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Project Goals: Review the California Central Coast Healthy Watersheds Project – Part 1 (2015)[footnoteRef:1] to answer statistical questions and perform statistical analysis in the following broad topic areas: Magnitude Exceedance Quotient (MEQ), Change Point, and Power Analysis. This analysis will inform future decisions and improvements to Data Navigator and CCAMP Study Design.   [1:  https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/workplans/hw_swamp_methods_report.pdf] 

Task 1. Magnitude Exceedance Quotient  
MEQ combines the number and magnitude of exceedances into one value to provide a consistent and comparable output across different parameters, different waterbody types, and applicable beneficial issues. 

The theory, definitions, calculations, and evaluations can be found in the attached California Central Coast Healthy Watersheds Project – Part 1 (2015) report (referred to as the ‘rb3 methods’ paper). The attached MS Excel file provides raw data and hand calculated MEQ scores for example sites and analytes (CCAMPIDs) to help review and understand the topics and questions.  

The questions for review are: 
1. Why are there instances where a site does not score better when there are no exceedances (e.g., scores Fair rather than Good)? 
· The ‘DO_PPM’ tab shows 0 exceedances out of 579 samples with a score of C (Fair). 
· The ‘B_CSCI’ tab shows 0 exceedances out of 4 samples with a score of C (Fair) for SiteTag 304BEP. 
· The ‘AS1’ tab shows 0 exceedances out of 12 samples with a score of C (Fair). 
Deliverable 1.1 – Explain why the current calculation is producing this result and whether there is a way to update the calculation for a score to be higher if there are no exceedances.
 
2. Should MEQ be calculated according to the ‘rb3 methods’ paper when there are fewer than 4 samples [i.e., drop exceedance (C1), see page 25]? 
· The ‘B_CSCI’ tab shows 0 exceedances out of 4 samples with a score of C (Fair) for SiteTag 312DAVDAV. 
· Is it appropriate not to calculate median, mean, and percentiles (10th, 25th, 75th, and 90th) when there are fewer than 4 samples? 
Deliverable 1.2 – Answer each question with the rationale for either Yes or No answers. If the answer is No, provide alternative calculations that will help in data assessment. 

3. For analytes such as turbidity, TSS, and E. coli that have logarithmic distributions, should MEQ be calculated using the geometric mean (geomean) as the ‘rb3 methods’ paper states (pages 25-26)? 
· CCAMPIDs TSS (total suspended solids), TURB_N (turbidity), ECOLI (E. coli coliform), and FCOLI (fecal coliform) currently use geomean but what about other CCAMPIDs like TCOLI (total coliform) that do not currently use geomean? What parameters should we use to identify analytes with logarithmic distributions? 
Deliverable 1.3  – Answer each question with the rationale for either Yes or No answers. If the answer is No, provide alternative calculations that will help in data assessment. 

4. For double-ended parameters like Dissolved Oxygen (DO) and pH where low and high criteria exist (e.g., DO low < 7 and high > 13), is it correct to utilize the ‘departure’ analyte and MEQ calculations as described in the ‘rb3 methods’ paper (page 25) and online Data Navigator? [See Data Navigator Guide Step 6 to access ‘About the Analyte’ for Oxygen, Dissolved-departure].
· The DO_PPM_ALL tab shows MEQ calculations for DO_PPM_DEP (oxygen, dissolved-departure), DO_PPM_LT (less than), and DO_PPM_GT (greater than). 
Deliverable 1.4  – Answer this question with the rationale for either a Yes or No answer. If the answer is No, provide alternative calculations that will help in data assessment. 

Task 2. Change Point Analysis 

Data Navigator uses R, including R package strucchange to identify change points. Additional background for this item can be found in the ‘rb3 methods’ paper. 

The questions for review are: 
1. If a Change Point occurs and a significant date is identified, is that date included in time period 1 (before) or time period 2 (after) the change point for calculation purposes (e.g., min, max, mean, median)? 
· The CHLORA tab shows an example where the significant change point date (7/15/2009) is included in period 1 (p1). Is this correct, or should that data point be included in period 2 (p2)? 
Deliverable 2.1 – Answer the questions with the rationale for each answer, and, if applicable, provide accompanying calculations that will help in data assessment. 

2. The ‘rb3 methods’ paper states at least 15 samples are required but the R script uses 20 samples. What is the correct number of samples to perform Change Point Analyses (CPA)? Should this number be based on the total number of samples or the number of samples before and after a change point? 
· The online Data Navigator ‘More Information’ ‘About Change Detection’ drop-down option states the number of samples should change based on the analyte group. [See Data Navigator Guide Step 9 to access ‘About Change Detection’ for water toxicity]. 
· For example, water toxicity needs at least 8 samples before and 8 samples after the Change Point, while sediment toxicity needs at least 4 samples before and 4 samples after. Should the Change Point calculations and minimum sample size differ by analyte group? 
· If the Change Point wants a minimum of 10 samples before and 10 samples after a Change Point, do we need to set the minimum sample size to 21 to include the Change Point date? 
· The code filters out and excludes date if < 15 records exist before the first Change Point, so < 30 records will never have a Change Point.  Is this correct and should it be done for environmental data? 
Deliverable 2.2 – Answer the questions with the rationale for each answer, and, if applicable, provide accompanying calculations that will help in data assessment. 

3. What is the best and most reliable function with variable (noisy) environmental data and sometimes small sample sizes? 
· Should we use the strucchange R package and "breakpoint" function or should/can we use the changepoint R package "cpt.mean" function?  
· In addition to CPA, a t-test is run to look at differences in period 1 (p1) and period 2 (p2) means to see if the difference is significant (p < 0.05). Is it correct to run this t-test in addition to CPA because CPA may produce false CPA breakpoint dates? 
Deliverable 2.3 – Answer the questions with the rationale for each answer, and, if applicable, provide accompanying calculations that will help in data assessment. 
 
Task 3. Power Analysis   

Task Overview: The statistician would perform a power analysis of CCAMP study design to determine the minimum frequency of sampling needed to detect statistically significant changes/trends of priority analytes. 
 
Background: For context, CCAMP’s monitoring strategy can be described as two study designs. The first is the long-term trend monitoring design, also known as the coastal confluence sites. These are 33 select sites near the coastline at the bottom reaches of the watersheds, which have been monitored monthly since 2001. The second is our tributary study design for monitoring sites located more inland and in the upper portions of our watersheds. The Central Coast is broken into five watershed rotation areas, each consisting of 30 to 35 additional sites in various tributaries and land uses. These watershed rotation area sites are surveyed monthly for one calendar year on a five-year rotation. Our current sampling efforts focus on the analysis of 6 common water quality parameters: nitrate, nitrite, ammonia, orthophosphate, total dissolved solids, and total suspended solids. More detailed information regarding CCAMP study design and programmatic goals is provided in attached documents.  

Deliverable 3.1 – Consult with CCAMP Team to determine the desired power, significance level, expected rates of change, and sample sizes best suited for this type of analysis.
Deliverable 3.2 – Use historical data to estimate the typical variance or standard deviation of each analyte over time.

The questions to be answered by this analysis review are: 
1. What is the minimum frequency of sampling needed for each analyte to detect statistically significant change? 
2. What is the minimum number of times a site must be visited to detect long term trends?  
3. Does the interval of sampling affect the ability to determine minimum sample frequency (i.e., Coastal Confluence sampled every year, WRA sites sampled on 5-year rotation)? 
 
Deliverable 3.3 – Answer each question with accompanying explanation including the analysis, calculation, and/or results used to determine that answer.
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