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INTRODUCTION/BACKGROUND

This memorandum summarizes the results and conclusions by TPMC in an effort to support
ENSR in providing a technical basis and support for the United States Environmental Protection
Agency, New England (“EPA”) development of nutrient criteria for lakes, ponds, and reservoirs
(“L/P/R”) in New England. The statistical analyses described by this memo indicate support for
development of sub-classifications of L/P/R that may justify development of categorized nutrient
criteria, dependent on the physical and chemical characteristics.

Ecoregions were used as a basis for some data segregations prior to analysis. Three of the four
major New England Non-aggregated Level 3 ecoregions were included in these analyses,
including: North Eastern Coastal Zone (NECZ); Laurentian Plains and Hills (LPH); and North
Eastern Highland (NEH). Variables included in the analyses were morphometric, chemical, and
land use categories. Morphometric variables included mean depth, maximum depth, area,
Osgood Index (defined as mean depth / square root of the surface area), and latitude (coordinates
of estimated lake center). Land use categories included residential, commercial, forested,
agricultural, recreational, shrubland, wetland, and barren. Chemical variables included total
nitrogen (TN), total phosphorus (TP), secchi disk transparency (SDT), color, chlorophyll a (chl
a), alkalinity, and pH.

All statistics were performed on the New England Nutrient Database provided by ENSR. This
database consisted of the geometric means of trophic parameters for over 1000 waterbodies
during the summer index period. The database was produced by averaging duplicate samples
taken at a particular station, date, time and depth. Then, the geometric mean was calculated for
each waterbody based on the "averaged" samples collected during the summer index period, in
the upper 5 meters of the water column. This resulted in a unique value for each waterbody.

ENSR proposed the following two questions which characterized the statistical investigation:

1. Using reference lake data only, what variables create the greatest "separation” (i.e.,
clustering in groups along morphological or water quality-based axes) for the trophic state
indicators (TP, SDT, chl a TN) ? As a priori assumptions, we expected mean lake depth and
alkalinity or color within an ecoregion to be important.

2. What factors allow the greatest "separation” of reference and impacted lakes in terms of
trophic variables ?

Based on discussion between TPMC, ENSR, and EPA on September 28", 2000, it was decided to
break this analysis into a phased approach, due to budgetary and time constraints. The first
recommended step was to identify whether or not there were distinct categories of reference
lakes. If distinct categories could be discerned then each category must be considered separately
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since the between group variability may possibly mask detectable differences between reference
and impaired lakes.

METHODS AND RESULTS

Cluster analyses, correlations, and prinicpal component analysis (PCA) were selected as the most
appropriate methods to properly classify impaired, general, and reference conditions in each
ecoregion. Since these suggested analyses are predicated on a normal distribution, exploratory
analyses and tests for normality were conducted to test this assumption. These methods are
described below.

Exploratory Analyses
Descriptive Statistics

Three waterbody assessment classes were identified from the New England Nutrient Database.
These were reference waterbodies (identified by States through watershed analyses or best
professional judgment (BPJ)), impaired (identified by presence on Clean Water Act Section
303(d) lists or state-specific evaluations), and test lakes. Test lakes refer to waterbodies in the
New England Nutrient Database that were not identified as reference nor listed on the State’s
303(d) lists. Waterbodies identified as “Test2” (subset of Maine lakes with additional comments),
and “None” (no comments from States) were put in Test category for statistical analyses.

Preliminary and exploratory analyses of the data were performed for the overall dataset including
all assessment types, by assessment type (reference, test, and impaired) and by a combination of
EPA ecoregion and assessment type. Sample size, mean, standard deviation, minimum and
maximum values were calculated for all numeric variables surveyed in this study. These results
are presented in Tables 1 through 5.

Table 1 provides a summary of selected parameters of the New England Nutrient Database used
as the master data source for all subsequent statistical analyses. Table 2 provides summary
statistics of the entire dataset broken down into the three assessment categories (reference,
impaired, test). Tables 3 through5 provide statistical summaries of each assessment category,
broken down by ecoregion (i.e., NECZ, LPH, and NEH).

TPMC noted that the majority of the lakes included in the reference assessment class were from
Maine. This is likely to introduce some bias in the dataset, both geographically and from a
north/south gradient perspective. It may also introduce bias from any specific differences
between Maine and the other states in hydrology.

Testing for Normality of Variables and Optimal Data Transformation Analyses

Parametric statistical analyses are often more powerful than non-parametric analyses. However,
this is not true when the assumptions of parametric statistical analyses are violated. One of the
most critical assumptions that characterize parametric analyses is that a sample taken from a
population should be normally distributed. In the case that this assumption fails, data
transformations can often result in data that do meet this assumption. Data transformation
analyses typically achieve or improve normality, as well as simplify the structure of the model
and stabilize the variance.
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Tests were conducted to determine if the variables were normally distributed. The Shapiro-Wilk
test was used to test the normality of samples with fewer than 2000 observations and the
Kolmogorov test for larger sample sizes. None of the numeric variables examined had normal
distributions at the 95% confidence level (p < .05). Since the majority of data from this study
showed a highly skewed and non-normal distribution with p-values of less than 0.01 for most
variables, data transformation (power analyses from Box and Cox (1964) analyses were
employed to determine what transformation would result in approximate normal distributions.

Two transformations of the morphological and chemical data were attempted - the square root
and the log10 transformation. Few of the variables examined had normal or near normal
distributions at the 95% confidence levels after the recommended data transformations were
performed. These variables included lake area, Osgood Index, color, and chlorophyll a for the
log 10 transformation and SDT for the square root transformation.

Transformation analyses were also performed on the proportional data (e.g., land use) using the
(variable) +1 to account for zeros in the data set. Since the Arc sine inverse of the data is used for
proportional data, this transformation was also applied (Krebs, 1989). All measurements were
p<0.01 which meant that the transformed values were still not normal, most likely due to zeros.
None of the transformations helped to reach normality, therefore non-parametric tests were used.

Verification of Classifications through Wilcoxon Rank Sum Tests

The next set of analyses was performed to evaluate whether the classifications made by the State
experts in this study defined a statistically distinguishable waterbody population. Table 6 presents
the results of non-parametric statistical tests between the impaired and the reference data for each
variable measured for both the impaired and reference waterbodies. Although t-tests are
somewhat tolerant of a lack of normality, because of the data’s extensive departure from
normality, non-parametric tests (e.g., Wilcoxon Rank Sum Test) were used instead.

In general, the tests indicated that there were significant statistical differences between most
parameters for the impaired lakes versus the reference lakes. The exceptions to this were lake
area, Osgood index and color. All other parameters showed statistically significant difference
between the impaired and the reference lakes. This suggests that the State experts identified a
statistically distinct set of lakes and that there are, in fact, differences between the impaired and
the reference lakes, which can be measured statistically with a sample size on the order of a few

hundred lakes.

Note: Cluster analyses were also originally proposed to determine whether the data support the
impaired versus reference categories over the entire data set. This would present a quantitative
perspective on whether or not the a priori classifications are reasonable. Since the Wilcoxon
Rank Sum tests indicated that the classifications done by experts are supported by the data, this
step was not necessary.

Based on these statistical differences between impaired and reference lakes, the parameters for
the reference lakes were summarized by ecoregions. Table 7 shows the results of non-parametric
Wilcoxon Rank Sum tests for each variable from the reference lakes when a pair-wise
comparison is done between ecoregions. This table indicates that from the perspective of
morphometrics (lake area and max depth), ecoregion NECZ is significantly different from both
LPH and NEH. However, it is important to note (as shown in Table 3) that the sample sizes for
NECZ are much smaller than they are for LPH, which in general is slightly smaller than NEH.
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The differences in the sample sizes may account to some degree for some of the consistent
differences that we have observed between NECZ, LPH, and NEH.

When looking at the land use categories, the ecoregions are different in all of the following land
use classifications: forested, recreational, and wetlands. We do see some differences in
residential, shrubland, and commercial land use percentages between NECZ and LPH and NECZ
and NEH, while LPH and NEH are the same. To some degree this may be a function of the
smaller sample size for NECZ. In addition, NECZ is different from LPH and NEH for secchi
depth, color, and chlorophyll a.

These results indicate that the ecoregions are sufficiently different and there are consistent,
observable, and detectable differences that can be identified. This would suggest that the
ecoregion designation is a pertinent one and is likely to be appropriate for use in development of
water quality criteria and indicators.

Correlation analyses

To establish a set of parameters that can most effectively be used to separate classes of reference
lakes from one another with minimum redundancy, correlation analyses (Pearson or Spearman)
were performed to identify parameters that co-vary strongly. If two variables were thought to be
correlated, when one changed the other did so in a related manner. The correlation coefficient is
a number ranging between —1 (perfect negative correlation) and 1 (perfect positive correlation)
that acts as a measure of association between the two variables of interest. Correlations were run
on morphometric, land use, and chemistry variables. For purposes of this analysis, a correlation
coefficient >0.50 was considered indicative of a strong correlative relationship. Normality tests
were used to identify whether Spearman (non-parametric) or Pearson (parametric) correlation
methods should be used.

Due to the high non-normality of the environmental variables, the non-parametric Spearman
Rank correlations were used. In addition, for the few variables that were found to be normally
distributed after transformation (e.g., lake area, Osgood index, color, chl a, and SDT), Pearson
correlations were also conducted. These results concurred with the Spearman correlations.
Correlation analyses for all data in the New England Nutrient Database (regardless of assessment
type) are presented in Table 8. Note that all shaded values in the correlation tables represent
coefficients approximately 0.5 or above.

Few highly significant correlations were observed for the overall data including pH and
alkalinity, lake mean depth and lake mean depth (which would be expected). However, several
environmental factors displayed correlation coefficients approximately at or above 0.50. This
included positive relationships between chl a and TP, color and TP, lake area with both mean and
maximum (“max”") depth, SDT and mean and max depth, TN and TP, as well as color and TN.
This also included inverse relationships between color and SDT, TN and mean depth, TP and
max depth, Osgood Index and lake area, SDT and TN, as well as SDT and TP.

Correlation analyses results for the reference data only are shown in Table 9. Results for the
reference data were similar to that of the overall data with few exceptions. The inverse
correlation with TP and max depth was not evident in the reference data nor was the inverse
relationship between both color and chl a with TP. In addition the relationship between lake area
and mean depth was also not evident.
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Correlations were also run by ecoregion for NECZ (presented in Table 10) and the LPH and NEH
ecoregions combined (presented in Table 11). An inverse relationship between SDT and chl q,
as well as color and max depth was evident in the NECZ. Interestingly, relationships between
mean or max depth were not strongly correlated with lake area. In addition, Osgood Index and
lake area were not strongly correlated. The relationships between TN and mean depth and TP
and max depth were not as strong as they were in the overall dataset.

Results for the LPH and NEH ecoregions combined were very similar to that of the overall
dataset with few exceptions. An inverse relationship between chl @ and SDT was evident in this
dataset but it was not as strong in the overall dataset. In addition, an inverse relationship was
evident between TN and max depth but was not evident between TP and max depth.

In summary, few correlations were observed between parameters across the major three data
categories (morphometric, land use and physiochemical). The main correlations among
parameters (across the three data categories) were TN and TP correlated with mean and max
depth respectively. In addition, SDT was correlated with both lake mean and max depth and
color was correlated with max depth.

Cluster Analyses (Reference Data Only)

Cluster analyses were conducted to determine if clearly identifiable groups could be identified
within the reference lakes. Both mean depth and surface area were removed when running a
cluster analysis with Osgood Index (see definition earlier) included in the morphological
variables.

Preliminary cluster analyses were run on the morphometrics for the reference lakes to see if
general classes could be distinguished based on size, depth etc. The cluster analysis separated out
into size classes dominated by the lake area. In order to reduce the overwhelming impact of
surface area, a square root transformation was performed on the raw value of lake surface area
and the cluster analysis was repeated. It was expected that this would increase the influence of
the max and mean depths into consideration for the clustering. However, lake surface area
continued to dominate the clusters.

Lake surface area clusters were also analyzed to see if they were related to land use, water quality
and ecoregions. No apparent trends were observed. To verify that no trends exist with regard to
nutrients, we also plotted TN and TP concentrations against lake surface areas and did not
observe any apparent relationships (Figures 1 and 2). Based on these results, TPMC concluded
that there are no apparent clusters of lakes that would justify consideration of separate criteria
based on the morphometrics of the lakes.

Principal Components Analysis (PCA)

PCA reduces the number of parameters required to define and delineate water conditions by
combining those parameters into a linear combination that accounts for the greatest amount of
variance in the data. This typically provides a clear grouping of parameters that co-vary,
resulting in regressions that best define the relationships in nature. A correlation matrix was used
to identify the relevant parameters. The analysis results in equations that can be used to linearly
combine multiple co-varying parameters, resulting in a new set of parameters that carry the
maximum variability for the original parameters while eliminating covarying data.
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PCA was conducted on the overall data as well as the overall dataset split into two geographic
regions (i.e., NECZ vs. LPH + NEH), and by assessment type. Parameters included in the
analysis consisted of the morphometric and chemistry variables only. [Note: all land use variables
were excluded from the PCA].

Specifically PCA was conducted on seven dataset-parameter combinations:

1) All data (all parameters, excluding TN and TP)

2) All data (all parameters excluding TN, TP, mean depth and surface area)

3) NECZ (all parameters excluding TN, TP, mean depth and surface area)

4) LPH and NEH combined (all parameters excluding TN, TP, mean depth and surface area)
5) Reference waterbodies (all parameters excluding TN, TP, mean depth and surface area)
6) Test waterbodies (all parameters excluding TN, TP, mean depth and surface area)

7) Impaired waterbodies (all parameters excluding TN, TP, mean depth and surface area)

We initially began with 1,125 waterbody records. However, PCA needs a data point for each
field in each record. Due to the low sample size (22 to 44 records), which resulted from using all
of the data we removed TN from the analyses (since it only had a limited number of values).
Once TN was removed; the sample size was approximately half the actual number of records.
We also removed surface area and mean depth from the majority of the analyses since Osgood
index is an integrated measure of both surface area and mean depth. Once these analyses were
completed we also tried a set of analyses without TP to see if that would change any of the
results. Since much is known about TN and TP in lake systems, we did not want to mask other
important factors. The results for the analyses without TN and TP are provided below. See
Appendix A and Tables A1-A7 for the PCA results that exclude only TN.

TPMC identified the most influential parameters with respect to discriminating/classifying the
trophic indicator data. Since the goal of PCA is to identify a new set of reduced variables
(principal components) to account for the variance of the dataset we also included variance
information. PCA can be described using eigenvalues and eigenvectors. The eigenvalue
indicates the amount of variance explained by an eigenvector (or principal component) out of the
total variance. The way to determine the number of eigenvectors is to follow some general
guidance or stopping rules. The two criteria that were used in the PCA were:

1. The percentage of variance — the specification that factors are to be extracted until some
percentage of the total variance has been explained (our experience with environmental data
is to use 85%).

2. “Kaiser’s stopping rule” —extract (or retain) only eigenvector with eigenvalues of at least 1.

Since this study involves many moderately correlated variables and a sufficient sample size, a
large number of factors would be retained if we use the 85% rule. This led us to reduce the
percentage of variance criterion to about 70% coupled with the Kaiser stopping rule.

PCA Results

Results from the PCA have been divided by assessment type/ecoregion and also by the inclusion
of parameters. Results from each of the seven analyses are presented in Tables 12 through 18,
respectively. Each table includes information on the eigenvalues, the cumulative percentage of
the total variance contributed by each principal component, and the individual principal
components (X;-X,) (or eigenvectors).

PCA #1 - All data (all parameters, excluding TN and TP) - Table 12
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The eigenvalue for a principal component indicates the percentage of the variance that the
Principal component accounts for. In PCA #1. The first principal component accounts for
(2.459/9) *100% = 27%, the second for (1.647/9) or 17%, the third for (1.166/9) or 13% and the
fourth for (1.113) or 12%. Cumulatively, the second component accounts for approximately
45%, the third for 58% the fourth for 70% and the fifth for 81%, making the last five components
account for the remainder of the variance (approximately 19%)

Principal Component 1 (PC1) was dominated by SDT and mean depth with inverse values for chl
a and color. PC2 was dominated by pH and alkalinity with an inverse value for color. PC3 was
dominated by Osgood Index with an inverse value for pH. PC4 was dominated by lake area with
an inverse value for Osgood index.

PCA #2 - All (all parameters excluding TN, TP, mean depth and surface area) - Table 13

PC1 was dominated by chl a and color with an inverse value for SDT. PC2 was dominated by pH
and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #3 - NECZ (all parameters excluding TN, TP, mean depth and surface area) — Table 14

PC1 was dominated by chl a and color with an inverse value for SDT. PC2 was dominated by pH
and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with inverse
values for SDT and color. PC4 was dominated by max depth with an inverse value for Osgood
index.

PCA #4 - LPH and NEH combined (all parameters excluding TN, TP, mean depth and surface
area) — Table 15

PC1 was dominated by chl a and color with an inverse value for SDT. PC2 was dominated by pH
and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #5 - Reference (all parameters excluding TN, TP, mean depth and surface area) — Table 16

PC1 was dominated by SDT with inverse values for chl a and color. PC2 was dominated by pH
and alkalinity with an inverse value for SDT. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #6 - Test (all parameters excluding TN, TP, mean depth and surface area) — Table 17
PC1 was dominated by chl a and color with an inverse value for SDT. PC2 was dominated by pH
and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an

inverse value for color. PC4 was dominated by max depth with an inverse value for Osgood
index.

PCA #7 - Impaired (all parameters excluding TN, TP, mean depth and surface area) — Table 18

PC1 was dominated by chl a and color with an inverse value for SDT. PC2 was dominated by pH
and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

Page 7 of 24



In general, for the seven dataset-parameter combinations, PCA has given us a fairly consistent set
of principal components. Principal Component 1 is dominated by chl a and color exhibiting
positive factors while SDT has a negative factor. Principal Component 2 is dominated by pH and
alkalinity with positive factors and color with a negative factor. Principal Component 3 is
dominated by Osgood Index with a positive factor and pH with a negative factor. Principal
Component 4 is dominated by max depth with a positive factor and Osgood index with a negative
factor. The overall assessment (excluding TN and TP only) and the reference PCA display
similar components, except Principal Component 1 is dominated by SDT (+ factor) and both chl
a and color (- factors). Principal Component 2 for the reference lakes only is also dominated by
alkalinity (+) and pH (+) and SDT (-).

The results of this PCA suggest that there are consistent parameters that seem to influence the
characteristics of lakes and ponds. These same parameters emerge as influential in the principal
component analyses regardless of how the data are aggregated and classified. This consistency
suggests that these parameters contain the signals of the responses of lakes to their natural and
anthropogenic influences. These parameters also probably contain the signals of other less
influential parameters that are correlated with the parameters that most influence the principal
components.

Finally, it should be noted that the subset of reference lake results indicate the same dominant
parameters in each of the principal components as the impacted and test lakes, but with opposite
signs from those analyses. This supports the contention that these parameters are fundamentally
indicative of the lakes’ conditions. More specifically, the factors’ reverse sign indicates that when
the data are aggregated, the same parameters that dominate for impacted lakes (with positive
sign) are negative sign for reference (on unimpacted) lakes. This inverse relationship indicates
that if parameters are fundamentally connected to the condition of impaired lakes (i.e., show high
factors), we would expect those same parameters to show very low number for reference lakes.

CONCLUSIONS

On the basis of the statistical analyses conducted, the following conclusions were reached.
However, it should be noted that there may be underlying uncertainty associated with these
conclusions due to different sample size among ecoregions and parameters.

e The classifications of assessment type (reference versus impacted) by experts are supported
by the data as seen in the descriptive statistics and the Wilcoxon Rank Sum tests.

e The NECZ ecoregion is significantly different from the LPH and the NEH ecoregions for
morphometric parameters. This supports the conclusion that the ecoregions do provide
statistical segregation for many important lake parameters

¢ Based on the results of the cluster analyses, there are no apparent clusters of lakes that would
justify consideration of separate criteria based on the morphometrics of the lakes.

e PCA provides tentative identification of the four most influential principal components.
Principal Components 1 and 2 are a function of water quality. Principal component 3 is a
function of morphometrics with inverse relationships to water quality. Principal Component
4 is a function of morphometrics alone.

¢ PCA identified clear but not strong principal components. Each component cannot be easily
and strongly named and described. This may be attributed to the fact that most of the
variables are moderately correlated with one another in some manner which may account for
the smaller percentages represented by each component.
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RECOMMENDATIONS

Results from the PCA show promise that the parameters measured can be recombined into
principal components that account for the majority of the variability observed in all the
parameters measured. This would reduce the complexity of further exploratory analyses and
might indicate that only the dominant parameters need to be measured in the future in order to
properly classify lakes as impacted or not impacted. The best way to determine the efficacy of
the dominant parameters would be to calculate the principal components for each observation and
then use these data in a step wise discriminant analysis. This would establish if discriminant
functions could be developed based on the principal components that can properly classify lakes
with a high enough classification efficiency.

The approach would be as follows:

1. Subset out the assessment type = test. These records will not be included in the discriminant
analysis.

2. Calculate the principal components for each record using the factors calculated in this study.
Keep only the categorization parameters (assessment class, the ecoregion, the sampling date,
etc.) and the principal components.

3. Partition the remaining data set into two equal subsets by randomly selecting equal numbers
of reference and impaired lakes from the entire data set.

4. Use one set of the data (we’ll call it the training set since it will be used to train the
discriminant analysis to identify reference and impaired) for the stepwise discriminant
analysis and the second set of data for the validation of the discriminant function.

5. Predefine what an acceptable rate of correct classification of lakes will be. This rate will be
considered following step 8 below.

6. With the first set, run a stepwise discriminant analysis to identify the principal components
that best segregate between impaired and reference. Define stopping rules similar to the ones
employed for the Principal Component Analysis.

7. Once the discriminating principal components are identified, run a regular discriminant
analysis. This will output a discriminant function (based on the principal components) and a
decision rule indicating what values of the discriminant function classify into the reference
category and which values classify into the impaired category.

8. Using the outputs from step 6 above, the second set of data (the validation set) should be used
to calculate the appropriate discriminant scores and the resulting classifications. These
classifications should be compared to the a-priori classification in the attribute assessment
class, and a percent correct classification calculated.

9. If the percent correct classification exceeds the percentage set in step 5 above then you have a
useful disciminant function, which you can apply and use in resource management. If not,
then you can try to redo your stepwise discriminant function or consider if the lower
classification efficiency is marginally acceptable. The other alternative is that the data still
contain too much variability to develop a strict mathematical approach to identifying lakes at
risk.
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10. More complicated assessments of the efficacy of classification can be performed by
separately considering the percent correct classification for the known impaired systems and
the known reference systems. This gets quite complicated but can be used to determine if a
particular discriminant function classifies “protectively”. An example would be if the
impaired lakes are properly classified 80% of the time and the reference lakes are only
properly classified 50% of the time then the approach would be protective. This means that
you might be requiring monitoring or reduction of inputs in some lakes that don’t really need
mitigation. This is still classifying protectively in that 80% of the impaired lakes will have
action taken (20% will not) and 50% of the lakes that do not need any action will have
actions taken that improve the environment. If the approach needs to balance cost with
protection then the percentages of misclassification of reference lakes need to be looked at
very carefully.

11. If the determination of classification efficiencies are acceptable based on the criteria in either
step 9 or 10 above then the discriminant function development should be repeated, but for
this iteration no principal components should be calculated. Instead those parameters which
emerged as dominant in the principal components should be used directly with no additional
transformation or calculations. If the classification efficiency is still acceptable then only the
dominant parameters need to be measured. The discriminant function developed for the
parameters is applied and the result gives you a classification (impaired or reference) with a
confidence interval that can be used to make management decisions.
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Table 1. Descriptive Statistics for Overall Dataset (all Assessment Types)

. Statistics

Variable N Min Max Mean Std Dev
Lake Mean Depth (m) 996 0.2 42.7 52 4.09
Lake Max Depth (m) 963 0.5 5468.0 18.8 176.15
Lake Area (ha) 1073 0.40 30876.00 | 327.92 1§ 1348.608
Osgood Index 992 0.578 134.397 6.181 6.9661
Land Use Residential (%) 1029 0 0.6452 0.0300 0.0800
Land Use Commercial (%) 1029 0 0.2187 0.0113 0.0248
Land Use Forested (%) 1029 0 0.9986 0.8179 0.1525
Land Use Agricultural (%) 1029 0 0.6375 0.0612 0.0743
Land Use Recreational (%) 1029 0 0.1939 0.0076 0.0205
Land Use Shrubland (%) 1029 0 0.6044 0.0034 0.0316
Land Use Wetland (%) 1029 0 0.4097 0.0539 0.0454
Land Use Barren (%) 1029 0 0.2794 0.0119 0.0274
Total Nitrogen (pg/L) 321 20.00 3796.77 | 484.38 | 400.385
Total Phosphorus (pg/L) 937 0.95 376.25 15.16 22.284
Secchi Disk Transparency (m) 1111 0.39 13.92 4.21 2.106
Color (color units) 724 1.00 315.00 26.89 23.901
Chlorophyll a (ug/L) 926 0.10 172.25 5.48 8.369
Alkalinity (mg/L as CaCO;, 786 0.11 1897.53 36.74 129.675
pH (S.U) 710 4.27 8.94 6.81 0.545
Notes:

Includes REF, TEST, TEST2, NONE, and IMP

REF = waterbodies identified as reference by State experts

IMP = waterbodies listed on a State 303(d) list

TEST = waterbodies identified as neither reference nor impacted
TEST2 = Maine waterbodies identified as neither reference nor impacted
NONE = waterbodies with none comments from States, assumed to be neither

impacted nor reference
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Table 6. Non-parametric comparison (Wilcoxon test) between Reference and Impaired data

Variable P-value Significant? Yes/No
Lake mean depth (m) 0.032 Yes
Lake max depth (m) <0.010 Yes

Lake area (ha) 0.431
Osgood Index 0.217
Land Use Residential (%) <0.010 Yes
Land Use Commercial (%) <0.010 Yes
Land Use Forest (%) <0.010 Yes
Land Use Agricultural (%) <0.010 Yes
Land Use Recreational (%) <0.010 Yes
Land Use Shrubland (%) <0.010 Yes
Land Use Wetland (%) <0.010 Yes
Land Use Barren (%) 0.043 Yes
Total Nitrogen (ug/L) <0.010 Yes
Total Phosphorus (ug/L) <0.010 Yes
SDT (m) <0.010 Yes
Color (color units) 0.401 -

Chlorophyll @ (ug/L) <0.010 Yes
Alkalinity (mg/L as CaCO;) <0.010 Yes
pH (S.U) <0.010 Yes
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Table 7 - Non-parametric comparison (Wilcoxon test) between EPA Ecoregions (reference data only);
Ecoregion 1= NECZ, Ecoregion 2 = LPH, Ecoregion 3 = NEH

Variable P-values Significant?
Yes/No
Lake mean depth 0.679 for Ecoregions 1 and 2 No

0.295 for Ecoregions 1 and 3
0.174 for Ecoregions 2 and 3

Lake max depth

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.324 for Ecoregions 2 and 3

Lake area

<0.010 for all three comparisons

Osgood

0.073 for Ecoregions land 2
0.535 for Ecoregions 1 and 3
<0.010 for Ecoregions 2 and 3

L. Use Residential

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.125 for Ecoregions 2 and 3

L. Use Commercial

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.271 for Ecoregions 2 and 3

L. Use Forest

<0.010 for all three comparisons

L. Use Agricultural

0.100 for Ecoregions 1 and 2
0.053 for Ecoregions 1 and 3
0.947 for Ecoregions 2 and 3

L. Use Recreational

<0.010 for all three comparisons

L. Use Shrubland

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.895 for Ecoregions 2 and 3

L.Use Wetland 0.039 for Ecoregions 1 and 2
<0.010 for Ecoregions 1 and 3, and 2 and 3
L. Use Barren 0.082 for Ecoregions 1 and 2

0.020 for Ecoregions 1 and 3
0.227 for Ecoregions 2 and 3

Total Nitrogen

0.023 for Ecoregions 1 and 2
0.026 for Ecoregions 1 and 3
0.626 for Ecoregions 2 and 3

Total Phosphorus

0.944 for Eparegions 1 and 2
<0.010 for Eparegions 1 and 3, and 2 and 3

Secchi depth

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.525 for Ecoregions 2 and 3

Color

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.065 for Ecoregions 2 and 3

Chlorophyll a

<0.010 for Ecoregions 1 and 2, and 1 and 3
0.055 for Ecoregions and 2 and 3

Alkalinity 0.858 for Ecoregions 1 and 2
0.584 for Ecoregions 1 and 3
0.659 for Ecoregions 2 and 3
pH 0.287 for Ecoregions 1 and 2 No

0.627 for Ecoregions 1 and 3

0.239 for Ecoregions 2 and 3
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Figure 1. Scatter plot showing the relationship between Total Nitrogen (y- axis) and Lake area
(x-axis) for the reference lakes. Note that some datapoints were beyond the scale on the x-axis
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Figure 2. Scatter plot showing the relationship between Total Phosphorus (y- axis) and Lake
area (x-axis) for the reference lakes. Note that some datapoints were beyond the scale on the x-
axis
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Appendix A

PCA was run seven ways:

1) Overall data (all parameters, excluding TN)

2) Overall (all parameters excluding TN, mean depth and surface area)

3) NECZ (all parameters excluding TN, mean depth and surface area)

4) LPH and NEH combined (all parameters excluding TN, mean depth and surface area)
5) Reference (all parameters excluding TN, mean depth and surface area)

6) Test (all parameters excluding TN, mean depth and surface area)

7) Impaired (all parameters excluding TN, mean depth and surface area)

PCA Results

Results from the PCA have been divided by assessment type/ecoregion and also by the inclusion of
parameters. Each analysis is presented in Tables Al through A7. Each table includes information on the
eigenvalues, the cumulative percentage of the total variance contributed by each principal component, and
the individual principal components (X;-X,) (or eigenvectors).

PCA #A1 - Overall data (all parameters, excluding TN) - Table Al

The eigenvalue for a principal component indicates the percentage of the variance that the Principal
component accounts for. The first principal component accounts for (2.861/10) *100% = 28%, the
second for (1.703/10) or 17%, the third and fourth for 11% each, and the fifth for about 9%.
Cumulatively, the second component accounts for 45%, the third for 58% the fourth for 68% and the fifth
for 78%, making the last five components account for the remainder of the variance (approximately 22%)

PC1 was dominated by TP, chlorophyll a and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by lake area with an inverse value for Osgood index.

PCA #A2 - Overall (all parameters excluding TN, mean depth and surface area) — Table A2

PC1 was dominated by TP, chlorophyll @ and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #A3 - NECZ (all parameters excluding TN, mean depth and surface area) — Table A3

PC1 was dominated by TP, chlorophyll a and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with inverse
values for alkalinity, color, and SDT. PC4 was dominated by max depth with an inverse value for
Osgood index.
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PCA #A4 - LPH and NEH combined (all parameters excluding TN, mean depth and surface area) — Table
A4

PC1 was dominated by TP, chlorophyll a and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an

inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #A5 - Reference (all parameters excluding TN, mean depth and surface area) — Table A5

PC1 was dominated by TP, chlorophyll a and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #A6 - Test (all parameters excluding TN, mean depth and surface area) — Table A6
PC1 was dominated by TP, chlorophyll a and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an

inverse value for color. PC4 was dominated by max depth with an inverse value for Osgood index.

PCA #A7 - Impaired (all parameters excluding TN, mean depth and surface area) — Table A7

PC1 was dominated by TP, chlorophyll a and color with an inverse value for SDT. PC2 was dominated
by pH and alkalinity with an inverse value for color. PC3 was dominated by Osgood Index with an
inverse value for pH. PC4 was dominated by max depth with an inverse value for Osgood index.
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