
	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



	

	

AN ABSTRACT OF THE THESIS OF 
 

Katerina A. Crowley 
For the Degree of 

Master of Science in Environmental Science and Policy 
Presented on April 30, 2019 

 
Proactive Watershed Planning and Community Engagement in the Warner River 

Watershed 
 
 
Abstract approved: 
 
 
____________________________________________________________________ 
Amy M. Villamagna, Thesis Advisor 
 
 
Given current threats to our waterways, watershed planning is a blossoming field. 
Unfortunately, organizations aiming to develop such plans are given little guidance on 
the planning process. The Environmental Protection Agency Handbook for Developing 
Watershed Plans briefly describes watershed planning as an “adaptive,” “integrated,” and 
“participatory and collaborative” process but does not advise how to incorporate these 
approaches or explain their benefits and challenges. I comparatively analyze these 
watershed planning approaches in Chapter 1 and then provide two examples in Chapters 
2 and 3 of how the approaches are being applied within the Warner River Watershed 
(NH) to proactively conserve wild brook trout and high-quality coldwater stream habitat. 
In Chapter 2, I evaluate the effectiveness of a collaborative and participatory landowner 
engagement program designed to increase landowner awareness and appreciation of 
aquatic organisms living in their stream. This highly effective program fostered 
stewardship behaviors and stimulated landowners to implement land management 
recommendations to improve stream habitat quality. In Chapter 3, I describe how I 
collaboratively developed an adaptive, integrated decision-making framework to 
prioritize culvert replacement projects. After many adjustments and iterations, I created a 
final product that included parameters related to social, economic, and environmental 
well-being, and also integrated stream habitat with surrounding landscape condition. 
These efforts and similar efforts being conducted in the Warner River Watershed will 
help ensure the sustainability and resiliency of wild brook trout and protect high-quality 
coldwater stream habitat.   
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Introduction 
 
Water resource planning has been an integral part of United States culture for hundreds of 
years (Loucks, 1998). We managed water to control it, building dams, channeling rivers, 
and adjusting lake levels. Sustainable watershed planning did not emerge until the 1960s 
and 1970s, during the environmental movement that spurred Congress to pass the Clean 
Water Act of 1972 (Glasser, 2004). Momentum for sustainable watershed planning was 
further kindled by the 1987 amendments to the Clean Water Act, which established the 
Section 319 Nonpoint Source Management Program. The Section 319 program allowed 
organizations to apply for funding to develop and implement watershed management 
plans. These plans, which must follow certain EPA guidelines, are designed to reduce 
nonpoint source pollution in watersheds by identifying sources of pollution and setting 
guidelines for load limits. Through the planning and development of watershed 
management plans, communities are given a forum to come together and develop goals 
and objectives for their watershed, and decide on actions to take to meet these goals.    
 
In this thesis, I describe different watershed planning approaches and give two examples 
in the Warner River Watershed of how these approaches are being used. Although the 
EPA has specific guidelines for the content of watershed management plans, they do not 
require specific planning methods. The EPA’s watershed planning handbook (EPA, 
2008) describes the planning process as participatory, collaborative, adaptive, and 
integrated. However, the benefits and drawbacks to each approach and the methods for 
how to implement each approach are not clearly described, so in my first chapter I 
provide a comparative analysis review paper to help watershed planners decide which 
method(s) would be most beneficial for their community. Then, I describe two case 
studies of how the Warner River Watershed Conservation Project used these approaches 
in their watershed planning	to proactively conserve native brook trout and high-quality 
coldwater stream habitat. My second chapter evaluates the effectiveness of a 
collaborative, participatory landowner engagement program developed to increase 
landowner awareness and appreciation of these high quality streams and the many aquatic 
organisms they support. My third chapter details the process of creating a collaborative, 
adaptive, and integrated prioritization framework to guide management decisions for 
culvert replacement projects to restore habitat connectivity.   
 
This is a novel project because the Warner River watershed is not considered impaired by 
the EPA; the community is proactively rallying to protect the high water quality of their 
watershed, as shown by the presence of wild brook trout population, rather than 
reactively creating a watershed plan to address symptoms of poor water quality, such as 
algal blooms or E. coli outbreaks. The deliverables from the second and third chapter, in 
addition to results from field studies (Appendices A and B), will help guide the 
development of the education and outreach, monitoring, and management priority 
sections of a future watershed management plan. My hope is that this description of our 
efforts to evaluate watershed health and identify restoration opportunities before the 
development of a plan will also serve as a useful guide for other organizations looking to 
proactively protect their own watersheds.  
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Chapter 1: Tailoring the watershed planning process to fit a community’s 
needs: a comparative analysis of watershed planning approaches 
 
Introduction 
Natural resource managers have long recognized the impact that water has on our 
economy, but the idea of managing water resources at the watershed scale did not emerge 
until the 1950s. During this time, the Army Corps of Engineers recognized that land use 
and management affected the availability and quality of water resources and began 
planning at the watershed scale. Although watersheds are not a new concept, most land 
use planning occurs at the local or state level, so water resources were historically 
managed only within political boundaries (Loucks, 1998; Dzurik, 2003).  
 
The watershed plans the Army Corps created in the mid-twentieth century revolved 
around controlling water resources in a way that benefitted humans, such as through 
dams, channel straightening, and an expansion of irrigation channels (Loucks, 1998). 
Although these plans focused on economic benefits, they also considered social benefits, 
such as drinking water supply (Loucks, 1998). At this time, water was largely considered 
an inexhaustible resource that simply needed to be moved from one place to another; 
water quality was not yet a concern. This changed when expanded urbanization and 
industrialization decreased water quality to the point that the public took note and 
demanded the United States government take action. Consequently, the Clean Water Act 
was born in 1972 (Dzurik, 2003).  
 
Water quality-focused watershed planning blossomed after the 1987 amendments to the 
Clean Water Act, which created the Section 319 Nonpoint Source Pollution Program 
under the Environmental Protection Agency (EPA, 2008). Through the Section 319 
Nonpoint Source Management Program, organizations can apply for grants from the EPA 
to fund the development of watershed management plans focused on reducing impacts 
from nonpoint sources. In this paper, “organization” refers to the management body that 
is writing the watershed management plan. These organizations may focus on 
maintaining high water quality for drinking water, agriculture, recreation, ecological life, 
or a combination of these. Each plan funded by Section 319 funds needs to address nine 
key elements, listed in Box 1.  
 

Nine	Elements	of	a	Watershed	Management	Plan	
a. Identify causes and sources of pollution 
b. Estimate load reductions expected 
c. Describe management measures and targeted critical areas 
d. Estimate technical and financial assistance needed 
e. Develop an information and education component 
f. Develop a project schedule 
g. Describe interim, measurable milestones 
h. Identify indicators to measure progress 
i. Develop a monitoring component  

Box 1: The EPA’s “a-i list” for watershed plans (EPA, 2008) 



	

	

3	
	

In addition to these requirements, which are explained in the EPA’s 400-page handbook 
(EPA, 2008), the EPA has further guidelines for how organizations handle the watershed 
planning process. The EPA handbook describes watershed planning as an “iterative and 
adaptive,” “holistic,” “integrated,” and “participatory and collaborative” process (EPA, 
2008). Although they are not required in order to get funding, the EPA handbook 
suggests that these features are included in every watershed planning process.  
 
The EPA handbook gives a very brief description of each planning feature. In an iterative 
and adaptive planning process, managers revisit the plan and make adjustments when 
new information becomes available. A holistic process considers social, economic, and 
environmental concerns, while an integrated planning process builds on existing local, 
tribal, state, and federal plans. Finally, a collaborative and participatory process involves 
a diverse group of stakeholders throughout plan creation and implementation (EPA, 
2008). The watershed-planning handbook provides very little guidance (only two pages) 
on how to include these features or what benefits or challenges they could add to the 
planning process. For comparison, many of the “a-i” elements are given their own 
chapter; the handbook’s description and methods for estimating pollutant loads is 37 
pages. 
 
To learn more about these planning features, I examined the literature for articles by 
searching for each feature followed by a set of keywords. For example, I searched for the 
adaptive feature by typing “adaptive planning,” “adaptive watershed planning,” “adaptive 
watershed management,” “adaptive water planning,” and “adaptive water management” 
on Google Scholar, Web of Science, and Plymouth State University’s general database 
search engine. I selected papers that noted the feature in the title, keywords, or within the 
article. After searching databases for every feature, I read my selected papers and used 
their most relevant citations to find additional articles. In contrast to what the EPA 
handbook suggests, many primary published articles refer to planning features as distinct 
approaches that are not always part of the planning process. Although many articles 
described organizations using more than one approach in their planning process, none 
reported organizations using every approach. I chose to use the literature’s 
characterization of planning features as distinct approaches and apply that terminology 
from this point forward. 
 
My search yielded articles that described participatory, collaborative, integrated, and 
adaptive approaches in watershed planning. There were few references to holistic 
planning, and they occurred exclusively within papers about integrated water 
management. The literature on integrated water management was sizeable and far-
reaching, so I excluded several international papers based on management situations in 
other countries that weren’t relevant to EPA watershed management guidelines. For the 
other approaches, I included every paper I found using the above search methods. 
Additionally, I consulted books on water planning and watershed management for further 
background on the approaches. This paper covers material from fifty-five articles and 
three books addressing one or more planning approaches (Table 1.1). I organized the 
publications in Table 1.1 based on the primary planning approaches described within the 
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paper. If the publication included multiple approaches, secondary approaches are 
denoted with symbols.  
 

Planning Approach(es) 
Publication Citation 

Adaptive Holling 1978 
 Walters 1986 

 
 
 

 McLain & Lee 1996 
 Walters 1997 
 Habron 2003* 
 Schreiber et al. 2004 
 Allan & Curtis 2005 
 Allan et al. 2008 

  Smith & Porter 2010+ 
  
Participatory Arnstein 1969 
 Julian et al. 1997 
 Loucks 1998^ 
 Reimold 1998* 
 Duram & Brown 1999 
 Chess et al. 2000^ 
 He et al. 2000 
 Kraft & Penberthy 2000 
 Smith & McDonough 2001 
 Webler et al. 2003 
 Irvin & Stansbury 2004 
 Overdevest et al. 2004 
 Jonsson 2005 
 Voinov & Gaddis 2008 
 Baldwin & Ross 2012* 
 Pradhananga et al. 2015 
 Ballester & Lacroix 2016^ 
 Graversgaard et al. 2017* 
 Marshall & Duram 2017 
 Pradhananga & Davenport 2017 
  
Collaborative Gray 1989 

 
 
 
 
 

 Selin & Chavez 1995 
 Bentrup 2001 
 Leach & Pelkey 2001 
 Leach et al. 2002 
 Margerum 2002 
 Bosch et al. 2003# 
 Bidwell & Ryan 2006 
 Hermans et al. 2006 
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 Bonnell & Koontz 2007 
 Floress et al. 2009 
 Koontz & Newig 2014 
  
Integrated Braga 2001 
 Jønch-Clausen & Fugl 2001 
 Jewitt 2002 
 De Steiguer et al. 2003 
 Durham et al. 2003 
 Dzurik 2003^ 
 Wescoat, Jr. & White 2003^ 
 Blomquist & Schlager 2005 
 Mitchell 2005 
 Biswas 2008 
 Medema et al. 2008^ 
 Molle 2008 
 Butterworth et al. 2010 
 Muller 2010 
 Engle et al. 2011^ 
 Beveridge & Monsees 2012 
 Shrubsole et al. 2017 
  
Note: Some publications reviewed more than one approach. Additional approaches are 
noted with * Collaborative, ^ Adaptive, + Participatory, # Integrated 

Table 1.1: Publications reviewed in this paper are organized by the approach(es) they 
addressed and year of publication. 
 
These publications describe the four planning approaches somewhat differently than the 
EPA handbook. While the handbook combined participatory and collaborative planning, 
these approaches are addressed separately within the literature. Participatory planning 
involves engaging stakeholders early and often throughout the planning process with 
surveys, focus groups, participatory modeling, and other methods (Duram & Brown, 
1999). All other approaches include some form of participatory planning, since 
participation is a required step for all watershed plans. A collaborative planning approach 
is a specific type of participation where multiple stakeholders, such as landowners, 
farmers, businesses, and local and state government, form a watershed partnership and 
collectively develop a plan (Reimold, 1998). The literature describes the integrated and 
adaptive approaches as types of management, rather than planning, so I use that 
terminology in this paper. An integrated water resources management approach is similar 
to the EPA’s description of a holistic process; it addresses the ecological, social, and 
economic well-being of the watershed (Dzurik, 2003). The literature states that an 
iterative, adaptive approach anticipates the need to adjust a plan throughout the 
monitoring and implementation process and is a process of learning by doing (Wescoat, 
Jr. & White, 2003). 



	

	

	

Planning Approach 

Characteristics Participatory Collaborative Integrated Adaptive 

Organizational 
Structure 

Usually a government 
organization, can be NGO Partnership of stakeholders A watershed 

authority/partnership  
Partnership of managers, 
scientists, and policymakers 

Goals 
Fulfill EPA participation 
requirements, build 
community consensus, 
identify local watershed issues 

Create a bottom-up planning 
approach that allows 
stakeholders more control 
over decisions 

Consider ecological, social, 
and economic values; 
integrate land and water 
management 

 
Allow managers to act 
uncertain situations, learn by 
doing, and adapt to future 
changes 

Participation 

Try to engage diverse groups 
of stakeholders. May engage 
stakeholders throughout the 
process or only at certain 
times 

Key stakeholders are part of 
the partnership, other 
stakeholders are encouraged 
to participate in watershed 
planning 

Stakeholder participation is 
a key element of integrated 
management but the type of 
participation usually used is 
not well described  

Extensive stakeholder 
participation, especially when 
developing and modifying 
decision-making frameworks  

Final Decision-
Making Power Government or NGO Partnership Usually a Government 

Organization Partnership 

Benefits 

Reduce conflict over planning 
decisions; foster advocates for 
the project; identify key 
watershed issues concerning 
the community 

Inclusive environment where 
stakeholders can discuss 
watershed issues; effective at 
raising project awareness 

Provides common ground 
for stakeholders to share 
vision for the watershed; 
resource users may feel less 
threatened  

Ability to act without 
complete knowledge of a 
system; reduce stakeholder 
conflict; rapidly gain 
information about the system 

Challenges 

Requires extra money and 
time from organization to 
facilitate the engagement 
process; stakeholders may not 
reach consensus; important 
stakeholders may not wish to 
participate 

Stakeholders may conflict 
over different groups' roles, 
and ideas of what success 
looks like; may lack funding 
for project implementation 

Goals may be ambiguous; 
implementation is difficult; 
often organizations say their 
plans are integrated but 
focus too much on certain 
aspects  

Requires considerable time 
and energy; cannot overcome 
all stakeholder conflict; little 
reward for risk-taking among 
organizations  

     
Table 1.2: Comparing characteristics of four common watershed planning approaches. 
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The goal of this review is to explore and describe these common approaches an 
organization can pursue throughout the watershed management planning process. Ideally, 
the resulting plan will be tailored for and created with the community and be responsive 
to changing conditions within the watershed while also meeting the basic requirements 
set by Section 319 of the Clean Water Act. Each approach (participatory, collaborative, 
integrated, and adaptive) has benefits and challenges, and can be customized to suit the 
needs of the community. The literature on these approaches is extensive and it may be 
cumbersome for an organization to fully understand existing approaches and customize 
their own approach. To simplify, I provide a comparative review and assessment of the 
most commonly discussed approaches that can provide guidance to communities seeking 
to engage in watershed planning and management. A summary of this comparative 
review is provided in Table 1.2.  
 
Participatory Planning 
Until the last few decades, watershed planning has mostly been a top-down process 
where federal agencies write management plans that focus on national goals (National 
Research Council, 1999); local stakeholders were not often involved. Participatory 
planning is an alternative that enables an organization to involve the public in the 
planning process while still maintaining final control of decisions. This approach allows 
organizations to create management strategies that address local issues and acquire the 
community’s support (Irvin & Stansbury, 2004; Ballester & Lacroix, 2016). The Section 
319 watershed planning process requires public participation, so some aspect of 
participatory planning is present in every other approach, but there are varying degrees of 
participation that an organization could employ (Ballester & Lacroix, 2016). Although 
the concept of public participation is often associated with government agencies, it is also 
used by non-governmental organizations (NGOs) writing management plans.  
 
The Participants 
The central question an organization tackles in participatory planning is who to invite to 
the table. A common answer is to invite stakeholders: people who use the water resource, 
those that influence it through land use, and those that make decisions that affect water 
resources in other ways (Loucks, 1998; Webler et al., 2003). Although some stakeholders 
are eager to assist with planning, organizations may need to apply extra effort to engage 
disinterested stakeholders: those who do not think about watershed management on a 
daily basis but are affected by the outcome of the plan (Chess et al., 2000). In particular, 
local officials are often forgotten as stakeholders, yet have unique knowledge of the area 
and are essential for gaining local support (Webler et al., 2003). By diversifying the 
geography, demography, and community positions of participating stakeholders, 
organizations can gain broader perspectives of the water resource issues (Chess et al., 
2000).  
 
Degrees of Participation 
Although some form of public participation is required for every watershed management 
plans, there are varying degrees of participation that an organization can employ. The 
literature describes the most basic form of public participation as informational: the 
organization writing the watershed management plan holds a public meeting and gives 
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the public a report about the plan (Arnstein, 1969; International Association for Public 
Participation, 2014; Ballester & Lacroix, 2016). Increasing participation via this process 
can result in a consultative relationship in which the organization defines issues and 
ultimately defines management objectives, but seeks input from the public along the way. 
This input could include verbal comments at public meetings and written comments. 
Another term for this degree of involvement is indirect participation (Duram & Brown, 
1999). In contrast, active involvement (also called direct participation) describes 
situations where stakeholders partner with the organization to create goals and objectives 
and suggest implementation strategies, but the final management decisions still rest with 
the organization (Ballester & Lacroix, 2016).  
 
Methods of Engagement 
Once the planning process is initiated, an organization can take different approaches to 
continue public engagement, depending on the desired degree of participation. By using 
multiple engagement methods throughout the planning process, an organization can reach 
more stakeholders and limit conflict (Chess et al., 2000). Watershed groups have had the 
most success when they engage stakeholders early and often throughout the planning 
process because stakeholders’ trust and confidence in the process increases. Successful 
engagement results in a plan that is useful to decision makers and supported by 
stakeholders (Voinov & Gaddis, 2008). 
 
Surveys 
Planning surveys ask watershed residents a variety of questions about their knowledge 
and opinions of their local water resources. Surveys conducted at the onset of the 
planning process can help the organization better understand what watershed residents 
view as problems with their water resources, and what they believe are good solutions for 
these problems. This can help watershed managers gauge not only public awareness of 
issues, but also the extent of agreement or disagreement among residents (Kraft & 
Penberthy, 2000).  
 
Public Education and Outreach 
Public education and outreach efforts can encompass a variety of activities such as 
handing out brochures, hosting a booth at local events, posting information online, and 
publishing articles in local media coverage (Jonsson 2005). The goal of these education 
and outreach efforts in a participatory planning approach is usually to increase public 
awareness of the watershed and engage stakeholders in the planning process. Duram and 
Brown (1999) found that door-to-door contact, informational programs, and public 
meetings were ranked as the most effective methods for increasing public awareness and 
participation by watershed partnerships across the U.S.  
 
Task Forces and Focus Groups 
Task groups and focus groups are small groups of stakeholders that address specific 
issues. Organizations interested in a more active participation process may facilitate the 
formation of stakeholder focus groups or task forces to tackle specific parts of the 
watershed plan or to brainstorm goals and objectives for the plan (Chess et al., 2000; 
Jonsson, 2005; Ballester & Lacroix, 2016). Smith and McDonough (2001) used focus 
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groups in northern Michigan to understand what concerns and visions stakeholders had 
about local natural resources. These focus groups often took place at regularly scheduled 
meetings of other organizations (4H councils, church groups, garden club, etc.), which 
were strategically chosen for diverse geographic and stakeholder representation (Smith & 
McDonough, 2001).  
 
Monitoring 
Often, some sort of water quality monitoring is required for watershed management 
plans. This monitoring can include data collection on water temperature, pH, 
conductivity, dissolved oxygen, and other metrics that determine if a river or lake meets 
EPA water quality standards. Interested citizens can provide an invaluable work force for 
monitoring efforts and other projects, especially for smaller organizations and state 
agencies that cannot collect their own data (Chess et al., 2000).  
 
When citizen scientists are involved in environmental data collection, they learn about 
local resources (fish, wildlife, habitat, etc.) and are more likely to be politically engaged 
in water management issues (Overdevest et al., 2004). In their comprehensive literature 
review of environmental volunteer monitoring, Stepenuck and Green (2015) found strong 
evidence that volunteers gained knowledge about the system they were monitoring and 
showed increased levels of civic engagement after participating in a monitoring program. 
Overdevest et al. (2004) found that volunteer monitoring allows citizens to meet others in 
the community interested in and knowledgeable about local natural resource issues. 
Connections with other passionate citizens, combined with an increased knowledge of the 
system, allow citizens to more effectively lobby for increased funding, stricter 
regulations, and other political actions (Overdevest et al., 2004).  
 
Participatory Modeling and Spatial Analysis 
Watershed plans usually use a model to determine phosphorous and nitrogen loading 
amounts, and to analyze how well different management alternatives would reduce 
loading. Although this process is often done solely by the planning organization, 
interested stakeholders can be invited to assist scientists in model development (Loucks, 
1998; Voinov & Gaddis, 2008). For instance, Voinov and Gaddis (2008) invited 
stakeholders to participate in a two-year study examining sources of phosphorous loading 
to Lake Champlain. The researchers and stakeholders used a landscape simulation model 
to understand the distribution of phosphorous loading throughout the watershed. The 
model revealed that most of the phosphorous loads occurred from farm discharges and 
stormwater runoff and it also identified solutions not expected by stakeholders. 
Participatory modeling led to greater acceptance of the results and stakeholders identified 
new solutions to mitigate phosphorous loading (Voinov & Gaddis, 2008).  
 
Spatial watershed analysis is a method of determining environmental patterns and 
problems by visualizing the watershed through physical maps or computer software. 
Geographic information systems (GIS) can be a useful tool to facilitate participatory 
spatial analysis of a watershed. For example, the University of Vermont (UVM) used GIS 
to assist landowners in South Burlington, VT required to update their stormwater 
infrastructure (RAN, 2005). Burlington recently updated their stormwater permit 
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requirements and the landowners needed to understand their property’s discharge to gain 
compliance. UVM created flow accumulation paths in GIS, which allowed landowners to 
visualize how stormwater moved through their neighborhood (RAN, 2005). This spatial 
analysis allowed landowners to strategically place rain gardens and meet new permit 
requirements (Voinov & Gaddis, 2008).  
 
Benefits of Participatory Planning 
The literature on the benefits of public participation is expansive (Loucks, 1998; Duram 
& Brown, 1999; Chess et al., 2000; Irvin & Stansbury, 2004; Jonsson, 2005; and likely 
many others). Projects that involve the public in a variety of ways have better outcomes 
than those that do not (Chess et al., 2000). For example, involving stakeholders in 
monitoring efforts increases community trust in the data and outcomes (Bentrup, 2001). 
Increasing the transparency of the modeling process by inviting stakeholders to 
participate can decrease stakeholder mistrust and lead to greater acceptance of solutions 
generated by models (Voinov & Gaddis, 2008). 
 
When organizations involve the public in the decision-making process, the public obtain 
a better understanding of the tough decisions governments are forced to make and 
organizations acquire a better understanding of citizen preferences, which may help 
reduce conflict during implementation (Irvin & Stansbury, 2004). Members of watershed 
initiatives noted that public participation was especially valuable for identifying and 
prioritizing issues, and as a forum to openly discuss concerns and build consensus 
(Duram & Brown, 1999; Jonsson, 2005). Additionally, public participation efforts can 
create advocates for the project and engage community leaders able to implement plan 
recommendations (Loucks, 1998; Irvin & Stansbury, 2004).  
 
Challenges of Participatory Planning 
Working with people, especially stakeholders with potentially conflicting values, is 
bound to come with challenges. One of the main challenges of participatory planning is 
engagement. Pradhananga et al. (2015) found that motivation for landowners to 
participate in watershed planning is often driven by social factors, such as a sense of 
obligation to protect water resources, but Leach et al. (2002) found that most resource 
users (including landowners) tend to participate defensively to maintain their rights. Even 
if landowners are very concerned about water quality in their neighborhood, they tend to 
have low levels of intended civic engagement unless they perceive it to be a social issue 
(Pradhananga & Davenport, 2017). When the community does not perceive problems in 
the watershed, they are less likely to not respond to surveys or attend public meetings, 
leading watershed initiatives to fail (Chess et al., 2000; Irvin & Stansbury, 2004). On the 
other hand, preexisting conflict among stakeholders may drive people to participate, but 
meetings can be derailed by disagreements (Chess et al., 2000; Bentrup, 2001; Baldwin & 
Ross, 2012).  
 
Additionally, stakeholders may choose not to engage, regardless of the amount of 
outreach performed, if they feel the degree of their participation will not influence 
planning outcomes (Irvin & Stansbury, 2004). If a stakeholder feels their input has been 
ignored, they may feel resentful of the planning process (Julian et al., 1997). Resentment 
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may lead that stakeholder to oppose any decisions resulting from the planning process. In 
Tucson, AZ, the Arizona Department of Water Resources created stakeholder working 
groups to assist with the development of an aquifer management plan (Ballester & 
Lacroix, 2016). Ultimately, the stakeholders were disappointed that the ADWR did not 
take stricter measures to protect aquifer levels and created their own task force to lobby 
for stronger protections (Ballester & Lacroix, 2016).  
 
Collaborative Planning 
Collaborative planning is a joint decision-making approach where power and 
responsibility is shared among partners (Selin & Chavez, 1995). In this approach, 
multiple stakeholders create a partnership to address watershed management and develop 
their own structure and process (Bonnell & Koontz, 2007). Collaborative partnerships 
still have a responsibility to engage stakeholders by using participatory methods outlined 
in the previous section, but since the organization is composed of stakeholders the 
process is more bottom-up than a single-organization approach to participatory planning 
(Bonnell & Koontz, 2007). Collaborative planning integrates disciplines, has continuous 
stakeholder participation, and allows stakeholders to educate each other and jointly 
search for facts to support a management plan (Bentrup, 2001). Articles about 
collaborative planning were first published in the late 1980s (e.g. Gray, 1989), but the 
approach gained momentum in the early 2000s (Table 1.1).   
 
The Partners 
Collaborative partnerships should be inclusive, with representatives from diverse 
stakeholders such as local government officials, resource users, landowners, watershed 
residents, businesses, community organizations, educational institutions, and state 
agencies (Leach et al., 2002; Webler et al., 2003; Koontz & Newig, 2014). Most 
stakeholders are motivated to participate to improve the resource; however, resource 
users tend to participate defensively to protect their rights (Leach et al., 2002). The 
partnership should be inclusive of all interested stakeholders to avoid resentment and 
opposition, but not exceed a manageable amount of participants (Leach & Pelkey, 2001). 
The number of stakeholders that is considered “manageable” will likely vary between 
partnerships and depend on the objectives of the group and the engagement level of the 
participants; Graversgaard et al. (2017) suggest a maximum of 20 participants.  
 
In a collaborative management approach, state and federal agencies are not the ultimate 
decision-makers, but rather one of many partner groups creating goals and objectives. 
Representatives from agencies can provide scientific and technical expertise, assistance 
with grant writing, and act as facilitators (Floress et al., 2009). Additionally, government 
partners can assist with and endorse implementation projects (Koontz & Newig, 2014).  
 
Methods of Collaboration 
Collaborative decision-making is a flexible process that is not bound to any particular 
method, but the literature suggests several for groups unsure of where to begin.  
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Process-Oriented Method 
Selin and Chavez (1995) propose a process-oriented method for collaborative decision-
making that is tailored to each watershed’s unique situation and challenges. In this 
method, the group first considers antecedents, or forces, that brought them together. 
Some of these forces are a common vision, a crisis, and/or incentives (such as grant 
money). Understanding these forces could help the group understand potential conflicts 
or common ground. The second step is problem setting: the group identifies the problem, 
major stakeholders, and the benefits of participation for those stakeholders. The group 
then sets their direction by determining ground rules, establishing goals, and creating 
working groups. Structuring, the third step, formalizes relationships and assigned roles, 
and designs monitoring systems. This step is critical for defining how the different 
stakeholders within the partnership will divide power and responsibility. Finally, the 
expected outcomes, such as the impact and benefits derived from the process, are 
described. Bentrup (2001) tested this method to see if it encompassed the full range of the 
planning process and was helpful for watershed coordinators. He modified the method 
(changes italicized in Figure 1.1) and added a monitoring and evaluation component that 
included an adaptive management approach.  

 
Figure 1.1: Process-oriented method for collaborative planning. Bentrup, 2001.  
 
Preference-Ranking Method 
The preference-ranking method asks stakeholders to answer a variety of questions about 
their opinions of management strategies in order to rank their preferred management 
alternatives. Hermans et al. (2006) detailed how a Vermont natural resource agency used 
the preference ranking method to facilitate discussion within a watershed collaborative 
about river management alternatives. Stakeholders answered a variety of questions about 
land and water management, ranked which management criterion were most important to 
them (e.g., high quality river habitat, cost of management), and chose they wanted to 
minimize or maximize each criterion (e.g. maximizing habitat while minimizing cost). 
Answers were run through preference ranking software (PROMETHEE) and a ranked list 
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of preferred management alternatives was determined for each stakeholder and the group 
as a whole. This ranked system allowed stakeholders to understand their own views and 
the views of other stakeholders, prompted discussion, and reduced conflict (Hermans et 
al., 2006).  
 
Top-Down Method 
Although collaborative partnerships are often developed from the bottom-up (formed by 
non-governmental stakeholders), they may be initiated by a government agency (Koontz 
& Newig, 2014). These top-down partnerships often have more regulatory authority, 
technical expertise, and funding, and are thus more successful in carrying out their 
objectives (Margerum, 2002; Floress et al., 2009; Koontz & Newig, 2014). They often 
take the form of stakeholder advisory committees, coordination committees, and local 
councils (Margerum, 2002).  
 
Benefits of Collaborative Planning 
Collaborative planning creates an inclusive environment where stakeholders can discuss 
issues on equal ground. Stakeholder partnerships create networks, coordination, and 
public support, and develop plans that are more readily implemented by the community 
(Koontz & Newig, 2002). Graversgaard et al. (2017) found that collaborative watershed 
councils were able to come up with implementation strategies that were more cost-
effective than those created by governmental agencies, while still achieving the agency’s 
objectives. On the other hand, collaboration with state and local governments may reveal 
additional, region-specific funding opportunities for plan implementation. Even new 
partnerships that have not yet developed watershed plans are able to create educational 
projects that raise public awareness of issues in the watershed (Leach et al., 2002). 
Collaboration efforts are usually successful for projects that are popular with the public, 
such as those focused on restoration (Bentrup, 2001). However, local circumstances 
greatly influence the success of collaborative partnerships, so there is no single formula 
for success (Leach & Pelkey, 2001).  
 
Challenges of Collaborative Planning 
Collaborative partnerships come with similar challenges to those found in participatory 
management. All stakeholders that will be affected by the watershed plan need to be 
included to ensure smooth and effective implementation. Stakeholders may come to the 
table with very different ideas of how to manage the watershed, and groups with 
longstanding animosity toward each other may not be able to set aside differences and 
work together (Selin & Chavez, 1995; Floress et al., 2009). Many stakeholders would 
rather pursue their mission independently than see it diluted through compromises (Selin 
& Chavez, 1995). Stakeholders may clash over their role in the partnership and have 
different ideas of who should facilitate meetings, engage stakeholders, etc. (Floress et al., 
2009). Conflict can also arise from different definitions of actions, for example: does 
taking action involve writing a comprehensive plan, or is it enough to hold informational 
meetings and river cleanups? (Bonnell & Koontz, 2007)  
 
It often takes several years to bring together large groups of stakeholders, resolve 
conflicts, complete watershed assessments and develop watershed plans (Leach et al., 
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2002; Bidwell & Ryan, 2006). Additionally, even if the group can agree on their goals 
and objectives and create a plan, collaborative partnerships often do not have the funding 
or political power to implement their strategies (Leach & Pelkey, 2001; Bonnell & 
Koontz, 2007). Plans may call for stricter zoning regulations or culvert replacements; 
these actions require support and funding from local and state governments (Koontz & 
Newig, 2014). Top-down collaborative partnerships may have more success with plan 
implementation; however, there is a greater risk that the concerns of some stakeholders 
will not be addressed (Margerum, 2002) or that the agency will not have the flexibility in 
its procedures to implement the agreed-upon plan (Selin & Chavez, 1995). 
 
Integrated Water Resource Management 
Integrated water resource management (IWRM), also called “integrated watershed 
management” (de Steiguer et al., 2003) and “the Dublin Principles” (Muller, 2010), is a 
coordinated approach that considers how to manage resources for ecological health, 
social well-being, and economic growth at the watershed level (Dzurik, 2003; Medema et 
al., 2008). Extensive public participation is also emphasized in IWRM (de Steiguer et al., 
2003; Engle et al., 2011). While other approaches to watershed management treat the 
ecosystem as one of many users of water resources, IWRM treats the ecosystem as the 
producer of the resource (Jewitt, 2002). IWRM recognizes that degradation of the 
ecosystem will lead to a loss of resources in the future. High priority is placed on the 
maintenance and restoration of ecosystem health and biodiversity to ensure that the 
resource continues to provide social and economic benefit. This strong emphasis on 
ecosystem health distinguishes IWRM from other planning approaches.  
 
This approach emerged at the International Conference on Water and the Environment in 
Dublin, Ireland in 1992. Many agencies in the United States and Canada have tried to 
incorporate IWRM into their management strategies in the last few decades (Medema et 
al., 2008; Engle et al., 2011; Shrubsole et al., 2017). Although the literature is critical of 
whether they have been successful in completely implementing IWRM, there are some 
examples of these agencies using modified IWRM methods. Despite the skepticism in the 
literature about implementing IWRM, there are still valuable ideas to be gained from the 
concept that watershed managers could consider incorporating into their plans.  
 
Methods of IWRM 
Proponents of IWRM have often called for a single watershed authority responsible for 
creating and implementing management plans (Durham et al., 2002; Blomquist & 
Schlager, 2005; Beveridge & Monsees, 2012). This watershed authority is often 
government body, such as a provincial or state agency (Molle, 2008; Shrubsole et al., 
2017). There is little guidance on how these authorities would make decisions. This 
method is mostly theoretical, and there are few examples in the literature of successful 
implementation. More commonly, authors suggest a modified version of IWRM. The 
modified versions of IWRM are: integrated water resource development and management 
(IWRDM), “light” IWRM, and bottom-up IWRM.  
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Integrated Water Resource Development & Management 
IWRDM places emphasis on the maintenance and development of water infrastructure 
and sustainable urban development. IWRDM recommends integrating watershed-based 
approaches into agency management plans, rather than creating new government bodies 
to manage water. IWRDM was developed at the 1992 Rio de Janeiro Earth Summit and is 
sometimes called the Rio Approach (Muller, 2010).   
 
Muller's (2010) review of case studies suggested that countries following IWRDM have 
had better success in completing projects than those following IWRM. This is likely 
because those following IWRDM tend to be sovereign countries and able to fund their 
own projects. The Mexican government focused on development in their water 
management plan for water-stressed Lake Chapala region, and within two decades 
reliable water supplies were fully restored for 16 million people. On the other hand, those 
following IWRM are dependent on the United Nations (UN) to fund their projects. 
Because the UN adopted IWRM, they often will not provide funding for development 
and the dependent countries cannot fix failing infrastructure. In Mozambique, the 
government was denied funding to construct a new dam for irrigation purposes because 
of feared environmental impact, even though stakeholders supported construction of the 
dam and identified it as the most pressing water management issue (Muller, 2010).  
 
"Light" IWRM 
In “light” IWRM, water resource management is coordinated at the community level 
(Butterworth et al., 2010). Rather than create or appoint an agency to manage all water 
resource issues, agencies coordinate with each other and establish better communication 
and coordination between sectors working with water: drinking water, sanitation, water 
infrastructure, natural resources, and others. This method for water management still 
considers social and economic well-being as well as ecosystem health (Butterworth et al., 
2010).  
 
After conducting interviews with managers from seven of the ten Canadian water 
agencies to understand how they had incorporated IWRM into their management 
approach, Shrubsole et al. (2017) concluded that Canadian provincial agencies are 
implementing a form of "light" IWRM.  The managers interviewed emphasized that 
IWRM does not have to be all encompassing; rather than integrating watershed 
management across the entire province, managers focused on local issues to save time. 
They partnered with other organizations to train citizens, perform monitoring, and 
implement watershed management plans.  
 
Bottom-up Approach 
A bottom-up approach to IWRM incorporates collaborative and participatory approaches 
while maintaining emphasis on managing water resources for social well-being and 
economic growth. Watershed partnerships are formed between stakeholders, NGOs, and 
governmental agencies and they actively involve stakeholders in the decision-making 
process. These watershed partnerships can integrate water and land management by 
working closely with local planning boards to incorporate elements of the plan into 
statutory land-use plans (Mitchell, 2005).  



	

	

16		

 
Benefits of Integrated Water Resource Management 
The concept of IWRM – placing emphasis on ecosystem health in order to promote social 
and economic well-being – can provide common ground for stakeholders to begin a 
dialogue on their vision for the watershed (Mitchell, 2005; Molle, 2008). Many 
watershed plans are developed in response to environmental impairments such as high E. 
coli levels restricting swimming or high levels of phosphorous causing algal blooms. 
Plans addressing these impairments tend to focus on identifying the source of the 
contaminants, rather than on the social and economic impacts of these impairments to 
natural ecosystems. Not being able to swim in a river or lake hurts the local economy 
through loss of recreation and tourism and decreases social well-being. Goals and 
objectives for the social and economic well-being of the watershed should be developed 
by stakeholders and included in plans. If the vision of a watershed plan includes 
environmental, social, and economic factors from the beginning, it may promote 
productive discussion between stakeholders, rather than fear and concern that 
environmental interest groups are trying to impose more regulations.  
 
Challenges of Integrated Water Resource Management 
Although other approaches to watershed management have challenges, IWRM has an 
overwhelming number of critics (see; Jonch-Clausen & Fugl, 2001; Jewitt, 2002; Biswas, 
2008; Medema et al., 2008; Molle, 2008; Butterworth et al., 2010; Engle et al., 2011). 
The concept of IWRM seems logical in theory, but the exact meaning is ambiguous and 
managers have difficulty with implementation (Jonch-Clausen & Fugl, 2001; Medema et 
al., 2008; Engle et al., 2011). Often, the scale of issues included in IWRM is 
overwhelming; it tries to address the integration of land and water management, while 
balancing ecological, social, and economic well-being. Organizations often struggle with 
this integration and tend to place strong emphasis and importance on water resources 
while ignoring land management (Medema et al., 2008).  
 
Several authors feel that IWRM is thrown around as a buzzword by agencies but is not 
actually practiced (Jonch-Clausen & Fugl, 2001; Medema et al., 2008). It has been 
described by Molle (2008) as a "Nirvana concept;" a general ideal of what the world 
should look like. The broad definition of IWRM has allowed many groups to add the 
phrase to their management strategies without changing any practices (Medema et al., 
2008). Despite the many different efforts to implement integrated water resource 
management in the late 1900s to early 2000s, there was never a critical assessment of 
how well this approach succeeded and if the theoretical approach had any practical use 
(Biswas, 2008).  
 
Adaptive Management 
Adaptive management (AM) is a cyclical and iterative process that allows managers to 
act in the face of uncertainty and incorporate learning from expected and unexpected 
outcomes into planning (Holling, 1978; Walters, 1986). It was first suggested in the late 
1970s (Holling, 1978), but has become more widely used in the last few decades (Allan 
et al. 2008). The AM approach uses an assessment framework to test different 
management alternatives and identify which policy options would meet management 
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objectives. Chosen policy options are implemented, the system is monitored and 
evaluated, and adjustments are made if and where necessary (Walters, 1986; McLain & 
Lee, 1996). Successful AM requires extensive stakeholder participation, frequent and 
iterative re-evaluation, and the institutional capacity to take risks and accept failures and 
surprises (McLain & Lee, 1996; Schreiber et al., 2004; Allan et al., 2008).  
 
The Adaptive Management Cycle 
There are many variations on the adaptive management cycle in the literature (Rogers et 
al., 2000; Schreiber et al., 2004; Smith and Porter, 2010), but most follow the process 
outlined in Figure 1.2. First, a team of managers, scientists, and policymakers – 
consulting and/or collaborating with stakeholders – define the problem, state their 
assumptions about the system, and determine management alternatives. This team will 
identify expected outcomes (hypotheses) for each management alternative. They run the 
management alternatives through an assessment framework to decide which alternative(s) 
will best meet their objectives and then proceed with implementation. The system is 
monitored and the data evaluated to see if the expected outcomes are occurring. Then, the 
management actions and hypotheses are revised if necessary, results are shared to the 
public, and the cycle continues.  

 
Figure 1.2: The Adaptive Management Cycle. Smith and Porter, 2010.  
 
Methods of Adaptive Management 
Passive Adaptive Management 
Passive AM is a shortened version of the typical AM cycle. Managers decide on 
management activities, monitor the outcomes, and revise activities based on monitoring 
data. This approach is non-experimental, simple, and inexpensive (Medema et al., 2008). 
It requires little participation and engagement by stakeholders. This passive AM approach 
was used in British Columbia to determine sports fishing regulations (McLain & Lee, 
1996). Fisheries biologists developed a population model to simulate how salmon would 
respond to different fishing pressures. They used the model to develop regulations and 



	

	

18		

then monitored how the salmon populations actually responded. The monitoring data 
guided any changes to fishing regulations for the following year (McLain & Lee, 1996).  
 
Active Adaptive Management 
Active AM follows the entire adaptive management cycle, and thus is an experimental, 
participatory approach to management (Schreiber et al., 2004; Medema et al., 2008). The 
literature generally considers AM in its active form and is critical of organizations 
claiming to practice AM while not following the entire cycle. An active adaptive 
management approach has been used in the Columbia River Basin since the 1980s 
(McLain & Lee, 1996). In this basin, four states, several federal agencies, and local 
Native American tribes made decisions jointly with significant input from stakeholders. 
Decision makers and stakeholders develop alternatives and compare different scenarios. 
Fisheries biologists conducted experiments in hatcheries to determine if fish passage was 
still possible with the addition of hydropower facilities. A monitoring and evaluation 
group composed of stakeholders and decision makers coordinates data collection and 
analysis and evaluates the effectiveness of the chosen management alternatives.  
 
Benefits of Adaptive Management 
One of the greatest benefits of AM is the ability for managers to monitor, evaluate, and 
take corrective action in the face of uncertainty (Ballester & Lacroix, 2016). In the face 
of climate change, invasive species, and other wicked problems, it’s essential that 
managers have tools to address these issues without complete knowledge about the 
situation (Smith & Porter, 2010). This includes the ability to develop and test new 
management options through scientific research and stakeholder engagement, which is 
possible through an adaptive management strategy (Medema et al., 2008; Smith & Porter, 
2010). For example, in the 1990s New York City created a novel program that allowed 
farmers within the city’s water supply area to voluntarily work with a watershed council 
to create scientifically sound farm management plans. These plans were designed to 
reduce pollution risk for water supply areas and intended to replace restrictive 
regulations. This new management approach was carefully monitored and found to be 
very successful; 93% of farms participated in the program and phosphorous and 
ammonium loadings were significantly reduced. This experimental management 
approach is now used in many other parts of the country (Smith & Porter, 2010).  
 
The opportunity for managers to test different management strategies can also reduce 
stakeholder conflict (Habron, 2003). AM validates stakeholder concerns by turning them 
into testable hypotheses. For example, a farmer who believes that providing his cattle 
access to a non-stream water source is just as effective as exclusionary fencing for 
preventing riparian erosion could look at study sites with each method and observe the 
differences himself. Involving stakeholders in the development of models and field 
experiments legitimizes the process and provides credibility to the lead organization 
(Habron, 2003).  
 
Performing these field experiments also allows managers to gain information about the 
system more rapidly than through traditional monitoring efforts (Medema et al., 2008). 
Once a method is evaluated, hypotheses can be revised and new tests can be performed. 
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Adaptive management allows managers to continually refine their methods and develop 
new solutions to emerging issues without the need to wait five or more years for a 
management plan to be updated.   

 
Challenges of Adaptive Management 
Adaptive management can be an intense process, and one of the most-cited constraints is 
lack of resources (Walters, 1997; Allan et al., 2008; Medema et al., 2008). Continuous 
monitoring, evaluation, and revising of methods and hypotheses require considerable 
time and money from the lead organization. Stakeholders could provide some assistance, 
such as through monitoring, but the time commitment may dissuade them from 
participating (McLain & Lee, 1996; Medema et al., 2008). Lack of resources may cause 
an organization to fail to follow-up on the outcomes of an AM project (Schreiber et al., 
2004).  
 
In addition to funding constraints, conflict among stakeholders is often blamed for the 
failure of AM projects (Schreiber et al., 2004; Medema et al., 2008). Although AM 
allows stakeholders to learn about the management system through experiments, which 
may solve small conflicts, it cannot overcome significant ecological value conflicts 
(Walters, 1997). For example, stakeholders may disagree about whether to remove a dam 
to restore native fish movement or keep it because of the endangered species living in the 
dam’s reservoir. This conflict cannot be solved through simple field experiments. These 
sorts of value conflicts impede many ecological restoration and management projects, 
and the AM approach in its own cannot completely overcome them (Walters, 1997).  
 
Finally, one of the most difficult challenges in AM is the inability of organizations to 
overcome their fear of risk and uncertainty (Allan et al., 2008; Medema et al., 2008). 
There are few incentives for risk-taking in organizations, and funders do not generally 
award additional money after an experiment has failed (Allan et al., 2008). Organizations 
may fear that taking an AM approach will undermine credibility, since they cannot be 
sure of the results of the experiments (Allan et al., 2008; Medema et al., 2008). To gain 
support for their activities, they need the public to have confidence in their ability to 
manage well (Allan & Curtis, 2005). In complex natural resource situations, 
organizations often choose to take no action, claiming that they need to gather additional 
information. Although this does not solve the issue, it has less immediate costs than 
taking direct action and risking embarrassment and loss of public confidence if the action 
fails (Walters, 1997).  
 
Discussion & Conclusions 
Although the EPA handbook states that every watershed planning process has 
participatory, collaborative, adaptive, and integrated features, the literature describes 
them as separate but overlapping approaches with their own benefits and challenges. The 
effectiveness of each approach reviewed is very situational and dependent on the needs of 
the community. All approaches include some level of stakeholder engagement, since 
public participation is a required element of EPA-funded watershed plans. 
Consequentially, stakeholder conflict is a common challenge shared between all 
approaches. There are other overlaps between some of the approaches. For example, the 
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final decision-making power for both the adaptive and collaborative approaches typically 
falls to a stakeholder partnership. On the other hand, there are also unique elements to 
some approaches. The adaptive approach gives managers the capacity to act without full 
knowledge of the system, while the integrated water management approach is the only 
one that considers ecosystems as the base from which social and economic benefits are 
derived (Table 1.2).  
 
After reviewing these articles and laying out the unique and overlapping characteristics, 
the relationships between approaches became more apparent (Figure 1.3). Participatory 
management is the umbrella that covers all other approaches. Collaborative management 
is closely related to participatory management, but the final decision making power rests 
with a partnership of stakeholders, who may represent multiple organizations or 
individual interests, rather than a single organization. The adaptive and integrative 
approaches are often described together in papers, but they have distinctive 
characteristics that separate them from each other and from the participatory and 
collaborative approaches. That being said, a collaborative watershed partnership may use 
adaptive and/or integrated approaches, so they are loosely related.  
 

 
 
Figure 1.3: Relationships between the four watershed planning approaches.  
 
Although the EPA states that all of these approaches are used in watershed management, 
I advocate that organizations should customize their planning process and only use the 
approaches that are most useful and relevant to their situation. A collaborative approach 
may be the best choice if there are many interested stakeholders within a watershed, 
while an adaptive approach may be suitable for groups especially focused on adapting to 
ecosystem changes and uncertainties with the resources to keep up monitoring and re-
write management plans as needed. Although the integrated water management approach 
has few documented successes in the literature, considering social, economic, and 
ecological values during the planning process may reduce conflict between resource users 
and environmental groups and enhance long-term sustainability of management. 

Participatory

Adaptive Integrated

Collaborative
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As discussed, each planning approach comes with its own challenges. Participatory 
planning may not be effective if key stakeholders are not interested in the planning 
process or if there are significant, unresolvable conflicts between stakeholders. 
Collaborative planning faces similar challenges, but there is potential for additional 
conflict between stakeholders regarding their roles and responsibilities, as well as the 
overall mission of the partnership. Integrated planning is difficult to implement and 
organizations may have trouble finding examples of plans using this approach. Finally, 
adaptive management is resource intensive and requires long-term commitments for 
monitoring and updating plans, therefore needs consistent resources (time and funding).  
 
Although these challenges may seem intimidating, several articles provide suggestions 
for overcoming them, particularly for the adaptive approach. Some articles recommend 
that managers considering an adaptive planning approach should acknowledge that it’s a 
drastic departure from the norm (Allan & Curtis, 2005; Allan et al., 2008). They should 
clearly define adaptive management for stakeholders and collaborators and involve them 
throughout the process, because they will often need support from citizens and 
policymakers as well as scientists and management institutions (McLain & Lee, 1996; 
Allan et al., 2008). When building models for the participatory or adaptive approaches, 
local knowledge needs to be recognized as a valuable input, in addition to scientific data 
(Bosch, 2003; Allan et al., 2008). Keeping an open information flow between the lead 
organization and stakeholders further increases transparency and trust in the process 
(McLain & Lee, 1996).  
 
Given that watershed planning can be resource intensive, organizations should carefully 
consider the benefits and challenges of each approach and decide if – and to what extent- 
they want to include it in their planning process. There should be a balance between 
adding helpful elements (e.g. social and economic goals) that will get the community 
more involved and boost public support, but not increasing resource requirements (e.g. 
time and money) to the point that the plan stalls. Organizations should consider their 
goals and objectives and the achievable scope of the project before deciding how and if to 
incorporate these approaches. For example, the collaborative approach would be helpful 
if there were many key stakeholders interested in plan development. On the other hand, if 
the planning process needs to happen quickly because of an immediate threat to the 
watershed, a collaborative approach may be too time-consuming and stall plan 
implementation.  
 
In some cases, an approach could be used for only a certain aspect of the plan, rather than 
throughout the planning process. For example, the EPA already requires a monitoring 
element for all plans, so organizations could explicitly state in their plan that monitoring 
results will be used to update and adapt the plan on a regular basis. The extent of this 
adaptive planning can vary depending on the organization’s resources. I give examples of 
how the participatory and collaborative approaches were used in a landowner 
engagement effort in Chapter 2 of my thesis, and how the collaborative, adaptive, and 
integrated approaches were used in the development of the decision making tool 
described in Chapter 3.  
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By considering the characteristics of the different approaches outlined in this review 
paper, organizations will be better equipped to customize their planning approach to suit 
the community’s needs. Reviewing common challenges of each approach, as well as the 
literature’s suggestions for overcoming these constraints, will help organizations avoid 
common pitfalls and make informed decisions about their watershed planning process.  
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Chapter 2: Evaluating the Effectiveness of the Warner River Watershed 
Landowner Engagement Program, 2016-2018 
 
Introduction 
As described in Chapter 1, public participation is a required part of the watershed 
planning process. However, some organizations may choose to engage stakeholders 
proactively — before they begin the watershed planning process. Environmental 
organizations have increasingly recognized the importance of conducting science-based 
outreach and engagement efforts with target audiences to produce intended outcomes 
such as changes in awareness and/or behavior (Rowe & Frewer, 2005; Varner, 2014). 
Outreach efforts, such as presentations and pamphlet distributions, are conducted to 
promote awareness and understanding (Rowe & Frewer, 2005; Varner, 2014). They 
usually have an educational component and often involve a one-way transfer of 
information from an organization to their target audience. 
 
 Engagement, on the other hand, involves a two-way dialogue between the organization 
and their target audience. Examples of engagement include setting up booths at public 
events and involving volunteers in monitoring efforts (Rowe & Frewer, 2005; Varner, 
2014). Often, environmental organizations conduct these outreach and engagement 
efforts to increase their target audience’s knowledge in an effort to foster stewardship 
behaviors (Pace et al., 2010). These organizations feel that citizens who know more about 
the world around them will be more motivated to conserve it, so they consider these 
outreach and engagement efforts an important part of their career.  
 
Although scientific outreach and engagement efforts have become more common in 
recent years, these efforts are not always treated with the same rigor as other scientific 
endeavors (Varner, 2014). Efforts are often conducted without a method to evaluate their 
effectiveness in meeting project goals and producing intended outcomes (Spicer, 2017). 
Varner (2014) suggests that outreach and engagement efforts should take place in three 
steps: development, implementation, and evaluation. In the development step, 
organizations define goals and intended outcomes, collaborate with scientists and 
community organizations, and tailor the effort to a specific audience. The effort is 
conducted in the implementation step. During implementation, the organization identifies 
misconceptions the participants have about the topic and considers if the effort’s goals 
are being met.  In the evaluation step, the organization collect feedback from participants, 
identify future improvements for the effort, refine goals, and publically share results.  
 
There are several methods for evaluating the success of an outreach or engagement effort. 
A formal evaluation would involve control groups or an external evaluator (Margoluis et 
al., 2009; Varner, 2014), but many groups choose to use a more informal method. 
Informal evaluation can involve exit polls, participant reflection about the message of the 
activity, interviews, and/or pre- and post-engagement surveys (Varner, 2014; Spicer, 
2017). Although all of these methods are valid ways to evaluate outreach or engagement 
events, surveys are a convenient and relatively inexpensive way to gain information from 
target audiences (McLafferty, 2003). Pre- and post-engagement surveys can be used to 
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infer if the outreach or engagement effort caused a change in attitude, knowledge, and/or 
behavior (Margoluis et al., 2009).  
 
In this study, I used pre- and post-engagement surveys to evaluate the effectiveness of a 
landowner engagement program conducted within the Warner River watershed by the 
Warner River Watershed Conservation Project (WRWCP). This annual engagement 
program (described below) requires significant time and resources from New Hampshire 
Fish and Game Department (NHFG) fisheries biologists and volunteers. Given the time 
and effort required to conduct this engagement activity, the WRWCP was interested in 
learning the effectiveness of the program at increasing landowner stewardship behavior 
and their awareness of brook trout and other aquatic organisms within their streams.  
 
Program Background  
The WRWCP is an informal partnership between NHFG, the Basil W. Woods, Jr. chapter 
of Trout Unlimited, conservation commissions, and local volunteers. The partnership 
formed in 2012 after a series of fish surveys confirmed that wild brook trout were present 
in two-thirds of the watershed’s tributaries, an unusual amount for a watershed in the 
southern part of New Hampshire. The WRWCP works to assess, preserve, and sustain 
these wild brook trout populations and protect against future threats. The Warner River 
watershed is part of the Contoocook River watershed, which is the most threatened 
watershed in the 
country for future loss 
of private forests and 
degraded water quality 
due to development 
(Stein et al., 2009). The 
WRWCP seeks to raise 
community awareness 
of the presence of wild 
brook trout, an indicator 
of high water quality, 
and the threats they 
face. Most of the 
WRWCP’s activities 
are organized by a 
small steering 
committee composed of 
a NHFG fish biologist 
and two members of the Basil W. Woods, Jr. chapter of Trout Unlimited. I collaborated 
on all of my work within the watershed with this steering committee.  
 
The WRWCP steering committee have proactively conducted various outreach and 
engagement events throughout the watershed since 2012, and have increased the number 
and variety of events in the last few years. The goals for these events are to promote 
awareness of the presence of wild brook trout throughout the watershed and to promote 
behaviors that protect brook trout habitat. Project members engage stakeholders in many 

Figure 2.1: Study Area 
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ways: they recruit volunteers to assist with stream habitat and road-stream crossing 
assessments, they provide information at booths at farmer’s markets and other 
community events, and they give presentations about the project to local towns and 
organizations during their monthly meetings.   
 
The most time-intensive of these engagement events is the landowner engagement 
program. In this program, WRWCP members mail letters to landowners (about 100-
150/year) within one or two watershed towns informing them that a brook trout stream 
runs through their property. The letters encourage these landowners to sign up for 
property visits so NHFG biologists can assess riparian stream condition and provide the 
property owner a report with information about how they can manage their property to 
improve brook trout habitat. The WRWCP holds an informational meeting in one of the 
watershed towns several weeks after they mail the letters during which they explain the 
landowner engagement program and how the results are used to manage brook trout 
population. Although landowner anonymity is maintained, a GPS point with the data 
gathered during the property site visit is placed in an internal NHFG fisheries database.  
The primary goal of these site visits is for landowners to develop an increased 
appreciation and understanding for the values of good water quality and healthy aquatic 
ecosystems on their properties. Regardless of property size, the WRWCP hopes 
landowners will adopt these values and practice appropriate stewardship when 
considering land use management decisions on their properties. Secondary project goals 
are to develop recommendations for potential habitat restoration, protection and 
enhancement opportunities; incorporate volunteer participation; and place an emphasis on 
landowners viewing their properties and actions from a watershed perspective. 
 
About 10-12 landowners participate in the landowner engagement program each year. 
NHFG fisheries biologists, assisted by volunteers, survey fish using a backpack 
electroshocker along the property and conduct a rapid macroinvertebrate assessment. The 
landowners are strongly encouraged to attend the site visit, and most do. The 
macroinvertebrate assessment gives the landowner a rough idea of the water quality level; 
stream sections are ranked excellent, good, or fairly poor. Several months later, the lead 
NHFG biologist sends the landowner a more detailed report about the condition of their 
riparian property and recommendations for how they could improve the habitat for 
macroinvertebrates and brook trout.  
 
Since the program is so time-intensive, the NHFG Department was interested in 
evaluating its effectiveness to determine if it should continue in the future. On the other 
hand, WRWCP/Trout Unlimited partners wanted to understand if the program was doing 
enough to assist these landowners with managing their property to conserve aquatic 
organisms in their stream. These partners also wanted to gauge landowner interest in 
future programs, such as lectures or field demonstrations on land stewardship techniques.  
 
To evaluate program effectiveness, I developed pre- and post-engagement surveys for 
2018 landowner engagement program participants and a post-engagement survey for 
2016 and 2017 participants (because they had already been engaged through the 
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program). Through the post-engagement surveys, I wanted to answer the following 
questions: 

1) Did the effort increase landowner awareness of aquatic organisms living in 
    their stream? 
2) What information given in the written report was most helpful? 
3) Were landowners able to follow the recommendations given in the written  
     report? 
4) Are landowners interested in future planned outreach programs? 
5) How can the landowner engagement program be improved for future years? 

 
Additionally, I wanted to answer the following questions through the pre-engagement 
surveys (given only to 2018 participants): 

1) How did landowners discover the engagement program? 
2) Are landowners already making management decisions with aquatic organisms     
    in mind? 
3) Did landowners have previous experience with environmental monitoring? 

 
Methods 
Survey Development 
To answer these questions, I developed three one-page surveys: the post-engagement 
survey for 2016 and 2017 landowner participants (Appendix C), the pre-engagement 
survey (Appendix D), and the post-engagement survey for 2018 landowner participants 
(Appendix E). The post-engagement surveys are only slightly different. In the 2016-2017 
post-engagement surveys I asked respondents to indicate if they had completed report 
recommendations; in the 2018 post-engagement surveys I asked respondents to indicate if 
they intended to complete the recommendations, since they received the survey at the 
same time as the report. Plymouth State University’s Institutional Review Board (IRB) 
approved the project and final versions of the surveys on July 30, 2018.  
 
The original versions of the pre-and post-engagement surveys were made using the Social 
Indicators Data Management and Analysis Tool (SIDMA) website (O’Neil & Asher, 
2018).  The SIDMA website was created by the Great Lakes Regional Water Program to 
assist watershed organizations with social science surveys. Questions were either taken 
verbatim from the website’s survey builder or keywords were modified slightly to fit the 
program, since many of the SIDMA questions were targeted toward agricultural 
landowners over other landowners. The SIDMA questions were extensively pre-tested 
and reviewed by experienced survey designers, and have been used in IRB approved 
studies by universities across the country. However, some of my partners in the WRWCP 
felt these questions were too formal and academic, and requested that the survey be 
rewritten in a more informal tone and with several open-ended questions aimed at 
collecting qualitative, rather than quantitative, data. To address my WRWCP partners’ 
concerns, some of the SIDMA questions were reformatted to have fewer responses or 
become an open-ended question, and a couple of new questions suggested by my 
WRWCP partners were included.  
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The pre-engagement questionnaire asks landowners to classify their knowledge of the 
different kinds of aquatic organisms living in their stream (not at all knowledgeable, 
minimally, generally, very), whether they consider the impact on aquatic organisms when 
making land management decisions, and if/how this influences their management 
strategies. The questionnaire asks participants how they found out about the program and 
if they have previously volunteered to assist with a stream survey with an environmental 
group. 
 
The post-engagement questionnaire also asks landowners to classify their knowledge of 
aquatic organisms and to evaluate how their knowledge has changed since participating 
in the site visit and receiving the written report. Several questions are focused on the 
written report: which part was most useful (if any), have the landowners followed the 
recommendations yet (or do they intend to, for the 2018 respondents), and if not, what 
were the major constraints. In a previous study by Rosenberg and Margerum (2008), 
time, financial burden, and unfamiliarity with practices were all significant barriers to 
landowners performing restoration activities, so I asked participants to indicate how these 
or other constraints affect their ability to perform land stewardship. The final question 
asks how likely the landowners would be to participate in future events related to the 
engagement program, such as a lecture series on restoration techniques, free or reduced 
price plants for bank re-plantings, and field demonstrations on restoration techniques.  
 
I used Microsoft Word to create the printed version of these surveys, and Google Forms 
for the online survey that was emailed to the landowners. Whenever surveys were mailed 
or given in person, printed consent forms were given to participants. In the online survey, 
the participants were required to read the consent form and check a box to indicate that 
they agreed to participate in the study.  
 
Survey Distribution 
Landowners participating in the 2018 property site visits in the Warner River Watershed 
(n=16) were handed the pre-engagement survey and informed consent form in person and 
the project was explained verbally. About six months later, the 2018 participants were 
mailed their report with recommendations for improved stewardship practices, a cover 
letter thanking them for participating in the project, (Appendix F, created using a 
template given in Genskow & Prokopy, 2011), and a printed copy of the survey with a 
pre-stamped return envelope. They were also emailed the report, the cover letter, and a 
link to complete the survey online on the same day. 
 
The 2016 (n=11) and 2017 (n=11) landowner program participants were emailed a cover 
letter with a link to the online post-engagement survey. Landowners who had not 
responded in two weeks were emailed a follow-up letter and the link to the survey 
(Appendix G, created using a template given in Genskow & Prokopy, 2011). Those who 
had still not completed the survey two weeks after the follow-up letter were mailed the 
original cover letter with a link to the online survey, a printed copy of the survey, an 
informed consent form, and a pre-stamped return envelope.  
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Pre-Engagement survey responses were entered into a Microsoft Excel spreadsheet 
throughout summer 2018. Post-engagement survey responses from the online survey was 
exported into a Google Spreadsheet and transferred to the Excel spreadsheet. Printed 
survey responses received from the follow-up mailing were also entered into the Excel 
spreadsheet.  
 
Data Analysis 
I separated quantitative questions from qualitative questions for data analysis. 
Quantitative questions did not require extensive analysis and responses were visualized 
using bar graphs. Qualitative data were explored using content analysis (Yin, 2015). 
Responses were split into categories (or codes) to find common themes and sub-themes 
in responses among participants.  
 
I analyzed the 2016, 2017, and 2018 participant survey responses as separate groups 
because I believed that watershed residents became increasingly more aware of the 
presence of aquatic organisms in small headwater streams throughout the duration of the 
landowner engagement program. The Warner River was nominated to the New 
Hampshire Rivers Management and Protection Program in 2016 and designated to the 
program in 2018 largely because of the presence of native brook trout within the 
watershed. This process brought increased attention to the watershed statewide. 
Additionally, the amount of outreach and engagement efforts the WRWCP conducted 
increased during this period as a result of this nomination.  
 
Results 
Results are organized by research questions and described in terms of the year the 
respondent participated in the engagement program. The pre-engagement survey of 2018 
participants response rate was 81.3% (n=13). We were unable to give the pre-engagement 
survey to two participants because we did not yet have Institutional Review Board 
approval for the project. The post-survey response rate was 60% (N=6, 1 of the 11 
surveys was returned undeliverable) for 2016 program participants, 55% (N=6) for 2017 
participants, and 62.5% (N=10) for 2018 participants. One 2016 or 2017 respondent did 
not give their unique ID code on the survey, so I was unable to group them with other 
participants.  
 
How did landowners discover the engagement program? (Pre-Engagement Survey) 
Anecdotal evidence from 2016 and 2017 participants suggested that not every participant 
became aware of the program through the letter sent in the mail. My survey of the 2018 
participants confirmed that they found out about the program through different sources, 
and some participants heard of the program through multiple channels. Most respondents 
reported they became aware of the program through the mailed letter, but some 
respondents also became aware through Trout Unlimited, the informational program 
meeting in Bradford, the Bradford Conservation Commission, an email sent by a family 
member who received the mailed letter, and the Warner River Volunteer River 
Assessment Program (a state-led monitoring program separate from the WRWCP).   
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Are landowners already making management decisions with aquatic organisms in mind? 
(Pre-Engagement Survey) 
About half of the 2018 respondents indicated that they specifically consider impacts to 
aquatic organisms when managing their property. Themes that emerged included using a 
licensed forester to protect the stream, maintaining buffers, and keeping the property 
natural.  

 
We work with a licensed forester to develop and implement our forest 
management plan which takes into consideration and protects wetlands, 
streams, vernal ponds, etc. –Respondent A10 
 
I try to keep [the property] as natural as possible. – Respondent A13 

 
Two respondents felt they tried to manage their property responsibly, but had generally 
been unaware of specific actions they needed to take to protect aquatic organisms.  
 

I think I've been responsible but I'll leave trees in the bed stream in the 
future. –Respondent A3 

 
Five respondents said they did not manage their stream with aquatic organisms in mind. 
One respondent (A8) said although they had not been considering aquatic organism 
impacts, they did keep a buffer around their stream to protect their dug well. Two other 
respondents did not know the potential impacts their management actions would have on 
aquatic organisms, but would consider the impacts if known. Two respondents did not 
elaborate further.  
 
Did landowners have previous experience with environmental monitoring? (Pre-
Engagement Survey) 
None of the 2018 respondents had ever volunteered for an environmental organization 
such as Trout Unlimited or the NHFG before their site visit. One respondent indicated 
they wanted to volunteer in the future. Another said they had been a member of Trout 
Unlimited for more than 30 years, but had not volunteered until the site visit.  
 
Did the effort increase landowner awareness of aquatic organisms living in their stream? 
(Pre- and Post-Engagement Surveys) 
There were clear differences in how the 2016 and 2017 respondents described their 
knowledge of aquatic organisms. Four of the 2016 respondents described themselves as 
“minimally knowledgeable,” and two said they were “not at all knowledgeable.” On the 
other hand, 2017 respondents felt they were more knowledgeable. Five of the 2017 
respondents described themselves as “generally knowledgeable,” and one respondent said 
they were “very knowledgeable.” 
 
On the pre-engagement survey, six 2018 respondents indicated they were “minimally 
knowledgeable” about aquatic organisms, and seven stated that they were “generally 
knowledgeable.” On the post-engagement survey, three respondents stated they were 
“minimally knowledgeable” and seven respondents indicated they were “generally 
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knowledgeable.” Seven of these respondents indicated no change in their knowledge. 
One respondent originally indicated they were “generally knowledgeable” on the pre-
engagement survey and then indicated they were “minimally knowledgeable” on the 
post-engagement survey. Finally, two respondents had reported that they were 
“minimally knowledgeable” on the pre-engagement survey and then stated they were 
“generally knowledgeable” on the post-engagement survey.  
 
All 2016 and 2017 participants and most 2018 participants reported an increase in their 
awareness of aquatic organisms as a result of the property site visit and written report. 
The major theme from 2016 was increased awareness of the diversity of organisms living 
in the stream. Subthemes within the diversity of aquatic organisms included increased 
awareness of the presence of brook trout and other river fish. Comments include: 
 

Made me much more aware of the rich life that exists in the mud and 
water especially the existence of native wild brook trout. –Respondent B5 

 
I was unaware of the number of brook trout and other river fish that were 
using the brook. I thought it would be too shallow to support any 
populations. –Respondent B8 
 

Themes from 2017 included increased knowledge of the diversity of organisms living in 
the stream, increased awareness of environmental impacts on aquatic organisms, and 
increased understanding of aquatic monitoring procedures. Subthemes within 
environmental impacts on aquatic organisms included impacts of sand deposits and 
droughts. 

 
Pleased to discover such variety. –Respondent C1  
 
I was especially unaware of the fish species that were present in the 
stream. –Respondent C11  

 
Themes from 2018 include increased awareness about the diversity and quantity 
of organisms living in the stream. Subthemes within the diversity of aquatic 
organisms included increased awareness of macroinvertebrates, presence of warm 
water fish from an upstream pond, and presence of young-of-the-year brook trout. 
One respondent reported no change in knowledge of aquatic organisms.  
 

Having observed them many times, I certainly knew I had some wild trout 
and it followed there had to be adequate invertebrate to sustain fish. 
However, I had no awareness of quantity. Gracious. 32 wild trout in 300 
feet. –Respondent A3 
 
[Knowledge of aquatic organisms] definitely improved after the visit and 
I'm now able to identify some of the macroinvertebrates. –Respondent 
A10 
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What information given in the written report was most helpful? (Post-Engagement 
Survey) 
We received a variety of feedback on the written report from all of the respondents. 
Themes that emerged in 2016 included the descriptions of habitat needs of aquatic 
organisms and having the information to review later and share. A subtheme of the 
habitat needs included leaving fallen branches and tree in the streams. One respondent 
did not remember receiving a written report.  
 

The health of the stream to pass on to my neighbors and future owner of 
my house. –Respondent B4 
 
The discussion of what the fish and invertebrates need to flourish.                 
–Respondent B3 

 
Themes that emerged in 2017 responses included information about the water quality of 
the brook, the recommendations about improving stream habitat, and the exact count of 
fish surveyed. Subthemes for recommendations included culvert removal, improving the 
riparian zone, and preventing road material from entering the stream.  
 

Learning about the water quality of our brook, along with the conditions 
needed for supporting a healthy stream that in turn supports a healthy 
brook trout population. –Respondent C2 
 
The recommendations regarding control of road material entering 
streams. These were forwarded to Newbury Highway department and 
several have been implemented including new ditch turnouts, stone check 
dams, continued hay bale maintenance and, this Fall, paving the 2 
problem hills with ledgepack to reduce erosion into ditches and streams.  
–Respondent C5 

 
Themes that emerged in 2018 responses include information about the watershed, site 
observations, and recommendations for improving stream health. Subthemes for 
recommendations included fixing a perched culvert, leaving fallen branches in the 
stream, providing more shade around the stream. One respondent did not find the written 
report very useful because the results were what they had expected.   
 

I'm reminded by your report of the benefits that can result from (in-stream wood) 
and I'll endeavor to avoid my instinct to cleanup fallen trees and such.                     
–Respondent A3 
 
Knowing that our stream is a healthy and viable little ecosystem.                               
–Respondent A15 

 
Three respondents from 2017 and 2018 were especially impressed with the overall 
quality of the report.  
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Your explanations and extrapolating of the results were very clear and 
concise and really helped us understand what they meant and how that 
applies to the property as a whole and what we need to do next to address 
those results. –Respondent C11  
 
The written report was fascinating, useful, and well written; the 
combination of narrative, photos, charts, diagrams, and list of resources 
were much appreciated!  –Respondent C2 
 
I found the report very thorough, well done, and learned a good deal from it.                      
–Respondent A2 

 
Were landowners able to follow the recommendations given in the written report? (Post-
Engagement Survey) 
Most respondents from 2016 and 2017 indicated that the report recommended they 
maintain current land use (which is not a recommendation they would need assistance 
implementing). One respondent from each year indicated that they had already 
implemented all of the report’s recommendations. A 2016 respondent was unsure what 
recommendations had been made. Respondents from 2017 and 2018 were more likely to 
indicate that they would like assistance implementing recommendations (Figure 2.2).  
	

 
Figure 2.2: 2016, 2017, and 2018 landowner responses on assistance with recommendations. 
Respondents could choose more than one option.  
 
Respondents who said they would like assistance were asked to indicate which factors 
were impeding their efforts to implement the results. 2016 respondents only indicated 
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two limiting factors: the features of their property made implementation difficult and 
physical or health limitations. On the other hand, each limiting factor listed was selected 
by at least one 2017 respondent (Figure 2.3). One 2017 respondent also added an 
additional limiting factor: municipal permission was required. Many of these limiting 
factors for the 2017 respondents were related to a single recommendation: fixing the 
culvert on Bum Carter Rd. Another 2017 respondent wanted assistance with instream 
wood additions. They felt they lacked the equipment, experience, and time, and that the 
features of their property would make the wood additions difficult. Two 2018 
respondents listed additional limiting factors: one had a problem with a neighbor re-
grading the road near the stream and the other had a problem with another household 
member “zealously lopping” the vegetation near the stream. 2018 respondents also 
indicated they would like assistance with bank re-plantings, controlling road erosion, 
installing in-stream wood, and collecting turbidity data for the stream.  
 

 
Figure 2.3: 2016, 2017, and 2018 landowner responses on constraints to following the 
recommendations. Respondents could choose more than one option. 
 
 
 

0 1 2 3

Lack	of	experience

Problem	with	neighbor

Municipal	permission	required

Problem	with	other	household	member

Physical	or	health	limitations

Cost

Time	required

The	features	of	our	property	make	it	
difficult

Don't	know	how	to	do	it

Lack	of	equipment

Number	of	Responses

Which	factors	are	limiting	your	ability	to	follow	the	
recommendations?		

2018	(n=10)

2017	(n=6)

2016	(n=6)



	

	

37		

Are landowners interested in future planned outreach programs? (Post-Engagement 
Survey) 
Most respondents said that they’d be interested in at least one of the three options, 
although one respondent from each year had no interest in future programs (Figure 2.4). 
2017 and 2018 respondents were more likely to be interested in all of future programs 
than 2016 respondents. There were three 2016 respondents interested in each of the future 
programs: a lecture series on land stewardship techniques, receiving free or reduced 
native plants for riparian planting, and field demonstrations on land stewardship 
techniques. Of the five 2017 respondents likely to participate in future programs, four 
were interested in a lecture series on land stewardship techniques, four wanted to receive 
free or reduced native plants for riparian planting, and all were interested in field 
demonstrations on land stewardship techniques. Of the ten 2018 respondents, six were 
interested in a lecture series, eight wanted free or reduced price plants, and seven were 
interested in field demonstrations. One 2018 respondent said they would not be able to 
participate in these programs during winter months; no other respondent indicated a 
seasonal preference.  
 

 
Figure 2.4: 2016, 2017, and 2018 landowner responses on interest in future outreach programs. 
Respondents could choose more than one option. 
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were overwhelmingly positive about the site visits and the written report. It’s possible 
that the participants who did not respond felt more negatively about the program, but 
based on the feedback received, participants are satisfied with the program as is.  
 
Additional Comments (Post-Engagement Survey) 
Respondents from every year provided thoughtful and useful comments that weren’t 
covered in other sections of the results. Several were complimentary of Ben Nugent, the 
NH Fish and Game biologist leading the program, and the rest of the survey team.  
 

The gentleman doing (the site visit) was so knowledgeable and patient 
answering all my questions. –Respondent B10 
  
Ben Nugent doing a great job on these projects. –Respondent C6 
 
Very professionally done and informative. –Respondent A5 
 
I was impressed by the team's thorough approach to conducting the 
survey.  –Respondent A7 
 
I applaud your ability to get the quantity and experience of so many volunteers.                  
–Respondent A3 

 
Four respondents — one from 2016, two from 2017, and one from 2018 — mentioned 
how much they enjoyed the site visit. 
 

The site visit was very helpful and interesting, and we enjoyed being part 
of the process. –Respondent C2 

  
Two respondents wrote additional comments about their commitment to conserve the 
brook on their property. A third respondent was interested in discussing donating a 
conservation easement around the brook.   
 

We are going to donate an easement on our 125 acre forest which 
includes brook and wetlands to Ausbon Sargent Land Preservation Trust. 
It will be protected for the future and next generations. –Respondent B5  
 
We feel privileged to be stewards of this critical habitat and will do all we 
can to ensure its high quality. –Respondent C7 

  
(I would like assistance implementing) conservation easement around brook. Not  
positive I will do this, but interested and would like to know how to get more 
information and potentially proceed. –Respondent A12 

 
Discussion 
Overall, respondents provided quite positive comments about the landowner engagement 
program and indicated interest in future outreach/engagement efforts. The program is 
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clearly meeting its goals: nearly every respondent indicated an increase in aquatic 
organism knowledge, and many indicated they intended to practice appropriate 
stewardship behaviors, whether that was maintaining current land use, leaving a buffer 
around the stream, or allowing fallen wood to remain in the stream. The written property 
report allowed landowners to view their stream section as part of a larger watershed, and 
one respondent specifically indicated that this was one of the most useful sections of the 
report. Several landowners even indicated an intent or interest in donating a conservation 
easement to conserve the brook in perpetuity.  
 
In addition to meeting the primary goals of engaging stakeholders, these site visits also 
allow NHFG fisheries biologists to survey otherwise inaccessible stream sections and 
develop recommendations for potential habitat restoration and enhancement 
opportunities. Further, the scope of the property site visits allows NHFG to engage many 
volunteers in the monitoring process. Each year, NHFG and the WRWCP engage at least 
a dozen volunteers to assist with the property site visits. Although they were not the focus 
of this study, these volunteers also learn about aquatic organisms and proper stewardship 
behaviors and will be considered in the program evaluation.  
 
Differences Between Program Years 
As discussed in the Methods section, responses were separated by year because I 
suspected that stakeholders became increasingly more aware of the presence of brook 
trout and other aquatic organisms within the watershed between 2016-2018. Our sample 
sizes were so small that we cannot extrapolate this to all watershed landowners, but there 
was certainly a difference between the 2016 respondents and the 2017 and 2018 
respondents. 2017 and 2018 respondents were much more aware of aquatic organisms 
(even in the pre-engagement survey of 2018 participants) than 2016 respondents, and 
were more likely to indicate interest in future outreach and engagement efforts.  
 
Assessment of Program Costs and Benefits 
Since the cost of the program was a concern for the NHFG, I performed an assessment of 
costs and benefits understand the cost associated with the program as a whole and for 
each landowner property site visit and written report compared to the benefits gained. 
This analysis could also be used by the WRWCP for decision-making and program 
planning.  
 
Program Drawbacks 
A potential drawback to reaching out to a small group of landowners each year is that 
they could sell the property and the new landowners would have to be engaged. The 
original landowner would retain their increased knowledge of aquatic organisms and 
riparian stewardship behaviors, but they might not be able to continue applying this 
knowledge if they move to a property without a riparian area. Another drawback is that 
the landowners might already be quite knowledgeable about aquatic organisms and 
riparian stewardship behaviors. These landowners would therefore not benefit much from 
the property site visit and written report, and engaging them would not meet most 
program goals.  
 
 
 

 



	

	

40		

Property Site Visit 
Item Description Total 

Cost 
Cost per 
Landowner 

Site Visit 
(Volunteers) 

4-6 volunteers for each site visit ($0/hour, 3.0 
hours per visit, 444-666 hours total) $0 $0 

Site Visit (NHFG 
Biologists) 

1-2 biologists per site visit ($24.9/hour, 3.5 hours 
per visit, 129.5 hours total) 

$3224.60 
-$4836.80 

$87.20 - 
$130.70 

Site Visit (NHFG 
Intern) 

1 intern per site visit ($11.80/hour, 3.5 hours per 
visit, 129.5 hours total) $1528.1 $41.30 

Prepping Letters 
(NHFG Intern) 

Creating, printing, and mailing letters to 
landowners ($11.80/hour, 24 hours total) $283.20 $7.70 

Informational 
Meeting (NHFG 
Biologist/ Intern) 

Prepping for and conducting informational 
meeting to inform interested landowners about the 
program ($24.9/hour, 15 hours total; $11.80/hour, 
15 hours total) 

$550.50 $14.90 

Scheduling Visits 
(NHFG Intern) 

Calling and emailing landowners to schedule 
property site visits ($11.80/hour, ~0.5 hour per 
visit, 18.5 hours total) 

$218.30 $5.90 

Total $5804.70 
-$7416.90 

$157 -
$200.50 

 

Written Report 

Data Entry 
(NHFG Intern) 

Entering water quality, fish survey, habitat, and 
macroinvertebrate data into an excel spreadsheet 
to be used in the report ($11.80/hour, 0.25 
hours/report, 9.25 hours total) 

$109.20 $2.95 

Report Template 
(NHFG Biologist) 

Template containing general information about 
aquatic organisms, stream restoration, 
stewardship behaviors, etc. used for every report 
($24.9/hour, 16 hours total) 

$398.40 $10.80 

Report Maps 
(NHFG 
Biologist/Intern) 

Creating site-specific maps showing an aerial 
view of the property and a map of the watershed 
($24.9/hour or $11.80/hour, 1 hour per report, 37 
hours total) 

$436.60 -
$921.30 

$11.80 - 
$24.90 

Report Text 
(NHFG Biologist) 

Entering site-specific data and pictures into the 
report template ($24.9/hour, 3 hours per report, 
111 hours total) 

$2763.90 $74.70 

Report Mailing 
Each report for 2017 and 2018 landowner 
participants was placed in an envelope and 
mailed through NHFG’s Concord office 

$100 $2.70 

Total $3808.10 -
$4292.80 

$102.90 - 
$116.00 

 

Total Program Cost Total Cost per Landowner 
$9612.80 - $11,709.70 $259.80 - $316.50 

Table 2.1: Property site visit and written report costs 
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Volunteer Hour Match 
A quantifiable benefit of the landowner engagement program is the ability to use 
volunteer hours as match for grants, such as Trout Unlimited’s “Embrace a Stream” 
grant, which the WRWCP received in 2016.  
 
Item Total Match Match per Landowner 
4-6 volunteers ($25.52/hour, 3 
hours per visit, 444-666 hours 
total) 

$11,330.90 - $16,996.30 $306.20 - $459.40 

Table 2.2: Volunteer hour match (based on estimate from	
https://independentsector.org/resource/vovt_details/) 
 
Other Positive Benefits 
This volunteer match alone outweighs the cost of the landowner engagement program, 
but there are other, less quantifiable benefits to the program. Based on survey results, at 
least two respondents are interested in donating conservation easements. Many other 
respondents indicated their intent to follow recommendations, such as leaving fallen 
wood in streams and maintaining a riparian buffer around the stream. They likely would 
not have changed their behavior in these ways without the property site visit or 
personalized written report and recommendations.  
 
Additionally, the landowners engaged through this program can become effective 
advocates for recommendations that they are unable to follow themselves, such as 
replacing undersized culverts and implementing erosion control measures around road-
stream crossings. One landowner forwarded their report’s recommendations to the 
Newbury Highway Department and they were implemented. Their request for the road to 
be fitted with erosion control measures was likely more persuasive than if a NHFG 
biologist had made the request directly.  
 
Recommendations 
Although respondents did not specifically suggest any ways to improve the program, I 
have several recommendations based on responses received and the cost-benefit analysis.  
 
1) Provide landowners with print and electronic copies of report 
In 2016, landowner participants were only given an electronic copy of the survey, while 
2017 participants were given a print copy only. One respondent from 2016 said they did 
not remember receiving a written report. Although they did not mention anything in their 
survey, a 2017 program participant also emailed me asking for an electronic copy of their 
survey. It’s possible that the email or physical address on file is incorrect, so to ensure 
that participants are receiving the report it should be mailed and emailed. I recommended 
this to the lead NHFG fisheries biologist after receiving 2016 and 2017 participant 
responses and he has already implemented this change by mailing and emailing reports to 
2018 participants.  
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2) Maintain program sustainability  
Although the program provides many benefits and ultimately earns more volunteer match 
than it costs in NHFG employee pay, it may not be sustainable at the current rate. A 
significant amount of NHFG intern and fisheries biologist time is spent engaging 
landowners, conducting site visits, and writing reports. I recommend that the number of 
landowners engaged be capped at ten per year to reduce costs. Additionally, most 
program benefits come from landowner participants with known problems around their 
stream: lack of in-stream wood, riparian buffer, and/or erosion entering the stream from 
the road. When possible, I recommend the WRWCP prioritize engaging landowners with 
known issues around their stream section. In some cases, past program participants had 
issues with their stream due to their neighbors’ management activities. The WRWCP 
could ask past participants to contact their neighbors and recommend they participate in 
the program. However, landowners with pristine sections of stream should also be 
engaged because they might be motivated to donate a conservation easement on their 
stream section after participating in the program.  
 
3) Keep landowner participants engaged 
Additionally, I recommend that the WRWCP keep past landowner participants engaged 
by implementing future outreach and engagement efforts related to the landowner 
engagement program. Survey results showed that many past participants were interested 
in three potential future efforts: a lecture series on land stewardship techniques, field 
demonstrations of these techniques, and free or reduced price plants for bank re-
plantings. These future events will support landowner participants in implementing the 
recommendations given in the report, and may also engage additional landowners 
interested in land stewardship. These additional landowners may become future program 
participants, or they might be able to implement proper land stewardship behaviors 
without a property site visit and written report. If the latter is true, these additional 
outreach events could provide the benefits of the landowner engagement program at a 
lower cost and help maintain program sustainability.   
 
Applying Participatory and Collaborative Planning Approaches 
The WRWCP’s application of both participatory and collaborative planning approaches 
for this landowner engagement program was very successful. By encouraging landowners 
to participate in their property survey, landowners gained hands-on experience in 
identifying the aquatic organisms on their property and learned why they are vital to the 
ecosystem. Many landowners expressed their pleasure in being part of the process, and 
some stated they learned more because they were able to ask NHFG biologists property-
specific questions. The engagement effort also benefitted from the collaborative 
approach; NHFG partners supplied equipment and expertise while Trout Unlimited 
partners recruited volunteers. Within the scope of my analysis, I did not observe that the 
WRWCP experienced any challenges with the participatory and collaborative 
approaches.  
 
I also used the collaborative planning approach while developing the evaluation surveys 
and encountered more of the challenges described in Chapter 1. Although I discussed the 
evaluation with all WRWCP partners, it was the NHFG partner who was especially 
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interested. Because the Trout Unlimited partners were busy with jobs and other activities, 
I initially developed the survey only with the NHFG partner, believing that our objectives 
for the survey would be similar to our other partners’ objectives. However, the Trout 
Unlimited partners expressed concern that the survey was too academic, did not address 
if landowners needed further assistance implementing recommendations, and would 
decrease landowner interest in future events. In response, I revised the survey, removing 
several questions that were of particular concern and adding more open-ended questions. 
They subsequently approved the new version. This process was a valuable reminder that 
even partners in similar stakeholder groups can have different goals and objectives for a 
project, and partners should be engaged early and often throughout the planning process.  
 
Conclusion 
This evaluation of the WRWCP’s landowner engagement program demonstrated that the 
program is meeting all of its goals and objectives. Overall, respondents were very 
positive about the program and indicated that it increased their knowledge of aquatic 
organisms and of proper stewardship behaviors around their streams. Many respondents 
indicated that they had already implemented or intended to implement recommendations 
given in the written report, particularly those regarding leaving fallen wood in the stream 
and keeping a vegetated buffer around the stream. Although the program requires 
significant time and resources, particularly from NHFG fisheries biologist Ben Nugent, it 
has contributed volunteer match for grants, positively influenced landowner behavior, 
and produced results that would likely not have been possible with less resource-intensive 
efforts. I provided several recommendations to make the program more effective and 
sustainable, but overall I believe this is an excellent program that should be continued in 
future years.   
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Chapter 3: Prioritizing Culvert Replacement Projects to Restore Habitat 
Connectivity in the Warner River Watershed 

 
Abstract 
Culverts installed at road stream crossings often pose a passage barrier for many aquatic 
species. Given the prevalence of undersized culverts in watersheds throughout New 
Hampshire and limited funding sources to address them, there is a need to effectively 
prioritize restoration efforts. Our goal was to prioritize culverts for replacement with 
adequately sized structures within brook trout habitat in the Warner River Watershed 
(New Hampshire). To accomplish this goal, we created a weighted, multi-parameter 
prioritization framework to ranks culverts based on potential restoration benefit. The 
framework was developed through extensive collaboration with Trout Unlimited partners. 
Our fourteen parameters were derived using field data and ArcGIS analysis and fall into 
three categories: brook trout habitat quality and population data, culvert condition, and 
adjacent landscape characteristics. Our partners’ familiarity with the tool ensured that 
they would be able to use and modify the prioritization tool to assist with decisions about 
culvert replacement projects. Using the results of their analysis, they will engage towns 
within the watershed to apply for grant funding to replace highest priority culverts. 
Although this framework was developed for the Warner River Watershed, we believe it 
will be applicable to other watersheds where brook trout are impacted by habitat 
fragmentation by inadequate culverts.   
 
Introduction 
Aquatic connectivity is essential for migratory fish species, such as salmon and brook 
trout. These fish require different habitats throughout the year; they need smaller 
tributaries to keep cool in the summer and spawn in the fall, and larger rivers/ponds for 
winter foraging. Connections are needed between these habitats in order for the fish to 
complete their life cycles (Petty et al., 2005). However, there are many human-made 
barriers, including dams and road-stream crossings, which fragment aquatic habitat and 
prevent migratory fish movement (Roni et al., 2002; McKay et al., 2016).  
 
Many restoration efforts to reduce this fragmentation and increase aquatic connectivity 
focus on dam removals (Jackson, 2003). However, although less documented, streams are 
more frequently fragmented by inadequate road-stream crossings that greatly reduce and 
restrict fish movement (Warren & Pardew, 1998; Poplar-Jeffers et al., 2009; Mount et al. 
2011). When a road crosses a stream, either a bridge or culvert is installed to move water 
under the road. Bridges are usually installed on larger rivers, but undersized, closed-
bottom culverts are installed for most streams because they are less expensive (Gibson et 
al., 2011; Evans et al., 2015). Culverts are considered undersized if their width is less 
than 1.2 times the bankfull width of the stream. Closed-bottom culverts typically do not 
have any substrate to mimic a natural stream, and they are often installed at a different 
slope than the stream, creating incompatibility with the stream’s natural processes 
(University of New Hampshire, 2009). 
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When these undersized, closed-bottom culverts are incompatible with the stream’s 
processes, they impede the stream’s flow and reduce sediment transport. Often, the 
stream becomes highly modified both upstream and downstream of the culvert. This 
incompatibility can cause many problems in the stream and may impact fish passage. 
Undersized culverts constrict the stream’s width and increase its velocity, which can 
scour the streambed and create a perch downstream. Usually, only adult trout species are 
able to jump this perch moving upstream. Increased water velocity also restricts fish 
passage through the structure. This is especially problematic when the culvert is smooth 
and has no sediment. Without corrugations or sediment to slow water velocity and 
provide resting places for smaller fish, culverts may not be passable (University of New 
Hampshire, 2009). Undersized culverts can also create sediment buildup upstream and 
degrade habitat quality. Finally, extremely undersized culverts may resemble tunnels and 
discourage fish from entering (Nathan et al., 2018).  
 
Roads and their crossing structures are vital to transportation; therefore, culvert 
replacement and enhancement projects are viewed as an effective method to restore 
habitat connectivity and increase fish density (Roni et al., 2002). Undersized structures 
can be replaced with open-bottom culverts or bridges to simulate a natural stream section. 
Larger, smooth culverts can be enhanced with natural sediment to create resting pools 
and boost fish passage (Mount et al. 2011).  
 
Although culvert replacement projects can restore aquatic connectivity and increase fish 
density, managers have to carefully choose which culvert replacement projects would 
provide the most restoration benefit within their budget. There are many papers on 
prioritizing barrier removal projects (see McKay et al. 2016 for a synthesis), and most are 
focused on restoration benefit for migratory fish such as salmon and brook trout. 
However, few of these papers are specific to culvert replacement (but see Poplar-Jeffers 
et al., 2009; Mount et al., 2011; Diebel et al., 2014).  
 
Barrier removal studies present many different methods for prioritizing projects: fish 
habitat suitability models, aquatic connectivity models, and scoring and ranking 
techniques. Fish habitat suitability models identify where fish species of interest likely 
occur so that only barriers restricting that habitat are considered for replacement. Mount 
et al.’s study (2011) used GIS analysis to identify areas of steep gradient in their study 
streams to extrapolate viable fish habitat from historical fish observation points. Using 
their modeled fish habitat, they prioritized barriers blocking the most upstream habitat.  
 
Aquatic connectivity models maximize the amount of upstream habitat gained by 
modeling how connectivity changes when barriers are removed one at a time. O’Hanley 
and Tomberlin (2005) created an aquatic connectivity model to prioritize which barriers 
to remove given a limited budget. The model took the barrier’s replacement or 
enhancement cost into consideration when running scenarios to maximize upstream 
habitat gained. Unlike fish habitat suitability models, aquatic connectivity models may 
not consider habitat quality or even fish presence.  
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Scoring and ranking is a simple decision support tool that allows the user to pick 
evaluation criteria and assign weights. Beechie et al. (2008) used evaluation criteria such 
as project cost, landowner support, and focal species impacted. The project team assigned 
scores and weights to each evaluation criteria and summed the weighted scores to 
determine the overall score for each barrier removal project. Although some papers are 
critical of this simple method (e.g., O’Hanley & Tomberlin, 2005), it’s an easy, 
transparent approach for those without a strong modeling background (Beechie et al., 
2008).  
 
Although all of these barrier removal prioritization methods consider potential in-stream 
habitat length gained, only fish habitat suitability models consider habitat quality. As 
Diebel et al. (2014) point out, fish may benefit from a small segment of high quality 
habitat more than a large section of poor quality habitat. Almost every paper we studied 
modeled fish distribution without any field data. Only Mount et al. (2011) used field-
collected fish data, but these were historical observation points and the age of the data 
was unclear. 
 
All of the aforementioned barrier removal papers focus on the restoration benefit for 
migratory fish species, but undersized culverts also pose a threat to human communities. 
As climate change brings more frequent, intense rain events, road-stream crossings with 
undersized structures are vulnerable to washouts. These washouts disrupt transportation 
and even cause loss of life (University of New Hampshire, 2009). Local governments 
might be interested in replacing undersized crossing structures to reduce flood risks (New 
Hampshire Stream Crossing Initiative, n.d.).  
 
Although there are many approaches for prioritizing culvert replacement, few to none 
focus on brook trout habitat restoration and flood risk mitigation. Additionally, no 
approach combines recent (<10 years) fish and culvert field assessment data with habitat 
data collected from GIS analysis. Given the lack of truly integrative models, we aimed to 
develop a prioritization model that would utilize parameters reflecting the impact of 
inadequately sized culverts on both humans and migratory fish. Our specific objectives 
were to (1) consolidate previously collected road-stream crossing and fish survey data 
with catchment-scale data gathered online, (2) use these data to identify priority culverts 
that, if replaced, would provide the greatest restoration benefit for brook trout 
populations, and (3) communicate these results to local communities and work with them 
to identify and utilize various sources of funding for culvert replacement.  
 
Our approach is unique because we adaptively developed the framework with extensive 
feedback from our partners at Trout Unlimited and the Warner River Watershed 
Conservation Project, who will ultimately take responsibility for engaging towns to 
replace priority culverts. From our initial exploration of different prioritization 
approaches, to the addition of parameters, to the fine-tuning of scoring and weighting 
techniques, our partners were engaged in every stage of model development. Our use of 
this collaborative approach provides our partners with full control of the framework and 
resulting tool. They can leverage the tool to assist with decisions about culvert 
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replacement projects without needing further assistance from the core team of Plymouth 
State University researchers and a New Hampshire Fish and Game fisheries biologist.  
 
Methods 
Study Area 
The Warner River watershed is located in south-central New Hampshire and is composed 
of four sub-watersheds: Andrew Brook, Lane River, Upper Warner, and Lower Warner 
(Figure 3.1). Much of the watershed is of statewide conservation interest due to its high 
quality wildlife habitat (New Hampshire Fish and Game, 2015). The Warner River drains 
into the Contoocook River, which flows into the Merrimack River, and eventually 
reaches the Atlantic Ocean. Although the Warner River watershed is mainly forested 
(79.1%) and currently has low development (6.2%) the Contoocook River watershed is 
the most threatened in the country for future loss of private forest to housing development 
and subsequent decreases in water quality (Stein et al., 2009). 
 

  
Figure 3.1: The Warner River Watershed located in central New Hampshire and its four 
subwatersheds.  
 
In addition to its high quality wildlife habitat, the Warner River watershed also contains 
wild brook trout populations. Of the 372 kilometers of streams within the watershed, 156 
kilometers are classified as wild brook trout streams. The discovery of previously 
unknown brook trout populations within the watershed spurred the creation of the Warner 
River Watershed Conservation Project (WRWCP), a partnership between the New 
Hampshire Fish and Game Department (NHFG), the Basil W. Woods, Jr. chapter of 
Trout Unlimited, and watershed residents. This partnership thoroughly surveyed the 
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watershed to find additional brook trout streams and assess public road-stream crossings. 
We describe these field surveys in more detail in the following sections.  
 
The amount of data available in the Warner River watershed provided a unique 
opportunity to create a culvert replacement prioritization tool. Many such tools in the 
literature do not have nearly as much field-collected data, and include little or no 
information about habitat quality. Using field-collected data allowed us to remove 
uncertainty that might otherwise be derived from having to model fish distribution or 
aquatic organism passage. Additionally, we could confirm where high quality habitat and 
spawning grounds were located based on adult trout and young-of-the-year trout 
densities. We believe the inclusion of this information in our tool will accurately 
determine which culvert replacement projects would yield the greatest restoration benefit 
and allow the Warner River Watershed Conservation Project to leverage their resources 
efficiently.   
 
Warner River Watershed Road-Stream Crossing Assessments 
Nearly every public road-stream crossing in the Warner River Watershed was assessed in 
2014-2016. Volunteers and NHFG interns surveyed 208 crossings during that time 
period, with an estimated 12 crossings not yet surveyed. The number of road-stream 
crossings on private roads and driveways is unknown.  
 
Of the crossings assessed, nearly three quarters were closed-bottom culverts (round, 
elliptical, or box), and the rest were bridges or open-bottom culverts. Since our study is 
primarily focused on aquatic organism passage (AOP), we removed bridges and open-
bottom culverts with no passage issues from the analysis and focused on the remaining 
138 culverts. Very few culverts were in good or new condition; over half were old with 
no structural problems, and the rest were rusted, eroded, or collapsing. About half of the 
culverts were compatible with the stream’s morphology, while the other half had some or 
many issues: they were undersized, not aligned with the stream, impeded sediment 
transport, and/or caused erosion and bank scour. These problems make the culvert more 
likely to fail.  
 
The culverts also had severe passage problems; only about 15% of the culverts had full 
AOP. Nearly 50% had reduced AOP, over 35% had no passage at all, and just a few 
culverts allowed passage by adult trout but nothing else. Many of the round culverts had 
no AOP, while the elliptical and box culverts mostly were reduced AOP.  
 
Data for surveyed culverts in New Hampshire is available online through the NH 
Department of Environmental Services (NHDES) Aquatic Restoration Web Mapper 
(NHDES, 2019). This web mapper was created to help organizations apply for NHDES’s 
Aquatic Restoration Mitigation (ARM) Fund Program grants. Development projects that 
impact wetlands and are unable to offer other forms of mitigation are required to pay into 
this grant fund. Several million dollars are available each year for aquatic restoration 
projects, such as culvert replacements. Culverts with no AOP and incompatible 
geomorphology score higher in the grant application process (NHDES, 2018).  
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Towns applying for these ARM grants are required to create a top ten list of priority 
culvert replacement projects in their Hazard Mitigation Plans, even if they only plan to 
replace one or two culverts with the grant funds. Several towns have expressed an interest 
in working with the Warner River Watershed Conservation Project to develop their 
priority lists. Our prioritization tool will provide these towns with a ranked list of culverts 
and data explaining potential restoration benefit to support their grant applications.  
 
Warner River Watershed Fish Surveys 
Fish surveys in headwater streams and tributaries to the Warner River have been 
conducted on a near-yearly basis from 2008 to 2018. These surveys were done on 100m 
stream segments within every accessible catchment in the four Warner River 
subwatersheds. Initial fish surveys were completed by 2012, and wild brook trout were 
found in two-thirds of surveyed streams (New Hampshire Fish and Game Department 
and Basil W. Woods Chapter of Trout Unlimited, 2014). The two sites with the highest 
total brook trout density (calculated by dividing the total number of brook trout caught by 
the sampled surface area) in each subwatershed were designated as index sites and 
resurveyed every two to three years. New locations were surveyed in 2016-2018 as part 
of the landowner engagement program (a detailed description of this program can be 
found in Chapter 2).  
 
Model Development 
We (the core team at Plymouth State University and NHFG) took an integrated, adaptive, 
and collaborative approach when creating this culvert prioritization tool, evaluating and 
revising the model based on feedback from project partners at WRWCP/Trout Unlimited 
(Figure 3.2). Our first step, Phase 1, was to search for approaches that might fit our 
project needs and adjust them as necessary to meet our objectives. Then, we chose the 
Phase 1 approach that best fit our needs and further customized it in Phase 2 by adding 
more parameters. In Phase 3 we added several parameters, standardized the parameter 
scores, and built a tool in Microsoft Excel that enables users to easily adjust parameter 
weights. Finally, we performed a sensitivity analysis and tested different scenarios on our 
fourteen parameters to understand their individual influence on the culverts’ overall 
scores. In the subsections that follow, we describe how the models were developed, the 
results produced by the model, and how the model was subsequently adapted based on 
reflection and feedback. 
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Figure 3.2: conceptual diagram of the evolution of the culvert prioritization tool.  
 
Phase 1 Methods 
The Tiered Approach  
Our project partners at the WRWCP/Trout Unlimited first directed us to The Nature 
Conservancy in New Hampshire’s tiered approach. This method was based on the culvert 
prioritization project methods described in “River Connectivity Restoration Priorities in 
High Quality Subwatersheds in Southwest New Hampshire,” a report submitted to the 
New Hampshire Department of Environmental Services (NHDES) by The Nature 
Conservancy (TNC) in New Hampshire. In this approach, TNC performed a stream 
crossing survey throughout the watershed with the goal of assessing how severely each 
culvert fragmented aquatic organism passage. Only culverts ranked as severe 
fragmentation risks were used in the culvert prioritization. Their approach integrates 
environmental, social, and economic metrics because it prioritizes culverts based on both 
stream mileage and flood risk. TNC’s process for separating these severe culverts into 
tiers is illustrated in Figure 3.3.  
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Figure 3.3: TNC’s tiered approach for prioritization with our modifications in red text. 
Adapted from TNC, 2010.  
 
Modifications to the Tiered Approach 
The Nature Conservancy’s tiered approach was intended to prioritize culverts that 
severely fragmented any stream. However, our project prioritizes brook trout streams 
above others, so we incorporated that into the model by adding one additional parameter: 
was the culvert on a trout stream? If the answer was no, the culvert was moved down one 
tier. Therefore, only culverts on brook trout streams could be ranked as Tier 1 (Figure 
3.3). Additionally, since TNC’s methods did not go into detail on their algorithm for 
determining a severe crossing, we considered all crossings with no aquatic organism 
passage or no aquatic organism passage except for adult trout as severe.  
 
Framework Parameters           Parameter Descriptions 

Severe Crossing No AOP or no AOP except adult trout. Determined 
during 2014-2016 stream crossing assessments.  

Upstream Mileage The upstream mileage of stream from the culvert until 
the next severe crossing.  

Restoration Mileage The total mileage, upstream and downstream, that would 
be opened up with an adequately sized structure.    

Storm Flow Conveyance 
Whether the culvert could pass the storm flow from a 25-
year or 100-year flood, as determined by the NH 
Department of Environmental Services.  

Field Inventory 
• Only include severe barriers 
	

GIS-based Stream Mileage 
• Exclude barriers with <0.5 miles 
upstream 
• Re-include those with >150 acre 
watersheds 
 

Flood Risk 
• <200 acre watershed: can it pass 
a 25-year flood? 
• >200 acre watershed: can it pass 
a 100-year flood? 
 

Restoration Priorities 
• Tier 1: > 0.5 miles upstream, did not 
pass given storm flow, on a brook trout 
stream 
• Tier 2: >0.5 miles upstream, did pass 
given storm flow OR did not pass 
storm flow but not on a brook trout 
stream 
• Tier 3: <0.5 miles upstream OR > 0.5 
miles upstream, did pass given storm 
flow, but not on a brook trout stream 
•Within tiers, order barriers by highest 
to lowest restoration mileage 
	

Brook Trout Streams 
• Give lower priority to culverts not on 
brook trout streams 
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EBT Stream 

If the culvert intersected with an Eastern Brook Trout 
stream (as determined by the NH Fish and Game 
Department), it was labeled “yes.” Otherwise, it was 
labeled “no.” 

Watershed Size The size of the watershed directly upstream of the 
culvert.   

Table 3.1: Phase 1 – Tiered approach model parameters. Detailed descriptions of how 
each parameter was calculated are included in Appendix H. 
 
Results of the Modified Tiered Approach 
The inclusion of only severe crossings in the model narrowed our scope from 138 
culverts down to 50 culverts. Focusing only on severe culverts may be useful when 
considering passage for all aquatic organisms, but in the Warner River Watershed only 28 
severe culverts were on brook trout streams and only 11 of these were classified as Tier 1 
priorities (Appendix I). Further, some towns only had two severe culverts total, so this 
model would not be very useful for trying to identify a larger amount of culverts to target 
for replacement in each town. This line of thinking led us to explore the point-based 
approach described below. 
 
The Point-Based Approach  
A WRWCP/Trout Unlimited partner suggested the second approach: point-based. The 
point-based approach ranks culverts by assigning different amounts of points to the 
parameters. In this approach, any number of parameters can be included. Each parameter 
is broken down into categories (e.g., Full AOP, Partial AOP, No AOP except adult trout, 
and No AOP) and each category is given a certain amount of points depending on its 
potential restoration benefit (no AOP would be given the most points and full AOP would 
be given the least). Parameters that are most important to the model will be given more 
total points (for example, one parameter’s categories might have point ranges from 0-10, 
while a less important parameter only has point ranges from 0-4). Parameter points are 
summed to give a total score to each culvert. Culverts can then be ranked by highest to 
lowest points and those with more points will have the greatest restoration potential.  
 
Modifications to the Point-Based Approach 
Unlike the tiered approach, we had no example to build on for the points-based approach. 
So, we developed seven parameters focused on brook trout restoration using field data 
and GIS analysis (Table 3.2). We included several parameters obtained from the culvert 
surveys, such as aquatic organism passage, geomorphic compatibility, and structure 
condition. We added upstream and downstream distance, stream class, and brook trout 
density to incorporate NH Fish and Game’s fish survey data and potential habitat 
restoration benefit. We assigned points for each parameter based on the core team’s 
understanding of the top priorities for restoration. These included, from most to least 
important: aquatic organism passage, geomorphic compatibility, trout density, habitat, 
and structure condition. Although structure condition was of relatively low importance to 
our team, we included it because of potential interest from town officials. We added 
together the points for each parameter in Microsoft Excel to obtain the overall culvert 
score.  



	

	

54		

 
Within each parameter, we needed to split the parameter data into categories and decide 
how many points to assign to each category. The qualitative parameters’ (aquatic 
organism passage, geomorphic compatibility, stream class, and structure condition) 
categories were already defined within the data (e.g. different levels of aquatic organism 
passage). We assigned higher points to the category/categories we were targeting for 
restoration (e.g. no AOP, no AOP except adult trout), and lower points to categories that 
were a lower priority (full AOP, reduced AOP).  
 
We needed to define categories for the quantitative parameters, since their data were 
continuous. We examined the data and split it into ranges of values (Table 3.2). We tried 
to make the ranges reflect the distribution of data. The highest scoring range was the top 
10-20% of data, and the remaining ranges evenly split the remaining distribution of 
values. For upstream kilometers, about 20% of culverts had >3km, about 40% had 1-
3km, and about 40% had <1km. Downstream kilometers and brook trout density were 
calculated similarly.  
 
Framework 
Parameters        Parameter Descriptions Parameter 

Categories Point Allocation 

Aquatic 
Organism 
Passage 
 

The ability of the culvert to 
allow for the movement of 
aquatic organisms, based on 
New Hampshire's Stream 
Crossing Assessment Program 
guidelines.  
 

 

No AOP  
 
No AOP except 
adult trout  
 
Reduced AOP 
  
Full AOP  
 

 

10 points 
 

8 points 
 
 

6 points 
 

0 points 

Geomorphic 
Compatibility 
 

The ability of a culvert to 
accommodate for natural stream 
processes such as the 
conveyance of sediment, based 
on New Hampshire's Stream 
Crossing Assessment Program 
guidelines.                                                                                       
 

 

Fully 
incompatible 
 
Mostly 
incompatible 
 
Partially 
compatible 
 
Mostly 
compatible 
 
Fully compatible 

 

9 points 
 
 

8 points 
 
 

6 points 
 
 

2 points 
 
 

0 points 
 

 
Structure 
Condition 
 
 

The current condition of the 
structure, based on New 
Hampshire's Stream Crossing 
Assessment Program guidelines.                                                                  
 

 

Collapsing 
 
Rusting or 
eroding 
 
Old 
 
Good 

 

4 points 
 

3 points 
 
 

2 points 
 

0 points 
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Upstream 
Kilometers 
 
 

 
The upstream kilometers of 
stream until the next severe 
crossing.  
 

 

>3 km 
 
1-3km 
 
<1km 

 

6 points 
 

3 points 
 

0 points 
 

 
Downstream 
Kilometers 
 

 
The downstream kilometers of 
stream until the next severe 
crossing. 
 

 

>5 km 
 
3-5 km 
 
<3 km 

 

4 points 
 

2 points 
 

0 points 
 

 
Stream Class 
 

 

If the culvert intersected with an 
Eastern Brook Trout stream (a 
stream section where Fish and 
Game biologists captured brook 
trout), it was considered an EBT 
stream.                                                                   

 

 
EBT stream 
 
Non-EBT stream 
 
 

 

 
6 points 

 
0 points 

 
 

 

 
Brook Trout 
Density 
 

The density of captured brook 
trout per stream kilometer was 
calculated for upstream and 
downstream segments, and then 
added together.                                                                                          

 

>200 fish/km 
 
100-200 fish/km 
 
50-99 fish/km 
 
1-49 fish/km 
 
0 fish/km 

 

6 points 
 

4 points 
 

2 points 
 

1 point 
 

0 points 
 

Table 3.2: Phase 1 parameters and their assigned points for the point-based approach. 
Detailed descriptions of how each parameter was calculated are included in Appendix H. 
 
Results of the Point-Based Parameter Approach 
The highest possible score a culvert could have received was 45 points; our highest 
ranked culvert was 33 points. Many culverts tied scores, so we further sorted culverts by 
highest to lowest upstream length. Most culverts’ scores were clustered in the high 
teens/low twenties range, with just a few culverts scoring higher or lower. Appendix I 
shows the eight culverts scoring in the highest point range (30 points plus).  
 
Comparison of the Phase 1 Approaches 
We considered the point-based approach to be the superior method because it had greater 
flexibility in the number of parameters, provided a specific priority number for each 
culvert (which allowed for easier comparison), and ranked all culverts, not just the severe 
ones. A culvert with reduced aquatic organism passage (which would not qualify as a 
severe crossing) may provide the most restoration benefit if there is significant upstream 
habitat and brook trout populations are already present. Although the point-based 
approach fit our needs better than the tiered approach, we wanted to incorporate aspects 
of tiered approach into the framework and include additional parameters. Therefore, we 
decided to move forward with a modified point-based approach.  
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Phase 2 Methods 
We added several new parameters to the modified point-based approach: 50-year flood 
vulnerability, openness, percent conserved land, percent impervious surfaces, and percent 
agricultural land. We decided to add 50-year flood vulnerability as a new parameter 
because it is more damaging than a 25-year flood, but not as uncommon as a 100-year 
flood (the two storm events that the Nature Conservancy assessed). We knew this 
parameter would be of great interest to towns based on our discussions with conservation 
commission and board of selectmen members. Additionally, we added a parameter for 
openness – the cross-sectional area of a culvert divided by its length. This parameter 
relates both to the culvert’s ability to pass storm events quickly, and the ability of 
organisms – aquatic and terrestrial – to pass through the culvert. Culverts that have a 
small openness value are dark and tunnel-like, and few organisms would attempt to travel 
through them. They are also more vulnerable to failing during large storm events. Nathan 
et al. (2018) found that openness values were an extremely important parameter to use for 
culvert assessments, and the only parameter that was significantly related to genetic 
differences in brook trout populations. They concluded that culverts with low openness 
values are more of a barrier to fish passage than commonly used parameters, such as 
perch height.  
 
In Phase 1, the majority of the parameters for the point-based approach were related to 
the culverts and the streams they were on, but not the surrounding land. Seeking to better 
assess the habitat suitability of the riparian area, we used ArcGIS to calculate the percent 
impervious cover, percent agricultural cover, and percent conserved land of each 
culvert’s catchment. Large areas of agricultural land and impervious surfaces suggest less 
canopy cover, smaller vegetated areas around the streams (buffers), and potential 
stormwater runoff that could introduce contaminants to the stream. All of these impacts 
tend to increase water temperature, making the stream habitat less ideal habitat for brook 
trout. Conserved land is less likely to have these impacts, since development is usually 
restricted. We provide definitions of all parameters used in Phase 2, as well as their 
assigned points, in Table 3.3. Appendix H contains detailed descriptions of how data 
were obtained for each parameter. We decided to develop two alternative weighting 
methods: the “Protect” Method and the “Re-secure” Method, which are described in more 
detail below. Figure 3.4 illustrates the difference in method weights. 
 
The “Protect” Method 
In the “Protect” Method, we targeted culverts with no AOP, poor geomorphic 
compatibility, and bad structure condition in high-quality habitat with small amounts of 
impervious surfaces and agricultural land use. We assigned greater weight to superior 
landscape characteristics (low percent impervious surface, low percent agriculture, high 
percent conserved land) and culvert/stream interface parameters (aquatic organism 
passage and geomorphic compatibility) by allocating more points. Medium points were 
given to brook trout density and upstream length gained, and lower points were given to 
culvert hazards (structure condition, flood risk, and openness ratio) and downstream 
length. We gave greater weight to upstream length than downstream length because the 
former typically included more high-quality, cold-water tributaries, while the latter 
included warmer, higher order streams and rivers.  



	

	

57		

The “Re-secure” Method 
In the “Re-secure” Method, we targeted culverts in poor quality habitat that were 
preventing populations of brook trout from accessing higher quality habitat upstream. 
These brook trout face multiple threats, such as stormwater runoff and lack of canopy 
cover. We assigned higher points to inferior landscape characteristics in this method: 
areas with high percent impervious cover, high percent agriculture, and low percent 
conserved land. Higher points were also assigned to brook trout density because we only 
wanted to target culverts that were blocking known brook trout populations; otherwise, 
our resources would be better used to protect intact habitat. Medium points were assigned 
to upstream length and culvert/stream interface parameters, and lower points were given 
to downstream length and culvert hazards.  
 
Culvert Scoring 
We assigned points for each parameter based on the “Protect” and “Re-secure” Methods 
(Table 3.3). We separated the data for the new landscape parameters into categories as we 
did in Phase 1. The categories were derived from conversations with partners on what 
should be considered low, medium, and high ranges for each parameter. For example, our 
partners felt that even 5% impervious cover or agricultural land would have a strong 
impact on the stream, so we divided the categories accordingly. The categories for the 
openness parameter were based on US Army Corps of Engineers guidelines (USACE 
2015) and Massachusetts River and Stream Crossing Standards (MADOT 2010). USACE 
states that culverts should have an openness ratio of at least 0.82ft to pass storm flows, 
and MADOT asserts that an openness ratio of at least 2.46ft is ideal for wildlife passage.  
 
We summed all parameter points in Microsoft Excel to obtain an overall score for each 
culvert. Then, we separated the culverts into five equally sized groups based on their total 
scores for each method. Culverts scoring in the top 20% for points were classified “Tier 
1,” while culverts scoring in the bottom 20% were classified “Tier 5.” We then calculated 
the number of Tier 1 culverts in each town for the “Protect” and “Re-secure” Methods.  
 
The maximum points possible for the culvert’s overall score varies slightly between our 
two methods. The maximum possible score is 70 for the “Protect” Method and 76 for the 
“Re-secure” Method. This occurred because we tried to keep certain point ratios between 
certain parameters (e.g., a 1:1 maximum point ratio between stream class and AOP in the 
“Re-secure” Method). Since we compared the methods using tier rankings rather than 
overall scores, we do not believe that this affected our results. 
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Framework 
Parameters 

Parameter 
Descriptions 

Parameter 
Categories 

“Protect” 
Method 
Point 
Allocation 

“Re-Secure” 
Method 
Point 
Allocation 

Aquatic 
Organism 
Passage 

The ability of the culvert 
to allow for aquatic 
organism passage.  

 

No AOP  
 
No AOP except 
adult trout  
 
Reduced AOP 
  
Full AOP  

 

10 points 
 
8 points 
 
 
6 points 
 
0 points 

 

6 points 
 
4 points; 
 
 
2 points 
 
0 points 

 
Geomorphic 
Compatibility 
 
 

 
The ability of a culvert 
to accommodate for 
natural stream processes 
such as the conveyance 
of sediment. 
 

 

Fully 
incompatible 
 
Mostly 
incompatible 
 
Partially 
compatible 
 
Mostly 
compatible 
 
Fully compatible 

 

9 points 
 
 
8 points 
 
 
6 points 
 
 
2 points 
 
 
0 points 

 

6 points 
 
 
5 points 
 
 
3 points 
 
 
1 point 
 
 
0 points 
 

 
Structure 
Condition 
 

The current condition of 
the structure, based on 
2016 and 2017 stream 
crossing assessment 
data. 

 

Collapsing 
 
Rusting or 
eroding 
 
Old 
 
Good 
 

 

4 points 
 
3 points 
 
 
2 points 
 
0 points 

 

4 points 
 
3 points 
 
 
2 points 
 
0 points  

 
 
Upstream 
Length 
 
 

 
The upstream length of 
stream in kilometers 
until the next severe 
crossing.  
 

 

>3 km 
 
1-3km 
 
<1km 

 

6 points 
 
3 points 
 
0 points 

 

6 points 
 
3 points 
 
0 points 
 

 
Downstream 
Length 
 

 
The downstream length 
of stream in kilometers 
until the next severe 
crossing.  
 

 

>5 km 
 
3-5 km 
 
<3 km 

 

4 points 
 
2 points 
 
0 points 
 

 

4 points 
 
2 points 
 
0 points  
 

 
Stream Class 
 

Whether the culvert 
intersected with an 
Eastern Brook Trout 
stream or not. 

 

EBT stream 
 
Non-EBT stream 

 

6 points 
 
0 points 

 

6 points 
 
0 points 
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Max Brook 
Trout Density  
 

 
The highest observed 
density of brook trout at 
a survey location within 
the culvert’s catchment.  
  

 

>80 fish/100m2 

 
41-80 fish/100m2 

 
21-40 fish/100m2 

 
1-20 fish/100m2 

 
0 fish/100m2 

 

6 points 
 
4 points 
 
2 points 
 
1 point 
 
0 points 
 

 

10 points 
 
8 points 
 
6 points 
 
4 point 
 
0 points 
 

50-Year 
Flood 
Vulnerability 

 

 

Whether the culvert 
could pass the storm 
flow from a 50-year 
flood. 
 

 

 

Overtop 
 
Vulnerable 
 
Pass 
 

 

 

4 points 
 
2 points 
 
0 points  

 

 

4 points 
 
2 points 
 
0 points 

 
Percent 
Conserved 
Land 
 

Percent of the culvert's 
catchment classified as 
conserved land.  

 

<10% 
 
10-35% 
 
36-70% 
 
71-100% 

 

0 points 
 
2 points 
 
4 points 
 
6 points 

 

6 points 
 
4 points 
 
2 points 
 
0 points 
 

 
Percent 
Impervious  
Surfaces 
 

Percent of the culvert's 
catchment classified as 
impervious surfaces.  

 

<5% 
 
5-10% 
 
>10% 
 

 

4 points 
 
2 points 
 
0 points 

 

0 points 
 
6 points 
 
8 points 

Percent 
Agricultural 
Land 
 

Percent of the culvert's 
catchment classified as 
agricultural land.  

 

<5% 
 
5-10% 
 
>10% 
 

 

4 points 
 
2 points 
 
0 points 

 

0 points 
 
6 points 
 
8 points 

Openness 
 

 

Area of structure 
opening divided by 
structure length. Based 
on 2016 and 2017 
stream crossing 
assessment data. 
 

 

<0.82ft 
 
0.82-2.45ft 
 
>2.45ft 

 

6 points 
 
3 points 
 
0 points 

 

6 points 
 
3 points 
 
0 points 

Table 3.3: Phase 2 parameter definitions and their assigned point scores for the “Protect” 
and “Re-secure” Methods.  
 
Phase 2 Results  
Tier Rankings – “Protect” Method and “Re-secure” Method  
The tier rankings are fairly similar between the “Protect” Method and the “Re-secure” 
Method (Figure 3.4). Twelve of the twenty-seven Tier 1 priority culverts overlap between 
the “Protect” Method and the “Re-secure” Method (Appendix I), and many of them are in 
the headwaters (Figure 3.5). We closely examined the parameter scores of the Tier 1 
priority culverts to determine if certain parameters were influencing the overall culvert 
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scores more than others. We discovered that the culvert openness ratio, 50-year flood 
vulnerability, and stream class parameters had high scores for most of the Tier 1 culverts 
in both methods. The “Protect” Method priority culvert scores were also driven by the 
AOP, downstream length, percent impervious surface, and percent agriculture 
parameters. On the other hand, the “Re-secure” Method priority culvert scores were 
driven by maximum brook trout density. This was expected because its maximum point 
value was ten points, higher than the other parameters. In a few cases, the “Re-secure” 
Method priority culverts were strongly influenced by percent impervious surface and 
percent agricultural land. Several of these culverts were in the northern tip of the 
watershed, which is a highly developed area. However, many culverts in the “Re-secure” 
Method had scores of zero for these parameters because the watershed is mostly forested.  

 
 
 
 
 
 

Figure 3.4: Phase 2 tier rankings for the “Protect” Method (left) and the “Re-secure” 
Method (right). Darker colors indicate higher scores and greater potential restoration 
benefit.  
 

 
Figure 3.5: Phase 2 Tier 1 priority culverts for “Protect” and “Re-secure” methods 
 
Priority Towns – “Protect” Method and “Re-secure” Method 
When we examined the number of Tier 1 culverts within each town for the “Protect” 
Method and the “Re-secure” Method, the differences between the methods become more 
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apparent (Figure 3.6). In the “Protect” Method, the town of Newbury has the most Tier 1 
culverts, followed by Bradford and Warner, and then Sutton. Much of the Andrew Brook 
subwatershed — which was ranked highly statewide for its habitat quality — is in the 
town of Newbury, so the model appears to reflect this well. Bradford, Warner, and Sutton 
all contain high-quality brook trout streams, too, but they also contain large swaths of 
development and many culverts score lower because of landscape parameters.  
 
In the “Re-secure” Method, Newbury again has the most Tier 1 priority culverts. 
However, it is now New London that has the next highest Tier 1 priority culverts. Only a 
very small portion of New London is within the watershed, but it does contain a brook 
trout stream threatened by the surrounding development, and the tool reflects this. The 
towns with the next highest number of Tier 1 priority culverts were also recognized in the 
“Protect” Method, including Warner and Sutton, followed by Bradford.  
 

Figure 3.6: Number of Tier 1 priority culverts in each watershed town based on Phase 2 
rankings for the “Protect” Method (left) and the “Re-secure” Method (right). 
 
Phase 3 Methods 
Modifications from Phase 2 
Although Phase 2 came close to achieving our objectives, we met with our partners and 
developed a few ideas to further refine the model. First, we explored three additional 
parameters (described in Table 3.4): landscape slope at the culvert, young-of-the-year 
(YOY) brook trout density, and percent forest within the 30-meter area adjacent to stream 
(i.e., buffer). Poplar-Jeffers et al. (2009) found that landscape slope had a significant 
correlation with the aquatic organism passage of culverts. In their study area, culverts 
placed on areas sloped steeper than 5% were nearly always impassable. We examined our 
culverts and found that slope did not seem to have the same influence on culvert 
passability, so we decided not to use it for Phase 3. However, we calculated scores for 
each culvert in case our partners were interested in including it as a parameter. Our 
project partners suggested that we add brook trout young-of-the-year density as an 
indicator of high-quality rearing areas. Young-of-the-year salmonids have high densities 
in complex habitat with many options for seeking cover from predators (Venter et al., 
2008). The percent forest cover within a thirty-meter buffer around stream sections was 
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included as a proxy for canopy cover over the stream. Higher amounts of canopy cover 
keeps the water cool and reduces habitat variability along the stream section, which is 
important for coldwater species like brook trout.   
 
For organizational purposes, we sorted our fourteen parameters into three categories that 
summarized our main focus areas: culvert, habitat & population, and landscape 
characteristics. The culvert category included AOP, GC, openness, structure condition, 
and fifty-year flood vulnerability; the habitat and population category encompassed 
upstream length, downstream length, stream class, EBT density, and YOY density; and 
the landscape characteristics category contained percent conserved land, impervious 
surfaces, agricultural land, and forested buffer.  
 
Framework Parameters        Parameter Descriptions 

Landscape Slope 
Slope of the landscape at the culvert, based on digital elevation 
models.   
 

Max Young-of-the-Year  
Brook Trout Density 
 

The highest observed density of young-of-the-year brook trout at 
a survey location within the culvert’s catchment. 

Percent 30m Forest 
Buffer 

The percent of forest cover within a thirty-meter buffer around 
each stream section within a catchment.  

Table 3.4: Phase 3 new parameter definitions. All other Phase 3 parameter descriptions 
are the same as Phase 2 (Table 3.3).  
 
Standardizing Parameter Scores 
Next, we discussed the point-based parameter approach and decided it added unnecessary 
bias to the model. Although some parameter ranges were based on the distribution of the 
data, others were more subjective. Splitting the data into ranges when assigning points 
created sharp cutoffs and potentially assigned very different points to two culverts that 
had similar values. To reduce this bias, we standardized each parameter score based on 
the range of values for all culverts. The culvert was given a score of 0-1 for each 
parameter using the below equations. A score closer to 1 indicates a higher restoration 
benefit.  
 
For parameters where we prioritize high values (i.e. EBT density), we used this equation: 
 

!"#"$%&%#	()*#% =
,-(%#.%/	0"12% − 4565$2$	0"12%
4"75$2$	0"12% − 4565$2$	0"12% 

 
For parameters where we targeted low values (i.e. % impervious cover), we used this 
equation: 
 

!"#"$%&%#	()*#% =
4"75$2$	0"12% − ,-(%#.%/	0"12%
4"75$2$	0"12% − 4565$2$	0"12% 
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Weighting Parameter Scores 
After standardizing the scores, we could more easily adjust weights for each parameter. 
Within each of the three categories (culvert, habitat & population, and landscape 
characteristics), we gave every parameter a weight. All of the weights within a single 
category add up to 1. In a “null” model, every parameter would be weighted the same; in 
a category with five parameters, each parameter would be given a weight of 0.2. We 
multiplied scores by their weights (i.e., 0.5 score * 0.2 weight) and added together the 
weighted score of each parameter to obtain the category score, which ranged between 0 
and 1. 
 
We also weighted every category; the weights for all categories add to 1. We multiplied 
the category score by its weight and added the three weighted category scores together to 
get the overall score for the culvert. Overall scores closest to 1 have the greatest 
restoration benefit. The equations below summarize this process, where CS is the overall 
culvert score, C1 is the culvert category, C2 is the habitat and population category, and C3 
is the landscape characteristics category. The fourteen parameters are p1 through p14, and 
w1 through w14 are their respective weights. W1, W2, and W3 are the category weights. 
These equations were run using Microsoft Excel.  
 
 

81	 = 	:1	×	<1	 + 	:2	×	<2	 + 	:3	×	<3	 + 	:4	×	<4	 + 	:5	×	<5 
 

82	 = 		:6	×	<6	 + 	:7	×	<7	 + 	:8	×	<8	 + 	:9	×	<9	 + 	:10	×	<10	
 

83	 = 	:11	×	<11	 + 	:12	×	<12	 + 	:13	×	<13	 + 	:14	×	<14			 
 

8G	 = 	81	×	H1	 + 	82	×	H2	 + 	83	×	H3	
 
 
“Protect” and  “Re-secure” Weights 
The distribution of weights for the “Protect” Method and the “Re-secure” Method in 
Phase 3 was very similar to Phase 2 (Figure 3.3), except the parameters were split into the 
three categories described above and the weights were adjusted slightly to include the 
new parameters. The protect approach still focuses on culverts with no AOP, poor 
geomorphic compatibility, and bad structure condition in high-quality habitat that has 
small amounts of impervious surfaces and agricultural land use. The re-secure approach 
focuses on areas with known brook trout populations, high amounts of impervious 
surfaces and agricultural land, and impassable culverts. The differences in weights 
between the “Protect” Method and the “Re-secure” Method are shown in Figure 3.7.  
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Figure 3.7: Parameter and category weights for the “Protect” Method (top) and the “Re-
secure” Method (bottom). The largest differences between the two methods are the 
category weights.  
 
Prioritization Tool  
Although we assigned specific weights for each method, we realized that our partners 
might wish to adjust these weights. To accommodate them, we created a Microsoft Excel 
Spreadsheet-based tool that had two tabs for each method: one tab for scores, and one tab 
for weights only (as seen in Figure 3.7). We created the equations in Excel so that 
whenever the weight tab was changed, the score tab was updated. This allowed our 
partners to adapt the tool to their needs. For example, Trout Unlimited partners were 
interested in putting higher weights on brook trout density, and were able to do so within 
the tool spreadsheet. We also created a null weight score tab so our partners could 
compare their results (culvert ranking and scores) to those obtained from equal 
weighting.  
 
Phase 3 Results  
Tier Rankings – “Protect” Method and “Re-secure” Method 
In Phase 3, there was little intersection in the tier rankings between the “Protect” Method 
and the “Re-secure” Method; only four of the twenty-seven Tier 1 priority culverts 
overlapped (Appendix I; Figure 3.9). As in Phase 2, many of the Tier 1 priority culverts 
for both methods are in the headwaters (Figure 3.8). However, the “Protect” Method’s 
priority culverts are distributed widely throughout the watershed, while the “Re-secure” 
Method’s priority culverts are clustered in several streams, mainly in the northwestern 
part of the watershed.  
 
We examined the Tier 1 priority culverts and observed that the openness ratio and 50-
year flood vulnerability parameters had high scores driving the rankings for many of the 
culverts in both methods. This is consistent with our findings in Phase 2; however, in 
Phase 3 the stream class parameter had low scores in both methods. The “Protect” 
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Method’s priority culverts also had high scores in the AOP, percent impervious surfaces, 
and percent agricultural land parameters. The “Protect” Method’s downstream length  
weighted parameter scores were small compared to Phase 2, and did not greatly influence 
overall scores. The “Re-secure” Method’s scores were driven by stream class, percent 
conserved land, and percent forested buffer. The brook trout density and young-of-the-
year parameter scores were high for a few culverts, but did not appear to greatly influence 
the overall scores for either method.  
 

Figure 3.8: Phase 3 tier rankings for the “Protect” Method (left) and the “Re-secure” 
Method (right). Darker colors indicate higher scores and greater potential restoration 
benefit.  
 

 
Figure 3.9: Phase 3 Tier 1 priority culverts for the “Protect” and “Re-secure” Methods.  
 
Priority Towns – “Protect” Method and “Re-secure” Method 
The “Protect” and “Re-secure” Methods differ in their distribution of Tier 1 culverts 
between towns (Figure 3.10). The “Protect” Method places the most Tier 1 culverts in 
Warner, followed by Newbury, and then Sutton and Bradford. This is only slightly 
different than Phase 2 – Warner and Newbury have switched places, and New London 
now has one Tier 1 culvert whereas in Phase 2 it had none.   
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The “Re-secure” Method distributes Tier 1 priority culverts much differently than the 
“Protect” Method. Sutton has the most priority culverts by far (10); the next highest town, 
Newbury, had only half the priority culverts. Warner, Bradford, and New London are just 
behind Newbury with equal numbers of priority culverts. These rankings are quite 
different than Phase 2, where Sutton had only a couple of priority culverts and Newbury 
had the most. The Sutton priority culverts have very high EBT and YOY density 
compared to the other towns’ priority culverts, so the YOY parameter addition may be 
driving this rearrangement in distribution of priority culverts. Warner and New London 
have fewer priority culverts in Phase 3, and Bradford has one more. These three towns all 
have high levels of development, but Bradford in particular has significant near-stream 
development and all of its priority culverts have high scores for the newly added percent 
forest buffer parameter.   

Figure 3.10: Number of Tier 1 priority culverts in each watershed town based on Phase 3 
rankings for the “Protect” Method (left) and the “Re-secure” Method (right). 
 
Post-Phase 3 Modifications 
We presented Phase 3 results to our Trout Unlimited partners and after significant 
discussion, decided to make two final adjustments to the framework’s parameters. First, 
we replaced the total brook trout density parameter with an adult-only brook trout density 
parameter to not overbias the framework by including two parameters with brook trout 
young-of-the-year data. Second, we exchanged the 50-year flood vulnerability parameter 
for a parameter that encompasses all predicted storm flow events (Table 3.5). This new 
flood vulnerability parameter gives us a more complete picture of how the culvert will 
withstand flood events over time. Culvert become increasingly more vulnerable to failing 
as the storm event increases, so a score of 0.7 tells us the culvert will pass a 2-year storm, 
is vulnerable during a 10-year storm, and is predicted to overtop during 25-year or larger 
storm flows.  
 

Framework Parameter   Parameter Description 
Flood Vulnerability Over 
Time 

The average scores for 2-year, 10-year, 25-year, 50-year, and 
100-year flood vulnerability. 

Table 3.5: description of flood vulnerability over time.  
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This discussion also resulted in our decision to add another phase to the framework 
development process: sensitivity analysis. One of our partners pointed out our earlier 
faulty assumption that high parameter scores and weights had the greatest influence on 
the overall score and tier rankings. In reality, the overall scores and tier rankings are 
determined by a combination of score, weight, and score variation within a parameter. If 
all culverts have high openness scores, that parameter is not influencing which priority 
tiers culverts fall into. Our Phase 3 results also suggested that upstream and downstream 
lengths did not greatly influence the tier rankings. These parameters were priorities, so 
we wanted to ensure they had a strong influence. For these reasons, we decided to 
perform a sensitivity analysis.   
 
Phase 4: Sensitivity Analysis and Scenario Testing 
Sensitivity Analysis  
Sensitivity analyses are used to understand how each parameter in a model may influence 
the results and ultimately help avoid bias. There are many methods for running sensitivity 
analyses (see Pianosi et al., 2016 for a review); we chose to run a “one-at-a-time” method 
because of its simplicity and applicability to our type of framework. Using this method, 
we removed one parameter at a time from the framework by giving it a weight of zero 
and keeping all other parameter weights fixed.  
 
We used a null weighting method to understand the influence of parameter scores, rather 
than their weights. Since we had five parameters in two categories and four parameters in 
one category, we decided that we could not examine the influence of each parameter on 
the overall score. The weight removed by zeroing a parameter in the culvert and habitat 
and population categories was 0.2, while the weight removed by zeroing a parameter in 
the landscape characteristics category was 0.25. This difference in weight might have 
biased the sensitivity analysis toward the landscape characteristic parameters, so we only 
examined the influence on category score.  
 
After giving each parameter a weight of zero, we compared the new category scores for 
each culvert with the category scores given for the normal null weights method. We 
calculated the minimum, average, and maximum percent change in these category scores 
for each parameter. Then, we analyzed how many Tier 1 priority culverts changed when 
each parameter was removed from the framework. We also measured the mean score and 
the standard deviation for each parameter to understand the parameter’s distribution of 
scores. We then created a histogram for each parameter to visualize the distributions. 
Parameters with relatively evenly distributed or highly variable scores (Figure 3.11) have 
a greater influence on the tier rankings of culverts because they better distinguish culverts 
from each other. On the other hand, parameters with unevenly distributed or skewed 
scores (Figure 3.12) will do little to distinguish culverts and therefore have a small 
influence on tier rankings. Histograms for the remaining parameters are in Appendix J.  
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Figure 3.11: This “Protect” Method forest buffer parameter histogram is an example of a 
relatively even parameter score distribution.  
 

 
Figure 3.12: This openness parameter histogram is an example of a skewed parameter 
score distribution.  
 
The forest buffer parameter (“Protect” and “Re-secure” Methods), the conserved land 
(“Protect” and “Re-secure” Methods), adult and young-of-the-year brook trout density, 
geomorphic compatibility, and stream class parameters were highly influential because of 
their widely distributed scores. Aquatic organism passage, flood vulnerability, 
downstream length, and the impervious surfaces parameters were moderately influential. 
The upstream length, structure condition, and agricultural land (“Protect” and “Re-
secure” Methods) parameters, in addition to the openness parameter, were least 
influential because of their unevenly distributed (i.e. clumped) scores. The parameter 
score distributions and their influence on the overall culvert score are watershed-specific, 
so these parameters may be more or less influential in other watersheds.  
 
Scenario Testing 
The core team and our partners also created five unique scenarios (null weights, high 
importance parameters, no landscape parameters, “Protect” weights, and “Re-secure” 
weights) to learn how the exclusion of multiple parameters influenced tier rankings. We 
ran four scenarios for each method (“Protect” and “Re-secure”): null weights, high 
importance parameters, no landscape parameters, and the method-specific scenario, for a 



	

	

69		

total of eight scenarios between the two methods. As in the sensitivity analysis, we used 
null weights to understand the influence of the parameter scores and equal weights. High 
importance parameters include aquatic organism passage, flood vulnerability, upstream 
and downstream lengths, and adult brook trout density. The “Protect” and “Re-secure” 
Method weights were the same as those described in Phase 3. The no landscape 
parameters scenario used the method-specific parameter weights but set the landscape 
category weight at zero and the other two category weights at 0.5. The weights used for 
each scenario are included in Appendix K.  
 
To compare scenario results, we took the twenty-eight Tier 1 priority culverts from each 
of the eight scenarios and examined them for overlaps. We calculated the amount of 
unique Tier 1 priority culverts identified for all scenarios in each method (four scenarios 
each for the “Protect” and “Re-secure” Methods, and eight scenarios total between both 
methods) and the number of scenarios in which they were a priority (only one scenario, 
several scenarios, or every scenario). Results are summarized in Figure 3.13. There were 
45 unique Tier 1 priority culverts between the four “Protect” Method scenarios; 15 of 
these culverts were priorities in all four scenarios and 15 culverts were a priority in only 
one scenario. The “Re-secure” Method had fewer overlapping priorities; with 54 unique 
priority culverts between its four scenarios, 23 of these culverts were a priority in one 
scenario and only 9 culverts were priorities in every scenario. We combined the results 
from the four “Protect” Method scenarios and four “Re-secure” Method scenarios to 
understand the degree of overlap between methods. There were 61 distinct priority 
culverts among the eight scenarios; 6 culverts were a priority in every scenario for both 
methods. This suggests that those culverts have high scores in most or all of the 
parameters. There were an additional 8 culverts that were priorities in six or seven of the 
scenarios between the two methods. Tables summarizing the results for individual 
culverts are included in Appendix K.  
 

	
Figure 3.13: Scenario testing results summary for the eight scenarios tested (four each for 
the “Protect” and “Re-secure” Methods). There were 45 and 54 unique Tier 1 priority 
culverts, respectively, between the four “Protect” scenarios and the four “Re-secure	
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 scenarios. There were 61 distinct priority culverts among the eight scenarios; 6 culverts 
were a priority in every scenario for both methods.  
 
Discussion  
After several iterations, we created a culvert prioritization tool that met our objectives 
and satisfied our partners’ needs. The process took about ten months and we encountered 
many complications and uncertainties along the way. There are few examples of this type 
of tool in the literature, so we used an adaptive, trial-and-error process to gradually 
modify the tool to meet our needs. We relied heavily on partner feedback to determine 
what worked and what did not. In this section, we describe some of the lessons learned to 
assist other managers interested in building a similar tool for their watershed.  
 
Useful Tool Additions 
One of our first modifications in Phase 2 was adding landscape characteristic parameters 
to characterize in-stream habitat quality and stream temperature. Most prioritization tools 
in the literature do not assess land use throughout the watershed that might impact habitat 
quality, so we consulted with our partners to determine which parameters would be most 
useful. We initially added percent impervious cover, percent agricultural land, and 
percent conserved land. These parameters influenced the overall scores for both methods, 
but not as much as expected. We decided to add the forest buffer parameter in Phase 3 to 
tease out the impacts of near-stream development on stream temperature. Although 
impervious surface cover and agriculture impact stream habitat quality at the watershed 
scale, water temperature is usually a function of the canopy cover directly surrounding 
the stream so it is useful to consider the land cover within the riparian zone.  
 
The forested buffer parameter had a strong influence on Phase 3 scores as it drove the 
observed distinction among priority culverts between the two methods. In Phase 2, we 
assumed that modified landscapes impacted few culverts since the landscape 
characteristic parameters had limited influence on overall scores. However, development 
is clustered around the Warner River and its tributaries; large state and interstate roads 
follow these streams, and several towns are built around them. This near-stream 
development became more apparent in the 30-meter forest buffer metric, and it separated 
the two methods in Phase 3 more than the other landscape parameters.  
 
Score standardization was another helpful addition in Phase 3. In Phase 1 and Phase 2, 
we used a simple point-based approach and assigned higher points to parameters we felt 
were more important. The point-based approach forced us to make judgment calls on 
where to split the point ranges for both our qualitative and quantitative parameters. Those 
ranges might have been appropriate for the Warner River watershed, but is not 
necessarily the best choice for all watersheds. By allowing the data to drive the score in 
the standardized score approach, we were only challenged to assign scores to our 
qualitative parameters (such as structure condition), which reduced bias in our 
quantitative parameters. This score standardization method is also more applicable to 
other watersheds because it utilizes parameter data rather than human judgment.  
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The sensitivity analysis was an essential part of score standardization. Through it, we 
learned that some of our priority parameters had a small influence on the culverts’ tier 
rankings. The scenario testing allowed us to understand which culverts were priorities 
regardless of significant changes to the framework parameters. This process should be 
completed within every watershed, since the parameter data ranges will vary and outliers 
may skew parameter scores.  
 
Our partners were concerned that the addition of so many parameters —particularly the 
landscape characteristic parameters — would obscure the scores of the parameters they 
cared about the most (mainly, parameters related to brook trout density, stream habitat, 
and fish passage). Scenario testing confirmed that certain culverts would rise as Tier 1 
priorities regardless of the parameters. However, certain scenarios did produce unique 
Tier 1 priority culverts, so it is essential to examine each priority culvert’s scores by 
category (regardless of the scenario used) to understand which parameters are having the 
most influence on the overall score and adjust weights if necessary.  
 
Less Influential Parameters 
We found that structure condition and openness ratios had little influence on the overall 
scores. Many culverts fell in the “old” or “rusting/eroding” categories, which were close 
in score. Similarly, openness ratios were very small for most culverts and their scores 
were clustered in the 0.9-1.0 range. Consequently, structure condition and openness 
parameter scores were fairly uniform throughout the watershed and did little to separate 
culverts into priority tiers. These parameters may be more influential in a watershed or 
larger geographic scale where culvert condition and size is highly variable.  
 
We added the slope parameter to the Culvert category because Poplar-Jeffers et al. (2009) 
found that it significantly impacted aquatic organism passage in an Appalachian 
Mountain watershed. Since many areas of the Warner River watershed are steep (>5%), 
we expected to have similar results. However, we did not find any correlation between 
slope and passage, so we did not end up including it in our tool. This demonstrates that 
some parameters may not be transferable across watersheds and that parameters should 
be critically evaluated on a case-by case basis.  
 
Complications with External Data 
We quickly discovered that complications might arise when relying heavily on external 
data. Our aquatic organism passage, geomorphic compatibility, and fifty-year flood 
parameter data were sourced from the New Hampshire Department of Environmental 
Services. The NHDES runs culvert survey data through models to obtain values for those 
parameters. Throughout our framework development process, NHDES revised these 
models several times, drastically shifting some of our parameter input data. For example, 
many of the fifty-year flood scores changed from “pass” to “overtop,” and this strongly 
influenced the overall culvert scores. We did not feel there was a suitable substitute for 
this data, so we had to be flexible when these changes came. We suggest that any external 
data used for model development be thoroughly vetted and fully understood. Recognize 
that data inputs are often dynamic and evolving and regularly check for updates to the 
data to ensure its accuracy.  
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Applying Collaborative, Adaptive, and Integrated Planning Approaches 
We were very fortunate to collaborate on this project with our partners from the 
WRWCP, Trout Unlimited and the New Hampshire Fish and Game Department, 
provided feedback on each phase of the tool. Their familiarity with the watershed was 
invaluable and it allowed us to create a tool that fully utilized available field data. They 
directed us to the initial prioritization approaches described in Phase 1 and the framework 
evolved with their feedback.  
 
A significant benefit of this collaboration is that our partners know how to use and adapt 
the tool to assist with decisions about culvert replacement projects. They anticipate that it 
will be used in their engagement efforts with watershed towns. Many towns within the 
watershed are interested in applying for the aforementioned ARM grants to replace 
culverts, but require assistance with prioritization or wish to apply for environmentally 
focused grants. This tool will help with prioritization and provide detailed data about 
each priority culvert for grant applications. The flexible weighting system will allow 
towns to create their own priority lists based on the parameters that are most applicable to 
their goals. It also allows towns to be more responsive to the interests of different funding 
sources that might prioritize based on flood vulnerability, habitat restoration potential, 
brook trout conservation, etc.  
 
We feel that our tool was fairly integrated because it connected stream habitat with 
surrounding land use and incorporated parameters that can in part be used to prioritize 
culverts based on social and economic need for or impact of potential restoration, such as 
flood vulnerability and structure condition. However, the tool is mainly focused on 
environmental parameters and could have been more fully integrated by including 
parameters such as the Center for Disease Control’s social vulnerability index (Flanagan 
et al., 2018), cost to replace the culvert, and the frequency with which the town has 
needed to replace the structure due to flooding or improper installation. Given the 
flexibility of the framework, these parameters could be included in future versions of the 
framework if they were of interest to towns.  
 
Applications for Other Watersheds 
One of the greatest strengths of this framework is its adaptability and applicability to 
other watersheds. Our final framework allows for parameters to be added, removed, or 
substituted based on the user’s preferences. We realize that the Warner River watershed 
is unique in its abundance of field data, but many of the tool parameters are derived from 
GIS analysis and can be calculated for any watershed in the United States. The 
parameters that rely on field data, such as brook trout density, could potentially be 
substituted with a similar parameter, such as density of coldwater streams, 
macroinvertebrate survey data, or even modeled species occupancy.  
 
Next Steps  
Our immediate next step is to create a dynamic, online map of the watershed culverts 
with a GIS tool that enables partners to adjust the parameter and category weights and 
visualize changes to the culvert rankings. We have begun the development of such model 
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in ArcGIS desktop’s Model Builder environment, but realize that our partners have 
limited access to this technology. Therefore, we are seeking for ways to create an online 
tool that will be accessible to everyone with an Internet connection. We anticipate that 
our partners will be able to use this online tool to engage with watershed towns and help 
them develop their top-ten culvert list to apply for ARM grant funding. The tool will 
provide a prioritization process that decision-makers can use, in conjunction with local 
knowledge of past floods and road erosion, to identify their top ten culvert replacement 
projects.  
 
We also aim to apply our prioritization tool to another watershed in New Hampshire. The 
watershed would need to have adequate data on brook trout density and distribution, and 
have most of the public road-stream crossings surveyed. The rest of our data were 
collected at the catchment scale in ArcGIS with public land cover and stream flowline 
layers, so the analysis could be done fairly quickly for any watershed in the region using 
the instructions in Appendix H.  
 
Conclusion 
In this paper, we describe the process of collaboratively developing a prioritization 
framework and tool to prioritize culvert restoration in order to maximize habitat 
connectivity for Eastern Brook trout and reduce flood vulnerability for watershed towns. 
We adapted our methods through several phases and developed a framework and tool that 
suited to our needs. We consolidated field data and GIS data into fourteen parameters that 
encompassed stream habitat and brook trout population, culvert condition, and landscape 
characteristics. Our final framework prioritizes culvert restoration in two ways: the 
“Protect” Method prioritized high quality habitat, and the “Re-secure” Method prioritized 
brook trout populations that may be isolated in low-quality habitat because of undersized 
culverts. A ranked list of culverts that would provide the greatest restoration benefit if 
replaced was created for each method. Our partners will use these lists and their own 
modifications to the framework to assist in their decision-making process and take these 
results to watershed towns applying for grant funding to replace or enhance the highest-
ranked culverts. These efforts will restore habitat connectivity within the Warner River 
Watershed and greatly benefit its native brook trout populations and watershed residents. 
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Conclusion 
 
The purpose of this thesis was to comparatively analyze four watershed planning 
approaches (participatory, collaborative, integrated, and adaptive) and describe how 
organizations could tailor them to suit their own planning needs. In Chapter 1, I reviewed 
the benefits, challenges, and different methods for each approach, and how they have 
been described in the literature. I concluded that organizations might not be able to fully 
incorporate every approach into their watershed planning process because of limited 
resources or lack of interest among stakeholders. However, under the right circumstances 
some organizations may be able to use some aspects of each approach.   
 
In my next two chapters, I detailed two examples where each approach has been tailored 
for proactive watershed planning in the Warner River watershed. Chapter 2 evaluated the 
effectiveness of a collaborative, participatory landowner engagement program seeking to 
increase landowner awareness and appreciation of the brook trout streams flowing 
through their properties. This highly effective program has produced significant results; 
not only did landowners gain knowledge about their stream systems, many have already 
implemented program recommendations for improving land stewardship, such as 
improving riparian buffers and implementing erosion reduction measures.  
 
In Chapter 3, I described the process for collaboratively developing an adaptive, 
integrated decision-making framework for prioritizing culvert replacement projects. The 
core team and our WRWCP partners finalized the prioritization framework after much 
iteration and many adjustments. The final product included parameters related to social, 
economic, and environmental well-being, and it also integrated stream habitat with 
surrounding landscape condition.  
 
These examples show how the watershed planning approaches can be used for some, but 
not necessarily all, parts of the planning process. Since the WRWCP is a joint partnership 
between Trout Unlimited and NHFG, both the engagement and prioritization framework 
efforts were collaborative. However, the participatory approach was only used for the 
engagement effort because we felt the framework effort would become too complex and 
time-intensive with many stakeholders determining goals and deciding which parameters 
should be included. On the other hand, the modeling effort was more integrated and 
adaptive than the engagement effort. Both case studies fall under the larger umbrella of 
watershed planning, so between the engagement and modeling efforts we utilized all four 
watershed planning approaches throughout our process. These approaches were 
successfully applied in the Warner River Watershed, and I believe these planning efforts 
will conserve wild brook trout populations, protect their high quality coldwater stream 
habitat, and provide resiliency against future threats to the watershed.  
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Appendix A: Warner River Watershed Rock Basket Monitoring Report 
 
Methods 
The Warner River Watershed Conservation Project decided that it would be useful to 
compare macroinvertebrate abundance and family richness between sites of interest to 
determine if habitat modifications, such as wood additions, were needed at certain areas 
of the Warner River and its tributaries. We deployed thirty rock baskets in summer 2018 
to compare habitat quality between ten Volunteer River Assessment Program (VRAP) 
sites using macroinvertebrates as bioindicators. Water quality data is available for these 
sites on the New Hampshire Department of Environmental Services (NHDES) website 
(https://www.des.nh.gov/organization/divisions/water/wmb/vrap/warner/index.htm). We 
deployed and collected rock baskets according to NHDES protocols; three baskets were 
filled with cobble from the watershed, placed in a part of the stream deep enough to keep 
them submerged all summer, and looped around a piece of rebar hammered into the 
stream bottom. The rock baskets were deployed in late July/early August 2018 and 
collected in early October 2018.  
 
The macroinvertebrates were 
preserved in 70% ethanol and 
later identified down to 
family during a “Bug ID 
Day” event conducted with 
volunteers from the Basil 
Woods and Pemi chapters of 
TU. During this event, twelve 
volunteers sorted 
macroinvertebrates by order 
and several experts (myself 
and two volunteers) 
identified and enumerated 
macroinvertebrates by family 
(Figure 1).  
 
Once the macroinvertebrates were identified down to family, common biomonitoring 
metrics were calculated for each sample. Macroinvertebrate family richness (FR) is used 
to assess the biodiversity of macroinvertebrate orders by counting the number of families 
collected for each sample. In our study, we examined the orders Ephemeroptera 
(mayflies), Plecoptera (stoneflies), and Tricoptera (caddisflies). EPT family richness is 
the combined family richness of these three orders. Since these orders are intolerant to 
pollution, higher family richness is desired. We also analyzed the sampling site’s water 
quality using NHDES’s Volunteer Biomonitoring Biological Water Quality Score Sheet. 
This sheet assigns tolerance values to macroinvertebrate orders. That value is multiplied 
by the order abundance to give a biotic score for each order. Those biotic scores are 
summed and then divided by the overall abundance to calculate the final biotic score. A 

Figure	1:	Volunteers	sort	through	macroinvertebrate	samples	at	a	“Bug	
ID	Day”	event.	With	their	assistance,	we	sorted	25	samples	down	to	
family	in	just	six	hours! 



	

	

79		

score of 0 - 3.5 indicates excellent water quality; a score of 3.51 - 4.8 indicates good 
water quality, and a score of greater than 4.8 indicates fairly poor water quality.  
 
Results 
Five sites had excellent water quality and two sites had good water quality in all three 
rock basket repetitions (Table A.1). Two sites had differing water quality scores (good or 
excellent) between the three repetitions: Andrew Brook at Sutton Road and Thistle 
Brook. Andrew Brook at Mountain Road had one repetition indicating each possible 
water quality score (excellent, good, and fairly poor). This site was very deep and sandy, 
and was not suitable habitat for most macroinvertebrate taxa.  
 
The two Stevens Brook sampling sites were of special interest. Stevens Brook at Route 
103 is surrounded by development and has little shade cover. We sampled immediately 
after the brook crosses I-89, an interstate highway, and Route 103, a state highway. 
Stevens Brook at North Road follows the road but has good amounts of canopy cover and 
is not near large swaths of developed land. We wanted to understand if and how the 
macroinvertebrate community and water quality changed after the stream passed through 
highly developed areas. Both sites had very similar abundance, family richness and final 
biotic scores.  
 
Conclusion 
Overall, the water quality was good or excellent at most sites based on macroinvertebrate 
richness and abundance in the rock basket samples. Andrew Brook at Mountain Road had 
highly variable water quality scores due to low abundance of macroinvertebrates. 
However, this is likely because of the naturally sandy substrate and deep, slow currents at 
the site, not because of a water quality impairment that could be restored. This is backed 
up by NHDES VRAP data; the only water quality issue at the site is low pH, and this is a 
problem across most VRAP sites. Both Stevens Brook sites have excellent water quality 
and similar levels of family richness and abundance. There does not appear to be a need 
to implement restoration efforts to reduce impact of nearby roads and other development. 
Sites should continue to be monitored in the future to assess changes in these water 
quality metrics, but no immediate restoration efforts are necessary based on these rock 
basket results.  
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Stevens Brook at 
Route 103 

1 65 11 9 3 3 3 3.31 Excellent 
2 50 13 10 4 1 5 3.46 Excellent 
3 72 14 11 5 3 3 3.35 Excellent 

Stevens Brook at 
North Rd 

1 28 8 5 4 0 1 3.46 Excellent 
2 110 18 12 5 3 4 3.25 Excellent 
3 54 11 9 3 3 3 3.00 Excellent 

 1 131 14 11 4 4 3 2.75 Excellent 
Hoyt Brook 2 17 7 4 3 1 0 2.65 Excellent 

 3 22 10 6 2 2 2 3.05 Excellent 

 1 55 9 8 2 3 3 3.02 Excellent 
Lane River 2 39 9 7 3 1 3 2.72 Excellent 

 3 34 8 7 3 2 2 2.74 Excellent 

 1 85 8 6 2 1 3 4.42 Good 
Warner River at 
Breezy Hill 2 27 5 3 1 0 2 4.41 Good 

 3 124 8 6 3 0 3 3.95 Good 

 1 26 2 2 1 0 1 3.35 Excellent 
Lake Todd Outlet 2 36 3 2 1 0 1 3.36 Excellent 

 3 61 3 2 1 0 1 3.20 Excellent 

 1 12 5 4 2 2 0 3.67 Good 
Andrew Brook at 
Sutton Rd 2 41 8 6 4 1 1 2.17 Excellent 

 3 32 7 5 4 0 1 3.06 Excellent 

 1 1 1 0 0 0 0 7.00 Fairly Poor 
Andrew Brook at 
Mountain Rd 2 6 3 2 1 1 0 2.67 Excellent 

 3 1 1 1 0 0 1 4.00 Good 

 1 23 8 6 2 1 3 2.87 Excellent 
Thistle Brook 2 8 3 1 1 0 0 4.13 Good 

 3 8 5 3 2 0 1 3.50 Excellent 
Table A.1: Results of 2018 Warner River watershed rock basket study. Macroinvertebrate 
family richness (FR) is used to assess the biodiversity of macroinvertebrate orders by 
counting the number of families collected for each sample. EPT family richness is the 
combined family richness of three orders: Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Tricoptera (caddisflies). A final biotic score of 0 - 3.5 indicates excellent 
water quality; a score of 3.51 - 4.8 indicates good water quality, and a score of greater 
than 4.8 indicates fairly poor water quality. 
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Appendix B: Warner River Watershed Stormwater Monitoring Report  
 
Methods 
Ten Hobo U24 conductivity and temperature data loggers were deployed in the Warner 
River Watershed in summer 2018. Eight of these loggers were deployed in mid-June at 
two sites in each of the four subwatersheds. These sites had been identified as areas of 
greatest brook trout density and were of high interest to project partners. An additional 
two loggers were deployed in late July at two sites that had been identified in field 
surveys as having high levels of conductivity and obvious roadway runoff. The loggers 
were housed in 1.5 inch PVC pipe with two holes (¼” diameter) drilled opposite each 
other at the top and bottom of the pipe. The loggers were held in place by a screw eye 
threaded through the top of the logger and two of the holes in the PVC pipe. The screw 
eye was fastened with two nuts. The PVC pipes were lashed to cement blocks with rope 
and placed in the deepest area of the study reach to ensure they would stay submerged 
throughout the summer. Rocks were placed on top of the logger to prevent them from 
being washed out during strong storm events and to protect against tampering.  
 
Every three weeks, conductivity and temperature measurements were taken with a YSI to 
verify that the loggers were recording accurately. A two-point calibration with 11us/cm 
and 440us/cm solutions was conducted the morning of data collection. Every six weeks, 
data were downloaded from the loggers onto a HOBO shuttle, transferred to a field 
laptop, and exported as CSV files. The HOBO app was used to determine specific 
conductance from the temperature and actual conductance measurements. Microsoft 
Excel was used to graph this data.  

Site Name June Values July Values August Values September 
Values 

Ring Brook 12.9 (1.0) 10.6-16.4 16.0 (1.1) 13.1-18.9 16.5 (1.1) 13.2-19.4 15.1 (2.3) 10.6-
19.5 

Colby Brook 14.4 (1.3) 11.5-19.1 17.4 (1.5) 14.0-20.7 19.3 (1.1) 15.5-22.1 17.6 (2.1) 12.7-
21.3 

Thistle Brook 
(Lower) 14.5 (1.1) 11.3-18.9 16.8 (1.3) 13.9-20.7 18.1 (1.2) 14.0-22.4 16.5 (2.2) 11.6-

21.4 

West Branch 
Warner 14.0 (1.2) 11.6-17.9 16.9 (1.3) 13.8-20.2 17.3 (1.3) 14.1-20.8 15.9 (2.6) 11.1-

20.4 
Unnamed off 

Winding 
Brook  

11.7 (0.8) 10.2-14.0 13.3 (1.2) 11.3-16.3 15.0 (1.0) 12.6-18.0 13.2 (1.3) 10.3-
17.3 

Unnamed off 
Eaton Grange  13.8 (1.0) 10.2-17.8 16.8 (1.1) 12.9-20.5 17.6 (1.2) 13.5-20.7 15.9 (2.3) 10.7-

20.2 

Unnamed off 
Colburn Farm 14.0 (1.2) 11.0-18.0 16.5 (1.1) 13.5-19.9 17.3 (1.1) 14.6-20.7 16.1 (2.2) 11.6-

20.9 
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Table B.1: In-stream June-September water temperature values (ºC) for original seven 
loggers. Values are given as mean daily temperature (standard deviation) minimum-
maximum.  
 

Site Name July Values August Values September Values October Values 

French Brook NA 16.8 (1.2) 14.4-19.5 14.6 (2.0) 9.8-18.2 9.3 (3.1) 4.0-15.8 

Thistle Brook 
(Upper) 

18.0 (0.8) 16.1-
20.0 18.2 (1.1) 14.8-22.1 15.6 (2.3) 10.0-21.0 8.3 (4.1) 0.0-16.2 

Table B.2: In-stream July-October water temperature values (ºC) for two loggers 
deployed later in the summer. Values are given as: mean daily temperature (standard 
deviation) minimum-maximum.  
 

Site Name # Days >20ºC 
 June 

# Days >20ºC 
 July 

# Days >20ºC 
August 

# Days >20ºC     
September 

Ring Brook 0 0 0 0 

Colby Brook 0 7 19 5 

Thistle Brook 
(Lower) 0 2 10 1 

West Branch 
Warner 0 1 3 1 

Unnamed off 
Winding Brook  0 0 0 0 

Unnamed off 
Eaton Grange  0 3 4 1 

Unnamed off 
Colburn Farm 0 0 4 1 

French Brook NA NA 0 0 

Thistle Brook 
(Upper) NA 1 13 3 

Table B.3: Number of days per month each stream had a mean daily water temperature 
(ºC) exceeding twenty degrees. This value is the upper thermal limit for brook trout. 

Site 
Name June Values July Values August Values September Values 

Ring 
Brook 

33.0 (1.3) 30.2-
32.4 38.3 (3.0) 24.7-47.1 33.4 (2.5) 23.4-56.5 35.8 (2.1) 31.3-47.9 

Colby 
Brook 

37.6 (2.83) 31.2-
47.2 37.8 (8.0) 24.7-54.5 49.1 (13.6) 27-92.7 60.4 (12.5) 33.1-

86.0 
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Table B.4: In-stream June-September specific conductance values (µs/cm) for original  
seven loggers. Values are given as mean daily specific conductance (standard deviation) 
minimum-maximum.  
Table B.5: In-stream July-October specific conductance values (µs/cm) for two loggers 
deployed later in the summer. Values are given as mean daily specific conductance 
(standard deviation) minimum-maximum.  
  

Thistle 
Brook 

(Lower) 

96.3 (11.3) 66.4-
82.9 

172.4 (63.0) 70.6-
347.2 

194.9 (64.7) 52.4-
347.5 

218.6 (67.7) 50.0-
286.9 

West 
Branch 
Warner 

32.6 (3.3) 23.1-
71.7 34.7 (13.2) 14.0-61.1 17.2 (7.1) 2.6-32.2 24.4 (7.1) 5.5-32.4 

Unnamed 
off 

Winding 
Brook 

51.2 (1.9) 42.1-
58.7 52.5 (2.8) 33.4-56.2 44.3 (6.9) 25.4-54.6 50.3 (5.1) 34.4-58.3 

Unnamed 
off Eaton 
Grange 

77.3 (9.8) 51.4-
77.0 

74.5 (22.9) 21.5-
171.7 53.8 (7.4) 33.0-78.7 67.1 (18.7) 42.8-

121.7 

Unnamed 
off 

Colburn 
Farm 

180.8 (31.9) 119.7-
183.5 

161.1 (50.7) 97.1-
264.9 

108.6 (33.8) 45.8-
242.5 

105.5 (13.9) 72.0-
134.6 

Site Name July Values August Values September 
Values October Values 

French Brook NA 47.5 (10.7) 24.9-43.3 51.1 (7.5) 26.8-
66.7 

29.1 (13.1) 3.0-
53.1 

Thistle Brook 
(Upper) 

358.0 (44.0) 
254.6-313.6 

216.1 (66.3) 71.0-
434.0 

222.0 (84.3) 83.9-
514.5 

119.8 (17.6) 75.1-
220.2 
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Site-Specific Observations and Recommendations 
 
Stream Name: Colby Brook 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29648 
Coordinates: 43.29781, -71.84920 
Town: Warner 
Location Description: Logger is about 50 meters downstream of the Eaton Grange Rd 
crossing.  There is a side channel entering about 20 feet upstream on the river left. 
Site Comments: Conductivity rises after late June storm, suggesting stormwater 
influence. Conductivity later increases during a drier period in early September, which 
suggests that there is a groundwater influence, too.  
 

 
 

 
Figure B.1: Average daily specific conductance (top) and water temperature (bottom) in 
Colby Brook, summer 2018.   
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Stream Name: French Brook 
Dates deployed: 8/17/18-10/31/18 
Stream ID (USGS Catchment): 29640 
Coordinates: 43.33379, -71.84428 
Town: Warner 
Location Description: In first major undercut bank about 75 feet below the Kearsarge 
Mountain Rd crossing.  Located on river right under a mountain ash. 
Site Comments: This is the replacement logger for French Brook. Conductivity on the 
first logger spiked into the 1000s during drier periods and we thought that the logger was 
malfunctioning, so we replaced it in August. However, the replacement logger spiked 
above 500 µs/cm during the dry spell in early September, so there is a chance that there is 
a concentrated groundwater input in the undercut bank. I recommend taking a water 
sample at the bottom of the pool during a dry period to verify. 
 

 
 

Figure B.2: Average daily specific conductance (top) and water temperature (bottom) in 
French Brook, summer 2018.  
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Stream Name: Ring Brook 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29690 
Coordinates: 43.33582 -71.99167 
Town: Newbury 
Location Description: 15 feet below large boulder that has three small birch trees 
growing on top of it. About 100 feet downstream from the Cheney Rd crossing.  
Site Comments: Conductivity seems to increase after the late June and early August 
storms, suggesting potential stormwater influence.  
 

 
 

 
Figure B.3: Average daily specific conductance (top) and water temperature (bottom) in 
Ring Brook, summer 2018. 
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Stream Name: Thistle Brook (Lower) 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29653 
Coordinates: 43.3313, -71.9485 
Town: Sutton 
Location Description: 30 feet upstream from the Main St. crossing in center of channel.  
Site Comments: High conductivity during dry periods. Increases after storm events 
suggest stormwater influence. 
 

 
 

 
Figure B.4: Average daily specific conductance (top) and water temperature (bottom) in 
Thistle Brook Lower, summer 2018.  
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Stream Name: Thistle Brook (Upper) 
Dates deployed: 7/26/2018-10/31/2018 
Stream ID (USGS Catchment): 29653 
Coordinates: 43.360672, -71.937972 
Town: Sutton 
Location Description: Pound Rd North - first crossing off Route 103 
Site Comments: Very high conductivity during dry periods. Increases after storm events 
suggest stormwater influence.  
 

 
 

 
Figure B.5: Average daily specific conductance (top) and water temperature (bottom) in 
Thistle Brook Upper, summer 2018.  
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Stream Name: Unnamed Stream off Colburn Farm Rd. 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29984 
Coordinates: 43.3127 -72.02408 
Town: Newbury 
Location Description: Within stone wall where it crosses the stream. About 70 meters 
from the Colburn Farm Rd crossing. 
Site Comments: High conductivity during dry periods. Increases after storm events 
during early summer months suggest stormwater influence.  
 

 
 

 
Figure B.6: Average daily specific conductance (top) and water temperature (bottom) in 
Unnamed Stream off Colburn Farm Rd., summer 2018.  
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Stream Name: Unnamed Stream off Eaton Grange Rd. 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29657 
Coordinates: 43.32126, -72.92090 
Town: Sutton 
Location Description: About 70 feet upstream from the Eaton Grange Rd crossing there 
is a bedrock falls. The logger is in the deeper pool (center channel) in the falls.  
Site Comments: Conductivity decreases after storm events, suggesting groundwater 
influence.  
 

 
 

 
Figure B.7: Average daily specific conductance (top) and water temperature (bottom) in 
Unnamed Stream off Eaton Grange Rd., summer 2018.  
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Stream Name: Unnamed Stream off Winding Brook Rd. 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29988 
Coordinates: 43.27539, -72.02522 
Town: Newbury 
Location Description: Off of Winding Brook Rd.  In first pool upstream of the maple 
tap lines near an undeveloped building lot. Upstream most part of pool under cascade. 
Site Comments: Conductivity decreases after storm events, suggesting groundwater 
influence. 
 

 
 

 
Figure B.8: Average daily specific conductance (top) and water temperature (bottom) in 
Unnamed Stream off Winding Brook Rd., summer 2018.  
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Stream Name: West Branch Warner River 
Dates deployed: 6/12/18-9/12/18 
Stream ID (USGS Catchment): 29980 
Coordinates: 43.272992, -72.049347 
Town: Newbury 
Location Description: 45 feet downstream of the Mountain Rd crossing.  Between two 5 
inch birch trees which are 10 feet apart on each side of stream bank. 
Site Comments: Conductivity increases after storm events, suggesting stormwater 
influence.  
 

 
 

 
Figure B.9: Average daily specific conductance (top) and water temperature (bottom) in 
West Branch Warner, summer 2018. 
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Appendix C: Post-Engagement Survey for 2016 and 2017 Participants 
Thank you for participating in our landowner engagement program! Please take a few minutes to 
complete this confidential post-engagement questionnaire, which will help us improve future 
property site visits and reports. 
 
1) How knowledgeable are you about the different types of aquatic organisms (such as fish and 
aquatic insects) living in your stream? Please choose the option that best describes your level of 
knowledge and write any additional comments you may have below.  
 
☐  Very knowledgeable 
�  Generally knowledgeable  
�  Minimally knowledgeable 
�  Not at all knowledgeable 
 
2) Thinking back, how has your knowledge of the different types of aquatic organisms living in 
your stream changed as a result of the property site visit and written report? 
 
3) Which part, if any, of the written property report did you find most useful? 
 
4a) Would you like assistance implementing any of the recommendations made to you in the 
report? 
� Yes      � I have already implemented the recommendation(s) made in the 
report 
� Maybe     � The report recommended I maintain current land use on my property 
� No  
        
4b) If so, which recommendation(s) would you like assistance with? 
 
4c) Which of the following factors are limiting your ability to follow the recommendations?    
(check all that apply) 
 
� Don't know how to do it 
� Time required 
� Cost 
� The features of my property make it difficult 
� Physical or health limitations 
� Lack of equipment 
� Other - please specify:  
 
5) We are exploring opportunities to engage community members. Would you participate in the 
following programs if they were offered in the future?  (check any programs you would be likely 
to participate in)    
� Lecture series on land stewardship techniques 
� Field demonstrations on land stewardship techniques 
� Receiving free or reduced price native plants for riparian buffers  
� Other - please specify: 
 
6) Thank you for your time and assistance! Please use the space on the back of the page for any 
additional comments about the property site visit or the written report. 
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Appendix D: Pre-Engagement Survey for 2018 Participants 
Thank you for participating in our landowner engagement program! Please take a few minutes to 
complete this confidential pre-engagement questionnaire, which will help us improve future 
property site visits and reports. 
 
1) How did you find out about our landowner engagement program? 
  
 
 
2) How knowledgeable are you about the different types of aquatic organisms (such as fish and 
aquatic insects) living in your stream? Please choose the option that best describes your level of 
knowledge and write any additional comments you may have below.  
 
�  Very knowledgeable 
�  Generally knowledgeable  
�  Minimally knowledgeable 
�  Not at all knowledgeable 
 
Additional comments: 
 
 
 
 
 
3) When making management decisions for your property, such as deciding where to mow or 
remove trees, do you consider the impact on the aquatic organisms living in your stream? If so, 
how has this consideration changed your management decisions? 
 
 
 
 
 
4) Have you ever volunteered to assist with stream surveys for an environmental organization, 
such as Trout Unlimited or the New Hampshire Fish and Game Department?  
 
 
 
 
 
 
5) Thank you for your time and assistance! Please use the space below or on the back of the page 
for any additional comments about what you hope to learn from the property site visit and the 
written report.    
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Appendix E: Post-Engagement Survey for 2018 Participants 
Thank you for participating in our landowner engagement program! Please take a few minutes to 
complete this confidential post-engagement questionnaire, which will help us improve future 
property site visits and reports. 
 
1) How knowledgeable are you about the different types of aquatic organisms (such as fish and 
aquatic insects) living in your stream? Please choose the option that best describes your level of 
knowledge and write any additional comments you may have below.  
 
☐  Very knowledgeable 
�  Generally knowledgeable  
�  Minimally knowledgeable 
�  Not at all knowledgeable 
 
2) Thinking back, how has your knowledge of the different types of aquatic organisms living in 
your stream changed as a result of the property site visit and written report? 
 
3) Which part, if any, of the written property report did you find most useful? 
 
4a) Would you like assistance implementing any of the recommendations made to you in the 
report? 
� Yes      � I have already implemented the recommendation(s) made in the 
report 
� Maybe     � The report recommended I maintain current land use on my property 
� No  
        
4b) If so, which recommendation(s) would you like assistance with? 
 
4c) Which of the following factors might limit your ability to follow the recommendations?              
(check all that apply) 
 
� Don't know how to do it 
� Time required 
� Cost 
� The features of my property make it difficult 
� Physical or health limitations 
� Lack of equipment 
� Other - please specify:  
 
5) We are exploring opportunities to engage community members. Would you participate in the 
following programs if they were offered in the future?  (check any programs you would be likely 
to participate in)    
� Lecture series on land stewardship techniques 
� Field demonstrations on land stewardship techniques 
� Receiving free or reduced price native plants for riparian buffers  
� Other - please specify: 
 
6) Thank you for your time and assistance! Please use the space on the back of the page for any 
additional comments about the property site visit or the written report. 
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Appendix F: Survey Cover Letter  
 
Dear (First Name), 
 
Thank you for participating in our 2018 landowner engagement program. We hope you 
find this property report to be a helpful guide for understanding the many great qualities 
of your stream and learning about land stewardship methods you can practice to help 
conserve this wild brook trout habitat. The Warner River Watershed Conservation 
Project, in partnership with Plymouth State University, is conducting a post-engagement 
survey to learn about potential constraints to practicing these land stewardship methods 
and gather feedback to improve future landowner engagement efforts. By participating in 
this survey, you help shape outreach programs and technical assistance options provided 
through the Warner River Watershed Conservation Project.  
 
The survey is available online at https://goo.gl/forms/Nk5OFTmg4XTJEZQt2. Please 
complete the questionnaire as soon as you’ve read your property report. The 
questionnaire will take about 10 minutes to complete, and we appreciate your time and 
the information you will provide.   
 
Your unique survey code is A1. Please enter this code for the first question of the survey. 
This code is used for tracking purposes so that we can check your name off the email list 
when your questionnaire is completed. Responses will be confidential. Your name will 
never be placed on the questionnaire itself, nor will it ever be used in any report. 
 
Thank you in advance for providing this valuable information. We would be happy to 
answer any questions you have about this survey.  
 
Sincerely, 
Katerina Crowley, Warner River Watershed Conservation Project Research Assistant 
Plymouth State University 
kacrowley@plymouth.edu 
 
Ben Nugent, Fisheries Biologist 
New Hampshire Fish and Game Department 
benjamin.nugent@wildlife.nh.gov 
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Appendix G: Survey Follow-Up Letter 
 
Dear (First Name) 
 
About two weeks ago, you were sent a link to an online survey from the Warner River 
Watershed Conservation Project. We know that you are busy, but hope that you will help 
us by completing and returning the survey. Your information is important because it will 
be used to improve future landowner engagement efforts to conserve wild brook trout 
habitat. By participating in this survey, you will help shape outreach programs and 
technical service options. 
 
If you have not done so already, please complete the survey by clicking on this link: 
https://goo.gl/forms/Nk5OFTmg4XTJEZQt2. Your unique code is A1. Please enter this 
code for the first question of the survey. The survey should take about 10 minutes to 
complete. If you have already returned the survey, thank you, we appreciate your time in 
doing so. 
 
Your responses will be confidential. Your answers will not be associated with your name 
in any way and your name will never be used in any report. 
 
Feel free to contact us if you have any questions or concerns. 
 
Sincerely, 
 
Katerina Crowley, Warner River Conservation Project Research Assistant, Plymouth 
State University 
 
Ben Nugent, Fisheries Biologist, NH Fish and Game Department 
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Appendix H: Parameter Methods 
 

Aquatic Organism Passage 

The New Hampshire Department of Environmental Services 
(NHDES) assigned each culvert an aquatic organism 
passage (AOP) score based on these specifications: a culvert 
with full AOP functions like a natural stream; a culvert with 
reduced AOP has an obstruction, lacks natural sediment, or 
cascades over steep rocks on the downstream side; a culvert 
with no AOP except adult trout has a <1ft perch and a >1ft 
plunge pool on the downstream side; a culvert with no AOP 
including adult trout has a >1ft perch or a <1ft perch but no 
pool downstream.  
 

Geomorphic Compatibility 

The NHDES assigned each culvert a geomorphic 
compatibility (GC) score based on these specifications: a 
culvert that is fully compatible with a stream matches 
channel form and has a low risk of failure; a culvert that is 
mostly compatible needs only minor adjustments to fit 
channel form; a culvert that is partially compatible has a 
problem with either channel form or sediment 
transportation; a culvert that is mostly incompatible is 
undersized, poorly aligned, and/or has an issue with 
sediment transportation; a culvert that is fully incompatible 
is severely undersized, causing erosion and bank scour, 
impeding sediment transportation, and has a high risk of 
failure.  
 
 

Structure Condition 
Culvert surveyors classified each structure’s condition as 
new, old, rusted/eroding, or collapsing. 
 

Openness 

Openness is the cross-sectional area of the culvert’s opening 
divided by its length. The area was calculated based on 
culvert shape; if the culvert was a box, area was the height * 
width. If the culvert was round, the area was π * 1/2 width 
squared.  
 

50-Year Flood Vulnerability 

The NHDES calculated flood vulnerability for each culvert 
using the Trout Unlimited Streamworks model. Culverts 
were classified as “overtop” if the storm flow was predicted 
to come over the top of the road, “vulnerable” if the storm 
flow was predicted to rise above the culvert but below the 
road, and “pass” if the storm flow was predicted to be at or 
below the height of the culvert.    
                                                                     

Flood Vulnerability 

The NHDES calculated flood vulnerability for each culvert 
using the Trout Unlimited Streamworks model. Culverts 
were classified as “overtop” if the storm flow was predicted 
to come over the top of the road, “vulnerable” if the storm 
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flow was predicted to rise above the culvert but below the 
road, and “pass” if the storm flow was predicted to be at or 
below the height of the culvert.      
                                                                   

Slope 

We obtained 10m resolution digital elevation model (DEM) 
data for the Warner River watershed from the USDA Data 
Spatial Gateway. We imported the data into ArcGIS and 
used the “Slope” tool to determine landscape slope. We used 
the “Extract values to points” tool, inputting the DEM and 
culvert points layers to determine landscape slope at each 
culvert.  
 

Upstream Length 

We split the NHD flowline at the culverts points and then 
again at the dam points. For each culvert, we selected all 
upstream stream sections (until hitting an impassable 
culvert, active dam, or start of stream) using the lasso tool in 
ArcGIS. We opened the flowline layer attribute table, right 
clicked the column for selected stream lengths, and used the 
statistics option to find the summed length.  
 

Downstream Length 

Same method as upstream length, except we selected all 
downstream sections until hitting an active dam or 
impassable culvert, then summed them.  
 

Restoration Mileage The sum of upstream and downstream lengths.  

Stream Class 

To ensure any culverts slightly offset from the flowline 
would be included, we created a 50m buffer around the wild 
brook trout layer. We intersected the wild brook trout stream 
buffer layer with the culvert layer. Any culvert that 
intersected was considered to be on a brook trout stream. All 
others were not.  
 

Max Brook Trout Density in 
Catchment (fish/100m2) 

We calculated brook trout density by dividing the total 
number of brook trout captured by the width of the reach 
sampled. We input this data into GIS as point data using the 
sampling end point. We spatially joined the NHD catchment 
layer to the trout density point data, keeping the max value. 
We intersected the culverts with the new layer and exported 
the resulting attribute table to an Excel spreadsheet format.  
 

Max Young-of-the-Year 
(YOY) Density in Catchment 
(fish/100m2) 

Same method as max brook trout density, but with only 
young-of-the-year data (fish <90mm counted as YOY). 
 

Percent Conserved Land 

We intersected the NH conserved land layer (accessed 
through NH GRANIT) with the NHD catchment layer, 
calculated the area for the new shapes, summed the area of 
conserved land in each catchment, and divided by the total 
area of the catchment. We multiplied the result by 100 to 
find the percentage of conserved land in each catchment.  
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Percent Impervious Surface 

We downloaded the 30m-resolution 2011 National Land 
Cover Database (NLCD) layer for the Warner River 
watershed from the USDA Data Spatial Gateway. We used 
the “tabulate area” tool to sum each type of land use for all 
watershed catchments. Then, we summed the “developed” 
categories’ area, divided them by the sum of all land uses, 
and multiplied by 100 to find the percentage of impervious 
surfaces in each catchment. 
 

Percent Agricultural Land 

Same as percent impervious surfaces, but we summed the 
pasture/hay and cultivated crops area, divided them by the 
sum of all land uses, and multiplied by 100 to find the 
percentage of agricultural land in each catchment.  
 

Percent 30m Forest Buffer 

We created a 30m buffer around the NHD flowline, 
intersected this buffer with the NHD catchments layer, and 
dissolved the buffers based on catchment ID to have one 
buffer feature per catchment. We then used the “tabulate 
area” tool to sum each type of land use in buffer zone. We 
summed deciduous forest, evergreen forest, and mixed 
forest areas, divided them by the sum of all land uses, and 
multiplied by 100 to find the percentage of forested land in 
the 30m buffer of all streams within each catchment.   
 

Watershed Size 

We calculated this in ArcGIS using the “Watershed” tool, 
inputting a flow direction layer and the culverts as the pour 
points. We then calculated the area of each watershed using 
the “Calculate geometry” tool.  

Table H.1: Methods for calculating scores for every parameter in the culvert prioritization 
tool.  
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Appendix I: Priority Culverts from Phases 1-3 
 

SADES 
ID 

Phase 1 
Tiered 

Phase 1 
Point-
Based 

Phase 2 
Protect 

Phase 2 Re-
secure 

Phase 3 
Protect 

Phase 3 
Re-

secure 
5467 

   
✕ 

  5468 
   

✕ 
  5615 

   
✕ ✕ 

 5772 
  

✕ 
   5805 

   
✕ 

  5859 
    

✕ 
 5904 

  
✕ 

 
✕ 

 5905 
  

✕ 
   5964 

   
✕ 

  5965 ✕ 
 

✕ ✕ ✕ 
 6037 ✕ 

 
✕ 

   6038 
    

✕ 
 6051 

  
✕ 

   6053 
  

✕ ✕ 
 

✕ 
6100 

 
✕ ✕ ✕ 

 
✕ 

6101 
  

✕ 
   6393 

  
✕ ✕ 

 
✕ 

6394 
    

✕ 
 6541 

   
✕ 

 
✕ 

6664 
  

✕ 
   6665 

  
✕ 

  
✕ 

6666 ✕ ✕ 
 

✕ ✕ ✕ 
6688 ✕ ✕ ✕ ✕ ✕ 

 6871 
  

✕ 
  

✕ 
6872 

    
✕ 

 6910 
    

✕ 
 7174 

    
✕ 

 7176 ✕ ✕ ✕ ✕ 
 

✕ 
7178 

 
✕ ✕ ✕ 

 
✕ 

7746 ✕ 
     7749 

  
✕ ✕ 

 
✕ 

7750 
    

✕ 
 7751 

   
✕ 

  7752 
    

✕ 
 7764 ✕ 

     7765 
     

✕ 
7766 ✕ 

   
✕ 
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7767 
    

✕ ✕ 
7770 

    
✕ 

 7771 
  

✕ ✕ 
 

✕ 
7776 ✕ 

   
✕ 

 7778 
  

✕ 
   7779 

   
✕ 

 
✕ 

7784 
   

✕ 
 

✕ 
7785 

    
✕ 

 7788 
  

✕ 
 

✕ 
 7793 

    
✕ 

 7794 
   

✕ 
 

✕ 
7795 

     
✕ 

7798 
    

✕ 
 7799 

   
✕ 

 
✕ 

7801 
   

✕ 
 

✕ 
7804 

    
✕ 

 7805 ✕ ✕ ✕ 
   7807 

    
✕ 

 7808 
  

✕ 
   7809 

  
✕ 

  
✕ 

7810 
     

✕ 
7812 

     
✕ 

7813 
  

✕ ✕ ✕ ✕ 
7815 

  
✕ 

   7817 
     

✕ 
7818 

  
✕ ✕ ✕ ✕ 

7821 
    

✕ 
 7823 

    
✕ 

 7824 
     

✕ 
7827 ✕ ✕ ✕ ✕ 

  7829 
   

✕ 
 

✕ 
7832 

   
✕ 

  7834 
 

✕ 
    Figure I.1: Tier 1 priority culvert results from Phases 1, 2 and 3. 
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Appendix J: Sensitivity Analysis Results 
 

Parameter Mean 
Score 

Score 
Standard 
Deviation 

Minimum 
Percent 

Change in 
Score 

Mean 
Percent 
Change 
in Score 

Maximum 
Percent 

Change in 
Score 

Changes 
in Priority 
Culverts 

Aquatic 
Organism 
Passage 

0.57 0.37 0.00 18.48 44.29 11 

Geomorphic 
Compatibility 0.41 0.25 0.00 13.66 40.52 6 

Flood 
Vulnerability 0.67 0.30 0.00 21.87 39.23 7 

Structure 
Condition 0.42 0.23 0.00 14.65 37.19 7 

Openness 0.90 0.14 0.00 31.35 69.13 14 

Upstream 
Length 0.09 0.14 0.00 16.10 97.47 1 

Downstream 
Length 0.23 0.29 0.00 31.52 100.00 8 

Max Adult 
Brook Trout 
Density 

0.13 0.17 0.00 10.14 68.11 5 

Max YOY 
Brook Trout 
Density 

0.16 0.24 0.00 11.44 82.19 9 

Stream Class 0.48 0.50 0.00 30.80 94.31 12 

Protect - % 
Conserved 0.23 0.25 0.00 8.95 28.83 8 

Re-secure - 
% Conserved 0.77 0.25 0.02 47.90 96.68 1 

Protect - % 
Impervious 0.74 0.24 0.00 31.77 100.00 2 

Re-secure - 
% 
Impervious 

0.26 0.24 0.00 14.32 41.48 9 
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Protect - % 
Agriculture 0.90 0.14 0.00 40.23 69.11 0 

Re-secure - 
% 
Agriculture 

0.10 0.14 0.00 5.17 29.02 4 

Protect - % 
30m Forest 
Buffer 

0.47 0.25 0.00 19.05 33.72 4 

Re-secure - 
% 30m Forest 
Buffer 

0.52 0.25 0.00 32.62 99.98 4 

Table J.1: Results from the culvert prioritization framework sensitivity analysis.  
 
Histograms 
 

 
Figure J.1: Aquatic Organism Passage Parameter Histogram 
 

 
Figure J.2: Geomorphic Compatibility Parameter Histogram 
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Figure J.3: Flood Vulnerability Parameter Histogram 

 
Figure J.4: Condition Parameter Histogram 
 
 

 
Figure J.5: Upstream Length Parameter Histogram 
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Figure J.6: Downstream Length Parameter Histogram 
 

 
 
Figure J.7: Maximum Adult Brook Trout Density Parameter Histogram 
 

 
Figure J.8: Maximum Young-of-the-Year Brook Trout Density Parameter Histogram 
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Figure J.9: Stream Class Parameter Histogram 
 
 
 

 
Figure J.10: Protect Method Percent Conserved Land Parameter Histogram 
 

 
Figure J.11: Protect Method Percent Impervious Cover Parameter Histogram 
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Figure J.12: Protect Method Percent Agricultural Land Parameter Histogram 
 
 
 

 
Figure J.13: Re-secure Method Percent Conserved Land Parameter Histogram 
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Figure J.14: Re-secure Method Percent Impervious Cover Parameter Histogram 

 
Figure J.15: Re-secure Method Percent Agricultural Land Parameter Histogram 
 

 
Figure J.16: Re-secure Method Percent Forest Cover within 30m Buffer Parameter 
Histogram 
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Appendix K: Scenario Testing Results 
 
Scenario Weights 

 
Figure K.1: Null (Equal) Weights 
 

 
Figure K.2: Protect Method Weights 
 

 
Figure K.3: Re-secure Method Weights 
 

 
Figure K.4: No Landscape Characteristic Parameters (Protect Method) 
 

Figure K.5: No Landscape Characteristic Parameters (Re-secure Method) 
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Figure K.6: High Importance Parameters for Trout Unlimited and NHFG 
 
 
Protect Method Results 
 
                                                  Scenarios 
SADES ID Null 

Weights 
Protect 
Weights 

No Landscape 
Parameters 

Priority 
Parameters 

5467    ✕ 
5468   ✕ ✕ 
5615   ✕ ✕ 
5772 ✕ ✕   
5904 ✕ ✕ ✕ ✕ 
5905 ✕ ✕ ✕ ✕ 
5965    ✕ 
6037 ✕ ✕ ✕  
6038    ✕ 
6100 ✕ ✕ ✕ ✕ 
6208    ✕ 
6393 ✕ ✕ ✕ ✕ 
6394 ✕ ✕ ✕ ✕ 
6664 ✕ ✕ ✕  
6666    ✕ 
6688 ✕ ✕ ✕ ✕ 
6871 ✕ ✕ ✕ ✕ 
6910    ✕ 
7176 ✕ ✕ ✕ ✕ 
7178 ✕ ✕ ✕  
7749 ✕ ✕ ✕ ✕ 
7757 ✕ ✕   
7766 ✕ ✕ ✕  
7770 ✕ ✕   
7771 ✕ ✕ ✕ ✕ 
7776 ✕ ✕ ✕ ✕ 
7778    ✕ 
7779   ✕  
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7781 ✕ ✕   
7785    ✕ 
7788 ✕ ✕ ✕ ✕ 
7790 ✕    
7794   ✕  
7796 ✕ ✕ ✕  
7801   ✕  
7802    ✕ 
7805 ✕ ✕ ✕ ✕ 
7809   ✕  
7813  ✕ ✕ ✕ 
7815 ✕ ✕ ✕  
7816 ✕ ✕   
7818 ✕ ✕ ✕ ✕ 
7821    ✕ 
7825 ✕ ✕   
7827 ✕ ✕ ✕ ✕ 
Total 28 28 28 28 

Table K.1: Tier 1 priority culverts in each scenario for the “Protect” Method 
 
Re-secure Method Results 
 

                                                      Scenarios 
SADES 

ID 
Null 

Weights 
Re-secure 
Weights 

No Landscape 
Parameters 

Priority 
Parameters 

5467    ✕ 
5468 ✕  ✕ ✕ 
5615 ✕  ✕ ✕ 
5904 ✕ ✕ ✕ ✕ 
5905 ✕ ✕ ✕ ✕ 
5965    ✕ 
6037   ✕  
6038    ✕ 
6100 ✕ ✕ ✕ ✕ 
6208    ✕ 
6393 ✕ ✕ ✕ ✕ 
6394 ✕ ✕ ✕ ✕ 
6541 ✕ ✕   
6664   ✕  
6665 ✕ ✕   
6666 ✕ ✕  ✕ 
6688   ✕ ✕ 
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6749 ✕    
6871 ✕ ✕ ✕ ✕ 
6910    ✕ 
7172 ✕    
7176   ✕ ✕ 
7178   ✕  
7749  ✕ ✕ ✕ 
7751 ✕    
7765 ✕ ✕   
7766   ✕  
7767 ✕ ✕   
7771 ✕ ✕ ✕ ✕ 
7776  ✕ ✕ ✕ 
7778    ✕ 
7779 ✕ ✕ ✕  
7784 ✕ ✕   
7785    ✕ 
7788   ✕ ✕ 
7791 ✕    
7794 ✕ ✕ ✕  
7795 ✕ ✕   
7796   ✕  
7799 ✕ ✕   
7800 ✕ ✕   
7801 ✕ ✕ ✕  
7802    ✕ 
7805   ✕ ✕ 
7809 ✕ ✕ ✕  
7810  ✕   
7813 ✕ ✕ ✕ ✕ 
7815   ✕  
7817  ✕   
7818 ✕ ✕ ✕ ✕ 
7821    ✕ 
7824  ✕   
7827   ✕ ✕ 
7829  ✕   
Total 28 28 28 28 

Table K.2: Tier 1 priority culverts in each scenario for the “Re-Secure” Method 
 
 
 



	

	

	

 
 


	Proactive Watershed Planning and Community Engagement in the Warner River Watershed
	Recommended Citation

	Microsoft Word - Crowley_thesis_Proactive Watershed Planning and Community Engagement in the Warner River Watershed.docx



