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EXECUTIVE SUMMARY
Overview
This study summarizes statistical trend modeling results for selected water quality
monitoring sites Cannon River Watershed. The initial goal of the project was to analyze
long term water quality trends from two river monitoring stations in the watershed
using two different statistical tests—QWTREND and Seasonal Kendall. The project team
assembled data and determined that there was insufficient data to run the QWTREND
model. Results summarized in this report are based on the Seasonal Kendall statistical
test. This report also summarizes trend analyses performed by Minnesota Pollution
Control Agency’s Citizen Stream and Lake Monitoring Programs data.
This report summarizes three studies: Part A- Statistical trend analysis performed for the
Cannon River at Welch and the Straight River by Deepak Sanjel from Minnesota State
University, Mankato Mathematics Department. Part B - Minnesota Pollution Control
Agency’s Citizen Stream Monitoring Program’s Transparency tube trend analysis for
streams and rivers. Part C - Minnesota Pollution Control Agency’s Citizen Lake
Monitoring Program’s secchi disk trend analysis for lakes in the Cannon River
Watershed.
Findings
Part A – Both the MPCA and USGS data were analyzed for the Cannon River
monitoring site at Welch. Orthophosphorus and Fecal coliform showed statistically
significant decreasing trends throughout the time periods studied in the MPCA data. On
the other hand, turbidity showed a statistically significant increasing trend from 1995 to
2008 in the MPCA data. The majority of parameters analyzed in the MPCA data showed
no statistically significant trends. Most of the Cannon River USGS water quality
parameters analyzed also showed no statistically significant trends over the time periods
analyzed. The exception was Soluable Reactive Phosphorus (SRP) which indicated a
statistically significant increasing trend from 1996-2008.
Like the Cannon River mainstem, most of the water quality parameters analyzed for the
Straight River site showed no statistically significant trends over the time periods
studied. However, two parameters did show a statistically significant decreasing trend
in pollutants over the decade or two. The model indicated a decrease in
Orthophosphorus from 2000-2008. Fecal coliform bacteria rates also showed a significant
decreasing trend from 1991-2008.
Part B - MPCA’s CSMP Stream Transparency Tube Trend Analysis in the Cannon River
Watershed show mixed trends with the majority indicating increasing transparency
trends. Fifteen (15) streams indicate increasing water transparency trends, 3 show
decreasing water transparency trends, and 9 show no statistically significant trends.
Part C - MPCA’s CLMP Lake Secchi Disk Trend Analysis in the Cannon River
Watershed show mixed trends. Nine (9) lakes show lake clarity increasing, 8 lakes show
lake clarity decreasing, and 9 show no trends.
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INTRODUCTION
The Cannon River
The Cannon River is a tributary to the Mississippi River in south-eastern Minnesota. The
Cannon River watershed is approximately 1,460 square miles in size (946,440 acres). The
watershed includes parts of seven counties including: Steele, Rice, Goodhue, Le Sueur,
Dakota, Waseca, and Freeborn. The two main rivers in the Cannon River watershed are
the Cannon and Straight Rivers.
The Cannon River originates in Shields Lake and flows nearly 130 miles to the
Mississippi, while the Straight River flows approximately 65 miles north to its
confluence with the Cannon. The Cannon River finally drains to the Mississippi River
just north of Red Wing, MN. From the highest point of the Straight River to the
confluence of the Mississippi and the Cannon, the river drops over 500 feet in altitude.
Add over 630 miles of smaller perennial streams flowing into the Cannon and Straight,
and water courses in the Cannon River watershed cover over 800 linear miles.
History of Water Quality Monitoring
State and federal agencies, watershed staff and citizens all perform water quality
monitoring across the Cannon River watershed. The Minnesota Pollution Control
Agency samples the Cannon River regularly at Welch, the Straight River at Clinton Falls,
and Prairie Creek near its mouth. The USGS samples at the Cannon River at Welch and
the Straight River at Faribault. Other areas have been sampled at various times in the
past as part of specific projects. Today, portions of the Watershed do not meet state
water quality standards for numerous water quality indicators including turbidity,
nitrate, and bacteria among others and are listed on Impaired Waters List (303(d) List).
For more information on Impaired Waters, see the MPCA website:
http://www.pca.state.mn.us/water/tmdl/index.html).
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PART A – CANNON AND STRAIGHT RIVERS STATISTICAL TRENDS ANALYSIS
Overview
The Seasonal Kendall statistical trend analysis performed for the Cannon River at Welch
and the Straight River used long term data collected by the Minnesota Pollution Control
Agency and the United States Geological Survey. The trend analysis was performed for
the Cannon River at Welch and the Straight River by Deepak Sanjel from Minnesota
State University, Mankato Mathematics Department.
As the length of water quality records grew to a decade or more in some water quality
monitoring stations, there was sufficient data to use statistical trend modeling programs
for the mainstem of the Cannon and Straight Rivers. Monitoring stations were selected
on the basis of sample size, period of reporting, and availability of flow data. Data sets
from each monitoring site were analyzed for water quality trends in particular water
quality parameters. For the Cannon River site, parameters included; Nitrate-Nitrogen,
Total Phosphorus, Orthophosphorus, Total Suspended Solids, Transparency, Turbidity,
Soluble Reactive Phosphorus , Suspended Sediment, Fecal Coliform Bacteria, and E-coli
Bacteria. Water quality parameters for the Straight River included: Nitrate-Nitrogen,
Total Phosphorus, Orthophosphorus, Total Suspended Solids, Fecal Coliform Bacteria,
and E-coli Bacteria.
Water quality data for the Seasonal Kendall analysis were derived from the MPCA
Environmental Data Access (EDA) and from the United States Geological Survey
(USGS). Discharge data were obtained primarily from the USGS. Statistical trend results
are presented in table format in Appendix A.
STATISTICAL TESTS – SEASONAL KENDALL
The initial goal of the project was to analyze long term water quality trends from two
river monitoring stations in the watershed using two different statistical tests: the nonparametric Seasonal Kendall (SK) trend model and the parametric technique ―Quality of
Water Trend Analysis Program‖ (QWTREND). The project team assembled data and
determined that there was insufficient data to run the QWTREND model. In particular,
there was insufficient flow data and inadequate sampling frequency to meet the
QWTREND model requirements. Results summarized in this report are based on the
non-parametric Seasonal Kendall statistical test.
Seasonal Kendall – Non-Parametric Trend Analysis
The Seasonal Kendall test was developed by Maurice Kendall in 1938. It compares the
relationship between points at separate time periods or seasons and determines if there
is a trend. It is considered a highly robust, non-parametric test and relatively powerful;
a recommended method for most water quality trend monitoring. The following
summary of advantages and drawbacks of Seasonal Kendall were drawn from Vecchia
(2003) and Johnson (2006).
Advantages of Seasonal Kendall
―The nonparametric Seasonal Kendall trend analysis and associated slope estimator
works well with data that is not normally distributed, have values less than the
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detection limits, have seasonal cycles, is serially correlated, and trends are monotonic‖
(Johnson, 2006).
 Easy to compute
 Requires fewer assumptions than QWTREND analysis
 Robust to outliers
 Handles censoring (single threshold, no flow-adjustment)
 Good for handling lots of data from lots of stations
Drawbacks of Seasonal Kendall
 Assumes monotonic trend - The model can only test for one trend (monotonic)
 Must define seasons, perhaps combine or throw out data
 Limited to monthly or longer time step
 Flow-adjustment must be done separately
 Difficult to interpret trends in ―ranks‖
 Trends from the SK analysis are very sensitive to differences in data
transformations such as averaging (Johnson, 2009)
Methods for Calculating
The methods used for calculating the Seasonal Kendall trend test statistic and the slope
estimator are derived from the discussion of these methods in McBride (2000), Johnson
(2006), and USGS (2009).
Broadly speaking, the Kendall trend test is calculated by comparing every potential pair
of data values. ―If the later value in the pair (in time) is higher than the first, a plus sign
is scored. If the later value in the pair is lower than the first, a minus sign is scored. If the
results find an equal number of pluses and minuses, then there is no discernible trend.
This is done for all of the data pairs. ―This analysis is considered to be robust because it
ignores the degree of the change, and takes into account only the yearly positive or
negative change‖ (Helsel and Hirsch, 1991).
To eliminate the effect of seasonality in the trend analysis, January values are compared
with other January values, February values with February and so on (Hirsch et al., 1982).
With this modification the Kendall test then becomes the Seasonal Kendall test.
Preparing Input Data Files
Water quality data for the Seasonal Kendall analysis were derived from the MPCA
Environmental Data Access (EDA) and the USGS. Flow data were primarily obtained
from the USGS. The constituents identified above were run through the model
For each site, the water quality data by date was copied into a MS Excel spreadsheet.
The columns included site, date, daily flow, NO3, TP, PO4, TSS, Transparency, Turbidity
etc. The flow column was filled in with the daily average flow for the sample date. Each
date was entered into another column as month and year. A pivot table was then made
with the mean for each parameter and flow by month and year.
The following details the steps for the Seasonal Kendall Trend Analysis. (Steps
excerpted from USGS, 2005).
8

1. Classify a time-series data set by month of the year.
2. For each month i:
a) Compute the sign of all possible value differences within the set of values
for that month, sign(valuem - valuen) where value m is from a year that is
later than value n. For example, all October values are compared to each
other, but not to any November or September values. For 5 years of data,
there would be 10 pairs, for 6 years of data 12 pairs, and so forth.
b) Convert the positive signs to +1, negative signs to -1, and 0 results to 0.
Then add the results and call that Si.
c) Compute the variance of Si, Var(Si), from [n(n-1)(2n+5)-Summation(tip(tip1)(2tip+5))]/18 where n is the number of (monthly) values in the set, tip is
the number of tied data in pth tied group for the ith, and the summation is
over the number of tied groups for that month.
For computational purposes, group size is considered to be 2 (number of
terms in the initial difference comparison). This results in a higher
variance in cases where there are multiple tied values of the same value for example, treating three equivalent values as 2 ties of two members
instead of 1 tie of three values. The higher variance, in turn, results in a
lower test statistic, and consequently an overall stricter test for
overturning the null hypothesis (The null hypothesis is that there is NO
monotonic trend in the data.) The resulting variance computation is the
simpler [n(n-1)(2n+5)-18*tip]/18
3. Compute S as the sum of the Si series over all months.
4. Compute the variance of S, by summing the variance Var(Si) over all months.
5. Compute the test statistic (ZsK) from the large sample normal approximation, with
a continuity correction of one unit, where:
ZsK = (S-1)/(Var(S)0.5 if S > 0
ZsK = 0 if S = 0
ZsK = (S+1)/(Var(S)0.5 if S < 0
6. Consider the null hypothesis to be invalid if |ZsK| > Zα/2, where α is the chosen
significance level and Zα/2 is the value of the abscissa that cuts off an area = α/2 in the
right tail of the unit normal distribution.
Seasonal Kendall formula requires n>10 where n is the number of years. (Helsel and
Hirsch, 1992).
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Adjustment for Flow:
Concentrations are widely affected by flow. To account for this, there needs to be flow
adjustment prior to running the Seasonal Kendall analysis. This was done by the
smoothing technique LOWESS (Locally Weighted Scatter plot Smooth) which describes
the relationship between Y (concentration) and X (flow).
Given the LOWESS fitted values Yö the residuals R are computed as:
R = Y - Yö
Then the Kendall S statistic is computed from the R,T data pairs, and tested to
see if it is
significantly different from zero. The test for S is the test for trend which is
adjusted for the flow.
QWTREND – PARAMETRIC TREND ANALYSIS
An overview of the QWTREND model and model requirements is provided below for
reference in case the statistical test can be used in future analyses when more data is
available.
Overview
The QWTREND program was developed by Skip Vecchia at the US Geological Survey.
QWTREND is short for ―quality of water trend analysis program‖. This computer
program analyzes trends in water quality concentration. It is based on a parametric time
series model for streamflow, described below. Software packages (both stand-alone and
S-Plus version) are available (Vecchia, 2004).
Model Data Requirements
Generally, how much data are ―enough‖ to run the model depends on individual
stations or constituents but Vecchia provided some general guidelines:






Record length of at least 15 years (although not necessarily consecutive)
Average of at least 4 samples per year (sampling frequency many vary from year
to year)
At least 10 samples during each 3-month season (Jan-Mar, Feb-Apr, Mar-May,
…, Dec-Feb) At least 1 sample is each of 10 separate years,
No more than 10 percent of values below detection limit (may be more, but extra
care required to interpret results)
Full record of daily streamflow from 5 years before the first water quality sample
through the end of the record (Vecchia, 2004)

RESULTS
Cannon River MPCA
 The majority of water quality parameters indicate no statistically significant
trends for the Cannon River MPCA data. Results must have a p-value of less
that .05 to be statistically significant at the 95% confidence interval.
 Orthophosphorus and Fecal coliform trends showed a statistically significant
decrease throughout the time periods indicated. From 2000-2008 the model
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showed a 52% reduction in Orthophosphorus. From 1991-2008, model results
illustrated a 50% reduction in Fecal coliform bacteria.
The trends for Turbidity indicated a statistically significant increase of 59% from
1995-2008.

Cannon River USGS
 Most of the USGS water quality parameters analyzed showed no statistically
significant trends over the time periods analyzed.
 Soluable Reactive Phosphorus indicated a statistically significant increasing
trend of 43% from 1996-2008.
Straight River
 Most of the water quality parameters analyzed indicate no statistically
significant trends over the time periods analyzed.
 Two parameters showed a statistically significant decrease in pollutants over the
past decade. The model indicated a 52% decrease in Orthophosphorus from
2000-2008. Fecal coliform bacteria rates also showed a significant trend
decreasing 58% from 1991-2008.
CHALLENGES & CONCERNS
Trends analysis assumes that monitoring results from one year are directly comparable
to monitoring results from another year and are not biased because of changes in such
things as sample-collection or lab-analysis methods. The latter can be especially
problematic with certain parameters. For turbidity in particular, lab-analysis methods
and meters have changed significantly over the years; consequently, any trend in
measured turbidity levels may well reflect changes in methods rather than changes in
water quality.
Similarly, inconsistent and biased sample-collection methods can seriously compromise
trends analysis. The EDA data that was used for the MSU analysis contains, in addition
to the Milestone data which was collected on a regular, monthly basis, data from
projects that were geared towards TMDLs and pollutant-load determinations. As such,
they focused on and were biased towards storm events and high flows. Since pollutant
levels are often correlated with flows (positively or negatively), the inclusion of such
data can bias any analysis of trends.
Length of the Data Sets
―A universal problem with trend analysis lies with the question of how long a data set
should be to accurately assess if there is a trend‖ (Johnson, 2006). Vecchia (2004) stated
that the ability to detects trends depends on the complexity and duration of it, the
amount and number of water quality samples, the overall quality of the water quality
data, quality of the streamflow data and finally, the statistical methodology used to
identify the trends. In most cases, the water quality monitoring data sets utilized in this
study meet the minimum data requirements for the trend models. Because this study
utilizes relatively short-term data sets and conditions in the watershed are variable from
year to year, the team approached the conclusions with caution. Continuing the data
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collection and increasing the period of record for these data sets will provide important
information and raise confidence in model results over time.
Challenges Working with Data
Trend modeling assumes that the same or equivalent methods and protocols are used
for all the monitoring. This was not always the case. Challenges of working with water
quality data include: 1) data collected from stations that were started, stopped, and then
restarted years later; 2) shifts in sampling regimes and techniques, 3) data sets may
include results from different water quality testing laboratories; and 4) water quality
concentrations are skewed high or low and tied to streamflow, which has seasonal
tendencies (Johnson, 2006).
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Drawing Conclusions
Trend modeling is a relatively new technique and most of the datasets just meet the
minimum model requirements. Our confidence in the trend modeling results will
increase as the period of record increases. The project team preferred to think of these
results as qualitative tendencies (e.g. concentrations appear to be decreasing) rather than
qualitative certainty (MSU-WRC 2009).

13

PART B – MINNESOTA POLLUTION CONTROL AGENCY’S CITIZEN STREAM MONITORING
PROGRAM TRANSPARENCY TUBE TREND ANALYSIS
Results of Minnesota Pollution Control’s Citizen Stream Monitoring Program (CSMP)
Transparency Tube transparency trend analysis are presented below. This report
includes a table summary (Appendix B) and map (Appendix C) based on CSMP data.
OVERVIEW OF MPCA CITIZEN STREAM MONITORING PROGRAM (CSMP)
MPCA Citizen Monitoring Program (CSMP) combines the knowledge and commitment
of interested citizens with the technical expertise and resources of the Minnesota
Pollution Control Agency. Started in 1998, volunteers collect water quality data on
streams throughout Minnesota. They use a transparency tube (a clear plastic tube 2 feet
long and 1 ½-inch wide) with a black and white triangle at the bottom to measure water
clarity. After the tube is filled with water from a stream the volunteer peers into it while
releasing water until the black and white symbol is clearly visible. Centimeters are
marked on the side of the tube providing a water clarity (or transparency) reading of 0
to 60. A greater transparency reading reflects higher water clarity. Stream transparency
is an indirect measure of the amount of dissolved and suspended materials present in
the water. Generally, the more sediment (excessive soil material) or other suspended
material like algae in the water, the less transparency or water clarity.
RESULTS
Results are presented in table format (Appendix B) and Map (Appendix C). MPCA
trend modeling illustrates trends in stream and river transparency data collected across
the Cannon River watershed by Minnesota Pollution Control’s Citizen Stream
Monitoring Program. Analyses were based on Transparency tube data collected by
citizen volunteers over the years indicated.
MPCA’s Stream Transparency Tube Trend Analysis in the Cannon River Watershed
show mixed trends with the majority indicating increasing transparency trends. Fifteen
(15) streams indicate increasing water transparency trends, 3 show decreasing water
transparency trends and 9 show no statistically significant trends.
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PART C – MINNESOTA POLLUTION CONTROL AGENCY’S CITIZEN LAKE MONITORING
PROGRAM SECCHI DISK TREND ANALYSIS
Trends in lake water quality in the Cannon River watershed were based on Minnesota
Pollution Control’s Citizen Lake Monitoring Program (CLMP) secchi disk trend
analysis.‖ Findings based on CLMP data are summarized in table format (Appendix D)
and map (Appendix E).
OVERVIEW OF MPCA CITIZEN LAKE MONITORING PROGRAM (CLMP)
The CLMP is a cooperative program combining the technical resources of the Minnesota
Pollution Control Agency (MPCA) and the volunteer efforts of citizens statewide who
collect water-quality data on their lakes. CLMP volunteers collect water transparency
data using an 8-inch, circular, all-white metal plate attached to a calibrated rope. This
tool is called a Secchi disk. About once a week during the summer, volunteers boat to a
designated spot on their lakes to collect transparency readings. The volunteer lowers the
disk into the water until it is no longer visible and notes that depth from the markings
on the rope. The disk is then lowered a little further and then raised back up until it is
just visible. This second depth reading is averaged with the first, and the final number is
recorded on a data sheet. At the end of summer, volunteers send their data sheets to the
MPCA to be compiled with other water-quality data.
MPCA’S LAKE TREND MODELING
One of the primary uses for Secchi transparency data is to determine lake water quality
trends over time. Data presented here is based on the MPCA document entitled:
Minnesota Pollution Control Agency's (MPCA) Citizen Lake Monitoring Program Secchi Disk
Transparency Trends (accessible at the link provided below).
According to MPCA, the document provides trend analysis results for all Minnesota
lakes using data collected through September, 2008. Only lakes with at least eight years
of data were included in the trend analysis. MPCA extracted all available Secchi data
from STORET, the U.S. EPA’s national water quality database. The statistical software
package Systat was used to perform the Seasonal Kendall test to determine whether the
data for each lake exhibit increasing or decreasing or no trends (MPCA, 2008)
The results generated by Systat include p-value, slope and 90% confidence interval. The
slope and p-value for each lake were used to determine the trend description language
found in the report. To learn more about MPCA’s study visit the following website;
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surfacewater/lakes/citizen-lake-monitoring-program/secchi-transparency-trend-lists.html
RESULTS
MPCA’s CLMP Lake Secchi Disk Trend Analysis in the Cannon River Watershed show
mixed trends. Nine (9) lakes show lake clarity increasing, 8 lakes show lake clarity
decreasing, and 9 show no trends. Trend analysis results based on CLMP data are
summarized in table format (Appendix D) and map (Appendix E).
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APPENDIX A: SUMMARY TABLE
CANNON RIVER WATERSHED
STATISTICAL WATER QUALITY TREND ANALYSIS
CANNON RIVER (MPCA)
Concentration

Period

Change
per year
(% of
median)

95% Confidence
Interval

OverallChange
=
(1-(1-yearly
rate)^years)

overall
trend

p-value

(tau)

NO3

19912008

-0.3867

(-1.6742, 0.8037)

6.74% Decrease

-0.0658

0.4271

TP

19912008

0.4492

(-0.7255, 2.0058)

7.78% Increase

0.0609

0.4763

PO4

20002008

-8.6744

(-13.9882, 1.5892)

51.61%
Decrease

-0.333

0.02081**

TSS

19912008

-1.21408

(-3.8116, 1.0258)

18.75%
Decrease

-0.08

0.3490

Transparency

19982008

0.1024

(-2.1893, 2.3348)

1.12% Increase

0.0163

0.9057

Turbidity

19952008

6.7256

(2.2331, 14.7071)

59.55%
Increase

0.29843

.00598**

FC

19912008

-3.7614

(-7.3479, -0.6430)

49.84%
Decrease

-0.1825

0.0228**

E-coli

20002008

Not enough data

Not enough
data

CANNON RIVER (USGS)
Concentration

Period

Change
per year
(% of
median)

95% Confidence
Interval

OverallChange=
(1-(1-yearly
rate)^years)

19962008

0.7711

(-0.0729, 1.9016)

8.87% Increase

TP

19962008

2.1562

(0.4405, 3.6319)

Not enough data

SRP

19962008

4.5149

(1.9859, 7.4425)

SS

19962008

2.0304

(-1.2605, 6.1447)

NO3 = Nitrate-Nitrogen
TP = Total Phosphorus
PO4 = Orthophosphorus
TSS – Total Suspended Solids
SRP = Soluble reactive phosphorus
SS = Suspended Sediment
FC = Fecal Coliform Bacteria
E-coli = E-coli Bacteria

p-value

(tau)

NO3

** for Significant p-values at 5% level

overall
trend

22.95%
Increase

0.1818

42.56% Increase

0.25635

.001178**

21.82% Increase

0.075734

0.28035

STRAIGHT RIVER
Concentration

Period

Change
per year
(% of
median)

95% Confidence
Interval

OverallChange=
(1-(1-yearly
rate)^years)

overall
trend

p-value

(tau)

NO3

19912008

-0.651

(-2.163,0.888)

10.51% Decrease

-0.0702

0.3988

TP

19912008

0.476

(-1.148,2,537)

7.79% Increase

0.0522

0.5452

PO4

20002008

-8.674

(-13,988,-1.589)

51.61% Decrease

-0.3333

0.0208

TSS

19912009

-1.066

(-3.241,1.335)

16.65% Decrease

-0.0629

0.4613

FC

19912008

-5.019

(-9.3307,-0.9028)

58.33% Decrease

-0.19649

0.0164

E-coli

20002008

-6.985

(-40.01,50.53)

43.97% Decrease

-0.12121

0.5318

STATISTICAL ANALYSIS BACKGROUND
BY DEEPAK SANJEL
Seasonal-Kendall Test for Trend:
Y be the water quality value (TSS, TP, Nitrate-N...) and
T be the time (Year, Month, Day .... ).
Then Kendall's Statistic S is calculated by
S=P-M where P= the number of Yi<Yj for all i<j, M= the number of Yi>Yj for all i<j and
P = "number of pluses"
M = "number of minuses,"
n is the number of years then the tau value is calculated by



S
n(n  1) / 2

for

n > 10

Hypotheses are to test the trend are:
H0: τ =0 i.e. There is no trend
H1: τ ≠ 0 i.e. There is trend
To test the Hypotheses:
First calculate the standard deviation by  s  n / 18 (n  1) (2n  5) then
Zs

=

s 1

s

if s > 0

=0 if s=0
and

=

s 1

s

if s<0

The null hypothesis is rejected at significance level α if |zs |>zα/2
where zα/2 is the critical value from standard normal distribution.

Reasons to use Mann-Kendall's Tau for the trend test:
1. It is valid for data that are non-normal (nonparametric test)
2. It is valid for data that are cyclic
3. It is invariant to power transformation
4. It is a robust test (high power over all situations and types of data)

Dealing with seasonality:
If the changes between different seasons of the year are a major source of variation in the Y
variable, we need to model the seasonality to allow different prediction of Y for different
season.
The seasonal Kendall test (Hirsch et al., 1982) accounts for seasonality by computing the MannKendall test on each of m seasons separately, and then combining the results. So for monthly
"seasons", January data are compared only with January, February only with February, etc. No
comparisons are made across season boundaries. Kendall's S statistic Si for each season are
summed to form the overall statistic Sk.
where
m

Sk =

S
i 1

i

Overall tau is the weighted average of the m seasonal τ.
p-value for the overall tau gives the test of significance of the trend in the data values.
Rate of change:
The rate of change of each water quality is quantified by the seasonal kendall slope estimator. If
we run seasonal kendall in SAS program, it gives three kinds of estimates
1. Change per year (slope)
2. Percentage change per year (percentage of the median)
3. Relative change per year

Relative change per year is defined as the median of all the values of

(Yij  Yik ) / Yik
jk

for i=1,2, … 12 and 1≤ k < j ≤ n, where Yij is the water quality value

for month i and year j and n is the number of total year.
Flow adjusted trend:
The smoothing technique LOWESS (LOcally WEighted Scatterplot Smooth) describes the
relationship between Y and X (flow).
Given the LOWESS fitted value Yˆ the residuals R are computed as

R = Y - Yˆ

Then the Kendall S statistic is computed from the R, T data pairs, and tested to see if it is
significantly different from zero. The test for S is the test for trend which is adjusted for the flow.
SAS program gives the following
1. Summary statistics (start date, end date, mean, median, sd, min, max)
2. Over all τ value which measures the trend in the data
3. p-value for overall trend ( measure of significance )
4. Monthly τ values
5. P-values for trend for each months
6. Seasonal Kendall estimates with 90% and 95% confidence intervals.
7. Change per year, percentage change per year and relative change per year

It also gives the following two exploratory plots
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APPENDIX B: SUMMARY TABLE
MINNESOTA POLLUTION CONTROL AGENCY
CITIZEN STREAM MONITORING PROGRAM
INTRODUCTION
15 increasing transparency
3 decreasing transparency
9 no trend

I: SUMMARIZED BY TRENDS
INCREASING TRENDS
Number

Name

Trend

S002-532

Belle Creek

increasing

S001-783

Cannon River

increasing

S001-784

Cannon River

increasing

S001-766

Cannon River

increasing

S003-816

Cannon River

increasing

S001-601

Chub Creek

increasing

S002-412

Pine Creek

increasing

S001-543

Prairie Creek

increasing

S001-785

Prairie Creek

increasing

S000-502

Rush Creek

increasing

S003-555

Spring Creek

increasing

S003-554

Spring Creek

increasing

S001-374

Straight River

increasing

S001-933

Straight River

increasing

S003-016

Turtle Creek

increasing

DECREASING TRENDS
S003-609

Crane Creek

decreasing

S001-781

Judicial Ditch 1

decreasing

S001-337

Prairie Creek

decreasing

S001-348

Belle Creek

no change

S002-529

Belle Creek

no change

S002-538

Cannon River

no change

S002-465

Cannon River

no change

S002-527

Detelemark Road
Site

no change

S001-939

Little Cannon
River

no change

S002-534

Spring Creek

no change

S001-444

Spring Brook

no change

S001-581

Straight River

no change

NO TREND

II: SUMMARIZED BY STATION
Station
Name

Trend

S002-534

Spring Creek

no change

S002-532

Belle Creek

increasing

S002-412

Pine Creek

increasing

S001-784

Cannon River

increasing

S002-538

Cannon River

no change

S001-543

Prairie Creek

increasing

S001-785

Prairie Creek

increasing

S001-348

Belle Creek

no change

S002-529

Belle Creek

no change

S001-766

Cannon River

increasing

S001-601

Chub Creek

increasing

S001-939

Little Cannon
River

no change

S003-555

Spring Creek

increasing

S001-444

Spring Brook

no change

S003-554

Spring Creek

increasing

S002-527

Detelemark Road
Site

no change

S001-337

Prairie Creek

decreasing

S001-581

Straight River

no change

S000-502

Rush Creek

increasing

S001-374

Straight River

increasing

S003-016

Turtle Creek

increasing

S003-816

Cannon River

increasing

S001-933

Straight River

increasing

S002-465

Cannon River

no change

S003-609

Crane Creek

decreasing

S001-781

Judicial Ditch 1

decreasing

S001-783

Cannon River

increasing

Cannon River Watershed
Stream Transparency Trends
Minnesota Pollution Control Agency’s
Citizen Stream Monitoring Program T-Tube Trends

Water Quality Trends
Improving Stream Transparency
Declining Stream Transparency
No Trend

Data Source: Minnesota Pollution Control Agency's (MPCA) Citizen Stream Monitoring Program Transparency-Tube (T-Tube) Trends.

APPENDIX D: LAKE TRANSPARENCY TRENDS SUMMARY TABLE
MINNESOTA POLLUTION CONTROL AGENCY
CITIZEN LAKE MONITORING PROGRAM
OVERALL SUMMARY
Map ID
Number

Lake ID

Lake

County

Trend

1

74-0023

Beaver (1997-2008)

Steele

Improving

2

19-0006

Byllesby (1992-2008)

Dakota

No Trend

3

66-0008

Cannon (1989-2008)

Rice

Improving

4

66-0052

Cedar (1979-2008)

Rice

Improving

5

66-0027

Circle (1983-2008)

Rice

Declining

6

81-0014-01

Clear (1985-2008)

Waseca

No Trend

7

66-0014

Dudley (1992-2008)

Rice

Declining

8

40-0092-01

East Jefferson (1987-2008

Le Sueur

No Trend

9

40-0051

Fish (1996-2008)

Le Sueur

Improving

10

66-0029

Fox (1970-2008)

Rice

No Trend

11

40-0057

Frances (1987-2008)

Le Sueur

No Trend

12

66-0038

French (1978-2008)

Rice

Declining

13

40-0063

German (1985-2007)

Le Sueur

No Trend

14

66-0047

Hunt (1995-2008)

Rice

Declining

15

66-0015

Kelly (1993-2008)

Rice

Declining

16

81--0015

Loon (1992-2008)

Waseca

Improving

17

66-0039

Mazaska (1992-2008)

Rice

Declining

18

40-0092-04

Middle Jefferson (19912008)

Le Sueur

Improving

19

66-0018

Roberds (1987-2008)

Rice

Declining

20

66-0055

Shields (1993-2008)

Rice

Declining

21

40-0092-03

Swede’s Bay (1997-2008)

Le Sueur

No Trend

22

40-0031

Tetonka (1986-2008)

Le Sueur

No Trend

23

40-0002

Upper Sakatah (19982007)

Le Sueur

No Trend

24

40-0033

Volney (1987-2008)

Le Sueur

Improving

25

66-0010

Wells (1999-2008)

Rice

Improving

26

40-0092-02

West Jefferson (19872008)

Le Sueur

Declining

BY COUNTY
Improving

Declining

No Trend

DAKOTA COUNTY
Byllesby
RICE COUNTY
Cannon

French

Wells

Shields

Cedar

Hunt
Roberds
Kelly
Circle
Mazaska
Dudley

Fox

West Jefferson

East Jefferson
German
Tetonka
Swede’s Bay
Upper Sakatah
Frances

Clear

Loon

LE SUEUR COUNTY
Volney
Middle Jefferson
Fish

WASECA

Cannon River Watershed
Lake Transparency Trends
Minnesota Pollution Control Agency’s
Citizen Lake Monitoring Program
Secchi DiskTransparency Trends

2

5
24

20 17

7
12 15
19

14
4

26 18 8 13
21
11

9

10

22

25
3

23

16 6

1

Water Quality Trends

Lake Monitoring Sites
(Monitoring Years - All available data between years)

Improving Lake Transparency
Declining Lake Transparency
No Trend

1
2
3
4
5
6
7
8
9
10
11
12
13

Beaver (1997-2008)
Byllesby (1992-2008)
Cannon (1989-2008)
Cedar (1979-2008)
Circle (1983-2008)
Clear (1985-2008)
Dudley (1992-2008)
East Jefferson (1987-2008)
Fish (1996-2008)
Fox (1970-2008)
Frances (1987-2008)
French (1978-2008)
German (1985-2007)

14
15
16
17
18
19
20
21
22
23
24
25
26

Hunt (1995-2008)
Kelly (1993-2008)
Loon (1992-2008)
Mazaska (1992-2008)
Middle Jefferson (1991-2008)
Roberds (1987-2008)
Shields (1993-2008)
Swede’s Bay (1997-2008)
Tetonka (1986-2008)
Upper Sakatah (1998-2007)
Volney (1987-2008)
Wells (1999-2008)
West Jefferson (1987-2008)

Data Source: Minnesota Pollution Control Agency's (MPCA) Citizen Lake Monitoring Program Secchi Disk Transparency Trends. MPCA extracted all available Secchi data from STORET, the U.S. EPA’s
national water quality database. The statistical software package Systat was used to perform the Seasonal Kendall test to determine whether the data for each lake exhibit increasing or decreasing trends.

