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	“I believe the challenge we all face is making a home, restoring, building, investing in, and reclaiming a community, a destiny, a way of life.  I believe we all need to choose some ground and stick to it, no more frontiers and greener pastures, this is what we are fortunate to have.”      
Winona LaDuke


About This Step – This step is designed to accomplish 3 things:
This step is where you describe how you will explore and summarize your data:

1. Reduce the volume of the data set to a manageable size by summarizing it 

2. See patterns and trends in your data by using some fairly simple data analysis tools

3. Develop a set of findings (objective observations) about your data.

Why Do This Step

The place to start is getting to know your data set. If you have a large data set or data from several years, comprehending all of it will be challenging and your story may be buried amidst the numbers. Simple statistics and biometrics can help by reducing the volume of numbers you have down to something more manageable:

Statistics are simply descriptions of a set of data. The ones we cover in this workbook describe values typical of the data set (e.g. average) and the variability of the data (e.g. minimum and maximum).

Biometrics are summary numbers that represent different aspects of the community of critters you collected (e.g. # of critters or # of different kinds of critters).

Using a set of fairly simple calculations, you can reveal a surprising amount of information about patterns and trends and the quality of your data. This enables you to make findings (objective observations) that form the foundation for understanding what’s going on in your It doesn’t take too many monitoring seasons for you to amass a very large number of data points.  This step is all about getting it into a form you can deal with. Before long, you have far too many numbers to wade through to find the information there. Analyzing your data in different ways helps you to see the different facets in a systematic way. 

A table, if it's not too large, is a good place to start. Putting the statistical and biometric summaries in a more visual form, primarily graphs, may help you see patterns and trends more clearly over time and space.

Variability and Your Results

Remember that a major part of watershed assessment is distinguishing between three types of variability:

· Natural variability produced by changes and cycles in natural stressors. 

· Human-induced variability produced by human stressors and activities

· Sampling and analysis variability produced by errors in your sampling and analysis.

This step is where you try to do that, using the relatively simple statistics and metrics described later in this step, and using benchmarks that help you understand what is the  “natural” range of results one might expect in your waters. 

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. 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, your data user(s) can use this information to make protection and restoration decisions. 

This step is challenging for several reasons:

·  You may not have collected any data yet, and here you are trying to figure out how you’re going to make sense of it. 

· How you interpret the data is a process that builds on your actual results.

·  It’s where objective facts get turned into opinions about what’s going on in your watershed.

Data can be summarized in various ways. In this workbook, we focus on simple statistics, metrics, and graphs as the basic tools to help you come to grips with the data. Which statistics or metrics you use depends on the type of data you are working with. In this workbook, we focus on several different kinds:

· Water Column 

· Aquatic Life 

· Lake Trophic Status 

· Physical Habitat 

· Riparian Vegetation

·  Quality Control

Where are we in the Big Picture Illustration?
Phase 1
 
Step 1: Share Watershed Vision and Desired Outcomes (Results)

Step 2: Scope Inventory (Physical, People and Information)

Step 3: Identify Monitoring Reason(s) and Data Use(s) (Assessment Type)


Step 4: Develop Monitoring Questions (Refinement of Monitoring Reason)


Step 5: Target Decision Makers and Info Needs (Refinement of Data Use)



Step 6: Summarize with Information Blue Print-Data Pathway Fact Sheet)
Phase 2
 
Step 7: What Will You Monitor?


Step 8: When Will You Monitor?


Step 9: Where Will You Monitor?


Step 10: How Will You Monitor to Meet Data Quality Objectives? 


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

Phase 3
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Step 12: Data Summary and Analysis


Step 13: Interpretation, Conclusions and Recommendations


Step 14: Communicating and Delivery


Step 15: Management to Generate Info (Data Management Plan Part 2)
Phase 4

Step 16: Who Will Do What?  Task Identification


Step 17: Evaluation of Effectiveness (of Plan and Implementation)


Step 18: Documentation and Communication (of M & A Plan)
Products (see Figure Phase 3 Product List):
· An identified method for comparing your quality control data to your data quality objectives.

· Benchmarks established for each parameter

· A methodology for comparing your data to each of the benchmarks

· The statistical measures you will use to summarize the central tendency and variability of the data.

· How you will develop a set of findings based on the statistical summaries: which questions will you ask of your data?
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What Should Be Done Before This Step

The results from Phase 1 or the people orientation provides the foundation for Phase 2 Steps. Thus, ideally you need to have identified a watershed vision and desired outcomes with associated assumptions and external factors. Defined combination of monitoring reasons and uses, we call Assessment types. For each assessment type a list of monitoring questions the data is to answer and how that question will be answered. For each monitoring question, a list of targeted decision makers, their decision, how they make that decision and what information they need to make the decision. A format to document and summarize the results, we have suggested the information blueprint. 

The results from Phase 2 Steps, provide the foundation for Phase 3 Steps.  Steps 7-9 identify indicators, characterize frequency, and identify sites that will answer monitoring questions.  Step 10 identifies and documents methods, data quality objectives and quality control procedures necessary to make the desired decisions.  Step 11 defines how raw data will be managed to be ready for Phase 3, turning that raw data into information to be delivered.  
Basic Tasks
Basic Tasks are numbered to correlate with the overall 1-18 Steps provided in these guidance modules followed by the basic task sequence step to complete. For example Step 4, basic task 2 would be numbered as Basic Task Step 4.2, Step 3.3 correlates to Step 3, Basic Task 3.

[image: image7.wmf] 12.1
Identify who will make the decisions about this step and who should be involved in the planning process (they may be different).

[image: image8.wmf]12.2
Self Assessment: If you’ve been monitoring before you’ve undertaken this process, has your data analysis worked well? 

[image: image9.wmf]12.3
Choose benchmarks and the methodology you will use to compare your results to them.

Note that (when  this may need to be done after task 12.4, since some of the comparison methodologies use the summary statistics.

[image: image10.wmf]12.4
Decide how you will summarize the data.
[image: image11.wmf]12.5
Decide how you will analyze your quality control sample data. 

[image: image12.wmf]12.6
Summarizing Your Data Using Tables and Graphs

[image: image13.wmf]12.7
Data Analysis – How You Will Develop Findings
[image: image14.wmf]12.8
Update Data Management Plan Part 1. See provided outline in Step 11, edit or develop your own for these items.

[image: image15.wmf] 12.9
Update Inventory Master List and Plan.

[image: image16.wmf] 12.10
Update Information Blueprint – Data Pathway Fact Sheet for each monitoring question.

[image: image17.wmf]12.11
Place Products in your Watershed Monitoring and Assessment Plan.

[image: image18.wmf]12.12
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

Worksheets

Work sheets are listed below. Not all Basic Tasks have an associated work sheet. To simplify completion of products for each step, the worksheets or broken into small subsets of tasks. This requires moving the results of one task into the next task and will seem redundant, especially if completing worksheets by hand. Worksheets are provided in word here for ease of reproducibility. These are a starting point, we encourage you to customize these and reproduced them in an electronic format, in Excel for example, where it is easy to move information from one area to another by cutting and pasting. 

Work Sheets are numbered to correlate with Basic Steps and the overall Steps in these guidance modules. Each consecutive work sheet is lettered a, b, c and so forth , preceded by the Basic Task sequence step, preceded by the Step number. For example, Worksheet Step 4.2.a and Step 4.2.b, correlates to Step 4, Basic Task 2, Worksheet a and Worksheet b. In theory worksheet a needs to be completed before worksheet b. 

Worksheet 12.2.a 
Self Assessment Step 12 Worksheet and Products to be completed Prior to this Step, Part 1 and Part 2
Worksheet 12.3.a
Decide the benchmarks to which you will compare your results and how 

Worksheet 12.4.a
Decide how you will summarize the data 

Worksheet 12.5.a
Decide how you will analyze your quality control sample data.

Worksheet 12.6a
Data Summary using Tables and Graphs
Worksheet 12.7a
Data Analysis – How You Will Develop Findings
Worksheet 12.11.a
Place Products in your Watershed Monitoring and Assessment Plan.
Worksheet 12.12.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

How to do Worksheets

For Sheet 12.2.a
Self Assessment Step 12 Worksheet and Products to be completed Prior to this Step, Part 1
Part 1. Complete the self assessment section of the worksheet to evaluate what you have or what decisions have already been made.  This will help you focus on what you need from this step and incorporate valuable existing information or products into this plan.

Part 2. Next, to prepare to complete this step the following, you need to have the following items addressed:  
· Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve

· Identified monitoring and assessment activities, specific combinations of a monitoring reason plus an associated data use; we call this an Assessment Type. You may have multiple Assessment Types.  

· For each Assessment Type, the list of specific monitoring questions the monitoring and assessment will be designed to answer.

· For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible).  

· A minimal scoping inventory that identifies the watershed boundary and water bodies you are focusing on (rivers, lakes or wetlands), physical attributes of water bodies (including status, uses, etc.), relevant cultural or historical aspects, existing data sets or monitoring efforts and others in the watershed who either you want to influence or could help you implement.
· Technical sample plan including what monitor (indicators, benchmarks, criteria, etc.), where and when monitor, how will meet data quality objectives (methods, how good does the data need to be for decision makers, quality assurance and control measures), and how will manage and verify raw data/information.

This is the ideal list, if you do not have any of these, they become a gap or need that should be addressed before any data is collected or analyzed, even if the answers aren’t perfect or you don’t have a large degree of confidence surrounding them, they should be attempted as the starting point.  This is what you are evaluating in this step-your monitoring and assessment plan.

Worksheet 12.2.a  
Self Assessment Step 12 Worksheet and Products to be completed Prior to this Step, Part 1
Part 1 Self Assessment of Known Evaluation Products and Processes

1. Determine if you “have” or “don’t have” the item, mark the appropriate box.  If you don’t have it and determine you don’t need it, explain why in the comments document.  You may not need to know but perhaps your target decision makers, board or membership might want to know.
2. If you have the item “documented”, mark that box.  If so, list in the comments where, hard copy, chapter in a document, electronic file name and location, etc.  The assumption is you value the ultimate goal to document and communicate your M & A plan, activities and results.
3. If you have the item, assess the use of it, use the scale below or provide your own answer and comments.

Rating Scale for USE:


0=doesn’t exist so use is nil


1=don’t know why would need or understand item


2=exists, don’t know where it is, if it is used, etc. so use is essentially nil


3=exists and use some of time


4=exists and use all the time


5=wish it existed, would use it lots
4. If you have the item, assess the effectiveness of it, just because something exists or is used does not mean it is effective in its use, use the effectiveness scale below or provide your own answer and comments.
Rating Scale for EFFECTIVENESS, assumes material exists:


0=not effective or functional at all


1=incomplete (all elements are not there) and some existing parts need revising


2=incomplete but what is there is okay


3=complete (all elements are there), some parts okay but need revising


4=complete and effective

	Item
	Have
	Don’t Have
	DOC
	Assessment of Use

(Scale 0-5)


	Assessment of value / effectiveness

(Scale 0-4)
	Comments/Notes

	41. Starting point for Data analyses for each indicator used in monitoring / assessment program (first cut at what will do)
	
	
	
	
	
	Phase 3 Step 12

	Other ?
	
	
	
	
	
	


*DOC=Documentation,  *M & A= Monitoring and Assessment

5. To make this assessment useful, determine what your gaps and needs are regarding this step in order to focus your effort in completing this step.  

Worksheet 12.2.a   Self Assessment Step 12 Worksheet and Products to be completed Prior to this Step, Part 2
Part 2 Products to be completed before this step, in order to complete this step 

	Item
	Response

	Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve:
	

	Assessment Types, specific combination of one monitoring reason and data use(r):
	

	For each Assessment Type, the list of specific monitoring questions: 
	

	For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible):  
	

	Watershed(s) and Water bodies of focus:
	

	Physical attributes of Water bodies (status, use, etc.)
	

	Existing Data or monitoring efforts:
	

	Indicators, benchmarks and criteria list:
	

	Characterization of monitoring frequency:
	

	List of monitoring locations/rationale:
	

	Methods list, list of data quality objectives (methods, how good does the data need to be for decision makers), quality assurance and control measures)
	

	Plan for raw data management and support mechanisms:
	


For Sheet 12.3.a
Decide the benchmarks to which you will compare your results and how.

Benchmarks define the conditions we’re trying to achieve for our waters. For example, what should transparency be in a healthy lake? What mix of aquatic invertebrates should we find on the river bottom? What bacteria levels are safe for recreation? There are three basic types of benchmarks we’ll cover in this module: 

· The criteria in the water quality standards
· Ecoregion or Regional Reference Site Guidelines that come from a long-term data set.

· Watershed Reference Sites or a baseline, that are specific to your watershed, and which you monitor with the rest of the sites. 
You will likely be summarizing your data as you start this process, but for now we want to start with the benchmarks – which will drive how to do the summaries you will learn about in worksheet 12.3.a.  In the worksheet, please fill out the following columns:

Parameters

List all the parameters you will measure. 

Benchmarks and Comparison Methodology You Will Use

A benchmark is what you compare your results with to assess the health of the waters you are monitoring.  There are 3 main options:

1. Water Quality Standards: Use the criteria in the water quality standards and your state’s 305b assessment methodology, which explains the mechanics of the comparison. See the “Rocky Mountain States Implementation of the Clean Water Act” module.
2. Regional/Ecoregional Guidelines: Use benchmarks (such as Ecoregion Guidelines) that come from a long-term data set, but likely with no established methodology for comparison.

3. Reference Site(s) or baseline: Do comparisons within your data set, more specifically, establish a baseline and/or reference site for each type of water body you are assessing.

· A baseline is the range of results that are typical or expected for your waters, based on a long-term data set that you, or others collect.

· A reference site is an actual place where samples are collected, that represents  conditions largely unaffected by humans. 
On the worksheet, in column 2, note the classification of the water body (e.g. Class 2, swimming, etc,) and the criteria that apply to each of your parameters.

Who Will Analyze the Data?


This is not a list of your samplers: it refers to the organizational/agency level that will perform the analyses.

 Do the Data Users Require this Data Analysis Methodology?
Back in step 5, you identified your data users and their information needs. Here you note whether the method(s) you are using to compare your results to the benchmarks are the ones they require, or at least will accept. Note that this may need to be done after worksheet 12.4.a, since some of the comparison methodologies use the summary statistics.
Example 1 of Worksheet 12.3.a  Compare Your Data with Benchmarks
Water Body Assessed: Trout River 
 

Type of Assessment: Condition and Trend

	 Parameter
	Analytical Benchmark and Methodology 
	Who Will Analyze the Data?
	Do the Data Users Require this Protocol?

	Fecal coliform bacteria
	Benchmark Used: 

Water Quality Standards (WQS): ≤ Geometric Mean of 200 (Class 2)

Methodology

Water Quality Standards 

Step 1:


% exceedance of 200 orgs/100 ml.  If ≥ 10% exceed, then move to next step

Step 2:


# of months w/geomean>200 orgs/100 ml


OR

   % exceedence of 200 orgs/100 ml
	Friends of Trout River
	Yes, DEP specifies a 2-step protocol for 305b

Yes, SWCD will accept this protocol as well

	Benthic macroinvertebrates
	Benchmark Used:

Reference Site IBI: An IBI (Index of Biotic Integrity) – we will talk with DEP about new specific benchmarks in our basin.

Methodology

Metrics will be calculated. Results will be compared with reference sites and a % similarity calculated.
	Consultant that we hire will help us.
	No

DEP says biological criteria are pending, but will not be in place for a year

We will keep all samples to re-run metrics as needed.


Worksheet 12.3.a 
Benchmarks and Comparison Methodology

	Parameter
	Analytical Benchmark and Methodology You Will Use
	Who Will Analyze the Data?
	Do the Data Users Require this Protocol?



	
	Benchmarks

Methodology


	
	

	
	Benchmarks

Methodology


	
	

	
	Benchmarks

Methodology


	
	

	
	Benchmarks

Methodology


	
	


For Sheet 12.4.a 
Data Summary
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Statistics are simply descriptions of a set of data. Using some simple statistics, you can reduce the volume of data to relatively few numbers that summarize the data set. These statistics are designed to summarize your data in two main ways:

· By giving you values which are representative or typical of the data set

· By giving you the range or spread of your data set which tells you something about its variability.

Your study design should describe which statistical summaries you will use to reduce your data set to a manageable size. See the Background and Content section for more information on of each type of statistical summary, and suggestions for when to use them.

Parameter or Type of Data

In this section, you list the type of data or parameters you will be measuring: 

Type of Data/Parameter

· Water Column: e.g. DO, Temp, pH . . .  

· Aquatic Life: (e.g. fish, benthic macroinvertebrates, plants)

· Lake Trophic Status (e.g. the 

· Physical Habitat 

· Riparian Vegetation

· Quality Control

· . . . and/or the parameters to be measured.

Statistical Summaries

In this section, you list the statistics you will calculate, for each type of data or parameter you will be measuring. 

Summarizing Your Aquatic Life Data Using Biometrics
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The numbers of plants or critters in various taxonomic groups are frequently summarized using metrics that represent different aspects of the part of the community. Some of the statistical summaries used for core indicators can also be used on the metrics values, especially when you have more than 5 years of data. Individual metrics that respond in a predictable way to watershed stressors are frequently combined into a multi-metric index.

Which metrics you can calculate depends on whether you used quantitative or qualitative collection methods and to what taxonomic level you were able to identify the critters. Individual metrics are frequently combined into a multi-metric index. These are calculated by applying some sort of scoring system to the individual metrics results and adding the scores to come up with a total score or index. Examples include the EPA's Total Metric Score in the Rapid Bioassessment Protocols, Ohio's Invertebrate Community Index or Karr's Benthic Index of Biotic Integrity.

Total scores or indexes for each site may then be compared with scores or indexes for regional or upstream reference sites. Reference sites are minimally impaired sites which are similar in most characteristics (especially habitat) to the sample site. Some approaches produce a percent comparison to the reference site by dividing the score or index for the monitored site by the score or index for the reference site.

The Carlson Trophic State Index (TSI) The index is a quantitative scale from 0-100.  High values indicate a more trophic condition.  The scale is divided into four categories: Oligotrophic (0-40), Mesotrphic (40-50), Eutrophic (50-70) and Hypereutrophic   (>70). 

Summarizing Your Physical Habitat Data

Geomorphology: This includes various measurements of the stream bottom, the depth to which the stream has carved its channel, channel width/depth ratio, sinuosity (meandering pattern), number of channels, slope. These data can be summarized in several ways:

· Stream Classification: There are various systems that use the basic data to divide streams into different types. 

·    Channel Evolution Models: Describe the sequence of changes a stream undergoes after certain kinds of disturbances. 

·    Proper Functioning Condition: This is a methodology for assessing the physical functioning of a streamside wetland area. The result is an assessment that places an area into one of 3 categories: proper functioning, functional-at-risk, or nonfunctional. 

· Stream Stability: This summarizes data to assess whether a given reach is stable and, if not, whether its just a local condition or stream system-wide. 

Flow: Flow (aka "discharge") data describe the volume of water passing by a particular location over some time interval. At the simplest level, flow data are typically summarized as cubic feet per second. Other types of flow summaries include: 

· Flow Duration: This is the amount of time certain flow levels exist in the stream. This is usually expressed as the percentage of time a given stream flow of interest (e.g. drought or flood flows) is equaled or exceeded over a given period. These are summarized using "flow duration curves. 

· Flow Frequency: This is the probability (or a percent chance) that a given flow will be exceeded in a given year. These frequencies are determined by applying statistical methods to a long-term set of flow data. The flows of interest are usually one or all of the following: 

· Flood frequency: the probability that given flood flows will occur in a given year. 

· Low flow frequency: the probability that given low flows will occur in a given year. 

· Channel-forming flow: This is actually a variety of theoretical flows that maintain the geometry of the channel. Common measures are the bank full discharge, effective discharge, mean annual flow, etc.

Substrate Quality: The substrate is the bottom of a water body. Quality refers to its usefulness for various biological functions, such as attachment, shelter from the current, shelter from predators, spawning, rearing, etc. It is usually based on an inventory (aka "pebble count") of the number of particles in various size classes, such as bedrock, boulders, cobble, gravel, and, silt, and organic material. The most common summary technique is a size distribution. This plots the different particle sizes according to the frequency with which they occur at a given location. These distributions are then related to the requirements of different organisms.

Riparian Vegetation: The data gathered are typically focused on changes and functions of vegetation close to the water.

Worksheet 12.4.a
Data Summary:  List the statistical tools (if any) will you use to summarize your data.

	Indicator or Type of Data
	Statistical Summary or Metrics

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


For Sheet 12.5.a 
Evaluation of Quality Control Results:

Type of Quality Control Sample 

Fill in the type of quality control samples you will use.

Statistical Tools

Fill in the statistical tools you will use to determine whether you’ve met your data quality goals. Following are brief description of each tool.
When you are comparing more than two values (replicates) use one of the following statistical methods. 

Standard Deviation (Std Dev):  It is used to compare how closely three or more values (replicates) are clustered around the average value and is expressed as ± from the average value.  It indicates the range of variation in the measurements you’ve made.  When used with replicate samples, Std Dev measures precision.  The lower the Std Dev, the more precise the results are.  Many calculators can perform the Std Dev calculation.  Microsoft Excel also has this function.  
When you are comparing only two values (duplicates) use one of the following statistical methods. 

Coefficient of Variation (CV):  It is the Std Dev as a percentage of the average.  When used with duplicate samples, CV measures precision.  The lower the percentage, the more precise the results are.  This can also be done with some calculators and Microsoft Excel.

CV = Std Dev / mean X 100

Relative Percent Difference (RPD): It is used to compare how close the result from a water sample is to the true result.  It is expressed as either a positive difference when the sample result is higher than the true value or a negative difference when the sample result is lower than the true value.  When used with duplicate samples, the RPD measures precision.  The lower the RPD, the more precise the results.  It can also measure accuracy.  That is when one of your results is the true value, such as the quality control lab results for a split sample, or the actual concentration of a known or unknown sample.

RPD = (larger value – smaller value) / ((larger value – smaller value) /2) X 100

Percent Recovery: is the percentage of the substance added to a sample that is detected.  It is the difference between the concentration detected in the spiked sample and that detected in the un-spike sample, divided by the concentration of the substance added to the spike sample times 100.  Percent Recovery is a measure of accuracy.  The higher the percent recovery, the greater is the accuracy.

% Recovery =   (Concentration of spiked sample – Concentration of un-spiked sample) x 100
            




         Concentration of spike added

Worksheet 12.5.a 
Evaluation of Quality Control Results:

List the statistical tools (if any) will you use to compare your quality control results with your data quality objective for each type of quality control sample.

	Type of Quality Control Sample
	Statistical Tool

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


For Sheet 12.6.a 
Summarizing Your Data Using Tables and Graphs

This worksheet covers the tables and graphs you will create to help you interpret your data. These may or may not ever be presented to any audience other than you.

Indicator or Type of Data


Fill in the parameter or type of data you are working with. 

Types of Tables

A table presents the numbers in an organized way, typically in columns and rows There are two types of tables we recommend. One displays all of your data. The other shows the statistical summaries of this large data set. Tables that display all of your data should be used for reference, to make data available that are obscured when displayed in graphs or summaries. These might be quite large and complex.

Describe the types of tables you will create. Please list:

· title of the table

· what will be the row headings 

· what will be the column headings.

Types of  Graphs

We suggest keeping the graph types simple. For example:

· Column graphs plotting results for a single parameter over time at one or more sites

· Box and Whisker plots, which show the results for sites (arranged upstream to downstream, for each main stem or tributary, over a period of time. 

· Combination graphs which plot two parameters (2 ‘y’ axes) over time.

Describe the types of graphs you will create. Please list:

· title of the graph

· what will be on the ‘x’ axis 

· what will be on the right axis.

Worksheet 12.6.a:  
Summarizing Your Data Using Tables and Graphs

List the types of tables and graphs you will  use to summarize your data.

	Parameter or Type of Data
	Types of Tables
	Types of  Graphs

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For Sheet 12.7.a 
Data Analysis – How You Will Develop Findings  
Findings are observations about your data. They are the statements that summarize the important points but do not explain them. We tend to look at data and then begin to try to explain it before thoroughly observing and summarizing the trends, patterns or lack of patterns. Findings should support your conclusions.

For example, let's look back at the sample "box and whisker" plot. Let's assume that site 1 is the reference site and we are using a criterion, which says, that sites with inter-quartile ranges that don't overlap with the reference site are significantly different. Your findings could be:

· the site most like the reference site is site 7, 

· the sites least like the reference site are sites 5 and 10 (though they are quite similar to each other), and 

In order to help you develop findings, look for patterns within your data set as well as comparing your results to reference conditions, you might answer any of the questions listed below.

Quality Control Questions to ask of your data set

· Did you collect the required number of samples from the minimum number of sites (completeness)? 

· Did you collect samples frequently enough, at the right time of year, at the right time of day to be representative of the conditions you are assessing? 

· How did your quality assurance results (from split, duplicate, spiked, replicate, known, unknown, and blank samples) compare with expected results? Did they meet your data quality objectives? 

General questions to ask of your data set

· Which sites had the highest or lowest readings? 

· Which dates had the highest or lowest readings? 

· Which tidal stage had the highest or lowest readings? 

· Are there numbers that seem to be much higher or much lower than typical results ("outliers")? Are you confident that these numbers are reliable? Verify that the numbers were transcribed or entered correctly. 

· Do your results show a consistent pattern of change upstream to downstream or close to and further from the impact source? Do levels increase or decrease in a consistent manner? 

· If you are monitoring the impact of a pollution source, for example, are your results different above and below the impact or at different tidal stages? 

· Do changes in one indicator coincide with changes in another? As illustrated earlier, there is usually an inverse relationship between water temperature and dissolved oxygen, since warm water can hold less oxygen than cold water. There's a similar relationship between an increase in water column algae and a decrease in water clarity. 

· How do your results compare among tributaries? 

Questions to ask of your data when comparing them to benchmarks / reference conditions: 

· Comparisons with maximum and minimum: Did the results exceed the maximum and minimum acceptable levels set by the tribe. Where? When? 

· Comparisons with ranges: Were the results inside or outside of your acceptable range? Where? When? 

· Comparison with allowable number of times that results did not meet your reference conditions. Your reference conditions or your assessment procedure might specify a maximum number of times, or percent of the time, when results do not meet standards. How many times (or what percent of the time) were reference conditions not met? Where? When? 

· Sampling dates: Are there sampling dates when most or all results did not meet your benchmarks? 

· Special weather or hydrologic conditions: Were there any conditions (dry or wet periods; large or long precipitation events; tidal stage; wind conditions; day of the week; time etc.) when most or all results did not meet your benchmarks? 

Worksheet 12.7a 
Data Analysis – How You Will Develop Findings
	Assessment Type: 



	Monitoring Question
	Questions You Will Ask of Your Data Set

	
	

	
	

	
	

	
	

	
	

	
	

	
	


For Sheet 12.11.a
Place Products in your Watershed Monitoring and Assessment Plan.

· An identified method for comparing your quality control data to your data quality objectives.

· Benchmarks established for each parameter

· A methodology for comparing your data to each of the benchmarks

· The statistical measures you will use to summarize the central tendency and variability of the data.

· How you will develop a set of findings based on the statistical summaries: which questions will you ask of your data?
· Basic starting points for data summary & analysis

Worksheet 12.11.a
Add products of Step to Monitoring and Assessment Plan.
If you completed any Steps this Worksheet is cumulative, use that document.  If you have not you complete that aspect that is highlighted for your plan documentation. *Italics mean a sub plan that might be attached or live somewhere else, location of document and contact is what would go in the plan.
I.  People Design, Phase 1

A.   Shared Watershed Vision and Desired Outcomes (Step 1) 

1. Logic Model of Desired Outcomes/Results and activities/target audiences to employ to achieve outcomes

B. Keepers of the M & A Plan (Step 1)

C. Watershed Boundary (Step 2)

D. Water bodies of Interest (Step 2)

E. Scope Inventory Master List* (Step 2)

1. Physical Inventory * (Step 2)

2. People Inventory* (Step 2)

3. Information Inventory* (Step 2)

1. Existing Monitoring Efforts (Step 2)  

2. Existing Data Sources (Step 2)

4. Inventory Action Plan* (Step 2)

F.  Assessment Type(s) List – Monitoring Reason + Use (Step 3)

1.    Monitoring Question(s)  (Step 4)
2.    Targeted Decision Maker(s)  (Step 5)

3. Information Needs (Step 5)

3.   Information Blue Print – Data Pathway Fact Sheet Per Monitoring Question* (Step 6)

II.    Technical Design, Phase 2

A.   What (Indicators, [image: image19.png]


Benchmarks, etc.) and why? (Step 7)

B.    When and why? (Step 8)

C.    Where and why? (Step 9)

D.    W(how) will meet data quality objectives? (Step 10)

1. [image: image20.png]


Data quality objectives (Step 5 and 10)

2. Quality Assurance and Control Measures (Quality Assurance and Control Plan)* (Step 10)

E.   Data Management for Raw Data (Data Management Plan Part 1)* (Step 11)
III.    Information Design, Phase 3

A.  [image: image21.png]


Data Summary and Analyses  (Step 12)

1.    [image: image22.png]


Starting Point (Step 12)
2.    Changes (Later)

B. Data Interpretation, Conclusions, Recommendations

1. Starting Point (Step 13)

2. Changes (Later)

C. Communication and Delivery

1. Starting Point (Step 14)

2. Changes (Later)

D. Management Plans to Generate Information (Data Management Plan Part 2)* (Step 15)

IV.   Evaluation Design, Phase 4

A.  Who Will Do What?  (Step 16)
1. Task Identification Matrix (Step 16)

2. Communication Structure and Tools (Step 16)

B.  Evaluation Plans (Step 17)

1. Evaluation Plans for M & A Components (Step 17)

2. Evaluation Plans for M & A Implementation (Step 17)

3. Evaluation of inter/intra M & A Activities (Step 17)

C.  Documentation and Communication (Step 18)

1. M & A Plan (this document, updated Sub documents) (Step 18)

2. Communication and Peer Review Plan (Step 18)

3. Action Plan* (Step 17)

For Sheet 12.12.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

Worksheet 12.12.a 
Final Action Plan Part 1, Summary:
If you have completed each Step, or for those you have, you have a cumulated list of gaps and needs related to that Step. Use that same worksheet/document.  If you did not complete each Step, look at what each Step is supposed to accomplish and record what your gaps and needs are related to that topic.  The goals are to get the gaps and needs in one place to evaluate and prioritize.
	Phase 1 Step 1: : (completed in Step 1)

	Phase 1 Step 2: : (completed in Step 2)

	Phase 1 Step 3: : (completed in Step 3)

	Phase 1 Step 4: : (completed in Step 4)

	Phase 1 Step 5: : (completed in Step 5)

	Phase 1 Step 6: : (completed in Step 6)

	Phase 2 Step 7: : (completed in Step 7)

	Phase 2 Step 8: : (completed in Step 8)

	Phase 2 Step 9: : (completed in Step 9)

	Phase 2 Step 10: : (completed in Step 10)

	Phase 2 Step 11: : (completed in Step 11)

	Phase 3 Step 12:  Data Summary and Analyses 


	Phase 4 Steps:  Will add Action and Needs as complete each Step and at the end prioritize




Background and Content 

Remember that a major part of watershed assessment is distinguishing three types of variability:

· Natural variability produced by natural stressors. changes and cycles

· Human-induced variability produced by human stressors and activities

· Sampling and analysis variability produced by errors in your sampling and analysis.

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. 

Getting Started

Before you begin to try to understand your data, it’s helpful to assemble some information which you gathered back in step 1:

· a map of your watershed with the sites marked on it and the classification of the segments you sampled. 

· a map or list of open or closed fishing or swimming areas. 

· a map of areas where community members most often use water and are exposed to pollution or toxics during traditional or contemporary practices. 

· correct units of measurement clearly reported on your data tables and graphs. 

· general observations, such as habitat, wildlife, tide, storm and wind-related surface water conditions, and weather information for each sampling date and site. 

· your cultural ecosystem story or source of traditional ecological knowledge. 

· the appropriate water quality standards (tribal and state or federal) or reference conditions for each indicator. 

· historical or current information gathered from other water quality data sources, such as the state or other monitors, in a format similar to your data. 

· anecdotal information on beaver pond construction (or "deconstruction"), highway projects, dam or tidal gate repair, intensity of various recreational uses, vacation home rentals, etc. 

More About 305b Assessment Methodology

If your user is a state water quality agency, then you need to get a copy of the water quality standards and the latest 305b (or 303d) guidance to answer this question. 

Also note the methodology you will use to make the comparison. The methodology for most parameters is in the “Rocky Mountain States Implementation of the Clean Water Act” module. This module shows how the data are compared to the criteria in the water quality standards in each of the Rocky Mountain states. 

More About Reference Site Comparisons

If you have identified reference sites, you’re trying to establish whether your assessment sites are different than or similar to your reference sites. The challenge is to determine what constitutes “different.” There are a number of ways to do this depending on the type of data you are using.

You are basically trying to establish your own definition of what constitutes a difference in results over space (site-to-site) or time (each site over time). This requires establishing “typical” values or ranges of values considered “normal” or “background.” This is essentially how the ecoregion guidelines were established. If you have one or more reference sites, however, you can use those results as your basis for comparison.

You do not have clear benchmarks and are looking for patterns in your data to gain a better understanding of how conditions vary over time and space.

Each of these requires a different approach. These are described below.

Use the Criteria in the Water Quality Standards and the Established Methods Specified in 305b Guidance

If your plan is to use the criteria in the water quality standards as benchmarks and you expect the state water quality agency to use your data for their 305b assessments (which determine use support) then you must use their comparison methodology, unless you’re simply giving them the data.

The comparison results in an assessment of use support status and, ultimately, a determination of impairment.  Do water quality conditions support the uses assigned? If the results “meet” the criteria, the uses are supported and the water is not impaired. If the results “exceed” the criteria, the uses are not supported and the water may be impaired. Note that the term “exceedance” does not mean “greater than.” It means that the results do not meet the criteria.

Comparisons within your data set

In this case, you can do any number of comparisons to get at your questions:

For a Condition and Trend Assessment:

· Compare results with those at one or more reference sites (minimally affected by human activities) that represent each type of water body from which you collected samples. 

· Compare results seasonally and over multiple years for lake trophic parameters: Secchi disk, total phosphorus and chlorophyll a.

· Compare results between Secchi disk, total phosphorus and chlorophyll a

For an Impact Assessment:

· Compare results for one parameter at a control site above and impact and recovery sites below a stressor source for a single sampling event

· Compare one parameter to another at control, impact, and recovery sites that bracket a stressor source.

· Compare results for one parameter control, impact, and recovery sites that bracket a stressor source over time (e.g. season, year-to-year, over a 10-year period)

Summarizing Your Water Column Data Using Simple Statistics

Statistics are simply descriptions of a set of data. Using some simple statistics, you can reduce the volume of data to relatively few numbers that summarize the data set. These statistics are designed to summarize your data in two main ways:

· By giving you values which are representative or typical of the data set

· By giving you the range or spread of your data set , which tells you something about its variability.

Commonly used statistics include averages (known as arithmetic means), geometric means, medians, ranges and quartiles. Be aware, however, that these summaries become highly un-representative of your data with just a few data points. A minimum of five data points is recommended to calculate any of the statistical summaries. 

Your study design should describe which statistical summaries you will use to reduce your data set to a manageable size. Following is a brief definition of each type of statistical summary:

Average (Arithmetic Mean)

Averages take the sum of all the values in your data set and divide it by the total number of values to get a value that is representative or typical of the rest. Averages are especially useful if you know that the variation in your data is relatively low and you don't want to show all of the numbers. For example, you might want to present the average size of a certain species of fish caught at a particular location. Just remember that very high and very low numbers (outliers) can greatly affect the average value and potentially distort the findings. You might choose to leave either really large or small fish out of the average and describe them separately (using additional information to help explain their size difference).

Median

Medians are frequently more representative than the average because the median is the value in the center of a set of values arranged from lowest to highest. This means that half of the numbers are greater than the median and the other half are less than the median. If the set has an even number of values then, the median is the average of the two central values:

13.1     13.6     15.3     25.1     26.5     32.6     35.4     45.3     48.5     52.2     136.7     151.6

The median is 34, the average of the two central values.

The median is more representative especially when the set contains one or two very high or low numbers because changing the magnitude of any of the other values won't affect it at all, as long as they don't change their position in the line up.

Range (Maximum and Minimum)

The range is the difference between the maximum value and the minimum value in your data set. If the difference is large (a wide range), it means that there is a lot of variation in your data. This is useful information when you're trying to determine if there is a trend over time or space because it will give you an idea of the amount of variation that typically occurs. The maximum and minimum values themselves may also be important. For example, dissolved oxygen standards are frequently expressed in terms of minimum concentrations that will support fish. Bacteria levels are expressed in terms of maximum levels that will pose an acceptable risk to public health.

Quartiles and the Inter-quartile Range

Quartiles describe the range of values around the median. Quartiles use the median to split each half of the data set into half again, just like a dollar can be divided into 4 quarters (see the "Graphs" section below for a graphical example). In effect, quartiles show you the typical value and the range of 50% of your data. By trimming the highest 25% and lowest 25% of your data, you eliminate the influence of the outliers, which may not be representative of the bulk of your data. 

The 3 values that are the divisions between the quartiles are called percentiles: 

· the median (or 50th percentile) divides the data in half, 

· the 25th percentile (aka P-25 ) defines the upper boundary of the lowest 1/4 of the number of values in the data set, and 

· the 75th percentile (aka P-75) defines the lower boundary of the highest 1/4 of the number of values in the data set. 

The inter-quartile range is the P-75 minus the P-25, essentially, the range of the middle 50% of your data set. If these values are close together (a narrow range), it means that your data set is relatively consistent and clustered around the median. If they are far apart (a wide range), it means that there is a lot of variation in your data. This measure of variation is useful information when you're trying to determine if there is a trend over time or space. Many computer applications calculate quartiles for you, but it's important to understand what the numbers mean.

Here is a set of results for total suspended solids (in mg/L). First the data are arrayed lowest to highest. Quartiles and percentiles are identified based on their values and where they lie in this array.

In this data set, the P-25 is calculated from the two values it lies between: (15.3) and (25.1). Excel calculated the P25 for this data set as 22.7. The median is the average between the two central values (32.6) and (35.4). In this data set, the P-75 is calculated from the two values it lies between: (48.5) and (52.2). Excel calculated the P25 for this data set as 49.4.

Geometric Mean

Like the median, the geometric mean reduces the influence of the very high and very low numbers on the data set. To calculate it, a set of data is transformed to the logarithmic values of each data point. These values are averaged (summed and divided by the number of values) and then transformed back to the original units. It is commonly used to summarize bacteria data, since many state water quality standards are expressed in terms of the geometric mean of sampling results taken over a 30- or 60-day sampling period. 

Which Simple Statistics To Use?

Which measure you use depends upon the type of data you are summarizing. 

In general, we recommend the following summaries for different types of water column data, but you should check local and historical data sets to see how they have been summarized:

	Indicator
	Summary

	Temperature (water or air)
	* Seasonal average

* Seasonal median

* Maximum

* Range

* Quartiles

	Dissolved Oxygen (as mg/l)
	* Seasonal median

* Minimum

* Quartiles

	DO (as % saturation)
	* Seasonal average
 

* Seasonal median

* Quartiles

	Water Clarity
	* Seasonal average

* Seasonal median

* Maximum and minimum

* Range

* Quartiles 

	Bacteria (water contact safety)
	* Geometric mean

* Quartiles

	Turbidity
	* Median

* Maximum

* Quartiles

	Nutrients (e.g. nitrate or phosphate)
	* Median

* Quartiles

	Specific Conductivity or Salinity
	* Average

* Median

* Quartiles

	pH
	* Median or average

* Quartiles

* Minimum

	Alkalinity
	* Median

* Quartiles

* Minimum

	Chlorophyll a
	* Seasonal average

* Range

* Maximum and minimum

* Median

* Quartiles


Choosing the correct statistics - Data distributions

The distribution of data is how many times specific values occur in your data set. It’s best visualized as a graph with the ‘x’ axis being the values you measured (e.g. mg/l total P) and the ‘y’ axis being the number of times each value occurs in the data set.


	       Normal (Parametric) Distribution
	
	      Non-normal Distribution

	· Approximates a bell-shaped curve
	
	· Curve is “leaning” (skewed) to one side. This one is leaning to the left.

	· Measures of central tendency (e.g. average) are not heavily influenced by a few extreme outliers, 
	
	· The average is heavily influenced by a few extreme outliers, as is any statistic based on it. The median and the geometric mean are not.

	· Measures of spread (e.g. the inter quartile range) work (standard error works well here.
	
	· Sample variance and standard deviation do not work well.


Summarizing Your Aquatic Life Data Using Biometrics

The numbers of plants or critters in various taxonomic groups are frequently summarized using metrics that represent different aspects of the part of the community. Some of the statistical summaries used for core indicators can also be used on the metrics values, especially when you have more than 5 years of data. Individual metrics that respond in a predictable way to watershed stressors are frequently combined into a multi-metric index.

Benthic Macroinvertebrate Metrics

	Metric Category
	Definition
	Examples

	Richness Measures
	The number of distinct taxa in the sample
	Total # of taxa, # of EPT taxa, # of mayfly taxa

	Composition Measures
	The percent of the sample in selected taxa.
	% major groups, % EPT, % mayflies, % dominance

	Tolerance/intolerance measures
	Represent the relative sensitivity to perturbations
	Biotic index, # of intolerant taxa, % tolerant organisms 

	Feeding Measures
	Balance of feeding strategies in the sample (e.g. predators, grazers, shredders, collectors)
	% in each feeding group

	Habit Measures
	Describe the behavior and adaptations
	# of clinger taxa, % clingers

	Life Cycle Measures
	Describe the length of life cycles
	% multivoltine (short), % univoltine (long)


Fish Metrics

	Metric Category
	Definition
	Examples

	Richness Measures
	The number of distinct taxa or groups in the sample
	Total #, # of natives, # of salmonid age classes

	Number and Identity of Species
	Diversity and identity of indicator species
	Darters, sunfish, suckers, green sunfish

	Number of Intolerant Species
	Number of species that are intolerant of chemical and physical perturbations
	# of sensitive species, % cold water species

	Feeding Measures
	Balance of feeding strategies in the sample (e.g. insectivores, omnivores, carnivores)
	% in each feeding group

	Abundance Measures
	The number of individuals in the sample
	Density, % abundance of dominant species, biomass

	Reproductive Measures
	Measure of the suitability of the habitat for reproduction
	% hybrids, % introduced species, % native species

	Disease Measures
	The percent of the sample that shows evidence of disease
	% of individuals with deformities, eroded fins, lesions, tumors


Periphyton Metrics

	Metric Category
	Definition
	Examples

	Abundance Measures
	Represents the amount of production
	mass, ash-free dry mass, chlorophyll a 

	Richness Measures
	The number of distinct algal species in the sample
	# of diatom species, # of soft algae species, total # of genera, total # of divisions

	Composition Measures
	The percent of the sample in selected taxa or groups.
	Shannon Diversity, % specific taxa, % live diatoms

	Pollution Tolerance Measures
	Represent the relative sensitivity to perturbations
	Pollution Tolerance Index, % sensitive diatoms


Which metrics you can calculate depends on whether you used quantitative or qualitative collection methods and to what taxonomic level you were able to identify the critters. Individual metrics are frequently combined into a multi-metric index. These are calculated by applying some sort of scoring system to the individual metrics results and adding the scores to come up with a total score or index. Examples include the EPA's Total Metric Score in the Rapid Bioassessment Protocols, Ohio's Invertebrate Community Index or Karr's Benthic Index of Biotic Integrity. Total scores or indexes for each site may then be compared with scores or indexes for regional or upstream reference sites. Reference sites are minimally impaired sites which are similar in most characteristics (especially habitat) to the sample site. Some approaches produce a percent comparison to the reference site by dividing the score or index for the monitored site by the score or index for the reference site.

Summarizing Your Physical Habitat Data

Geomorphology: This includes various measurements of the stream bottom, the depth to which the stream has carved its channel, channel width/depth ratio, sinuosity (meandering pattern), number of channels, slope. These data can be summarized in several ways:

· Stream Classification: There are various systems that use the basic data to divide streams into different types. 

· Channel Evolution Models: Describe the sequence of changes a stream undergoes after certain kinds of disturbances. 

· Proper Functioning Condition: This is a methodology for assessing the physical functioning of a streamside wetland area. The result is an assessment that places an area into one of 3 categories: proper functioning, functional-at-risk, or nonfunctional. 

· Stream Stability: This summarizes data to assess whether a given reach is stable and, if not, whether its just a local condition or stream system-wide. 

Flow: Flow (aka "discharge") data describe the volume of water passing by a particular location over some time interval. At the simplest level, flow data are typically summarized as cubic feet per second. Other types of flow summaries include: 

· Flow Duration: This is the amount of time certain flow levels exist in the stream. This is usually expressed as the percentage of time a given stream flow of interest (e.g. drought or flood flows) is equaled or exceeded over a given period. These are summarized using "flow duration curves. 

· Flow Frequency: This is the probability (or a percent chance) that a given flow will be exceeded in a given year. These frequencies are determined by applying statistical methods to a long-term set of flow data. The flows of interest are usually one or all of the following: 

· Flood frequency: the probability that given flood flows will occur in a given year. 

· Low flow frequency: the probability that given low flows will occur in a given year. 

· Channel-forming flow: This is actually a variety of theoretical flows that maintain the geometry of the channel. Common measures are the bank full discharge, effective discharge, mean annual flow, etc.

Substrate Quality: The substrate is the bottom of a water body. Quality refers to its usefulness for various biological functions, such as attachment, shelter from the current, shelter from predators, spawning, rearing, etc. It is usually based on an inventory (aka "pebble count") of the number of particles in various size classes, such as bedrock, boulders, cobble, gravel, and, silt, and organic material. The most common summary technique is a size distribution. This plots the different particle sizes according to the frequency with which they occur at a given location. These distributions are then related to the requirements of different organisms.

Riparian Vegetation: The data gathered are typically focused on changes and functions of vegetation close to the water.

Summarizing Your Data Using Tables and Graphs 

Once you analyze your data using statistics, you begin to be able to comprehend your data set because you’ve reduced the sheer volume of numbers to a more manageable level. However, there are a few tools available that are more visual – tables and graphs – that can reveal things still hidden in the numbers.

Some people generate hundreds of tables and graphs to help them see patterns and trends. This is very different from using them to communicate results. That’s covered in the next step. For our purpose here, we will focus on tools which help you see the data in different ways.

Data Entry Revisited

Most data is entered and/or stored in a format that looks like this:

	Site #
	Date
	Parameter 1
	Parameter 2
	Parameter 3

	Site 1
	Date 1
	0.07
	2.46
	14.1

	Site 2
	Date 1
	0.10
	4.01
	3.2

	Site 3
	Date 1
	0.09
	3.21
	9.0

	Site 1
	Date 2
	0.04
	2.20
	13.1


This format allows you to sort by any column or row, which enables you to see the data in various orders. However, the fundamental layout can’t be easily changed: column headings and row headings must remain the same.

Say you want to view the data by parameter, with row headings as sites and column headings as dates. That can help you see trends over time and upstream to downstream for a single parameter. Some spreadsheets allow you to do that, and most databases. But you must create that layout.

From this point on, what you can do to manipulate and rearrange the data depends mostly on your software and your ability to get it to do what you want. So, we’ll just focus on the basic idea of how you would like your data arranged and displayed so you can come to grips with it. Whether using summaries or not, it may help to creating visual displays of the data to help you understand it, The most frequently used displays are tables and graphs.

Tables

A table presents the numbers in an organized way, typically in columns and rows There are two types of tables we recommend. One displays all of your data. The other shows the statistical summaries of this large data set. Tables that display all of your data should be used for reference, to make data available that are obscured when displayed in graphs or summaries. These might be quite large and complex. 

A good table has . . .

· readable, logical data placement

· clear column and row headings

· a title at the top

· reporting units

Graphs

Often, patterns in the data can be easier to see in a graph. This section describes a few of the many types of graphs you can use to help you understand your data (as opposed to using graphs to communicate with an audience). In this case, the audience is you!

Example 1
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For example, this bar graph compares the geometric mean of one indicator to: 1) the same indicator at different sites and 2) a water quality standard. You can easily see at a glance that the highest bacteria levels in 1992 were consistently at Sites 2 and 3. It also shows you that all sites except Site 1 were usually higher than the water quality standard. 

Example 2
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As you can see in this combination graph, you could also compare how one indicator relates to: 1) another indicator and 2) over time. Here is a combination of E. coli results (bars) compared with flow (gray area). Like a line graph, the gray area emphasizes either a relationship or a trend among data points, rather than individual data points. A word of caution: emphasizing the continuity and relationship between data points implies that you know the relationship between the values found at each site. This may or may not be the case so line or area graphs can be misleading unless you have enough data points to feel confident that the trend implied is valid. In the case of the flow example here, this is appropriate, since these are average daily flows and thus, "continuous" measurements.

Example 3
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You may also want to look at the variability of your data and whether there are meaningful differences among the results at your samples sites. In this case, a "box and whisker" plot showing the quartiles and inter-quartile range might be helpful. This sample "box and whisker" plot shows you that the results varied most (largest range and inter-quartile range) at Sites 5 and 10 and least at Sites 1 and 7.

The more overlap of the "boxes" (the inter-quartile range) between two sites, the more confident you are that the results are similar. If your analysis involves a comparison between assessment sites and reference sites, this is a relatively simple way to actually "see" the difference or similarity. If there is little or no overlap, there is likely a meaningful difference. For example, the inter-quartile ranges for sites 5 and 10 overlaps between 60.0 and 158.0 mg/l. This is very easy to see just by looking at the boxes. In contrast, the inter-quartile ranges for sites 1 and 5 don't overlap at all.

Example 4
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Pie charts, like this example, are commonly used to show percent composition of the data. They easily display the percentage of a sample or a data set that is composed of different groups. For example, they can show the percent of a sample that is composed of different water quality indicators, pollution sources, or taxonomic groups. They can show the percent of the total number of samples that fell within certain ranges.

Develop Findings

Findings are observations about your data. They are the statements that summarize the important points but do not explain them. We tend to look at data and then begin to try to explain it before thoroughly observing and summarizing the trends, patterns or lack of patterns. Findings should support your conclusions.

For example, let's look back at the sample "box and whisker" plot. Let's assume that site 1 is the reference site and we are using a criterion, which says, that sites with inter-quartile ranges that don't overlap with the reference site are significantly different. Your findings could be:

· the site most like the reference site is site 7, 

· the sites least like the reference site are sites 5 and 10 (though they are quite similar to each other), and 

In order to help you develop findings, look for patterns within your data set as well as comparing your results to reference conditions, you might answer any of the questions listed below.

Quality Control Questions to ask of your data set

· Did you collect the required number of samples from the minimum number of sites (completeness)? 

· Did you collect samples frequently enough, at the right time of year, at the right time of day to be representative of the conditions you are assessing? 

· How did your quality assurance results (from split, duplicate, spiked, replicate, known, unknown, and blank samples) compare with expected results? Did they meet your data quality objectives? 

General questions to ask of your data set

· Which sites had the highest or lowest readings? 

· Which dates had the highest or lowest readings? 

· Which tidal stage had the highest or lowest readings? 

· Are there numbers that seem to be much higher or much lower than typical results ("outliers")? Are you confident that these numbers are reliable? Verify that the numbers were transcribed or entered correctly. 

· Do your results show a consistent pattern of change upstream to downstream or close to and further from the impact source? Do levels increase or decrease in a consistent manner? 

· If you are monitoring the impact of a pollution source, for example, are your results different above and below the impact or at different tidal stages? 

· Do changes in one indicator coincide with changes in another? As illustrated earlier, there is usually an inverse relationship between water temperature and dissolved oxygen, since warm water can hold less oxygen than cold water. There's a similar relationship between an increase in water column algae and a decrease in water clarity. 

· How do your results compare among tributaries? 

Questions to ask of your data when comparing them to benchmarks / reference conditions: 

· Comparisons with maximum and minimum: Did the results exceed the maximum and minimum acceptable levels set by the tribe. Where? When? 

· Comparisons with ranges: Were the results inside or outside of your acceptable range? Where? When? 

· Comparison with allowable number of times that results did not meet your reference conditions. Your reference conditions or your assessment procedure might specify a maximum number of times, or percent of the time, when results do not meet standards. How many times (or what percent of the time) were reference conditions not met? Where? When? 

· Sampling dates: Are there sampling dates when most or all results did not meet your benchmarks? 

· Special weather or hydrologic conditions: Were there any conditions (dry or wet periods; large or long precipitation events; tidal stage; wind conditions; day of the week; time etc.) when most or all results did not meet your benchmarks? 

· Percent Similarity: This is the similarity of the assessment site to the reference condition. Developing a finding about what the resulting percentage means usually involves some sort of guidance. For example, here's a guideline that could be used to evaluate the percent similarity for benthic macroinvertebrates: 

>79% Non-impaired: Comparable to the best situation expected within an ecoregion. Good representation of pollution intolerant organisms. Optimum community structure compared with reference. 

29-72% Moderately Impaired: Partly comparable to the best situation expected within an ecoregion. Community structure shows decrease in richness and pollution intolerant organisms. 

<21% Severely Impaired: Not comparable to the best situation expected within an ecoregion. Low richness, dominated by few families.

Add info on quality control samples and associated data.
Case Study 1

Case Study 2
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Metrics  Commonly Used for Benthic Macroinvertebrate  Data 


Richness Measures: The number of distinct taxa or groups in the sample


Number and Identity of Species: Diversity and identity of indicator species


Number of Intolerant Species: Number of species that are intolerant of chemical and physical perturbations


Feeding Measures: Balance of feeding strategies in the sample (e.g. insectivores, omnivores, carnivores)


Abundance Measures: The number of individuals in the sample


Reproductive Measures: Measure of the suitability of the habitat for reproduction


Disease Measures: The percent of the sample that shows evidence of disease








A good table has . . .


readable, logical data placement


clear column and row headings


a title at the top


reporting units








A good graph. . .


Is visually interesting


Is appropriate for the type of data


Has clear axis labels


Has a title at the top


Has reporting units


Is not too cluttered








Statistics For Lake Mixing and Trophic Status Data


Mixing status is the frequency with which the water column mixes from top to bottom.


The Carlson Trophic State Index (TSI) can be calculated using the following 3 values:


secchi disk mean summer transparency and the mean epilimnetic (upper layer)


Chlorophyll a mean summer concentrations


Total Phosphorus mean summer concentrations.


These three values can be looked at individually and then averaged into a single TSI value.





Metrics Commonly Used for Fish Data


Richness Measures The number of distinct taxa in the sample


Composition Measures The percent of the sample in selected taxa.


Tolerance/intolerance measures Represent the relative sensitivity to perturbations


Feeding Measures Balance of feeding strategies in the sample (e.g. predators, grazers, shredders, collectors)


Habit Measures Describe the behavior and adaptations


Life Cycle Measures Describe the length of life cycles











Statistics Commonly Used for Water Column Data


Average (Arithmetic Mean) 


Range (Maximum and Minimum) 


Quartiles and the Inter-quartile Range


the 50th Percentile (a.k.a.) median 


the 25th percentile (aka P-25 ) 


the 75th percentile (aka P-75) 


The inter-quartile range 


Geometric Mean





Metrics  Commonly Used for Periphyton  Data


Abundance Measures: Represents the amount of production


Richness Measures	The number of distinct algal species in the sample


Composition Measures The percent of the sample in selected taxa or groups.


Pollution Tolerance Measures Represent the relative sensitivity to perturbations
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Phase 3 Product Illustration:





Communication and Delivery Start point





What, Where, When, How meet data quality objectives, 


Raw Data Management





Step 15





Step 12





Step 14





Step 13





Management to Generate Info(part 1)





Interpretation, Conclusion start point





Data Summary and Analyses  start point





Step 16-18





Steps 7 - 11





Summary Info Blue Print-Data Pathway Fact Sheet





Scope Inventory, water bodies





Steps 1-6
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Phase 3 Product Illustration:








� Since % saturation is corrected for temperature and salinity fluctuations, this may be fairly stable allowing you to use the average.


� Salinity in estuaries may be fairly stable allowing you to use the average.


� The average is acceptable in well-buffered systems (especially estuaries) where fluctuations are not extreme. It also is acceptable if you measure pH to the nearest 0.1 unit. If you measure to the nearest 1.0 unit then use the median.
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