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Introduction

The BC Ministry of Environment, Lands and Parks has recently reviewed long-term water quality time
series to identify any potential trends visually. Included in these time series were the data for eight lakes
located on southern Vancouver Island, British Columbia. Of particular interest for these eight lakes were
the apparent trends observed in the concentrations of total phosphorus recorded at the spring overturn.
This report summarizes the statistical analyses of these apparent trends of total phosphorus
concentrations at these eight lake monitoring sites which were:
· Cusheon Lake;
· Elk Lake;
· Glen Lake;
· Langford Lake;
· Prospect Lake;
· Quamichan Lake;
· St. Mary Lake; and
· Shawnigan Lake
Background information on each of these sites can be obtained by contacting the BC Ministry of
Environment, Lands and Parks.
Methods

Exploratory Data Analysis (EDA)
Exploratory data analysis procedures are the `initial look' at a dataset, providing a researcher with tools
to select appropriate statistical tests and modeling techniques. Apart from computing basic summary
statistics (means, medians, minimums, maximums, number of observations), EDA procedures are best
represented by graphical displays of the data. Time series plots were used in the initial data explorations.
Non-Parametric Tests
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Non-parametric tests to detect trends in water quality have been used by many others in the past (Yu
and Zou, 1993; Walker, 1991; Gilbert, 1987; Hirsch and Slack, 1984). The relative simplicity and minimal
data assumptions of these tests make them a popular choice for analysis of water quality time series.
Two different non-parametric tests, the Kendall Test for Trend and the Sen slope estimator were used to
detect and determine magnitudes of any trends in the water quality data.
Kendall Test for Trend
To perform this non-parametric test, Kendall's S statistic is computed from the data (see Millard, 1997, or
any good introductory non-parametric statistics text for details). The null hypothesis of no trend is
rejected when S is significantly different from zero. Hirsch et al. (1982) note that this test is appropriate
even in the presence of missing observations, and censored values.
Sen Slope Estimator
This non-parametric statistic calculates the magnitude of any significant trends found. The Sen slope
estimator (Sen, 1968) is calculated as follows (Y is the variable of interest; X is the time at which the
th
i observation was taken) :

for i < j ,
The slope estimate is the median of all Dij values. Hirsch et al. (1982) point out that this estimate is
robust against extreme outliers. Confidence bounds for this slope estimator are calculated as a simple
percentile of the total number of calculated slopes (Gilbert, 1987).
Parametric Modeling
Non-parametric statistics test for monotonic changes in a data series with minimal assumptions of
normality and, in some instances, serial dependence. However, these methods are not very useful in
constructing the forms of any detectable trends. Regression analysis has been used for this purpose and
has been applied to water quality data in the past (El-Shaarawi et al., 1983, Esterby et al., 1989, Helsel &
Hirsch, 1995).
Using these methods, many factors can be taken into account for explaining the variation in a water
quality constituent over time, factors which include precipitation. By accounting for precipitation, it's
influence on the response constituent can be removed, revealing underlying trends.
The regression model used in this report is as follows:
(1)
where :

= Observed value of water quality variable in year t;
= precipitation in year t;
= Error term assumed to follow a normal distribution with mean 0 and variance

.

This regression technique is an iterative process of model parameter estimation and analyses of model
residual and quantile plots.
The form in equation (1) above considers only an increasing or decreasing trend with slope
. The
presence or absence of positive quadratic (U - shaped) or negative quadratic (upside down U - shaped)
trends may be determined by fitting the data to (1) with the addition of a quadratic term
. ANOVA
tables may then be used to determine if the quadratic models significantly improve the linear models.
Significance of the model coefficients are tested at the 5 percent level.
Results and Discussion

Consultation with the B.C. Ministry of Environment, Lands and Parks concluded that for regression
modeling, total precipitation data collected in the months October to March, preceding the spring
overturn measurements of total phosphorus concentrations, should be used as an explanatory variable
(Pommen, 1998). Thus rainfall data from the Victoria International Airport were used for these lakes
located in southern Vancouver Island (Figure 1).
Initial data analyses indicated that total phosphorus data at all eight lakes were best represented by a
lognormal distribution. Subsequently, log transformations were performed on all total phosphorus data
before regression modeling took place.
The statistical results were tabulated and can be found in the appendix of this report.
Figure 1 Time series plot of total precipitation at Victoria International Airport recorded from
October to March, 1974 - 1998.

Cusheon Lake
The data set for total phosphorus at Cusheon Lake during spring overturns spanned 22 years, from 1976
to 1998 (Figure 2).
Figure 2 Time series plot of total phosphorus recorded at the spring overturn in Cusheon Lake,
1976 - 1998.

Non-parametric and regression modeling indicated that there was no evidence of any trends in total
phosphorus during the spring overturn in Cusheon Lake. Residual diagnostic checking during the
regression modeling process indicated that no models could be used to explain the data. The regression
model for this site presented in the Appendix was chosen for the simple reason that it came `closest' to
adhering to regression assumptions.
Elk Lake
The data set for total phosphorus at Elk Lake during spring overturns spanned 15 years, from 1983 to
1998 (Figure 3).
Figure 3 Time series plot of total phosphorus recorded at the spring overturn in Elk Lake, 1983 1998.

Non-parametric and regression modeling indicated that there was no evidence of any trends in total
phosphorus during the spring overturn in Elk Lake. Residual diagnostic checking during the regression
modeling process indicated that no models could be used to explain the data. The regression model for
this site presented in the Appendix was chosen for the simple reason that it came `closest' to adhering to
regression assumptions.
Glen Lake
The data set for total phosphorus at Glen Lake during spring overturns spanned 17 years, from 1981 to
1998 (Figure 4).
Figure 4 Time series plot of total phosphorus recorded at the spring overturn in Glen Lake, 1981 1998.

Non-parametric and regression modeling indicated that there was no evidence of any trends in total
phosphorus during the spring overturn in Glen Lake. Regression modeling indicated that precipitation,
alone, best explained the variation in the available total phosphorus data. However, further analyses
using both non-parametric and regression modeling indicated that a decreasing trend existed using data
up to 1995. Of interest was that precipitation did not help in explaining this abbreviated dataset.
Langford Lake
The data set for total phosphorus at Langford Lake during spring overturns spanned 19 years, from 1979
to 1998 (Figure 5).
Figure 5 Time series plot of total phosphorus recorded at the spring overturn in Langford Lake,
1979 - 1998.

Non-parametric and regression modeling indicated that a decreasing trend was evident in total
phosphorus data. The regression model fit revealed that precipitation did not help in explaining the total
phosphorus data available.
Prospect Lake
The data set for total phosphorus at Prospect Lake during spring overturns spanned 18 years, from 1980
to 1998 (Figure 6).
Figure 6 Time series plot of total phosphorus recorded at the spring overturn in Prospect Lake,
1980 - 1998.

Non-parametric and regression modeling indicated that there was no evidence of any trends in total
phosphorus during the spring overturn in Prospect Lake. Regression modeling indicated that
precipitation, alone, best explained the variation in the available total phosphorus data. However, like
results mentioned previously for Glen Lake, further analyses using both non-parametric and regression
modeling indicated that a decreasing trend existed using data up to 1995. Of interest was that
precipitation did not help in explaining this abbreviated dataset.
Quamichan Lake
The data set for total phosphorus at Quamichan Lake during spring overturns spanned 10 years, from
1988 to 1998 (Figure 7).
Figure 7 Time series plot of total phosphorus recorded at the spring overturn in Quamichan Lake,
1988 - 1998.

Non-parametric tests indicated that there was no evidence of any trends in total phosphorus during the
spring overturn in Quamichan Lake. Residual diagnostic checking during the regression modeling
process indicated that no models could be used to explain the data. Subsequently, no regression models
for this site are presented in the Appendix.
St. Mary Lake
The data set for total phosphorus at St. Mary Lake during spring overturns spanned 24 years, from 1974
to 1998 (Figure 8).
Figure 8 Time series plot of total phosphorus recorded at the spring overturn in St. Mary Lake,
1974 - 1998.

Non-parametric and regression modeling indicated that there was no evidence of any trends in total
phosphorus during the spring overturn in St. Mary Lake. Residual diagnostic checking during the
regression modeling process indicated that a model without using precipitation data could be used to
explain the available total phosphorus data.
Shawnigan Lake
The data set for total phosphorus at Shawnigan Lake during spring overturns spanned 22 years, from
1976 to 1998 (Figure 9).
Figure 9 Time series plot of total phosphorus recorded at the spring overturn in Shawnigan Lake,
1976 - 1998.

Non-parametric and regression modeling indicated that a decreasing trend was evident in total
phosphorus data. The regression model fit revealed that precipitation did not help in explaining the total
phosphorus data available.
Summary

Trend analyses on total phosphorus data collected at the eight lakes during spring overturns revealed
two items of note:
· Total precipitation data collected from October to March were not a good explanatory variable in
helping to explain the variation of total phosphorus data at all but two of the eight lakes, although
including data only up to 1995 at these two sites apparently removed the explanatory significance of the
precipitation data; and

· Decreasing trends were evident in the available data at two of the lakes using all available data
(Langford and Shawnigan Lakes), while abbreviated data for Glen Lake and Prospect Lake also revealed
decreasing trends.
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