require staff time - time which must be built into the work loads of the monitoring system personnel.  This can be difficult since reporting is not a continuous effort (such as sampling and laboratory analysis).  However, it is critical that when a report is due, the required staff time is planned to be available to prepare it.

The frequency of reporting, the formats of the reports, the distribution of reports and auditing of the report’ effectiveness, are all-important aspects of the design of the water quality information system.  This aspect for fixed-station monitoring is often overlooked in the initial design and, yet, it is critical to the success of the system meeting its information goals.  For short-term water quality investigations reporting is generally included because it is the last phase of the investigation.

Reporting the results (data and information) obtained from a water quality monitoring system is, today, as much as art as a science.  However, a few general guidelines can be stated.  First, data lists should be restricted to appendices or to separate data reports. The appendices or data reports can then be referenced.  Reports should, in general, become less technical as one moves from the operational reports to the public reports. Graphical displays should be used in all reports as much as possible.  Careful consideration should be given to developing a water quality “index” for reporting purposes.  Such indices can take on many forms - from a single, highly representative variable to a composite index representing a collection of a number of variables.  In general, several indices are needed to describe the many dimensions of water quality.

Reporting has received increasing attention in recent years as efforts have intensified to generate more meaningful water quality information.  The evolving 305(b) guidance documents and 303(d) listing regulations, issued by the U.S. Environmental Protection Agency, are examples of the efforts to improve reporting.  The Association of State and Interstate Water Pollution Control Administrators (1984) present a national assessment of water quality, demonstrating a number of means of conveying water quality information, as does Smith et al (l987) and Wolman (l971).  The National Research Council (1994) describes how hard it will be for the U.S. Geological Survey to synthesize a national water quality picture from the data being collected as part of their National Water Quality Assessment (NAWQA) Program.  Water quality indices, as a means to analyze and present water quality information (and so well presented by Brown and McClelland, 1970), are increasingly being reconsidered by monitoring programs desiring to communicate their results to a wide audience.  Hammond et al (1995) present an argument for the development of indicators to insure accountability to the public for government policies and management effectiveness in meeting environmental goals.  Adriaanse et al (1995) describe a number of reporting mechanisms currently being used in Europe.

Information Utilization

When a report from a water quality monitoring system is published, it is distributed to the identified information users.  At this point in the total information system, the question of the actual use of the information for management decision-making comes to the fore.  Is the information from the monitoring system actually being used to help make management decisions?  Such use, identified in the initial design, must be documented in some fashion in order to insure that the information system is fulfilling its information objectives.

If the information is to account for the agency’s impact on water quality, are the general water quality trends being used to do such accounting?  If the information is to verify standard compliance within an agency jurisdiction, are the policy makers and agency staff informed of where the standard compliance problems are located?

To insure utilization of the information, each report issued can have an assessment form readers are to complete and return.  This means of evaluating the ability of a report to communicate water quality information should help those managing the water quality information system to insure that their information is appropriate and being used.

Summary

By defining the water quality monitoring system as an information system with balanced data collection and information generation portions, it is now possible to consider how one would approach the design of such a system. The design must account for each of the six components of the system and be quantitatively focused on the information goals.  This same approach, with slightly different perspectives, has been articulated by the National Research Council (l990).  Bartram and Ballance (1996) and Chapman (1996) are two recent publications addressing a more systematic approach to the planning, design and operation of water quality monitoring programs.

When a total water quality monitoring system is being designed with a strong information focus, the role of statistics in converting sample results into general knowledge about the behavior of water quality in the environment cannot be overlooked. Use of statistics requires a new way of thinking on the part of many people involved in water quality monitoring.

MONITORING DESIGN FRAMEWORK 

A framework for designing water quality monitoring (information) systems, which focuses on information produced, must have design steps that define the information needs of management and the ability of the measurement system to supply information.  Thus, a first step in the framework will be to quantify the use of water quality information within the management effort.  Information goals can then be established in view of these intended uses.

The next question relates to the ability of a measurement system to produce the desired information.  It is one thing to say that management needs specific information on water quality, but it is quite another to actually produce the information via a monitoring program.  In fact, this is perhaps one of the major failings of past monitoring design practices - the information expectations placed on monitoring have been far greater than the capability of monitoring to produce.  These expectations have rarely been quantified, and often the designer does not find out about them until the first reports are prepared.  At this time a manager, or elected representative of the public, may express dissatisfaction with the information because it does not meet his/her expectations.  These expectations, however, were never quantified and used as part of the monitoring (information) system design process.  And the designer never quantified the information limitations of the monitoring system so that the information users could formulate realistic information expectations.

Another element of past approaches to monitoring, that relates to why the above situation developed, deals with the heavy focus on legal approaches to water quality management, especially in the U.S.  When monitoring is legally required, it is often conducted for legal reasons alone, and the scientific, management and public information needs are ignored.  This often stymies questioning of the relevance of monitoring to the information needs of an agency.  Monitoring is required by law and, thus, must not be questioned.  This situation is the reverse of the problem of management’s unrealistic expectations for a monitoring program in that legal requirements often lead to monitoring programs with only vague information expectations.  In the recommended design approach, one does not necessarily question the need for monitoring, but does require that the information produced be relevant to management decision-making.

Thus, the framework for design of water quality information systems begins with quantifying the information required by management and quantifying the information that the monitoring system is capable of producing.  As this statement implies, there can be differences between the information desired and the information produced. This difference, if it exists, must be resolved at the beginning of the design process. Failure to resolve such differences early places the entire design process on a very fragile basis and will only lead to frustration on the part of the information users and operators of the monitoring system.  It also leads to a high probability of the monitoring system being deemed a failure several years into the future.

As discussed earlier, monitoring is usually viewed as having to provide the information demanded by the water quality management strategy to be implemented as part of a water quality protection law.  Interestingly, however, we now see that the management strategy chosen to implement a water quality law may have to be modified to reflect our ability to supply the information needed to administer the law accurately and fairly.  Thus, not only should one question the design of the water quality monitoring system, but also the management structure that may be demanding more information than the monitoring system is capable of producing.  This is especially true in today's economic environment where monitoring resources are often reduced to help balance a water quality management budget.

Given the above, the first step of the design process will be to quantify, as far as is possible, the information required by management and the public. The second step, but not necessarily in sequence, is to quantify the information the monitoring system is capable of producing.  If after completion of the first two steps, there are differences in the information expectations of management and the ability of monitoring to produce information, then the management strategy, the monitoring budget, the monitoring system design, and/or the law itself may have to be examined and reformulated.  This may seem to be over stated; however, it is simply a waste of money to monitor without a clear relationship between the information to be produced and its use within the management agency's decision-making process!  It is the purpose of  water quality monitoring design to insure that monitoring is well integrated into the information needs of water quality management.

We must, of course, recognize that the information produced by the program will be used for purposes other than those identified in the initial design.  That is fortuitous. It is, however, not a reason to collect data in the vague hope that someone may eventually find a use for it.  Sensible design calls for quantifying information needs, so far as they may be known.

If the monitoring system being designed is only a part of the total effort to obtain information on water quality conditions for a management program, its relationship to the other monitoring efforts must be defined.  The “wheel and axle”' model, as described by Payne and Ford (1988) and Pollack and Ford (1989) presents a means of indicating connections between various monitoring efforts.  Figure 4 is an example of the wheel and axle model as applied to ground water quality monitoring in the San Luis Valley of Colorado, as developed by Goetz (1995).  The references cited in Figure 4 refer to published studies of ground water quality in the Valley, but are not included in the reference list of these notes. This graphical visualization of relationships between various monitoring efforts can be very useful in demonstrating duplication and communicating the need for a more systematic approach to monitoring system design.

Once the information required by management is balanced against the ability of monitoring to produce information, the next design step is to determine where to sample, what to measure, and how frequently to sample.  With the information needs quantified, determining these aspects of design will be rather straightforward.  These three determinations, for many years, defined water quality monitoring system design. However, without a clear definition of the information to be produced, their determination was much more difficult.  The National Academy of Sciences (1977), perhaps better than anyone else, summarizes this issue in the following quote:


"In recent years there has been a number of research reports, some published by the EPA, to describe various methods for designing ambient water quality monitoring systems (Ward, l973; Sanders, 1974;....). They fail to demonstrate that users and operators of networks agree on criteria that are relevant to their needs. Because EPA did not supply the initial criteria for design, many of these reports differ in their techniques and fault the assumptions and criteria developed in other reports."

While EPA is being criticized in this case, almost any agency involved with water quality monitoring could have been criticized as well. There were too many "network" designers in the 1970s who attempted to establish their own design criteria for the “where, what and when” of monitoring using their own opinions of what information was needed.  There was little attempt to actually quantify the information needed to operate a management agency and then design the monitoring system to supply this information. This is the point the National Academy of Sciences (1977) is making above.

With the information needs defined, however, it is much more straightforward to determine the “where, what, and when” of water quality monitoring (i.e. the network design) and be assured that useful information will be produced.
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Figure 4.  Wheel and axle model as applied to ground water quality monitoring in the San Luis Valley (Goetz, 1995)

Once it is known where samples will be collected, what will be measured, and how often the samples will be collected, the design framework calls for definition of the exact procedures to be followed in operating the entire monitoring (information) system, per the definition provided in Figure 1.  Poor definition of many, if not all, of the components of monitoring systems may result in considerable variation in the monitoring system procedures which, in turn, adds to the variation seen in the water quality data.  Inconsistency in operation often means that the data analysis component of the monitoring system is actually analyzing variation in the monitoring system itself and not variation in water quality in the environment.  To build into the monitoring system the consistency necessary to insure that the variation in the data is due to water quality changes and not changes in operation of the monitoring system, requires complete specification of standards of performance for all details of the system's operation.  That is, the design is an exercise in quality assurance.

Thus the fourth step in the design framework requires documentation of all procedures involved with collecting samples, laboratory analysis of the samples, data handling, data analysis, reporting, and information utilization.  This is a huge documentation effort that is only eased by the fact that a lot of the documentation already exists as standard methods or protocols.  There is a danger that if the documentation of data collection is blended with documentation of the information generation portion of the system, the latter portion may be slighted due to its poor definition in the literature. For this reason the design framework suggested in these notes includes a fifth step that, in effect, splits the fourth step into two parts.  Step 4 focuses on data collection, and step 5 focuses on documenting the information generation activities as they relate to the information needs defined in the first step of the framework.

Reporting water quality information often requires a number of different types of reports addressing a hierarchy of information needs: e.g., the public, policy makers, administrators, and technical staff.  The frequency of reporting will vary depending upon the frequency of decision-making.  Reports must not be simply tables upon tables of numbers, unless specifically sought.  There should be a designed method for converting the numbers into the desired information for each audience.  Lists of data, if they are included, should appear in the appendix or in separate reports designated as data only.  Use should be made of the many ways one can present information from data.  Tufte (1983) is an excellent discussion of ways to visually display quantitative information.

The entire framework for designing a water quality information system, as discussed above, can be summarized as in Figure 6.

As noted earlier, the above framework for designing a water quality information system involves a considerable amount of work and time.  The ad hoc design methodologies of the past, which required little time and effort, are often in the minds of a manager when a water quality monitoring system is to be designed or redesigned.  The expectation is that the design or redesign can be completed, by existing staff, within several days or maybe a few weeks while continuing their regular duties.  Hopefully, the previous discussion has revealed the extensive effort required to design a coherent, systematic and accountable information system – an information system that quantitatively supports water quality management and is accountable to the public.

In planning for the design or redesign of a water quality monitoring system (in hopes of creating an information system), the time and effort required must be recognized by those managing the agency.  The resources needed for a thorough design effort must be quantified and budgeted.  The ultimate, potential impact of such a thorough information system design on the management agency's operations must be understood and accepted as desired output of the design process.  Managers must understand that in order to design a truly supportive information system, their use of information will be questioned and, ultimately, quantified.  This does not mean that their decision-making authority will be usurped.  Managers must make decisions that incorporate a wide variety of information (economic, political, social as well as environmental).  It does mean the designer of the information system needs a quantitative definition of the water quality information that managers want to incorporate into their decision making process.

Step 1.
  Define information needs of management

· identify information needs of each management function

· summarize information needs of agency and public

· relate agency information needs to monitoring strategy

· define reporting and management information utilization strategies

· determine appropriate data analysis methods for producing desired information

Step 2.
  Define information that can be produced by monitoring

· characterize water quality “population” to be sampled

· review data analysis methods applicable for generating the desired information, including data record requirements

· state what information can be produced

· compare information sought with information that can be produced

Step 3.
  Design monitoring network

· document sampling locations

· determine what to measure

· define the sampling frequency

Step 4.   Document data collection Procedures

· field sampling operations and procedures

· laboratory analysis methods and operations

· data storage and retrieval system

Step 5.
  Document information generating and reporting procedures

· data analysis hardware and software

· reporting formats and frequency

· information utilization procedures

Figure 6. Steps in the design of a water quality information system
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WATER QUALITY MONITORING SYSTEM DESIGN

‘CHECK LIST’

I.  Defining the information purpose for monitoring:

· Has the water quality management decision-making process been defined sufficiently to establish the information needed to support decision making?  Has the ability of the monitoring system to produce information been quantified?   Have the information needs of management been compared with the ability of monitoring to produce information?  In other words, have the information “expectations” of the monitoring system been quantitatively defined and documented?

· Has the term “water quality” been defined and documented?  In other words, have the target water quality “populations” and target water quality variables been identified and documented?

· Is the rationale for sampling site location, sampling frequency, and constituents to be measured, documented?  In other words, is the network design documented?

· Have the methods for analyzing data been selected and related to each information goal?  Are the methods defined and documented in a data analysis protocol?

· Is there a defined and documented reporting format, content, and frequency of publication that permits the water quality information to be utilized in meeting the information expectations?

II.  Definition and documentation of monitoring system operations:

1.
Sampling

· Sampling methods, sampling routes, equipment, training

· Field sampling and analysis procedures

· Sample processing/preservation and transportation

· Quality assurance/employee safety

2.  Laboratory analysis

· Scheduling and sample tracking procedures

· Laboratory analysis methods

· Quality control

· Data recording/logging

3.  Database Management

· Meta data defined

· Screening and verification of data

· Computer hardware

· Database management software

· Data storage, retrieval, sharing and distribution procedures

· Template for placing data on internet

4.  Data analysis

· Data analysis method for each information goal

· Data analysis software

· Interpretation of data analysis results relative to information goals

· Relating results to management goals

5.  Reporting

· Format, content, frequency, distribution

· Evaluation of reporting effectiveness in meeting information expectations

6.  Information utilization for management purposes:

· Program managers

· Agency/industry administrators

· Policy makers

· Public

· Audit of utilization effectiveness
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