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PHASE 2: Technical Design:
(Generate Data)

Step 7 – What Will You Monitor?


Step 8 – When Will You Monitor?


Step 9 – Where Will You Monitor?


Step 10 – (W)how Will You Monitor to Meet Data Quality Objectives?


Step 11 – Management of Raw Data (Data Management Plan Part 1)
Introduction and Summary of Phase 2

This phase focuses on what watershed characteristics you will be monitoring; how, where, and when you will be collecting and analyzing samples; and what quality your data must be to be useful. These technical decisions are driven by the information found and decisions made in Phase 1, Steps 1-6.  Phase 1 provides in depth why you are collecting information for whom in the first place.  You need to know all this information produced in Phase 1 because you want to be sure that the nuts and bolts of data collection, Phase 2, will meet the needs defined in Phase 1.
Phase 1 had you determine desired outcomes (based on a watershed vision), who is the keeper of this M & A Plan, combinations of monitoring reasons and a data use (user).  These combinations were translated into one of the following Assessment Types, or one of your own:
A. Condition and Trend Assessment: Condition and Trend Assessment for wade able waters seeks to balance limited time and resources with the goal of sampling as many different aspects of the stream ecosystem as possible in as many different locations throughout the watershed as possible. The focus may be limited to relatively small areas or even particular reaches. It includes a wide range of monitoring activities that assess as many watershed ecosystem indicators as is practical for volunteer monitors, using relatively simple methods:

B. Impact Assessment (both point and non-point source): An Impact Assessment is the collection of selected information to establish the nature and extent of the impact of point and non-point source pollution sources (wastewater treatment plants and other permitted discharges, and various land uses) on the stream’s ecological health and aquatic life uses. It includes a wide range of monitoring activities that assess as many of the physical, chemical, and biological indicators of stream health likely to be affected by the these sources as is practical for volunteer monitors, using methods appropriate to the data uses and users.

C. Use Support Assessment: A Use Support Assessment involves documenting whether the waters support their “designated uses” (e.g. aquatic life, water contact recreation, etc.). The results are compared with the criteria in the water quality standards applicable to each use (from Water Quality Standards). These criteria specify minimum or maximum levels or ranges necessary to support the uses. 

D. Effectiveness Assessment: The focus of this assessment is to assess the effectiveness of various types of watershed restoration and protection actions. This is tailored to the uses and values being restored or protected. Usually, it will focus on determining whether the condition of the water supports the uses and values to be restored or protected. It may also include activities that provide an early warning of problems before the use is directly affected.

Phase 1 Step 4, had you refine monitoring reason and develop a series of monitoring questions for each Assessment Type.  Phase 1 Step 5 had you refine data use into targeted decisions makers and further identify what decisions they would make and attempt to define what specific information they needed to make those decisions.  The final Step in Phase 1 had you summarize this information for planning and communication through an Information Blue Print – Data Pathway Fact Sheet for every monitoring question per Assessment Type.  This is part of the equation of information you need to develop an adequate sample collection design.  The other part focuses on the science, such as accounting for variability with each Assessment Type.  

The Effects of Variability on Your Assessment

Variability is a measure of how much something changes over time and space. For example, the difference over a year between your highest and lowest results at a single site for a given indicator is a type of variability over time. The difference between the results for a given set of sites on the same date is a type of variability over space.

Watershed assessment is all about measuring change. But it’s critical to understand why changes occur: 

1. Some changes occur as part of natural cycles or processes: A watershed is not static. It changes from minute to minute, day to day, and over seasons and years. For example, dissolved oxygen varies in response to the photosynthetic activity of green plants, which produces oxygen. This varies with the daily and seasonal cycles of the sun. Biological communities will change in response to natural upstream to downstream changes in habitat. 

2. Some changes are due to human activities: Because modern society has greatly impacted watershed processes, human activities add another source of variability on top of those resulting from natural processes. For example, nutrients from runoff or sewage can generate higher than normal aquatic plant production. 

3. Some changes are due to errors in sampling or analysis: In the process of assessing the watershed, you will introduce sources of variability in the ways that you collect and analyze samples. For example, measuring dissolved oxygen at two sites on the same day, but changing the calibration of the probe between the sites. 

You are going to collect data that might be explained by any of these three. Naturally-occurring changes and those caused by human activities give you a true picture—they reflect what's really happening in the watershed. Assuming you can distinguish between the two, you can use this information to make protection and restoration decisions. Changes due to errors in sampling or analysis give you false signals. You might see a trend that isn't there, conclude that conditions are worse (or better) than they really are, etc. So, it's very important to select indicators that can be measured using methods that minimize this type of change (see the "How" chapter).

Assuming you minimize measurement errors, you're left with the challenge of distinguishing between the natural and human-caused changes you measure. If you intend to make management decisions based on your assessment, this is the main challenge in how you design your whole assessment, from selecting indicators through deciding where, when, and how you will carry it out.

Variability and Scale

Variability also depends on the scale, the relative size or extent of the area you are assessing: 

· Watershed: An area of land that drains water, sediment and dissolved materials to a common outlet. 

· Stream Corridor: The stream channel and plant communities on either side of the stream. 

· Stream: The stream itself and its channel. 

· Stream Reach: A relatively homogenous segment of the stream with relatively homogenous physical, chemical and biological characteristics. (FISRWG, 1998)

These different scales are not all well defined. For example, watersheds range in size from a few square miles (your local creek) to tens of thousands of square miles (the Yukon). To make matters even more confusing, other scales like “landscape” and “eco-regional,” are often used. Like watersheds, these can be large or small. They are usually defined as an area with similar climate, natural biological communities, geology and other characteristics. These may cut across watershed boundaries. You may have several in your watershed. Knowing this may help you define your expectations of the changes that take place within your watershed as you move downstream.

Then there are areas defined by political boundaries, such as states, reservations, EPA regions, etc. These are not as useful in understanding your watershed as natural boundaries. But, they may be critical in defining the scale at which decisions about your watershed are made.

Typically, as the size of the assessment area increases, there will be a greater amount of variability to account for in the analysis of your results. For example, at the stream-reach scale, the factors that might affect the amount of sunlight to which the water is exposed and the consequent temperature of the water (e.g., elevation, stream width, canopy cover, aspect), don't vary as much as they do at the watershed scale. So if you are comparing sites from different parts of the watershed, you might have to group them by similar characteristics before you draw any conclusions about a change you measured. 

Choosing the Scope of the Assessment

Choose the scope of assessment that will best address each of the questions you generated. Here are two basic assessment scopes (U.S. EPA, 1997):

1. Comprehensive - This is an approach that collects information, at the watershed scale, to get an idea of the general condition of watershed health over space and/or time. This assessment is concerned with the integrated "bottom line" effect of all the processes in the watershed. Thus you would not be specifically looking to determine or measure the cause of any problem. The comprehensive assessment is designed to be representative of all the different types of waters and lands within the watershed ("un-biased"). The comprehensive approach is most relevant to the following assessments:

· Condition and Trend Assessment and Use Support Assessment
2. Targeted - This describes an approach that collects information at the stream reach scale and/or the watershed scale. Unlike the comprehensive assessment (which strives for an un-biased sample of watershed conditions) the targeted approach focuses intentionally on one or more problem sources known (or suspected) to be causing problems. The information is used to assess the effect on the resource or people and the cause of the impact (pollution source or alteration). At the stream reach scale, you might target a pipe that is discharging pollutants into the river by assessing the water quality and/or aquatic life above and below it. You would select indicators that directly measure pollution levels, as well as indicators that respond to those pollutants. At the watershed scale, you might assess the effects of sediment loading (e.g., from erosion and deposition) on the watershed by measuring one of the major causes (e.g., % impervious surfaces) and the watershed's response (e.g., sediment loading, aquatic life or channel stability). You could also investigate whether or not there may be a connection between environmental contamination and human health problems. Direct assessment of the impact allows you to compare measurements and have what some would consider a better defense for a cause-and-effect relationship.

The targeted approach is most relevant to the following assessments:

· Impact Assessment or  Effectiveness Assessment

Which Scale?

Finally, consider the advantages and disadvantages of different scales:

Large Scale 

· Geographic extent can be large, so cumulative impacts are also assessed. 

· Magnitude of the change in water quality at a representative site can be low due to dilution, but the duration of change will be longer due to a longer residual time. 

· Changes detected are less likely to be influenced by ambient flows. 

Loadings (concentration times flow) are more important than concentrations alone.

Small Scale 

· Smallest geographic area to cover. 

· Magnitude of change in water quality will be greater but duration will be shorter. 

· Ambient flow conditions will exert a significant influence. 

· Unless acute impacts are apparent, timelier monitoring will be required. 

· In-water concentrations may be more important than loadings
Data Quality Objectives

This is a non-intuitive word that simply means “are mechanisms and tools that quantify and make sure the data you generate is of sufficient quality for the decisions it will be used for”.  This of course, requires identifying those decisions and the necessary quality.  This is what you did in part in Phase 1.  Phase 2 defines these as your starting point.  These quality objectives are essential for measuring success or failure of the data collection and lab analyses efforts.

Raw Data Management

The last step in Phase 2 takes you through a planning and decision process to design a data management system to validate, transfer and store raw data and meta-data (information about the results).  This includes inventory what data and meta-data you are producing, where, how and when, then planning and making decisions that result in valid data ready to go forward for analyses, interpretation, reporting and decision making.  Included in this step are “system” decisions necessary to accomplish your goals. 

The Steps in Phase 2 include:

Step 7:
What will you monitor?


What indicators will you measure?

Step 8:
When will you monitor?


What frequency, time of day, time of year?

Step 9:
Where will you monitor?


Where will you collect and analyze samples?

Step 10:
(W)how will you monitor to meet data quality objectives?


What sampling and analysis methods will you use, what quality of data is needed?

Step 11:
Management of Raw Data (Data Management Plan Part 1)


How will you handle the raw data?

How to Use this Workbook

The overview section provides more introduction and basic background and information.  It is highly recommended you read this before you start any Phase or Step.  Each Phase and Steps are designed to develop and produce a Watershed Monitoring and Assessment Plan. Each Phase focuses on one critical aspect of an M & A Plan.

The format of each step is designed for you to understand 1) what you can accomplish, 2) why the products of this step are important, 3) what products you will produce, 4) basic steps (activities and worksheets) to produce the products, 5) worksheets and instructions, 6) background and content if you need more understanding to complete basic tasks, 7) case studies, 8) references and 9) resources.  Four basic tasks are the same for each step.  In the first two basic tasks we ask you to determine who should be involved in planning this step and to identify and evaluate what decisions have already been made regarding the specific step.  

The last two basic steps involve putting the products of that step into a master Monitoring and Assessment Plan and to identify any needs you still have regarding that step in order to fully implement your M & A plan and place those in an Action Plan.  Thus, both the Monitoring and Assessment Plan and Action Plan are accumulative, adding to an existing document and list after each step.  At the end, you have a documented M & A plan and one of the last tasks has you prioritize your Action Plan (from all steps) on a timeline.  

The worksheets are designed to be modified to meet your needs and completed electronically.  However, they can be completed by hand as well.  This is why they are simply formatted in word.  The workbook comes with a compact disc for this purpose.  

Remember that planning is dynamic, never complete, an iterative and not linear process.  The amount of time and rigor you spend on each step is based upon your specific needs.  If you skip a step, know why you skipped it.  If you don’t need to document or communicate or integrate components then don’t, but know why.   We are suggesting that every monitoring and assessment activity should address or consider all Phases and Steps at the appropriate level. 

Start where you are with what is known and expand your horizons.  If the step seems too much for your needs, complete what you need and leave the rest.  If it seems overwhelming, start with something and do it well.  There is no right or wrong, no time limit, just start somewhere.  Planning, implementing monitoring and assessment activities is not a black and white science. Embrace that you often will be “breaking trail”, there is not clean answers for everything even though there are experts out there, but use what you can that they provide. 

In the end if you can justify and articulate your monitor and assessment activities to someone, and can evaluate your results against your goals, then you have succeeded.  
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