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ABSTRACT

Animal agricultural non-point source pollution remains one of the most challenging
watershed problems. As reduction of the pollution becomes the top priority in the Clean
Water Action Plan and states are required to implement the non-degradation policy,
understanding the characteristics of animal agriculture, watershed impairment and their
relationships at the state level are very important for making proper regulatory and
management decisions. This research attempted to examine the rel ationships between
animal agriculture and watershed impairment in South Carolina from a Gl S-based spatial,
empirical approach and to determine how strong the relationships are, which animals
have larger impacts and where the problem areas are. It was found that 155 out of 274
watersheds in the 11-digit hydraulic units have been impaired by fecal coliform bacteria,
phosphorus, dissolved oxygen, and pH problems, among which fecal coliform bacteria
are the most widely spread problemsin South Carolina. The results of both spatial and
statistical analyses indicate that there are only very weak, though statistically significant,
associ ations between animal agriculture and the impairments in this state. Cattle facilities
appear to have dightly larger impacts on watershed quality than poultry farms do
whereas swine operations are not a negative factor that aggravates the watershed
impairment in this state. It is recommended that state policies on animal regulations and
environmenta standards should acknowledge the differences among impairment types,
animal groups and geographic regions. More efforts should be made in control and
reduction of pollution from cattle feeding operations especially in the areas with higher
priority ranks and larger clusters of animal facilities that have been identified in this
research.
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INTRODUCTION

Animal agriculture has been percelved as a magjor source of pollutants. Over the past
three decades, point source pollution has been largely controlled, but nonpoint source
pollution from animal agricultural sources remains one of the most challenging national
water quality problems. To provide “fishable and swimmable water” for all Americans,
the Clean Water Acton Plan (CWAP) prepared by USEPA and USDA and signed by the
President has called for the enforcement of the Clean Water Act (as amended),
improvement of environmental standards, and reduction of pollution from animal feeding
operations. While more strict environmental policy may hinder the animal agricultural
economy due to associated costs, the success of the plan depends largely on how well
each state does its own job of pollution control, for more decisions are to be made at the
state level as states are required to implement the non-degradation policy and take over
more responsibilities from the federal government in daily operations of environmental
contral. It is therefore extremely important to approach impairment problems from a state
perspective, examine their relationships with animal agriculture within a unique
geographic unit, and provide reliable information for policy- makers and watershed
managers to make appropriate decisions that not only comply with federal law but also
promote states’ interests.

This research relies on GIS technology to map the distribution of animal agriculture,
watershed impairment and their relationships using the 11-digit hydraulic units in South
Caroling; it examines the spatial relationships between animal agriculture and watershed
impairments through both spatial and statistical analyses; it intends to answer some
critical questions such as what pollution problems are related to animals, how much
animal agriculture has contributed to watershed impairment, which animals have relative
significant impacts, and where the pollution problems exist.

Environmental | mpacts of Animal Agriculture

Animal agriculture contributions to stream impairment consists of the pollution from
animal wastes, the point source pollution from animal facilities or the nonpoint source
pollution from the application of wastes and chemicals to fields. The pollution is
characterized by excessive nutrients, harmful pathogens and undesired odors from animal
wastes. The first two are closely related to watershed impairment problems. Although
animal wastes or manure are useful for crop growing, excessive nutrients (nitrogen,
phosphorus, carbon, potash, etc.) contained in the animal wastes that are washed into
streams from animal facilities and sprayed fields may cause overgrowth of algae and
changes in agquatic bioactivities that may deplete dissolved oxygen (DO) and alter pH
values of waterbodies. The eutrofication phenomenon changes the living conditions of
aquatic life and thus is a threat to aguatic species. Animal wastes also carry numerous
pathogens which can be indicated by the presence of fecal coliform (FC) bacteria. Once
released to waterbodies, these bacteria can cause human diseases and thus prohibit human
recreational use of waterbodies. However, it is not an easy task to quantitatively evaluate



the impact of animal agriculture on watershed quality in a geographic area as large as a
state due to the complexity of natural and human systems involved.

First, there are many natural and human factors that affect the movement and change of
nutrients and pathogens in the geographically differentiated environment. Although
laboratory tests can provide information about chemical compositions or types and
amount of bacteria of specific animal wastes, it is hard to know what happens after
animal wastes are released to waterbodies or applied in the fields. Experimental stations
may be able to monitor conditions of streams adjacent to afew animal facilities, but it is
difficult to determine the exact extents of a specific pollution in large areas. Second,
nutrients and pathogens come from multiple sources including human wastes, urban
runoff, and other agricultural activitiesin addition to animal wastes. It is thus extremely
difficult to determine exactly which sources have been involved and how much they have
contributed individually. Third, disparities and variations in natural environments also
impose some obstacles for sampling and measuring watershed impairment on a consistent
basis. Measurements taken at different time of the day, or season, or before or after a
storm differ significantly. The same anount of nutrients may be considered excessive in
one area but normal in another. All these uncertainties increase the risk in our decision
making in pollution control, especially when social and economic costs are considered.
Failure to recognize the geographic differences in animal agriculture and associated
pollution is one of the main reasons why we have failed to effectively control the non
point source pollution over the past three decades. Animal agriculture pollution isa
geographical phenomenon and thus needs to be addressed from a spatial approach,
particularly at the regional or state level.

Although there have been many studies dealing with animal pollution issues in South
Carolina, few have taken a spatial, empirical approach. Most studies, like those
conducted by Warner and colleagues (1998), have discussed the animal agricultural
pollution in genera terms without spatial consideration. The South Carolina Department
of Health and Environmental Control (1997, 2000) continues updating the 303(d) list that
contains information about the status of impaired waterbodies in the state, but makes no
attempt to link these impaired waterbodies with animal feeding activities in watersheds.
Allen, Lu and Blacklocke (1998) have examined the relationships between animal
agriculture and impaired watersheds in the state from a GIS based spatial approach, but
their research used the 8-digit hydraulic units for watershed impairment mapping. Such a
resolution is too coarse to represent reality, and their assessment relied on visua
interpretation of the maps without statistical analysis. There is a need to reexamine the
relationships between watershed impairment and animal agriculture using finer
geographic units and quantitative statistical analysis.

Objectives

This research revisited the animal agriculture-watershed impairment relationships from a
gpatial and empirical approach. There are four specific objectives to be obtained:



1. Map the watersheds impaired by DO, FC, P and pH problemsin relation to
animal agriculture as represented by cattle, poultry and swine in South
Carolinain the 11-digit hydrologic units.

2. Examine the relationship between watershed impairment and animal
agriculture using descriptive summary, canonical correlation, multiple
regression, and Pearson correlation.

3. ldentify the animal related factors that have significant impacts on the
watershed impairment in concern.

4. I|dentify the problems areas that should be targeted for watershed management
actions.

It was expected that this research would generate more detailed and accurate maps due to
the use of much finer spatial units. It is also believed that compared to animal farm data
aggregated at the zip code level, permitted animal facilities as a point coverage better
gpatially represent the distribution and concentration of animal agriculture in the state.
The new releases of 1997 Census of Agriculture and the South Carolina 303(d) 2000 list
also alow the researchers to update the previous study and provide new information. As
new spatial data of watershed impairments have become available, it is possible to
include phosphorus (P) and pH impairments in addition to dissolved oxygen and fecal
coliform bacteria for arelatively comprehensive analysis. Turkey was aso included in
the poultry category due to their importance in the northern part of the state. Most
importantly, a series of statistical analyses were designed to quantitatively examine the
relationships between animal agriculture and watershed impairments in South Carolina.

METHODOLOGY
Data Preparation

Data were collected mainly for two purposes. mapping and analysis. The database built
for this project mainly consists of three sets of source data related to watershed
impairment, animal agriculture, and base map ancillary data.

Water shed Impairment Data

Watershed impairment in South Carolina was measured by dissolved phosphorus, fecal
coliform bacteria, dissolved oxygen, and pH. These indicators were chosen mainly
because they are: (1) among those closely related to animal wastes; (2) mainly caused by
non-natural factors; and (3) prioritized for watershed management actions. Nitrogen was
not used because non-point source nitrogen loads are significantly heavier from the
atmosphere than from manure and fertilizer according to recent work completed by the U.
S. Geological Survey’s National Water Quality Assessment Program (Allen et a 1998).

The data source for these indicators is the list of 303(d) 2000 from the South Carolina
Department of Health and Environment Committee (SCDHEC, 2000). SCDHEC utilized
a point system for prioritizing the waterbodies on the South Carolina 8303(d) list for



aquatic life and human health use impairment based on the severity of the water quality
impairment and the impaired use of the waterbody. The process involved an evaluation of
each water body for all of the following factors. potential impacts to endangered species,
the severity of the pollution, the uses of the waterbodies, public support and, for
waterbodies impaired by fecal coliform bacteria, the potential for primary contact
recreation (swimming). Each impaired waterbody was given a priority ranking of 1, 2, or
3. The smaller the rank number is, the more serious the impairment is, and the higher the
priority is for watershed management actions. It must be noted that priority rank is not
exactly the same as impairment severity. The two terms were used interchangeably in this
research because the former was treated as the normalization of the latter that minimized
the differences and inconsistency of raw observation data. The 11-digit hydraulic codes
attached in the list were used to relate the table to watershed coverage. To be consistent
with the ranking system, the unranked waterbodies were assigned priority 4 for statistical
anaysis.

Animal Agriculture Data

Animal agriculture is represented by cattle (cow and beef), poultry (chickens and turkeys)
and swine. Each was measured by nine variables, including animal population, animal
farm counts, feeding facilities and animal units. The source data for the first three were
extracted from the 1997 Census of Agriculture (USDA/NASS, 2000) and Animal Facility
Permits in South Carolina (SCDEC, 2000). The 1997 Census of Agriculture is the most
recent census available. In order to minimize the spatial error associated with data
aggregation, this research used data aggregated at the smallest units, zip codes. It should
be pointed out that counts of animal farms in the inventory are available from various
sources but the animal population data at the zip code level can be obtained only through
a special request. Permitted animal facilities were collected as a point feature with an
attribute table attached. They were aready in the GIS compatible format and so ready for
analysis. Compared to those data extracted from the Census of Agriculture, facility data
are much more accurate spatialy and thus less error is expected during data processing.

Water shed Boundary Data

Watershed boundaries and other spatial data were also collected for GIS mapping and
statistical analysis. The most important being the coverage of South Carolina 11-digit
hydrologic units downloaded from the USGS web site. They were used as the units of
study for both mapping and statistical analysis. All other spatial data were aggregated
into these units during preprocessing. Zip code coverage was obtained from ESRI Data
set (ESRI, 2000) and utilized as an intermediate spatial feature to relate the census data
before all animal data were reaggregated into watershed units. Most ancillary data needed
for base maps were the in-house data provided by the Spatial Analysis Lab, Strom
Thurmond Institute of Government and Public Affairs, Clemson University.

Three main tasks were accomplished during the data preparation process. The first one
wasto convert all text files or irregular tables into the format that can be linked to
geographic features. The second was to reaggregate impairment and animal data into



watershed units. And the last was to derive new variable data sets from existing
coverages for conducting statistical analysis.

GIS Mapping

Asin the previous project (Allen et a., 1999), this research took a watershed approach
rather than a stream approach to mapping of water quality impairment caused by DO, FC,
P and pH problems. The 11-digit hydrological units were used instead of the 8-digit units
in order to improve spatial accuracy of the maps. There are four reasons for doing so.
First, although the priority rank of each impaired waterbody was based on the
observations from a site or sites along a stream, original point data do not contain
complete information about where certain impairment starts upstream and where it ends
downstream. Mapping impairment by streams, therefore, does not necessarily result in a
better spatial accuracy. In fact the 11-digit hydraulic units are sufficient to show the
gpatial patterns of watersheds impairments at the state level. Second, from the perspective
of watershed management, watersheds define the boundaries of possible sources of
pollutants. It will help watershed managers to determine the causes of certain
impairments by looking beyond a specific impaired stream. Third, for better visual effect,
watersheds are polygons and thus, if shaded, more conspicuous than linear streamsin
maps. Finaly, for the purpose of geostatistical analysis, it is easier or logically more
sound to aggregate data onto watersheds than onto the stream segments.

The chloropleth technique was used to map four types of the impairments. If there was
one occurrence of impairment or one impaired site within a watershed, the whole
watershed was considered impaired and assigned the value of the priority rank for that
site. In the case that multiple sites were impaired, only the highest rank or most sever one
was chosen as the representation for that watershed. It is admitted that this data
aggregation resulted in loss of information and introduction of error, but the error was
expected to be small as finer units of watersheds were used. In addition, the total number
of impairment types were calculated for each individual watershed and mapped out
accordingly to indicate where multiple impairment problems occur.

Mapping animal agriculture is straightforward once animal data have been aggregated for
each watershed. It was intended to map only the most important indicators of animal
agriculture, that is, animal population, farms, facilities and animal units for each animal
group athough other derived features such as various densities were also available in
digital formats. They were also presented in choropleth maps in the 11-digit hydraulic
units.

Differing from the previous mapping study, this research used permitted animal facilities
to overlay with impaired watershed maps in order to show the spatial association between
animal agriculture and polluted streams. Since animal feeding facilities are where animal
agricultural activities take place and certain pollutants originate, the overlay maps should
provide better visual presentation of the relations between the distribution and clusters of
animal facilities and watershed impairments. For each type of impairment, three maps
were generated for cattle, poultry, and swine respectively with each dot representing a
facility site. A smaller size of dot was used for poultry facilitates thanfor cattle and swine



facilities because of the abundance of poultry facilities. Even so, there are still many
symbols stacked together too closely to be distinguished from one another. It is therefore
not recommended to count the facilities based on these maps. But it is the coexistence of
the facility clusters and impaired watersheds that help to reveal the association between
animal agriculture and watershed quality.

ArcView 3.2 (ESRI) was used to facilitate spatial analysis and map-making processin
this project. Avenue scripts were written for data summary, aggregation and clustering
calculation.

SUMMARIES AND CONCLUSION
Summary of Major Findings

There are five mgjor findings from this research. First, there is an association between
animal agriculture and DO, FC, P, and pH impairment in South Carolina even though the
strength of the relationship varies with the type of impairment involved and animal
groups, and geographic areas or watersheds.

Second, the overall associations, no matter in terms of spatial overlaps, canonical
correlation, multiple regression or Pearson correlation, are all very weak.

Third, it appears that cattle have dightly larger impacts whereas swine do not show any
significant overlap with any types of impairments nor are they statistically associated
with any of them. They are not an important factor that would aggravate the impairments
in the state of South Carolina. Numbers of cattle facilities and poultry farms may be
indicators of impaired watersheds while swine factors may be indicators of unimpaired
watersheds.

Fourth, Fecal coliform bacteria are a pollution indicator that was the most widely spread
in space and impaired 147 of 274 watersheds. The scarcity of P impairments implies that
DO and pH impairment may have been caused by other nutrients and factors that may not
be associated with animal agriculture. Finally, there are several watersheds that have been
identified as problem areas with relative higher priority ranks and larger clusters of
animal facilities.

Causes of Weak Associations

The results of map analysis, smple correlation, canonical correlation, and multiple
regression all indicate that animal agriculture has some statistically significant effects on
watershed impairment as measured by DO, FC, P or pH priority ranks. This may have
resulted from animal regulations over the last three decades. There are also other
explanations for these weak relationships.



First, there are multiple causes of DO, FC, P, and pH related pollutions other than animal
manures. According Boering et a (1999), animal manure, for example, accounts for only
5% of nitrogen found in the streams in the area around the Gulf of Mexico. Both nutrients
and fecal coliform can come from many other sources or human activities including
industrial wastes, human wastes, urban runoff, chemical fertilizers of agriculture, golf
courses, wildlife, and natural environments. It is possible that animal agricultures's share
in the amount of variances in watershed priority ranks will become smaller even if all
other factors are taken into considerations in the regression models.

Second, the incomplete data sets may not reveal the entire picture of the relationships
between animal agriculture and watershed impairment. For example, the research used
only phosphorus impairment data for analysis and other types nutrients such as nitrogen
and potash were not included because they were not ranked as impairment problemsin
South Carolina. Research shows that a unit liveweight of cattle, poultry or swine generate
more nitrogen than phosphorous in manure. A unit liveweight of cattle or swine also
produces more potash than phosphorus. The nitrogen to phosphorus ratio may be changed
in other areas unimpaired by phosphorus problems where close associations exist
between nutrients and DO.

Third, due to the complexity of environmental systems and factorsinvolved, the
relationships between animal variables and watershed impairments are nonlinear. Both
canonical correlation and multiple regression models used in this research are basically
linear models and thus may not be appropriate for representing the reality that is chaotic
in nature. Nevertheless, the analysis presented indicates that animal agriculture is not the
major cause of watershed impairment in South Carolina.

Differentiations of Animal Impacts

Cattle agriculture appears to have a closer spatia correlation with the four impairment
problems based on the spatia and statistical analyses. This can be explained in the
following ways. First of all, cattle have the highest average animal units per facility and
per farm among the three animal groups. Per facility or farm wastes are also high and
correspondingly so are the pollutants. In addition, cattle have the highest degree of
concentrations in facilities and the cumulative impact is relative large. Furthermore, most
cattle facilities, especially those that coexist with impaired watersheds, are located in the
west and northwest regions where slope is relatively steeper than the coastal areas.
Animal wastes from cattle facilities or animal manure that were applied to the fields may
be more easily washed into streams by runoff.

It is surprising that the number of poultry farms, not the number of poultry facilities or
animal units, was found to be a better indicator of watershed impairment on several
occasions. This may be because the capacity of each poultry facility is relative small
though the total number is large. The average animal units per facility are very small
compared to those for cattle. Poultry farms, on the other hand, including only those
whose annual sale of animal products are greater than one thousand dollars, are relatively
large. The wastes generated per farm are more than those per facility. However, several
watersheds with the largest clusters of poultry facilities are not impaired by any of the



four problems, suggesting that larger facilities may have better waste management plans
Or measures.

There are aso three factors that help to explain why swine operations are not a negative
factor in watershed impairment. First, swine population is the smallest among three
animal groups, so are the equivaent total animal units. Everything else being equal, the
impact of the swine population should be the smallest. Next, most swine are raised within
facilities which are often better equipped for waste management. |mplementation of
animal facility permitting systems also has had some positive effect. Lastly, most swine
operations are located in the interior areas of the flat coastal plain region where soil
erosion and runoff are relatively low, though the areas are prone to storm surges.

It is noted that animal population or animal units were not found to be a significant
variable in canonical correlation or in the regression models. This is different from what
was expected because animal wastes, which are afunction of animal population or animal
weights, are the real sources of pollutants. If the finding correctly reflects the redlity,
continuing growth of animal populations or animal the agricultural economy should not
be considered a threat to the environment. Efforts in controlling animal related pollution
should focus on aspects of animal waste operations.

Distribution of Problems Areas

From the maps generated in this research, ore can identify the problem areas such as
watersheds impaired DO, FC, P or pH problems, watersheds with serious impairment,
watersheds with multiple pollution problems, watersheds with pollution probably caused
by animal operations, or areas with any combinations. What is worth further discussing is
those closely related to animal agriculture.

At the 5-digit level, impairment problems prevail in the Saluda- Wateree- Santee system
whereas no serious animal-related pollution problems in the Savanna River system. At
the 8-digit level, three major concentration areas can be found in the Saluda, Lower
Catawba-Wateree and Lake Marion watersheds. They are not the largest agricultural
areas in terms of either animal operations or crop production. This leaves researchers to
speculate about the true causes of watershed impairment in these areas. Industries such as
old textile mills along the Saluda and Wateree rivers, upstream urban centers such as
Greenville, Spartanburg, Greenwood, Rock Hill, Charlotte and Columbia, and intensive
recreational uses of streams flowing into Lake Murray, Lake Marion and Lake Moultrie,
may have more impact on water quality in the areas than does animal agriculture. A map
with human population overlaid on the FC impaired watersheds indicates that there is
strong spatial correlation between the two.

However, animal agriculture is likely responsible for a few regional or local watershed
impairments, particularly in the watershed right above Lake Murray. This watershed has
the largest cluster of cattle facilities and cattle units, the top 8 largest clusters of poultry
facilities and the top 15 swine anima units. All together these make the watershed rank
third in total animal units in the state. Furthermore, this watershed has one of the largest



areas of cropland in upstate South Carolina where animal wastes are commonly applied
to the crop fields for fertilization. It is assumed that large amounts of excessive nutrients
and bacteria carrying wastes have been washed into waterbodies mainly through the
surface flow and therefore contribute to multiple pollution problems. More regional or
local scale research is needed for identifying and isolating the true causes.

Limitations of the Study

Although the research has provided spatial and qualitative analyses with better data, it
cannot for certain determine the exact cause-effect relationships. The non linearity or
chaotic nature of complex human and natural systems cannot be fully represented by any
statistical or mathematic models. One single pollution event may cause serious problems
in other geographic areas and may vary over regions and over time. Thisis extremely
difficult to integrate into a statistical model.

Due to the inconsistency in scales and units of spatial data, data has to be aggregated in
the watershed units for mapping and statistical analyses. This process introduces errors
and adds some uncertainties to the findings. Original data from the census of agriculture
are also notorious for errors and thus its reliability is questionable. Animal facility
permits, which were collected for purposes other than the analysis presented here, are
relatively good at providing locations but do not have items that can be used for a
comprehensive analysis.

It is admitted that no study would be considered complete if variables representing other
human systems and natural systems are excluded in the research. The relationships
revealed in this research may have been different if other variables were taken into
equations. Asfor animal agriculture, variables such as size of farms, facility capacities
and others were not considered. Certain spatial variables that reflect spatial patterns of
each feature and its relationships with other locations and other features were either not
available or not included; and interaction terms were not included. Time and financial
resources also limited the amount of variables included in the study.

Implications

The findings of this research have several important policy implications in environmental
protection and watershed management.

First, because there is a statistical relationship between animal agriculture and watershed
impairment, animal agricultural factors should be taken into consideration in policy-
making at the state level. This makes it necessary to continue regulate animal facilities
and agricultural practices for better environmental quality. Although the relationshipis
very weak, certain regulations and best management practices will aways be necessary to
protect rivers and streams.

Second, since thereis only a very weak relationship between animal agriculture and

watershed impairment, it would be wise to continue searching for and target the more
important causes of watershed pollution. Animal variables as a whole explained at
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maximum about 25% of the variance in priority rank scores. This not only indicates that
animal agriculture is not the major factor that affects water quality but also strongly
suggests that other factors may be primary causes of the impairment problems. For more
effective watershed management with limited resources, state agencies should make more
effort in identifying and controlling other human activities that are most likely
contributing to watershed impairment.

Third, fecal coliform impairment is the most serious one among all four types of
impairments studied in many aspects and thus should be a priority for management
actions. More than half of the watersheds in the state have FC problems; there are more
watersheds with the top and second rank for FC than any other impairment. Furthermore,
FC impairment is the one that most threatens human use of water. It also ranked second
next to phosphorus in terms of total variance explained by animal variables. Phosphorus
impairment appears to be alocal or regional problem. Phosphorus, the only nutrient
ranked and studied, may need to be targeted for environmenta control related to animal
agriculture. DO and pH are secondary or indirect impacts of excessive nutrients released
to the waterbodies. Their true causes should be identified before proper action is taken.

Fourth, it suggests, that more attention may need to be be paid to cattle than to swine if
animal groups are to be differentiated for regulatory management targeting. Although it is
difficult to differertiate the effects of animal agriculture between animal groups and
across impairment types because of weak relationships, cattle was found to a dightly
higher contributor of the current impairments. In contrast, swine are not accountable for
the observed problems in South Carolina. Nonetheless, it should be emphasized that, asin
North Carolina, most swine facilities are located in the coastal regions that are prone to
natural disasters such hurricanes. While cattle livestock should be targeted for possible
action in pollution mitigation, strategic disaster management plans may need to be
implemented for swine facility operations to ensure environmental protection.

Finally, it appears appropriate to have spatially differentiated watershed management
plans if asimilar polity is not possible. Although the 303(d) list for 2000 has prioritized
the watersheds for individual impairment, areas with multiple problems, higher priority
ranks, and more severe pollution should be targeted first. These areas are identifiable
from the maps generated in the project and additional information about them can aso be
easily extracted from the GIS database. As for an animal agriculture-oriented watershed
management plan, watersheds in the Saluda River Basin above Lake Murray should be
the focus of management efforts and future research because that is where multiple
impairment problems are overlapped and different animal facilities are highly clustered.

Conclusions

The relationship between watershed impairment and animal agriculture is very
complicated in nature because so many factors are involved and constantly changing over
time and space. This research has attempted to examine the relationship from a spatial,
macro, and empirical approach with a hope of generating informetion useful for
policymaking at the state level. Although 155 11-digit watersheds have been found
impaired by DO, FC, P and/or pH problems, there is only a very weak association
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between these types of watershed impairments and indicators of animal agriculture based
on the empirical analysis. The findings may not truthfully reflect the reality due to data
constraints, inappropriate variables, or simplified models, but it would be unwise to
ignore the impact of animal agriculture or relax any existing regulation due to the nature
of the problem. So would it be disastrous to target animal agriculture as the sole cause of
DO, FC, P and pH problems, for other factors account for 75- 85% of the variancesin
priority rank scores and are left out of the equation. To fully understand the causes of
watershed impairments, scientists should not only continue to search for better animal
agriculture variables and conduct analyses using finer spatial units, but also attempt to
incorporate all possible factors (natural, human, and animal) into models and take
catastrophic events into consideration in their future research. Most importantly, state
policies on animal regulations and environmental standards should acknowledge the
differences among impairment types, animal groups and geographic regions. More efforts
should be made in control and reduction of pollution from cattle feeding operations
especialy in the areas with higher priority ranks and larger clusters of animal facilities
that have been identified through this research. We may not be immune from all negative
environmental impacts due to incompatible activities, but we can avoid the worst
scenarios with informed and wise decisions.
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