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I.  INTRODUCTION


In recent years, water quality has become very important in Iowa as well as in many other parts of the United States of America.  More people are becoming concerned about swimming or boating in water that may contain high concentrations of minerals, pollution, or contamination.  A team of chemists, biologists, earth scientists, and statisticians from the University of Northern Iowa examine the Beaver Valley Wetlands in Black Hawk County for water quality during the summers of 2002 and 2003.  Phosphorus data were collected from West Lake which is located about 10 miles northwest of the University of Northern Iowa campus.

The goal of this research is to statistically explore the levels of phosphorus from 2002 and 2003.  West lake was sampled using five transects during the summer of 2002 (see Williams and Ecker 2003) and four transects during the summer of 2003; four sampling sites on each transect were chosen to gather water quality data.  The notation T4S1 (in Figure 1) is site one on the fourth transect.   

During 2003, each site on West Lake was sampled four times.  The dates the samples were taken were June 10, June 24, July 7 and July 18. Samples of sediment were collected to evaluate the phosphorus level and are measured in (g/g.  Phosphorus is a highly reactive, nonmetallic element occurring naturally in phosphates, especially apatite, and existing in three allotropic forms, white (or sometimes yellow), red and black.  Too much phosphorus is harmful to humans, plants, animals, and the environment and should be monitored carefully.  


[image: image12.wmf]T1S1

T1S2

T1S3

T1S4

T2S1

T2S2

T2S3

T2S4

T3S1

T3S2

T3S3

T3S4

T4S1

T4S2

T4S3

T4S4

site

200

700

1200

1700

June 24

July 7

July 18

June 10


Figure 1. West Lake Sites
II. COMPARING 2002 TO 2003


From the data that were collected during the previous two summers, we found some apparent differences in the levels of phosphorus.  Table 1 contains summary statistics from West Lake in 2002 and in 2003.
	                                          Phosphorus

	
	West Lake 2002
	West Lake 2003

	Minimum
	108.0
	591.8

	Mean
	549.8
	1085.7

	Median
	597.0
	906.1

	Maximum
	960.0
	1849.0

	Standard Deviation
	217.9
	360.8

	Sample Size
	20
	63


Table 1. Summary statistics of sediment phosphorus for West Lake in 2002 and 2003

The mean level of phosphorus in 2003 appears to be higher than the mean level of phosphorus in 2002.  One may inspect the respective maximums, minimums, and medians and conclude the same result.  To formally test this statistically, a standard two-sample t-test for small samples was used in S-Plus to compare the difference in the sample means.  According to the results of a test statistic of -6.2735 and a p-value of <0.0001, the null hypothesis of the means being equal can be rejected in favor of the alternative hypothesis of the true difference in the means is not equal to zero.  Also, zero is not found in the 95% confidence interval of (-705.95, -365.98), leading to a confirmation of the previous result.  We also conducted the Wilcoxon summed rank test and came to the same conclusion.  Therefore, the phosphorus levels in West Lake from 2002 to 2003 have significantly increased and may potentially be a concern for health and safety with the quality of water in the Beaver Valley Wetlands. 

III. ANALYSIS OF VARIANCE


The general purpose of an analysis of variance (ANOVA) is to compare means for different groups of data.  First, the 2002 versus 2003 data were compared.  Second, the 2003 data were compared by date because the same sites were sampled at four different times throughout the summer (June 10, June 24, July 7, and July 18).  


Before the results of the models are discussed, the model assumptions needed to be checked.   The residual normal probability plots were relatively linear, meaning the errors are normally distributed; and the predicted versus residual plots were reasonably random, containing no patterns which indicates the population variances are roughly equal.

Comparing phosphorus levels in 2002 and 2003

The ANOVA was run, using SAS, for the 2002 and 2003 data with the same results as before when the two-sample t-test was conducted. The null hypothesis of the means being equal can be rejected, with an F statistic of 39.35 and a p-value of <0.0001, in favor of the alternative hypothesis that the mean for 2003 is different (higher) than that for 2002.  According to the Tukey, Bonferroni, and Scheffe multiple comparison procedures, there is a statistically significant difference in the means for phosphorus levels in the two summers that were compared.  

Comparing phosphorus levels collected at different times during the 2003 summer

Another ANOVA was run for the 2003 data that was collected on June 10, June 24, July 7, and July 18.   According to the Tukey, Bonferroni, and Scheffe tests, there was not a statistically significant difference in the means between June 10 and July 18.  Then the two June means and the two July means were computed and compared.  We found at the ( = 0.10 significance level that the null hypothesis of the means of June and July being equal was rejected whereby June’s mean is higher than July’s (p-value of 0.0973).  However, looking at the ( = 0.05 significance level, the null hypothesis would not be rejected.  So in conclusion, there is a difference in the means between June and July but the difference is only a slight difference.  The graphs below show the individual levels of phosphorus measured in (g/g during the 2003 summer (see Figures 2 through 7). 
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Figure 2. West Lake Phosphorus Levels on June 10
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Figure 3. West Lake Phosphorus Levels on June 24

Note:  Site T3S1 was not sampled
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Figure 4. West Lake Phosphorus Levels on July 7
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Figure 5. West Lake Phosphorus Levels on July 18


A table of summary statistics (see Table 2 below) is given to show the comparisons between the minimum, mean, and maximum levels of phosphorus on each of the four sampling dates in 2003, along with their corresponding standard deviations. 

	
	June 10
	June 24
	July 7
	July 18

	Minimum
	592
	1278
	820
	747

	Mean
	743.81
	1522.2
	1242.88
	861.25

	Maximum
	824
	1849
	1747
	1257

	Standard Deviation
	62.2
	133.06
	324.48
	131.21


Table 2. Summary statistics for each time sampled in 2003

The mean phosphorus level is the highest and most significantly different on June 24.  The second highest mean occurred on July 7, and the lowest means were found on June 10 and July 18 with means that are not significantly different from each other, as mentioned above from the analysis of variance.  

When comparing the mean for June versus the mean for July, June has the highest mean of 1133 compared to July's mean of 1052.  We compared each of the sites and the dates sampled to see what percentage of the values from June 24 are higher than the other dates.  Exactly 12/15 or 80% of the phosphorus levels taken on June 24 are higher than the respective data values sampled at the same sites on June 10, July 7 and July 18.  

Figure 6 shows a visual representation of the data collected by date with the phosphorus levels on the y-axis and the transects and sites on the x-axis.  Interestingly, the sites in the SE portion (transects one and two) of the lake have much lower phosphorus levels on July 7 than those in the middle (transects three and four).  The time series at the same site can be observed by picking a site on the x-axis and looking up or by looking at Figure 7. 
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Figure 6. Comparing dates with sampling phosphorus levels at each transect and site.

Note: The break in the graph on June 24 is due to a missing data value (T3S1).
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Figure 7. Graphical representation of phosphorus levels at each site.

Note:  Site T3S1 is not included due to a data value not collected

IV. SPATIAL CORRELATION


The purpose of spatial correlation is to explain the potential clustering of the data, through variograms (see Carlson and Ecker, 2002).  A key assumption of the ANOVA’s conducted in the previous section is independent, hence uncorrelated, data.  If spatial clustering is present, this indicates that the variable has relatively similar output for pairs of sites that are physically closer.  If there are spatially continuous responses at the sampled sites then spatially correlated predictions can be made at unsampled sites within the lake based on the variogram (see Williams and Ecker, 2003).  


First the variogram cloud was calculated to determine if there was clustering of phosphorus levels in West Lake at the four different times throughout the summer (see Figure 8). Easting and northing were the two location variables that were used in this calculation.  Distance in meters between all possible pairs of observations is on the x-axis while the variability of phosphorus levels for each given pair is on the y-axis.  Spatial correlation would be evident when the phosphorus levels are more similar when they are physically closer.  The variogram cloud shows that there is no spatial correlation for June 10, June 24, or July 18 and there is very slight if any spatial correlation on July 7.  Spatial correlation would be observed with the variability increasing with distance. 
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Figure 8. Variogram Clouds of the specified times in the summer of 2003
V. TEMPORAL CORRELATION


Temporal correlation is conceptually similar to spatial correlation but instead of looking at variability with distance, we are now looking at variability with time differences or lags.  Since the same sites were sampled at four different times throughout the summer, one might anticipate a similarity between phosphorus levels at the same site the closer they are sampled in time.  


Table 3 shows the Lag 1 autocorrelation for the different times that the sites were sampled in 2003 at a particular site.  Lag 1 indicates the two closest time intervals.  For example, June 10 was compared with June 24 then June 24 was compared with July 7, and so on.  

	Site
	Lag 1 Autocorrelation

	T1S1
	-0.3414

	 T1S2
	-0.5857

	T1S3
	-0.3784

	T1S4
	-0.4904

	T2S1
	-0.0740

	T2S2
	-0.1847

	T2S3
	-0.3689

	T2S4
	-0.3641

	T3S1
	***

	T3S2
	-0.2340

	T3S3
	-0.4236

	T3S4
	-0.1240

	T4S1
	-0.3892

	T4S2
	-0.5575

	T4S3
	-0.4573

	T4S4
	0.2475


Table 3. Lag 1 autocorrelations for different times at a particular site.

***There is no Lag 1 Autocorrelation for T3S1 because of a missing data value.


Nearly all of the lag 1 autocorrelation values are negative due to the fact that June 24 had the highest phosphorus level and the two July phosphorus values tend to successively decrease.  The highest (in absolute value) lag 1 autocorrelation is -0.5857 which was not statistically significant given that only three differences were available. 

VI. CONCLUSION


We compared phosphorus levels in West Lake from 2002 to 2003 and found that the mean concentration has increased.  Also, within 2003 we found that June 24 had the highest phosphorus level, which is significantly higher than the other times sampled, and the mean phosphorus level for the two June dates were slightly higher than the mean phosphorus level for the July dates in West Lake.  Lastly, little temporal or spatial correlation is present and all other ANOVA model assumptions are valid. 
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