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Executive Summary 

Over one hundred years ago, the first of four dams near Traverse City Michigan was 

constructed on the Boardman River.  Three of these dams were constructed to generate 

hydroelectricity the fourth is a lake-level control structure.  While fulfilling these roles, the dams 

have impacted the river morphology. Today, the Boardman River Dams Committee (BRDC) is 

considering the management options for these dams and the river proximate to Traverse City.   

Alternatives range from re-powering one or more of the dams as a source of hydroelectricity to 

removing the dams and restoring the river to a more native form.  In between these extremes 

are a large number of other options.  Understanding the impacts of the various dam-

management alternatives is an important input for making informed, site-specific policy 

decisions.  This report reflects the second phase of work in the evaluation of the socioeconomic 

impacts of the dam-management alternatives.  The evaluation is explicitly designed as part of 

an integrated, multidisciplinary, environmental policy analysis being conducted in the public 

arena.  An ultimate objective of the evaluation is to provide an assessment that quantifies the 

trade-offs that accompany the various dam disposition alternatives.  The tool for accomplishing 

this objective is mathematical simulation.    

The management option outcomes of particular interest include the impacts to 

recreational usage, tourism expenditures, property values, and electricity production.  Identifying 

changes to each outcome variable requires assembling the relevant baseline data and the 

information necessary to simulate the socioeconomic impacts of dam-management alternatives.  

This includes the mathematical linkages of the system, the system parameters, and the 

geographic and population-specific data that relate model structure and parameters to the dam-

management alternative.  For some cases, high-quality, location-relevant parameter estimates 

are available (e.g., Michigan-specific, recreational-angling models that provide insight on how 

Michigan anglers chose where to fish based on the attributes of available fishing sites; this 

information provides the ability to inform how changes to the attributes of a subset of fishing 

sites will change recreational fishing choices).  In other cases, empirically-estimated parameters 

are available but not directly relevant (e.g., models of kayaking and canoeing in Ireland).   

Appropriate calibration and professional judgment techniques are suitable for these structures.  

In all cases, local data that are sufficient to support the assessment (such as population density, 

site characteristics, local industry composition, etc.) are available at a level of disaggregation 

suitable to support analysis. 
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Based on a recent creel study conducted by the Michigan Department of Natural 

Resources, we estimate that the Boardman River currently supports approximately 21,000 to 

33,000 fishing days per season.  Approximately 80 percent of these days are attributed to 

residents of Grand Traverse and Kalkaska Counties, while the remainder is attributed to visitors 

from outside these two counties.  A modeling structure and data sufficient to evaluate fishing 

impacts have been developed.   

The Boardman River also hosts recreation opportunities for paddlers.  Our assessment 

reveals that recreators spend approximately 5,500 to 17,000 paddling days on the Boardman 

River in its current condition.  Residents of the Grand Traverse and Kalkaska Counties account 

for approximately 60 percent of these trips while the remainder is attributed to visitors. 

Recreators also enjoy camping and trail activities (hiking) along the Boardman River.  

We estimate that campers spend approximately 4,000 to 6,500 nights along the Boardman 

River in its current condition, all of which are attributed to visitors.  Our assessment indicates 

that trail users spend approximately 90,000 to 177,000 activity days on trails near and along the 

Boardman River.  Residents account for at least 80 percent of the trail activity days.   

Visitors who recreate on or along the Boardman River contribute nearly $2 million to the 

local economy through direct expenditures on food, lodging and other trip expenses.  

Additionally, the spending by recreation visitors accounts for almost 40 jobs in the two counties 

and results in a total economic impact exceeding $2 million. 

The assessment also considers residential properties on or near the Boardman River 

that may be affected by various dam management scenarios.  Based on recent data received 

from the Grand Traverse County Assessor’s Office, there are nearly 4,000 parcels within ½ mile 

of the Boardman River, which total nearly 7,500 acres.  The current assessed value of these 

parcels exceeds $331 million.   

Finally, a significant, potential source of value from the dams is hydroelectric power.  

Three of the dams have been used to produce electricity.  They have recently generated about 

$273,800 in annual revenue.  However, annual costs have averaged more than double the 

revenue from power sales.  An important consideration is the difference in regulatory 

compliance costs across regulatory agencies. 
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1. Introduction 

The fate of four dams on the Boardman River in Grand Traverse 
and Kalkaska Counties, Michigan is being considered by the 
Boardman River Dams Committee (BRDC).  Originally, three of 
the dams were installed for electricity generation and flood 
management.  However, the utility is not seeking to re-license 
them to produce electricity.  As a result of this decision, the 
community is determining the fate of the dams.  The community’s 
choices range from renewing the dams’ electricity generation 
operations to decommissioning and removing them.  In between 
these extremes are a large number of alternatives.   

An important input to informed decision-making in this situation is 
an understanding of the socioeconomic impacts of the various 
dam management alternatives.  This report reflects the second 
phase of work assessing socioeconomic impacts approved by the 
BRDC.  It provides quantification of the existing conditions on the 
Boardman River with detail sufficient to conduct socioeconomic 
modeling.  It addresses recreational use, property values, 
electricity generation, and local economic impacts.  Specifically, 
this report: 

• Identifies the methodologies to be used in the 
socioeconomic evaluation of dam-management 
alternatives 

• Quantifies the existing conditions for recreational use of 
the Boardman River 

• Quantifies the existing level of recreational expenditures 
for recreational users of the Boardman River 

• Quantifies the values of potentially affected properties 
along the Boardman River 

• Considers conditions for electricity generation from three of 
the dams.  

1.1 The Boardman River and its Dams 

The Boardman River Valley provides an attractive destination for 
outdoor recreation.  Fishing, canoeing, hiking, and camping 
account for much of the land use in the valley (Michigan 
Department of Natural Resources [MDNR] 2007).   

Characterizing the existing conditions for recreation usage is 
facilitated by dividing the Boardman River into segments.  This 
assessment divides the river into 11 segments.  The segments are 
chosen for their distinct characteristics.  For example, each 
impoundment is physically different than the free-flowing sections 
in between.  Each impoundment is represented by its own 
segment, and each river section between the inlet of one 

To facilitate the 
socioeconomic 
assessments in this 
report, we divide the 
Boardman River into 11 
segments.  

The fate of four dams on 
the Boardman River in 
Grand Traverse and 
Kalkaska Counties, 
Michigan is being 
considered by the BRDC. 
The community’s choices 
range from continuing the 
dams’ operation to 
removing them. 
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impoundment and the next upstream dam is represented by a 
distinct segment.  Table 1.1 contains a summary of the segments 
used in this assessment.  Figure 1.1 provides a map. 

Table 1.1 
Boardman River Segments 

Site Number Location Size 

1 From mouth of Boardman River to Union Street Dam 1.2 miles 

2 Boardman Lake 339.0 acres 

3 From inlet of Boardman Lake to Sabin Dam 2.2 miles 

4 Sabin Pond 40.0 acres 

5 Keystone Pond 103.0 acres 

6a From inlet of Keystone Pond to midpoint 6.9 miles 

6b From midpoint to Brown Bridge Dam 6.9 miles 

7 Brown Bridge Pond 191.0 acres 

8 From inlet of Brown Bridge Pond to Forks 6.0 miles 

9 North Branch of the Boardman River 23.5 miles 

10 South Branch of the Boardman River 10.0 miles 

Source:  ECT (2008); USACE (2005); MDNR (2002) 

This table shows the segments that are used in the recreation assessments. 
 

As Table 1.1 shows, the segments are numbered 1–10, with 
Segment 6 split into 6a and 6b.  Segment 6 is physically 
homogeneous under our definition of a free-flowing river between 
impoundments.  However, given its location between two 
impoundments, it has the potential to be affected by one or more 
of the dam management alternatives.  By dividing it, the potentially 
affected recreation sites are closer in size to each than they would 
be without this division.  Although Segments 9 and 10 are also 
relatively large when compared to the others, they are less likely 
to be affected by the dam management alternatives, given their 
locations well above the Brown Bridge Dam.   
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Source:  Michigan Department of Natural Resources  
Figure 1.1:  Location of Segments 1–10 along the Boardman River 
Dividing the Boardman River into distinct segments facilitates the recreation assessments. 

 

Three of the Boardman River dams were installed for electricity 
generation:  Brown Bridge, Boardman, and Sabin.  The dams 
have been operated by Traverse City Light and Power 
Department (TCLPD).  However, TCLPD has surrendered the 
licenses for these dams.  Although these dams were constructed 
to generate power, they provide additional benefits, such as 
habitat for fish and birds, as well as recreational opportunities. 

The fourth dam, Union Street, was constructed for lake-level 
control.  Dams created for lake-level control are important for flood 
control as well as enhancement of recreation and aesthetic 
values.  However, the Union Street dam also provides additional 
benefits.  A particularly important function of the Union Street dam 
is its role in limiting the upstream migration of invasive species, 
such as the sea lamprey. 

1.2 Report Organization 

This report is organized as follows.  Section 2 provides an 
overview of the socioeconomic modeling approach that collected 
information is intended to support.  It begins by describing the 
overall mathematical structure used to support policy analysis.  
Subsequently, appropriate mathematical structures for 
characterizing socioeconomic processes, including hedonic, site 
choice, and input/output models are developed.  General 

Although the Brown Bridge, 
Boardman, and Sabin Dams 
were constructed for 
electricity generation, they 
provide additional benefits, 
such as habitat for fish and 
birds and recreational 
opportunities.  Union Street 
Dame was constructed for 
lake-level control, but it also 
plays a role in limiting the 
upstream migration of 
invasive species. 
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information required to populate and parameterize models 
(including uncertainty) is also presented in this section. 

Sections 3 through 5 each contain information about recreation 
activities that occur along or on the Boardman River.  This 
includes fishing, trail activities, and paddling activities, particularly 
canoeing and kayaking.  Information presented for each recreation 
activity includes useage estimates and parameters and data 
required for modeling. 

Section 6 provides estimates of expenditures by visiting 
Boardman River recreators.  This section also presents estimated 
economic impacts to the local economy associated with these 
current recreation expenditures.   

Section 7 considers property values for residential properties 
along the Boardman River that may be affected by the dam 
management alternatives.  This section also describes the 
information and methodology useful for evaluating property value 
impacts from dam-management alternatives. 

Section 8 considers existing conditions for electricity generation 
and identifies information useful for assessing the dam’s value for 
electricity production.  This includes factors such as electricity 
production, financial value of electricity products and costs related 
to regulatory status.  

Section 9 concludes with a discussion of the quality of various 
pieces of information.  In some cases, site-specific data are 
available, and the assessment incorporates them into the 
analyses.  In other instances, data from Michigan, other states, or 
national data are the best information currently available for the 
assessment.  This lack of ideal information for some components 
is addressed through the uncertainty specification. 

 

 

Section 8 quantifies the 
existing conditions for 
electricity production.  
Section 9 concludes the 
report by providing an 
assessment of information 
quality.   

Sections 3–5 contain the 
details of the recreation 
assessments. 

Sections 6 and 7 consider 
visitor expenditures and 
property values.  
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2. Information Required for Socioeconomic Modeling 

This section sets out a mathematical structure for supporting 
environmental policy decisions.  Developing this topic focuses the 
identification of current conditions on the complete set of 
information necessary for specifying mathematical simulation 
models that are capable of identifying outcomes of interest to the 
BRDC.  To minimize presumption of mathematical knowledge, 
project-relevant examples and diagrammatic presentation 
accompany a symbolically limited mathematical presentation.1 

Figure 2.1 is a flow diagram representation of the Boardman River 
system with the addition of mathematical notation.   

Boardman-0018

Ѕ

Quantified Impacts 
on Area Residents

β

π
Economic 
Process

π
Social 

Process

Dam Management 
Options
Θ

Hydrologic 
Θ′

Ecological and 
Environmental 

Θ″

 
Figure 2.1:  Mathematical Notation for the Boardman River Dams System 
In this figure, “S” mathematically denotes the system.  The character, Θ represents relevant 
system parameters over which decision-makers have some control.  Socioeconomic processes 
are represented by π and measured outcomes related to these processes are denoted β.   

In mathematical notation we characterize the Boardman River 
system as (S,Θ).  In this framework S represents the integrated 
physical, hydrologic, ecological, environmental, and 
socioeconomic relationships that link dam management 
alternatives with socioeconomic outcomes.    

                                                 
1 Mathematics of choice theory, stochastic dynamic processes, and Bayesian statistics are employed.  By 

“symbolically limited presentation” we mean that multidimensional mathematical structures are discussed without 
mathematical specification of their elemental components. 

This section focuses the 
identification of current 
conditions on the 
complete set of 
information necessary for 
specifying mathematical 
simulation models that are 
capable of identifying 
outcomes of interest to the 
BRDC.   
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2.1 Site Characteristics and Resource 
Performance Metrics 

The selection of dam management alternatives directly and 
indirectly affects numerous physical, hydrologic, ecological, and 
environmental characteristics of the Boardman River.  Of these 
characteristics, those that are relevant to local socioeconomic 
conditions are represented by Θ. Prime notation is used to 
represent level of control.  Factors that can be directly controlled 
are typically closely coupled to alternative-related physical 
characteristics such as the existence and operational status of the 
dams, and presence or absence of fish passage technology.2  
Relevant, indirectly controllable hydrologic, ecologic, and 
environmental characteristics are represented by Θ ' and Θ ".3  
Consequently, the specification of a resource characteristic as Θ 
means that it is both relevant to socioeconomic processes and 
either directly or indirectly related to the physical status of the 
Boardman River dams. 

Socioeconomic processes that are impacted by changes to Θ  are 
represented by π.  These are specific, continually occurring 
collections of events.  A particular person choosing how to spend 
a day off is an example of a socioeconomic process as is a real 
estate transaction from listing to sale.4  Because of the number 
and complexity of these socioeconomic processes, their complete 
properties are rarely observed.  Consequently, quantitatively 
assessing the performance of these systems requires the use of 
indicators.  The number of trips taken to the Boardman is an 
indicator that informs an assessment of the Boardman River’s 
performance as a socioeconomic asset with respect to recreation.5  
Many events surrounding a real estate transaction are also 
unobservable.  Indicators reflecting the status of the local real-
estate market might include turnover, listing periods, and sale 
prices.  In the mathematical structure, these indicators are 
identified as β.6 

To ensure that they are both mathematically tractable and useful 
for policy analysis, we require that indicators have the following 
qualities:  

1. They are generated through socioeconomic activities. 

                                                 
2 By “closely coupled” we refer to changes that can be known with certainty.  For example, the removal of a dam also 

eliminates a portage. 
3 The use of prime notation to represent degree of control (and thus degree certainty) recognizes that expert 

judgment and reduced form modeling (as opposed to detailed structural modeling) may be used to identify changes 
to the Θ.   

4 Mathematically this is represented with subscripting by i for time periods and j for individuals and superscripting by 
R for recreation πij

R
. 

5 The collection of additional information can refine this assessment.  For example, information on distances traveled 
provides information about values. 

6 These properties are developed as part of the public policy model of Vining (1984). 

When the system is 
mathematically 
characterized as (S,Θ), S 
represents integrated 
systems and Θ represents 
directly or indirectly 
controllable resource 
characteristics. 

The complete properties of 
complex socioeconomic 
processes cannot be 
observed.  Indicators 
related to these processes 
are used to evaluate them. 
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2. They are real numbers that can be measured. 

3. Evaluating their statistical properties conveys a sense of 
system performance.   

The selection of performance indicators for the Boardman River is 
informed by assessing these properties.  Recreational pressure 
provides an example.  Recreational pressure estimates clearly 
meet requirements 1 and 2 because the number of trips taken to 
the Boardman River over a particular time period is a measurable 
quantity that is generated through a socioeconomic process.7   

With respect to requirement 3, although pressure estimates are 
based on actually occurring events, they are typically random 
variables.8  An evaluation of the statistical properties of 
recreational pressure does indeed provide an indication of system 
performance.  For example, an estimate of recreational pressure 
that is “high” combined with an estimate of variation in pressure 
that is “low” could indicate “good” performance.  When possible, 
this evaluation is furthered by identifying the historical statistical 
properties of the indicator.  Specifically, historical pressure 
estimates and associated value estimates provide norms upon 
which performance of the system as currently operating can be 
evaluated.9  

With this structure informing the identification of relevant 
conditions, required information for socioeconomic modeling of the 
system includes the following:   

1. Recreation site and residential property attributes— Θ 

2. Dam operation characteristics— Θ 

3. Recreational use patterns and values— β 

4. Property values— β 

5. Dam costs and revenues— β 

This exposition identifies information needed to evaluate the 
current status of the Boardman River as a socioeconomic asset.  
The identification of changes to these indicators associated with 
dam-management alternatives via mathematical simulation 
requires additional information as identified in the following 
subsections. 

                                                 
7 Trip counts can be further classified as natural (counting) numbers.  Allowing real numbers includes negatives and 

decimals. 
8 By “random variable” we refer to estimates of real numbers.  Random variables are identified by frequency 

distributions containing parameters that indicate central tendency and degree of certainty of the estimate. 
9 Value estimates are also a β. Subscripting β by t represents the inclusion of these temporal considerations.  

To be mathematically 
tractable and useful for 
policy analysis, indicators 
are required to possess 
three qualities. 

Certain information is 
needed to evaluate the 
current status of the 
Boardman River as a 
socioeconomic asset and 
identify changes to 
indicators related to dam-
management alternatives 
via mathematical 
simulation.  
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2.2 System Structure and Parameter 
Specification 

The backdrop for the Boardman River dams project is one of local 
policy-making.  The identification of variables influencing 
socioeconomic processes (Θ) and indicators of the performance of 
these processes (β) underlie hopes of improving the performance 
of the system.  Alternatives are evaluated through the simulation 
of changes in β (as opposed to actual changes in Θ and 
observations of β).  For this reason, identifying expected changes 
in β requires mathematically modeling the relationship between Θ 
and β.  This modeling task consists of identifying and specifying 
circumstances (Θ, S) that generate both the variation currently 
being observed in β and the variation expected in β under various 
dam-management alternatives.   

A mathematical form that is particularly important for evaluating 
changes across multiple characteristics is based on hedonic price 
theory as developed by Rosen (1974).  The hedonic concept 
decomposes the total utility of a multi-attribute good into values 
that are implicitly associated with each characteristic.10  For 
example, a house consists of lot size, square footage, 
impoundment frontage, etc.  The characteristics of a fishing trip 
include distance from home to the site, availability of a boat 
launch, and expected catch rates among other things.  Hedonic 
forms are employed in the mathematical modeling of recreation 
pressure and value and property value.  Advantages of this 
specification include both conceptual correctness and ability to 
simulate socioeconomic outcomes β under policy-relevant 
specifications of site characteristics Θ.   

Given an acceptable specification of the mathematical structure 
that generates observables of interest, the system (Θ, S) must 
then be parameterized.  This is accomplished by identifying those 
parameters associated with S and those control variables 
associated with Θ within the appropriate mathematical structures.  
Because numerous statistical models have been estimated, it is 
often possible to identify parameters from existing studies.  The 
accuracy of this transfer approach depends upon the analyst’s 
ability to calibrate previously estimated functions to different 
geographic areas and populations (Smith, van Houtven, and 
Pattanayak 2002).   

Calibration needs are minimized by relying on scientifically sound 
studies that evaluate socioeconomic processes similar to those 
under consideration.  In some cases, available functions were 
estimated in situations that are dissimilar to the situation being 
evaluated.  In others, there is no statistical model available.  In 
such cases, a combination of expert judgment and mathematical 

                                                 
10 Rosen’s original application addressed residential property values.  Since then hedonic forms have been used to 

evaluate most multi-attribute goods including less obvious applications such as pharmaceuticals and wine.  

To improve system 
performance, variables 
influencing socio-
economic processes (Θ) 
and indicators of the 
performance of these 
processes (β) need to be 
identified, which requires 
mathematically modeling 
the relationship between Θ 
and β. An importance 
mathematical form is 
based on hedonic price 
theory. 

Calibration needs are 
minimized by relying on 
scientifically sound 
studies that evaluate 
socioeconomic processes 
similar to those under 
consideration. 
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calibration is employed to both refine the parameters and link the 
recreation models.   

The best paddling model available was estimated for a different 
geographic location and population of recreators.  In this case, 
parameter scaling is accomplished by applying the ratio of the 
travel-cost parameters to the paddling site-characteristic 
parameters.  For hiking, there is no model.  We specify trail miles 
and scenic beauty as relevant attributes.  Expert judgment based 
on previous models is employed to specify the relationship 
between trail miles and travel cost.  For the scenic value of a site, 
the already calibrated parameter for scenic beauty from the 
paddling model is employed.   

Until this point, the mathematical system has been presented as 
deterministic.  In fact, the system is best characterized as being 
inherently uncertain.  For this reason, specifying uncertainty in 
system parameters is important.  When system parameters are 
transferred directly from a high-quality empirical study of the same 
process and population, uncertainty estimates are directly 
transferred.   

When the uncertainty in a parameter is not directly available, it is 
specified and updated via statistical calibration.  Once specified in 
this manner, downstream uncertainties can be evaluated by using 
Monte Carlo analysis.  This approach can appropriately account 
for uncertainty in transferred parameters, calibrated parameters, 
and those parameters that are specified based on professional 
judgment.   

Figure 2.2 depicts a simple Monte Carlo analysis.  The analysis 
begins by randomly selecting a value from each distribution.  In 
this figure, the number of activity days is Distribution D, and the 
per-day spending is Distribution S.  These two values are 
multiplied together to produce one estimate of total visitor 
expenditures, represented by E1 in the figure.  Monte Carlo 
analysis develops this estimate by repeatedly drawing from the 
input distributions, in this example 10,000 times.  In each repeated 
draw, the analysis randomly draws from the distributions of values 
for the number of days and for the spending per day.  Each 
repetition produces a different estimate of total recreational 
expenditures.  The resulting distribution of total expenditures from 
the 10,000 random draws, Distribution E, provides an estimate of 
total spending that explicitly addresses uncertainty. 

A Monte Carlo analysis of 
the current level of 
recreational expenditures 
is developed to provide a 
meaningful benchmark for 
the BRDC and properly 
reflect uncertainty in the 
actual spending by 
visitors. 

The best paddling model 
available was estimated 
for a different geographic 
location and population of 
recreators. For hiking, 
there is no model.  We 
specify trail miles and 
scenic beauty as relevant 
attributes. 
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Figure 2.2:  Monte Carlo Analysis for Visitor Expenditures 
This figure presents a depiction of simple Monte Carlo analysis.  More advanced analysis, 
including covariance and advanced mathematical structures are available with the information 
developed in this report.   

 

This example Monte Carlo analysis was performed for the section 
of this report that quantifies current visitor expenditures.  More 
sophisticated methodologies, where variances and covariances 
are specified in structural models, can be evaluated for more 
complex socioeconomic systems.  The specific, mathematical 
forms needed to identify recreation impacts, property value 
impacts, local economic impacts, and the financial impacts of 
operation decisions are addressed in the following sections.   

2.3 Information Required for Recreation Model 

Recreation is among the most important and complex 
socioeconomic process under consideration.  It is important 
because of the significant amount of recreation taking place on the 
Boardman.  Complexities arise because the use of recreation 
resources does not take place in a traditional marketplace and 
because there are numerous types of recreation taking place 

Complexities arise in 
recreation model because 
it does not happen in a 
traditional marketplace 
and numerous types of 
recreation exist. 
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including several different types of fishing, hiking, canoeing, and 
tubing.    

2.3.1 System Structure for Recreation 
The mathematical structure for recreation is the probabilistic site 
choice model.  This modeling structure, based on choice theory, 
has the advantages of being professionally accepted, useful for 
policy-simulation predictions, consistent with economic theory, 
and capable of identifying trip values.11   

These models identify the probability of a specific outcome (in this 
case, the selection of a recreation site), conditioned on the site 
characteristics of all relevant choices for recreators (e.g., distance 
from the site to the angler’s home, expected catch rates, etc.).  In 
the site choice framework, a recreator chooses a site by 
comparing characteristics across all sites.  The mathematical 
structure is presented in Equation 2.1 below.    

 

Pi( j) =  

j = 1

exp(Vij) 

exp(Vik) 
J
∑

  

 where Vij = f (Θ, S) (2.1) 

This equation represents the probability that on any particular 
recreation choice occasion, a recreator (identified by i) will choose 
to visit a particular site (identified by j).  Note that this likelihood, 
identified by Pi(j), is determined on the basis of both site 
characteristics (Θ) and parameters representing the value the 
recreator holds for those site characteristics (S). 

This mathematical construct identifies visitation likelihood. 
However the probability that a recreator will visit a site is not an 
observable β that can be used to evaluate the performance of the 
system.  Pressure is a closely related and commonly employed β.  
To estimate pressure for any given site j, Pi(j) is summed over all 
recreators’ choice occasions.12  

The motivation underlying the identification of the mathematical 
structure that generates recreation trips is to allow evaluation of 
changes in trips (and other metrics as well) that are associated 
with policy decisions.  The hedonic decomposition of recreation 
sites into site characteristics and the representation of these site 
characteristics in the site-choice framework allow an evaluation of 
important information including changes in visitation probability, 
changes in site pressure, and changes in resource value.  This is 
accomplished by developing an equivalent mathematical structure 

                                                 
11 The statistical basis for choice theory is the standard conditional logit model (McFadden 1974; McFadden 1981). 
12 In the simulation context, this is accomplished by multiplying the likelihood of selecting each site (equation 1) by the 

total number of trips.  
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with appropriately altered Θ for policy alternatives and finding the 
difference in trips between this policy simulation model and the 
base case.  Equation 2.2 presents the mathematics for an 
individual. 

 

Annual Choice Occasionsi

j = 1

exp(Vij) 

exp(Vik) 
J
∑

j = 2

exp(Vij) 

exp(Vik) 
J
∑–

  

 where Vij = f(Θ,S) Vij = f(Θ,S) (2.2) 

Aggregating over individuals identifies changes in trips for each 
site due to the policy that changes Θ Θto .  

Estimates of changes in economic value improve the ability to 
assess resource performance.  The distance from an individual’s 
home to a site is a critical variable in a site-choice model because 
it represents the fuel cost and travel time required to visit any site.   

When distance is converted to travel cost, the site-choice 
framework supports the calculation of monetary changes in value 
associated with changes in site characteristics.  The mathematical 
form used to identify dollar-based changes in value associated 
with a policy that changes Θ Θto  is the difference between the 
utility levels scaled by the relative impact of travel costs.  Equation 
2.3 presents the mathematical structure used to evaluate the 
change in annual value that a recreator attributes to the policy that 
changes Θ Θto .  Θ is the parameter that accounts for the impact 
of travel costs on site choice.   

 
CVi =  

Annual Tripsi
φi

ln –lneV ij( ) eV ij( )j = 1

J
∑

j = 1

J
∑

  

 where Vij = f(Θ,S) Vij = f(Θ,S) (2.3) 

CVi refers to the compensating variation or dollar valued 
willingness-to-pay that recreator i has for the change from Θ Θto .  
This is the amount of money that would make him indifferent 
between Θ Θand .13 

2.3.2 Information Requirements for Recreation 
Operationalizing the powerful site-choice framework requires a 
significant amount of information.  Information that must be 
identified includes 

1. the population of affected recreators 

                                                 
13 This information is useful for evaluating changes via a utilitarian perspective, such as benefit-cost analysis (Dower 

1989). 

The distance from an 
individual’s home to a site 
represents the fuel cost 
and travel time. When 
distance is converted to 
travel cost, the site-
choice framework 
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changes in site 
characteristics. 
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2. relevant site characteristics for both the site being 
evaluated and potential substitute sites 

3. travel costs from recreator origins to sites. 

The first step identifies information relevant to the local population 
of recreators.  Identifying the affected population of recreators and 
their characteristics is critical.  Based on publicly available 
information about typical travel distances, we identify the likely 
users of the affected site within a defined geographic scope, 
generally a 30–60 mile radius from the affected site.  We use 
publicly available information on population densities, fishing 
license purchases and other measures of participation, and the 
number of annual trips to across the angling population.   

The next step involves identifying substitute sites and site 
characteristics for each recreation activity.  We use available 
information on recreation in the area and typical travel distances 
to develop an appropriate radius for substitute sites, generally 
within 100–150 miles of the affected site.  For the Boardman River 
assessment, its substitute sites should reflect similar and nearby 
rivers and inland lakes.  Very popular sites by activity within the 
radius are included.  The least frequented sites within the radius, 
because they have a negligible effect on aggregate recreation 
demand, need not be included.14  Once the representative 
substitute sites are selected, we use publicly available sources to 
collect the site characteristics for the affected and substitute sites. 

The last critical piece of information is distances from all recreator 
origins (ZIP codes) to all specified substitute sites.  This is 
accomplished in the third step by using transportation routing 
software (PCMiler).  Distances are converted to costs in a two-
step process.  First, the same routing software calculates the 
travel time associated with any route in the program.  Using 
information on wage rates, we convert travel time to an 
individualized cost that varies by angler income.  Out-of-pocket 
costs, such as gasoline costs and boat launch fees, are then 
added to the travel time cost to calculate the total cost. 

2.4 Residential Property Values 

Mathematical structure (S) for property value is the hedonic price 
approach as developed by Rosen (1974).  In this structure, 
property value, identified as market price, is determined according 
to property characteristics. 

 P = Vi (2.4) 

Properties are those with characteristics influenced by the 
Boardman River dam system 

                                                 
14 Naturally this varies by activity. 
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 Vi = f(Θ, S) (2.5) 

meaning that the expected market price relates to the state of the 
Boardman River system, 

 P = f(Θ, S) (2.6) 

It is apparent that the change in property value stems directly from 
the difference in states of the system between current conditions 
and an alternative. 

 ∆Value = f(Θ, S) – f(O, S) (2.7) 

Under the assumption that identification of partial effects is 
sufficient, the expected change in value can be determined by 
identifying the shadow values of any changing property 
attributes.15 

 ∆ Value = dP/dΘ (2.8) 

These values are identified as model coefficients in empirical 
studies that use hedonic analysis to evaluate the relationship 
between market prices and house characteristics.  Given studies 
that evaluate relevant characteristics, results from these studies 
can be calibrated and applied in mathematical simulation. 

2.5 Local Economic Impacts 

The evaluation of local economic impacts is typically 
accomplished via a mathematical economic technique called 
input/output (I/O) analysis (Leontieff 1986).  I/O analysis was 
developed to address policy issues with respect to income, sales, 
demand, local infrastructure, and plant closing. 

2.5.1  System Structure for Local Economic 
Impacts 

In I/O models, changes in final demand for one industry affect 
other industries within a local economic area.   

• Direct effects represent the initial change in the industry in 
question. 

• Indirect effects are changes in inter-industry transactions 
as supplying industries respond to increased demands 
from the directly affected industries. 

                                                 
15 The identification of partial effects is most appropriate when expected changes are not dramatic and widespread. 
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• Induced effects reflect changes in local spending that 
result from income changes in the directly and indirectly 
affected industry sectors. 

Multipliers measure total changes in output, income, employment, 
or value added.  Parameters required to specify I/O models 
include the following: 

• Output multipliers relate the changes in sales to final 
demand by one industry to total changes in output (gross 
sales) by all industries within the local area. 

• Income and employment multipliers relate the change in 
direct income to changes in total income within the local 
economy.  

• Value added multipliers are interpreted the same as 
income and employment multipliers.  They relate changes 
in value added in the industry experiencing the direct effect 
to total changes in value added for the local economy. 

2.5.2 Information Requirements for Local 
Economic Impacts 

Data requirements include outputs and inputs from other sectors, 
value added, employment, wages and business taxes paid, 
imports and exports, final demand by households and 
government, capital investment, business inventories, marketing 
margins, and inflations factors (deflators).  These data are 
available both for the 528 producing sectors at the national level 
and for the corresponding sectors at the county level.  Data on the 
technological mix of inputs and levels of transactions between 
producing sectors are available from detailed input-output tables 
of the national economy. 

2.6 Electricity Asset Operation 

Identifying value requires identifying the value of operating one of 
more of the dams as an electricity producing asset.  This can be 
accomplished by valuing the dam as a financial asset. 

Valuing an asset in financial terms is accomplished by valuing the 
(net) stream of income resulting from ownership.  Because this 
income occurs at different point in time, values are discounted to 
present values as indicated in the equation below: 

 NPV = (TR – TC)r (2.9) 

In this equation, total value is the net present value of total annual 
revenues minus total annual costs.  

Total revenues are composed of hourly price and quantity 
information by service.  The various electrical services could 

Multipliers measure total 
changes in output, 
income, employment, or 
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include energy, renewable energy, and ancillary services as 
indicated below.  

  

TRAnnual =  MWEnergy ● HoursEnergy ● PEnergy
Hours = 1

8,760

∑

MWRenewable Energy ● HoursRenewable Energy ● PRenewable Energy
1

8,760

∑+

+ MWAncillary Services ● HoursAncillary Services
1

8,760

∑
(2.10) 

Revenues are composed of hourly price and quantity information.  
Hourly generation quantity is identified as:  

 Qhour = aVhour (2.11) 

Where Qhour is hourly electricity production, Vhour is the volume of 
hourly flow and a is a positive constant that converts flow to 
electricity that is specific to technology and hydraulic head.   

Annual costs are: 

 TCAnnual = Annual CostOverhead + Annual CostGovernment  
 + Annual CostMDNR + Annual CostFERC (2.12) 

Information requirements include hourly electricity quantities and 
prices going out into the future.  Quantities are identified via a 
combination of river flow and dam-specific information, including 
head and turbine efficiency. 
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3. Recreational Fishing 

The Boardman River system offers a variety of fishing 
experiences.  Segment 1, which adjoins Lake Michigan, is stocked 
with rainbow trout, Chinook salmon, and Coho salmon but also 
supports warmwater species (ECT 2007).  Boardman Lake, 
because it is proximate to Traverse City, is a popular spot for 
warmwater fishing.  The smaller impoundments are less popular, 
due in part to more limited fish habitats.  Further upstream, 
portions of the river support self-sustaining populations of brown 
and brook trout.  Currently, upstream portions of the Boardman 
River are rated as top-quality trout streams by the MDNR.  This 
section of the report describes the current conditions of the 
Boardman River with respect to recreational fishing opportunities. 

3.1 Pressure Estimates 

Pressure estimates for Boardman River anglers come from an on-
site creel study that the MDNR conducted during the 2005 season 
for Segments 1–8 of the Boardman River.  The MDNR data 
collection included angler counts, as well as the number of fish 
caught by fish species.  From these data, the MDNR developed 
statistically based seasonal estimates for the Boardman River in 
terms of the number of angler trips and hourly catch rates by 
species. 

The MDNR presents its results for the Boardman River in two 
discrete geographic areas.  The first area corresponds to 
Segments 1 through 6, and the second corresponds to Segments 
7 and 8.  For each geographic area, the MDNR presents separate 
estimates for boat anglers and for shore anglers. 

Based on the MDNR results, we developed pressure estimates, 
by segment, for this assessment by undertaking the following 
steps: 

• Allocate the total number of MDNR days across Segments 
1–8 of the Boardman River. 

• Extrapolate angler day estimates from Segment 8 to 
Segments 9 and 10. 

• Separate the number of angler days for each segment into 
resident days and visitor days. 

In the first step, we made two simplifying assumptions.  The first 
was that all boat days occur in the impoundments.  The second 
was that all shore-based days occur in the river stretches.  The 
second assumption may overstate the allocation to the river 
stretches as some shore-based fishing likely occurs along the 
impoundments.  However, the details provided in the MDNR study 
allow estimating statistical confidence intervals around each of 

In 2005, the MDNR 
conducted a creel survey 
on Segments 1–8 and 
estimated that nearly 
15,000 angler trips were 
taken for this portion of 
the Boardman River.  
These data help develop 
the pressure estimates.  
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warm-water fishing.  This 
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Boardman River with 
respect to recreational 
fishing opportunities. 
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these estimates, which accounts for the uncertainty in allocating 
angler days across segments.  The second geographic area of the 
MDNR study corresponds to Segments 7 and 8, which are an 
impoundment and a river stretch, respectively.  Therefore, the 
simplifying assumptions about the boat and shore-based days 
accomplished the allocation of angler days across these two 
segments. 

The allocation across Segments 1–6 required additional 
information.  Segments 2, 4, and 5 are impoundments while 
Segments 1, 3, and 6 are river stretches.  To allocate the MDNR 
angler days across these segments, we developed a scaling 
metric that incorporates the relative pressure observed across the 
segments by key informants familiar with the Boardman River 
(Largent 2008a and Kalish 2008) and the relative size of the water 
bodies.  This approach includes a separate scaling metric for the 
impoundments (Segments 2, 4, and 5) and for the river stretches 
(Segments 1, 3, and 6). 

Table 3.1 contains the relative pressure ratings provided by the 
key informants.  The key informants rated the fishing pressure for 
each segment on a qualitative scale that included six categories 
and ranged from “very low” to “heavy.”  Responses are arranged 
from lowest to highest, with the categories assigned a sequential 
number from 1 to 6.  Therefore, “very low” had a rating of “1,” and 
“heavy” had a rating of 6.  For the impoundments, we summed the 
relative ratings and calculated each segment’s share of the total, 
repeating this exercise for the river segments. 

One of the factors we used 
to allocate the MDNR 
angling days across the 
various Boardman 
segments is the relative 
pressure ratings shown in 
Table 3.1. 
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Table 3.1 
Qualitative Pressure Ratings for Boardman River Fishing Sites 

Segment Description 
Qualitative Pressure 

Rating by Largent 
Qualitative Pressure 

Rating by Kalish 
Assigned  

Numerical Value 

1 From Mouth to Union Street Dam Heavy Heavy 6 

2 Boardman Lake Moderate Moderate 4 

3 Inlet of Boardman Lake to Sabin Dam Moderate to Low Moderate 3.5 

4 Sabin Pond Very Low Low 1.5 

5 Keystone Pond & Boardman Dam Moderate to Low Moderate 3.5 

6a Inlet of Keystone to mid point Moderate to Heavy Heavy 5.5 

6b Mid point to Brown Bridge Dam Moderate to Heavy Heavy 5.5 

7 Brown Bridge Pond Moderate to Heavy Moderate 4.5 

8 Inlet of Brown Bridge Pond to Forks Heavy Heavy 6 

9 North Branch Heavy Moderate 5 

10 South Branch Moderate Moderate 4 

This table shows the qualitative fishing pressure estimates provided by the key informants.  The 
assigned numerical value in the right hand column is used to distribute the number of angler 
days estimated by the MDNR (2005) across the various segments. 

 

To account for the differing sizes of the impoundments and river 
stretches, we calculated the relative size of each segment as a 
percentage of the total size for the impoundment group and of the 
river group.  Because the two elements (the share of the relative 
pressure ratings and the share of size) are each a percentage, we 
can calculate the average and apply to percentage to the total 
relevant angler days.  Figure 3.1 depicts this methodology for the 
impoundments.   

Because the share of the 
relative pressure ratings 
and the share of size are 
each a percentage, we can 
calculate the average and 
apply to percentage to the 
total relevant angler days.  
Figure 3.1 depicts this 
methodology for the 
impoundments.   
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Figure 3.1:  Methodology for Allocation of Angler Days Across Impoundments 
This figure shows the methodology for allocating angler days across the impoundments.  The 
same approach allocates angler days across river segments. 

For example, suppose that Segment 2 represents 50 percent of 
the relative pressure ratings and 70 percent of the relative size.  
The average of those two percentages is 60 percent.  Thus, we 
would allocate 60 percent of the boat days from the first 
geographic area in the MDNR study to Segment 2.  This same 
process is repeated for the river stretches. 

The next step in developing pressure estimates for anglers 
required extrapolating the MDNR results from Segment 8 to 
Segments 9 and 10.  Because Segment 8 is above all of the 
dams, it better reflects fishing conditions for Segments 9 and 10 
than do any of the other segments.  We first calculated the 
number of angler days per river mile for Segment 8.  Then we 
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compared the relative pressure ratings in Table 3.1 above for 
Segment 8, 9, and 10.  Segment 8 is a 6; Segment 9 is a 5; 
Segment 10 is a 4.  Using the days per river mile from Segment 8, 
we decreased the number of days per mile by 15 percent and 
applied that result to the number of river miles in Segment 9.  We 
followed a similar method for Segment 10, except that we reduced 
the days per mile by 30 percent.16   

Table 3.2 contains the results of our allocation of the fishing days 
across the various segments.  These estimates are presented as 
a range for two reasons.  First, they embody the uncertainty 
expressed by the MDNR in its estimated fishing days from the 
Boardman River Creel study.  Secondly, the range recognizes that 
the allocation of the days across the segments likely contains 
some imprecision.  The angler days presented in Table 3.2 will be 
used to calibrate the baseline angling site-choice simulation 
model. 

The last step in the analysis of the pressure of the Boardman 
River by anglers separates the angling days in Table 3.2 into 
those taken by residents of the two counties and those taken by 
visitors to the area.  The step begins with the number of visitor 
days to Grand Traverse County and Kalkaska County, which is 
taken from the MSU Tourism Profiles (2001a and 2001b).   

We use an estimate of visitor fishing participation developed by 
Fishkind & Associates (2006) for the Grand Traverse area, which 
unfortunately does not include Kalkaska County.  The Fishkind 
analysis combines visitor participation estimates for fishing and 
hunting reveals large variation of visitor participation across the 
several counties that comprise the Grand Traverse area.  Thus, 
we use the participation rate that Fishkind developed for all 
visitors and apply half of it to our analysis to better reflect fishing 
participation.  Applying this participation rate to the number of 
visitor days gives us an approximation of the annual number of 
days that visitors spend fishing in the Grand Traverse area, across 
all sites. 

                                                 
16 These percentage reductions correspond, roughly, to one-sixth and two-sixths, based on the six-point spread 

revealed above in Table 3.1 with respect to the qualitative pressure ratings. 
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Table 3.2 
Annual Number of Angler Days on the Boardman River 

Segment Number Number of Angler Days 

1 1,100 to 1,800 

2 900 to 1,400 

3 1,000 to 1,500 

4 200 to 300 

5 400 to 700 

6a 2,100 to 3,400 

6b 2,100 to 3,400 

7 1,200 to 1,900 

8 2,200 to 3,400 

9 7,300 to 11,200 

10 2,500 to 4,000 

TOTAL 21,000 to 33,000 

This table shows that the annual number of angler days on the 
Boardman River ranges from 21,000 to 33,000. 

 

Some of these days will occur in Lake Michigan, and some will 
occur in inland lakes and rivers.  In this assessment, we assume 
that visitor fishing days follow the same allocation pattern as do all 
fishing days in Michigan.  For the State of Michigan, the U.S. Fish 
and Wildlife Service (USFWS) (2008) provides statewide 
estimates of the number of angling days spent on the Great 
Lakes, on inland rivers and streams, and on inland lakes and 
ponds (for 2006).  Based on these data, we subtract the number 
of visitor angling days in the Grand Traverse area that is spent on 
Lake Michigan. 

Next, we use the USFWS data to separate the visitor fishing days 
into river days and lake days.  To allocate the river days across 
the various river sites in the area, we divide by the number of river 
miles (MSU 2001a and 2001b).  That result provides the number 
of angling days per river mile.  We then multiply by the number of 
Boardman River miles.  We conduct a similar exercise to 
determine the number of angling days that visitors spend fishing 
on the Boardman River impoundments.  Figure 3.2 shows the “top 
down” approach used to determine how many of the total angling 
days in Table 3.2 are visitor days.  Table 3.3 shows the estimates 
of resident days and visitor days by segment. 

In our assessment, we 
assume that visitor fishing 
days follow the same 
allocation pattern as do all 
fishing days in Michigan. 
Based on USFWS data, we 
subtract the number of 
visitor angling days in the 
Grand Traverse area that 
is spent on Lake 
Michigan. Then, we use 
the USFWS data to 
separate the visitor 
fishing days into river 
days and lake days. 

Table 3.3 shows the 
estimates of resident days 
and visitor days by 
segment. 
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Figure 3.2:  Methodology for Determining Angling Days by Visitors 
This figure shows the “top-down” approach used to estimate the number of days that visitors 
spend fishing on the Boardman River. 
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Table 3.3 
Annual Number of Resident and Visitor Angling Days on the Boardman River 

Segment  Resident Days Visitor Days 

1 880 to 1,440 220 to 360 

2 720 to 1,120 180 to 280 

3 800 to 1,200 200 to 300 

4 160 to 240 40 to 60 

5 320 to 560 80 to 140 

6a 1,680 to 2,720 420 to 680 

6b 1,680 to 2,720 420 to 680 

7 960 to 1,520 240 to 380 

8 1,760 to 2,720 440 to 680 

9 5,840 to 8,960 1,460 to 2,240 

10 2,000 to 3,200 500 to 800 

TOTAL 16,800 to 26,400 4,200 to 6,600 

This table shows the estimated number of angling days on the Boardman River under 
current conditions.  The number of resident days ranges from about 17,000 to 26,000 
days per season while the number of visitor days ranges from about 4,000 to more than 
6,000 days per season. 

3.2 Identify Relevant Fishing Site Characteristics 
and Importance Weights 

Modeling recreational fishing on the Boardman River requires 
identifying both the right site characteristics and a mathematical 
specification of the relative importance that anglers assign to 
these site characteristics.  To achieve this end, we employ a 
recreational fishing study conducted by Lupi et al. (1998), which 
covers fishing sites across the state of Michigan and explicitly 
covers varied fishing experience, including inland rivers and inland 
lakes, as well as anadromous fishing opportunities, all of which 
are relevant to the Boardman River analysis.  Because this 
statistical model studies the same activity on the same population, 
we can use both the site characteristics and the estimated 
parameters presented in the Lupi et al. (1998) study. 

The Lupi et al. study data come from a 1994 survey of more than 
2,000 anglers across the entire state.  The survey process was 
consistent with accepted survey protocols.  The study’s response 
rate is consistent with survey research standards.  The 
recreational fishing models developed by Lupi et al. are consistent 
with the site-choice framework described in the previous section.  

A fishing study conducted 
by Lupi et al. (1998) is the 
basis for the simulated 
model.  
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The models are rigorous, perform well, and reflect results that are 
consistent with expectations. 

To delineate potential differences in angler preferences with 
respect to fishery type and species, Lupi et al. use various 
“product lines” to describe each fishing site in their study.  
Generally, a product line reflects a combination of a water body 
type and a fish species type.  For this assessment, three water 
body types are relevant:  inland rivers, inland lakes, and Great 
Lakes.  This last category is included to capture potential 
substitute fishing site opportunities along Lake Michigan.  Three 
fish species types are also relevant for this assessment:  warm, 
cold, and anadromous.  Warm water species include bass, yellow 
perch, walleye, pike, carp, and panfish.  Cold water species 
include brown trout, brook trout, and lake trout.  Anadromous 
species include Coho salmon, Chinook salmon, and rainbow trout 
(steelhead). 

In the Lupi et al. model, catch rates are included for both warm 
and cold water species at Great Lake sites.  Catch rates are also 
applied to any site with anadromous runs.  However, for inland 
lakes and rivers, catch rates are not explicitly included in the 
model.  For inland lakes, the number of acres is a key site 
characteristic.  For inland rivers, the percentage of miles that are 
rated as top quality and as second quality by the MDNR rating 
system are important site characteristics.   

MDNR (2000) sets out its quality designations in the Manual of 
Fisheries Survey Methods II.  The stream miles are categorized 
based on their quality.  Those of high quality are rated either “top 
quality” or “second quality.”  Top quality stream miles are 
characterized by containing good self-sustaining fish populations.  
Second quality streams are characterized by containing significant 
fish populations, which are appreciably limited by such factors as 
inadequate natural reproduction, competition, siltation, or 
pollution. 

Table 3.4 presents parameters that will be employed in fishing-site 
choices simulations. 

Lupi et al. use the type of 
water body, the type of 
fish species, catch rates, 
lake acres, and the 
number of quality river 
miles to delineate fishing 
sites in their model.  
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Table 3.4 
Parameters for Fishing Site Choice 

Characteristic Mean Variance 

Trip cost -15 0.000091
Great Lakes warm, walleye catch rate 6.63 0.145733
Great Lakes warm, bass catch rate 1.45 16.623897
Great Lakes warm, pike catch rate 0.36 20.250000
Great Lakes warm, perch catch rate -2.75 0.003385
Great Lakes warm, carp catch rate 0.87 1.248228
Great Lakes cold, constant -14.75 0.021784
Great Lakes cold, Chinook catch rate 5.14 3.182823
Great Lakes cold, Coho catch rate 5.45 5.421635
Great Lakes cold, lake trout catch rate 3.23 2.001831
Great Lakes cold, rainbow catch rate 2.19 24.817685
Inland lakes warm, shore constant -14.06 0.009887
Inland lakes warm, interior constant -7.8 0.009923
Inland lakes warm, warm lake acres/1,000 21.58 0.000010
Inland lakes cold, shore constant -11.43 0.077647
Inland lakes cold, interior constant -18.48 0.033215
Inland lakes cold, cold lake acres/1,000 3.73 0.000415
Rivers/streams warm, shore constant -10.09 0.020595
Rivers/streams warm, interior constant -11.21 0.024959
Rivers/streams warm, top quality miles/100 5.35 0.020233
Rivers/streams warm, second quality miles/100 -3.58 0.003811
Rivers/streams cold, shore constant -15.23 0.036936
Rivers/streams cold, interior constant -19.24 0.026737
Rivers/streams cold, top quality miles/100 5.09 0.092971
Rivers/streams cold, second quality miles/100 0.05 0.010000
Anadromous runs, shore constant -10.57 0.019605
Anadromous runs, interior constant -7.78 0.041348
Anadromous runs, Chinook catch rate 3.37 0.687866
Anadromous runs, Coho catch rate -0.3 8.565378
Anadromous runs, rainbow catch rate 8.04 0.757376
Paddling, whitewater quality 2.82 0.015492
Paddling, parking -2.04 0.005052
Paddling, crowding 2.19 0.004881
Paddling, water quality (pollution) -1.39 0.010436
Paddling, scenic rating 2.99 0.009085
Paddling, predictability of water level -0.92 0.007561
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3.3 Current Conditions of Boardman River Fishing 
Sites 

Based on the preceding discussion of the site characteristics in 
the Lupi et al. model, we can delineate the current conditions of 
the Boardman River sites in a way that informs modeling efforts.  
Because the Lupi et al. model treats lake sites and river/stream 
sites differently, we first discuss the site characteristics for the 
impoundment sites, followed by a discussion of the river/stream 
site characteristics. 

Table 3.5 contains the lake segments, or impoundments, for the 
Boardman River.  As previously revealed, the impoundments 
include Segments 2, 4, 5, and 7.  The table indicates the types of 
species in the various segments, based on conversations with 
representatives from the Grand Traverse Conservation District 
(Largent 2008a), the MDNR (Kalish 2008), and the fisheries 
reports prepared for this project (ECT 2007 and 2008).  The 
number of acres for each impoundment (USACE 2005) is an 
important fishing site feature in the Lupi et al. model. 

Table 3.5 
Current Conditions of the Impoundment Fishing Sites 

Segment  Species Type Acres 

2 Warm 339 

4 Warm 40 

5 Warm 103 

7 Warm 191 

Sources:  ECT (2007, 2008); Kalish (2008); Largent (2008a); USACE (2005) 

This table shows the current characteristics of the fishing sites that are impoundments 
on the Boardman River.  

 

Under one or more the dam management alternatives being 
considered for the Boardman River, some of these impoundments 
may become free-flowing sections of river.  This state can be 
simulated by eliminating these impoundments as fishing site 
choices and adding choices representing segments of free-flowing 
river.  If such a change occurs, we would expect to see a 
corresponding change in the prevalent fish species as well.    

Boardman Lake, because it is a natural impoundment (USACE 
2005), is not likely to disappear altogether.  It is most likely to 
shrink.  The site-choice simulations can assess the impact on 
fishing from this type of change as well.  In the “current conditions” 
case, the number of acres for Boardman Lake will reflect its 
current size.  In the “alternative conditions” case, the number of 
acres for Boardman Lake will be smaller, based on the estimate 

Table 3.5 lists the lake 
segments, or 
impoundments, for the 
Boardman River. 

An appropriately specified 
site-choice model can 
assess the impact 
changes in site 
characteristics have on 
fishing. 
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provided by the hydrologic experts.  The difference in angler 
satisfaction between the two scenarios reflects the impact on the 
recreational value from the change in dam management strategy. 

Table 3.6 contains the current conditions for the river segments of 
the Boardman, Segments 1, 3, 6, 8, 9, and 10.  The number of 
stream miles that are “top quality” and “second quality” refers to 
the MDNR designation of fishery conditions previously described.  
Additionally, because Segments 1 and 3 support anadromous 
runs, the current conditions for these sites includes catch rates 
(number of fish caught per hour) for Coho Salmon, Chinook 
Salmon, and Rainbow Trout, based on information from the 2005 
Boardman River Creel Survey (MDNR 2005). 

Table 3.6 
Current Conditions of the Boardman River Fishing Sites 

Segment Species Type Anadromous Catch Rates Miles of  
Top Quality 

Miles of  
Second Quality

1 Anadromous 
Warm 
Cold 

Coho 
Chinook 
Rainbow 

0.001
0.006
0.084

to
to
to

0.014 
0.042 
0.237 

1.2 0.0 

3 Anadromous 
Cold 

Coho 
Chinook 
Rainbow 

0.000
0.002
0.067

to
to
to

0.001 
0.006 
0.084 

0.0 2.2 

6a Cold N/A   6.9 0.0 

6b Cold N/A   6.9 0.0 

8 Cold N/A   6.0 0.0 

9 Cold N/A   23.5 0.0 

10 Cold N/A   10.0 0.0 

Sources:  Kalish (2008);  Largent (2008a); MDNR (2005) 

This table shows the current conditions of the fishing sites along the Boardman River.  Current 
conditions, as used here, refer to the site characteristics necessary for site-choice modeling.  
Those site characteristics include the species of fish, catch rates for anadromous species, the 
miles of top quality stream, and the miles of second quality stream. 

 

As with the impoundment sites, one or more of the dam 
disposition alternatives will likely change these site characteristics 
for one or more of the river segments.  Depending on the dam 
management scenario, Segment 3 may become top quality rather 
than second quality.  There may be a corresponding increase in 
the catch rate for anadromous species.  There may also be 
changes in the segments upstream of Keystone Pond such that 
they could support anadromous runs.  Mathematical simulation 
can be used to assess the impact on angler satisfaction that 
corresponds to changes in the current features of the river fishing 
sites.  

Table 3.6 contains the 
current conditions for the 
river segments of the 
Boardman, Segments 1, 3, 
6, 8, 9, and 10. 

One or more of the dam 
disposition alternatives 
will likely change site 
characteristics for one or 
more of the river 
segments. 
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3.4 Representative Substitute Sites for the 
Boardman River 

The last type of information that completes the picture of current 
conditions for recreational fishing is a description of the substitute 
sites.  Substitute sites play a key role in the determination of 
angler satisfaction. 

We used three criteria in the selection of substitute sites.  The first 
criterion was that the substitute site be within 150 miles of some 
portion of the Boardman River.  We selected this distance criterion 
to be consistent with the Lupi et al. (1998) study.  The second 
criterion was to incorporate a variety of potential fishing 
opportunities consistent with the real world.  Thus, the selected 
substitute sites include inland lakes, rivers, and Lake Michigan 
sites.  Finally, when possible substitute sites met the first two 
criteria, we selected those with the most recent data available in 
terms of the site features identified in the Lupi et al. model. 

Table 3.7 contains the number of angler days to the inland lake 
substitute sites, as well as the current conditions.  Table 3.8 
describes the number of days and the current conditions for the 
substitute sites that are rivers.  Table 3.9 contains information 
related to the number of days and the current conditions of the 
Lake Michigan substitute sites.  The items in this table correspond 
to the features used in the Lupi et al. study for Great Lake sites.  
Unlike the inland lake or river sites, the features of these sites that 
affect angler satisfaction are the catch rates for the various cold 
and warm water species. 

Substitute sites play a key 
role in the determination 
of angler satisfaction.  
Three criteria weigh in the 
selection of substitute 
sites. 

Tables 3.7, 3.8, and 3.9 list 
the number of angler days 
and current conditions for 
inland lake substitute 
sites, substitute sites that 
are rivers, and Lake 
Michigan substitute sites, 
respectively. 
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Table 3.7 
Current Conditions of the Inland Lake Substitute Sites 

Site Number of Days Species Type Acres 

Houghton Lake 107,000 Warm 20,075 

Lake Leelanau 31,000 Warm 
Cold 8,607 

Long Lake (Alpena County) 17,000 Warm 5,341 

Green Lake 8,000 Warm 1,994 

Higgins Lake 26,000 Warm 
Cold 9,600 

Sources:  MDNR (2006); Su, Lockwood, and Sutton (2006) 

This table shows relevant site characteristics of the inland lake substitute sites.  These site 
characteristics include the number of angler days, species type, and acres of lake and are 
important for modeling recreation impacts. 

 

Table 3.8 
Current Conditions of the Inland River Substitute Sites 

Site Number of 
Days 

Species 
Types 

Anadromous 
Catch Rates 

Miles of 
Top Quality 

Miles of 
Second Quality

20,000 Anadromous  Coho 0.001 7.5 5.0 

 Cold  Chinook 0.043   

Rogue River 
(Kent County) 

   Rainbow 0.095   

8,000 Anadromous  Rainbow 0.112 12.9 0.0 

 Cold    

Manistee River 
(from Hodenpyl 
Dam to Red 
Bridge)  Warm    

Sources:  Great Lakes Fly Fishing Company (2008); Su, Lockwood, and Sutton (2006); Tonello and Nuhfer (2004) 

This table shows the site characteristics of the inland river substitute sites.  Those site 
characteristics which include the number of angler days, species type, anadromous catch rates, 
miles of top quality river, and miles of second quality river are important for modeling recreation 
impacts. 
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Table 3.9 
Current Conditions of the Lake Michigan Substitute Sites 

 Elk Rapids 
E. Grand 

Traverse Bay 
W. Grand 

Traverse Bay Leland Manistee 

Angler Days 9,930 9,974 21,977 6,294 63,815 

Catch rate:      
Walleye 0.0010 0.0000 0.0000 0.0000 0.0001 

Bass 0.0038 0.0037 0.0011 0.0031 0.0001 

Pike 0.0000 0.0000 0.0000 0.0000 0.0002 

Perch 0.4967 0.0465 0.1097 0.0005 0.0153 

Carp 0.0000 0.0000 0.0000 0.0000 0.0000 

Chinook 0.0141 0.0652 0.0558 0.0897 0.1757 

Coho 0.0018 0.0006 0.0014 0.0004 0.0047 

Lake trout 0.0087 0.0409 0.0267 0.0083 0.0051 

Rainbow 0.0308 0.0014 0.0007 0.0448 0.0061 

Source:  Goniea (2008) 

This table shows the site characteristics of the Lake Michigan substitute sites.  These site 
characteristics which include the number of angler days and catch rates by species are important 
inputs for modeling. 
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4. Paddling 

The Boardman River offers both canoeing and kayaking 
(hereafter, paddling) opportunities to recreators.  According to 
Trails.com (2007), the Boardman is “[a] spirited, attractive stream 
that flows past conifer forests and north-country cottages before 
emptying into Grand Traverse Bay.  The Boardman ranks as one 
of the Lower Peninsula’s finest rivers for paddling.  Possessed of 
a moderate current and a winding river corridor that passes 
through a broad valley of cedar, pine, and assorted hardwoods, it 
also features one of Lower Michigan’s rare bursts of light 
whitewater.”  This section of the report describes the current 
conditions of the Boardman River with respect to paddling. 

4.1 Pressure Estimates 

The Boardman River provides canoeing and kayaking 
opportunities.  As described in our July 2007 report, site-specific 
data on the current number of paddling days along the Boardman 
River are not readily available.  For this reason, we rely on 
estimates from local individuals with first-hand knowledge of 
paddling use of the Boardman.  These estimates from 
knowledgeable locals are validated using publicly available data 
on paddling participation rates and trip-taking frequencies.  This 
groundtruthing exercise serves to check the plausibility of the 
numbers provided by the local sources.  

The Cherry Capital Paddle America Club of Grand Traverse 
County (CCPAC) is a recreational organization that promotes 
paddling in Grand Traverse County and has a national affiliation 
with the American Canoe Association.  CCPAC organizes 
numerous paddling trips in the Grand Traverse County area, a 
majority of which take place on the Boardman River.  Two 
members of CCPAC provided current estimates (Fred 2008; 
Goldstein 2008).  Table 4.1 below provides their estimates for a 
season.  The annual estimate ranges from more than 5,000 days 
to nearly 17,000 days.  As expected, segments 6 and 8 support 
the highest level of use.  Similarly, Segments 9 and 10, due to 
their shallow depth and low-hanging branches (MDNR 2002), 
support virtually no paddling activity. 

We also received qualitative use estimates from the Boardman 
River Project Director and Land Management Services Director of 
the Grand Traverse Conservation District (GTCD) (Largent 
2008b).  The GTCD is a participant in the Boardman River Project, 
and its employees have a substantial knowledge of river use.  
These qualitative estimates generally conform to the quantitative 
estimates from members of the CCPAC. 

Local paddlers provide 
input for estimates of 
canoeing and kayaking 
pressure.  We estimate 
that the Boardman River 
supports between 5,000 
and 17,000 paddling days 
per year. 

The Boardman’s natural 
environment provides a 
great opportunity for 
paddling activities. 
Current conditions with 
respect to paddling are 
discussed in this section. 
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Table 4.1 
Annual Number of Paddling Days on the Boardman River 

Segment Number Annual Number of Paddling Days 

1 200 to 300 

2 90 to 100 

3 500 to 1,900 

4 90 to 100 

5 45 to 500 

6a 1,000 to 4,000 

6b 1,000 to 3,000 

7 90 to 1,000 

8 2,500 to 6,000 

9 0 to 10 

10 0 to 10 

TOTAL 5,550 to 16,900 

Source:  Fred (2008); Goldstein (2008) 

The annual number of paddling days along the Boardman River is 
estimated to be between 5,550 and 16,900. 

 

Groundtruthing of these estimates employs publicly available 
information on paddling participation and trip-taking frequencies.  
This exercise also provides a method to allocate these days 
across residents and visitors.  Because the Kalkaska portions of 
the Boardman River support virtually no paddling, this exercise is 
limited to Grand Traverse County.  

We first estimate the number of residential paddlers in Grand 
Traverse County by using a “top down” approach by applying the 

• local participation rate for canoeing (Northwestern 
Michigan College 2007) to the county population 

• number of days that the average paddler participates in a 
season. 

This estimate is developed from responses by Michigan residents 
to the National Survey on Recreation and the Environment 
(NSRE) (Cordell 2008).  This result gives us the annual number of 
paddling days taken by all the paddlers residing in Grand Traverse 
County.  Some of these days occur outside of the county.  
Therefore, we apply the percentage of paddling days that 
Michigan residents spend in their county of residence as 
estimated by the MDNR (Cool et al. 2003). 

In addition to providing a 
plausibility check on the 
estimates from local 
paddlers, our ground-
truthing exercise also 
allocates the days across 
residents and visitors.  
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We next distribute these local paddling days across all river miles 
within Grand Traverse County.  The County Tourism Profiles 
developed by the Tourism Resource Center at Michigan State 
University (2001a) provides this number and allows us to estimate 
the number of resident paddling days on an average river mile. 
Finally, we apply the average paddling days per mile to the 
number of miles in the mainstem of the Boardman (MDNR 2002).  
This exercise indicates that residents of Grand Traverse County 
take nearly 8,000 paddling days to the Boardman River per year.17 

Estimating visitor paddling employs a “top down” approach similar 
to the approach used in the fishing assessment.  We begin with 
the number of visitor days to Grand Traverse County from the 
MSU Tourism Profile (2001a).  We use an estimate of paddling 
participation by visitors to Grand Traverse County from Fishkind & 
Associates (2006).  While the Fishkind analysis combines 
paddling with boating and sailing, it is the best estimate available.  
Reducing the boating participation rate by 50 percent more 
accurately estimates paddling participation.  Applying this 
participation rate to the number of visitor days in Grand Traverse 
County gives us the annual number of visitor paddling days in 
Grand Traverse County. 

The visitor analysis proceeds in a manner similar to the resident 
analysis.  Dividing the number of visitor paddling days in Grand 
Traverse County by the number of river miles in Grand Traverse 
County provides the number of visitor canoeing days on an 
average river mile.  Multiplying that result by the number of miles 
in the mainstem of the Boardman River yields almost 6,000 visitor 
days. 

Combining the resident days with the visitor days provides an 
estimate of more than 13,000 annual paddling days on the 
Boardman River under current conditions.  This estimate lies 
between the two estimates provided by members of the CCPAC.  
Thus, this groundtruthing exercise corroborates the CCPAC 
estimates. 

Using the relative proportion of resident days to visitor days from 
the groundtruthing exercise allows us to allocate the total days by 
segment from Table 4.1 across residents and visitors.  These 
results appear in Table 4.2 below. 

 

                                                 
17 We recognize that this approach could result in an overestimate because some of the local paddling days may 

occur on still water.  However, we use the full range of days in Table 4.1 in our assessment, which includes 
estimates lower than this groundtruthing exercise reveals. 

Residents of Grand 
Traverse County spend 
almost 8,000 days per year 
paddling on the Boardman 
River.  

Visitors to Grand Traverse 
County spend about 6,000 
days per year paddling on 
the Boardman River.  
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Table 4.2 
Annual Number of Resident and Visitor Paddling Days on the Boardman River 

Segment Number Resident Days Visitor Days 

1 120 to 180 80 to 120 

2 50 to 60 40 to 40 

3 300 to 1,140 200 to 760 

4 50 to 60 40 to 40 

5 30 to 300 15 to 200 

6a 600 to 2,400 400 to 1,600 

6b 600 to 1,800 400 to 1,200 

7 50 to 600 40 to 400 

8 1,500 to 3,600 1,000 to 2,400 

9 — to 10 — to — 

10 — to 10 — to — 

TOTAL 3,300 to 10,160 2,215 to 6,760 

This table shows the estimated number of paddling days on the Boardman River under 
current conditions.  The number of resident days ranges from about 3,300 to 10,000 per 
year while the number of visitor days ranges from 2,200 to 6,700 days per year. 

 

4.2 Identifying Relevant Paddling Site 
Characteristics and Importance Weights 

Mathematically modeling site-choice for paddling on the 
Boardman River requires identifying both site characteristics and 
parameterization of the relative importance that paddlers attach to 
each of these characteristics.  One study, Hynes, Hanley and 
Garvey (2007), presents a statistical model for paddling; however, 
it was developed for a different location and population.  This 
study reflects whitewater paddling opportunities in Ireland.  
Although topography in Ireland is likely more varied than that of 
northern Lower Michigan, the Irish study considers a range of 
whitewater sites.  At one end of the spectrum, the Irish study 
includes sites with “easy runs and occasional small rapids.”  At the 
other end, it considers sites with “extremely difficult rapids and 
completely chaotic water.”  Because this study reflects sites with 
lower degrees of difficulty, it is suitable for our purposes.  
Moreover, Ireland’s northern coastal weather is not entirely 
dissimilar to that of northern Lower Michigan, suggesting seasonal 
similarities across the two locales.  While the dissimilarity presents 
some obstacles for applying this particular statistical model to 

Mathematically modeling 
site-choice for paddling 
on the Boardman requires 
identifying both site 
characteristics and 
parameterization of the 
relative importance that 
paddlers attach to each 
site characteristic. 
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paddling on the Boardman River, through calibration the model 
can be adjusted to produce relevant importance weights for the 
Boardman River.  We must calibrate for differences in paddler 
preferences, estimation scale, and population.  We use linkages to 
the fishing model discussed in previous sections to accomplish 
this calibration.   

We are able to use the site characteristics presented in the Hynes, 
Hanley and Garvey (2007) study, although we must calibrate the 
parameters to reflect the specifics of the Boardman River and the 
surrounding area.  To accomplish this calibration for site 
characteristics, we rely on the perceptions of recreators, a tactic 
which has professional acceptance (Adamowicz et al. 1997) 
because it is the recreators’ perceptions of the site’s 
characteristics, whether aligned with factual information or not, 
that drive site selection.  Hynes, Hanley and Garvey (2007) query 
paddler’s opinions, rather than relying on observable fact, by 
asking the paddler’s to rate the rivers they paddle on a 1–5 scale.  
The relevant site characteristics are: 

• Perceived whitewater quality 

• Perceived quality and safety of parking 

• Perceived crowding 

• Perceived water pollution 

• Perceived scenic quality 

• Perceived predictability of the water level prior to arrival. 

We replicate this on the Boardman River by conducting an 
informal survey which reveals paddler’s opinions on the site 
characteristics of the Boardman River and other nearby rivers.  By 
capturing the opinions of paddler’s on the Boardman River and 
calibrating the parameters of the statistical model used by Hynes, 
Hanley and Garvey (2007), we are able to produce a sound model 
of paddling on the Boardman River. 

Table 4.3 
Coefficients Calibrated to Local Conditions and Scaled to Fishing Model 

Parameter Mean Variance 

Whitewater quality 2.82 0.015492 
Parking quality -2.04 0.005052 
Crowding 2.19 0.004881 
Water quality -1.39 0.010436 
Scenic rating 2.99 0.009085 
Predictability of water level -0.92 0.007561 

 

A series of perceived site 
characteristics are used 
to explain site choice 
decisions. 
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Given potential differences in the standard of living and labor-
leisure trade-offs between Michigan and Ireland, the underlying 
preferences revealed by Irish paddlers may not correspond to 
those who use the Boardman River.  Nevertheless, it is the best 
study available.  Our literature search revealed no United States 
study that provided a better match. 

We also evaluated the technical rigor of the Hynes, Hanley and 
Garvey study.  The model is based on 2004 survey data from 
nearly 300 paddlers.  Because the survey is based on a 
convenience sampling approach,18 its results may not be 
representative.  However, given the potential differences between 
northern Lower Michigan and Irish paddlers, this limitation is not 
sufficient to prevent its use as a transfer study in this application.  
On the other hand, the model performs well and reflects results 
that are consistent with expectations.  Finally, the study is 
published in a peer-reviewed resource economics journal.  The 
weight of the evidence suggests that this study is sufficiently 
sound for our purposes. 

4.3 Current Conditions of Boardman River 
Paddling Sites 

To describe the current conditions of the Boardman River for 
paddling, we use the framework provided by the Hynes, Hanley 
and Garvey study.  In order to reflect the current conditions based 
on the perceptions of its paddlers, we developed a brief 
questionnaire similar to the one used by Hynes, Hanley and 
Garvey.  In this questionnaire, we ask respondents to rate their 
perceptions of the Boardman’s features with respect to paddling 
on a 1–5 scale.  The one exception to this 1–5 scale is the 
perceived quality of whitewater, which is based on a 0–4 scale.19  
Table 4.4 provides the details on the perceived site characteristics 
and their rating scales.  The questionnaire was distributed among 
members of the CCPAC and was posted on the website of the 
BRDC.  Table 4.5 below reflects the average of the responses we 
received. 

                                                 
18 Convenience sampling is not a random sampling protocol.  In this case, the survey was administered through 

placement of the homepage of the Irish Canoe Union’s website. 
19 Although Irish whitewaters are based on a 1–5 scale, we converted that to a 0–4 scale for this assessment to reflect 

the likely perceived absence of whitewater for portions of the Boardman River. 

A paddling RUM by Hynes, 
Hanley, and Garvey (2007) 
is the best study available 
for our assessment.   

To describe the current 
conditions of the 
Boardman River for 
paddling, the framework 
provided by the Hynes, 
Hanley and Garvey study 
is used.  Table 4.4 
provides the details on the 
perceived site 
characteristics and their 
rating scales.  
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Table 4.4 
Rating Scale for Perceived Site Characteristics of Paddling Sites 

Site Characteristic Description Rating Scale 

Whitewater quality Overall quality of the whitewater 0 means no whitewater 
4 means advanced/expert whitewater 

Parking quality Quality and safety of parking at 
the site 

1 means poor safety and quality of parking 
5 means excellent safety and quality of parking 

Crowding Crowding at the paddling site 1 means very crowded 
5 means uncrowded 

Water quality Quality of the water 1 means extremely polluted 
5 means unpolluted 

Scenic rating Scenic quality of the paddling 
site 

1 means not at all scenic 
5 means very scenic 

Predictability of 
water level 

Overall predictability of the  
water level 

1 means that before visiting the site, a paddler is 
completely unsure of the water level at the site 
5 means that the paddler is positive about the water 
level at the site 

This table describes the rating scales used for the perceived site characteristics for the paddling 
sites. 
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Table 4.5 
Boardman River Paddling Site Characteristics 

Segment Description Current Whitewater 
Quality Parking Crowding Water Quality 

(Pollution) 
Scenic  
Rating 

Predictability 
of Water Level

1 From Mouth to 
Union Street Dam 0.0 3.8 3.8 3.0 1.8 4.6 

2 Boardman Lake 0.0 4.0 3.9 2.9 3.0 4.8 

3 Inlet of Boardman 
Lake to Sabin Dam 0.0 3.1 4.0 4.3 4.8 4.6 

4 Sabin Pond 0.0 3.3 4.4 4.3 4.4 4.6 

5 Keystone Pond & 
Boardman Dam 1.0 3.5 4.1 4.3 3.6 3.5 

6 Inlet of Keystone to 
Brown Bridge Dam 1.6 4.0 3.4 4.0 4.6 4.2 

7 Brown Bridge Pond 0.0 4.3 4.3 4.4 5.0 4.4 

8 
Inlet of Brown 
Bridge Pond to 
Forks 

0.4 4.2 3.2 4.2 4.8 4.2 

9 North Branch 0.0 2.7 4.7 3.7 5.0 4.3 

10 South Branch 0.0 2.7 4.7 3.7 5.0 4.3 

This table shows the site characteristics of Boardman River paddling sites.  These characteristics which 
include the recreators’ perceptions on the current whitewater quality, parking, crowding, water quality, 
scenic rating, and predictability of the river’s water level are important modeling inputs. 

 

4.4 Representative Substitute Paddling Sites for 
the Boardman River 

This section discusses representative paddling substitute sites for 
the Boardman River.  Like the substitute fishing sites, the 
substitute paddling sites need to be within a reasonable distance 
of the Boardman River.  We used information from Trails.com and 
the Michigan Atlas and Gazetteer (DeLorme 2006) to compile a 
list of tentative substitute sites.  The tentative list included the Au 
Sable, the Betsie, the Pine, and the Platte Rivers. 

As part of the questionnaire described above in Section 4.3, we 
included a question about these substitutes and asked 
respondents to rate them in the same way that they rated the 
Boardman.  Additionally, we provided the respondents with an 
opportunity to name other substitute sites and rate them.  The 
responses to the questionnaire identified four potential substitute 
sites for the Boardman. 

Table 4.6 below provides the information on the perceived site 
characteristics for the substitute sites.  It is based on the same 
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rating scales used to describe the Boardman River sites from a 
paddling perspective.   

Additionally, the first column of Table 4.6 contains an estimate of 
the total number of paddling days for the substitute sites.  This 
number is a necessary input for modeling.  We used a similar 
methodology to the top-down approach used in groundtruthing.  
The MDNR provides an estimate of the number of paddling days 
statewide (Cool et al. 2003).  Based on an estimate of the miles of 
navigable river statewide (Lemberg 2004), we can estimate the 
average number of days that a typical river miles supports.  We 
apply that number to the number of river miles for the substitute 
sites.  The results appear in Table 4.6. 

Table 4.6 
Current Conditions of the Representative Substitute Paddling Sites 

Substitute 
Sites 

Number  
of Trips 

Current Whitewater 
Quality Parking Crowding

Water Quality 
(Pollution) 

Scenic  
Rating 

Predictability 
of Water Level

Au Sable 54,000 0.0 3.7 3.7 4.7 4.0 4.5 

Betsie 15,000 0.3 3.7 3.7 4.3 4.3 3.5 

Pine River 11,000 2.0 4.7 3.7 4.7 5.0 4.5 

Platte River 4,000 0.2 3.2 1.8 4.8 4.1 4.8 

This table shows the current conditions of substitute paddling sites.  Current conditions, as used here, 
refer to the site characteristics necessary for the development of the site-calibrated RUM.  Those site 
characteristics include the recreators’ perceptions on the current whitewater quality, parking, crowding, 
water quality, scenic rating, and predictability of the river’s water level. 

 

Under the dam-management alternatives being considered for the 
Boardman River, the quality of the whitewater may change.  
Information about where and how much the whitewater quality 
would change combined with that identified is sufficient to 
estimate the corresponding change in paddling recreation. 

 

 

The representative sites 
for the calibrated RUM are 
the Au Sable, the Betsie, 
the Pine, and the Platte.  
Table 4.6 summarizes their 
current conditions with 
respect to paddling.  
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5. Trail Activities 

The Boardman River enhances the recreation experience for a 
variety of trail activities, including hiking, walking, biking, and 
horseback riding.  Several segments of the Boardman River 
support designated trails, particularly around the impoundments.  
In the segments farther upstream, portions of the Michigan Shore-
to-Shore Riding Trail and the North Country Trail follow the 
Boardman.  This section describes the current conditions of the 
Boardman River with respect to trail activities. 

5.1 Pressure Estimates 

Public pressure estimates for trail activity days along the 
Boardman River are not readily available for most segments.  We 
use a “top down” approach to estimate trail activity pressure.  This 
approach starts with a total number of activity days and then 
allocates these days to sites based on trail miles.  The trails along 
the Boardman River are used not exclusively for hiking, but also 
for biking, walking, and horseback riding.  These latter activities 
can occur on streets and concrete sidewalks in neighborhoods, 
paved roads in rural areas, and on land without any developed 
trails.  We have based our estimate of the number of Boardman 
River trail days on data that primarily reflect day hiking.  There are 
exceptions, especially for Segments 1 and 2, which are detailed 
below.  Generally, we believe that the day hiking activity best 
reflects the type of natural setting offered by the majority of the 
trails along the Boardman River.  Moreover, as discussed below, 
we deliberately adjust hiking days to account for these other trail 
activities.   

As revealed in the other recreation assessments in this report, a 
key component of the “top down” methodology is quantification of 
a physical measure for recreation opportunities.  This assessment 
relies on the number of trail miles along the Boardman River.  This 
information is gleaned from various sources (Traverse Area 
Recreational Trails [TART] 2005; GTCD 2008; NCTA 2008) and is 
presented in Table 5.1.  As shown in the table, there are a number 
of trails around the impoundments.  Additionally, trails along the 
Boardman River include portions of the North Country Trail and 
portions of the Michigan Shore-to-Shore Riding Trail.   

Although Segments 1 and 6b do not host official trails, we include 
the number of river miles as a proxy for trail miles in these 
segments.  We also use this approach to reflect trail miles for 
Segment 10 as the official NCTA trail only includes a small portion 
along the Boardman River.  In the downtown area of Segment 1, 
individuals may enjoy a stroll on the sidewalks along the 
Boardman.  For Segments 6b and 10, more rustic riding or hiking 
activities may occur along the river despite the lack of official trails.  

Trail activities along the 
Boardman River include 
hiking, walking, biking, 
and horseback riding. 

T 
 

 There are more than 55 
miles of trails along the 
Boardman River.  The 
details appear in Table 5.1.  

The trails along the 
Boardman River are used 
for hiking, biking, walking, 
and horseback riding. 
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Thus, our assumption accounts for the likely use in these 
segments.   

Table 5.1 
Trails Along the Boardman River 

Segment 
Number Name of Trail Number of  

Trail Miles Scenic Beauty 

1 None 1.2a 1.8 

2 Boardman Lake TART 2.0 3.0 

3 Fox Den Trail 0.6 4.8 

4 Sabin Pond Trail 
Beaver Pond Trail 

1.5 4.4 

5 Lone Pine Trail 0.8 3.6 

6a Oleson Bridge Trail 
Keystone Rapids Trail 

1.1 4.6 

6b None 6.9 a 4.6 

7 Brown Bridge “Quiet Area” Trails 6.0 b 5.0 

8 Includes portions of the North Country Trail and 
the Michigan Shore-to-Shore Riding Trail  

6.7 4.8 

9 Includes portions of the North Country Trail and 
the Michigan Shore-to-Shore Riding Trail 

19.1 5.0 

10 Includes portions of the North Country Trail  10.0 a 5.0 

TOTAL  55.8  

aThis estimate is based on river miles. 
bThis estimate is calculated from the map on the GTCD website. 
Sources:  GTCD (2008); NCTA (2008); TART (2005). 

This table shows the various trails and their lengths along the Boardman River by segment. 
 

Figure 5.1 provides an overview of the “top down” approach 
employed to estimate pressure of the Boardman River trails.  
There are some variations across the segments, due to likely 
usage differences and to data differences.  The remainder of this 
section describes the details. 
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Figure 5.1:  Top Down Approach for Hiking Days by Residents 
This figure shows the top down methodology used to estimate the number of trail activity days 
that residents spend along the Boardman River. 

We begin our description of the top down approach by focusing on 
the center of Figure 5.1, the methodology we used for Segments 
3–5.  We consider this the base case for the trail activity 
assessment.  Once we describe the methodology we used for 
Segments 3–5, the variations for Segments 1 and 2 and for 
Segments 6–10 are described. 
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For Segments 3–5, we begin by estimating the number of 
residential day hikers in Grand Traverse and Kalkaska Counties 
by applying available information on participation rates from two 
different sources to the county population.  Both Humphries et al. 
(2007) and the NSRE data (Cordell 2008) provide estimates of the 
percentage of Michigan residents participate in day hiking.  Next, 
we apply the number of hiking days in a season taken by the 
average hiker from the NSRE data for Michigan, based on a 
statistical confidence interval around the mean.  Using these data 
gives us a range for the annual number of hiking days for all the 
hikers residing in Grand Traverse and Kalkaska Counties.   

According to Cool et al. (2003), 90 percent of the hiking trips taken 
by Michigan residents occur within their county of residence.  To 
account for some of the trail activities along the Boardman that 
may be biking, walking, or horseback riding, we do not adjust 
downward the number of hiking days taken by county residents.  
These trail activity trips for local residents are 90 percent hiking 
and 10 percent for other activities. 

We next distribute these hiking days across all trails within Grand 
Traverse and Kalkaska Counties.  The County Tourism Profiles 
developed by the Tourism Resource Center at Michigan State 
University (2001a, 2001b) provide the total number of trail miles 
for each county.  Thus, we can estimate the number of hiking days 
for the average trail mile by dividing the total number of hiking 
days for county residents by the number of trail miles in that 
county.  The trail activity days for the Boardman River are 
estimated by multiplying the number of trail miles from Table 5.1 
by the number of trail days for the typical trail mile. 

For Segments 6–10, we use a similar approach, with one 
variation, which is shown on the right side of Figure 5.1 above.  
Specifically, these more rural segments likely have less usage 
than the average trail mile in the county due to lower population 
density.  In addition, there are likely more substitute locations for 
trail activities in the more rural locations.  For these reasons, using 
the average trail pressure for these more remote sections likely 
overestimates actual use.  As Figure 5.1 shows, we adjust the 
hiking days per mile by multiplying by 30 percent to account for 
this.  We then multiply by the number of Boardman River trail 
miles to get pressure estimates for these segments. 

The approach used for Segments 1 and 2 varies because some 
site-specific data are available.  To estimate the level of trail 
activity in Segments 1 and 2, we rely on data from a 2003 MSU 
study on the paved TART system.  MSU estimated the level of 
use for these 10 miles from May through September 2002.  The 
MSU study delineates its results for residents and visitors.  Users 
of the TART include not only day hikers, but runners, joggers, 
walkers, and cyclists as well.  Thus, we explicitly include all types 
of trail use, not just day hiking, for Segments 1 and 2.   

About 90 percent of hiking 
trips taken by Michigan 
residents occurs in their 
county of residence (Cool 
et al. 2003). 

For Segments 1 and 2, we 
apply estimates developed 
by MSU that reflect usage 
of the TART system in 
2003.  

We distribute these hiking 
days across all trails 
within Grand Traverse and 
Kalkaska Counties. 
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Although the MSU study only included trails that are officially part 
of the TART system, we apply the resulting days per trail mile 
estimates to all trail miles in Segments 1 and 2, including those 
not officially part of the TART system.  We believe that for these 
urban areas, the estimates from the MSU study provide a better 
measure of usage than does the “top down” approach. 

MSU conducted the TART study before the completion of the 2-
mile paved trail around Boardman Lake, which opened in 2005 
(TART 2005).  In light of this, we consider two variations in the 
usage estimate for Sections 1 and 2.  First, we assume the 
creation of the Boardman Lake Trail increased usage by the same 
amount per trail mile that the other portions of the TART system 
support.  In the alternative scenario, we assume that the 2005 
addition of the Boardman Lake Trail drew its users away the 
existing TART system.  That is, we assume that the usage 
estimates from the 2003 study reflect the appropriate total usage 
for a season.  This approach results in a lower estimate of days 
per trail mile than does the first approach.  We then multiply by the 
number of trail miles for Segments 1 and 2. 

The results of the top down approach for estimating residential 
usage by segment appear in Table 5.2.  This calculation provides 
an annual estimate of about 72,000 to 154,000 trail activity days 
along the Boardman River by residents of Grand Traverse and 
Kalkaska Counties. 

Table 5.2 also shows the number of visitor days for the Boardman 
River trails.  For Segments 1 and 2, those estimates are based on 
the TART data for visitors, using the methodology described for 
the resident days. 

 

The results of the top 
down approach for 
estimating residential 
usage by segment appear 
in Table 5.2, which also 
shows the number of 
visitor days for the 
Boardman River trails. 
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Table 5.2 
Annual Trail Activity Days on the Boardman River 

Segment  Resident Days Visitor Days 

1 12,000 to 14,000 3,000 to 4,000 

2 20,000 to 24,000 5,000 to 6,500 

3 1,500 to 4,000 500 to 625 

4 4,000 to 11,000 1,000 to 1,250 

5 2,000 to 6,000 700 to 875 

6a 800 to 2,000 300 to 375 

6b 5,000 to 15,000 2,000 to 2,500 

7 4,500 to 13,000 1,500 to 1,875 

8 5,000 to 14,000 2,000 to 2,500 

9 11,500 to 33,000 1,200 to 1,500 

10 6,000 to 18,000 900 to 1,125 

TOTAL 72,300 to 154,000 18,100 to 23,125 

This table shows the estimated number of days of trail activities on the Boardman River 
under current conditions.  The number of resident days ranges from about 72,000 to 
154,000 days per season while the number of visitor days ranges from about 18,000 to 
more than 23,000 days per season. 

 

For the visitor days in the other segments, we use a similar 
methodology as we did for the resident days in these segments.  
The total number of visitor days is gleaned from tourism studies 
(Michigan State University Tourism 2001a and 2001b; Fishkind & 
Associates 2006).  The latter study provides an estimate of 
hiking/biking participation among visitors who visit the Grand 
Traverse area, which unfortunately does not include Kalkaska 
County.  For Kalkaska County, we use the average for the State of 
Michigan.  This calculation provides the trail activity days that 
visitors spend in Grand Traverse and Kalkaska Counties.  We 
divide by the number of trail miles in the county and then multiply 
by the miles of Boardman River trails.  This estimate provides the 
lower range presented in Table 5.2.  Because there are no other 
studies from which to generate a range of estimates, we increase 
the lower bound by 25 percent to get the upper end of the range.  
This methodology reveals that visitors spend about 18,000 to 
23,000 trail activity days along the Boardman River under existing 
conditions. 

We use a similar 
methodology to estimate 
visitor trail days spent 
along the Boardman River.  
Visitors spend about 
18,000 to 23,000 days per 
year enjoying trail 
activities along the 
Boardman. 



Economic and Social Analysis of the Boardman River Dams July 1, 2008 
 

Confidential  Veritas  
 49 Economic Consulting 

5.2 Site Characteristics and Parameters for Trail 
Activities 

No appropriate empirically estimated site-choice model is 
available for trail activities.  The lack of a study remains a data 
gap for this assessment.  Thus, we must develop site 
characteristics and parameters, based on expert judgment, and 
link them to the fishing and paddling model.  For site 
characteristics, we have selected scenic quality and trail miles as 
the relevant site characteristic.  As the paddling model also 
incorporates scenic beauty, we import the scenic beauty 
coefficient from the paddling specification, and apply it to the trail 
activities model.  To estimate the ratio of travel cost to trail miles, 
we rely on expert judgment informed by extensive experience and 
knowledge of travel cost data and estimations.  Upon establishing 
these two inputs, we are able to calibrate the parameters to the 
local situation and link and scale the model to the fishing and 
paddling models previously discussed.  Table 5.3 contains the 
calibrated importance parameters for trail activities. 

Table 5.3 
Coefficients Calibrated to Local Conditions and Scaled to Fishing Model 

Parameter Mean Variance 

Scenic beauty 2.99 0.009085 
Trail miles   

 

The quality of the trail activities model should be considered in the 
context of project objectives.  Unlike the water-based recreational 
activities supported by the Boardman River, trail activities do not 
depend critically on the condition of the river or the aquatic habitat.  
Thus, for changes in the Boardman River’s physical condition that 
arise from changes in dam management strategies, there may be 
no corresponding change in trail activities adjacent to the 
Boardman River.  With the assumption that the existing trails 
remain in place, we might not expect to see a significant change in 
usage for trail activities that directly follows from and uniquely from 
dam removal.  However, the number of these trips remains 
important.  When many trips are already being taken, smaller 
changes to site characteristics can have large impacts. 

 

Whether trail activities will 
be significantly affected 
by physical changes in the 
Boardman River remains 
an open question.  
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6. Recreation Expenditures 

The previous sections of this report have detailed the pressure 
estimates for various recreation activities that occur on or along 
the Boardman River in its current condition.  This section of the 
report provides estimates of the current level of visitor 
expenditures associated with these recreational activities. 
Economists generally agree that economic impacts are limited to 
recreation spending by visitors (Southwick Associates 2007; 
English and Bowker 1996; Moore and Barthlow 1998). 

The discussion of recreation expenditures begins with an overview 
of expenditure impacts in the local economy.  Then we present the 
best information currently available from public data sources on 
recreation expenditures and present estimates of the current 
expenditures for visitors to the Boardman River.  Because virtually 
all camping occurs outside the county of residence MDNR (Cool 
et al. 2003) Boardman River camping pressure estimates are 
developed.  The section concludes by presenting baseline 
calculations and simulation methodologies to evaluate the total 
economic impact following from dam management alternatives.   

6.1 The Impact of Recreational Expenditures on 
the Local Economy 

This section provides an overview of the impact of recreational 
expenditures on the local economy.  These economic impacts are 
distinct from the economic benefits associated with improved 
recreator satisfaction that the preceding sections of this report 
covered.  Rather, economic impact analysis traces the flow of 
increased tourism spending in the local economy, which results 
from a change in the number of recreation visits.  In this 
assessment, alternative dam management scenarios may result in 
changes in the number and types of visits to the Boardman River.  
The economic impact analysis will identify the changes in sales, 
jobs, income, and tax revenues in the local economy that follow 
from the changes in recreation visits to the Boardman River. 

For at least 40 years, economists have studied the economic 
impacts associated with recreation expenditures (Gamble and 
Raphael 1965; Kalter and Lord 1968).  This history provides a 
framework for the analysis:   

• Direct effects are the direct result of increased visitor 
spending.  For example, if a visitor spends $20 at a local 
restaurant after his recreational outing to the Boardman 
River, that $20 represents the direct effect, assuming that 
the restaurant buys everything locally. 

• In some cases, there are leakages from the direct effects.  
In the above example, suppose that the restaurant owner 
buys the restaurant’s food supplies from a wholesaler in a 

This section provides an 
overview of the impact of 
recreational expenditures 
on the local economy, 
presents estimates of 
recreational expenditures 
by visitors to the 
Boardman River, and 
summarizes the proposed 
analysis of economic 
impacts. 

Economic impact analysis 
traces the flow of tourism 
spending through the 
local economy.  It consists 
of direct effects, leakages, 
indirect effects, and 
induced effects.  
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different county.  Thus, some of the original $20 leaks from 
the local economy and is not included as an impact to the 
local economy in the economic impact assessment.  
According to Southwick Associates (2007), most recreation 
equipment expenditures are leakages.  It is for this reason 
that most tourism impact studies limit the analysis to 
expenditures that are unique to a single recreation trip, 
such as food, lodging, and transportation expenses. 

• Indirect effects measure how the original sale gets passed 
along to other sectors of the local economy.  For example, 
suppose that to create a $20 meal, the restaurant owner 
spends $5 buying produce from local farmers. 

• Induced effects refer to the impacts to the local economy 
from the increased wages paid by the directly and 
indirectly affected sectors.  Because the restaurant serves 
more meals, they hire additional wait staff and cooks.  The 
wages paid to the additional staff get spent in the local 
economy on movies, gasoline, and groceries. 

Figure 6.1 provides a stylized example of how additional visitor 
spending ripples through the local economy.  It identifies 
examples of the direct effects, the leakages, the indirect effects, 
and the induced effects. 
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Figure 6.1:  Stylized Example of Economic Impact Analysis for the Boardman River 
This figure shows examples of the direct effects, the leakages, the indirect effects, and the 
induced effects from additional visitor spending. 

 

The stylized example in Figure 6.1 cannot show the additional 
rounds of spending, in the local economy that continue from the 
indirect and induced effects.  Presumably, each round of spending 
gets smaller in terms of the dollar impact, as some portion of each 
additional round of spending leaks out of the local economy.  The 
impact analysis concludes when the trickle down effects become 
too small to measure.   

Economists generally agree that economic impacts are limited to 
recreation spending by visitors (Southwick Associates 2007; 
English and Bowker 1996; Moore and Barthlow 1998).  That is, 
recreational spending by residents is not included in this 
assessment.  The rationale behind this distinction is that local 
spending is transferred from one sector to another in the local 
economy.  If, for example, changes in the Boardman River result 
in increased recreational usage by residents, these residents may 
spend more money on bait, bottled water, and canoe rentals.  
However, it also means that these residents spend less that they 
did at the local movie theater, for example.  Because local 
spending is redistributed through the local economy in this 
manner, it does not represent growth in the local economy.  It is 
for this reason that recreation-related expenditures by residents 
are generally excluded from the economic impact analyses.   

In economic impact 
analyses, recreational 
spending is limited to 
visitor spending.  
Recreational spending by 
local residents is not 
included.  
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6.2 Visitor Spending per Activity Day 

In order to provide an estimate of the current expenditures 
associated with recreational activities that occur on or along the 
Boardman River, we researched the publicly available information 
on recreation expenditures, by activity.  When selecting the 
studies on which we base our estimates of recreational 
expenditures for the Boardman River, we used similar criteria to 
those described in Section 2 above for selecting transfer RUMs.  
We looked for studies that examine similar recreational activities in 
a similar setting when compared to the Boardman River 
opportunities.  We also considered the quality of the data from 
these other studies.  Additionally, we selected more recent studies 
whenever possible.  Although expenditure estimates from more 
dated studies can be inflated to reflect current dollars, this 
procedure cannot reflect changes in spending patterns.  That is, 
the more dated studies may reflect different budget constraints or 
consumer attitudes about recreational spending when compared 
to current budget constraints or attitudes.  Finally, we selected the 
two best studies in order to capture the range of recreational 
spending by visitors.   

Table 6.1 below details the results of our research.  For each of 
the four recreational activities, this table contains estimates of the 
spending per activity day.  In some cases, a range is provided, 
which is explained below on a study-by-study basis.  All estimates 
have been converted to 2007 dollars using a composite created 
from various consumer price indices (CPIs) that best reflect the 
expenditure categories.  For example, if the original study 
provided a breakdown that revealed that one-third of the spending 
went toward on lodging, one-third was spent on gas, and one-third 
was spent in restaurants, we created a composite inflation factor 
weighted to reflect the CPIs for lodging, gasoline, and restaurant 
meals at one-third each. 

Table 6.1 
Sources of Recreational Spending Estimates 

Recreational Activity Dollars Spent Per 
Visitor Day ($2007) Source 

$24.27 USFWS (2008) Fishing 

$23.65 – $74.58 Stynes and White (2006) 

$37.10 Bowker, Bergstrom, and Gill (2004) Paddling 

$96.87 Southwick Associates (2007) 

$48.34 – $65.29 Stynes and White (2006) Camping 

$14.06 Nelson et al. (1995) 

Hiking $18.87 – $72.47 Stynes and White (2006) 

Estimates of per day 
recreational expenditures 
were developed from the 
available literature.  The 
details appear below in 
Table 6.1.  
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$29.23 Southwick Associates (2007) 

This table shows the range of recreational spending per activity day, which we 
identified from the available literature, for each of the four recreation categories. 

 

To estimate the dollars spent per fishing day, we used information 
from the 2006 National Survey of Fishing, Hunting, and Wildlife-
Associated Recreation (USFWS 2008) for the State of Michigan.  
The USFWS survey is conducted every five years and collects 
detailed information on fishing and fishing related expenditures at 
the state level.  The survey is based on a large sample size and 
rigorous data collection protocols, ensuring high-quality data.  The 
information in Table 6.1 from the USFWS survey reflects the 
average trip-related costs (such as lodging, food, and 
transportation) for all fishing days spent in Michigan. 

For fishing expenditures, we also relied on a 2006 study 
conducted by Stynes and White that contains spending profiles for 
visitors to National Forests.  This study is based on a multi-year 
survey of more than 19,000 visitors nationwide.  It provides 
separate spending estimates for local visitors and non-local 
visitors (visitors who originate from a place more than 50 miles 
away).  Although these spending profiles reflect users of National 
Forests throughout the country, including those in Michigan, the 
authors note “that there are no significant regional differences in 
visitor spending” (p. 2).  They indicated that the results are 
sufficiently robust for application to individual sites.  Because 
some of the best trout fishing on the Boardman River occurs in the 
Pere Marquette State Forest, we believe that this study 
appropriately reflects spending by visitor anglers who fish the 
Boardman River.   

A possible drawback of this study is that the spending estimates 
reflect spending per trip, not per activity day.  Some trips are 
single-day trips and the study contains separate estimate for 
single-day trips.  However, the overnight trips are of varying length 
and could reflect multiple days of expenses.  To counter this, we 
use the lowest estimate of spending for an overnight trip, 
assuming that it reflects costs for a single night of lodging and 
meals for a single day.  Thus the range reported in Table 6.1 
reflects both a single day and a single overnight of expenses. 

For the paddling expenditures, we rely on a study conducted by 
Bowker, Bergstrom, and Gill (2004), who estimate expenditures 
for visitors of the water trail at the New River State Park in south 
central Virginia.  The water trail is a 39-mile portion of the river that 
is popular with both canoeists and kayakers.  Like the Boardman 
River, this setting supports additional activities such as camping 
and hiking.  Although we would agree Virginia’s climate is not 
similar to that of northern Lower Michigan, this study was 
designed to explicitly estimate the expenditure impacts from 

For fishing, the spending 
estimates per activity day 
are gleaned from studies 
conducted by the USFWS 
(2008) and Stynes and 
White (2006). 
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visitors to the water trail.  Therefore, we feel it is sufficiently similar 
for use in this analysis.  Because the average trip length is 8 hours 
long, this spending estimate corresponds properly to an activity 
day.  To ensure an appropriate impact on the local economy, the 
spending estimate from this study reflects dollars spent within 15 
miles of the recreation site.  A limitation of this study is that the 
spending results are based on a fairly small sample size of less 
than 100 visitors.20 

The second study on which we relied for paddling expenditures is 
a 2007 study conducted by Southwick Associates.  The data used 
in this study reflect a 2005 survey sponsored by the Outdoor 
Industry Foundation.  The specific spending profile on which we 
rely is based on responses from Wisconsin paddlers.  There are 
two limitations of these data.  The first is that they reflect per trip, 
not per day, expenditures.  The second is that the results are 
based on a small sample size (less than 100 paddlers), which 
prompt the authors of the study to explicitly caution users of the 
results.  Nevertheless, we have included them in this analysis so 
that we might reflect a range of paddling expenditures.  When 
combined with the information from the Bowker, Bergstrom, and 
Gill (2004) study, we believe these spending estimates reflect an 
appropriate range for paddling expenditures based on the best 
data available from public sources.   

With respect to hiking, we use the hiking profile developed by 
Stynes and White (2006) for hikers in national forests.  The 
strengths and the relevance of this study also apply to our hiking 
analysis.  Like fishing, the range reported in Table 6.1 reflects the 
lower end of the “day trip” profile and the lower end of the 
“overnight trip” profile to capture lodging expenditures associated 
with a single-day trip.   

The final study described in Table 6.1 is also one that we have 
used for another activity.  In addition to the spending profile for 
paddlers we discussed above, the Southwick Associates (2007) 
study also includes a spending profile for Wisconsin hikers.  The 
same limitations apply to the spending profile for hiking as well.  
However, because we are combining this information with data 
from the Stynes and White study, we believe that the combination 
of the two studies provides an appropriate range of per activity 
spending for this analysis. 

In terms of camping, one of the studies that we used is the Stynes 
and White (2006) study of National Forests, which we discussed 
with respect to fishing.  The strengths of the study and its 
relevance also apply to camping.  Because camping is, by 
definition, an overnight activity, the study does not include a 
spending profile for “day trips.”  Thus, the range we use reflects 
the low end and the average per trip expenditures.  To the extent 
that the average trip is more than one night in duration, the 

                                                 
20 However, Stynes (undated) notes that spending profiles based on 50 or more visitors are acceptable. 

For a paddling day, the 
spending profile is based 
on studies conducted by 
Bowker, Bergstrom, and 
Gill (2004) and by 
Southwick Associates 
(2007). 

For a hiking day, we 
develop a spending 
estimate based on studies 
by Stynes and White 
(2006) and Southwick 
Associates (2007). 
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average results in an overestimate of spending for a camping 
night.   

The second study on which we rely for camping expenditures is a 
study by Nelson et al. (1995), who study camping in Michigan.  
Specifically, the study looks at campers in state forest 
campgrounds.  Because the vast majority of the camping sites 
along the Boardman River are in state forest campgrounds, we 
believe this similarity outweighs the fact that this study is more 
than 10 years old. 

6.3 Camping 

Site-specific data on the pressure of the Boardman River by 
campers are not readily available.  However, an approximation 
can be developed from publicly available data.   

This assessment focuses on camping that occurs at developed 
campsites.  Primitive camping, where no formal campsites exist, 
may occur near the Boardman River.  Primitive camping is unlikely 
to be substantially affected by the potential changes in dam 
management strategies for the Boardman.  Although limited areas 
used by primitive campers may be affected, we would expect the 
campers to select an area slightly further back from the river, or 
further upstream or downstream.  With this substitution pattern, 
we would not expect any major changes in the numbers of 
primitive campers, their recreation values, or their expenditures. 

The assessment of current conditions begins by identifying the 
number of campsites along the Boardman River by segment.  This 
information is gleaned from various websites (MDNR 2008; 
Michigan Economic Development Corporation [MEDC] 2008) and 
is presented in Table 6.2.  As shown in the table, only segments 8 
and 9 have developed campsites.  With the exception of Ranch 
Rudolph, all of the campgrounds along the Boardman are State 
Forest Campgrounds (SFCs). 

Based on this information, we use data from the MDNR to 
estimate the seasonal occupancy for a typical SFC site.  The 
MDNR provides an estimate of the number of SFC campsites 
throughout the state (Cool et al. 2003).  The MDNR has also 
estimated the number of statewide camping nights at those SFCs 
annually from 2000 through 2006 (Humphries et al. 2007).  
Dividing the number of camping nights at SFCs by the number of 
SFC sites yields the typical number of camping nights that a 
campsite hosts during the season.  Because camping activity 
likely varies from year to year due to weather differences, we use 
the range of seasonal days to estimate the occupancy of a typical 
SFC campsite during the season. 

Studies conducted by 
Stynes and White (2006) 
and Nelson et al. (1995) 
provide information for the 
spending profile for a 
camping night.  

This section describes the 
current conditions of the 
Boardman River regarding 
camping activities.  
Camping nights are the 
focus of discussion. 

There are 149 campsites 
along the Boardman River, 
all within Segments 8 and 
9.  The details appear in 
Table 6.2. 
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Table 6.2 
Camp Sites along the Boardman River 

Segment Number Name of Campground Number of Campsites 

1 None 0 

2 None 0 

3 None 0 

4 None 0 

5 None 0 

6a None 0 

6b None 0 

7 None 0 

Forks SFC 8 

Scheck’s Place SFC 30 

Scheck’s Place Trail Camp (SFC) 50a 

8 

Ranch Rudolph 25 

9 Guerney Lake SFC 36 

10 None 0 

TOTAL  149 
aThis estimate is based on space for 200 individuals. 
Source:  MDNR (2008); MEDC (2008). 

This table shows that the campsites along the Boardman River are in 
Segments 8 and 9. 

 

By applying the occupancy numbers to the number of campsites 
along the Boardman River, we estimate the number of camping 
nights spent along the Boardman River to be approximately 4,100 
to 6,500 per year.  Table 6.3 contains the details by segment. 

According to the MDNR (Cool et al. 2003), virtually all camping 
occurs outside of the county of residence.  Thus, for purposes of 
this assessment, we assume that all Boardman River campers are 
not residents of either Grand Traverse or Kalkaska County.  The 
number of camping nights presented in Table 6.3 will be used in 
the tourism expenditures assessment presented elsewhere. 
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Table 6.3 
Annual Number of Camping Nights Spent Along the Boardman River 

Segment Number TOTAL 

1  0 

2  0 

3  0 

4  0 

5  0 

6a  0 

6b  0 

7  0 

8 3,000 to 5,000 

9 1,000 to 1,500 

10  0 

TOTAL 4,000 to 6,500 

This table shows that the number of annual camping nights spent 
along the Boardman River is between 4,000 and 6,500.  The majority 
of these nights are located in Segment 8. 

 

To check the plausibility of this estimate, we evaluate it against 
other data.  For example, Fishkind et al. (2006) reveal that about 
2.4 percent of the visitors to the Grand Traverse area camp.  
Applying that percentage to the number of visitor nights for both 
Grand Traverse and Kalkaska Counties (MSU Tourism 2001a) 
yields almost 140,000 camping nights per season.  The Boardman 
share of those nights is about 5 percent. 

Additionally, we can calculate the Boardman share of campsites, 
compared to Grand Traverse area overall.  According to MSU 
Tourism (2001a), there are 2,162 campsites in Grand Traverse 
and Kalkaska Counties.  The Boardman’s share is about 7 percent 
of them.  Because the Boardman hosts 5 percent of the nights and 
7 percent of the campsites, which are fairly close to each other, 
we conclude that our estimate of the Boardman River camping 
nights is reasonable. 

 

 

We check the plausibility 
of our estimate using 
available data.  This 
exercise reveals that the 
Boardman River area 
hosts 5 percent of the 
camping nights and 7 
percent of the campsites 
for Grand Traverse and 
Kalkaska Counties 
combined.  
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6.4 Current Recreation Expenditures by Visitors 
to the Boardman River 

The per-day spending estimates contained in Table 6.1 above 
intentionally reflect of the range of expenditures.  After all, 
individual visitors will vary in the amount of their spending, with 
some spending relatively more and others spending relatively 
less.  However, using the full range of potential spending may not 
provide a meaningful benchmark, particularly when it is the 
change in visitor spending, resulting from a change in dam 
management, which is of interest to the BRDC. 

In order to provide a more meaningful benchmark for the BRDC 
and still properly reflect uncertainty in the actual spending by 
visitors to the Boardman River, we developed a Monte Carlo 
analysis of the current level of recreational expenditures.  

Based on the statistical properties of the total expenditures 
distribution, we report the mean expenditures for each recreation 
activity.  These values are displayed in Table 6.4.  The table 
shows that visitors to the Boardman River spend almost $2 million 
per year in the local economy.  More than half of these 
expenditures are associated with trail activities by visitors. 

Table 6.4 
Current Level of Recreational Spending 

by Visitors to the Boardman River 

Activity Recreational Spending 
($/year) 

Fishing $298,200 

Paddling $317,400 

Camping $207,300 

Trail Activities $1,110,300 

TOTAL $1,933,200 

This table shows the amount of visitor spending for each 
recreation activity.  In total, recreational visitors to the 
Boardman River spend almost $2 million per year in the 
local economy. 

 

 

Table 6.4 shows the mean 
expenditures for each 
recreation activity. 
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6.5 Economic Impact Methodology and 
Preliminary Impact Analysis 

Based on the recreation visitor expenditures reported in Table 6.4, 
this section provides a preliminary analysis of the impacts to the 
local economy.  To estimate these impacts, we used a program 
developed by researchers at Michigan State University called the 
Michigan Tourism Spending and Economic Impact Model 
(MITEIM).21  As described above in Section 6.1, this program 
estimates economic impacts to the local economy by tracing the 
flow of the tourism dollars (direct effects) through the local 
economy.  It provides an estimate of the sales, jobs, income, and 
tax revenues that accrue to the local economy from recreational 
visitors to the Boardman River. 

Table 6.5 shows the impact of the Boardman River tourist 
expenditures on the local economy.  This table provides further 
detail on the direct expenditures in terms of the affected sectors of 
the local economy.  Tourism spending accounts for over $1.3 
million in direct sales to the local economy.  Direct sales are less 
than the tourism expenditures due to the leakages from the local 
economy described earlier.  When indirect and induced effects are 
included, the addition to the local economy exceeds $2 million.  
Almost 40 local jobs can be attributed to Boardman River visitors.  
Personal income refers to the portion of direct sales that become 
salaries and wages in the local economy.  The value added 
includes personal incomes, profits and rents.  It is the contribution 
to the local economy, not counting the costs of non-labor inputs.  
Finally, the local tax revenue, associated with Traverse City’s hotel 
tax is approximately $7,000 per year.22 

                                                 
21 Some of these researchers were also involved in the development of IMPLAN (Impact Analysis for Planning).  

MITEIM is based on the same concept and parameters as IMPLAN.  See Propst (undated) for a discussion. We 
selected it for use in this assessment because it is specific to tourism in Michigan.  We believe this program 
provides an impact analysis more tailored to the Boardman River assessment. 

22 To the extent that some visitors stay outside of Traverse City, then this estimate is an overestimate. 

This section provides a 
preliminary analysis of the 
impacts to the local 
economy.  MITEIM 
Program is developed to 
estimate impacts by 
tracing the flow of the 
tourism dollars (direct 
effects) through the local 
economy. 

The impact of the 
Boardman River tourist 
expenditures on the local 
economy is displayed in 
Table 7.3, which provides 
further detail on the direct 
expenditures in terms of 
the affected sectors of the 
local economy. 
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Table 6.5 
Economic Impacts of Visitor Spending 

 Direct Effects 
Sector/ 

Spending Category 
Direct Sales 

($ Thousands) Jobs Personal Income 
($ Thousands) 

Value Added 
($ Thousands) 

Lodging 371 7 121 184 

Camping 21 0 3 6 

Restaurants 409 10 139 194 

Admissions and fees 135 4 47 77 

Local transportation 160 4 91 107 

Retail trade 241 6 123 192 

Wholesale trade 34 0 14 23 

Local production of goods 11 0 1 2 

Total direct effects 1,382 31 538 785 

Indirect and induced 
effects 625 8 225 387 

Total effects $2,007 39 $763 $1,172 

This table shows the impact of Boardman River recreation expenditures on the local economy.  
 

To the extent that changes in the dam management strategies for 
the Boardman River change, we may see changes in the tourist 
expenditures presented in Table 6.5.  Changes in the number or 
types of visitors can be compiled and compared to the results in 
Table 6.5.  The difference between the two expenditures 
represents the impact on the local economy of a potential change 
in the dam management strategy. 
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7. Residential Property Values 

Changes to the dams on the Boardman River may affect property 
values, particularly residential property values.  This section of the 
report describes the current value and key characteristics of 
residential properties in the vicinity of the Boardman River.  It also 
describes the proposed methodology for estimating the potential 
change in residential property values that may occur with various 
dam management scenarios. 

We do not believe that the dollar values of commercial, industrial, 
or publicly owned properties are likely to be affected by changes 
in the management strategy of the dams along the Boardman 
River.  Commercial and industrial properties derive their values for 
their utility in generating an income stream.  Changes in the 
Boardman River are unlikely to affect the income-generating 
ability of the nearby commercial and industrial properties.   

Public lands generate value to society from their public uses, 
which we will capture through the recreation analyses.  We do not 
anticipate that the current uses that of the public lands 
surrounding the Boardman River are likely to change with a 
change in the management strategy of one or more dams.  That 
is, we would still expect these lands to support fishing, paddling, 
camping, and hiking to some extent even if one or more of the 
dams are removed.  While the public lands have an asset value, it 
can only be realized through the sale of the land to a private party.  
Because we do not anticipate that changes in the Boardman River 
will result in the sale of public lands, we do not believe that a 
meaningful change in the public lands’ asset value will occur. 

 

7.1 Current Property Values and Characteristics 

We rely on a geographic information systems (GIS) database 
provided by Grand Traverse County (Cacciaglia 2008) to describe 
the current values and key characteristics of the residential 
properties near the Boardman River.  This GIS database contains 
the current assessed value of residential properties within ½ mile 
of the Boardman River or any of its impoundments.  Additionally, 
the database contains key characteristics of each property that will 
play a role in determining whether and by how much the value of a 
residential parcel may change in response to removal of one or 
more dams along the Boardman River.  For example, the GIS 
database identifies the location of the property and its total 
acreage.23   

                                                 
23 Admittedly, the database from Grand Traverse County does not include residential properties in Kalkaska County.  

However, properties along the Boardman River in Kalkaska County are in Segments 9 and 10, well upstream from 
any of the dams.  Dam removal will not materially affect properties in Kalkaska County. 

Our assessment focuses 
on residential properties 
because their values are 
most likely to be affected 
by a change in one or 
more dams along the 
Boardman River.  The 
values of commercial, 
industrial, and publicly 
owned properties are not 
likely to be affected.  
Moreover, their features 
make them ill-suited for 
inclusion in economic 
models.  

Table 8.1 provides 
information on the current 
characteristics of 
residential properties 
within a ½ mile of the 
Boardman River.  This 
information is based on a 
GIS database provided by 
Grand Traverse County.  
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Table 7.1 summarizes these key features for residential properties 
within ½ mile of the Boardman River or its impoundments, by 
segment.  The information in the tables includes the number of 
residential parcels, the number of parcels with frontage, the total 
number of acres across the parcels, and the total assessed value 
of all of the properties. 

Table 7.1 
Residential Property Near the Boardman River 

Segment Description 

Number of 
Residential 

Parcels 
Within ½ Mile

Total Number 
of Acres 

Total Current 
Assessed Value

($ Millions) 

1 From Mouth to Union Street Dam 1,304 233 $137 

2 Boardman Lake 1,778 403 $130 

3 Inlet of Boardman Lake to Sabin Dam 166 403 $9 

4 Sabin Pond 42 305 $4 

5 Keystone Pond & Boardman Dam 61 504 $5 

6 Inlet of Keystone to Brown Bridge Dam 493 4,759 $40 

7 Brown Bridge Pond 8 276 $1 

8 Inlet of Brown Bridge Pond to Forks 69 576 $5 

9 North Branch N/A — — 

10 South Branch N/A — — 

 TOTAL 3,921 7,459 $331 

This table shows that there are nearly 4,000 residential parcels within a ½ mile of the 
Boardman River.  For these parcels, the total amount of acreage sums to nearly 7,500 and 
their total value is more than $331 million. 

 

7.2 Model of Property Characteristic Values 

To estimate changes in residential property values associated with 
removal of one or more of the dams along the Boardman River, 
we will adapt a statistical model developed by Provencher, 
Sarakinos, and Meyer (2006).  This study investigates the 
differences in value of residential properties near small 
impoundments and free-flowing rivers relative to properties near a 
recently removed impoundment.  The authors conclude that a 
residential property near a free-flowing river is worth more than the 
identical property located near a small impoundment.  They also 
conclude that residential property near a free-flowing river is worth 
more than property near an impoundment removed within the last 
two years.  According to the authors of this study, the values of an 
identical property near an existing impoundment and near a 
recently removed impoundment are not statistically different.  To 
the extent that dam removal results in an expansion of the 
property boundaries resulting in a measurably larger lot size, there 
is a measurable corresponding increase in property values.   
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Consistent with the selection of other economic studies from the 
literature for use in this assessment, we also relied on criteria (see 
Section 2 of this report) when selecting the Provencher, 
Sarakinos, and Meyer (2006) as a transfer study.  One of the most 
important features was that the study contain empirical analysis 
consistent with predicting changes in value that correspond to the 
potential dam removal scenarios for the Boardman River.  The 
Provencher, Sarakinos, and Meyer study does so.   

The Provencher, Sarakinos, and Meyer study also has other 
features that correspond to the Boardman River assessment area.  
For example, the impoundments in this study are relatively small 
in size, ranging from 8 acres to 194 acres.  The sizes of these 
impoundments correspond fairly well to the sizes of the 
impoundments along the Boardman River.  Additionally, the study 
was conducted in a five-county area in southern Wisconsin within 
commuting distance of Madison.  The largest municipality in the 
study has a population of approximately 11,000 residents, slightly 
smaller than the municipality of Traverse City.  The study includes 
several other smaller municipalities, which correspond well to the 
smaller municipalities within Grand Traverse County.  Although 
the average value in the homes included the Wisconsin study 
($112,000) is somewhat less than the value of an average home 
in Grand Traverse County, we can use information on home 
values in this area of Wisconsin and in Grand Traverse County to 
calibrate the results. 

When considering the validity of the Provencher, Sarakinos, and 
Meyer study, one important element of study quality is the type of 
methodology used by the authors.  The study uses hedonic 
analysis as the methodology for their study, which statistically 
decomposes the value of a residential property into its component 
parts.  In this way, the approach identifies the relative contribution 
to a property’s value that can be uniquely attributed to proximity to 
an existing impoundment, to a recently removed impoundment, or 
to a free-flowing river. 

The data underlying the Provencher, Sarakinos, and Meyer study 
are of high quality.  The study is based on a sample of nearly 800 
observations and reflects sales during 1993-2002.  The estimated 
property value corresponds to market prices, not assessed values.  
As such, it represents an economically valid measure of value.  
Thus, the study is sufficiently sound for our purposes. 

Although we report current assessed values, rather than market 
values, above in Table 7.1, we do so for two reasons.  First, the 
GIS database does not include market prices for all properties 
because many properties in the database have not been recently 
sold.  Secondly, the BRDC has expressed an interest in changes 
in property tax revenue collections if property values were to 
change.  Tax collections are based on assessed values.  So we 
present the current assessed values for the convenience of the 
BRDC. 

The proposed model is 
based on a study by 
Provencher, Sarakinos, 
and Meyer (2006), who 
investigate the differences 
in value of residential 
properties near small 
impoundments and free-
flowing rivers relative to 
properties near a recently 
removed impoundment in 
southern Wisconsin.   
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However, we believe that we can use the information in the GIS 
database to calculate correlation or adjustment factors between 
the recent market prices that are included and their corresponding 
assessed values.  This calibration process will allow us to use the 
Provencher, Sarakinos, and Meyer study to predict changes in 
market value for residential properties near the Boardman River.  
Once we have obtained the calibrated model results, we can 
again use the adjustment factors to approximate assessed values 
for properties affected by the removal. 

The Provencher, Sarakinos, and Meyer (2006) study does have a 
few limitations as a transfer study.  The first limitation has to do 
with the temporal aspects of changes in property values 
associated with dam removal scenarios.  The study contains 
sufficient information to estimate a potential change in property 
values within the first two years of dam removal and 20 years after 
removal when the authors classify the river as a free-flowing.  
However, the study does not contain sufficient information to 
address the interim 18 years.  We believe that this data gap can 
be addressed with statistical techniques during the future analysis 
phase.   

A second limitation of the Provencher, Sarakinos, and Meyer 
study is the role of frontage in their analysis.  The underlying data 
provided only a handful of properties that contained frontage near 
recently removed dams.  Due to this data limitation, the authors do 
not find a separate and distinguishable effect for frontage 
properties.  We may be able to provide a range for any value 
impact on frontage lots, using statistical uncertainty techniques 
during the future analysis phase. 

An evaluation of impacts to property values requires knowing the 
disposition of the bottomlands and issues related to riparian 
property rights.  It also requires predictions of changes in frontage 
lot sizes based on changes in hydrology.   

 

The Provencher, 
Sarakinos, and Meyer 
(2006) study does have a 
few limitations as a 
transfer study.  We believe 
that we can address these 
limitations using 
uncertainty analysis and 
statistical techniques 
during the future analysis 
phase. 
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8. Electricity Production  

Three of the Boardman River dams were used for electricity 
production.  It is possible that they could be used for electricity 
again.  This section considers the history and current value of 
electricity production including regulatory actions related to dam 
status (i.e., Federal Energy Regulatory Commission [FERC] vs. 
MDNR) of the Boardman River dams.  

8.1 Current and Historical Electricity Production 

The oldest dam (Boardman Dam) was constructed for the 
Boardman River Electric Light and Power Company in 1894.  All 
three dams were operational until Consumers Power removed 
their electric power generation equipment from the Sabin and 
Boardman dams in 1969.  

In 1978, a Joint Venture between the City of Traverse City and 
Grand Traverse County conducted feasibility study for generating 
electric power at up to five existing dams (including Sabin and 
Boardman).  Following a review of options, the County transferred 
an easement to the City to facilitate the issuance of bonds to pay 
for improvements at the dams.  Although the County owns the 
dams, they lease them to TCL&P for repairing the dams and 
power generation purposes.  

In 1980, TCL&P began operating and maintaining the dams under 
this leasing arrangement.  Before 1987, they had to install a fish 
ladder at Union Street Dam and a trap and transfer/harvest 
fisheries station between the Union Street Dam and the mouth of 
the Boardman River.  Cost of these projects is $1,027,615. 

Between 1987 and 2003 TCL&P generated $4,655,221 of power 
but incurred operating and compliance (FERC) costs of 
$9,697,146 to generate the power and to meet FERC operating 
standards. In 2004 FERC ordered TCL&P to construct additional 
spillway capacity at Brown Bridge dam sufficient to handle a 
Probable Maximum Flood safety scenario.  With an estimated cost 
of over $2 million this rendered operating the dam for 
hydroelectricity uneconomic.  TCL&P gave up its hydroelectric 
license. 

If not being used to generate electricity, the dams fall under the 
regulatory authority of MDEQ (Michigan Department of 
Environmental Quality) rather than FERC.  Under MDEQ rules a 
change in water level might be required at Boardman dam, but the 
spillway is not required at Brown Bridge dam. 

 

 

This section discusses 
the history and current 
value of electricity 
production, including 
regulatory actions related 
to dam status of the 
Boardman River dams. 



Economic and Social Analysis of the Boardman River Dams July 1, 2008 
 

Confidential  Veritas  
 67 Economic Consulting 

8.2 Electricity Cost and Revenue Parameters  

A simple formula involving the hydraulic head, flow rate of the 
water, and a horsepower conversion constant is used to calculate 
the hydropower potential of the Boardman River dams. 

 Power = Head ● Flow ● Constant (64.4 / 550 ● 0.7457) (8.1) 

The constant is formed by taking the weight of water, 64.6 lb/ft3, 
and dividing it by the horsepower constants consisting of 550 ft lbs 
multiplied by 0.7457 kWh, both values are equivalent to the unit of 
1 horsepower. 

The head for Sabin Dam (20 feet), Boardman Dam (41 feet), and 
Brown Bridge Dam (33 feet) were reported in the dam brochure 
from Traverse City Light and Power.  The flow rate of the water is 
available from the U.S. Geological Survey Surface-Water Daily 
statistics for the Boardman River, site #04126970, which is 
located above Brown Bridge Road on the Boardman River at 
latitude 44°39'24", longitude –85°26'12".  The daily flow rate is 
given in cubic feet per second and is the mean value for each day.  
This mean value can be used for each of the 24 hours in a day.  
Current data supported are only from the date September 30, 
2007 and earlier.  If the rate of flow is below 100 CFS, then the 
efficiency of the power produced is reduced, therefore; any hourly 
rate that is below 100 CFS, is not calculated and the rate for that 
hour is zero.  There are usually turbine and generator efficiency 
that will reduce the power output.  They vary from 5–20 percent, 
none was used.   

An important feature of the annual profit function is that while 
hourly quantities of generation are easily identified, hourly prices 
of electricity and RECs going forward through time.  In markets 
that are expected to transition to deregulation, the uncertainty of 
future prices and resultant low availability of consistent price 
estimates further complicates the problem.  

 

A simple formula is 
discussed to calculate the 
hydropower potential of 
the dams. 

While hourly quantities of 
generation are easily 
identified, hourly prices of 
electricity and RECs 
going forward through 
time. 
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9. Summary 

This report has characterized the current conditions of the 
Boardman River in terms of its recreational usage, nearby 
property values, and electricity production.  The assessment 
reflects information that is currently publicly available.  In some 
cases, site-specific data are available, and the assessment 
incorporates them into the analyses.  In other instances, data from 
Michigan, other states, or national data are the best information 
currently available for the assessment.  While the lack of site-
specific data for some components may increase the imprecision 
(or uncertainty) associated with our results, we have explicitly 
specified this uncertainty in the range of estimates that we 
provide.  Table 9.1 summarizes the uncertainty in the various 
components of the recreational assessment. 

Table 9.1 
Uncertainty in Recreational Assessment 

Activity Component Assessment 
of Certainty Source of Uncertainty 

Fishing Total Number of Days 
for Segments 1–8 

High Site-specific estimate developed by MDNR from 
a 2005 creel survey.  May be less precise due to 
year to year variation.  

 Total Number of Days 
for Segments 9–10 

Moderate Extrapolation from MDNR creel survey of other 
Boardman segments.  May be less precise due to 
year to year variation.  The extrapolation 
technique fails to account for potential differences 
in access and angler preferences and may not be 
precise. 

 Allocation of Total Days 
across Segments 

Moderate Allocation methodology assumes that boat trips 
occur in impoundments and that shore trips occur 
on the stream segments.  Equal weighting 
between size/length and quality is assumed and 
may not precisely reflect angler choices. 

 Allocation of Days 
between Residents and 
Visitors 

Moderate Total visitor days based on participation rates for 
fishing and hunting combined.  Allocation 
assumes that visitors select the type of site (lake, 
river, etc.) in the same proportions as residents 
do. 

 Current site 
characteristics for 
Boardman Segments 

High Based on site-specific information collected by 
the MDNR.  Catch rates may be less precise due 
to year to year variation. 

 Current site 
characteristics for 
substitute sites 

High Based on site-specific information collected by 
the MDNR.  Catch rates may be less precise due 
to year to year variation. 

 Days at Substitute Sites High Based on site-specific information collected by 
the MDNR.  May be less precise due to year to 
year variation. 

This report has 
characterized current 
conditions of the 
Boardman River in terms 
of its recreational usage, 
nearby property values, 
and electricity production. 
The lack of site-specific 
data for some 
components may 
increase the imprecision 
(or uncertainty), as 
summarized in Table 9.1. 
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Table 9.1, continued 

Activity Component Assessment 
of Certainty Source of Uncertainty 

Fishing, 
continued 

RUM High Based on a survey of Michigan anglers for all 
types of fishing and a rigorous statistical model.   

 Visitor Spending per 
Day 

Moderate Based in part on recent expenditures by anglers 
throughout Michigan.  Upper end of the range 
reflects national spending patterns by anglers 
fishing in National Forests.  

 Alternative Site 
Characteristics for 
Boardman Segments 

Unknown To be determined in next phase of work 

Paddling Total Number of 
Paddling Days 

Moderate Based on key informant interviews and 
groundtruthing with publicly available information 

 Allocation of Paddling 
Days Across Segments 

Moderate Based on key informant interviews 

 Allocation of Days 
between Residents and 
Visitors 

Low Total visitor days based on participation rates for 
all boating.  Allocation does not consider flat 
water.  Assumes that all streams in county are of 
equal popularity relative to length. 

 Current site 
characteristics for 
Boardman Segments 

Low Based on an informal survey of a small number of 
local paddlers 

 Current site 
characteristics for 
substitute sites 

Low Based on an informal survey of a small number of 
local paddlers 

 Days at Substitute Sites Low Based on an allocation of Michigan total days.  
Does not consider flat water.  Assumes that all 
streams in the state are of equal popularity 
relative to length. 

 RUM Low Reflects preferences of Irish whitewater paddlers 
based on a convenience sampling methodology.  
Does not include length of run or portage 
conditions, which are applicable for the 
Boardman. 

 Visitor Spending per 
Day 

Moderate Based on surveys of paddlers in Virginia and 
Wisconsin.  Similar whitewater experiences. 

 Alternative Site 
Characteristics for 
Boardman Segments 

Unknown To be determined in next phase of work 

Trail Activities Number of Trail Activity 
Days for Segments 1–2 

High Based on data for similar trails in Traverse City.  
May be less precise due to year to year variation. 

 Number of Trail Activity 
Days for Segments 3–
10 

Moderate Based on “top down” approach, which reflects a 
statewide participation rate for day hiking.  
Assumes that trails in the county are of equal 
popularity relative to length.  Estimates are 
complicated by the heterogeneous nature of the 
activity. 
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Table 9.1, continued 

Activity Component Assessment 
of Certainty Source of Uncertainty 

Trail 
Activities, 
continued 

Allocation of Days 
between Residents and 
Visitors for Segments 
1–2 

High Based on data for similar trails in Traverse City, 
which identified visitors and residents separately.  
May be less precise due to year-to-year variation.

 Allocation of Days 
between Residents and 
Visitors for Segments 
3–10 

Low Assumes that trails in the county are of equal 
popularity relative to length.  Estimates are 
complicated by the heterogeneous nature of the 
activity.  Upper end of the range is assumed. 

 RUM Missing There is no existing model in the literature from 
which to develop a site-calibrated RUM. 

 Visitor Spending per 
Day 

Moderate Reflects trail activity spending for residents of 
Wisconsin and users of National Forests. 

Camping Number of Camping 
Nights 

Moderate Reflects occupancy rate for State Forest 
Campgrounds in Michigan.  May be less precise 
due to year to year variation.  

 Allocation of Nights 
between Residents and 
Visitors 

Moderate Based on state-level data, all are assigned to 
visitors.  Some small percentage may be 
residents. 

 RUM Missing There is no existing model in the literature from 
which to develop a site-calibrated RUM. 

 Visitor Spending per 
Night 

Moderate Reflects spending by campers for users of 
National Forests and users of State Forest 
Campgrounds in Michigan.  The latter data 
source is more than 10 years old. 

This table summarizes the primary components of the recreational assessments.  It also includes 
our assessment of the certainty associated with the numerical values of each component and 
potential sources of uncertainty in the data. 

 

For the property value assessment, given the site-specific nature 
of the GIS database, there is minimal uncertainty in the current 
value of residential properties near the Boardman River.  The 
small amount of imprecision reflects a potential lag in the Grand 
Traverse County assessment process relative to changes in 
current values.  In terms of the valuation model, a moderate 
amount of uncertainty in that the Wisconsin model may result in 
some imprecision associated with potential changes in property 
values.  It is however the best model currently available to 
estimate potential changes in property values associated with dam 
removal. 

These assessments could be potentially improved with additional 
site-specific data.  Numerous options are available, ranging from a 
targeted survey of area residents that addresses only one or two 
components to a full-scale survey of both residents and visitors 
based on a scientifically random sample that covers all aspects of 
the assessments.  However, the BRDC should consider the 
relative cost of additional site-specific information relative to its 
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information value.  That is, while the additional site-specific data 
may improve the precision of the current conditions (and 
potentially the alternative conditions under various dam disposition 
alternatives), having more precise information may not change the 
outcomes in terms of the relative attractiveness of the various dam 
disposition alternatives. 

The current conditions assessments were explicitly designed as 
an integral part of an empirical decision-making tool for evaluating 
the trade-offs that arise with various dam disposition alternatives.  
However, the current conditions assessments alone do not 
provide sufficient information on which to base an informed 
decision about the dam alternatives.  The socioeconomic impacts 
associated with alternative outcomes for the Boardman River 
dams will be evaluated by simulating changes in the current 
conditions that arise from various disposition alternatives.  These 
simulations involve estimating potential changes in recreational 
usage, tourism expenditures, property values, and electricity 
production that result changes in one or more of the existing 
dams.  Once the dam disposition alternatives are identified, and 
the corresponding changes in the river characteristics that 
influence recreation, property values, and electricity production 
are estimated for each alternative, it is possible to quantify the 
associated changes in societal welfare for various alternatives, 
providing an empirical basis for decision-making.   

 

Assessments could be 
potentially improved with 
additional site-specific 
data. However, relative 
cost of additional site-
specific information 
relative to its information 
value should be 
considered. 

The socioeconomic 
impacts associated with 
alternative outcomes for 
the dams will be 
evaluated by simulating 
changes in the current 
conditions that arise from 
various disposition 
alternatives.  
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