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Abstract
The purpose of this study was to examine riparian owner concerns, land uses, and interests in protecting
river/stream quality. In collaboration with local watershed organizations, mail surveys were used to collect
information from riparian landowners. Descriptive statistics and probit models were utilized to analyze survey
data. Study findings revealed that trash is a consistent concern of riparian owners and that owner interest in
watershed organization activities is high. Furthermore, results showed that there is generally a low interest in
stream improvement projects among the surveyed individuals. Respondent characteristics that increased
improvement interests included agricultural or idle land uses, higher education level, concern about stream
pollution, and expressed interest watershed organization activities. Availability of government cost share was
found to increase landowner interest in conducting more than one stream improvement project.
Keywords: Riparian owners, Stream improvement, Watershed organizations, Mail surveys
1. Introduction
Significant progress has been made in cleaning up polluted waters in the U.S., mainly through the abatement of
industrial and municipal point sources (U.S. EPA, 2002; Ribaudo et al., 1999). However, nonpoint pollution,
remains a continuing problem (Lombardo et al., 2000). The U.S. Environmental Protection Agency (2002)
reported that 39% of the river and stream miles assessed were unable to support at least one of their designated
uses.They estimated that nonpoint pollution, primarily from agriculture, impacts 48% of impaired rivers and 41%
of impaired lakes. When the focus is on nonpoint pollution, riparian land management is important in its
prevention, particularly the maintenance of forested land buffers (Barker, Felton & Russek-Cohen, 2006;
Lowrance et al., 1997).
Increasingly, nonpoint pollution problems are being addressed at a watershed level through management
planning efforts such as computation of total daily maximum loads (TMDL).When TMDLs or water quality
problems are managed at a watershed level, local stakeholder organizations, like collaborative watershed
partnerships, have often arisen to address these problems (Lubell et al., 2002). In recent years, state governments
have expanded their financial and technical support to these organizations (Hardy & Koontz, 2008) and these
organizations have been successful in addressing watershed problems and taking actions to improve water
quality (Cline & Collins, 2003).
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A number of riparian landowner surveyshave been reported in the literature. Ryan (2009) evaluated information
sources and educational techniques for non-commercialriparian landowners in western Washington State.
Dutcher et al. (2004) conducted interviews of forty riparian landowners in central Pennsylvania. They found that
landowners were inconsistent in their concern versus their actual conservation behavior towards water pollution.
An earlier survey of forest landownersin Oregon also found landowners to be inconsistent in their approach to
riparian buffers – strong support for goals but much less implementation in practice (Hairston-Strang & Adams,
1997).
Farmers have been a primary focus in a number ofriparian landowner surveys. Research has evaluated farmer
decision making and willingness to participate in government stream conservation programs (Lynch et al., 2002;
Lynch & Brown, 2000; Kingsbury & Boggess, 1999). Fielding et al. (2005) examined motivating factors for
engaging in riparian zone management. Using a theory of planned behavior, they found that strong intentions to
manage riparian areas were associated with behavior beliefs about favorable benefits versus costs of
management and lower perceptions of barriers. Finally, Schrader (1995) found that agricultural landowners in
Kansas were accepting of alternative management strategies (such as conservation easements and stream
restoration) for riparian areas when they regarded these areas as important for community quality of life.
The motivationsfor watershed organizations to conduct surveys of riparian landowners are threefold: (1) their
land uses have major impacts on water quality; (2) these organizations struggle to prioritize what problems to
address with limited resources and figure out how to get citizens engaged in watershed protection; and (3)
surveys of riparian owners can help provide local watershed groups with valuable local knowledge. Given these
motivations, the research objectives of this study are to investigate the following questions:


What are riparian owners concerned about in terms of environmental quality of the river/stream?



What are they willing to do in terms of projects to improve the quality of the adjacent river/stream?



How are their concerns, current land use, knowledge, and demographic characteristics related to their
interest in projects to protect or improve stream quality?

Projects to improve stream quality encompass a range of potential landowner activities including aquatic habitat
restoration, establishment of conservation buffers, fencing, providing more public access, streambank restoration,
and tree planting. These improvement projects generate benefits to both the landowner and society in general
(see Lovell & Sullivan (2006) for a discussion of conservation buffers). In recognition of these public benefits,
private landowners can receive cost share assistance for implementation of stream improvement projects from
government programs, such as the Conservation Reserve Enhancement Program. In this study, riparian
landowner interest in five improvement projects was examined: streambank restoration, tree planting, allowing
public access, conservation easement, and fencing.
This study is focused on five different watersheds located in the eastern panhandle of West Virginia and northern
Virginia (Figure 1). Each of these watersheds is a headwater tributary for the Potomac River and ultimately, the
Chesapeake Bay. Within each watershed, water quality problems exist, primarily due to nonpoint pollution
problems related to sedimentation and bacteria. Downstream, water quality in the Chesapeake Baysuffers from
excess nutrients along with sediments.In its most recent assessment, the Chesapeake Bay Program (2011) found
that water quality in the bay was at only 24% of its desired goal in 2009. According to Baker (2009), immense
areas of the Chesapeake Bay and its tidal tributaries are essentially dead because of not enough dissolved oxygen
to sustain healthy life.
In this research we find that riparian landowners were consistently concerned about trash, stream pollution and
stream bank erosion. Their interest was high for activities of watershed organizations, but low for stream
improvement projects. Our analyses of TMDL watersheds showed that agricultural landowners of riparian land
were more interested in stream improvement projects than non-agricultural land owners.The existence of
government cost share increased the frequency of multiple respondent responses to interest in stream
improvement and increased interest in stream bank restoration and conservation easement improvement projects.
1.1 Study areas
Four of the surveyed watersheds are located in West Virginia: Cacapon River, Mill Creek, Sleepy Creek, and
Tuscarora Creek. The Cacapon River is located in Hampshire and Morgan Counties while Sleepy Creek is
located primarily in Morgan County. Both Mill and Tuscarora Creeks are located in Berkeley County and are
tributaries of Opequon Creek as it flows through West Virginia. The fifth watershed, Opequon Creek, begins in
Frederick County, Virginia and along with Abrams Creek covers both Frederick and Clarke Counties.
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Table 1 presents summary statistics for each of the five watersheds. Cacapon River is by far the largest
watershed, while Opequon plus Abrams Creeks and Tuscarora watersheds are the most densely populated
watersheds and contain the cities ofWinchester, VA and Martinsburg, WV, respectively.The dominant land uses
are forest and agriculture in each watershed, with the exception of Tuscarora which is almost one-third urban.
Cacapon River has a population density close to the West Virginia statewide average, while Mill and Sleepy
Creeks have slightly higher population densities. Tuscarora Creek and Opequon plus Abrams Creek watersheds
have population densities much higher than their statewide averages (29 and 77 per square kilometer for West
Virginia and Virginia, respectively).
Water quality issues in each watershed are focused mainly on bacteria, sedimentation, and nutrients from
agriculture and development. All of these watersheds are impacted by increasing population growth, which has
influenced land use changes. All of the counties where the watersheds are located have experienced population
growth rates higher than their respective states and the national average during the past decade. Three of the
watersheds: Mill, Tuscarora and Opequon plus Abrams Creeks are located within areas where streams are listed
on the state’s 303(d) lists and TMDLs have been written (Tetra Tec, 2008; Virginia Department of
Environmental Quality, 2004). Water quality problems include fecal coliform and benthic impairment (linked to
excessive sediment and nutrients). All three watersheds are part of the greater Opequon Creek watershed, which
has been identified as the first priority watershed West Virginia Potomac Tributary Strategy’s Implementation
Plan to reduce nutrients and sediment delivered to the Chesapeake Bay.
2. Methods
2.1 Survey
Five mail surveys were conducted between fall 2005 and summer 2009. Each survey was conducted as
collaborative research effort between a local watershed organization and West Virginia University researchers.
For each survey, respondent contact was limited to two survey mailings and a postcard due to budgetary
constraints. While questions included in each survey differed slightly based on problems or issues within each
watershed, common questions to each survey included how owners utilized riparian land, their concerns about
the watershed, their interest in watershed group activities, and owner interest in conducting stream improvement
projects. Demographic data were not collected in most of the surveys in order to minimize survey length.
Over the five surveys, a total of 976 riparian landowners were sent a mail survey (see Table 2). Mail surveys
were sent out to complete riparian landowner populations for Mill, Sleepy, and Tuscarora Creeks. Due to their
larger populations of landowners, random samples were selected in Cacapon River and Opequon plus Abrams
Creek watersheds. About one-third of landowners along the Cacapon River were sent a survey and one-half of
riparian landowners in Opequon and Abrams Creeks received a survey. Survey response rates were greater than
50% in Mill and Tuscarora Creeks which were small watersheds with severe enough water quality problems to
warrant TMDL. Larger watersheds and those without a TMDL had response rates around one-third of the
sample.
2.2 Data analyses
Data for riparian land use and respondent concerns about the stream located adjacent to their property were
summarized by watershed. Percentages of respondents aware of watershed group and TMDL (where applicable)
were computed. To show the public good nature of stream improvement projects, percentages of respondent
interest in improvement projects on their property versus the river in general were computed for the Cacapon
River.
In the three watersheds where a TMDL has been prepared (Mill Creek, Opequon plus Abrams Creeks, and
Tuscarora Creek), respondent interest in stream improvement projects conducted on their own property were
evaluated using three methods: (1) percentages of respondents interested in stream improvement projects were
compared with versus without government cost share; (2) chi-square tables and tests of independence between
project choices; and (3) limited dependent variable models explaining respondent interest. Six stream
improvement project alternatives were presented in the surveys: stream bank restoration, tree planting, allowing
public access, conservation easement, fencing, and none. Those respondents who indicated that they had already
done these improvements were excluded from this analysis.
Riparian landowner interest in one stream improvement project was expected to be related with her or his
interest in other projects (i.e. conservation easements and fencing). Data were combined over all three
watersheds and two tests of independence were conducted: (1) improvement projects at riparian owners’ own
expense; and (2) improvement projects with government cost share.
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Since respondents were asked to express interest in stream improvement projects as a yes or no response, limited
dependent variable models were utilized to explain the probability of a “yes” response. As a binary response,
respondent interest in stream improvement projects was treated as a latent variable model. In this case, the latent
variable ( yi* ) represented the perceived net benefit by the respondent from the ith stream improvement project.
The unobserved

yi*

was assumed to be a linear function of independent variables (X) such as respondent

characteristics, perceived stream problems, availability of government cost share, and riparian land use plus an
error term (e) as independent from X.
If yi* > 0, then a respondent will indicate an interest in the ith stream improvement project (recorded as yi = 1),
otherwise yi = 0. Following Wooldridge (2006), the probability of observing yi = 1 can be expressed as:
*

P(yi = 1│ X) = P ( yi > 0│ X) = P( e > -Xβ │ X) = G(Xβ)
Here, G( ) was assumed to be a standard normal cumulative distribution function so that a probit model
wasutilized. This model remains strictly between zero and one with a normality assumption for error term
(Wooldridge, 2006).
Two separate sets of probitmodels were estimated: (1) Data from Mill and Tuscarora Creeks where complete
riparian land use data were available but no respondent demographic data were collected; and (2) Opequon plus
Abrams Creeks where limited riparian landowner land use data were collected but respondent demographic data
were available. Dependent variables measured a respondent’s expressed interest in the six stream improvement
project alternatives presented in the survey. Explanatory variables included respondent characteristics such as
riparian land use, respondent concerns about the stream, respondent knowledge of TMDL, watershed group
awareness, agricultural land owner, government cost share, and respondent demographics.
Positive impacts on the probability of a “yes” response included those variables suspected of increasing the
perceived net benefit of a stream improvement project, such as government cost share, idle riparian land, the
project addresses a riparian landowner stream concern, and knowledge about the stream’s TMDL. Negative
impacts were anticipated from variables which may lower the perceived net benefits such as agricultural land use
or a project that does not address a riparian landowner stream concern. A complete list of variables utilized in
these analyses is found in Table 3.
Marginal effect coefficients for the expected value of the dependent variable were evaluated for each
independent variable at the means of the other variables. For zero/one variables, marginal effect coefficients
were computed by the probability evaluated on one minus the probability evaluated at zero. Probability values
for coefficients different from zero were computed to evaluate statistical importance of each explanatory variable.
Chi-square tables, tests of independence, and limited dependent variable probit models were analyzed with
LIMDEP Version 7.0 (Greene, 2007).
3. Results
Among the five watersheds, the dominant land uses of riparian land were residential and agricultural, although
more than one land use was commonly reported by respondents. Residence percentages ranged from a low of 50%
(Sleepy Creek) to a high of 84% (Tuscarora Creek). Agricultural land use percentages ranged froma low of 6%
on the Cacapon River to 42% on Mill Creek. Sizable portions of riparian land were reported to be currently idle
along Sleepy Creek (36%), Mill Creek (19%), and Cacapon River (18%).
Riparian landowners were asked to identify their concerns about the creek or river where their land was located.
The top three concerns were fairly consistent across all watersheds: stream pollution (average of 70%), trash in
the stream (average of 67%), and streambank erosion (average of 49%).Other concerns identified less frequently
by respondents included: flooding (between 20 and 40%), wildlife (between 10 and 40%), stream course changes
(around 20%), and recreational users (between 10 and 20%).
In all five watersheds, a local watershed group or partnership existed prior to the survey. When asked in three
different surveys, riparian landowner awareness of these local watershed organizations varied considerably. In
Mill and Tuscarora Creeks, awareness of the Opequon Creek Project Team was low at 17% and 31% of
respondents, respectively. In Sleepy Creek, however, 83% of respondents were aware of the Sleepy Creek
Watershed Association.
The surveys did prove to be a successful instrument in engaging the interest of riparian landowners in the
activities of their local watershed group. In four of the surveys, respondents were asked if they would like more
information about the local watershed group.The percentage of respondents who were interested in more
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information or identified themselves as group members already was high in each watershed – Cacapon River
(68%), Mill Creek (56%), Sleepy Creek (69%), and Tuscarora Creek (71%).
In the three watersheds where a TMDL has been prepared, riparian landowner knowledge about TMDLs tended
to be low. Thirty percent of respondents were aware prior to the survey in Opequon plus Abrams Creeks about
an already completed TMDL. Surveys were conducted in West Virginia while TMDLs were in development.
Only 3% and 14% of respondents were aware of the TMDLs in Mill and Tuscarora Creeks, respectively.
In these TMDL watersheds, riparian landowners were asked separate questions about whether they would
consider doing stream improvement projects at own expense and with government cost share.Overall, landowner
interest in stream improvements was not very high at their own expense as almost half responded with “none”
(Figure 2). Tree planting was the most accepted improvement with over one-fourth of respondents (28%)
expressing an interest. As Figure 2 shows, over all three watersheds, acceptance of stream improvement projects
increases with the availability of government cost share, particularly the potential most expense improvement –
stream bank restoration.The choice of none dropped dramatically with government cost share from almost 50%
to under one-third.
There were three combinations of stream improvement projects that tended to be selected together: (a)
conservation easement and fencing; (b) conservation easement and tree planting; and (c) streambank restoration
and tree planting (Table 4). Chi-squared tests for independence rejected the null hypothesis of independence for
these combinations both with and without government cost share. With government cost share available,
respondents were more likely to express interest in multiple projects, particularly tree planting, public access,
and conservation easements. In each case of a statistically significant chi-square reported in Table 4, there was a
positive association between expressed interests in one stream improvement project versus the other one.
Probit model resultsfor interest in stream improvement projects are summarized in Table 5 for Mill and
Tuscarora Creek watersheds and in Table 6 for Opequon plus Abrams Creek watershed. Probit model estimation
results were not included for the variable public access due to low statistical confidence levels in the marginal
effect coefficients and the models themselves, most likely because so few respondents expressed interest in
public access. Both tables show only those marginal effect coefficients with a probability value of p ≤ 0.10 and a
summary of model statistics. With the exception of the stream bank restoration model in Opequon plus Abrams
Creek watershed, all modelshad statistical confidence levels of p ≤ 0.01.
Riparian land use was an indicator of interest in stream improvement project for three of the five models
reported in Mill and Tuscarora watersheds (Table 5). As expected, those landowners who held their riparian land
idle were more interested instream improvement projects for fencing, tree planting, and any project in general.
Surprisingly, agricultural riparian landowners were more interested in fencing than non-agricultural landowners.
In addition, agricultural landowners in Opequon plus Abrams Creek watershed were found to be more likely
interested in all stream improvement projects except streambank restorationthan other landowners (Table 6). The
agricultural land owner variable had the largest marginal effect coefficient in three models – conservation
easement, fencing, and tree planting.Thus, agricultural landowners were more likely, to express an interest in
stream improvement projects than other landowners.
Based on the number of marginal effect coefficients with statistical confidence levels of p ≤ 0.10, respondent
concerns about streams were more important in Mill and Tuscarora than in Opequon plus Abrams watersheds. In
Mill and Tuscarora, bank erosion and pollution concerns had positive impacts on more than one type of project
with both concerns leading to a more likelynegative response to “none” (Table 5). Concern about trash was
found to increase interest in conservation easements but decreased interest in streambank restoration. Similarly,
flooding concerns decreased respondent interest in conservation easements.
Only bank erosion concerns were statistically important for stream improvement projects in Opequon plus
Abrams (Table 6). Much like trash concerns, its influence was negative for conservation easement, which does
not address this concern.Thus, in all three watersheds, when a respondent has concerns that are not addressed by
a stream improvement project, this concern could lead to a reduced interest in that project.
Among respondent knowledge and demographic variables, riparian landowner interest in watershed groups
extended to stream improvement projects as respondents who requested information about a watershed group
were more likely to express interest in every improvement project except fencing (Table 5). TMDL knowledge
had strong, positive impactson stream bank improvement and tree planting interest with the largest marginal
effect coefficientsfor the Mill and Tuscarora model. Interestingly, this same knowledge had a negative impact in
Opequon plus Abrams Creeks of Virginia for tree planting and for any project.Requesting information about the
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watershed organization was important in explaining stream improvement interest in Mill and Tuscarora for every
model but fencing.
Based on Opequon plus Abrams Creek results, respondent demographics, particularly education level, were
important in explaining interest in stream improvement projects. The positive influences of education and gender
along with the negative impact of age on interest in stream improvement projects corresponds to research
findings of younger, female, and higher education respondents having greater environmental concerns (Inglehart,
1990; Sahmdahl & Robertson, 1989; Buttel, 1979).
As expected, government cost share was found to increase interest in stream improvement projects in all three
watersheds (Tables 5 and 6). However, marginal effect coefficients with statistical confidence levels of p ≤ 0.10
existed for only streambank restoration and conservation easement improvements. In most models, the
government cost share marginal effect coefficient was smaller than other variable impacts, such as agricultural
land ownership, TMDL knowledge, or respondent stream concerns. Respondent interest in less expensive
improvement projects, such as fencing and tree planting, were not impacted by the availability of government
cost share.
Finally, due to free ridership, rational individuals tend to desire that public goods be provided by others
(particularly the government) and not themselves (Callen & Thomas, 2000). This public good aspect of stream
improvement projects was revealed quite dramatically by respondents in the Cacapon River watershed. Riparian
landowners were asked to state their interest in stream improvement projects on their own property along with
what they believed should be done on the river in general. Overall, Cacapon River respondents were similar to
respondents in other watersheds in regards to the percentages interested in projects such as tree planting and
conservation easements being conducted on their own property (see Table 7 and Figure 2). However,
respondents were found to two to four times more likely to believe that stream improvement projects should be
done on the river in general than being interested in doing such projects on their own property (Table 7). With
the exception of the “none” response, all the differences in percentages between own and the river in general
were significant at p ≤ 0.01. In the case of public access, there was zero interest from respondents on their own
property versus 15% indicating that it should be done on the river in general.
4. Summary and Conclusions
Mail surveys of riparian landowners were conducted on five watersheds in the Potomac River basin. These
surveys proved to be a productive means for local watershed organizations to contact this important group of
watershed residents. These surveys provided useful information about landowner perceptions and expanded
contact lists of landowners interested in their local watershed organization.Survey questions included:landowner
concerns about the watershed, their interest in watershed group activities, how riparian land was utilized, and
owner interest in conducting stream improvement projects (stream bank restoration, tree planting, allowing
public access, conservation easement, and fencing).
A consistent concern of riparian owners was trash in the stream. Even though trash is not a TMDL or regulatory
issue, trash clean-ups are often done by watershed groups in order to take action to address this common concern.
While trash is a watershed level concernand not a Potomac River or Chesapeake Bay concern, multiplewater
quality concerns need to be made compatible in order to achieve water quality improvements. This is particularly
important because probit model results from the Mill and Tuscarora Creek watersheds show evidence that trash
concerns actually lowers interest in stream improvement projects. Thus, when watershed organizations address
trash concerns of their community, these efforts need to be coordinated with educational efforts about other
stream problems.
Interest among riparian landowners in watershed organization activity was highacross all surveys (50 to 70% of
respondents), while awareness of TMDL regulatory plans was low (30% or lower) in the three watersheds where
these plans were prepared. A respondent’s interest in his local watershed organization interest was found to have
positive influences within four of the five probit models on stream improvement projects in Mill and Tuscarora
Creek watersheds. However, knowledge of TMDL was found to not always have a positive impact on interest in
stream improvement projects. The influence of TMDL knowledge may be related to the stage of TMDL
development. The negative influences in Opequon plus Abrams Creek watershed may be reflective of a
completed TMDL where respondents who are familiar with the TMDL could identify human activities other than
their own for corrective action to prevent pollution. The positive impacts in Mill and Tuscarora Creek models
were based on surveys conducted prior to TMDL completion.
Overall, interest in stream improvement projects among riparian landowners tended to be low. The highest level
of interest expressed was in stream bank restoration with government cost share with40% of respondents
Published by Canadian Center of Science and Education
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expressing an interest. The projects presented to respondents in these surveys have a strong public good
component as evidenced by Table 7 results from the Cacapon River watershed where much higher percentages
of respondents felt stream improvements should be done on the river in general rather than their own property.
Government cost share was found to have a moderate sized, positive impact on riparian landowner interest in
multiple improvement projects. Cost sharing had its most important impact on projects which are more
expensive (stream bank restoration) or have long term land use implications (conservation easements) for the
owner.
Probit model results revealed a couple of interesting findings: (1) that riparian agricultural land owners were not
less interested in stream improvement projects than non-agricultural land owners; and (2) it is important to
include questions about respondent demographics in surveys for research purposes. For the first finding, the
marginal effect coefficients for agricultural land ownership were positive and large in all three watersheds in
explaining interest in stream improvement. This finding is contrary to our initial expectation of a negative impact
from agricultural land ownership. Obviously, owning agriculture land, even in riparian areas, does not connote a
perception of lower net benefits from stream improvement projectscompared to non-agricultural land owners.
The second finding is that respondent demographics dominated stream concern variables when explaining
interest in stream improvements. Without respondent demographics in Mill and Tuscarora Creeks, there were
eight stream concern variables with marginal effect coefficients that had statistical confidence levels of p ≤ 0.10.
Conversely, only one stream concern variable in the Opequon plus Abrams Creek watershed models versus
seven respondent demographic variables had marginal effect coefficients with statistical confidence levels of p ≤
0.10.
One limitation of this research was that interest in stream improvement project was asked as a stated intention
and not actual behavior. While actual behavior is preferable and the surveys wereanonymous, many respondents
who stated interest in projects also provided their contact information as a request for more information about the
watershed organization. Thus, there is an opportunity for these intentions to be pursued to actions through
watershed organizations. Another limitation was that government cost share was not described in much detail in
the survey questions. It is possible that more detail may have attracted more interest in stream improvement
projects.
Finally, without respondent demographic variables in the Mill and Tuscarora Creek model or riparian land use in
the Opequon plus Abrams Creek model, probit model misspecification represents a problem. With a nonlinear
probit model, omitted variables may produce biased coefficientseven if they are uncorrelated with included
variables and this bias increases as their distribution deviates from normal (Yatchew & Griliches,
1985).However, determination of the precise effect of omitted variableson model coefficients is difficult and
examining the effect of including a subset of relevant omitted variables is nearly impossible. In practice, omitted
variable bias is unavoidable since it is almost impossible to include all relevant variables in a regression model
and the inclusion of a subset of relevant control variables may even increase biases through measurement errors
(Clarke, 2005).
The bottom line is that omitted variables may pose problemsfor interpretation of the marginal effect coefficients
in our probit models. Despite these problems, our results show that respondent demographics and riparian land
use are important variables to include when explaining interest in stream improvement projects while respondent
stream concerns seem to have less relevance when demographics are available.
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Table 1. Summary descriptions of study area watersheds
Size
(km2)

Main Stem
Length(km)

Estimated
Population
Densityper km2 a

Major land
uses b(%)

Cacapon River

767

180

30

Forest (79)Ag
(19)Urban (2)

Mill Creek

77

23

50

Forest (41)Ag
(34)Urban (14)

Sleepy Creek

376

68

40

67

19

124

393

71

Watershed

Water Quality Issues

West Virginia

Tuscarora
Creek
Virginia
Opequonplus
Abrams Creeks

190

Forest (56)Ag
(18)Urban (12)
Urban (32)Ag
(27)Forest (23)

Sedimentation and stream
side development
Organic enrichment,
sedimentation, and
bacteria
Sedimentation and
population growth
bacteria and benthic
impairment

Ag (53)Forest
(33)Urban (14)

bacteria and benthic
impairment

a

Watershed populations were estimated based on: 2009 Census data for Hampshire County for Cacapon River; WVDEP 2008
for Mill Creek; 2009 Census data for Morgan County for Cacapon River; 2009 Census data for Berkley County for Tuscarora
Creek; and Benson (2006) for Opequon plus Abrams Creeks

b

Sources: Constantzet al. (2005), Hartman et al. (2008), Sleepy Creek Watershed Association (2006), Benson (2006),
Hartman and Mielcarek (2010)

Table 2. Survey sample sizes and response rates
Watershed

Sample Sizea

Number of Returned
Surveys

West Virginia
Cacapon River
312
94
Mill Creek
78
40
Sleepy Creek
354
101
Tuscarora Creek
55
28
Virginia
Opequonplus AbramsCreeks
177
61
TOTALS
976
324
a
Computed by the number of surveys sent out minus returned undeliverables.
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Response Rate
(%)

Riparian Owners
(%)

30.1
51.3
28.5
50.9

93.6
77.5
94.1
85.7

34.5
33.2

80.0
88.5
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Table 3. Variables utilized in probit models
Variable

Description

Descriptive Statistics
Opequon
Mill/Tuscarora
plus Abrams
MeanN=103
MeanN=82

Dependent Variables
Conservation Easement
Fencing
Public Access
Streambank Protection
Tree Planting
None

Agriculture
Idle
Recreation/ Wildlife
Residence
Bank Erosion
Flooding
Stream pollution
Trash

Group
Request
TMDL
Age
Education
Gender
Agriculture
Government Cost
Share

20

1=Respondent expressed an interest in considering
an improvement on own land, 0=no interest
expressed
1=Respondent did not check none when asked to
express an interest in stream improvement projects,
0=Respondent checked none
Riparian Land Use
1 = riparian land used for agriculture, 0=no
agriculture
1 = riparian land reported to be idle by the
respondent, 0=not idle
1 = riparian land used for recreation and/or
wildlife, 0=not used for these purposes
1 = riparian land used residence, 0=not used for
this purpose
Stream Concerns
1=Respondent indicated bank erosion among
stream concerns, 0=did not indicate bank erosion
1=Respondent indicated flooding among stream
concerns, 0=did not indicate flooding
1=Respondent indicated stream pollution among
stream concerns, 0=did not indicate stream
pollution
1=Respondent indicated trash among stream
concerns, 0=did not indicate trash
Respondent Knowledge
1 = Respondent reported being aware of the local
watershed group prior to receiving the survey,
0=not aware
1 = Respondent requested more information about
the watershed organization in the survey, 0=did not
request more information
1 = Respondent reported being aware of the TMDL
plan prior to receiving the survey, 0=not aware
Respondent Demographics
Age of respondent (years)
Education level of respondent 1=less than high
school, 2=H.S. diploma or GED, 3=some college
or technical school, 4=college degree, 5=graduate
school
1=Female, 0=male
Other Variables
1 = Respondent owned agricultural land,
0=otherwise
1 = Government cost share included in the interest
question, 0=improvement at the owner’s expense

0.14
0.15
0.06
0.34
0.32

0.26
0.18
0.05
0.24
0.31

0.61

0.60

0.33

n.a.

0.17

n.a.

0.22

n.a.

0.76

n.a.

0.56

0.46

0.34

0.38

0.63

0.83

0.67

0.68

0.17

n.a.

0.70

n.a.

0.06

0.35

n.a.

53

n.a.

3.52

n.a.

0.45

n.a.

0.22

0.46

0.51
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Table 4. Chi-squared test results for independence among stream improvement projects in the Mill, Tuscarora,
and Opequon, plus Abrams Creeks watersheds, government cost share responses in upper portion and no
government cost share in lower portion, χ2 with one degree of freedom
Conservation
Easement

Fencing

Public Access

Stream bank
Restoration
1.60
2.09
2.92c

Tree Planting

Conservation Easement
9.85a
4.76b
7.79a
a
Fencing
17.01
2.34
3.44c
Public Access
0.39
0.39
5.15b
Stream bank Restoration
1.13
1.13
0.12
15.35a
a
a
Tree Planting
7.17
0.55
0.01
8.66
a
Statistically significant at the 0.01 level. b Statistically significant at the 0.05 level. c Statistically significant at
the 0.10 level.
Table 5. Probit model results from Mill and Tuscarora Creek watersheds, only marginal effect coefficients with
statistical confidence levels of p ≤ 0.10 are reported in parentheses
Variable
Categories

Conservatio
n Easement

Riparian Land
Use Variables
Stream Concern
Variables

Interest in Stream Improvement Project
Stream bank
Tree Planting
Fencing
Restoration
Agriculture(0.213)*
Idle(0.480)***

Flooding
(-0.106)**
Trash
(0.109)**

Idle(0.347)**
Bank erosion
(0.194)**
Pollution(0.171)*
Trash(-0.287)**
Group(-0.149)*
Request(0.413)***
TMDL(0.587)*

Pollution
(0.287)***

Request(0.313)*
Respondent
Request
**TMDL(0.703)
Knowledge
(0.110)**
***
Variables
Government Cost
(0.082)*
(0.265)***
Share Variable
Model Summary
Number of obs.
103
103
103
103
Chi-squared
24.96***
25.89***
54.45***
35.29***
McFadden R2
0.292
0.291
0.412
0.273
Correct Predict %
86.41%
84.47%
81.55%
73.79%
Note: Asterisks indicate the confidence level of result: *p ≤0.10, ** p ≤0.05, ***p ≤0.01
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None
Idle(0.315)***
Recreation/Wil
dlife(0.229)*
Bank erosion
(0.238)*
Pollution
(0.263)*
Request(0.448)
***TMDL(0.38
2)***
(0.321)***
103
47.93***
0.348
77.67%
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Table 6. Probit model results from Opequon plus Abrams Creek watershed, only marginal effect coefficients
with statistical confidence levels of p ≤.10 are reported in parentheses
Conservation
Easement
Bank erosion
(-0.277)***

Interest in Stream Improvement Project
Stream bank
Fencing
Tree Planting
Restoration

Stream Concern
Variables
Respondent
Education
Knowledge and
Education (0.150)***
Education
(0.298)***
Demographics
Gender(0.336)***
(0.131)***
TMDL (-0.368)***
Variables
(0.814)**
Agricultural Land
(0.668)***
(0.563)***
*
Owner Variable
Government Cost
(0.141)*
(0.199)**
Share Variable
Model Summary
Number of obs.
82
82
82
82
Chi-squared
35.49***
45.39***
12.72
42.21***
McFadden R2
0.380
0.582
0.140
0.419
Correct Predict %
86.59%
91.46%
74.39%
84.15%
Note: Asterisks indicate the confidence level of result: *p ≤0.10, ** p ≤0.05, ***p ≤0.01

None

Age (0.010)**
Education (0.295)***
Gender (0.459)***
TMDL (-0.279)*
(0.382)***

82
37.70***
0.341
76.83%

Table 7. Comparison of respondent interest in stream improvement on own property versus the river in general,
Cacapon River Watershed
Interest in Doing on Own Should be Done on the River in
Property, N=77 (%)
General, N=78(%)
Conservation Easement
9.1
37.2***
Enhanced Fish and Wildlife Habitat
22.1
62.8***
Public Access for Recreation
0.0
15.4***
Riverbed Restoration
10.4
37.2***
Tree planting
26.0
51.3***
None of the above
7.8
6.4
Note: Asterisks indicate the confidence level of statistical difference between percentages: ***p ≤.01
Stream Improvement Project
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Figgure 1. Locatio
on of study areea watersheds in the Potomaac River watersshed

Figurre 2. Riparian llandowner inteerest in stream improvement projects with and without goovernment cosst share
on Mill, Tuscarorra, Opequon, and
a Abrams Crreeks
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