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article

Public participation in the development of watershed 
management plans has been recommended or required 

by several state and federal programs (e.g., USEPA, 2012a, 
2012b). In addition to the potential benefits provided by 
the “process” of participatory decision-making (such as 
the educational benefits for citizen participants and deci-
sion makers, political persuasion, citizen empowerment, 
breaking decision gridlocks, and litigation avoidance), it is 
estimated that public participation can result in better “out-
comes,” namely improved decisions that better reflect public 
preferences for environmental policies (Irving and Stans-
bury, 2004; Beierle, 1998). However, the preferences can 
vary significantly among the citizens, and finding a con-
sensus decision can be difficult, requiring significant time 
and budgetary commitments (Steelman and Ascher, 1997). 
Existing studies recommend selecting the method of public 
participation in the decision-making process depending on 
the heterogeneity of the target community. For example, in 
small, homogeneous communities, direct participation can 
be effective and relatively quick since just a few volunteer 
citizen participants are needed to represent the interests 
of the whole community. In contrast, in large and hetero-
geneous communities, capturing the environmental poli-
cy opinions and preferences of diverse socioeconomic and 
interest groups requires a large group of citizens engaged 
in the decision-making process. Finding citizen representa-
tives, motivating them to stay engaged in (often lengthy) 
decision-making process, and finding a consensus decision 
given their diverse preferences can be time-consuming and 

costly, and in some cases, may not be possible at all. Het-
erogeneous communities may require alternative methods 
of public involvement, such as soliciting information through 
surveys, focus groups, or elections of public representatives. 
If a community is large and diverse, while an environmen-
tal issue is relatively non-controversial, then the traditional, 
agency-dominated, decision-making process may be a more 
effective and less costly method of decision-making (Irving 
and Stansbury, 2004).

Given that the heterogeneity of the community can 
have significant implications for the participatory decision-
making process, existing studies have examined the 
factors influencing the degree of heterogeneity, with 
several of those studies identifying socio-demographic 
characteristics among key determinants (Vigdor, 2004). For 
example, compared with older residents, younger citizens 
are generally more likely to have eco-centric worldviews, 
that is, to believe that there are limits to economic and 
population growth and that development should comply 
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with sustainability principles (Hamilton et al., 2010; Kahn, 
2002; Klineberg et al., 1998; Scott and Willits, 1994; 
Arcury and Christianson, 1990). Hence, finding a consensus 
environmental management decision will require more 
time and effort if stakeholders participating in the decision 
process represent diverse age categories. Since younger 
residents are generally more idealistic and less integrated 
into existing economic systems, they may be more open 
to changes and more motivated to address environmental 
problems (VanLiere and Dunlap, 1980). Similarly, higher 
levels of education are usually associated with more 
concerns for environmental issues and higher support 
for eco-centric worldviews (VanLiere and Dunlap, 1980; 
Hamilton et al., 2010). Furthermore, women assess family 
dangers (including environmental risks) higher than do 
men, whereas men report fewer environmental concerns 
and higher confidence in their knowledge than do women 
(e.g., Hamilton et al., 2010).

The composition of urban or rural land uses can also 
influence the degree of community heterogeneity. Several 
studies have shown that urban residents may share 
more concerns about environmental issues than do rural 
residents, although the difference depends on the measure 
of environmental concern used by the researchers (e.g., 
Arcury and Christianson, 1990; Morrissey and Manning, 
2000). Those residing in rural areas generally perceive 
their water to be of better quality and less affected by 
such sources of pollution as farming and timber harvesting 
(Hu and Morton, 2011). This difference in perceptions 
can be explained by the more pronounced exposure 
to environmental degradation in urban areas. Urban 
residents are also more involved in activities that include 
the environment in appreciative or recreational ways. 
In contrast, rural residents are generally more likely 
to be engaged in extractive uses of natural resources 
(such as mining) that can lead to a more utilitarian 
orientation toward the environment. Furthermore, more 
tenuous economic conditions in rural areas may lead to 
supporting economic growth over environmental protection. 
Freudenburg and McGinn (1987) offered an additional 
explanation of the differences in opinions: agricultural 
producers understand the resiliency and adaptability of 
nature better than do urban residents, and they perceive 
human activities as supporting natural productivity (as 
opposed to impairing it). Finally, in metropolitan areas, 
socialization can lead to favorable perceptions of group 
solutions to environmental problems (Lowe and Pinhey, 
1982; Freudenburg and McGinn, 1987; VanLiere and 
Dunlap, 1980).

In this article, we use the responses to a nationwide 
survey of public attitudes and perceptions related to water 
issues (Hu and Morton, 2011; Borisova et al., 2012a; 
Mahler et al., 2004, 2013) to explore the heterogeneity in 
attitudes and opinions about the critical environmental issue 
of nutrient and pathogen water pollution. We focus on the 
southern United States. According to the U.S. Environmental 
Protection Agency (USEPA, 2012c), nationwide, 54% of 
assessed river and stream miles, and 69% of assessed 
lake, reservoir, and pond acres are classified as threatened 
or impaired, with nutrients (nitrogen and phosphorus) and 
pathogens being among the top causes of impairment. 
A variety of sources, including agriculture, urban-related 
runoffs, and municipal discharges, contribute to the 
impairments (USEPA, 2012c). However, opinions about 

nutrient and pathogen impairments can differ among 
various stakeholder groups (e.g., Borisova et al., 2012b). 
In this article, we specifically examine the differences 
in opinions about nutrient and pathogen water pollution 
among respondents (a) living in rural and urban areas; (b) 
with different demographic characteristics based on age, 
gender, and education; and (c) supporting eco-centric or 
anthropocentric worldviews. Our results show that these 
demographic, residence, and attitudinal characteristics 
correlate with respondents’ attitudes and opinions about 
water pollution issues and sources. In addition, significant 
differences in opinions are found among the residents of 
different states in the southern United States, possibly 
related to the differences in local environmental conditions 
and policies. These results can be used by agencies to 
evaluate the heterogeneity of the target community and 
select the appropriate degree and form of the public 
participation process.

Data
Details of the development and administration of the 

nationwide survey of public attitudes and perceptions 
related to water issues are discussed in Mahler et al. 
(2013). In this article, we focus on responses to the survey 
from nine southern states (AL, AR, FL, GA, LA, MS, OK, TN, 
and TX), and examine the responses to the questions about 
surface water quality in general and pathogens and fertilizer 
pollution issues specifically, as well as point (wastewater 
treatment plants and industry) and nonpoint (agriculture, 
urban runoff, and septic systems) pollution sources. As 
stated in Mahler et al. (2013), each region had some 
flexibility to modify the questionnaire used in the survey to 
match the local issues. As a result, water quality questions 
were asked differently in various regions. The Southern 
region was surveyed last (in 2008–2010), and given that 
the southern states face similar environmental challenges, 
the water quality questions examined in this article were 
asked consistently from state to state.

This article focuses on the responses to the following 
survey questions:

In your opinion, what is the quality of surface 
waters (rivers, streams, lakes, channels, and 
wetlands) where you live? Answer choices were 
aggregated into three categories: “good or excellent,” “fair,” 
and “poor.” “No opinion/I don’t know” responses (15%) 
were omitted from the analysis conducted for this question.

Do you know of or suspect that any of the 
following pollutants affect either surface or 
groundwater quality in your area? A list of 12 potential 
surface and groundwater issues was provided. For each 
issue, the respondents were asked to select an answer from 
the choices, ranging from “Know it is NOT a Problem” to 
“Know it IS a Problem” and “Don’t know.” In this article, we 
focus on the responses related to the three pollution issues: 
pathogens, fertilizer/nitrates, and fertilizer/phosphates. 
A significant number of respondents answered “Don’t 
know” to these questions (42–54%), and these responses 
were excluded from the analysis of opinions related to the 
potential water pollutants.

In your opinion, which of the following are most 
responsible for the existing pollution problems in 
rivers and lakes in your state? (Check up to 3 answers). 
A list of 13 potential pollution sources was provided. Those 
who did not select any of the potential sources or those 
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who selected more than three sources were excluded from 
the analysis of opinions related to the pollution sources 
(17%). In this article we focus on the responses about the 
following sources that are identified as the probable sources 
of impairments for relatively large proportion of stream 
miles and lake acres (USEPA, 2012c): wastewater treatment 
plants, industry, agriculture (crops or livestock), septic 
systems, and urban sources (such as stormwater runoff, 
runoff from home landscapes, new suburban development, 
and erosion from roads and/or construction, repair). The 
other five potential sources (forestry; military bases; 
landfills; oil wells; and mining) were excluded from the 
analysis conducted for this question.

Based on the existing literature, we hypothesize that 
the attitudes and opinions about water quality, pollutants, 
and pollution sources are correlated with the following 
characteristics of the respondents (Table 1):

Residence. We hypothesize that self-identified urban 
residents would be more concerned about water quality and 
nutrient and pathogen pollution than would self-identified 
rural and agricultural respondents; and that those residing 
in large cities would be more concerned about water quality 
problems than would those residing in smaller communities;

General Attitudes toward Environment. We 
hypothesize those with more eco-centeric worldviews to be 
more concerned about water quality issues. To explore the 
differences in respondents’ worldviews, a scale question 
was used in the public survey to measure where each 
respondent’s attitude might be placed in the continuum 
between extremes of total natural resource use (self-rating 
of 1) and total environmental protection (self-rating of 10).

Demographic Characteristics. We hypothesize female, 
younger, and more educated respondents to be more 
concerned about water quality issues.

State of Residence. Southern states differ from each 
other in their land use, type of industry, water quality 
standards, ambient water quality, and other characteristics. 
We hypothesize these characteristics to influence citizens’ 
attitudes and opinions about water quality.

Methods
Multivariate logistic regression analysis was used to 

examine the effects of various factors on the probability 
of respondents selecting specific answer choices. Separate 
regression models were constructed for each of the 
pollutants (Question 2), pollution source (Question 3), as 
well as overall opinion about surface water quality (Question 
1).

Specifically, for the models related to potential pollution 
sources (Question 3), the dependent variable value for 
respondent i, yi, is equal to one if the respondent selected a 
specific pollution source, and zero otherwise. It is assumed 
that the respondent i’s true (unobservable) concern level, 
yi

*, is a function of all the respondents’ characteristics, 
x, parameters a and b, and a disturbance ei that has a 
standard logistic distribution (Wooldridge, 2009):

yi
* = a + b’xi + ei 	 [1]

Then, yi, can be derived as follows:

yi = 0 if yi
* £ 0, 				     [2]

   = 1 if yi
* > 0

Table 1. Socio-demographic characteristics collected in the 
survey.

Variable (sample size)

Percent 
respondents 

(%)
What is your age? (N = 3025)
  20–34 years old 6.18
  35–44 years old 11.74
  45–64 years old 44.69
  65 years old and older 37.39

What is your gender? (N = 3065)
  Male 64.18
  Female 35.82

What is the highest level of education you 
have completed? (N = 3055)

Less than high school / some high school 
education 0.06

  High school graduate 0.18
  Some college or vocational training 0.31
  College graduate 0.24

Advanced college or other professional 
degree 0.21

Please place an X on the line below to indicate 
how you see yourself on
environmental issues. (N = 3150)
  1 = total natural resource use; 9.56
  2 0.38
  3 1.49
  4 3.81
  5 9.11

6 = equal balance between use and 
protection† 34.32

  7 15.84
  8 15.52
  9 7.94
  10 = total environmental protection 2.03

The population of the city/town in which you 
live is: (N = 2860)
  More than 100,000 people 31.29
  25,000 to 100,000 people 28.64
  7,000 to 25,000 people 18.32
  3,500 to 7,000 people 9.86
  Less than 3,500 people 11.89

Where do you live? (N = 3068)
  Inside city limits 56.78
  Outside city limits, not engaged in farming 37.58

Outside city limits, currently engaged in 
farming 5.64

State of residence: (N = 3163)
  Alabama 9.20
  Arkansas 8.13
  Florida 16.53
  Georgia 16.44
  Louisiana 7.94
  Mississippi 8.98
  Oklahoma 8.35
  Tennessee 11.19
  Texas 13.25

† Identified as “average American adult” in the survey.
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Given this specification, the probability of selecting a specific 
answer choice for Question 3 can be estimated as follows 
(Wooldridge, 2009):

Prob [yi = 1 | xi]   = Prob [yi
* > 0| xi] 

                          = Prob [ei > –(a + b’xi) | xi] 

                          = 1 – F [– (a + b’xi)] 

                          = F [(a + b’xi)] 		    [3]

where F denotes cumulative standardized logistic 
distribution function (cdf). Then, the parameters a and b are 
estimated by maximizing the log-likelihood function:

LogL = yi log(F [a + b’xi]) 

+ (1 – yi) log(1–F [a + b’xi])		    [4]

In turn, for Questions 1 and 2, an ordered logistic 
regression model was estimated since the respondent 
was asked to select one of several sequentially 
ordered responses. The ordered logistic regression is a 
generalization of the ordinary logistic regression described 
above. It is important to note that the logistic distribution 
function F is nonlinear, and hence, the magnitude of 
coefficients a and b cannot be easily interpreted.

The parameters a and b for ordinary and ordered logistic 
regression models were estimated using proc logistic 
implemented in SAS 9.2 (SAS Institute, 2012a). Likelihood 
ratio tests were used to test the hypothesis that a and b 
are equal to zero. In turn, goodness of fit of the logistic 
regression model is evaluated using the area under the 
receiver operating characteristic (ROC) curve (c), which 
is based on the proportions of correctly and incorrectly 
identified responses, with c = 0.5, implying no predictive 
power in the model, and c = 1, implying absolute predictive 
power (SAS Institute, 2012b; UCLA, 2013).

Results and Discussion
The majority of respondents believed their surface 

water is of good or excellent quality (53.9%) (Table 2). 
The majority of respondents also “knew” or “suspected” 
that pathogens, fertilizer/nitrates, and fertilizer/phosphates 
affect surface or groundwater quality in their areas (54.1, 
67.5, and 67.4%, respectively). Given the significant 
correlation between responses about fertilizer/nitrates and 
fertilizer/phosphates (Cramer’s V = 0.96), we used only 
the responses to the fertilizer/phosphates category in the 
regression analysis described below.

Overall, 42.7% of respondents identified “industry” 
as one of the top three river/lake pollution sources in 
their states. Although the percentage of respondents who 
selected other potential pollution sources is significantly 
smaller, overall, 66.2% of respondents selected one of the 
urban nonpoint sources (stormwater runoff, runoff from 
home landscapes, new suburban development, or erosion 
from roads and/or construction, repair), and 39.2% selected 
one of the agricultural nonpoint sources (agriculture–crops 
or agriculture–animals) among the top sources of pollution. 
The correlation among the responses about individual 
pollution sources was low, and hence, the responses about 
each potential pollution source were analyzed separately.

Table 1 presents the socio-demographic, residence, and 
attitudinal characteristics that were collected as part of the 

survey of public attitudes and perceptions related to water 
issues (Mahler et al., 2013). The majority of respondents 
were 45 years old and older, male, and had at least some 
college or vocational training education. The majority of 
respondents also resided in communities with populations 
larger than 25,000 people. Only 5.6% of respondents 
reported that they were engaged in farming. Responses 
from the four most populous states—Florida, Georgia, 
Texas, and Tennessee—accounted for almost 60% of the 
survey responses received from the region. Approximately 
one-third of respondents supported an equal balance 
between natural resource use and environmental protection 
(34.3%). More than one-third of respondents expressed 
some degree of support for environmental protection 
(41.3%), and they are hypothesized to have more eco-
centric worldviews. Finally, 24.4% of respondents supported 
natural resource use (as opposed to environmental 
protection), and they are hypothesized to have more 
anthropocentric worldviews.

Table 2. Responses to the survey questions about surface 
water quality, water pollutants, and pollution sources.

Survey question (sample size)

Percent 
respondents 

(%)
In your opinion, what is the quality of surface 
waters (rivers, streams, lakes, channels, and 
wetlands) where you live? (N = 2585)
  Poor 15.24
  Fair 30.91
  Good or excellent 53.85

Do you know of or suspect that any of the 
following pollutants affect either surface or 
groundwater quality in your area?
Pathogens (bacteria, viruses, germs) (N = 
1351)
  Know it is NOT a Problem 8.73
  Suspect it is NOT a Problem 37.23
  Suspect it IS a Problem 44.49
  Know it IS a Problem 9.55
Fertilizer / Nitrates (N = 1725)
  Know it is NOT a Problem 5.68
  Suspect it is NOT a Problem 26.84
  Suspect it IS a Problem 54.55
  Know it IS a Problem 12.93
Fertilizer / Phosphates (N = 1687)
  Know it is NOT a Problem 5.63
  Suspect it is NOT a Problem 26.97
  Suspect it IS a Problem 54.36
  Know it IS a Problem 13.04

In your opinion, which of the following are 
most responsible for the existing pollution 
problems in rivers and lakes in your state? 
(Check up to 3 answers) (N = 2619)
  Industry 42.65
  Stormwater runoff 27.80
  Agriculture–crops 27.68
  New suburban development 26.42

Erosion from roads and/or construction, 
repair 26.38

  Septic systems 21.76
  Agriculture–animals 19.32
  Wastewater treatment plants 17.33
  Runoff from home landscapes 16.27
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Residence. Results of the logistic regression analysis 
show that several respondents’ characteristics were 
systematically correlated with answers about surface water 
quality and pollution causes and sources (Table 3). We 
found some support for our first hypothesis that urban 
residents are more concerned about environmental issues 
than are rural residents. Specifically, in comparison with 
city residents, those residing outside city limits (engaged 
in farming or not) were less concerned about fertilizer as a 
surface or groundwater pollutant in their areas. However, 
the responses about overall water quality in respondents’ 
areas were not statistically different between self-identified 
urban and rural dwellers.

With respect to pollution sources, those residing outside 
city limits (engaged in farming or not) were more likely to 
identify septic systems and wastewater treatment plants 
among the top pollution sources than those living inside 
city limits. In addition, those engaged in farming were more 
likely to identify runoff from home landscapes as a top 
pollution source (as compared with respondents residing 
in the city). Septic systems are more common in rural 
areas and require at least occasional maintenance by the 
homeowner, possibly explaining the higher level of concern 
among rural respondents. In turn, wastewater treatment 
plants, unlike septic systems, are pretty much invisible to 
the urban homeowner, possibly explaining the relatively 
low level of concern of urban dwellers about this potential 
pollution source. Finally, runoff from home landscapes is 
usually associated with water quality impacts of urban 
areas, where lawns and gardens are connected to streams 
by streets and storm sewers, and hence, it is somewhat 
surprising that those living outside city limits and engaged 
in farming were more concerned about this potential 
pollution source than urban respondents.

Comparison of the responses by community sizes also 
shows that the opinions about the top sources affecting 
river and lake water quality in the respondents’ states 
varied. Respondents residing in very small communities 
(less than 3,500 people) were more likely to identify 
agriculture (crops or livestock), and less likely to identify 
new suburban development among the top pollution sources 
(compared with those residing in very large communities). 
Very small communities are usually distant from urban 
areas and reliant on agriculture for their economy. This may 
explain higher concerns about agricultural water quality 
impacts among residents of small communities.

Those residing in communities of 3,500 to 7,000 people 
were also likely to be concerned about septic systems, 
whereas those in larger communities (25,000–100,000 
people) were concerned about new suburban development 
(compared with those in larger urban areas).

Overall, although we lacked objective information about 
the actual sources of water pollution in respondents’ areas, 
the survey reflects respondents’ awareness of local water 
quality problems, with agricultural sources and septic 
systems dominating in small communities and suburban 
development in larger cities.

General Attitudes toward Environment. With respect 
to our second hypothesis, as estimated, those respondents 
with more eco-centric worldviews (as evaluated by the 
question about general environmental worldview) ranked 
overall water quality lower, and were more concerned about 
pathogens and fertilizer pollutants, in comparison with 

those with more anthropocentric worldviews. Those with 
more eco-centric worldviews were also more likely to select 
industry, agriculture, and new suburban development as the 
top sources affecting river and lake water quality in their 
states. Surprisingly, such respondents were less likely to 
be concerned about pollution from wastewater treatment 
plants. All respondents were allowed to select up to three 
top pollution sources, forcing a hard choice among potential 
pollution sources.

Demographic Characteristics. We also found some 
support for our hypothesis that younger respondents are 
more concerned about water quality issues. Those 20 to 34 
years old had lower opinions of overall surface water quality, 
and were more concerned about pathogens as a surface or 
groundwater pollutant than did those 65 years and older. 
Those 20 to 34 years old were also more likely to consider 
stormwater runoff as a top river/lake pollution source and 
were less likely to identify agriculture (crops or livestock) as 
a top pollution source. Furthermore, such respondents were 
also less likely to identify runoff from home landscapes as 
a top pollution source (although they may have considered 
stormwater runoff as an all-inclusive category, or they may 
be less familiar with the runoff and home landscaping issues 
due to the lack of home ownership experience).

Comparison of the responses among the age categories 
also shows that those 45 to 64 years old are especially 
aware of fertilizer as a cause of surface/groundwater 
pollution, and they are more likely to select wastewater 
treatment plants among top pollutant sources (as compared 
with those 65 years old and older).

As expected, gender and education were also among 
the significant predictors of the responses. Other things 
being equal, males were less likely to be concerned about 
pathogens and fertilizers, and they were less likely to select 
septic system or erosion from roads/construction among 
their top three pollution sources, but males were more likely 
than females to select stormwater runoff and agriculture–
crops as the top pollution sources.

Respondents’ education was also important. Those 
without a college degree were generally less concerned 
about fertilizers as a surface or groundwater pollution issue 
and less likely to include industry, agriculture (crops and 
livestock), new suburban development, or runoff from 
home landscapes among their top three pollution causes 
(compared with respondents with advanced degrees). 
However, those less educated were more likely to identify 
erosion from roads/construction and wastewater treatment 
plants among their top three sources affecting rivers/lakes 
in their states.

State of Residence. Finally, responses were 
significantly different among the states. Table 4 summarizes 
some key characteristics of the states in the Southern 
region that can help explain the differences in responses. 
In comparison with Florida, respondents from all the other 
states were less concerned about pathogens and fertilizers, 
and less concerned about the urban nonpoint pollution 
sources of runoff from home landscapes, stormwater runoff, 
and new suburban development (although the differences 
between Florida and some of the other states were not 
statistically significant). This relatively high level of concern 
with urban nonpoint sources in Florida can be explained by 
rapid population growth in the state, the large proportion 
of the state’s territory already devoted to urban land uses, 
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and significant areas covered with water (which implies 
that much of the urban development is taking place in close 
proximity to water bodies).

Interestingly, in comparison with Florida, respondents 
from the other states (except Louisiana and Mississippi) 
were also less concerned about the impacts on river/lake 
water quality by agriculture–crops (although the difference 
between Florida and Arkansas was not statistically 
significant). Crops cover a relatively small percentage of 
Florida’s territory, and hence, the significant level of concern 
of Florida respondents may be explained by the proximity 
of agricultural areas in relation to water resources, more 
intensive production practices used in Florida, and unique 
crops produced in Florida.

Respondents from Arkansas and Oklahoma were more 
concerned about the impacts of agriculture–animals on 
river/lake water quality (compared with Florida). Large 
areas in Oklahoma are devoted to pasture, while Arkansas 
is a leader in poultry production, which partially explain 
these results.

Finally, Louisiana and Mississippi respondents were more 
concerned about the impacts of septic systems on river/
lake water quality, whereas Georgia respondents were more 
concerned about erosion from road/construction and repair 
(compared with Florida). Further analysis is needed to 
explain these results.

It is important to note that the overall explanatory 
power of the logistic regression models for Questions 1 to 
3 is relatively low (i.e., c parameter for the model is below 
0.70, see Table 3). This result implies that the demographic, 
residence, and attitudinal characteristics included in the 
regression models explain a relatively small proportion 
of the variability in the survey responses. However, as 
discussed above, the coefficients of several independent 

variables are statistically significant, and the effects of 
these variables on respondents’ opinions are important. To 
illustrate the effect of the respondents’ residence in urban or 
rural/agricultural communities category variable, we select 
three (self-identified) groups of respondents: those residing 
in rural areas and involved in agriculture (Group 1); those 
residing in rural areas not involved in agriculture, and living 
in communities with populations less than 25,000 people 
(Group 2); and those living in urban areas in communities 
with populations greater than or equal to 25,000 people 
(Group 3). It is important to note that those in Group 3 
were on average more educated, more supportive of eco-
centric worldviews, and included a higher proportion of 
females, in comparison with the other two groups (Table 5).

Opinions about water quality varied among the three 
residence groups (Fig. 1). Specifically, although close to 
70% in Group 3 (urban residents) suspected that fertilizer 
and pathogens were affecting surface or groundwater in 
their areas, the overwhelming majority in Group 1 (rural 
residents involved in agriculture) knew or suspected that 
these issues were not affecting their local water resources. 
Furthermore, although the three groups generally agreed 
that industry should be a priority for water quality policy 
interventions, their opinions about the other sources 
diverged. For example, many in Group 3 (urban residents) 
indicated that new suburban development, stormwater 
runoff, and erosion from roads/construction were among 
the primary pollution sources. In contrast, Group 1 (rural 
residents involved in agriculture) were relatively more 
concerned about the impacts of wastewater treatment plans 
and septic systems on water quality. Finally, those in Group 
2 (rural residents not involved in agriculture) were relatively 
more concerned about the impacts of agricultural sources.

Table 4. Characteristics of the states in the southern United States.

State
Percent of state 

area that is water†
Population growth, 
2000–2010 (%)‡

Percent of state area 
in cropland, 2007§

Percent of state area 
in grassland pasture 

and range, 2007¶

Percent of state 
area in urban uses, 

2007#
Alabama 1.9% 7.5% 9.5% 8.0% 3.4%
Arkansas 2.1% 9.1% 24.1% 9.7% 1.8%
Georgia 1.8% 18.3% 12.4% 3.5% 6.5%
Florida 8.7% 17.6% 7.5% 14.9% 10.9%
Louisiana 9.5% 1.4% 17.2% 7.5% 4.3%
Mississippi 1.7% 4.3% 12.5% 4.7% 1.3%
Oklahoma 1.8% 8.7% 29.1% 42.5% 1.6%
Tennessee 2.2% 11.5% 22.3% 7.8% 5.9%
Texas 1.9% 20.6% 19.9% 59.4% 2.7%
† Source: USGS (2010).
‡ Source: Mackun and Wilson (2010).
§ Based on (1) 2007 (estimated) cropland area (USDA-ERS, 2007a) and (2) total land area in each state (StateMaster.com, 2013).
¶ Based on (1) 2007 (estimated) grassland pasture and range (USDA-ERS, 2007b) and (2) total land area in each state (StateMaster.com, 2013).
# Based on (1) 2007 (estimated) land in urban areas (USDA-ERS, 2007b) and (2) total land area in each state (StateMaster.com, 2013).

Table 5. Demographic characteristics of selected sub-samples of survey respondents.

Groups
Group 

description
No. of 

respondents†
Avg. age 
(years)

Male 
(%)

Proportion of respondents by educational levels
General 

attitudes 
toward 

environment

Less 
than high 

school
High 

school

Some 
college of 
vocational 

training
College 
degree

Advanced 
degree

1 Agricultural 148 56.5 81.8% 8.8% 28.4% 36.5% 14.2% 12.2% 5.5
2 Rural 664 59.3 66.3% 6.7% 24.1% 33.7% 20.5% 15.0% 6.0
3 Urban 997 57.9 67.0% 4.0% 13.9% 27.1% 29.0% 26.0% 6.3
† Note that the number of responses used in the analysis of specific survey questions can be smaller, since respondents can skip some of the survey 

questions.
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Conclusions
Nutrient and pathogen water quality problems are 

identified in many watersheds in the southern United 
States, and government agencies have been working with 
local communities to address the problems. To design an 
effective participatory watershed management process, 
government agencies need to account for the degree of the 
heterogeneity in opinions about water quality and pollution 
sources of the target community. This study shows that 
similar to the results reported for other regions (Hu and 
Morton, 2011), in the southern United States, the degree 
of the heterogeneity of citizens’ opinions about the impacts 
of nutrients and pathogens on local water quality, as well 
as about the relative contributions of the potential pollution 
sources, depends on residency in urban or rural areas and 
involvement in agriculture, as well as on demographic 
characteristics. We found that younger, female, urban 
dwellers are generally more concerned about fertilizer and 
pathogen water quality issues than are older, male, rural 
dwellers (and those particularly involved in agriculture). 
We did not find any statistically significant difference in 
the perception of agriculture as a potential source of water 
pollution among self-identified urban and rural dwellers. 
However, those living in small communities were more likely 
to be concerned about agricultural water quality impacts. 

In turn, those residing outside city limits and currently 
engaged in farming were more likely to be concerned about 
the impact on water quality of wastewater treatment plants.

This study focused on just a few of the important 
stakeholder characteristics that can correlate with 
the opinions about water quality issues and sources. 
Correlations with other characteristics, such as occupation, 
ethnicity, religion, political views, and incomes (see 
Adeola, 2004; Morrissey and Manning, 2000; Kahn, 2002), 
should be explored in future studies. In addition, it is 
important to focus specifically on those citizens residing 
in close proximity to impaired water bodies and evaluate 
whether their opinions coincide with water pollution issues 
tentatively identified by state agencies leading watershed 
management plan efforts [such as total maximum daily 
load (TMDL), USEPA, 2012d]. The effects on public 
opinions of other factors, such as news media campaigns, 
educational interventions, or major policy initiatives (e.g., 
Genskow and Prokopy, 2008), should also be addressed 
in future research. Finally, additional questions can be 
included in future public surveys to further explore general 
environmental world-views of respondents and their impacts 
on attitudes and opinions about water quality specifically 
(Dunlap et al., 2000).

A significant number of survey respondents answered 

Fig. 1. Opinions about water quality and pollution issues and sources for survey respondents.
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“I do not know” to the questions about water quality and 
pollution issues. Given the significant amount of resources 
devoted by agencies and outreach organizations on public 
education about water quality, the significant proportion of 
“I do not know” responses is surprising. In this article we 
assumed that despite the significant proportion of “I do not 
know” responses (as well as non-responses), the systematic 
relationships we discovered between respondents’ opinions 
and demographic and residence characteristics are 
representative of the true relationships in the population of 
a region as a whole. In the future, additional analysis of “I 
do not know” responses and non-respondents is required as 
recommended by Hu (2011).

Given that socio-demographic characteristics of the 
population in the southern United States are changing 
dramatically (in terms of the urban–rural split, racial 
composition, age, income, etc.), it would be interesting to 
project how water quality concerns will shift with changes 
in population (see Kahn, 2002). Periodic repeats of the 
nationwide survey of public attitudes and perceptions 
related to water issues can also help evaluate the dynamics 
of public concerns.

References
Adeola, F.O. 2004. Environmentalism and risk perception: Empirical 

analysis of black and white differentials and convergence. Soc. 
Nat. Resour. 17:911–939. doi:10.1080/08941920490505329

Arcury, T.A., and E.H. Christianson. 1990. Environmental world-
view in response to environmental problems: Kentucky 
1984 and 1988 compared. Environ. Behav. 22:387–407. 
doi:10.1177/0013916590223004

Beierle, T.C. 1998. Public participation in environmental decisions: An 
evaluation framework using social goals. RF Discussion Paper 99-
06. Resources for the Future, Washington, DC.

Borisova, T., D. Adams, A. Flores-Lagunes, M. Smolen, M. McFarland, 
and D. Boellstorff. 2012a. Does participation in volunteer-driven 
programs change household landscape management practices? 
Evidence from southern states. J. Ext. 50(3):3RIB4. http://www.
joe.org/joe/2012june/rb4.php (accessed 9 Sept. 2013).

Borisova, T., L. Racevskis, and J. Kipp. 2012b. Stakeholder engage-
ment in watershed planning to address water quality impairment: 
A Florida case study. J. Water Resour. Assoc. 48(2):277–296. 
doi:10.1111/j.1752-1688.2011.00615.x

Dunlap, R.E., K.D. Van Liere, A.G. Mertig, and R.E. Jones. 2000. New 
trends in measuring environmental attitudes: Measuring endorse-
ment of the new ecological paradigm: A revised NEP scale. J. Soc. 
Issues 56:425–442. doi:10.1111/0022-4537.00176

Freudenburg, W.R., and B. McGinn. 1987. Rural-urban differences in 
environmental concern: A closer look (revised version). Proceed-
ings of the Rural Sociological Society Conference, Madison, WI 
(August).

Genskow, K., and L. Prokopy, editors. 2008. The Social Indicator Plan-
ning and Evaluation System (SIPES) for Nonpoint Source Manage-
ment: A Handbook for Projects in USEPA Region 5. Great Lakes 
Regional Water Program, Publ. no.: GLRWP-08-SI01. http://www.
uwex.edu/ces/regionalwaterquality/Flagships/SI-Docs/SI%20
Handbook6-08.pdf (accessed 9 Sept. 2013).

Hamilton, L.C., C.R. Colocousis, and C.M. Duncan. 2010. Place effects 
on environmental views. Rural Sociol. 75:326–347. doi:10.1111/
j.1549-0831.2010.00013.x

Hu, Z. 2011. Water quality perceptions in the US. Ph.D. diss. Iowa 
State Univ., Ames, IA.

Hu, Z., and L.W. Morton. 2011. U.S. Midwestern residents’ perceptions 
of water quality. Water 3:217–234. doi:10.3390/w3010217

Irving, R.A., and J. Stansbury. 2004. Citizen participation in decision 
making: Is it worth the effort? Public Admin. Rev. 64:55–65.

Kahn, M. 2002. Demographic change and the demand for environmen-
tal regulation. J. Policy Anal. Manage. 21:45–62. doi:10.1002/
pam.1039

Klineberg, S.L., M. McKeever, and B. Rothenbach. 1998. Demographic 
predictors of environmental concern: It does make a difference 
how it’s measured. Soc. Sci. Q. 79:734–753.

Lowe, G.D., and T.K. Pinhey. 1982. Rural-urban differences in support 
for environmental protection. Rural Sociol. 47:114–128.

Mackun, P., and S. Wilson. 2010. Population distribution and change: 
2000 to 2010. 2010 Census Briefs (issued March 2011). 
C2010BR-01. U.S. Dep. of Commerce Economics and Statistics 
Administration, U.S. Census Bureau, Washington, DC.

Mahler, R.L., M.D. Smolen, T. Borisova, D.E. Boellstorff, D.C. Adams, 
and N.W. Sochacka. 2013. The National Water Survey Needs 
Assessment Program. Nat. Sci. Educ. 42:98-103 (this issue). 
10.4195/nse.2012.0025

Mahler, R.L., R. Simmons, F. Sorensen, and J.R. Miner. 2004. Prior-
ity water issues in the Pacific Northwest. J. Ext. 42:Article 5RIB3. 
http://www.joe.org/joe/2004october/rb3.php (accessed 9 Sept. 
2013).

Morrissey, J., and R. Manning. 2000. Race, residence, and environmen-
tal concern: New Englanders and the White Mountain National 
Forest. Hum. Ecol. Rev. 7:12–24.

SAS Institute. 2012a. SAS 9.2 Product documentation. http://support.
sas.com/documentation/92/index.html (accessed 9 Sept. 2013).

SAS Institute. 2012b. SAS/STAT(R) 9.22 User’s guide: Receiver operat-
ing characteristic curves. http://support.sas.com/documentation/
cdl/en/statug/63347/HTML/default/viewer.htm#statug_logistic_
sect047.htm (accessed 9 Sept. 2013).

Scott, D., and F.K. Willits. 1994. Environmental attitudes and be-
havior: A Pennsylvania survey. Environ. Behav. 26:239–260. 
doi:10.1177/001391659402600206

StateMaster.com. 2013. Geography statistics. Land acreage: To-
tal (most recent) by state. http://www.statemaster.com/graph/
geo_lan_acr_tot-geography-land-acreage-total (accessed 9 Sept. 
2013).

Steelman, T.A., and W. Ascher. 1997. Public involvement methods in 
natural resource policy making: Advantages, disadvantages, and 
tradeoffs. Policy Sci. 30:71–90. doi:10.1023/A:1004246421974

USDA-ERS. 2007a. Major land uses: Overview. Total cropland, by re-
gion and states, United States, 1945–2007. http://www.ers.usda.
gov/data-products/major-land-uses.aspx#25964 (accessed 9 
Sept. 2013).

USDA-ERS. 2007b. Major land uses: Overview. Grassland pasture and 
range (noncropland and nonforest), by region and States, United 
States, 1945–2007. http://www.ers.usda.gov/data-products/ma-
jor-land-uses.aspx#25970 (accessed 9 Sept. 2013).

UCLA. 2013. SAS Annotated output: Proc logistic. Academic Technol-
ogy Services, Statistical Consulting Group, Univ. of California, Los 
Angeles,CA. http://www.ats.ucla.edu/stat/sas/output/SAS_logit_
output.htm (accessed 9 Sept. 2013).

USEPA. 2012a. Water: Total maximum daily loads (303d). What is a 
TMDL? http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/
overviewoftmdl.cfm#publicparticipation (accessed 9 Sept. 2013).

USEPA. 2012b. National pollutant discharge elimination system (NP-
DES). Public involvement/participation. http://cfpub.epa.
gov/npdes/stormwater/menuofbmps/index.cfm?action=min_
measure&min_measure_id=2 (accessed 9 Sept. 2013).

USEPA. 2012c. Watershed assessment, tracking and environmental re-
sults: National summary of state information. http://ofmpub.epa.
gov/waters10/attains_nation_cy.control (accessed 9 Sept. 2013).

USEPA. 2012d. Water: Total maximum daily loads (303d). Impaired 
waters and total maximum daily loads. http://water.epa.gov/
lawsregs/lawsguidance/cwa/tmdl/index.cfm (accessed 9 Sept. 
2013).

USGS. 2010. How much of your state is wet? http://ga.water.usgs.gov/
edu/wetstates.html (accessed 9 Sept. 2013).

Van Liere, K.D., and R.E. Dunlap. 1980. The social bases of environ-
mental concern: A review of hypotheses, explanations, and em-
pirical evidence. Public Opin. Q. 44:181–197. doi:10.1086/268583

Vigdor, J.L. 2004. Community composition and collective action: Ana-
lyzing initial mail response to the 2000 Census. Rev. Econ. Stat. 
86:303–312. doi:10.1162/003465304323023822

Wooldridge, J.M. 2009. Introductory econometrics: A modern ap-
proach. South-Western Cengage Learning, Manson, OH.


