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Abstract
Sears, Alexandra. Master of Environmental Assessment. The Influence of Land Cover on Drinking
Water Quality and Treatment Cost.

There is significant evidence that land cover is correlated with water quality. There is a lack of
evidence however, examining the specific connection between forested land and drinking water
quality. National datasets with information on land cover, drinking water intakes and their
watersheds, drinking water contaminants, and drinking water treatment cost were used to assess
the correlation between forests and drinking water quality. The particular databases were selected
because of their national coverage and because they could be linked directly to a drinking water
watershed. For each watershed, the percentage of forest cover was correlated with the drinking
water contaminant and treatment cost data. The results are highly inconclusive and show no
overall trends. The correlation coefficients averaged 0.0698 which rules out rejecting the null
hypothesis that there is not a connection between forest cover and drinking water quality. EPA
Region 8 (the mountain west) was the most highly correlated region in the country. The correlation
between agricultural, urban, and impervious land cover and drinking water quality in that region
was no more significant than that of forest cover. Because of the quality of the data utilized, these
results should not deter future investigations into similar topics. Knowing how forests and other
land cover types affect drinking water quality could influence future land planning measures that
lead to a reduction in both the contaminants in drinking water as well as a reduction in the
additional cost of treatment related to increased pollutants in the water. More research is needed in
this area to determine the influence of land cover on drinking water quality.
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INTRODUCTION

During many decision-making processes, non-market and distal environmental benefits and
services are frequently not taken into account. In order to combat this oversight, the EPA is in the
process of developing a National Atlas that displays ecosystem services in a spatial format and
allows users to better understand how nature interacts with human life and health. The National
Atlas will be presented to the public via a mapping service where users can select the information
they wish to display within the geographic location of their choice. The National Atlas project has
the potential to alter the methods through which natural resources are valued both monetarily and
intangibly (EPA, 2011a). Some of the categories of ecosystem services to be addressed in the
National Atlas include drinking water quality and supply, recreational waters, aquatic habitat, food,
fuel, and fiber, climate regulation, biodiversity, and air quality (EPA, 2011a). This project addresses
the issues related to the role of the natural environment in drinking water quality. The goal of this
project is to assess drinking water quality with respect to the natural filtration available in
catchments where the water originates.

Changes in the land cover of a watershed from forest to agriculture or urban drastically alters the
natural water flow due to the obvious reduction in natural cover as well as the increase in
impervious surfaces and/or the increase in pollution (Hong et al., 2009). Urbanization results in
increased runoff, less temperature stability, and increases in essentially all chemical constituents as
well as oxygen demand, conductivity, suspended sediments, nutrients, and metals as well as
increases in pathogens and algae (Paul & Meyer, 2001). Contrastingly, forests are capable of
removing contaminants and sediment from runoff at an outstanding scale (Postel & Thompson,
2005). Urbanization is a double-edged sword in terms of water quality. Not only does the
urbanization of forested land remove natural water filtration, worsening water quality indirectly,
but it also directly results in increased pollution and runoff.

Many studies have addressed the correlation between land cover and various water quality
parameters. Mehaffey et al. (2005) found that urban development and agriculture explained 25 to
75% of certain water quality measures in the Catskills/Delaware watersheds that serve New York
City. In the Shanghai Region of China, 49 years of data demonstrated a significant trend of
decreasing water quality associated with increasing urbanization (Ren et al., 2003). Rhodes et al.
(2001) correlated increasing nitrate and sulfate concentration with increasing human-altered land
cover as well as increasing chloride with increasing road densities. In 1991, Peierls et al. completed
a meta-analysis of data examining 42 rivers around the world that collectively represent 37% of the
water draining into the world’s oceans and found an extremely significant correlation between
population density and nitrate concentration.

While urban cover has been shown to be important to water quality, agricultural cover cannot be
discounted. In fact, there is a significant relationship between water quality and agricultural land
cover, especially when urban land cover accounts for less than 5% of the catchment (Hooda,
Edwards, Anderson, & Miller, 2000). Herbicide concentrations were found to be the highest in row-
crop dominated catchments, followed by mixed-use and urban, and finally pasture or forest (Frey,
2001). Dissolved nitrate concentration has been correlated with various aspects of agricultural land



cover in both small watersheds (7.3 km?; (Gburek & Folmar, 1999)) and large watersheds
(Chesapeake Bay region; (Jordan, Correll, & Weller, 1997)).

A point of contention in the land use-water quality debate is the potential impact of the whole
catchment area versus the streamside, riparian buffers within the catchment. Such a debate is very
difficult to examine due to the unique nature of the characteristics and uses of catchments
throughout the country (Sliva & Dudley Williams, 2001). In a study of three adjacent watersheds in
Ontario, Silva et al. (2001) found that, for most water chemistry variables, the entire catchment was
a better predictor than just the 100-meter buffer zone. Richards et al. (1996) found similar results
in a study of 45 catchments in central Michigan. In contrast, Johnson et al. (1997) found that the
100-meter buffers in 62 subcatchments in the Saginaw Bay Catchment in central Michigan better
explained several water quality parameters than the entire subcatchment areas. One study showed
that the remote portions of the catchment and the edge of urban land use have a disproportional
effect on water quality (Wear, Turner, & Naiman, 1998). Shandas and Alberti (2009) found that a
combination of fragmentation of upland vegetation and the total amount of riparian vegetation best
explain water quality parameters in lowland streams near the Puget Sound.

The conservation of land for the protection of water supplies is a fairly new but steadily growing
idea (Dudley & Stolton, 2003). Conserving forests in support of protecting or improving water
quality can also be a cost-saving measure. At the very basic level, it follows that cleaner source
water will require less treatment and will thus incur fewer costs related to that treatment (Davies
& Mazumder, 2003). Elisn (2010) found that a 5% reduction in the turbidity of source water in the
Neuse River Basin in North Carolina would save between $400,000 and $2 million in treatment
costs. Similarly, Basnyat (2000) found that retiring agricultural land in favor of riparian buffers
could reduce costs associated with excessive nutrient pollution by up to $3067 per hectare. New
York City chose to spend $1.4 billion on watershed protection in lieu of building a vastly more
expensive water treatment facility. This watershed protection effort has exempted the city from an
EPA filtration rule because of the high quality of the source water (Mehaffey, et al., 2005).

While there is research supporting the concept that forest cover improves water quality, there is
little research linking this concept directly to drinking water. Ernst conducted a study linking
drinking water treatment costs with the percentage of forest cover in source watersheds in 2002.
The study, however, was never published in peer-reviewed literature. The results of the study were
briefly described in two different reports published by the Trust for Public Land and the American
Water Works Association (Ernst, 2004; Ernst, Gullick, & Nixon, 2004). Data from twenty-one
drinking water treatment systems showed that a twenty percent decrease in water treatment cost
was associated with a ten percent increase in forest cover up to sixty percent (see Figure 1).
Freeman et al. (2008) expanded on this research using in-depth calculations based on the EPA’s
Safe Drinking Water Information System data and a combination of EPA-provided intake data and
intake data derived from available treatment plant information. Their results were generally
inclusive although the data did show a trend of increasing water quality with decreasing forest
cover, opposite of what was expected. This project will expand on this existing research by utilizing
national data sets for land cover, drinking water treatment cost, and regulated contaminants in
drinking water.



Figure 1. Land cover influence on drinking water treatment cost (Ernst 2004).

» data used in regression analysis
o outlying data points not used
8]
o $160 - * &
= [
Q  $140
I
o5 $120 4 .
& s100 1
= > . y=0.0174x°— 2.7531x + 140.77
s ¥t R?=0.5518
5 %60 + .
o
E $40 +
1 8 » ®
9 $20
S0 : : : :
0 20 40 B0 80 100
PERCENT OF WATERSHED FORESTED
CONTAMINANTS

The contaminants examined in this study are arsenic, atrazine, chromium 1,2-dibromo-3-
chloropropane, and tetrachloroethylene. Arsenic is a widely-occurring natural element. It can be
found in both organic and inorganic forms both in nature and as a result of industrial processes. It is
used primarily during the process for pressure-treating lumber and as a pesticide (ATSDR, 2007).
Atrazine is a highly-regulated herbicide with stringent restrictions on where and by whom it can be
applied (ATSDR, 2003). Chromium is a naturally occurring element that is used in a wide variety of
industrial processes including steel formation, plating, dying, leather tanning, and wood preserving
(ATSDR, 2008). 1,2-Dibromo-3-chloropropane (DBCP) is a volatile organic compound currently
used in industrial processing and previously used as a pesticide (ATSDR, 2002).
Tetrachloroethylene (PERC) is a volatile organic compound primarily used in dry-cleaning
operations and metal degreasing (ATSDR, 1997). These chemicals were primarily selected because
they had a high rate of “detections” in the data (discussed below), suggesting a larger range of
values to analyze.

DATA SOURCES

DRINKING WATER INTAKE POINTS

The drinking water intake points used in this analysis were obtained from the US EPA Office of
Water. The Office of Water collected the intake point locations directly from the states and are
bound by law to uses these specific points in any analyses that require intake points (Neale, 2010).
There are many errors, however, within this dataset. For example, an intake point may be



positioned 100 feet beyond the edge of a lake even if the actual point is within the lake (Wade,
2010). This error must be kept in mind when interpreting the results of this analysis.

NATIONAL LAND COVER DATASET

Land cover classification used in this project was derived from the 2001 National Land Cover
Dataset. This data is available from the Multi-Resolution Land Characteristics Consortium. This is
not the most recent data set; however it is the most suitable data set with respect to the data
collection range of the contaminant and cost data.

WATERSHED AND LAND COVER DATA

The watersheds utilized in this analysis were derived by Tim Wade and Jim Wickham as described
in (Wickham, Wade, & Riitters, 2011). The authors utilized the US EPA Office of Water drinking
water intake points and National Land Cover Dataset as described above. In many instances, the
authors moved the drinking water intake point to the nearest stream prior to delineating the
associated watershed when the point was obviously misplaced (Wade, 2010). For each watershed,
the riparian buffers within the drainage area were also assessed for land cover characteristics.

CoMMUNITY WATER SYSTEM SURVEY

The Community Water System Survey was completed in 2006. 1,314 community water systems
participated in the survey, 571, 446, and 297 of which were small, medium, and large systems,
respectively (EPA, 2006). The factors from the study included in this project were cost of treatment,
population served, and annual water production. Only 418 public water systems submitted
treatment cost data and were included in this project. This data is not publically available. It is
important to note that the description of how these data were collected is confusing and does not
explain clearly where, particularly the cost data originated and how it was derived. Furthermore,
there are no labels on the data indicating if it is in dollars or already normalized in some way.

NATIONAL CONTAMINANT OCCURRENCE DATABASE

Data regarding the occurrence of contamination within individual public water systems was
collected from the National Contaminant Occurrence Database. The database is a publically-
available, six-year review of compliance monitoring of sixty nine contaminants from 1998-2005
with data provided by 47 states (EPA, 2011b). For each chemical there are approximately 10,000 to
30,000 records of monitoring at approximately 1,000 to 4,000 public water systems. The values for
each analysis are listed, however if the value was less than the EPA regulation limit, it was often
listed at the regulation limit rather than at the actual value. The database appeared to be error-
ridden which is to be expected in a database with so many different contributors. One significant
issue with the database is that detection values are often listed as “non-detections” suggesting they
are below the EPA regulation limit when the value listed was actually over the limit.

METHODS

PREPARATION OF CONTAMINANT DATA
The contaminants selected for use in this project are arsenic, atrazine, chromium, DCBP, and PERC.
The chemicals were selected from a list of sixty-nine regulated contaminants. The primary reason



for selection was a high rate of samples that were listed as “detections,” implying a broader range of

values for analysis. Also, the contaminants represent a broad range of sources from agricultural to

industrial to natural. For each contaminant, a statistics spreadsheet was created that listed the

count, average, standard deviation, maximum, minimum, and median for each public water system.

To remove the influence of outliers, the average and count were also calculated for each public

water system with respect to only the data below two standard deviations above the mean for the

entire contaminant dataset. The average excluding outliers will be used in the analyses for this

project. This occasionally excludes water systems if all of their monitoring values were above two

standard deviations of the mean.

PREPARATION OF TREATMENT COST DATA
Because there are no units or time frames associated with the drinking water treatment cost data, it

was analyzed in three ways: (1) as is with this assumption that the value is reported in dollars, (2)
normalized by annual water production, and (3) normalized by population served.

PREPARATION OF WATERSHED DATA
Because each water system was associated with one value per contaminant and cost variable per

year, it was necessary to define one land cover variable per system regardless of whether the water

system utilized one intake point (and thus one watershed) or ten intake points. For water systems
with multiple watersheds, a weighted average of each land cover variable was calculated based on
the area of each watershed and the percentage of the land cover within. Because some of the
watersheds, specifically those along the Southern Mississippi River, extend through half of the

United States, for most analyses, the size of the watersheds included was limited to one million

hectares. When calculating the weighted average for multiple watersheds, only watersheds with at
least 10% of the total area were included. Also, any imbedded watersheds were excluded.

REGRESSION

Regressions were completed using Microsoft Excel and included one landscape variable for a given

spatial extent and one cost or contaminant variable for the same extent. The regressions completed

were:

Table 1. Regressions analyzed.

Independent Variable

ws WS or Dependent Variables

Spatial Extent | Size RB LC Type

Entire Nation | All WS/RB Forest Cost, Cost per Gallon, Cost per Person, Contaminants 1 -5
Entire Nation | Small WS/RB Forest Cost, Cost per Gallon, Cost per Person, Contaminants 1 -5
EPA Regions Small WS/RB Forest Contaminants 1 -5

Region 8 Small WS/RB Urban Contaminants 1 -5

Region 8 Small WS/RB Agriculture | Contaminants 1-5

Region 8 Small WS/RB Impervious | Contaminants 1 -5




RESULTS AND DISCUSSION

WHOLE NATION VERSUS SMALL WATERSHEDS

Very large watersheds were eliminated because the percent forested area of the entire watershed is
unlikely to affect the actual water quality variables as pollutants tend to not travel through the
entire span of large watersheds such as those where drinking water is drawn from the southern-
most portion of the Mississippi River. On average, there was a slightly stronger correlation between
the water quality variables and the small watersheds versus all of the watersheds. There was a
fairly even mix of positive and negative correlations exhibited. From this point on, all discussions
and regressions addressed were calculated using only watersheds under one million hectares.

MosT HIGHLY CORRELATED REGION

The purpose of calculating the most highly correlated region was to add additional analyses that
would have been too time consuming to perform and assess on all ten regions. The most highly
correlated region was calculated by taking the average of all the Rz values calculated for each
region. Region 8 had the highest average R2 value (see Table 2 for all average R2 values) and was
thus used in further analyses looking at urban, agricultural, and impervious cover in addition to the
standard forest cover. It is not all that surprising that Region 8 had the highest average correlation
coefficient when the states included are taken into account. Region 8 consists of Utah, Colorado,
Wyoming, Montana, North Dakota and South Dakota. Region 8 has a fairly average amount of
forested land—not nearly as much as Region 4 (the Southeast) but significantly more than Region 7
(the Midwest) (EPA, 2008). At the same time, urban and cropland land cover is on the low end of
the spectrum (EPA, 2008). Putting these two facts together with where the contaminants of concern
originate, the result is that a comparatively lower amount of contaminants (coming from urban and
cropland cover) is being dealt with by an average amount of forest. The low ratio of contamination
to forests supports Region 8's dominance in this analysis.

Table 2. Regional Average R®

Region R? Region R?

Region1 | 0.0553 | Region 6 0.0641

Region 2 | 0.1039 | Region 7 0.1090

Region3 | 0.0700 | Region 8 0.1774

Region4 | 0.0170 | Region 9 0.0339

Region5 | 0.0459 | Region 10 | 0.0216

EXPECTATIONS FOR ASSOCIATIONS

In general, forest cover is expected to be negatively associated with the water quality parameters
utilized in this study. Essentially, the concentration (or value in the case of the cost data) should
decrease as the percentage of forest cover increases. Arsenic is potentially an exception to this
expectation because of its abundance in the natural world, including forested areas. Also, for the
additional analyses in Region 8, the association is expected to be positive for urban, agricultural,
and impervious cover as these types of land cover are typically sources for the contaminants in
question.



DRINKING WATER TREATMENT COST

The overall correlation between drinking water cost and the forest cover in the United States was
0.0473 for whole watersheds and 0.0541 for riparian buffers. A negative association was both
expected and exhibited by these regressions. When the cost data was normalized by population or
production, these numbers were significantly lower. The only regression to exhibit unexpected
positive correlation was when the per-gallon cost was compared to the percent forest in whole
watersheds.

When the data was broken into regions, the data for entire watersheds and riparian buffers was
generally more correlated than that of the whole nation. See Table 3 for all regression information.
Region 8 was by far the best correlated region for all categories with R? values ranging from
.5518(per gallon, watersheds) to .1837 (total cost, buffers), however four of the six regressions
showed an unexpected positive correlation. Region 10 has the lowest R2 values ranging from .0017
(total cost, watersheds) to .0741 (per gallon, watersheds) and only one connection (total cost,
watersheds) showed a negative correlation.

Table 3. Drinking water treatment cost regression R? values

Total Cost Per Capita Per Gallon
WS RB WS RB WS RB
Nation 0.0473 | 0.0541 | 2.0E-5 | 0.0001 | 0.0007 | 0.0024

Region 1 0.0251 | 0.0836 | 0.2292 | 0.1875 | 0.1634 | 0.1164

Region 2 0.2391 | 0.1910 | 0.2688 | 0.3098 | 0.1386 | 0.1721

Region 3 0.0110 | 0.0064 | 0.0975 | 0.1293 | 0.1281 | 0.1668

Region 4 0.0704 | 0.0705 | 0.0519 | 0.0187 | 0.0029 | 0.0018

Region 5 0.1168 | 0.0589 | 0.0602 | 0.1203 | 0.0125 | 0.0393

Region 6 0.0981 | 0.1066 | 0.0740 | 0.0785 | 0.0208 | 0.0256

Region 7 0.1995 | 0.1459 | 0.1592 | 0.1504 | 0.2502 | 0.2346

Region 8 0.2089 | 0.1837 | 0.4737 | 0.4093 | 0.5518 | 0.4679

Region 9 0.1215 | 0.0877 | 0.0382 | 0.0402 | 0.0243 | 0.0312

Region 10 | 0.0017 | 0.0038 | 0.0268 | 0.0193 | 0.0741 | 0.0697

Because there was so little cost data, it was not analyzed with other land cover types for Region 8
(the most correlated region) as with the other water quality measurements.



Figure 3. Total cost of drinking water treatment.
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Figure 2. Cost per capita of drinking water treatment.
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Figure 4. Cost per gallon of drinking water treatment.
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CONTAMINANTS

Each contaminant underwent multiple regressions in both the entire nation and within each region.
Appendix A contains a table with the results of all of the regressions. A selected set of regressions
are summarized in the following sections that represent the best and worst features exhibited by
the data. Table 2, below, contains a summary of the data discussed here.

Table 4. R values for contaminant regressions

Nation Best Region Worst Region
WS RB WS RB WS RB
Arsenic 0.0379 | 0.0306 | 3 | 0.1900 | 7| 0.1347 | 10| 0.0026 | 10 | 0.0056
Atrazine 0.0495 | 0.0353 | 6 | 0.2208 | 6| 0.1865 | 8 0.0024 | 8 0.0008
Chromium | 0.0065 | 0.0047 | 7 | 0.1225 | 7| 0.1394 | 4 0.0005 | 1 0.0001
DBCP 0.0004 | 0.0005 | 10 | 0.0105 | 10 | 0.0078 | 6 | 5.0E-15 | 6 | 3.0E-15
PERC 0.0007 | 0.0008 | 10 | 0.0547 | 10 | 0.0528 | 4 0.0006 | 3 0.0014
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ARSENIC

When compared to percent forest cover, the national data for arsenic concentration was
unexpectedly positively correlated. The correlation coefficient of the association between whole
watersheds and arsenic concentration was 0.0379 and was 0.0306 for riparian buffers. These
relationships show that whole watersheds account for slightly more of the variation in the arsenic
concentrations than the riparian buffers within the watersheds.

Figure 5. Arsenic concentration and forest cover.
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Most of the regional data exhibited stronger correlations than the whole nation. The regions with
the highest correlation coefficients were Region 3 (0.1900) for whole watersheds and Region 7
(0.1347) for riparian buffers. The region where forest cover explained the least amount of variation
in arsenic concentration was Region 10 with R2 values of 0.0026 for whole watersheds and 0.0056
for riparian buffers. Approximately half of the regressions exhibited positive associations instead of
the negative associations expected and whole watersheds explained slightly more of the arsenic
concentration variation than just riparian buffers.

Region 8 showed one of the smallest correlations between forest cover and arsenic concentration
and it was the highest of all four land cover types analyzed for the region. Of those land cover types,
agriculture was the only one whose association was unexpectedly positive.

Figure 6. Region 8 arsenic concentration.
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ATRAZINE
In general, the whole nation performed better than any of the EPA regions. Nationally, the

correlation between atrazine concentration and percent forest is 0.0495 and 0.0353 in watersheds

and riparian buffers, respectively. Both associations were negative, as expected.

The dividing the watersheds into EPA regions actually reduces the regression coefficient of nearly
all of the associations from that of the whole nation. The most highly associated region is Region 6
at 0.2208 for watersheds and 0.1865 for riparian buffers. The region with the worst association is

Region 8 at 0.0024 for watersheds and 0.0008 for riparian buffers. For the most part, all the

regressions are negatively associated, as expected. On average, whole watersheds explained more

variation than just riparian buffers.

Figure 7. Atrazine concentration and forest cover.
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When looking at further analysis of Region 8, urban, agricultural, and impervious land covers
explained less of the atrazine concentration than forest cover for whole watersheds while Urban
cover explains the most for riparian buffers. All were, however, positively correlated except for
forest cover. This meets expectations because atrazine is a pesticide used in agricultural and
occasionally urban settings (ATSDR, 2003). The riparian buffer land cover did explain slightly more
variation than the land cover of the entire watershed for all land cover types except for forest cover.

Figure 8. Region 8 aresenic concentration.
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CHROMIUM

The national regression for chromium and percent forest cover resulted in an R2 of 0.0065 for
whole watersheds and 0.0047 for riparian buffers. Both associations were negatively correlated as
expected- the concentration of chromium decreased as percent forest cover increased. The R2
values suggest that the whole watersheds explained more of the variation in chromium
concentration than the riparian buffers alone. The national data were better correlated than about
half of the regional data.

The most-well matched region was Region 7 with 0.1225 for watersheds and 0.1394 for riparian
buffers. The region with the least correlated data was Region 4 for watersheds at 0.0005 and
Region 1 for riparian buffers at 0.0001. The majority of the regressions showed negative correlation
between chromium concentration and percent forest cover, as expected. When broken into
Regional data, the riparian buffers exhibit slightly more correlation than the whole watersheds.

Figure 9. Chromium concentration and forest cover.
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Region 8 was one of the least-well correlated regressions when compared to the other regions and
the nation as a whole. Agricultural, urban, and impervious cover, however, all explained more
variation than forest cover. All four of the land cover types exhibited the expected type of
association: positive for urban, agriculture, and impervious cover and negative for forest cover.
Also, as with the whole nation, the riparian buffers explained slightly more of the chromium
concentration variation.

Figure 10. Region 8 chromium concentration.
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DBCP

When correlating DBCP with percent forest cover, the resulting regressions is expected to exhibit a
negative relationship where DBCP concentration decreases with increasing forest cover. The
regression for the whole nation, however displayed a positive regression. The riparian buffer forest
cover explained slightly more (R2 = 0.0005) of the variation in DBCP concentration than whole
watershed forest cover (R2=0.0004). These correlations show the least significance of all the
chemicals examined. However, DBCP did have the fewest number of samples listed as “detections”
in the initial dataset.

The majority of the regional data better explained the variation in the DBCP concentration than the
national data. Region 10 showed the most correlation between DBCP concentration and forest
cover with RZ values of 0.0105 for whole watersheds and 0.0078 for riparian buffers. Region 6
showed the least correlation with R2 values of 5x10-15 for whole watersheds and 3x10-15 for riparian
buffers. Overall, approximately half of the regions displayed negative associations, as expected and
the whole watersheds explained slightly more variation than the riparian buffers.

Figure 11. DBCP concentration and forest cover.
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Region 8 had the second highest correlation coefficients for both whole watersheds and riparian
buffers when assessing forest cover. Urban cover, however, had an even higher R? than forest cover

and agricultural cover explained the least variation.

Figure 12, Region 8 DBCP concentration.
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PERC

Like DBCP, PERC had very low correlation coefficients for the whole nation at 0.0007 for whole
watersheds and 0.0008 for riparian buffers. The associations, however, were negative, as expected,
with PERC concentration decreasing as percent forest increases. Again, the slightly higher Rz value
for riparian buffers suggests that they explain slightly more of the PERC concentration variation
than whole watersheds.

In general, the regional data explained more of the variation in PERC concentration than the
national data. The most highly correlated region was Region 10 with 0.0547 for whole watersheds
and 0.0528 for riparian buffers. The least correlated regions were Region 4 for watersheds at
0.0006 and Region 3 for riparian buffers at 0.0014. Only about half of the regional regressions
showed the expected negative association between PERC concentration and percent forest cover.
Like with the national data, the regional data was better explained by riparian forest cover than
whole watershed forest cover.

Figure 13. PERC and forest cover.
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In Region 8, the correlation was low compared to the other regions although the forested cover had
better correlation than urban, agricultural, or impervious cover. All of the associations, however,
were positively correlated, including forest cover which was expected to be negative.

Figure 14. Region 8 PERC concentration.
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WHOLE WATERSHED VERSUS RIPARIAN BUFFER

Overall, the data did not show a trend suggesting that either the approach of assessing land cover in
the whole watershed or that of only the riparian buffers within the watersheds was more
appropriate for predicting water quality conditions. This does not, however, rule out the possibility
that such a trend exists. More research is needed to determine whether an entire catchment or just
the riparian buffers within that catchment have a stronger affect on water quality. More reliable
data, preferably collected for this purpose, will strengthen any future analyses.

ASSOCIATIONS

The results of this study suggest there is no relationship between forest cover and water quality as
hypothesized. The abundance of very low correlation coefficients rules out the possibility of
concluding that there is not an absence of correlation between the two variables. Furthermore,
approximately half of the regressions exhibited negative associations as expected while the other
half showed positive associations. Because such a high proportion of the associations were
essentially backwards from what was expected, even more doubt it placed on the hypothesized
relationships between water quality and forest cover. The data quality, however, is the mitigating
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factor in this study. Better quality data, collected specifically for the task, properly labeled and
explained could significantly alter the results seen in this study.

DATA QUALITY

One major factor in this regression analysis is the quality of the water quality and cost data.
Because none of the data were collected for this specific purpose, it is difficult to use it in this
analysis. Freeman (2008) experienced similar issues. There is also ample room for error in the
contaminant datasets because they are reported by many people independent of the collection
agency rather than collected by one person or a small group working directly with the collection
agency. Furthermore, the fact that many states alter the values of samples listed as “non-detections”
up to the concentration limit required by the EPA or the state in which the sample was collected
adds tremendous bias. Also, when reading the background information of the Community Water
System Survey, it is unclear where the cost information actually came from and whether it was
derived by the systems themselves or by the survey administrators. There is also a lack of
explanation about the exact definition of the values used and what went in to those calculations.
Additionally, there are no labels or units either within the dataset or in the metadata to insure what
units the data are in or even if they are all in the same unit. The data were selected base on their
national availability as well as their direct relationships to the drinking water intake points from
which the watersheds were derived. There is very little data that meets both of these qualifications,
thus why such questionable data was utilized for this study. The plethora of data quality issues cast
doubt over the entire study and needs to be taken into account when interpreting any conclusions
derived from the results.

CONCLUSIONS

Overall, this study did not produce results that lead to conclusive findings. The regressions showed
poor to moderate associations between forest cover and water quality parameters. The regressions
also showed unexpected and inconsistent variation in whether the variables are positively or
negatively associated. Beyond data quality issues, there are a plethora of outside influences that
this study has not taken into account such as water treatment processes and amounts, differences
in land cover even within EPA regions, and spatial variation of land cover within whole watersheds.
These results, however, should not deter others from similar analyses with other data sources. In
fact, other studies should be conducted to find out conclusively if there is a relationship between
land cover and water quality parameters. Such information could prove invaluable for both water
quality treatment and land planning efforts.
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APPENDIX A.

Geographic | Ws Watershed Regression Riparian Buffer Regression
Area Size LC | Attribute Unit N Type Equation R? Type Equation R’
Nation All F | Arsenic Avg2sd 2601 | Linear | 2e-5x+.0024 0.0403 Linear | 2e-5x+.0024 0.0334
Nation All F | Atrazine Avg2sd 2315 | Expon | .2598e”-.005x 0.0328 Expon | .25e”-.005x 0.0206
Nation All F | Chromium | Avg2sd 2563 | Expon | .0065e”-.002x 0.0053 Expon | .0065e”-.002x 0.004
Nation All F | DBCP Avg2sd 2009 | Expon | .0196e”.0001x 0.0012 Expon | .0196e”.0001x 0.0019
Nation All F | PERC Avg2sd 2746 | Expon | .5029e"-2E-4x 0.0011 Expon | .5032e”-2E-4x 0.0011
Nation All F | Cost All 215 | Expon | 7E6e”-.023x 0.0575 Expon | 8E6e”-.003x 0.0634
Nation All F | Cost per capita | 215 | Linear | (-)90.709x+6047.1 0.0124 Linear | (-)99.579x+6582.3 0.014
Nation All F | Cost per gallon | 215 | Linear | 207.24x+16506 0.0005 Expon | 432.58x+5614.8 0.002
Nation Small [ F [ Arsenic Avg2sd 2273 | Linear | 2e-5x+.0024 0.0379 Linear | 2e-5x+.0024 0.0306
Nation Small [ F [ Atrazine Avg2sd 1999 | Expon | .283e”-.007x 0.0495 Expon | .2754e”-.006x 0.0353
Nation Small [ F [ Chromium | Avg2sd 2240 | Expon | .0068e”-.003x 0.0065 Expon [ .0067e”-.002x 0.0047
Nation Small [ F | DBCP Avg2sd 1754 | Expon | .0197e~7E-5x 0.0004 Expon | .0197e”9E-5x 0.0005
Nation Small [ F [ PERC Avg2sd 2393 | Expon | .502e”-1E-4x 0.0007 Expon [ .502e”-1E-4x 0.0008
Nation Small | F | Cost All 180 | Expon | 6E6e”-.021 0.0473 Expon | 7E6e”-.023x 0.0541
Nation Small [ F | Cost per capita | 180 | Linear | (-)102.78x+6850.1 2.00E-05 Linear | (-)113.96x+7543 0.0001
Nation Small [ F | Cost per gallon | 180 | Linear | 262.6x+17854 0.0007 Linear | 511.03x+5760.7 0.0024
Region 1 Small | F [ Arsenic Avg2sd 223 | Expon | .0035e”-.004x 0.008 Expon [ .0035e”-.004x 0.0086
Region 1 Small | F | Atrazine Avg2sd 195 | Expon | .1521e”-.002x 0.0156 Expon | .1409e”-.001x 0.0055
Region 1 Small | F | Chromium | Avg2sd 222 | Expon | .0054e”-.003x 0.0036 Expon | .0045e”-6E-4x 0.0001
Region 1 Small | F | DBCP Avg2sd 183 | Expon | .0197e"9E-5x 0.0009 Linear | 2E-7x+.0199 0.00001
Region 1 Small | F [ PERC Avg2sd 222 | Linear | (-).0018x+.6602 0.0215 Linear | (-).0015x+.6316 0.0156
Region 1 Small [ F | Cost All 21 | Linear | 350838x-4E6 0.0251 Expon | 603076e”.0312x 0.0836
Region 1 Small [ F | Cost percapita | 21 | Linear | 4.9449x-202.67 0.2292 Linear | 4.2339x-139.9 0.1875
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Region 1 Small [ F | Cost per gallon | 21 | Expon | 97.082e”.0372x 0.1634 | + | Linear | 79.015x+1838.3 0.1164 | +
Region 2 Small | F [ Arsenic Avg2sd 127 | Linear | e2e-5+.0027 0.1169 | + | Expon | .0021e”.0102x 0.1116 | +
Region 2 Small | F | Atrazine Avg2sd 110 | Linear | (-).0007+.1855 0.0074 | - | Linear | (-).0005x+.175 0.0028 | -
Region 2 Small [ F [ Chromium | Avg2sd 127 | Expon | .0033e”.0047 0.0403 | + | Expon | .0031e”.0058x 0.0446 | +
Region 2 Small [ F | DBCP Avg2sd 60 | Linear | (-)3E-6+.02 0.0028 | - | Linear | (-)2E-7x+.0198 0.000006 | -
Region 2 Small | F | PERC Avg2sd 126 | Linear | (-).0002x+.4882 0.0042 | - | Linear | (-).0005x+.4993 0.0116 | -
Region 2 Small [ F | Cost All 12 | Linear | 1E6x-2E7 0.2391 | + | Linear | 1E6x-2E07 0.191 | +
Region 2 Small [ F | Cost per capita | 12 | Expon | 14.53e”".0439x 0.2688 | + | Expon | 10.653e”.0562x 0.3098 | +
Region 2 Small | F | Cost per gallon | 12 | Expon | 680.41e”.0352x 0.1386 | + | Expon | 503.28e”.0468x 0.1721 | +
Region 3 Small | F | Arsenic Avg2sd 246 | Expon | .0013e7.0161x 0.19 | + | Expon | .0016e”.0138x 0.1123 | +
Region 3 Small [ F [ Atrazine Avg2sd 216 | Expon | .7121e”-.016x 0.16 | - | Expon | .6452e”-.015x 0.1093 | -
Region 3 Small [ F [ Chromium | Avg2sd 245 | Linear | (-)6E-6x+.0105 0.00007 | - | Expon | .0086e”.0011x 0.0022 | +
Region 3 Small [ F | DBCP Avg2sd 242 | Linear | (-)2E-6x+.0201 0.0029 | - | Linear | (-)2E-6x+.0201 0.0024 | -
Region 3 Small | F [ PERC Avg2sd 245 | Linear | 3E-5x+.4943 0.0003 | + | Linear | 6E-5x+.4921 0.0014 | +
Region 3 Small [ F | Cost All 23 | Linear | (-)95210x+1E7 0.011 | - | Expon | 2E6e”-.009x 0.0064 | -
Region 3 Small [ F | Cost percapita | 23 | Linear | 10.288x-291 0.0975 | + | Linear | 13.151x-490.46 0.1293 | +
Region 3 Small [ F | Cost per gallon | 23 | Linear | 413.16x-14096 0.1281 | + | Linear | 523.07x-21809 0.1668 | +
Region 4 Small | F [ Arsenic Avg2sd 512 | Linear | 7e-6x+.003 0.0069 | + | Linear | 1e-5x+.0026 0.0203 | +
Region 4 Small | F | Atrazine Avg2sd 411 | Expon | .2527e-.004x 0.0075 | - | Expon | .2525e”-.004x 0.0058 | -
Region 4 Small [ F [ Chromium | Avg2sd 530 | Linear | 8E-6x+.0104 0.0005 | + | Linear | 3E-5x+.0093 0.0041 | +
Region 4 Small [ F | DBCP Avg2sd 381 | Expon | .0197e”.0003x 0.0045 | + | Expon | .0196e”.0003x 0.0046 | +
Region 4 Small | F [ PERC Avg2sd 510 | Linear | .0003x+.4887 0.0006 | + | Linear | .0002x+.485 0.0008 | +
Region 4 Small | F | Cost All 40 | Expon | 1E7e”-.031x 0.0704 | - | Expon | 2E7e”-.036x 0.0705 | -
Region 4 Small | F | Cost per capita | 40 | Linear | (-)1.6651x+193.82 0.0519 | - | Linear | (-)1,1748x+171.4 0.0187 | -
Region 4 Small | F | Cost per gallon | 40 | Expon | 1764.4e”-.006x 0.0029 | - | Linear | 1570x+3199.3 0.0018 | +
Region 5 Small | F | Arsenic Avg2sd 189 | Expon | .0016e”.0062x 0.0394 | - | Expon | .0016e”.0048 0.0236 | -
Region 5 Small [ F [ Atrazine Avg2sd 192 | Linear | (1).0024x+.436 0.0648 | - | Linear | (-).0019x+.4364 0.0432 | -
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Region 5 Small [ F [ Chromium | Avg2sd 187 | Expon | .0063e”-.004x 0.0346 Expon [ .0068e”-.006x 0.061
Region 5 Small | F | DBCP Avg2sd 113 | Linear | (-)3E-6x+.0201 0.0015 Linear | (-)4E-6x+.0202 0.0016
Region 5 Small | F [ PERC Avg2sd 191 | Linear | 6E-5x+.4985 0.0253 Linear | 7E-5x+.498 0.0314
Region 5 Small [ F | Cost All Linear | (-)3E6x+9E7 0.1168 Linear | (-)2E6e + 8E7 0.0589
Region 5 Small [ F | Cost per capita Linear | (-)1.4882x+87.707 0.0602 Expon | 68.798e-.024x 0.1203
Region 5 Small | F | Cost per gallon Linear | (-)13.495x+1463.1 0.0125 Linear | (-)23.883x+1698.8 0.0393
Region 6 Small | F [ Arsenic Avg2sd 263 | Expon | .0023e”-.004x 0.0827 Expon | .0024e”-.004x 0.0922
Region 6 Small [ F [ Atrazine Avg2sd 244 | Expon | .1921e”-.007x 0.2208 Expon | .1928e”-.006x 0.1865
Region 6 Small [ F [ Chromium | Avg2sd 260 | Expon | .0087e”-.003x 0.0175 Expon | .0087e”-.003x 0.0148
Region 6 Small [ F | DBCP Avg2sd 236 | Linear | 1E-18x+.02 5.00E-15 Linear | 2E-18x +.02 3.00E-15
Region 6 Small | F [ PERC Avg2sd 387 | Expon | .5e”-2E-4x 0.0031 Expon | .5008e”-2E-4x 0.0041
Region 6 Small [ F | Cost All 16 | Expon | 8E6e”-.041x 0.0981 Expon | 1E7e-.045x 0.1066
Region 6 Small [ F | Cost per capita | 16 | Expon | 107.83e-.018x 0.074 Expon | 121.45e-.02x 0.0785
Region 6 Small [ F | Cost pergallon | 16 | Expon | 2119.1e”-.009x 0.0208 Linear | 31.051x+3069.2 0.0256
Region 7 Small [ F [ Arsenic Avg2sd 78 | Expon | .0018e”-.01x 0.1301 Expon | .0019e”-.01x 0.1347
Region 7 Small | F [ Atrazine Avg2sd 79 | Linear | (-).0011x+.5962 0.0077 Linear | (-).0013x+.6059 0.0102
Region 7 Small [ F [ Chromium | Avg2sd 78 | Expon | .0042e”-.014x 0.1225 Expon [ .0046e”-.015x 0.1394
Region 7 Small [ F | DBCP Avg2sd 58 | Linear | 7E-8x+.02 0.0005 Expon | .2e"2E-6x 0.0004
Region 7 Small | F [ PERC Avg2sd 78 | Expon | .4971e”.0004x 0.01 Expon | .4959e”.0004x 0.0114
Region 7 Small [ F | Cost All Linear | (-)183112x+8E6 0.1995 Linear | (-)154550x+8E6 0.1459
Region 7 Small [ F | Cost per capita Expon | 95.372e”-.034x 0.1592 Expon | 101.58e”-.029x 0.1504
Region 7 Small [ F | Cost per gallon Expon | 2972e”-.049x 0.2502 Expon | 3249.4e7-.042x 0.2346
Region 8 Small | F [ Arsenic Avg2sd 707 | Expon | .0023e”-.004x 0.0349 Expon | .0023e”-.004x 0.033
Region 8 Small [ F [ Atrazine Avg2sd 183 | Linear | 3E-5x+.0951 0.0024 Linear | 2E-5x+.0957 0.0008
Region 8 Small [ F [ Chromium | Avg2sd 178 | Linear | (-)1E-5x+.0092 0.0007 Linear | (-)2E-5+.0097 0.0023
Region 8 Small | F | DBCP Avg2sd 174 | Linear | 1E-6x+.0199 0.005 Linear | 1E-6x+.0198 0.007
Region 8 Small | F | PERC Avg2sd 178 | Linear | 4E-5x+.5001 0.002 Linear | 4E-5x+.5 0.0023
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Region 8 Small [ F | Cost All Expon | e2E7e”-.033x 0.2089 Expon | 2E7e”-.032x 0.1837
Region 8 Small [ F | Cost per capita Linear | 5.3556x+14.049 0.4737 Linear | 5.0693x+18.796 0.4093
Region 8 Small [ F | Cost per gallon Expon | 839.33e”.0299x 0.5518 Expon | 898.39e”.0279x 0.4679
Region 9 Small | F [ Arsenic Avg2sd 296 | Expon | .003e”-.004x 0.0588 Expon | .0029e”-.994x 0.0478
Region 9 Small [ F [ Atrazine Avg2sd 212 | Linear | (-).001x+.5334 0.0277 Linear | (-).0009x+.5179 0.0224
Region 9 Small [ F [ Chromium | Avg2sd 292 | Expon | .008e”-.002x 0.0086 Expon [ .0081e”-.002x 0.0103
Region 9 Small | F | DBCP Avg2sd 169 | Linear | (-)9E-6x+.02 0.0014 Linear | (-)8E-6x+.02 0.0011
Region 9 Small | F [ PERC Avg2sd 294 | Expon | .5283e”-5E-4x 0.0097 Expon | .529e"-5E-4x 0.0108
Region 9 Small | F | Cost All 33 | Expon | 1E7e”-.039x 0.1215 Expon | 9E6e”-.032x 0.0877
Region 9 Small | F | Cost per capita | 33 | Linear | (-)374.99x+21727 0.0382 Linear | (-)369.92x+22349 0.0402
Region 9 Small [ F | Cost per gallon | 33 | Linear | (-)212.08x+21367 0.0243 Linear | (-)231.3x+22465 0.0312
Region10 | Small | F [ Arsenic Avg2sd 162 | Expon | .0051e”-.002 0.0026 Expon [ .0055e”-.003x 0.0056
Region 10 Small F | Atrazine Avg2sd 157 | Expon | .2121e”.0018x 0.004 Expon | .0006x".2199 0.0077
Region 10 | Small [ F [ Chromium | Avg2sd 130 | Expon | .0013e"-8E-4x 0.0011 Expon | .0014e-.001x 0.0032
Region10 | Small [ F | DBCP Avg2sd 138 | Linear | (-)3E-6x+.0202 0.0105 Linear | (-)3E-6x+.0202 0.0078
Region10 | Small | F [ PERC Avg2sd 160 | Expon | .5255e+-6E-4x 0.0547 Expon | .5253e”-6E-4x 0.0528
Region10 | Small [ F | Cost All 15 | Linear | (-)18505x+4E6 0.0017 Linear | 5146.3x+677470 0.0038
Region 10 | Small [ F | Cost per capita | 15 | Linear | 32.643x+608.34 0.0268 Linear | 27.105x-156.6 0.0193
Region 10 | Small [ F | Cost per gallon | 15 | Linear | 1621.6x+79796 0.0741 Linear | 1549.2x-76062 0.0697
Region 8 Small [ A [ Arsenic Avg2sd 175 | Expon | .0018e”.0061x 0.031 Expon | .0018e”.0081x 0.0347
Region 8 Small [ A [ Atrazine Avg2sd 182 | Expon | .0894e”.005x 0.0008 Expon | .089e”.0012x 0.0009
Region 8 Small [ A [ Chromium | Avg2sd 178 | Linear | (-)5E5x+.009 0.0073 Linear | (-)5E-5x+.0089 0.0042
Region 8 Small [ A | DBCP Avg2sd 173 | Linear | 1E-6+.0199 0.0015 Linear | 2E-6+.0199 0.0016
Region 8 Small | A | PERC Avg2sd 178 | Linear | (-)3E-5x+.5002 0.0005 Linear | (-)3E-5x+.5022 0.0003
Region 8 Small [ U [ Arsenic Avg2sd 175 | Linear | (-)8E-6x+.0023 0.0016 Linear | (-)1E-5x+.0023 0.0026
Region 8 Small | U | Atrazine Avg2sd 182 | Expon | .0891e”.0027x 0.0117 Expon | .0899e”.0034 0.0013
Region 8 Small [ U [ Chromium | Avg2sd 178 | Linear | (-).0001x+.0089 0.0081 Expon [ .0051e”-.013x 0.0091
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Region 8 Small DBCP Avg2sd 173 | Linear | (-)5E-6+.0199 0.0066 Linear | (-)6E-6x+.0199 0.0075
Region 8 Small PERC Avg2sd 178 | Linear | (-)6E-5x+.5022 0.0005 Linear | (-)7E-5x+.5022 0.0006
Region 8 Small Arsenic Avg2sd 175 | Linear | (-)2E-5x+.0023 0.0019 Linear | (-)3E-5x+.0023 0.0029
Region 8 Small Atrazine Avg2sd 182 | Expon | .0894r”.005x 0.0005 Expon | .0893e”.0061x 0.0006
Region 8 Small Chromium | Avg2sd 178 | Linear | (-).0002x+.0088 0.005 Linear | (-).0003x+.0089 0.0056
Region 8 Small DBCP Avg2sd 173 | Linear | (-)1E-5x+.0199 0.0055 Linear | (-)1EO5x+.0199 0.0053
Region 8 Small PERC Avg2sd 178 | Linear | (-).0001x+.5022 0.0004 Linear | (-).0002x+.5022 0.0004
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