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ABSTRACT
CHARACTERIZATION OF PUBLIC AND STAKEHOLDER OBJECTIVES IN
ENVIRONMENTAL MANAGEMENT: THE APPLICATION OF CONJOINT ANALYSIS AND
OTHER SURVEY TOOLS TO THE MANAGEMENT OF THE LAMPREY RIVER
by
Shannon Rogers

University of New Hampshire, May, 2007

Management plans for natural resources can be seen as multi-attribute
goods that are held in the public domain and therefore require input from
experts, stakeholders, and citizens. The state is coordinating an Instream flow
study for the Lamprey River in the Seacoast of NH and this research adds a key
component to the existing study. This thesis explains how the values and
objectives of stakeholders and the general public were elicited. Fourteen
stakeholders participated in an interview and survey process and 229 randomly
selected residents of the Lamprey River Watershed completed surveys about
they how use and value the river. Some of the possible conflicts in the
Watershed were revealed through this process. Stakeholders value many
aspects of the river including commerce and recreation and the public residents
are most concerned with the ecological integrity and public water supply

aspects of the river above all other attributes.

Vi
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INTRODUCTION

Management plans for natural resources can be seen as multi-attribute
goods that involve many different interest groups (including specific
stakeholders, experts, and public citizens) and numerous decision criteria. in
recent years it has become more acc;epfed that the management of scarce or
sensitive natural resources requires both expert and public input (NRC 1996). The
former provides a basis for understanding natural systems and forecasting the
likely outcomes of different policy or management options, while the latter is
necessary to ensure that public values and concerns are incorporated in
management alternatives (Linkov et al. 2005) and that local knowledge is
considered. This research is part of a larger natural resource management
project in which there are very structured procedures for the involvement of
experts. However, the public and stakeholder involvement methods were much
less developed. Much of the research on public participation in environmental
decision-making states that traditional methods of public hearings and public
comment periods are not effective on their own as a means for involving these
groups in the decision process (Laurian 2004; Depoe et al. 2004; Beierle &
Cayford 2002). This thesis is based on the hypothesis that utilizing a structured
procedure that includes an assessment of stakeholder and public values as well
as an examination of possible conflicts amongst various groups in concert with
experts, will lead to more democratic and informed environmental decision-

making and management processes.
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With increasing population and development comes increased demand
for water by all members of society including businesses, landowners, and local
citizens. Each water user has different priorities regarding how the water should
be used and varying ideas about how much he or she should be entitled to use.
As with most environmental policy issues, balancing competing demands of all
river water users can often be contentious and confrontational (Sabtier et al.
2005). In addition to the anthropogenic needs, management plans look to
satisfy the ecological requirements of the resource as well. Policy makers and
scientists, both, seek to find methods for decision making that are less
controversial. Engaged public and private stakeholder groups often hold
competing views or priorities in relation to natural resource management. These
competing objectives can include environmental protection, jobs or economic
opportunity, protection of cultural or religious traditions, recreation, and
environmental justice. Consequently, the parties most interested in orimpacted
by any environmental/natural resource project may not be able to agree upon
a common set of priorities or goals. Additionally, there may be some entities,
such as fish and wildlife habitat, which are unable to speak for their own
pricrities. In many cases the experts involved in the decision making process
must determine the requirements and needs of the entities that cannot speak for
themselves. Due to increasing complexities and different perspectives, the
scientific experts and stakeholder groups involved can often feel disconnected
from each other in the decision process. Partly because resources are scarce,
and partly because some goals may be mutually exclusive, not all objectives

held by all stakeholders can be satisfied in every instance (Seager et al. 2005).
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In most river systems in the country and even the world, tension exists
between water withdrawal needs and the needs of the river ecosystem.
Instream flow rules serve to balance the competing needs of water withdrawers
and the river ecosystem. Communities must prepare to manage droughts,
floods, and even just temporary water level fluctuations all while trying to meet
the needs of other water users.

This thesis presents the results of the development of a management
model for assessing the needs and values of water users and watershed
residents. The objective is to create and implement a decision analytic
approach to river management that involves stakeholders and citizens with
experts. To maintain the health and maximal funcﬁonolify of a scare resource,
states across America are developing water management plans. According to
the U.S. Environmental Protection Agency (EPA), 40% of surveyed rivers are not
suitable for the uses for which States have designated them (including
recreation, supporting fish and wildlife, etc.). Physical changes, like removing
streamside vegetation, interrupting flows with dams, draining or filling wetlands,
and bulk-heading channels along with point and non-point source pollution, also

degrade our water bodies (http://www.epa.gov/rivers/yr w.himl). Properly

managing a river so that it can healthily provide for its designated uses is a
challenge scientists, policy-makers, and the general public face throughout the
United States.

The state of New Hampshire has recognized the need to address the
challenge of river management and in 2002, a broad coalition of New

Hampshire business and conservation interests joined together to enact
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compromise legislation which became Chapter 278, Laws of 2002 (from House
Bill 1449-A). The legislation calls for a pilot program for instream flow protection
on two of the fourteen designated rivers - the Lamprey River in the coastal
watershed and the Souhegan River in the Merrimack watershed. With the advice
and input of the statewide Rivers Management Advisory Committee (RMAC), the
New Hampshire Department of Environmental Services (NHDES) adopted
Instream Flow Rules (Env-Ws 1900) effective May 29, 2003 that apply to the
Souhegan and Lamprey Rivers. The rules describe the process for conducting a
Protected Instream Flow study and developing a Water Management Plan to
implement the study results. If the pilot program is successful, the rules will be
amended before they can be applied to other Designated Rivers

(http://www.des.state.nh.us/rivers/instream) throughout the state.

This research creates a framework for structuring a water management
plan that includes expert, stakeholder, and public opinions while providing
information to and offering recommendations for the Lamprey Instream Flow
Study and Water Management Plan development. In the pages fo come,
recommendations for a more balanced, structured, and inclusive water
management process will be made based upon research findings. These
recommendations include encouraging managers and decision makers to
involve stakeholders and the public in the decision process early and
throughout, utilizing a structured decision analysis process that focuses on values,
assessing areas of possible conflict and evaluating management alternatives in
a manner that is comprehensive to the public, experts, and other decision

makers.
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While the current NHDES Instream Flow study includes the consideration of
select stakeholder needs, it does not include an extensive examination of both
stakeholder and public values. This research adds a key component to the
current project and serves to create a truly multidisciplinary approach to river
management, one that involves an extensive examination of the values of both
affected stakeholders and public residents of the watershed. The current
structure of the plan development only includes technical surveys of affected
water users and dam owners. Public opinion is incorporated into the planning
process in the form of public hearings and comment periods, which studies have
shown are less effective methods of public participation in environmental
decision- making (Laurian 2004; McKinney & Harmon 2002). This research
focuses on the close involvement of water users, dam owners, stakeholder
groups, and the watershed's citizens, in a structured management design. A
research process like this enhances the Water Management Plan process in
several ways, including: improved articulation and characterization of resources
requiring protection, expanded generation of practical and feasible policy
alternatives for protection of these resources, and enhanced understanding of
conflicts or opportunities for compromise among different or conflicting
stakeholder groups. These advances may contribute to the smoother
implementation of the final Plan.

NHDES's current Instfream Flow Study includes a number of tasks to be
completed as outlined in Table 1. Most of the tasks are technical and require the

expert knowledge of biologists, hydrologists, and engineers. As indicated by the
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shaded dialogue box in Table 1, this thesis research fits in with the development

of the water management plan.
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Task Task Description

Number

] Draft List of Instream Public Uses,
Outstanding, Characteristics, and
Resources (IPUOCR) entities

2 Assessment of Well Withdrawal Impacts
on Surface Water

3 On-Stream Survey for IPUCOR entities

4 Report Describing IPUOCR enfities and
proposed Protected Instream Flow (PISF)
Methods

5 PISF Assessments and Proposed PISF
Report

6 PISF Public Hearing

7 PISF Report for the Lamprey River

8 Assessment of Water Use with the
Established PISF

9 Development of Water Management
Plan (WMP) Sub-Pians

10 Proposed WMP

11 WMP Public Hearing

12 WMP for Lamprey River

Table 1. Tasks in Instream Flow Study and where thesis research fits in the
process

It should be recognized that supply, demand, and system operation can
work in concert to satisfy competing objectives. However, when a water system
is oversubscribed (excessive demands), undersupplied (extreme low river flow),
or possesses insufficient storage, all needs cannot be met simultaneously.
Moreover, the competing objectives and perspectives of different stakeholders
groups make it probable that no single “best” alternative is likely to emerge that
will satisfy all stakeholders. Therefore, the basic approach to analysis must
accommodate multiple decision criteria, perspectives, and a variety of
quantitative and qualitative scales. This research fits within a multi-criteria

decision analysis (MCDA) framework, which has been used successfully in
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previous watershed management issues in North America and Europe (e.g.,
Borsuk, et al., 2001; Gregory and Failing 2002; and, McDaniels, et al., 1999).
MCDA can help water managers understand how to assess different
management strategies when Instfream Public Uses, Qutstanding Characteristics,
and Resources {IPUOCR) needs must be prioritized. The New Hampshire state
government legislatively mandates the identification and consideration of
IPUOCRs. Multi-criteria decision analysis [MCDA) informs the project by
combining experts and stakeholders to assist with the development of the
protected instream flow specifications, and the Water Use and Water
Management Plans. This research is unique because of the multi-faceted
approach it takes to resource management in which several social science
research technigues, including interviews, surveys, and the application of the
marketing tool—conjoint analysis, are utilized in a step-wise process, building

upon one another. The MCDA framework structures the entire process.
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The Lamprey River and its watershed,

Figure 1. Location of Lamprey River and its watershed in relationship to the
rest of the state. Map courtesy of www.lampreyriver.org

‘As the map in figure 1 shows, the Lamprey River is located in the Seacoast
area of New Hampshire. The Riveris a rural river in a growing part of the state. In
the early 1990s, the National Park Ser;/ice designated the Lamprey River as an
official Wild and Scenic River. In order to be considered a Wild and Scenic River,
segments of the river must have “outstandingly remarkable” natural, cultural, or
recreational resource values (www.lampreyriver.org). The Lamprey has three
resource values for which it received designation. These resources include the
special ecology of the river (it is an estuarine river and the most important
tributary of the Great Bay National Esturaine Research Reserve and the shores of
the river are largely undeveloped, which allows the river system to support a

wide diversity of habitats and species); anadromous fish (the Lamprey is the
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considered the state's most important anadromous fishery); and archaeology
(the river has two falls sites that are of historical significance)
(www.lampreyriver.org). Because of the recognition of the river as an important
resource in the state, groups of concerned citizens and riparian landowners are
already well organized. These groups include a watershed association and a
watershed advisory committee that both interact with NHDES. Much of the
activity and awareness of the river is focused on the lower portion of the
waterway, which is located in the towns of Durham, Lee, and Newmarket. In
these towns the river is a prominent geomorphologic figure in the landscape as it
is wider and flows through parts of the town where there are roadways and
bridges. It should be mentioned that there are a number of dams along the river
that are responsible for the current levels of flow and several ponds and
reservoirs. Without these dams, the river's flow would be much less evenly
distributed (Ballestero, personal communication, 4/13/07). The Instream Flow
Study is only focused on a designated reach of the Lamprey River that is in
Durham and Lee but the Water Management Plan that comes from the Study
may have implications for the entire Lamprey River Watershed. The map in

Figure 2 illustrates the towns in the watershed.

10
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Figure 2. Map of the Lamprey River Watershed www.Lampreyriver.org

The facts that the Lamprey River is a rural river in a developing area of a
state which values its natural resources and it is a waterway that has been
designated by the federal government to receive special consideration and
protection, both support the need for an extensive examination of stakeholder
and public values regarding the management of the river.  Additionally, the
already well-established network of individuals and groups who study and
monitor the river provides a basis from which to begin evaluating these

objectives and opinions.

11
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CHAPTER ONE
LITERATURE REVIEW

Those that are affected by a decision should have the right to participate
in the decision process for a number of reasons, including the importance of
local knowledge and the creation of wiser policy (Laurian 2004; Depoe, Delicath,
& Elsenbeer 2004). In a democratic society, the decisions about how natural
resources are used and managed should involve the general public. Gaining
stakeholder buy-in early in a decision making process has been shown to
increase compliance with rules, regulations, and plans and therefore human
health and the environment benefit. Engineers, managers, and planners can
spend great amounts of effort (money and time) to create management
scenarios that help the ecological and social components of the environment
but if those who will be affected by the management plan feel that their values
and needs were not taken into consideration, then the design process may be
fruitless (Sabieter et al. 2005; Gregory & Wellman 2001).

Improving environmental decision-making is applicable to many areas of
environmental planning and management. The field of environmental decision-
making is relatively young, but important contributions have been made despite
its youth. In 1996 the National Research Council outlined an analytic deliberative
approach to understanding risk. This approach laid a framework for involving

citizens, stakeholders, and experts in decisions that include risk. Environmental

12
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management issues inherently involve some type of risk. Recent research has
shown that early involvement of public, non-expert stakeholder groups may
significantly improve environmental management processes and the subsequent
decision-making processes, including policy making, or environmental design
(Gregory & Keeney 1994; NRC 1996; Corburn 2002; Renn et al. 1995). Stakeholder
input may come in the form of helping to set the decision context, specifying
objectives to be achieved, identifying alternatives, and incorporating non-expert
knowledge. There is also support for making more constructed and integrated
decisions by focusing on stakeholder values (Keeney 1992; EPA 1999). While there
is a body of literature on varying methods to incorporate stakeholder values into
environmental decision-making (e.g. Dale & English 1999; Gregory & Wellman
2001; Gregory & Keeney 1994; McDaniel & Roessler 1998; Wilson & Howarth 2002;
Laurian 2004; Depoe Delicath, & Elsenbeer, 2004; Seager et al. 2006) the
concept and practice are sfill evolving (Rogers 2004). There are a number of
stakeholder value elicitation and public participation methods one can
implement. These include: public value forums [Keeney 1990}, surveys such as
decision pathway (Gregory et al. 1997), contingent valuation {Gregory and
Wellman 2001) or multiattribute value integration (Gregory 2000), stakeholder
workshops (Gregory & Keeney 1994; McDaniels & Roessler 1998), combination
workshop and scientific model building (Borsuk ef al. 2001), and adaptive
management techniques (Gregory et al. 2006). Communication is a key part of
any decision process. Recent research on environmental communication and
public participation (Depoe et al., 2004) has contributed to a greater

understanding of how to improve decision and management processes.
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Communication network analysis has also been shown to strengthen community
partnerships (Provan et al. 2005). This tool can be used to help communities
become better able fo respond to environmental issues. Lessons from watershed
management scenarios on collaborative and community-based approaches to
decision making (Sabatier et al. 2005) can be applied to future case studies of
water resource management.

A main focus of these research methods is the meaningful involvement of
stakeholders and the public in an environmental decision making process.
Research has shown that early involvement of public, non-expert stakeholder
groups may significantly improve environmental management processes and
the subsequent decision-making processes these involve, including policy
making, or environmental design {Gregory & Keeney 1994; National Research
Council 1996, Corburn 2002, Renn et al. 1995).

Multicriteria decision analysis (MCDA) is one way of balancing the
competing objectives of different groups vested in an environmental problem.
An innovative branch of decision analysis, MCDA is as an all-encompassing term
that defines the processes used to help individuals or groups examine the
multiple considerations that go into decision making while identifying the various
trade-offs, conflicts and potential coalitions that exist within the decision context
(Belton & Steward 2002). In an MCDA approach, a decision may be understood
from muliiple perspectives. The advantage of MCDA [over simple, single
objective optimization problems) is that MCDA can take into consideration
multiple objectives and compare alternatives in many different ways, as

opposed to trying to reach one ultimate solution. The purpose of MCDA is to
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clarify the complex decision problems, not optimally solve for the problem.
MCDA compares alternatives based on incommensurable criteria and allows
conflicting components of the decision problem to be examined simultaneously
(Hermans 2003).

A water management plan can be viewed as a multi-attribute good and
the framework of MCDA can be used to determine the various attributes to
include in a consideration of management plan alternatives. Once the
attributes are defined, a marketing technique called conjoint analysis may be
useful for evaluating the relative importance of individual attributes. Ranking
and Likert measures are often used in surveys of environmental goods and they
provide an ordinal ranking of attributes, however they do not provide a strong
measure of the importance of one attribute relative to others. In addition, these
survey techniques allow respondents to essentially rate all river characteristics
and management options highly, and do not force them to make tradeoffs
between and among attributes and policies. Conjoint analysis, a fechnique
often employed in marketing and recreation studies (Green and Srinivasan, 1978
and 1990; Gineo, 1990; and Mackenzie 1990) and more recently used in
community development research (Gruidl and Pulver 1991), ecosystem valuation
(Stevens et al. 2000), ground water protection (Stevens et al. 1997), visibility
(Halstead et al. 2001), and forest valuation (Boyle et al. 2001) circumvents some
of these issues.

Conjoint analysis is designed to decompose a set of overall responses to
“stimulus” factors (such as a list of product attributes) so that the utility of each

attribute can be inferred from the respondents’ overall evaluations of the stimuli
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(Green and Wind 1975; and Green and Srinivasan 1978, 1990). For example, a
study of consumer preferences regarding apple attributes presented survey
respondents with a choice of attribute “bundles” with five varied product
characteristics: size, color, price, crispness, and flavor (Manalo 1990). Consumers
then ranked each bundle and this information was used to estimate the
importance of attributes and attribute levels through decomposition of
consumers’ ranking of alternative attribute combinations.

Another important characteristic of conjoint analysis is that it allows dis-
aggregation of the relative importance of each facet (e.g. recreational uses,
water supply) of a multi-atftribute product (e.g. water management plan). This
judgment of the relative value of each attribute entails complex tradeoffs.
Conjoint measurement has the attractive feature of decomposing the
respondent’s original evaluations into separate and compatible utility scales by
which the original bundle choices can be reconstituted; a relative value of the
importance of each attribute can then be derived. In addition, this method also
will yield information on how sensitive decision makers would be to a change in
a single bundle atiribute (e.g. payment for water withdrawals). Respondents will
be confronted with different attribute bundles; each bundle will contain a
number of different attribuies at varying levels. Respondents will rate variables
from 1 (ideal) to 10 (totally unacceptable). Blocks of these afttribute bundles
may be presented to survey sub-samples to obtain an orthogonal array for
analysis. The orthogonal design, which treats all attributes as independent, has

the desirable feature of reducing the size of design needed (i.e. sample size).
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Essentially, this implies that utility is additively separable in the attributes being

analyzed (Mackenzie1990; Addelman 1962).
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CHAPTER TWO

METHODS

This thesis utilizes a combination of social science research methods

including interviews and surveys as well as marketing analysis tools. The

combination of processes and the sequence in which they were conducted is

presented in an incremental process that is detailed in the flow chart in Figure 3.
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Scoping Interviews: Conduct semi-structured
qualitative interviews with 14 water users, dam
owners, and other key stakeholders

Use value statements from interviews to write
summary document and identify conflicts

Use summary document and conflict identification

to create survey for 14 stakeholders to verify
results of interviews.

Use results from stakeholder survey to create
watershed resident survey. Pretest survey
on 30+ individuals. Send survey to 1,000
randomly selected residents of Lamprey River
Watershed.

Y

Analyze survey results with qualitative and
quantitative methods and statistical tools.

Make recommendations to engineers and
hydrologists on the project team to be
incorporated into the water management plan

Figure 3. Steps in Research Process

The Lamprey River Instream Flow Study and Water Management Plan
development are modeled after the Souhegan River study; these studies
constitute the two pilot studies for the state of New Hampshire. The tasks in both
studies are similar and the Souhegan project is nearing completion, thus it
provides a solid foundation from which to model and expand the Lamprey
project. The existing Lamprey River study is taken further by expanding the
meaningful involvement of the stakeholders (including affected water users and

dam owners) and the watershed's residents. Prior to beginning any of the

19
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research with human subjects (i.e. interviews), the entire project was submitted
for review by the University of New Hampshire's Internal Review Board (IRB) and

the project's acceptance by the IRB is documented in Appendix A.

Affected Parties Value Elicitation/Stakeholder Involvement Methods

During the summer of 2006, 25 affected water users, affected dam
owners, and other individuals with a vested interest in the Lamprey River Instream
Flow Study were asked to participate in interviews. Individuals were identified
from listings of affected water users and dam owners provided by NHDES.
Background research identified additional stakeholders involved with the
Instream Flow Study and the Lamprey River. Fourteen individuals agreed to
participate in one-on-one, semi-structured, qualitative, personal interviews to
determine how they value and use the river and how they know when their
values are being satisfied. Semi-structured is a social science research term that
means the interviewer comes prepared with a list of questions to ask (detailed
below) and based upon what the stakeholders say, the interviewer can ask
unplanned follow-up questions. Interviews ranged in length from 15 minutes to
over an hour and were voice recorded when acceptable to the interview
participant. A summary of the results of these interviews can be found in the
results section of the thesis. During the interviews, a one-on-one conversation

with each of the key stakeholders centered on the following questions:

o What is important to you. (or your organization) about the Lamprey River?

20
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. How do you know when the river is able to provide what is important to
you (e.g., adequate flows to allow withdrawals, acceptable water quality
or ecological habitat)?

. What do your customers (or constituents, or members) tell you about the
rivere
. How would you (or your organization) anticipate responding to certain

management plan alternatives? Do you have suggestions or

recommendations for such alternatives or for how the plan should be

developed?
) Is there anyone else we should speak with?
The guestions were used to facilitate a discussion about the value of the river to
the stakeholders and, thus, used as guidance. Other questions were asked
based upon the stakeholders' responses to the initial questions.

The results from these interviews have been summarized and documented
in an anonymous format. Major themes and areas of possible conflict that will
be important to consider when creating the Water Management Plan appeared
in the summary process. The summary document and conflict identification led
to the creation of a brief survey for the stakeholders, which was administered to
the 14 people who participated in the interviews via e-mail or mail (depending

upoyn the stakeholders' preference). Results from all of these processes are

presented in a forthcoming section of this thesis.

21
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General Public Survey/Conjoint Analysis Methods

In order to compare the Lamprey River stakeholders to the general public
in the Lamprey River Watershed, results from the stakeholder interview and survey
process were used o create a larger survey to be sent to residents of the
watershed. After development of the written survey, it was pre-tested on over 30
individuals. The pre-testers included undergraduate and graduate students in a
community development class at the University of New Hampshire, several
professors, and community members of varying socio-economic status in
Durham, NH, which is one of the fowns in the watershed and one of the two
towns in the designated reach of the study. After pre-testing qnd revising the
survey to reflect the comments of the many reviewers and pre-tested, the survey
was printed and mailed to 1,000 randomly selected residents of the watershed in
the late Fall of 2006. The residents were chosen randomly from U.S. Census tracts
of the watershed by a company called Survey Sampling International. A multiple
wave mail survey following a modified version of Dillman’s tailored design
method was utilized (Dillman, 2000).

The survey of the general public was created to focus on the same issues
presented to the stakeholder sample, and additional information on public
values and priorities was gathered (See Appendix C for a copy of the final survey
instrument). A kéy feature of this survey was to identify public/resident
watershed views on the most important issues that a river management plan
should address, and use standard measures such as rankings and Likert scales to
determine the priority of these issues. While the in-depth interviews and

stakeholder survery are geared foward stakeholders who will be directly
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affected by the water management plan, the public survey serves to evaluate
the views of those who live in the Lamprey watershed and may be less directly
affected by the Water Management Plan. The watershed citizen survey gives a
voice to the general public that water managers can use to compare to the
stakeholder values and consider in management plan development. In
addition, the sample size allows the use of conjoint analysis o measure strength
of preferences with more precision.

By consulting with experts on the Instream Flow Study team and others, a
list of possible water use changes can be developed. Examples of specific water
'use changes that might be considered for incorporation in the water
management plan include:
change in the time or duration of withdrawals
sharing or trading water (by agreement or by market forces)
storage of water during high river flows (for example in aquifers)
reductions in withdrawal shared among all users during crifical times
re-use of water or returning flow after use
process changes

temporary shutdowns
payment for water

These possible water use changes represent a series of economic and
engineering techniques for water management. The feasibility of the individual
changes will depend on the results of the o’_rher aspects of the Instream Flow
Study, including the determination of the biological requirements of the river and

subsequent protected instream flow levels.
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Conjoint Analysis

The conjoint model uses the general form RATING = f (x} where [x) is a set
of attributes as listed above at varying levels. Since the variables are assessed in
different units, model coefficients cannot be directly compared to speculate on
which management plan characteristics are relatively more important.
However, hedonic price theory (Lancaster, 1966) provides some guidance for
interpretation. If | is a "“management plan bundle” with n attributes, so that | =
(ir,.....in), where in refers to the quantity of the nth attribute, and utility Ufiv...... in),X]
is weakly separable in | and its component attributes, the marginal rate of
substitution (MRS) between any pair of atfributes is independent of the
consumption level of any other goods (X). Thus, if two aftributes ij and ik are
varied across two alternative management plan bundles (with all other attributes
held constant) so that consumers are indifferent between the two bundles, the
MRS between ljand Il is Ui / Uk (Goodman, 1980; Mackenzie, 1993). In terms of
the model results, this measurement is approximated by the ratio of the
coefficients on the jth and kth variable. Regression analysis is used to estimate the
model.

Four specific attributes are included in the conjoint analysis part of the
survey, which is detailed in the table below. These oﬁri‘bu’res were identified |

through the stakeholder interview and survey process as being key components

of a water management plan. Withdrawal amounts, recreational use,
ecological habitat, and community/business use of the river were the four main

areas of concern that appeared from the stakeholder interviews and survey tool.
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Withdrawal levels were determined by taking the current withdrawal amounts for
the river (2 cubic feet per second [cfs]} and making a lower level (no
withdrawals) and a higher level (5 cfs). Recreational use days were determined
based on estimates from the study partners and come from the idea that there
are certain minimum water flow levels at which canoeing and kayaking is
possible. However, one of the stakeholders also pointed ouf that there are types
of recreation that are not entirely dependent upon water level, such as fishing,
swimming, and ice-skating. Ecological health indicators come from the New
Hampshire Department of Environmental Services' Biotic Index used to determine
the health of wadable streams (NHDES 2006). The state has designated eight
official affected water users (AWUs). AWUs are those individuals or business that
are registered water users. To qualify as a registered water user the entity has to
have a cumulative water use that exceeds an average of 20,000 gallons per day
in any seven-day period, or exceeds a total volume of 600,000 gallons in any 30-
day period (Chapter Env-Wr 700}. For the Instream Flow projects the AWUs
withdrawal or return location has to be within 500 ft of the designated river, or
within 500 ft or a river or stream in its tributary drainage area (Chapter Env-Ws
1900} (Al Larson, personal communication). For the purpose of this study AWUs
were translated into Community/Business Users and eight was the status quo.
Thus, a higher and lower level was created based on this middle point. The table

below details the four attributes and the three levels for each atitribute.
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Attribute Level
Withdrawal Amounts 0,2, 5cfs
Recreational Use 40, 60, 80 days
Ecological Health Excellent, Good, Fairly Poor
Community/Business - 5,8, 15 users

Table 2. Atiributes and Levels Included in the Conjoint Analysis Part of the Survey
General conjoint analysis assumes that consumers derive ufility from the
specific attributes or characteristics that make up a good. Each product is
made up of a set of attributes and preferences for the product are found by
estimating the relative, as compared to one another, importance of product
attributes. Because the water monogerhen’r plan attributes described above
each have three levels, there are 34=81 combinations. This number is much too
large and tedious to ask survey respondents to evaluate. Addeiman (1962 puts
forth orthogonal main effects plans for factorial experiments in order to reduce
the number of combinations that need to be addressed in an experiment. The
Basic Plan Two for 34 experiments calls for 9 trials to be set forth as shown in Table

3.
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Table 3. Addelman'’s Basic Plan Two for the setup of Water Management
Alternatives to be ranked in the Conjoint Section of the Public Survey

In creating the conjoint analysis part of the citizen/resident survey the water
management plan scenarios were set in up using Addelman’s Basic Plan Two.
Each of the atiribute levels received a 0, 1, or 2 to indicate its locatfion in the
orthogonal array. Table four shows how the three levels of each attribute were

assigned O, 1, or 2.
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0 1 2
Withdrawal Amounts 0 2 5
Recreational Use 40 60 80
Ecological Health Excellent Good Fairly Poor
Community/Business Use 5 8 15

Table 4. Attributes/Levels and their Coding for the Basic Plan
From that coding, the orthogonal array in Table Five was utilized in the survey
instrument. It has nine combinations in addition to the status quo condition

(Stevens et. al 1997)

Water Withdrawal Recredational | Ecological | Community/ | Your
Management amounts Use Health Business Use | Ranking
Plan ‘

A 0 cfs 40 days Excellent 5 users

B 0 cfs 60 days Good 15 users

C 0 cfs 80 days Fairly Poor 8 users

D 2 cfs 40 days Excellent 8 users

E 2 cfs 60 days Fairly Poor 5 users

F 2 cfs 80 days Excellent 15 users

G 5 cfs 40 days Fairly Poor 15 users

H 5cfs 60 days Excellent 8 users

| 5cfts 80 days Good 5 users
J (status quo) 2 cfs 80 days Good 8 users

Table 5. Water Management Plan Combinations Included in the Conjomi
Analysis Section of the Public Survey

While the conjoint analysis section of the survey represents only a part of
the data analysis, the analysis process itself requires some extensive explanation.
Ranking data provided by the respondents for the water management plan
scenarios is analyzed using ordinary least squares regression. The following
model is used to estimate the part worths:

Y= Bo + BiXiintB2xX2intBaxaintB 4X4in+BsXsint+BeXéint B7X7int BaXain.

28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Y is the rank assigned by the nth respondent to the ith combination in the
orthogonal array. Be is the intfercept term; B1, Bo,..., Bs are the regression
coefficients; xin and xain denote the level of the first attribute (in this case the
withdrawal amounts attribute) in the ith combination; xsn and x4n denote the
level of the second atiribute (the recreational use attribute) in the ith
combination; xsin and xsn denote the level of the third attribute (the ecological
health attribute) in the ith combination and x7in and xsn denote the level of the
fourth attribute (the community/business attribute) in the ith combination. The Xs
in the above equation are expressed as dummy variables with the use of effects
coding (Manalo 1990 credits Cohen & Cohen 1983 for the effects coding
method). All four attributes have three levels, so the coding goes as follows: {-1,-
1) for the first level, (1,0) for the second level, and (0,1) for the third level. Please
see Appendix D for further dé’rails of how the conjoint analysis was conducted.
Aside from the conjoint analysis section, the remaining parts of the
resident survey ask respondents fo rate and rank characteristics of the river,
including the instream Public Uses, Outstanding Characteristics and Resources
(IPUOCRs) as determined by state law. Respondents are also asked for
information on how they relate to and use the Lamprey River, the indicators they
use to evaluate the qudlity of the river, who they think should be in charge of the
management of the river and general background information. The survey also
includes much information about the Instream Flow Study and thus served as an

educational fool. A complete copy of the survey is included in Appendix C.
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CHAPTER THREE

RESULTS OF THE STAKEHOLDER SURVEY PROCESS

The interviews conducted with the 14 stakeholders provided arich
collection of qualitative information about how the Lamprey River is used and
valued. Results from the interviews are summarized by question below.
Ques;ion 1. What is important to you (or your organization) about the Lamprey
Rver Responses to this question ranged from the natural qudlities of the river to
the financial/business amenities that the river provides. Conservation and
preservation of the river, including the land next to the river were of high
importance to some while others stated that the riveris a source of revenue,
providing a vital component of their business. In asking what was important
about the river, one can learn how interviewees perceived the river. Some took
a watershed approach to the river and saw the watershed as divided info three
areas: the upperriver, the lower river, and the tributaries of the Lamprey.
Respondents often had a multifaceted view of the river. Forinstance, if they

used it as part of their business resources they may also have appreciated the

river for its recreational and scenic qualities and other non-use values,! such as

1 Non-use values refer to existence values that some individuals attach to the
mere knowledge of the existence of some thing as opposed to having direct use
of the thing.
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contributing positively to mental health. Several interview participants were
riparian landowners of either the Lamprey River or one of its tributaries.

Current or potential future water supply was of importance to some
respondents. The river is not currently a large provider of water in the area but
some stakeholders see it as a great resource for potential water needs in the
growing Seacoast area. There is also some use of water for agricultural purposes
in the watershed. The river is important o some respondents as it provides a
location for water discharge from treatment fociliﬁes. Aside from providing or
potentially providing more drinking and wastewater freatment needs for
households/businesses, being able to use water from the Lamprey for irrigation,
product creation and maintenance, and other business needs, is of high
importance to some of the respondents.

A number of respondents commented on the recreational amenities the
river provides and how these were important aspects of the river. Fishing,
canoeing, and kayaking were the most common recreational amenities
discussed. Several campgrounds are located along the river. Boating and
swimming also take place on the ponds and lakes created by the dams on the
Lamprey. Maintaining these lakes and ponds for shoreline property owners as
well as other recreational users, is of high importance to some respondents.
Question 2. How do you know when the river is able to provide what is important
to you (e.g., adequate flows to allow withdrawals, acceptable water quality or
ecological habitat)?

Some interviewees had a difficult time answering this question at first, thus

an example was used to illustrate what was meant by the question. The
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example served to clarify what we were looking for by asking the question.2
Respondents use a number of different metrics to determine when the river is
able to provide what isimportant to them. These metrics include studies of
wildlife in the river that are conducted as part of an effort to curtail the influence
of development on the river system. Others test the water quality of the river
through a voluntary program and the results are sent to the New Hampshire
Department of Environmental Services (NHDES). Some respondents review the
plans that involve development along the river and commented on observing
how recreational users and others usé the river. One respondent’s organization
has formally surveyed landowners about how they value the river.

Water level is a metric many use to evaluate the river and to determine
whether it is able 1o provide what is important to them. For instance, the water
level has to be deep enough to provide for some uses while it cannot be too
deep for other uses. Some respondents noted that when they see certain types
of vegetation in the water (such as lily pads or algae) they know that the water
level is too low. Some need the water to be deep enough to put their
docks/boats in the water. Spring 2006 saw record rainfall and subsequent
flooding in the Northeast and the Lamprey River watershed experienced
significant effects from these storms. Thus, when speaking with most of the
respondents they were still observing/dealing with the effec‘rs of too much water.

Some interviewees lost business revenue or had extra logistical issues to attend to

2 The difficulty some respondents faced in answering the question was most likely
a result of their lack of familiarity of describing the value an environmental good.
This is a common occurrence in natural resource management
(www.ecosystemvaluation.org)
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because of the excess water. In talking about water levels in the Lamprey, many
respondents stated that the Lamprey is an unpredictable river and that water
levels quickly rise and then drop and vice versa. A few respondents, however,
noted that they felt that the river has a pretty consistent and predictable flow.
The discrepancies in this type of observation could result from the differences in
location of the respondent, their levels of examination of the river and the
closeness of their needs to the actual river. One respondent was interested in
what the more scientific indicators of the river showed about the river's heailth.
This would include dissolved oxygen levels, nutrient levels, sedimentation and
contamination from septic systemes.

Other respondents who use water from the river said that the Lamprey is
able to meet their needs when they can pump water from their wells or the river
without getting silt or other organic material in their hoses. Additionally, those
that use the water for irrigation, have their needs met when they are able to
irigate to a sufficient level. Those that use the river as part of a water supply
system know that their needs are met when it can supply the amount of water
required for certain activities. Most spoke in general terms about the
appropriate level of flow required for their needs but a few gave specific cubic
feet per second measurements. Many noted that the water level in the river is at
its lowest during the months of August and September.

In addition to the river's Wo’fer levels, some respondents discussed the
levels in ponds and lakes that are created by dams on the Lamprey. Having

enough water in these ponds and lakes to conduct recreational activities such
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as boating, is the metric by which some respondents measured the river's ability
to provide what is important to them.

Question 3. What do your customers (or constituents, or members) tell you about
the river?

As with the previous two questions, many respondents had informative
and varied answers fo this question. However, for some, asking what their
customers, members, or constifuents tell them about the river caused initial
feelings of suspicion, defense, or an inability to answer the question. Some
thought that the question was implying that they might be misusing the river
while others found the question inapplicable to their type of business or
organization.

For those that were able to answer the question, the flow and flashiness of
the river (which refers to the rivers’ water level rising and dropping quickly) was a
common answer. Some respondents hear about the water quality and visual
aspects of the river such as the level of water and algal blooms as well as
unusual riparian plant growth and other activities along the river.

Many towns in the Seacoast area are becoming concerned about water
supply and they are planning ahead for future supply. Most towns are currently
dependent on groundwater but are not sure how long the groundwater will last.
For instance, the ongoing controversy in Nottingham with the USA Springs water
plant that will begin withdrawing groundwater in the Lamprey watershed,
highlights how concerned local citizens are about water supply as many do not
know how this withdrawal will affect the Lamprey River. Some respondents

commented that their customers/members spoke with them about the “scenic”
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aspects of the river, the sheltered calm of the river and the pristine wildlife. They
value the fact that there are few motorboats in parts of the river, which increases
their enjoyment of the river.

One respondent stated that citizens sometimes see water withdrawal
activities and stop to ask what the organization is doing and whether it has a
permit to do so. This respondent suspected that these citizens have seen others
withdrawing in an improper manner and they might have a misconception of
what is being done. Residents along the river are very aware and motivated to
organize to protect the river. Some shoreline residents of the lakes and ponds
created by the dams along the Lamprey, comment on their ability to use the
water recreationally, such as putting in docks or boats or fishing.

Question 4. How would you (or your organization) anticipate responding to
certain management plan alternatives? Do you have suggestions or
recommendations for such alternatives?

This question proved to be very useful in determining respondents’ ideas
and opinions about the Instream Flow Study and Water Management Plan. For
general comments, one respondent stated that he/she felt the public was
unaware of the Instream Flow Study and subsequent Water Management Plan
and that publicity should be increased (including press releases and interviews)
about the project so that the public is aware of what is happening. Increasing
publicity before the management plan is implemented will reduce the level of
surprise amongst local citizens. Another respondent stated that he hoped to be
involved in the study and management plan process and therefore will be
comfortable with the outcome of the study and any subsequent regulations. Yet

another respondent suggested obtaining a wide range of opinions and interests

35

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



