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ABSTRACT

A Discrete Choice Travel Cost model, based on data collected from a survey
of recreational anglers, was used to estimate the change in recreational fishing
benetits in the Upper Oldman River region of Alberta resulting from the construction
of a dam. The sensitivity of the model to specification, and subjective estimates ot
some of the quality attributes is investigated. The value of time in weltare estimation
is also investigated. Predictions of the distribution of trips to each fishing site betore
and after placement of the dam are shown.

The results show that the model used is usetul for measuring the impact of
public works projects on non-market benetits; however, the model is sensitive to the
variables chosen, and the measurement of quality attributes. The guality attributes
which atfect the choice of site include the potential to catch fish (cateh rate and size
ot tish), access. and the size of the water body. The value of time causes an increase
in degree to the weltare estimation, but does not affect the variables used.

Construction ot the dam and creation of the reservoir reduces the recreational
fishing benetit of the area. The welfare impacts of the decline of recreational fishing
quality range from an annual loss of $96,239.10 to a loss of $30,545.20 depending on
the model specitication, and whether the value of time s included.

The government etforts at mitigating the dam’s etfect by construction of fish
habitat in remaining reaches may improve the weltare of users to levels equal to or
greater than the original benefits. The mitigation etfort, assuming a success rate that
is considered most probable. results in an annual gain in welfare of from $209,499.80
to $22,971.60 depending on the model specitication, and whether the vadue of time

is included.
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CHAPTER 1 INTRODUCTION
L1 The Situation

[n 1985 the Provinee of Alberta announced that o dam would be bailt on the
Oldman River. a water construction: project which would tlood portions ot the
Oldman, Crowsnest and Castle Rivers and create o large reservoir (see Figure 1),
The creation of the reservoir was deemed necessany for reasons of IFTIZAtION wate
supply. municipal water suppiy. and tlood control. However. portions of the tlooded
Pvers.in ther onginal state. were also highly esteemed tor recreational hishing, ind
other recreational activities. The Federal Environmental Review o the project
(FEARO 1992, p.18) states:

The Oldman River and its tributaries. the Castle and Crowsnest Rivers, have

been described as “the blue ribbon trout streams’. Surveys upstream from the

damsite suggest that 60% ot the high quality habitat tor adult brown trout,

62% of the high quality habitat for adult mountain whitetish and 757 o1 the

high quality habitat tor adult rainbow trout in these three nvers was inundated

bv the reservor.

Benetit’Cost Analysis (BCA) has been carried out to examine the merits of the
dam project. BCA s & method of evaluating the relative merits of alternanve public
nvestment projects in order to achieve efficient allocation of resources (Treasury
Board 1976). However. the BCA tor the Oldman Dam did not consider the Joss ol
recreational fishing value.  In order to fully estimate the ginns and losses resalting
trom o project. Howe (1984, puvi) states that:

Water projects have impacts extending beyvond those capable ot

monetary quantification. and environmental. aesthetic, and equity

impacts must be forecast and described it projects are to be designed
and ranked in order of their contribution to human well-being.
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This study was undertaken to determine the etfect of environmental gualiy
chiange on the non-market benefits of recreational fishing in the Upper Oldman Rivey
basin. This as the tirst study that tries 1o measure these non-matket values, The
need tor such o study s outlined in the tollowing statement (Ervthana 1990, poil),

it number of reports have also been prepared with respect to the

etfect of the Dam on fisheries and on vegetation, both in the river

valley and in the river itself. However, the majority of these reports do

not explicitly review the ettects of the dam upon recreational tishing

and recreational uses of riparian vegetation and generally do not

address socie-economic issues, but rather focus upon biophysical

considerations.,

In order to measure changes in opportunities to participate in recreational
activities, non-market estimation procedures are necessary. Non-nirket estimation
techniques try o determine a value tor goods that are not taded i market,
Market goods, tor example, the purchase of tishing tackle or the cost of heenses and
entry tees to parks are not included.  The total value of the trip is assumed o be
greater than the value of market expenditures, as it would include leisure imd other
non-market components ot utility.

Given accurate estimates of benetits and costs, that include recreational
benetits toregone. mitigation may be attempted. The government’s recognition ol the
unportance of the recreational tishing activity is evident from the etforts undertaken
to mitigate the etfects of the dam. Mitigation may be examined tfrom cither a
physical or economic viewpoint, to determine it there has been a net loss of

recreational value in the region. A physical viewpoint would measure if the amount

and quahity ot available sites has changed. This study will also examine the ccononne
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benefits of the proposed mitigation effort.

While this study does not estimate all of the recreation benetits of the area.
it is an important addition to the debate over the value of the dam’s construction.
It may be uselful to show the importance of such estimation for tuture construction,
as well as the value of any mitigation efforts. Similar economic models could be
considered in evajuating the etfects of additional reservoirs in the area, or alternative
reservoirs.  The study will also measure the sensitivity of the model type to model
specification. the values used for subjective quality data, and the value of time to
anglers,

1.2 Background Intormation

1.2.1 Fishing/Recreation in Alberta

Outdoor recreation is an important activity for a large part of the population
of Alberta. As well. the outdoor recreation resources of the province draw a large
number of tourists to the province. The activities involved increase the general well-
being (utility) of the population and are an important part of the economic activity
in the province.

Fishing is a popular recreation activity for Albertans, and given the high
quality of some of the streams, it also attracts tourists from outside the province. The
report on sport fishing in Alberta for 1985, (AFW 1986), states that over 340,000
angling licences were purchased in the province and the total population of anglers

exceeded 430,000'. Non-resident license sales exceeded 12,000, with approximately

"Licenses are not required for anglers under 16, or over 65 years of age.
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half being to non-Canadians. Approximately 5.4 million anglers days were spent in
Alberta and over $139 million was spent on fishing related activities. The rivers and
streams that originate in the eastern slopes of the Rocky Mountains, especially close
to their headwaters, are important trout tisheries for the province. This is due both
to the quality of the trout fishing, and the aesthetic value of mountain tishing,

1.2.2 The Oldman River Dam

The Oldman River Dam was constructed on the Oldman River, downstream
of the confluences with the Crowsnest and Castle River, approximately 15 kilometers
north-cast of the town of Pincher Creek. The dam will store spring run-off and
supply a constant flow of water during the summer months for irrigation and
municipal uses downstream. At the full reservoir supply level (I'SL), the dam will
cause flooding of 21.9 km of the Oldman River, 9.1 km of the Crowsnest River. and
12.8 kim of the Castle River. The total area of the reservoir at FSL will be 2420
hectares.

1.2.3 Environmental Quality Changes

The most direct and obvious eftect of the dam is the tlooding of 43.8 km ot
rivers in the area. This means a complete loss of recreational fishing value for this
portion of the region. As FEARO (1992, p.18) suggested: The rESCIvOIr is not
expected to be very productive of game fishes ... Thus, the reservoir will not be a

substitute site tor fishing in the near future. If the loss of the tlooded reaches is scen
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as critical to vsers, some anglers will choose to not fish.”

The portions of the three rivers not flooded (above FSL) are assumed in this
study to be unatfected by the dam. This assumption is not necessarily accurate. as
the tluctuating levels of the dam will affect upstream tlows to some extent, and the
ceosvstem, in some seasons.  There are other potential effects on fisheries. both
above and below the dam, (FEARO 1992, p.18):

The dam blocks all upstream and most downstream fish migration. Species
that undertake seasonal migrations past the dam site include rainbow trout,
bull trout. and mountain whitefish. The blockage created by the dam will be
most critical for rainbow trout and bull trout since the populations of these
species downstream from the dam site appear to spawn upstream from the
dam site.

“This effect would be greatest in the Crowsnest River, the site of spawning tor
many species (Beak Assoc. 1986).  Downstream effects will be outside the
geographical area of this study.

1.2.4 Mitigation Eftects

The Alberta government has been working to mitigate the effects of the dam
on recreational fishing through the construction of mitigation structures in the
remaining areas of the three rivers atfected by the dam (FEARO 1992, p.18):

Inundation of productive riverine habitat for sport fishes and changes in the

riverine habitat for fishes downstream of the dam are acknowledged

consequences of the Oldman River Dam project. In recognition of this the
proponent has implemented and is designing programs to mitigate or

compensate tor anticipated losses in recreational fishery resources.

The stated goal of the mitigation is "no net loss of recreational tisheries opportunity”

“For the purposes of this study. "not fish" includes both literally not tishing, and
choosing a new site outside of the study area.
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(Dominion Ecological Consultants, 1988). No net loss is defined in this report as
"the replacement above full reservoir level of the high quality riverine fishery habitat
which will be lost to flooding but also including the mitigation of impacts on
downstream fish populations”.

The type of structures are outlined in reports by R.L.L. Consultants (1991)
and Dominion Ecological Consultants (1988). The plans rely upon an attempt 1o
enhance the physical habitat to increase the carrying capacity of the streams, inthe
hope that this will increase the populations of fish available tor the anglers.
Structures have currently been built on the upstream portions ot the three rivers
atfected. with the potential for added construction in the future. No structures are
anticipated on other watercourses in the area.

The reservoir itself is generally considered to be of little potential value as
fishery, however it may act as a wintering habitat for fish (Erythana, 1991).

The method used in this study to estimate the future (post-dam) fishing
potential of the remaining reaches is based upon the amount of habitat affected
considering the actual physical changes that have occurred. The habitat types that
are deemed high quality for adult trout species, either flooded or built, were used as
a proxy for these physical changes.

1.3 Study Plan

The second chapter of the study provides background information on the

modelling eftorts possible tor non-market valuation of recreation. A detailed

description of the discrete choice model follows. The theory of welfare estimation
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using this method is discussed, along with applications suited to public works projects.

In the third chapter, the source of the data used is described. A discussion

of some of the problems associated with the data is included. The data used for

estimation are described. The environmental quality changes caused by the dam are
ontlined.  Caleulation of habitat change and the study population are detailed.

The fourth chapter contains the resulting models generated. Benetit

caleulations. and a description of the sensitivity estimations are then shown. These

are further discussed in chapter five, along with the conclusions.



CHAPTER 2 RECREATIONAL DEMAND THEORY

2.1 Benetit Measurement and Recreational Demand Models

An emerging issue in the management of natural resources is the
measurement of the benefits of services that resources provide. An important step
in this measurement process is the estimation of demand tor the various services.
One resource that is typically not priced and is consequently under-valued in the
decision-making process is wildlife resources (e.g. Phillips 1983). One of the more
highly profiled services that the wildlife resource provides is recreational fishing. This
has been one of the most popular activities used in the resource cconomies literature
to investigate various demand models with a point to developing valuation
methodologies (e.g. Bockstael et al 1989, Wilman 1987, 1989).

2.1.1 Direct versus Indirect Methods

The main ()hjcctiQC of non-market valuation is to derive a4 money based
measure of the impact of changes in the quality or quantity of a good or service
which is not typically priced in a market. There are two main approaches to
valuation, the direct (or survey) approach and the mdirect (or interentiad) approach.
The indirect approach is the method which is most comtortable to economists.
Almost all traditional economic analysis employs information on actual behaviour and
attempts to construct models which represent (or could generate) this behaviour.
Interpolation or extrapolation of this model can be used to estimate the monetary
impact of changes in quantity or quality. The direct approach involves "conversation”

(Smith 1990) with individuals in an attempt to reveal their "values" tor the non-



market good or service,

Contingent Valuation (CV) is the most popular of the direct techniques. The
term contingent valuation arises trom the fact that the valuation of the good s
contingent on the assumption of a market for the good. CV in its simplest form is
a deseription of the situation (a fishing day) and a question of the form "what would
vou be willing to pay for a day of fishing, over and above all other expenses you
nneht ineur”. Problems encountered with the use of CV center upon the existence
ot biases claimed 1o be inherent in the technique.  This debate over bias is well
documented in Mitchell and Carson (1989). The current study is based upon a
survey which did not ask CV type questions. The following sections review the
indirect methods of non-market valuation.

2.1.2 The Travel Cost Method

One popular approach to estimating recreation demand is the Travel Cost
Mcthod (TCM). This method was first proposed in 1947 by Harold Hotelling in a
letter to the U.S. National Park Service which was interested in measuring benetits
provided by park recreation sites.  Since that time extensive research has been
conducted on this and other methods, and the TCM has emerged as one of the more
robust approaches to modelling recreation demand (S:uith 1988).

The TCM uses the costs incurred by a recreationist in accessing a particular
site as a proxy for the market price of that recreation. In its earliest formulations
(e, Clawson 1939), TCM involved establishing zones of origin relative to the

recreation site. and the demand for site based recreation was derived by regressing
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the number of trips per capita in each zone against travel costs per trip. More
sophisticated forms of this regional TCM involved the incorporation ot variables
describing zone characteristics, site characteristics, and a measure of the costs and
quality of substitute sites (e.g. Donnelly et al. 1985).

Further investigation of the simpler TCM models highlighted a number of
serious issues.  These are: the question of consistency with an underlying unlity
function when estimating economic benefits. the opportunity cost of travel e, the
ad hoc nature of establishing the zones of origin®, the role of substitute sites, and the
effects of site quality changes and the deletion or addition of sites o the
recreationist’s choice set (Smith 1988).  One of the major disadvantages ot the
standard TCM is that it cannot be used to value quality changes (Adamowicz 1991).
Because of these issues, effort in the recent literature has been directed towards
alternate forms of the standard TCM. The eftect of substitutes and quality chinges,
in particular. have generated considerable interest due to heightened awareness of
the general public to deterioration in the quality of the environment.

One proposed TCM model which attempts to incorporate site and quality
varables is the Generalized TCM (Smith and Desvouges 1986). This is a two stage
maodel that utilizes cross sectional data. The first stage estimates separate travel cost
functions tor a number of sites. The second stage involves estimating i systematic

quality parameter using the coetticients from the travel cost functions regressed on

‘In fact using a zonal TCM implies a zonal utility function, or in other words o
utility function that represents every member living in that zone.
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the established site quality measures.  However, this model does not consider site
substitution ettects. This is the result of using cross sectional data; it assumes that
a recreationist will not reallocate his/her trips to other sites after a quality change at
one site, but that he/she will simply change the number of trips taken to the attected
site.

2.1.3 The Hedonic Travel Cost Method

Another torm of the TCM which focuses on the characteristics of recreation
sites rather than on the site itself is the hedonic TCM (Brown and Mendelsohn 1984).
The hedonic TCM develops implicit prices of quality attributes related to site
haracteristics in a two stage regression procedure. The theory used here is that
recreationists will travel farther for better quality attributes and hence will be willing
to paty more to travel. However, although this method incorporates site substitution
due to quality changes. negative prices can be observed (e.g. Smith and Kaoru 1987).
This results trom the assumed positive or increasing relationship between costs and
quality attributes.  Tay (unpubl.) also outlines a problem in that the estimated
demand functions are associated with attributes and not directly with the recreation
sites themselves. Thus it is not clear how to assess changes in quality at any one
specitic site, and how this affects demand across available sites.

2.1.4 The Discrete Choice or Random Utility Model

Recently., discrete choice modelling has been applied to behaviour related to
recreation services provided by natural resources like fish and wildlife (e.g. Carson

et al. 1989, or Feenberg and Mills 1980). Discrete choice models are based upon
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research reported in the transportation literature (Domencich and McFadden 1975
Ben-Akiva and Lerman 1985), These models, also called random utility. models
(RUM), are usetul for investigating situations where consumers face a discrete vather
than a continuous et of choices. Because of this property, the models have been
used to investigat: the choice of specific sites related to recreation, and have been
incorporated into the broader category of travel cost models.

R:nden utitiny models have the advantage of being established within o utility
maximizing framework. In this framework a recreationist selects asite that vields the
highest utility based upon the characteristics of the choice of sites available,
However, since RUM's focus on discrete sites, they can explicitly model the
substitution of alternate sites. In addition, these models can treat entry and exit from
the recreaiional activity due to changes in site quality. These "corner solutions” (zero
visits to some sites) cannot be handled easily in traditional TCM maodels. The most
popular RUM used in modelling recreation choices is the multinomial logit model
(Stynes and Peterson 1984).

Recreational fishing is amenable to discrete choice modelling due to the
discrete nature of tishing sites, the fact that anglers must purchase licenses which
makes them an identifiable group, and the availability of most ot the necessary
intormation on the site qualities in the province.

The best procedure for the estimation of the non-market benetits for this study
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wirs deemed to be i Discrete ( Random Utility Model®. This model works well
o multiple site situation, with the attributes of the site known. Ideally. it should be
the perceptions ol these attributes by the participants that is used. but this would
mvolve a far greater data collection effort.

2.2 Deseription of Discrete Choice Models®

The level of utility (satistaction) of the recreationist (angler). V. is detined as

o tunction ot the attributes of the alternative fishing sites, Q. as in

v. Vg, (1)

in

where Qs o vector ot attribute values for site i as viewed by recreationist n. The
set ot avanlable recreation sites is denoted by C. An individual recreationist’s choice
set Comay include all the sites in C or only a subset of these sites”. Site i will be

chosen by the recreationist only if

!

V> V. forall j =i; ijeC, (2)

Unlity in this model is modelled as a random variable, and the observed
iconsistencies  in choice behaviour are assumed to result trom observational

deticiencies on the part ot the researcher (McFadden 1981, Smith 1989). More

"I'he Discrete Choice Model is also called the Multi-Nomial Logit by some
authors. This use is most often applied when the Discrete Choice Model includes
socio-economic attribute data,

“Thus section is paraphrased from Coyne and Adamowicz, 1992

“In this study. the individual's choice set is assumed to include all the sites in C.
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specitically, the random utility of recreationist n selecting any | recreation site can be
expressed as the sum of observable and un-observable components ot the ol

utilities.  In other words

(})

where v, is the systematic or observable component of the utility ot choosing site 1,

and ¢, is the random component reterred to as the stochastic disturbance. The

probability that site 1 will be chosen (g (7)) s equal to the probability that the
) n !

utility of choosing site i. V. is greater than or equal to the utihties of choosing all

other sites in the choice set or

n () = Priv, +e,2v, +~e. VjeC) -h

n m mn

The utility tunction was specified as a linear function ot the site attnbutes, or

\‘m = Bl M Bme.‘ - B.‘me.?"" * lemk’ ()

where the x,, are measures of site quality, and the B's are unknown parameters.

The multi-nomial logit model arises from the assumption _hat the disturbances.

e . are distributed as type | extreme values (Maddala 1983, Stynes and Peterson

t984). In this case. (n, (i) is determined by
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r gy - X7 for jeC, (0)
Z (-xpv"'
¢

I'he statements of site-choice probabilities are used to derive a likelihood function
that is maximized to yield parameter estimates (Ben-Akiva and Lerman 1985:118-
121). These e the parameters of the indirect utility tunction V.

2.3 Maodel Esumation

The maodel is estimated using Maximuim Likelihood techniques.  Brietly, the

kclihood function outlined by Ben-Akiva and Lerman (1985) is:

N N Y
L -1 Nr @
nl |'(‘" n() (7)

Where Y, =11 1t the individual n chose i, 0 otherwise }.

When the torm is linear in parameters then:

e BX,,
n,‘(i) = - - ( 8)

¥ e
»('n

!

Fhe maximuam hikelthood estimation technique tinds the vector 8 such that the
logarithm ot 1. 18 maximized. Ben-Akiva and Lerman (1985) cite McFadden
(1974) as showing that In(L") is concave, so that a unique maximum potentially

casts. Using maximum likelihood estimation vields an estimate of 8 that is



consistent, asymptotically normal, and asymptotically etticient.

The maximum likelihood estimate of 8 is usetul in that theoretically it
implies that the sum of all the choice probabilities tor alternative i (summed over
all individuals in the sample) equals the actual number in the sample that chose .
This will prove usetul below when the ability of the model to accurately predict

site choice is investigated. This property can be depicted as follows:

N
Yy, =Y n0 (9)
n-1

2.4 Nested Discrete Choice Models

There is a known problem with the use of discrete choice models that
relates to the distribution of the error terms, which are assumed by the moded 1o
he Weibull distributed. A test tor this assumption, Independence trom lrrelevant
Alternatives (1TA), is well documented. [If 1IA is a problem, one solution is the
use of a4 nested model. In a nested model, the choice of a site is deemed to tollow
a sequential process. For example, the angler would first decide the type ot
fishing to undertake, or the species of fish sought, and then the actual site iy
chosen. The choice set for each level of the sequence of decisions is ettectively
smaller. and better differentiated. However, this also imposes a much stricter
behavioral assumption on the respondents. Nested models can overcome the 1A
assumpticn, but they are more complex and require the development of a

hierarchial nesting scheme. These schemes can be difficult to derive and can
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mvolve significant knowledge of the choice set. It is a point of debate in the
literature which is more problematic, the behavioral assumption of a nested
model, or the breaking of the 1A assumption. For simplicity, we have chosen a
non-nested model.

2.5 Weltare Theory
The parameters of the indirect utility function are used to calculate the welfare
measures.  Initial research on welfare measures in discrete choice models was
carricd out by Small and Rosen (1981). Hanemann (1982, 1984) has since
extended this analysis. If the multi-nomial logit form of the random utility model
is chosen, the formula for the welfare impact (Compensating Variation or CVota
quality change is (suppressing the subscript n on V)

cv - - l{ln(z exp(Vy)) - In(} exp(V, )} (10)
Bk ieC, ieC,

where u is the marginal utility of income, Vg is the level of utility in the initial
state (or quality level) and Vs the level of utility in the subsequent state.
Hanemann ( 1982) shows that the value for p is equal to -1 times the B coefficient

on the travel cost parameter. In the indirect utility tormula:

V. - a +B(Y - TC) + yQ (11)

where TC, is the travel cost to any site i, Y is income, Q is quality, and @ and 3



are paraimneters,

LIS
dY

Thus, the marginal utility of income is



CYHAPTER 3 THE DATA SET

3.1 Data Collection/Survey Design

The data for this model were obtained from a mail survey conducted jointly
by the University of Alberta and the Alberta Fish and Wildlite Division, Alberta
I ands and Forests, (hereatter called AFW). The survey concerned the 1990
fishing season. and was conducted during the winter of 1990/91. A copy of the
survey is included as Appendix A. The purpose of the survey was to examine in
detail the characteristics of anglers and angling site choices in the Southern region
of Alberta. This information helps define the demand for fishing epportunities,
and the attitudes and values of recreational anglers.

A portion of the survey asked about the quality attributes that were
important for selection of a fishing site in general, and the same criteria tor the
respondent’s favourite fishing site. Information on aspects of a typical fishing trip
(fishing method. transportation, use of catch and release etc.) was requested. An
important section for this study was a detailed diary for up to 15 fishing trips
during the season. The diary included, among other things, the site of the trip, the
darte. fishing success, and the species of tish sought. A final section requested
socio-economic information on the respondent (residence, age, income, and
occupation).  For details of the survey, and methodology, see Adamowicz et al
(1992).

The population for the survey was obtained from the fishing licences sold in

the province for the 1990 fishing season. The survey concentrated on fishing in all
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of southern Alberta (Fish Management Areas 1 & 2), and included a list of 77 of
the most important sites.

For the purposes of the survey, an attempt was made to cover as close as
possible, within budgetary constraints, the entire population that could potentially
fish in the southern region. As such, it was assumed that 60% of the potential
fishing population live in the region, another 20% live in the area between the
southern region north to Calgary. and another 15% live in the area from Calgary
to Leduc, as suggested by officials of AFW. These assumptions were veritied by
separate tests,

A total of 62,783 licences were issued by the province within these
geographic boundaries. A random sampling method was used to obtain a sample
size of 5,000. Of this 5,000, there were 2,115 responses and 992 of these indicated
trom the trip diary that they had fished in the southern region. This study involves
a sub-set of that data, for trips to 19 designated sites in the Upper Oldman region
(see Table 3.1 and Figure 2). The sub-set that includes those fishing in the Upper
Oldman areua has 236 respondents with complete questionnaires.

The responses from the questionnaire were entered into an SPSS
(Statistical Package tor the Social Sciences) format data set, using the MTS
terminal system of the University of Alberta.

The data set from the total survey was reduced to information relevant to
the Upper Oldman River basin area of southern Alberta. This was achieved by

selecting (using SPSS) only those respondents who, through the trip diary,
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indicated that they had made at least one trip to the 19 sites in the area during
the 1990 fishing season.  As well, certain of the respondents indicated trips to the
Crowsnest and Oldman rivers, without specification of which portion of the rivers
wis visited. These trips were proportionally allocated to the appropriate
segments. The data on these cases were then written to ASCII files, based on
trips taken. This resulted, after cleaning of the data for non-response to any
question, in a sample of 236 individuals, and 737 trips.

3.2 Site Quality Information

The ASCII data contained information on the residence (hometown) of the
angler. Distances from the residence to the tishing site were determined by use of
o measuring wheel on 1:250000 scale maps of the region. These distances were

then converted to an ASCIHI file for use as a variable in the model.



in the Study Area

2 Fishing Sites

Figure



Site
Number

10
17
IS

19

Table 3.1 Locations Used as Fishing Sites

legal

Description

32:10-3-W5

23:13-4-W5

7:11-3-W5S

23:10-4-W5

35:7-1-WS

7:8-5-W5
22:8-5-W5

9:8-4-WS5

30:7-3-WS

10:7-3-W5

28:7-1-WS

12:6-4-W5
13:6-3-W3
11:5-3-W5
28:4-3-WS

20:4-3-W5

Site Name/Commentary

Upper Oldman NW Branch;

campsite on Hwy 517

Livingstone River;

campsite at Beaver Creek

Dutch Creek; campground near junction with
Oldman River

Racehorse Creek;

Campsite on Hwy 940

Oldman River, Hwy 22 bridge to Peigan
Reserve; crossing on Hwy 510

Crowsnest Lake; campground

Allison (Chinook) Lake: artificial lake on
Chinook Creek '
Crowsnest River - Headwaters to Blairmore. at
Coleman

Crowsnest River - Blairmore to Passberg
Bridge, at Frank Lake

Crowsnest River - Passberg Bridge to
Lundbiook Falls; midpoint

Crowsnest River - Lundbrook Falls to mouth:
midpoint

Burmis Lake; at Burmis

Castle River; campground

near Pincher Creek

Lynx Creek; near Carbondale River

(Cherry Hill)

Carbondale River; Provincial campground

West Castle River; where road ends
Beavermines Lake

Barnaby (Southtork) Lake: Barnaby ridge on
Southfork mountain

South Castle River; junction with Grizzly Creek
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The Lethbridge Regional Office of Alberta Fish and Wildlite completed a
table of values tor 40 quality attributes deemed likely to be important in the
selection of a fishing site (see Appendix B). These 40 were chosen based on the
responses to the survey. The survey categories were sub-divided to provide a
more detailed list. Some of the survey categories would be ditticult to rate sinee
they are highly subjective, for example, scenic quality. For this reason, proxies
were attempted which related to known physical features. For most of the
qualities, the estimates are objective, and assumed to be known by anglers. This
includes information on parking, campsites etc. These variables can be easily
measured. Several of the qualities require estimates with some degree ol
subjectivity. Of particular importance are catch rate and size of fish caught. The
values listed for these variables are based upon creel surveys, and knowledge of
the areas, but are subject to interpretation.

A second set of fish catch and fish size measures” was determined in
consultation with J. O'Neil® of R.L.L. Environmental Consultants Ltd of
Edmonton. These estimates are based on Mr. O’Neil’s work in measuring fish
populations in the affected streams since 1985, and a creel survey undertaken in

portions of the study area in 1990 (Hildebrand and O’Neil 1992).

7 To compare these two sets of estimates, see Tables 3 & 4.

8]. O’Neil is a biologist with R.L.& L. Consultants, the company which has done
the fish populatior studies for the study area. Mr. O'Neil graciously provided
information that allowed me to devise my method of estimating the change in catch
rate. based on his expertise.
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Mr. O'Neil also assisted is estimating the probable catch rates and size
caught for sites atfected by the dam. The "educated guess” is based on what the
populations of tish are likely to be after stabilization of the ecosystem.

3.3 Effect of Dam on Site Quality Attributes

There are two major effects of the dam on site quality attributes. The first
is the shortening of the length of the reach of the three rivers affected. The
change in the variable for length of stream is directly measurable for the sites
attected. The second is the potential eftect on catch rates in the remaining
sections of these three rivers. The mitigation work undertaken by the province iy
an attempt to counter-uact these eftects. The success of this effort is not known at
this time.  In part. this is because the building is incomplete. As well, it takes time
for the ecosvstem to stabilize after construction (R.L.L. 1991). The filling of the
reservoir has been "pushing” fishing from the tlooded reaches into the remaining
stretches of river. The temperature regimes will be changed, and the productivity
I8 not cc‘rtuin.

The method used to estimate the future (post-dam) fishing potential of the
sites used tor this study is to tally the amount of habitat aftected, that s, the
actual physical changes that have occurred. The habitat types that are deemed
high quality for aduit trout species. either flooded or built, were used as a basis for
these physical changes. From work carried out before construction of the dam
(R.L.L. 19806) the amount of habitat for adult trout was measured, in square

meters. tor the three rivers atfected (Crowsnest. Oldman, and Castle). The



habitat in areas tlooded is deemed lost. Habitat constructed through the
mitigation structures was added to the site. A linear relation was assumed
between habitat available and fish catch. Thus, the estimated tuture catch rates
depend solely on the change in habitat, and it is possible to estimate tuture cateh
rates by estimating the success of the structures in attracting fish (eg 100 ¢, T3¢
etc.). O’Neil (personal communication) suggests 75% is probably the best guess of
the success of the structures. White, in a report for Trout Unlimited (White

1991), has a much lower opinion of the mitigation work. An upper limit was
placed on the estimate, that corresponds to what AFW rates as a first class catch
rate.

A sensitivity analysis on levels of success was performed to account for
doubts that some may have in the mitigation structures, and because the linearity
between catch rate and habitat available may not be realistic.

The rates for Alberta Forest Service campgrounds have been raised in the
interval since the dam was constructed. However, this basically results in a
uniform increase in fees for all sites. As well, the environmental change under
discussion is the presence of the dam, and any mitigation etforts to counter-act the
foss of some sites. For that reason, the price increases in campgrounds have not
been used in the welfare estimates ot this study.

3.4 Calculation of Habitat Changes
For the purposes of calculating future catch rates, the amount ot habitat

available or potentially available for adult trout at affected sites was used. The



change in habitat was multiplied by the original catch rate, giving an estimate of
the post-dam cateh rate. The specitic habitat used for the calculation was type

R1/BG and R2/BG.
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3.5 Caleulation ot Populations of Anglers

In order 1o undertake the weltfare measures outlined in the next chapter,
the total population represented by the study sample needed to be extrapolated.

For the survey as a whole, the number of anglers per city was available, as
wirs the percent share of respondents from each city (Adamowicz et al, 1992).

For example, in the survey, 827 of the 2,115 respondents (39.1%) lived in Calgary.
(see Table C-2. Appendix C for a table of this and the following calculation). The
totial number of fishing licenses sold in the province, that were within the
designated population area of the survey, tor 1990 was 62,783, This total,
multiplicd by the percent share. gives the number of anglers trom each city in the
total population: tor Calgary this was 24,549,

The data available tor the sample provided information of the residence of
cach angler in the sumpic. and the number of trips undertaken tfrom each
hometown could be computed. Using the number of anglers trom each city or
town, the percent share of that city among the 236 separate anglers visiting the
region was caleulated. The number of trips per city divided by the number of
anglers per city was  used to determine the average number of trips per angler tor
that citv. (see Appendix C. Table C-1).

The total population trom each city was then multiplied by the percent
share of visits to the Oldman Region, to obtain the total number of anglers from
cach city that visited the region. (Appendix C, Table C-2, column 5). To continue

the example, tor Calgary, this value was 2,434, This number was multiplied by the
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averiage tps per city to the region to obtain a value for the total trips per city o

the region.
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CHAPTER 4 MODEL DEVELOPMENT, ESTIMATION, AND RESULTS

4.1 Madel Development

The survey, and the quality attributes provided by AFW, resulted in a large
number of potential variables for model estimation, too many to be used initially.
T'his is a common problem in models of this type (Leamer 1978). The process of
sclecting certain variables tor inclusion depends upon either a prior beliets, or a
process of trial and error. It a priori beliefs are used, the final product is a model
consistent with these beliets, which fits the data fairly well (Ortuzar 1983). Trial
and error also results in a model which fits the data, but which may or may not be
consistent with beliefs. There is concern that the trial and error approach, while
allowing "learning” trom the data, reflects relations that happen to exist in the
sample, rather than true behavioral relations (Train 1979). A combination of the
two seems to work best (Train 1979). The approach used here is a comhination
ol a priori beliefs, and trial and error. A limited number of variables, based on
prior knowledge. were initially used, and then other variables, and combinations of
variables, were tested.

The variables that were selected initially for model estimation were based
an prior knowledge of the criteria used by anglers for site selection. Distance to
the site was chosen both because it was thought to be important, and the fact that
this type of model cannot measure benefits without travel costs, which are
determined from distance to the site from home. The section of the survey

questionnaire that asked what attributes were important in the selection of a
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fishing site was also used as a source of information. A creel survey ot portions of
the study area (Hildebrand and O’Neil 1992). received after estimation had
started, confirmed the importance of these variables. As well, in Alberta
Environment (1992), similar variables were found to be important in a study of
recreational fishing in the Highwood River region.

The four most importart attributes, according to the survey, were scenic
value, water quality, privacy, «..d a chance to catch fish. A variable for scenic
value was not obtained, as it is highly subjective. Proxies were attempted, such as
trees around the site.  Water quality was highly rated by anglers, and is important
for fish populations. All of the sites in the study area had high water quality,
especially in refation to other watercourses outside of the area. The creation of o
variable for privacy proved to be very difficult. A congestion value was previded
by the AFW staff, but congestion can be difficult 10 include in a model that is
based on visits, since as visits increase, so does congestion. Certain combinations
of attributes were attempted.  Using the assumption that privacy may be related
to a lack of development, or the presence of trees that shield the view ot other
recreationists, these variables were included.

The chance to catch fish was thought to be important trom information
received in the survey. The list provided by AFW contained information on
different species of tish. Using information provided by other survey sections
relating to species sought, and a creel survey (Hildebrand and O’Neil 1992), it

appeared useful to create two separate variables: one for the catch rate of
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rainbow trout, and another for all other species grouped together. The variables
ol stream reach length and lake area were included to reflect the size of fishing
areas and the possibility of uncongested angling.

It was assumed that campgrounds would become more important the
farther the angler lived from the area. That is, someone living within a short
distance of the site will go home for the evening, whereas someone who must
travel several hours will want to camp. A variable combining these two (distance
times camping spaces) was created.

Dummy variables for sites known to have particular attributes were tested
for the model. Dummy variables help to capture attributes of the site not listed
elsewhere. The dummy variables were included to improve statistical fit. Dummy
variables cannot be included for all sites because of colinearity between the
dummies and other variables. Dummies for the 3 sites with the most visits were
tested (sites 1, 11, and 17). As well, dummy variables were included for site 12
(due 1o its poor attributes and low visits), site 18 (as this was the only site that
required a hike to reach it), and site 10 (close to site 11 and similar in many
qualities, but with tew visits”).

A number of models were estimated using combinations of the variables

outlined above'®. The number of variables tested was gradually increased from

’A dummy tor site 13 was also tested.

The variables that were identical for all sites were not used in the model
selection.
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the initial set in an attempt to get the best fit possible, and a model that best
predicted the site visits. The variables used in the tinal models are listed below.

The actual values tor these variables are listed in Tables 4.1 and 4.2.

DIST This is the measured distance from the hometown of the angl:. to
the fishing site. In a model based on Travel Cost, such as this one,
distance is by definition an important variable. For estimation of the
models, the one way distance was used.

DISTCAMP This variable was created by multiplying distance by the number of
camping spots available at the site. Each can be important
individually but the assumption behind this variable is that camping
is more important for anglers living far from the site. The number
of sites is valuable if it is assumed that anglers will consider the risk
of a campsite being available.

PARKING  This variable is a measure of access. While local anglers may have
access to other sites through friendship with landowners, all anglers
will have access if parking is available. This was a zero/one variable,
parking was either available, or not.

SIZECOT  This is a measure of the size of fish caught. It is based on creel
surveys, and knowledge of the area. The assumption is that anglers
prefer larger to smaller fish. This variable is also one of the two

that define differences between models estimated. Different
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estimates of the size of fish caught were provided by AFW, and
O’Neil.

RAINBOW This is an index of the catch rate per hour for rainbow trout. In the
original site quality attributes provided by AFW, the catch rate per
hour as well as the species involved was listed. An assumption was
made that rainbow trout was the most desired species, so it was
separated. This is another variable that separates the models
estimated.

OTHRCATX This is an index of the catch rate per hour for all species ot

fish other than rainbow trout.

AREALAKE A physical measure of the area in hectares of lakes in the

region. If the site is not a lake, the area is zero.

LLONGCRIK A physical measure of the length of the reach of streams or rivers.

CCl A dummy variable for site number one.

CClo A dummy variable for site number ten.

cen A dummy variable for site number eleven.
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4.2 Estimation and Model Results
Maximum Likelihood estimation of the Multinomial Logit Models was
undertaken using LIMDEP, version 6.0 (Greene 1992).  Separate models were
estimated based upon the different values for fish catch and fish size. Tables 4.1 &
4.2 contain the values for the quality attributes used for each model. Each of these
two models was then separately estimated using the dummy variables. The models

are numbered as outlined in Table 4.3.

Table 4.3 Model Specification
Model Number Source of Values Presence of
Dummy Variables
l AFW NO
2 AFW YES
3 O’NEIL NO
4 O’NEIL YES

Water quality is important for the quality of the tishing experience, as outlined
in section 4.1. It proved to be insignificant in the modelling process.  This was
expected, as all of the study sites had high water quality ratings. It was not possible
to use the congestion attribute, or create a proxy. The same was true tor the privacy
attribute. The variable tor parking was only used in the models without dummies as
it proved to be insignificant when dummies were included.  In order to better
compare the sensitivity of the models to different values for catch rate and size of tish

caught. the same variables were used in models 1 and 3, and models 2 and 4.
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The results of the estimation process are shown in Tables 4.4 through 4.7.

The models as estimated are all highly significant. The chi-squared values show that
the models based on values from O’Neil are slightly better than AFW based models.
The difterence is less obvious when dummy variables are included. The parameters
have t-values that show them to be significant. The signs of the estimated coetticients
of the parameters are all in the expected direction. The coetficient for DIST is
negative, while all of the others are positive. DISTCAMP, which incorporates DIST,
is positive due to the intluence of camping spots. An increase in the value of any ot
the attributes used except distance, with all else held constant, will increase the utility
to the angler. The absolute values of the coefticients cannot be compared 1o
determine which variable is the most important, and there is not a direct linear
relationship between changes in the coefficient and the probability of choosing a

tishing site.



Table 4.4 Multinomial Logit Estimates of Recreational
Fishing Sites: Model 1

Maximum Likelihood Estimates

Log-Likelihood.............. -2019.035
Restricted (Slopes=0) Log-L. -2170.052
Chi-Squared ( 8)........... 302.0322
Significance Level.......... 0.0000000
N[0,1] used for significance levels.

Variable Coetfticient Std Error | t-ratio | Prob|t|<x
DIST -0.21653E-01 0.3911E-02 | -5.537 0.00000
DISTCAMP 0.71409E-04 0.1725E-04 4.139 0.00003
PARKING 0.75621 0.1161 6511 0.00000
SIZECOT!"! 0.15932 0.3633E-01 | 4.386 0.00001
RAINBOW! 1.4877 0.2443 | 6.091 0.00000
OTHRCATX"! 0.78315 0.1566 | 5.000 0.00000
AREALAKE 0.10307E-01 0.1672E-02 6.165 0.00000
LONGCRIK 0.19374E-01 0.4215E-02 4.596 0.00000
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""This model is based on values for these three variables obtained from AFW.,



Table 4.5 Multinomial Logit Estimates of Recreational
Fishing Sites: Model 2

Maximum Likelihood Estimates

Log-Likelihood............. -1982.954
Restricted (Slopes=0) Log-L. -2170.052
Chi-Squared (10)..c......... 374.1943
Significance Level...... 0.0000000
N{0.1] used tor significance levels.

Variable Coefficient Std Error | t-ratio | Prob|t]<x
DIST -0.26401E-01 | 0.4048E-02 | -6.522 0.00000
DISTCAMP 0.14507E-03 | 0.1666E-04 8.709 0.00000
SIZECOT! 0.12554 | 0.4115E-01 3.051 0.00288
RAINBOW!- (0.39829 0.2880 1.383 0.16674
OTHRCATX'- .58538 0.1795 3.261 0.00111
AREALAKFL 0.13299E-01 | 0.1716E-02 7.748 0.00000
[LONGCRIK 0.18804E-01 | 0.4672E-02 4.025 0.00006
cC 0.98209 0.1668 5.888 0.00000
cClo 1.0209 0.1410 7.242 0.00000
cCh 1.0883 0.1622 6.708 0.00000
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"“T'his model is based on values tor these three variables obtained trom AFW.



Table 4.6 Multinomial Logit Estimates of Recreational
Fishing Sites: Model 3

Maximum Likelihood Estimates

Log-Likelihood....

Restricted (Slopes=0) Log-L.

Chi-Squared ( 8)

Signiticance Level

...........

N[0,1] used for significance levels.

-1987.141
-2170.0582

365.8207
0.0000000

Variable Coefticient Std Error | t-ratio | Prob|t}<x
DIST -0.24856E-01 0.4141E-02 | -6.003 0.00000
DISTCAMP 0.10273E-03 0.1618E-04 |  6.34Y 0.00000
PARKING 0.33577 0.1096 [ 0.063 0.00219
SIZECOT" 0.2219] 0.2369E-01 | 9.3606 0.00000
RAINBOW! 0.91629 0.1042 8.797 0.00000
OTHRCATX" 0.62910 0.1430 | 4.400 0.00001
AREALAKE 0.11431E-01 0.1654E-02 | 6910 0.00000
LONGCRIK 0.16712E-01 0.4184E-02 |  3.994 0.00006

¥ This model is based on values for these three variables obtained from O’Neil.
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Table 4.7 Multinomial Logit Estimates of Recreational
Fishing Sites: Model 4

Maximum Likelihood Estimates

[.og-Likelihood.............. -19800.557
Restricted (Slopes=0) Log-L. -2170.052
Chi-Squared ( 10)........... 378.9893
Significance Level.......... 0.0000000
N{0,1] used for significance levels.

Variable Coetticient Std Error | t-ratio | Prob|t|<x
DIST -0.26428E-01 | 0.4047E-02 | -6.531 0.00000
DISTCAMP 0.13341E-03 | 0.1726E-04 7.731 0.00000
SIZECOT" 0.15742 | 0.3585E-01 4.391 0.00001
RAINBOW" 0.42616 0.1973 | 2.160 0.03077
OTHRCATX" 0.52220 0.1801 | 2.899 0.00375
AREALAKE 0.12526E-01 | 0.1747E-02 7.171 0.00000
LLONGCRIK 0.16924E-01 | 0.4571E-02 3.703 0.00021
cCl .62981 0.2761 2.281 0.02253
CCio 0.70871 0.1759 4.028 0.00006
cChl 0.54919 0.2134 2.573 0.01007

“his model is based on values tor these three variables obtained trom O’Neil.
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4.2.1 Sensitivity to Attribute Values

Comparison between models | and 3 or model 2 and 4, shows the sensitivity
of the process to the values used tor the fish catch and size variables. The values tor
these two variables in the models are best guess estimates from experts on the region,
Some factors that could cause the difference are the cateh rate tor ditferent sizes ol
fish, the expertise of the angler's, and annual variations due to natural ciuses,

The values suggested by O'Neil result in models that have a higher chi-squared
significance  level than models based on AFW values, and a lower maximum
likelthood estimate. This can be seen by comparing models 1 and 3. Mndcls 2and
4 are aftected more by the use of dummy variables than the sensitivity to attribute
quality values, and the comparison of them is discussed in section 4.2.2. T'he difterent
attribute values used between models T and 3 also results in changes in many * the
parameter coefticients in these models.  The coetficients for the two variables
RAINBOW and PARKING are quite different between models | and 3. The other
parameters, including OTHRCATX, are not very different.

An explanation for the sensitivity may be found in the relationship beteeen
the quality attribute values used in estimation, and the site choice probability
tramework ot Discrete Choice Models. The values of €)’Neil tor RAINBOW are
more strongly correlated to the actual site visits than are the values of AFW. This

might result in the RAINBOW variable picking up some of the eftect of other

31t has been suggested (Hildebrand and O’Neil 1992) that the level of expertise
of anglers on the Crowsnest River has increased in the last 5 years.
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variables in the AFW model. The SIZECOT variable shows the third highest
difference between models 1 and 3, with the same relation between its gradation. and
that of actual trips.

4.2.2 Sensitivity to Use of Dummy Variables

Models based on O’Neil or AFW values show little difference when dummy
variables are included. The maximum likelihood estimates are very similar, as are the
chi-squared significan.  levels. These two models are similar to the O’Neil model
without dummy variat-les. This shows the importance of the dummy variables in the
AFW model.  The coefficients tor the variables (RAINBOW, SIZECOT and
DISTCAMP) are quite similar in the two models with dummies. However, the
dummy variable coetficients are quite different between models 2 and 4. The
coefficients for the AFW model are much higher than those for the O’Neil model.

4.2.3 Site Visit Predictions

The predictive ability of the four models is shown in Table 4.8. The ability to
accurately predict trips to the sites is a useful vest of the model estimation process.
It is also a useful policy tool, in that visits to the sites before and after an
environmental quality change can be compared. Such a comparison is only possible
if the model predictions are reasonably comparable to actual trips. The two models
which use the estimates provided by J. O’Neil predict trips better than those from
AFW. The models with dummy variables show higher predictive ability than those
without. Thi is especially important for models using estimates by AFW.

Tables ot the changes in visits to each site, as captured by the market share
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are shown in Appendix D. The market share calculation is the probability of a visit
to any site from any city multiplied by 100 to obtain a percentage. The tables in
Appendix D, which are based on model 3, show the market share prior to the dam
construction, with the dam but without mitigation, and with mitigation at 75%0 success.
This type of calculation only allows for substitution between the 19 sites; it does not
allow anglers to stop fishing, or to fish outside the area.

The change in market share from the original state, to the dam without
mitigation, show that the sites that have been flooded uniformly lose market share,
with site 11 having very strong losses. The trips to substitute sites are somewhat
dependent on the home city. Site 17, Beavermines Lake, captures many more Visits
from residents on or south of Hwy 3. Sites 2 and 3 capture new visits from more
northern cities. such as Calgary. Site I change: in market share are very dependent
on the hometown of the angler. For example, residents of towns along Hwy 2
between Calgary and Fort McLeod have fewer visits, but Calgarians would have
more, as would those from Fort McLeod. Towns in the Crowsnest Pass, such as
Bellevue. would have fewer visits, but those residents from Pincher Creek, further
south, would have more visits.

The change in market share when mitigation occurs becomes very unitorm.
In this case only sites | and 8 increase their market shares, all other sites lose market

share. This includes site 11 where a great deal of mitigation work has occurred.
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Table 4.8 Actual and Predicted Trips Distribution by Model l
Site Actual Model 1 Model 2 Model 3 Model 4
I 75 42 75 69 75
2 30 44 33 35 33
3 28 44 33 31 30
4 21 23 20 18 19
5 36 48 30 34 29
6 31 35 41 33 39
7 27 11 13 10 13
3 14 30 21 20 17
9 14 29 20 23 19
10 68 54 68 75 68
11 112 86 112 9“2, 112
12 3 15 11 v 13
13 42 59 50 | a0 s0)
14 30 49 33 - 34
15 27 15 20 ]; 20
16 37 26 32 34 34
17 108 102 90 105 93
I8 3 5 9 7 9
19 31 21 28 26 30
Chi 132.92 42.45 67.5 39.47
Syuare'”

"“The Chi Square test measures the difference between the observed and
predicted number of trips for each site. With 18 degrees of freedom, the critical
value is 37.2 at 99.5% level



4.3 Welfare Measures
The welfare measures were first calculated on a per city basis for the region, and
then summed toyield the total benefits change according to tormula 10 in section 2.5.
An example of the calculation of benefits trom each residence zone to the region, for
each of the models, is shown in Appendix D. The change in utility that occurs when
the reservoir, and/or mitigation structures were placed in the model, was calculated
on this residence basis, per trip. With the value for total trips per city, it was then
possible to calculate the total benefit change per city, to the region, tor each chinge
in tishing quality studied.  Measures of the change in welfare for the four models
were calculated using formula 10. In order to calculate the change in total benetfits,
the benefit from each city to ali - the sites was determined. This was done at three
different success levels tor the mitigation work. The dollar value of the travel to the
site was determined by using a cost of operating motor vehicles provided by the
Alberta Maotor Association (AMA). The AMA provides estimates of motor vehicle
operation ftor ditferent classes of vehicle. An intermediate value was chosen. The
AMA estimation of the cost of operating a mid-size car in the provinee is $.351/mi
($.22 per km). This value, times the round trip distance trom the home town 1o the
site. was included in the formula.
There is some debate in the literature over the use of a value tor the time
spent in travel in models of this type (Shaw 1992, Bockstael et al 1987, McConnell
1985). In order to gauge the sensitivity of the welfare measures to the inclusion of

a value for time. the measures were calculated both with and without time values.
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N

For the time value, it was assumed that the angler could have been working, so an

average manufacturing wage rate was used. The wage rate was provided by the

Alberta Bureau of Statistics, and amounted to $574 per week. A work week of 40
The average speed of travel was

hours was assumed to obtain an hourly rate.
assumed to be 50 miles per hour. The hourly wage rate divided by the average speed,

multiplied by the round trip distance was included in the formula for cost when a

value for time was desired. The calculation of the changes in total benefits, both with

and without time, are shown in Tables 4.9 and 4.11.



Table 4.9 Annual Welfare Impact from Fishing Quality Change:

Time Value of Travel Not Included

AN

Model Mitigation Success level
0% 25% 50% 15%
Model 1 -58,246.5 29,036.6 86,092.9 126,794.9
Model 2 -32,221.8 -16,807.8 -3,283.5 7.206.4
Model 3 -37,580.5 -14,332.2 6,376.6 00,454.6
Model 4 -30,545.2 -18,462.4 -6,978.4 22971.6
Table 4.10 Capitalized Value of Fishing Quality Change:

Time Value of Travel Not Included

Model Mitigation Success level
0% 25% 50% 75%

Discount Rate 3%
Model 1 -1,164,930 580,732 1,721,858 2,535,898
Model 2 -644,436 -895,654 -65,670 144,128
Model 3 -751,610 -286,644 127,532 1,209,092
Model 4 -610,904 -369,248 -139,568 459,432
Discount Rate 10%
Model 1 -582,465 290,366 360,929 1,267,949
Model 2 -322,218 -168,078 -32,835 72,064
Model 3 -375,805 -143,322 63,766 604,540
Model 4 -305.452 -184,624 -69,784 229,716




Table 4.11 Annual Welfare Impact from Fishing Quality Change:

Time Value of Travel Included

56

Model Mitigation Success Level
0% 25% 50% 15%
Muadel | -96,239.1 47,976.3 142,249.0 209,499.8
Moadel 2 -53,239.2 -27,771.1 -5,425.3 11,907.0
Model 3 -62,093.3 -23,680.7 10,535.9 99,887.5
Model 4 -50,469.0 -30,505.0 -11,530.3 | 37,9553
Table 4.12 Capitalized Value of Fishing Quality Change:
Time Value of Travel Included
Model Mitigation Success level
0% 25% 50% 75%
Discount Rate 5%
Moadel | -1,924,782 -959,526 2,844,980 4,189,996
Moadel 2 -1,064,784 -555,422 -108,506 238,140
Model 3 -1.241,866 -473,614 210,718 1,997,750
Model 4 -1,009,380 -610,100 -230,606 759,106
Discount Rate 10%
Madel | -962,391 479,763 1.422,490 2,094,998
Madel 2 -532.392 -277,711 -54,253 119,070
Madel 3 -620.933 -236,807 105,359 998,875
Model 4 -504.690 -305,050 -115,303 379,553




4.3.1 Discussion of Weltare Changes

All of the models estimated show that there is a welfare loss to anglers using
this region due to the construction of the Oldman River Dam. Depending on the
model used, the annual weltare loss ranges from -$96.239.10 1o -50,469.00. The
models based on values provided by O’Neil show a smaller loss than the models
based on values provided by AFW. The models with dummy variables show a
smaller loss than models without dummy variables. The ditference is primarily due
to the differences between the models in the coetficient for the RAINBOW variable.
In calculating the environmental eftect of the dam’s placement, three variables were
changed. RAINBOW, OTHRCATX, and LONGCRIK. There are no large
ditferences in the 4 models tor the coefticients on the variables of OTHRCATX and
LONGCRIK. However, the coefticient for the RAINBOW variable in Model | is
significantly different than in the other three models. The effect can be seen in the
higher welfare loss exhibited in Model | versus the other three models. The use of
dummy variables equalizes the ditferences in the other variables, and so Models 2
and 4, with dummy variables, are closer in value than any other pairing.

The weltare calculations were carried out for each of the four ditterent
mitigation success levels: no mitigation (equal to zero success), 25% success, S0%
success. and 75% success. The models show ditferent eftects of this mitigation
success caleulation. In all four models, mitigation results in an eventual welfare gain
from ..+ mitigation habitat construction. For Model 1 the switch occurs at the 25%

success level. for Model 3 it occurs at the 50% level, and for Models 2 and 4 the 75%
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fevel of success is necessary for the change from a loss to a gain. The difterence
again highlights the sensitivity to the value of certain variables, and the sensitivity 0
the use of dummy variables. The models (2 and 417), which do use dummy
viriables are the slowest to change from a loss to a gain, and the model with the
largest divergence in the coetticient for the RAINBOW variable is the first.

4.3.2 Sensitivity to the Value of Time

The effect of the use of a value for time is shown in Tables 4-9 through 4-12.
All of the models show approximately a two-fold increase in the absolute value of
cither the weltare loss or gain associated with the environmental change. It does not
atfect the mitigation success level necessary to shitt any particular model from a loss
to a gain. This is because the value of time is included in the welfare calculation
(formula 10) in a way the does not affect any ot the coetficients that vary between
models. It increases the magnitude of the effect of the DIST variable on the
marginal utility ot income.

including the value of travel time does produce a signiticant change in the size
of the weltare eftects of an environmental change. This will be further discussed in
section 4.3.3.

4.3.3 Capitalized Value of Welfare Change

The wellare effects discussed above are annual changes due to the
construction of the dam. While these are important, from a policy point of view it

is usetul to compare the weltare changes with the cost of the mitigation work carried

"Note that these models also have the best trip prediction ability.
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out by the province. In order to carry out this comparison, capitalized values of the
weltare change were used. The usetulness of such a comparison has been pointed
out by Morey (1992) for a similar study in Maine. In their study, it was determined
that the cost of any mitigation work to counteract the negative etfects of
environmental change on fishing would not be efficient.  The cost necessary 1o
mitigate the damage would be far greater than any positive effect the mitigation
would have on welfare of anglers.

Figures provided by the province indicate that 5.5 million dollars have or will
be spent on the mitigation work. This includes some of the fish population studies
carried out to help determine the eftect of tlooding, habitat surveying, and actual
construction. The population studies included work below the damsite, and outside
of the geographical area of this study. There is also some campsite construction
carried out below the dam. However, it is difficult to apportion the costs inside and
outside of the study area, and some work would have been done on the below dam
campsite regardless of mitigation efforts'®. As well, it is deemed that the population
studies are an integrai part of the mitigation work. For these reasons, the following
comparisons will be made using the entire mitigation budget.

Capitalization of the annual welfare change was performed using the
assumption that there would be no additional annual changes, and that these values

would hold in perpetuity. The formula used was:

""The largest part of the campsite etfort below the dam was to adapt what had
been the workers camp for the dam construction. In the absence of mitigation.
money would have had to be spent to remove this work camp.
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Annual Value (11)
Interest Rate

Present Value

Twao ditterent interest rates were used for the calculation, 59¢ and 10%. These
values reflect interest rates used in opposing calculations of the original benetit/cost
studies carried out tor the dam as a whole. The 5% figure is that used by Anderson
(1980). FEARO (1992) contains a discussion concerning opposition to this interest
raute, and why the Treasury Board of Canada suggests a rate of 10% for all
benetit/cost studies.

Capitalized values for the welfare change due to construction of the dam and
mitigation ettorts are shown in Tables 4-10 and 4-12. Table 4-12, with the value of
time included. will be discussed here. Table 4-10 values will vary in the same
manner, but with a lower absolute value.

A review of the literature and studies published by the province indicates that
the mitigation ettort was to counteract the loss occasioned by the construction of the
dam. It is not entirely clear whether the effort was intended to counteract the
physical loss of habitat, or the change in economic weltare from loss of fishing
opportunity. This study is limited to examining the economic aspect. Thus the
comparison is between the money spent and the welfare loss that occurred.

The comparison between the amount spent on mitigation and the capitalized
value of the weltare change will be made in two directions. First, the comparison will

be made between the amount spent and the loss that occurred trom the dam
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construction alone, and secondly between the amount spent and the gain that
oceurred from the nntigation effort. The cason for separating the two discussions
rests on some of the assumptions used in welfare economics concerning loss
calculations. Briefly, one of the assumpuions of this type of model is that 2 loss can
be calculated in the same way as a gain. That is, that the amount a person would be
willing to pay tor a gain is equal to the amount he/she must be compensated tor
loss. This assumption has been challenged in work carried out by Knetsch (1990)",
The losses from the dam construction range from approximately $2,000,000
to $500,000. These loss values are significant, and should have been included in the
Benetit/Cost Analysis undertaken to determine if the dam should have been built.
It v se values are taken at face value, then the mitigation effort resulted in
a turther loss to the province. Itis:  enucient to spend $5,500,000 to recover a loss
of less than $2.000,000. The difference suggests a new loss of at least $3,500,000,
depending on the model used. and whether the value of time is included™. This
loss figure also depends on assuming that all of the $5.5 million was spent on

mitigation, which is not the case.

“In his work, Knetsch states that the compensation value is several orders of
magnitude higher than the willingness to pay. The exact difference can vary with the
scarcity of the good in question, but a general figure used is that compensation needs
to be 3-4 times the willingness to pay.

*’Using the ditferent assumptions of Knetsch, the loss would have to be multiplied
betore the comparison with mitigation spending is made. With the loss values shown
in Table 4-12. and a multiplication factor of 4, in approximately half of the scenarios,
loss measures would be quite close to the amount of mitigation monies spent.
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If the mitigation effort is seen to be creating a net weltare gain, then the
compirison between the monies spent and the resultant value uses the numbers
directly from the model. In this case, the "starting point” is first shifted by the initial
loss (at face value) before the calculation is made. That is, the loss occurred, (fishing
sites damaged), and then a second etfort is made to improve on this new situation.
Depending on the model, the success rate, and the interest rate used, some cases
come close to a breakeven point, or even a net gain. For example, Model 1, with a
S0 interest rate, 75% succeess level of mitigation, and time value of travel included,

the result would be:

loss with dam alone -$1,924,782
dam with mitigation +34,189,996
tinal gain =$6,114,778

Comparing *his benefit of $6.1 million with the $5.5 million spent on mitigation
suggests that the gain is greater than the moaey spent. The above example is a
special case, in all the other possibie scenarios of combinations of interest rate,
model, time value of money and success rate, if the purpose was to create a gain,
then mitigation spending was higher than the resultant benetit gain. However, the
tigure of $5.5 mellion also includes work other than just the habitat construction, and
there are other per: its stemming trom the spending that are not accounted for here.
These other benrefits could include recreational activities other than fishing at the
campgrounds constructed. There are also other recreational losses occasioned by the

project as detiled in FEARO (1992).
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Chapter S SUMMARY AND LIMITATIONS

This study uses a discrete choice model to estimate the change in weltare ot
anglers using the upper Oldman River Basin caused by the construction of the
Oldman River Dam. The impact of the mitigation eftort carried out by the provinee
to compensate tor the loss of fishing habitat is also examined. The models were also
used to predict the change in site visits after the environmental change was
introduced.

The model shows that a loss in welfare occurred due to the construction ot the
dam. This loss may or may not have been compensated tor by the mitigation work
carried out. These losses are signiticant, and should have been included in the original
cost/benetit analysis. The losses calculated in this study are restricted to recreationil
fishing benetits. Other probable losses that ocr irred are for ditterent recreational
activities, such as hunting, hiking and wildlite viewing. As well, there are non-use
values that are not included here, such as option value, and bequest value. Option
value is similar to insurance, people are willing to pay to keep open the option of
using an area in the future, even it they don’t presently use it. Bequest value is the
willingness to pay to preserve some area for future generations. The actual total loss
would thus be greater than what has been calculated in this study.

The site quality attributes that affect the choice of fishing site in the region
were determined to be: the distance from the residence of the angler to the site, the
availability of and number of campsites, parking (access), the size of fish to be

caught. the possibility to catch tish (separate values tor rainbow trout, and all oiher
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species ), the area of the lake, and the length of the stream reach.

The sensitivity of this model to several factors was examined. First, the etfect
of the values used for the site quality attributes resulted in separate models being
estimated based on various measures of the catch rate. The use of dummy variables
created two more variations of the model. For the welfare estimations the etfect of
a time value of travel was examined. The success rate of the mitigation etfort was
also examined and shown to be influential in the value of the welfare change.

The shitt in predicted site visitations could also have eftects that sre not
measured in this report.  One ettect could be increased economic activity in the
towns of the Upper Crowsnest valley. While this increase cannot be measured with
these models, the change in trip predictions can be taken and used in other
tormulations to better determine economic impacts of the project. With more visits
predicted to this area, there is the potential that the new visitors will also purchase
goods and services during their trips. Some areas could experience higher congestion
in a way that is not measured in this study, tfor example, the upper reaches of the
Oldman River. Areas that have limited space, such as Beavermines Lake, could be
aftected during peak periods.

The study points out several limitations in the use of this type of model in
weltare estimation and policy planning.  The first is the lack of limnological
knowledge on the biophysical relations atfecting the catch rate of fish. In part. this
can never be totally resolved, as it partly depends on the skill level of anglers. In view

of the difficulties involved in measuring in physical terms whether or not the
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mitigation efforts resulted in the goal of no net loss, it may have been more
. ropriate to plan the mitigation intensity in economic terms. In this way, the
spending would have been based on the economic loss that did oceur.

The linear nature of the model specitication was also a limitation. The linear
model assumption prevented the inclusion of the reservoir as a fishing site. The
sensitivity of the welfare estimations to the time value of travel in this type of model
was once again pointed out.

The use of the results is also limited by other tactors, outside of the choice ot
model type. One of these is the appropriate discount rate to use in comparing the
mitigation expenditures with the welfare loss that occurred.

The model does show that a loss occurred due to the construction of the dam.
In spite of the limitations outlined above, it is also unlikely that the mitigation
expenditures were worthwhile. The need tor accurate data on quality attributes, and
universally accepted levels of agreement on such tactors as the proper discount rate,
and the probable success of habitat mitigation work has been highlighted. The results
shown, and the problems encountered, in this study should make similar work on

future projects easier. and lessen the level of controversy such protects evoke.
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Appendix A The Data Collection Survey



Fishing in Alberta: Recreation Today and in the Future

- -

Alberta.

We would like to know what you think about Alherta’s angling resources. What do you
look for when choosing a tishing site in Alberta? Where do vou go fishing? How often”
Your answers to the tollowing questions will help us understand your views of fishing in

1. When you decide to go sporttishing. how important are the following factors in deciding
where you want to fish? Please circle one response for each question to indicate if the

reason is important or not.

Not Somewhal Very
Important Important Important

Good chance 10 cateh trophy-sized fish: i 2 3 4 5
Good chance to cateh limit: ! 2 3 4 5
Good chance 10 catch a preferred species: ] 2 K} 4 5
Knowing that the take is stocked with fish: 1 2 3 4 5
Privacy from other anglers: 1 2 3 4 5
Natural beauty of surroundings: ! 2 3 4 5
Water quality: 1 2 3 4 5
Access 10 wilderncss arcas: l 2 3 + S
Sile limited to fly fishing: 1 2 3} 4 5
Distance from home: 1 2 3 4 5
Familiarity with the arca: 1 2 3 4 5
Owning land or a cabin near the site: I 2 3 4 h
Good road access 1o the site: 1 2 3 4 s
Site with hoat access: 1 2 3 4 5
Picnic/Camping facilities a1 or near the site: 1 2 3 4 5
Fricnds or relatives live nearby: 1 2 3 4 5
2. Please answer the following questions about trips 1o your favorite fishing site.

A. Approximately how many vears have you tished at this site? years

B. Approximately how many times have you visited this site in the past 5 years”

(please check one box below)

NUMBER OF PREVIOUS VISITS (check one box):

Less than 5 6 -t i1-15

16 - 20 21-30 More than 30

C. How did you first become aware of this site?

D. What are the specific things about this site that you particularly enjoy?
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3. Please answer each of the following questions about a typical fishing trip or what vou
usually do when you go fishing.

A. What type of transportation do you usuaily use to go from your home to a fishing site?
Please check one of the tollowing.

TRANSPORTATION USED TO GET TO SITE (check one box):
Walk/Bicycle Motorbike/ATV J— ][ Car/Truck/Van
Camper/R.\V. Other (please specify)

B. How long do you stay at the site on your typical trip to a fishing site? Please check one of
the following.

1-2 Hnurs[__:] Hall Day B Full Day :] 2-3 Days D More Than 3 Days [:

C. Generally speaking, how enjayable do you find the time spent travelling to the fishing
site? Please circle one of the following.

Very Very
Unenjoyable Enjoyable
"Timc spent travelling 10 the site is: 1 2 3 4 5

D. Whezt type of fishing do you usually do? Please check one of the following.

Bait FishingD Spin Casting D Trolling D Fly Fishing D Ice Fishing D

E. What method of fishing do you usually use? Please check one of the following.

From Shore D Maotorboal G Canoe/Rowing l::] Other :]

F. In pounds, approximately how much fish do you take home on a typical fishing trip?
Please check one of the following.

Less than 1 1b [:::] 1-4 Ihs. :’ 5-10 Ibs. [::] More than 10 Ibs, Ej

G. Approximately how many years of fishing experience do vou have? years

H. Do you practice catch-and-release tishing? YES :] NO E:]

tJ



1. How tar ahead do you usually plan fishing trips? Please check one of the following.

[ USUALLY PLAN FISHING TRIPS (check one box): |
On the Same Day Day Before Few Days Before |
A Week Before Few Weeks Before More Than a Month Before i

J. Who do you usually go fishing with? Please check one of the following.

Spouse E:] Friends E:] Family E:] Nobody [:j

4. If overfishing becomes a problem in Alberta lakes and rivers, which of the following

managcmem options would you most like to see used to address the problem? Please check
one of the following.
MANAGEMENT OPTION [ WOULD USE (check one box):
Shorter Season Size Limit No Bait Fishing
Increasc Licence Fees Increase Stocking More Enforcement
Caich and Releasc Larger Fincs for Violations Other

5. How much do you spend on fishing over a typical fishing season? (include alj costs, such
as vehicle costs (gasoline, oil, etc.), license costs, food/accomodation costs, bait costs, etc.).
Please check the category below which best represents the amount you spend on fishing.

AMOUNT SPENT ON FISHING PER SEASON (check one box): |
$0 - $50 $51 - $100 $101 - $200 |
5201 - $300 $301 - $500 More Than $500 !

6. Did you go sportfishing in Alberta in 1990? Please check one box below.

YES ] NO ]

It NO (you did not go fishing in Alberta in 1990), please go to Question 10 on page 8.

If YES (you did go fishing in Alberta in 1990), please continue.
The next 4 pages of questions are very important.
Please try your best to answer them as completely as possible.
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We would like 1o know some things about you and your family. The answers to these
questions tell us about the people who use Alberta’s fishery resources.

10. Whats your place of residence (nearest city or town):

11. Are vou male or female (check one): Male l:] Female [:

12, What s your age? vears

I3, How many children under the age of 16 are there in vour household? children
It there are children under 16 in your household. how many of them fish? children.
14, How many adults over 65 are there in vour household? adults

It there are adults over 65 in your household. how many of them fish? adults.

I5. Which of the following categories best represents vour annual househiold income before
tines? (please check one category)

ANNUAL HOUSEHOLD INCOME BEFORE TAXES (check one box):
S0-S3000 S3001- 10606 SHXN1-15000 S15001-20000
SAKNIT-250(K} S25001-3(XHX) S2U001-35000 $35001-30000
SJO001-45080 SAS001-50000 $30001-60000 S60001-70000

STO000T-8OINK) SSOONT-9HNN) $90001- 100000 More Than S100000

10. Please circle the highest number of years of education that you have completed (circle
onlv one number below).

Elementary 253 4 5 67 89
High Schoal 11 12
Postsecondary (University or Technical School) 13 14 15 16 17 18 19 20+

7. How many hours do you normally work for pay each week? ___hours

IN. What do vou consider yvour main occupation to be?

19. How many days of paid vacation do vou get each vear? days

20. How well do each of the tollowing statements apply to you? Please circle the
appropriate number for each question.

Always Sometimes | Seldom Never
! take time olf work 10 go fishing 1 2
1 could be working on days | take fishing trips ] 2
My jub has flexible working hours ] 2
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If you have any other comments or concerns, please do not hesitate to wiite them on iiny

page of this survey or in the space below.

Thank you for completing this survey. Your cooperauon s essental 1o manage Alberta’s
fishery resources effectively. A card has been inciuded in your envelope. This card is an
entry form for our prize draw. If you wish to enter this draw, please write your name and
address on this card. The card will be separated from your survey wher we receive it so that
your responses will remain confidential. Please return this survey, and the card, in the

stamped - self addressed envelope to:

The Department of Rural Economy
University of Alberta
Edmonton, Alberta
T6G 2H1

Thank you again for your help.

If you have questions about this survey please call Vic Adamowicz, Department of Rural
Economy, University of Alberta a: 402-492-4603 or Peter Boxall, Alberta Fish and Wildlife
Division at 403-422-4771.
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Appendix B Quality Aspect of Southern Region Fisheries

Quality Aspect
Recreation/Facilities

Q1) Plavgrounds

Q2 Campgrounds

Q) Tuoitet Fualities

Q4) Parking

Q5) Level of Development (e.g. Cabins,

Staores ete)

Qo) Bout Launch

Q7 Level of Congestion

Q8) Access Road Paved
Q9 Iinh Cleaning Facilities
Q1) Sswammable
QI Boating Regulations
Q12) Aceess Fees
QI13) Public Access

Fishing Regulations
QL4 Bait Ban
Q13) Nize Regulations

Q1o) Catch/Release only

Measure

Presence/Absence
Number of Sites
Presence/Absence

Presence/Absence
Number of Spaces

Rate on a Scale of 1 to 10 (I=no
development: 10=fully developed)
Yes/No

Rate on a Scale of 1 to 10 (I=no
congestion; 10=extreme congestion)

Yes/No
Presence/Absence
Yes/No
Presence/Absence
Yes/No; Amount

Presence/Absence

Presence/Absence
Presence/Absence

Presence/Absence



Q1t7) Restrictions on Limit

Q18) Special License Required

Q1Y) Special Seasonal Limitations
Biological Aspects

Q20) Trout Fishery

Q1) Walleve Fisherv

Q22) Stocked with one Species of Trout

Q23) Stocked with more than one Species

Q24 Carch Rate

Q25) Aquatic Vegetation Problems

Q26) Water Quality

Q27) Natural Reproduction Fresent

28) Stability of Water Flow or Stock

Q29) Number of Sport fish Species
Locational Aspects

Q30) Dugout or Slough

Q31) Pristine Wilderness Lake

Q32) In a Designated Park

Q33) Located close to a Metropolitan
Areit

Q34) Reservoir

h
Yes/No
Yes/No

Yes/No

Yes/No

Yes/No

Yes/No, and Numbers if Possible
Yes/No. and Numbers it Possible
Number caught per hour
Presence/Absence

Rate on o Scale of 1 to 10 (I=poor;
l0=excellentjand/or  provide  Actual
Physical Measures if Possible

Yes/No

Rate on a Scale of 1 to 10 (1=very stable;
10=large fluctuations)

Number of Species

Yes/No
Yes/No
Yes/No

Yes/No

Yes/No



Q33 borested or Treed Around Area
Subjective Quality Aspects

Q36) Frequency of Presence of Fish and

Wildlite Statt Throughout the Season (e.g.

Otticers)

Q37) Rating by Fisheries Staff in terms of
the size of fish caught{e.g. how casily can
an average angler catch a big fish)

Other Characteristics

Q1R8) . a of the Waterbody

Q39) Length of the Reach it Stream

Wi

Yes/No
Rate on a Scale of 1 to 10 (I=seldom:

10=trequent )

Rate on a Scale of 1 to 10 (1=ditticult 10
catch large fish; 10=casy) An Educated
Guess on the Average size of Fish Caught

In hectares

In miles



Appendix C Population Calculatinns
Table C-1 Anglers and Average Trips for the Sample

RESIDENCE CODE ANGLERS PERCENT TRIPS TRIP AVE
Airdric 2 ] 4 2 20
Bellevue 19 1 4 1 1.0
Blick Diamond 20 1 4 | 1.0
Bluirmore 29 4 1.7 41 10.25
Brooks Rh 7 30 13 180
Calgan 41 b M7 186} AN
Cardston 46 | 4 | 1.0
Claitesholm ph 5 2.1 L 20
Clhive 1 3 | 1.0
Cosldale A 7 3.0 T 3.0
Cochiang ol | 4 3 10
Caleman 0% 2 b ) A
Drumbiclicy A} 1 4 10 1000
D uchess NS 2 A 2 10
FFort Macleod 104 4 1.7 19 475
Ciranum 121 2 8 3 0.67
Cirissy Lake 122 1 4 ! 1.0
high Riner 133 | A ! 1o
Hilispring 134 1 4 3 10
Innistl 141 | 4 | 1.0
Lacombe 153 i 4 | 1.0
Lethbridge 139 40 19.5 180 9]
NMagrath 163 | . h Su
Moedicime Hat 72 S 34 R 275
Milk Rinver 175 1 4 3 3.4)
N ' I8S l ) 1) 1.0
OROvoRs I} i 4 2 20
O 19l 1 4 2 20
Picture Butte 197 3 1.3 17 S07
Pincher Creek 198 13 5.5 x 502
Ponoka 200 2 8 3 (.67
Ruvmond 205 5 2.1 2 24
Redehti R 2 8 2 1.0
Red Deer 207 4 1.7 4 1.0
sStinch o3 | 4 | 1.4
Sulvan Lake 243 2 .8 0 3.0
Taber 244 5 2.1 28 5.6
Vauxhall 236 3 1.3 O 20
tHillcrest 83 1 4 s %0}
Twin Butte 299 1 A4 l 1.0
Cuoathuarst 300 2 .8 3 0.67
Crowsnest Pass 305 3 1.3 21 7.0
Dunmore 07 1 4 ! 1.0
Lundbreck 326 1 - 6 0.0
Burmis 332 1 4 { 1.0
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[able C-2 Totad Anglers and Trips for Population

RESIDENCE CODE SURVEY ANGLERS OLDMAN TRIPS TO
ANGLERS POPSIZE ANGLERS OLDMAN
Atrdnie 2 24 712 30 59
Bellevue 19 K 89 30 30
Bliack Diumond 26 3 89 30 30)
Blotmore 29 9 267 119 1.217
Brooks Eh as 1039 208 387
Calyan 41 827 20540 e X 5,353
Catdston J6 K IR M 30
¢ latesholm b 16 4758 [EH 24947
Clne A 2 59 3 30
Coaldale 62 i6 475 208 623
Cochrang n3 15 448 30 34
¢ oleman O3 7 208 RC) 14%
Db e 84 21 623 30 297
Dhches BN 2 59 3 39
Fort Mo teod 2] 10 297 HY 564
Crranut, A 3 &Y 59 H)
Cafassy |k 122 2 59 ) ki)
Flieh K 133 [s 43 30 30
Flllspiine 134 3 89 30 XY
Fivis ol 141 22 633 30 )
[ acombe 133 AL 861 30 k)
[ cthibvnidge 125 3,711 1.366 5.339
Nt i 2 59 30 1438
Maedicme Han 172 120 3.562 238 653
Mk Rinver 173 3 89 30 Ny
Nanlon 185 3 119 30 27
[BINTIRIS 1) 21 623 30 A
Ohds 144 17 S0& 30 39
Picture Butie 197 4 119 R0 303
Pincher Creck O 22 653 : 2169
Ponoka 201 21 623 39 40
ianviond 2058 9 267 148 356
Redeh 2006 7 505 39 39
Raed Deer 207 1o 3443 19 119
Stnvelhy 232 4 119 . 30
svhan Lake 243 25 742 59 178
Tabe 244 33 980 118 ]R3}
Vbl 256 6 178 - 178
Hilerest SOR 3 89 30 238
'win Rulte 2499 l 30 30 30
Coalhuist A0 2 39 59 30
Cronmsnest Pass 305 3 39 39 623
Dunmory 307 1 30 30 30
Lundbicck A20 ] 30 30 178
Butmis 332 1 30 30 30
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Appendix D Trip Predictions and Market Share



Table D-1 Original Market Share without Dam

city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Clareshoim
Clive
Coaldale
Cochrane
Coleman
Drumbheller
Duchess

Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creck
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillerest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

12.51%
8.82%
11.99%
8.90%
7.29%
13.01%
8.97%
13.28%
9.44%
8.84%
10.92%
10.29%
10.39%
7.1%
9.48%
9.35%
8.07%
13.95%
9.43%
10.94%
9.84%
9.02%
8.53%
7.23%
7.73%
14.30%
13.57%
11.38%
8.76%
9.75%
9.14%
8.60%
7.14%
10.39%
13.05%
9.94%
8.44%
8.02%
8.82%
9.52%
9.09%
9.86%
7.07%
10.37%
9.04%

8.74%
3.18%
7.96%
3.20%
2.07%
8.94%
2.29%
335%
7.30%
2.30%
7.61%
3.69%
7.80%
2.03%
2.36%
2.35%
2.20%
9.26%
2.4%
3.07%
7.52%
2.32%
2.24%
2.06%
2.13%
9.34%
9.12%
8.26%
2.294
2.36%
7.13%
2.21%
2.04%
7.80%
31.33%
7.57%
2.25%
2.19%
3.18%
2.34%
2.33%
3.57%
2.03%
2.60%
3.25%

540%
2.94%
4.52%
2.95%
3.71%
S..v%
347%
4.64%
5.34%
357%
4.68%
31.44%
5.44%
3.70%
341%
345%
3.67%
5.26%
3.35%
5.46%
540%
3.53%
3.55%
3.71%
3.62%
5.16%
5.29%
S45%

8%
i25%
5.30%
3.61%
3.70%
544%
4.69%
5.41%
3.83%
3.68%
294%
3.32%
3.51%
3.38%
3.70%
3.35%
2.75%

331%
2.58%
2.82%
249%
2.21%
3.32%
2.16%
293%
313%
2.20%
287%
297%
323%
2.20%
2.15%
2.16%
2.23%
328%
2.11%
3.27%
318%
2.19%
2.18%
2.21%
2.19%
3.25%
3.29%
3.28%
2.21%
2.07%
3.10%
2.22%
2.20%
3.23%
2.95%
3.19%
2.22%
2.23%
2.58%
2.10%
2.19%
291%
2.20%
2.15%
2.36%

3.09%
4.57%
J.ov%
4.62%
331%
3.17%
4.4%
4.22%
2.14%
4.32%
2.70%
4.23%
2.35%
3.20%
4.30%
4.60%
3.80%
3.50%
4.79%
2.51%
2.20%
4.4%
4.13%
3.28%
3.60%
3.73%
3.46%
2.72%
4.26%
5.05%
2.06%
4.15%
3.22%
2.35%
4.10%
2.22%
4.04%
3.76%
4.57%
4.86%
4.50%
4.02%
3.18%
543%
4.70%

3. 73%
7.60%
5.13%
7.28%
4.2%
3.83%
5.66%
538%
2.59%
5.50%
4.49%
891%
2.834%
1.08%
6.12%
598%
4.84%
4.23%
6.11%
3.04%
2.65%
5.66%
5.26%
4.18%
4.59%
451%
4.18%
3.29%
543%
6.4%
249%
5.29%
4.11%
2.84%
5.23%
2.69%
5.15%
4.79%
7.60%
6.20%
5.13%
10.74%
4.06%
6.92%
6.84%

1.91%
1.48%
1.62%
1.48%
2.29%
1.82%
1.63%
1.32%
2.47%
1.75%
1.90%
1.66%
2.33%
2.35%
: 49%
1.55%
2.03%
1.62%
1.45%
2.23%
2.42%
1.68%
1.79%
2.31%
2.07%
1.52%
1.69%
2.13%
1.78%
1.31%
2.51%
1.84%
2.34%
2.33%
1.38%
241%
1.90%
2.05%
1.48%
1.41%
1.65%
1.92%
2.36%
1.32%
1.37%

1.55%
3.90%
2.19%
3.74%
1.80%
1.64%
242%
2.30%
1.08%
2.35%
1.92%
3.61%
1.21%
1.74%
2.61%
2.56%
2.07%
1.81%
2.61%
1.30%
1.13%
2.42%
2.25%
1.78%
1.96%
1.88%
1.74%
1.37%
2.32%
2.75%
1.04%
2.26%
1.75%
1.21%
2.23%
1.15%
2.20%
2.05%
3.90%
2.65%
2.45%
4.02%
1.73%
2.96%
3.51%

1.75%
3.86%
247%
3.90%
2.04%
1.85%
2.73%
2.59%
1.22%
2.65%
2.17%
3.57%
1.37%
1.97%
2.95%
2.839%
2.34%
2.04%
295%
1.47%
1.28%
2.713%
2.54%
2.02%
2.22%
2.12%
1.96%
1.55%
2.62%
31%
L17%
2.55%
1.98%
1.37%
2.52%
1.30%
2.48%
2.31%
3.86%
2.99%
2.77%
3.40%
1.96%
3.34%
3.97%

10

6.53%
12.27%
9.21%
12.39%
7.58%
6.88%
10.16%
9.65%
4.53%
9.88%
8.06%
11.34%
S.11%
7.33%
10.99%
10.74%
8.69%
7.60%
10.97%
545%
4.77%
10.17%
9.44%
7.50%
8.25%
7.89%
7.31%
575%
9.75%
11.57%
4.35%
9.50%
7.371%
5.11%
9.39%
4.83%
9.25%
8.61%
12.27%
11.13%
10.29%
10.78%
7.29%
1243%
12.60%
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14.79%
12.64%
15.17%
12.68%
18.44%
14.53%
15.71%
14.31%
16.03%
16.40%
16.42%
12.11%
1591%
18.6C%
15.07%
15.38%
17.59%
13.73%
14.73%
15.72%
16.04%
16.07%
16.47%
18.50%
17.53%
13.29%
13.98%
15.44%
16.53%
13.97%
16.06%
16.81%
18.57%
1591%
14.63%
16.02%
17.06%
17.66%
12.64%
14.53%
15.92%
12.01%
18.62%
14.28%
12.81%



city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumbheller
Duchess

Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

12

1.22%
241%
1.72%
244%
1.41%
1.28%
1.89%
1.80%
0.84%
1.84%
1.50%
2.23%
095%
1.37%
2.05%
2.00%
1.62%
1.42%
2.05%
1.02%
0.89%
1.90%
1.76%
1.40%
1.54%
1.47%
1.36%
1.07%
1.82%
2.16%
0.81%
1.77%
1.37%
095%
1.75%
0.90%
1.72%
1.60%
241%
2.08%
1.92%
2.12%
1.36%
2.32%
2.48%

13

6.44%
498%
5.74%
5.00%
7.95%
6.38%
7.34%
6.46%
6.58%
7.44%
6.04%
4.75%
6.64%
797%
7.01%
7.11%
1.77%
6.16%
7.01%
6.63%
6.63%
7.33%
7.57%
7.96%
7.85%
6.02%
6.22%
6.57%
7.48%
6.74%
6.56%
7.56%
197%
6.64%
6.56%
6.63%
7.63%
7.79%
4.98%
6.94%
7.29%
4.68%
7.98%
5.66%
5.06%

3.89%
512%
4.58%
575%
4.70%
394%
4.83%
4.52%
348%
494%
4.52%
539%
3164%
4.66%
4.93%
494%
486%
3.98%
4.86%
3IN%
3.55%
494%
4.85%
4.69%
4.74%
3.98%
3.96%
3.77%
4.93%
4.83%
3.42%
4.92%
4.67%
3.64%
4.53%
3.57%
«91%
485%
5.72%
4.86%
4.94%
525%
4.65%
5.04%
5.83%

1.87%
4.13%
2.64%
4.17%
2.18%
1.98%
2.92%
2.71%
1.30%
2.84%
2.31%
3.82%
1.47%
2.10%
3.16%
3.09%
2.50%
2.18%
3.15%
1.57%
1.37%
2.92%
2.71%
2.15%
2.37%
2.27%
2.10%
1.65%
2.80%
3.32%
1.25%
2.73%
2.12%
1.47%
2.70%
1.39%
2.65%
2.47%
4.13%
3.20%
2.96%
3.63%
2.09%
357%
4.24%

3.35% 16.20%
551% 7.29%
3.92% 10.90%
551% 7.26%
3.89% 2042%
3.53% 14.62%
549% 11.80%
495% 10.05%
2.32% 27.63%
5.06% 12.30%
343% 14.65%
5.10% 7.24%
2.62% 23.79%
376% 21.50%
563% 931%
5.51% 9.92%
4.46% 16.15%
3.90% 11.79%
593% 9.58%
2.80% M N%
244% 2598%
521% 11.46%
5.10% 13.98%
3.85% 20.78%
4.46% 18.21%
4.05% 10.75%
3.75% 12.88%
2.95% 20.10%
5.00% 12.67%
6.25% 8.15%
2.23% 2891%
4.87% 13.46%
3.78% 21.32%
2.62% 23.79%
4.82% 10.830%
2.48% 25.57%
4.74% 14.27%
441% 1645%
5.51% 7.29%
6.02% 9.18%
5.28% 11.12%
4.84% 17.50%
3.74% 21.68%
5.30% 7.10%
5.66% 7.28%

0.84%
1.38%
0.98%
1.40%
1.14%
0.88%
1.38%
1 4%
0.58%
149%
0.86%
1.28%
0.66%
1.10%
1.65%
1.62%
1.31%
098%
1.49%
0.70%
061%
1.53%
1.28%
1.13%
1.12%
1.01%
0.94%
0.74%
1.51%
1.57%
0.56%
1.439
1L11%
0.66%
1.21%
0.62%
1.39%
1.30%
1.38%
1.51%
1.55%
1.21%
1.13%
1.33%
1.42%

2.37%
4%
3.36%
4%
3.31%
3%
4.70%
424%
1.9%
4.4%
2.9%%
4.36%
2.24%
3IN%
4.83%
an%
3.82%
3U%
5.08%
2.40%
2.09%
4.47%
4.37%
3.9%
31Nk
347%
321%
2.53%
4.28%
5.36%
191%
4.17%
3.4%
2.24%
4.12%
2.12%
4.06%
3.718%
4.72%
5.15%
4.52%
4.15%
3.20%
4.54%
4.85%
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Table D-2 Market Share with Dam and no Mitigation

city/site

Airdnie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumbheller
Duchess
Fort McLeod
Granum
Grassy Lak
"igh River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

12.73%
8.78%
11.95%
8.85%
7.89%
13.12%
9.16%
13.20%
10.36%
9.12%
11.15%
10.17%
11.12%
7.74%
9.64%
3%

1%
.2.83%
9.54%
11.54%
10.69%
9.26%
8.80%
7.84%
8.17%
14.09%
13.53%
11.86%
9.05%
9.79%
10.12%
8.93%
7.77%
11.12%
13.01%
10.77%
8.80%
8.47%
8.78%
9.61%
9.32%
9.79%
7.711%
10.40%
8.98%

10.06%
3.74%
9.09%
3IN%
2.59%

10.25%
2.78%
397%
8.86%
2.80%
8.79%
4.32%
9.29%
2.56%
2.86%
2.85%
2.711%

10.52%
2.82%
9.52%
9.06%
2.82%
2.73%
2.58%
2.62%

10.58%

10.39%
9.66%
2.79%
2.84%
8.72%
277%
2.56%
9.29%
3.95%
9.10%
2.75%
2.70%
3.74%
2.83%
2.83%
4.19%
2.55%
3.13%
3.82%

599%
3.38%
5.07%
3.40%
4.21%
598%
3.96%
5.27%
6.00%
407%
5.21%
395%
6.07%
421%
3194%
397%
4.17%
5.86%
3186%
6.07%
6.05%
4%
4.02%
421%
4.09%
5.78%
589%
6.04%
4.08%
3.77%
5.98%
4.11%
421%
6.07%
5.32%
6.05%
4.13%
4.17%
3.38%
3.84%
4.03%
3.88%
421%
392%
317%

3.37%
2.69%
2.90%
2.60%
1.32%
3.38%
2.26%
3.04%
3.27%
2.31%
2.94%
3109%
3.34%
2.32%
2.27%
2.28%
2.33%
3.35%
2.0%
3.36%
331%
2.30%
2.28%
2.32%
2.28%
31.32%
3.36%
3.36%
231%
2.19%
3.25%
2.32%
2.32%
31.34%
3.06%
3N%
2.33%
2.33%
2.69%
2.22%
2.30%
3.02%
2.32%
2.28%
247%

1.85%
2.53%
1.79%
2.55%
2.05%
1.88%
2.54%
2.40%
1.41%
2.51%
1.62%
2.35%
1.50%
2.00%
2.N%
2.67%
2.27%
2.02%
2.70%
1.58%
1.43%
2.56%
2.40%
2.03%
2.16%
2.14%
2.01%
1.68%
2.48%
2.82%
1.37%
2.43%
2.01%
1.50%
2.35%
1.44%
2.38%
2.25%
2.53%
2.73%
2.59%
2.25%
1.99%
301%
2.59%

3.67%
6.75%
4.79%
6.48%
4.28%
372%
5.30%
501%
2.830%
5.22%
4.34%
7.85%
2.98%
4.17%
5.68%
5.58%
4.74%
4.02%
5.63%
3.13%
2.84%
3.24%
5.01%
4.24%
451%
4.24%
4.00%
3.33%
5.17%
5.88%
2.72%
5.07%
4.19%
2.98%
4.90%
2.86%
4.97%
4.70%
6.75%
5.70%
5.39%
9.41%
4.15%
6.29%
6.12%

1.58%
1.38%
1.40%
1.38%
1.90%
1.52%
1.45%
1.18%
1.94%
1.54%
1.59%
1.56%
1.85%
1.94%
1.36%
1.40%
1.73%
1.39%
1.32%
1.79%
1.91%
1.49%
1.56%
1.91%
1.74%
1.33%
1.43%
1.72%
1.56%
1.23%
1.98%
1.60%
1.93%
1.85%
1.22%
1.90%
1.64%
i.74%
1.38%
1.30%
1.47%
1.79%
1.94%
1.25%
1.28%

2.07%
4.65%
2.718%
4.47%
2.48%
2.16%
3.07%
2.90%
1.58%
3.03%
2.51%
4.33%
1.73%
2.41%
3.9%
3.23%
2.74%
2.33%
3.26%
1.831%
1.64%
3.0%
2.90%
2.46%
2.61%
2.39%
2.26%
1.838%
3.00%
3.40%
1.53%
2.94%
2.43%
1.73%
2.34%
1.66%
2.88%
2.72%
4.65%
3.30%
3.12%
4381%
2.40%
3.64%
4.22%

2.46%
4.39%
3.30%
4.93%
2.94%
2.56%
3.65%
3.45%
1.88%
3.60%
2.99%
4.54%
2.05%
2.87%
391%
3.84%
3.26%
2.771%
3.88%
2.16%
1.95%
3.68%
3.45%
29%
3.11%
2.85%
2.68%
2.24%
3.56%
4.05%
1.82%
349%
2.88%
2.05%
137%
1.97%
342%
3.4%
4.39%
3.92%
3%
4.35%
2.86%
4.33%
501%

10

8.23%
14.07%
11.03%
14.20%

9.84%

8.57%
12.20%
11.52%

6.28%
12.02%

9.98%
13.08%

6.86%

9.60%
13.06%
12.84%
10.90%

9.24%
12.97%

7.20%

6.53%
12.30%
11.52%

9.76%
10.39%

9.51%

8.97%

7.48%
11.90%
13.54%

6.10%
11.67%

9.64%

6.86%
11.27%

6.59%
11.43%
10.82%
14.07%
13.12%
12.41%
12.53%

9.55%
14.47%
14.43%

88

831%
7.54%
8.72%
7.56%
10.49%
8.19%
9.17%
8.39%
893%
9.55%
9.28%
7.20%
885%
10.57%
8.96%
9.09%
10.09%
7.84%
8.75%
8.75%
8.93%
9.40%
9.51%
10.52%
9.98%
7.64%
7.94%
8.61%
9.61%
841%
8.96%
9.73%
10.55%
8.85%
8.53%
8.92%
9.85%
10.12%
1.54%
8.66%
9.34%
7.12%
10.58%
8.66%
7.64%



city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumbeller
Duchess

Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Dear
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

1.56%
2.79%
2.09%
2.82%
1.86%
1.62%
231%
2.18%
1.19%
2.27%
1.89%
2.60%
1.30%
1.81%
247%
243%
2.06%
1.75%
245%
1.36%
1.23%
2.32%
2.18%
1.84%
1.96%
1.80%
1.70%
1.41%
2.25%
2.56%
1.15%
221%
1.82%
1.30%
2.13%
1.25%
2.16%
2.05%
2.79%
2.48%
2.35%
2.49%
1.81%
2.73%
2.87%

4.97%
4.01%
4.49%
4.02%
6.23%
4.93%
5.82%
5.13%
5.i0%
5.89%
4.63%
182%
5.12%
6.24%
5.63%
5.710%
6.10%
4.30%
5.63%
S.11%
5.13%
5.83%
5.96%
6.23%
6.13%
4%
4.33%
5.06%
5.92%
5.47%
5.10%
5.97%
6.24%
5.12%
5.19%
5.13%
6.01%
6.11%
4.01%
5.50%
5.80%
3.7%
6.2°%
4.63%
4.07%

14

$.31%
1.73%
6.20%
1.77%
6.56%
5.37%
6.67%
6.18%
493%
6.78%
6.15%
7.30%
5.09%
6.51%
6.78%
6.78%
6.70%
541%
6.67%
5.17%
5.01%
6.79%
6.64%
6.54%
6.53%
5.40%
5.38%
5.20%
6T771%
6.64%
4.87%
6.76%
6.52%
5.09%
6.18%
5.02%
6.75%
6.69%
TI5%
6.66%
9.5
7.12%
6.50%
6.95%
7.87%

5

1.78%
353%
2.38%
3.56%
2.12%
1.835%
2.63%
2.49%
1.36%
2.60%
2.15%
3.28%
1.48%
2.07%
2.82%
2.717%
2.35%
2.00%
2.80%
1.56%
1.41%
2.65%
2.49%
2.11%
2.24%
2.05%
1.94%
1.62%
2.57%
2.92%
1.32%
2.52%
2.08%
1.48%
2.43%
1.42%
2.47%
2.34%
3.53%
2.5

2.06%
3.12%
3.62%

16 17

381% 18.65%
5.75% 10.33%
4.29% 13.65%
5.30% 1031%
4.55% 23.23%
3.96% 17.16%
593% 15.43%
5.33% 13.31%
2.90% 28.44%
5.56% 15.67%
3.88% 17.16%
5.34% 10.14%
3.07% 25.16%
4.44% 24.19%
6.04% 12.65%
594% 13.28%
5.04% 19.34%
4.28% 14.53%
6.30% 13.2i%
3.33% 23.40%
3.02% 26.99%
5.69% 14.84%
$5.60% 17.63%
4.51% 23.54%
5.05% 21.62%
4.40% 13.59%
4.15% 15.61%
3.46% 22.08%
5.50% 16.03%
6.57% 11.68%
2.82% 29.50%
540% 1679%
4.46% 24.03%
317% 25.16%
521% 14.07%
3.05% 26.65%
5.29% 17.57%
5.01% 15.62%
$75% 10.05%
6.38% 12.70%
3.74% 1400 .
C0 T
44Z% 4.4 %
5.62% 10.21%
5.89% 10.36%

0.69%
1.05%
0.78%
1.06%
0.96%
0.72%
1.08%
0.97%
0.53%
1.18%
0.71%
0.98%
0.58%
094%
1.28%
1.26%
1.07%
0.73%
1.15%
0.61%
0.55%
1.21%
1.02%
0.96%
0.92%
0.80%
0.76%
0.63%
1.20%
1.20%
0.51%
1.14%
0.94%
0.58%
0.95%
0.56%
1.12%
1.G6%
1.05%
1 ‘6%

o
vy
o %
103%
108%

19

293%
4.42%
3.30%
4.46%
3.50%
3.05%
4.56%
4.10%
2.23%
4.28%
298%
411%
24%
341%
4.65%
4.56%
3.88%
3.29%
485%
2.56%
2.32%
4.37%
431%
3.47%
31.88%
3.38%
3.19%
2.66%
4.23%
5.05%
2.17%
4.15%
3.43%
2.44%
4.01%
2.34%
4.06%
155%
daL%
4.9:%
441%
3.92%
3.40%
4.32%
4.53%

]9



Table D-3 Market Share with Dam »nd Mitigation

city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumheller
Duchess
Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

18.90%
13.22%
17.96%
13.36%
11.36%
19.57%
13.77%
19.87%
14.56%
13.59%
16.51%
15.32%
15.92%
11.09%
14.49%
14.31%
12.50%
20.85%
14.42%
16.69%
15.13%
13.84%

"13.15%

11.27%
12.00%
21.33%
20.34%
17.32%
13.47%
14.86%
14.12%
13.26%
11.13%
15.92%
19.55%
15.27%
13.02%
1241%
13.22%
14.54%
13.94%
14.62%
11.04%
15.69%
13.61%

8.14%
294%
7.35%
297%
1.99%
8.30%
2.17%
3.09%
6.94%
2.18%
7.09%
338%
7.37%
1.96%
2.22%
2.22%
2.09%
8.53%
2.20%
7.59%
7.13%
2.19%
2.13%
1.98%
2.03%
3.59%
8.43%
1.75%
2.17%
2.22%
6.79%
2.16%
1.96%
7.37%
3.07%
7.17%
2.14%
2.09%
2.94%
221%
2.20%
3.26%
1.95%
2.43%
3.02%

5.03%
2ne
41/%

3o
5.00%
3.28%
4.28%
5.07%
3.38%
4.36%
3.16%
5.14%
3.56%
A%
3.25%
3.50%
4.84%
3.16%
5.14%
5.12%
314%
3.37%
3.56%
347%
4.75%
4.89%
5.11%
3.40%
3.05%
5.05%
3.43%
3.56%
5.14%
4.33%
5.12%
3.45%
351%
2N%
3.13%
3.32%
3.09%
3.56%
3.13%
2.55%

L¥
9%
261%
2.30%
2.12%
3.08%
2.04%
2.70%
2.98%
2.09%
2.67%
2.73%
3.05%
2.12%
2.02%
2.04%
2.13%
3.03%
1.99%
3.07%
3.02%
2.08%
2.07%
2.12%
2.09%
2.9%
3.04%
3.08%
2.09%
1.94%
2.95%
2.11%
2.12%
3.05%
2.73%
3.02%
2.11%
2.13%
2.39%
1.98%
2.07%
2.66%
2.11%
2.00%
2.19%

1.47%
2.16%
1.46%
2.18%
1.63%
1.50%
2.14%
1.99%
1.04%
2.09%
1.29%
1.98%
1.13%
1.57%
2.31%
2.26%
1.85%
1.65%
2.31%
1L.21%
1.06%
2.15%
2.00%
1.61%
1.76%
1.75%
1.63%
1.30%
2.06%
2.42%
1.00%
201%
1.58%
1.13%
1.94%
1.08%
1.96%
1.83%
2.16%
2.34%
2.17%
1.82%
1.56%
2.58%
2.23%

6 7 8 9 10

3.48% 1.78% 3.66% 1.63% 6.08%
7.01% 1.36% 9.12% 3.57% 11.33%
4.74% 1.49% S5.12% 2.29% 8.51%
6.74% 1.37% 8.76% 3.61% 11.47%
4.06% 2.20% 4.38% 1.96% 7.28%
3.56% 1.69% 31.84% 1.72% 6.38%
5.36% 1.54% S5.79% 2.58% 9.61%
4.96% 1.22% 5.36% 2.39% 8.90%
2.46% 2.35% 2.59% 1.16% 4.31%
5.22% 1.66% 5.64% 2.52% 9.36%
4.18% 1.77% 4.52% 2.02% 7.51%
8.18% 1.53% 8.38% 3.28% 1041%
2.69% 2.20% 2.90% 1.30% 4.82%
3.93% 2.26% 4.24% 1.89% 7.05%
5.77% 141% 6.23% 2.78% 10.35%
5.65% 1.46% 6.10% 2.72% 10.14%
4.62% 1.94% 4.99% 2.23% 8.30%
3.90% 1.49% 4.21% 1.88% 7.00%
5.76% 1.36% 6.23% 2.78% 10.34%
2.86% 2.10% 3.09% 1.38% 5.13%
2.52% 2.30% 2.72% 1.21% 4.52%
5.36% 1.59% S5.79% 2.59% 95.62%
5.00% 1.70% 540% 241% B8.98%
401% 2.22% 4.34% 1.94% 7.21%
4.40% 198% 4.75% 2.12% 7.89%
4.15% 1.40% 4.37% 1.95% 7.26%
3.87% 1.56% 4.07% 1.22% 6.76%
3.09% 2.00% 3.25% 1.45% 5.40%
5.15% 1.69% 5.57% 2.49% 9.259
6.05% 1.24% 6.54% 2.92% 10.87%
2.37% 2.39% 2.49% 1.11% 4.14%
5.03% 1.75% 5.43% 242% 9.02%
3.95% 2.25% 4.27% 191% 7.09%
2.69% 2.20% 2.90% 1.30% 4.82%
4.83% 127% 5.22% 2.33% 8.68%
2.55% 2.28% 2.75% 1.23% 4.57%
490% 1.81% 5.29% 2.36% 8.80%
4.58% 1.96% 4.95% 2.21% 8.22%
7.01% 1.36% 9.12% 3.57% !11.33%
5.84% 1.33% 6.31% 2.82% 10.49%
5.42% 1.56% 5.86% 2.62% 9.74%
9.82% 1.75% 9.30% 3.10% 9.85%
3.90% 2.27% 4.22% 1.88% 7.01%
6.45% 1.23% 6.97% 3.11% 11.59%
6.35% 1.27% 8.25% 3.68% 11.70%

90

11

14.23%
12.06%
14.48%
12.12%
18.29%
13.92%
15.36%
13.63%
15.73%
16.05%
1581%
11.48%
15.51%
18.47%
14.66%
14.98%
17.33%
13.06%
14.34%
15.27%
15.70%
15.70%
16.16%
18.35%
17.33%
12.62%
13.34%
14.96%
16.19%
13.55%
15.79%
16.48%
18.44%
15.51%
13.96%
15.67%
16.76%
17.41%
12.06%
14.13%
15.55%
11.33%
18.49%
13.75%
12.27%



city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumbheller
Duchess

Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Inisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creck
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

12

1.13%
2.23%
1.59%
2.25%
1.36%
1.19%
1.79%
1.66%
0.80%
1.75%
1.40%
2.05%
0.90%
1.31%
1.93%
1.89%
1.55%
1.31%
1.93%
0.96%
0.84%
1.79%
1.67%
1.34%
1.47%
1.35%
1.26%
1.01%
1.72%
203%
0.77%
1.68%
1.32%
0.90%
1.62%
085%
1.64%
1.53%
2.23%
1.96%
1.82%
1.94%
1.31%
2.16%
2.30%

13

4.37%
3.35%
3.86%
3.37%
5.56%
431%
5.06%
4.34%
4.55%
5.13%
4.10%
3.17%
4.57%
5.59%
48)%
4.38%
5.40%
4.13%
481%
4.54%
4.57%
5.05%
5.24%
557%
547%
4.03%
4.19%
4.49%
5.16%
4.61%
4.55%
5.23%
5.58%
4.57%
4.41%
4.57%
529%
5.42%
3.35%
4.76%
5.02%
3.12%
5.59%
3.85%
342%

14

3.62%
5.28%
4.23%
5.33%
4.52%
3.66%
4.62%
4.17%
3.30%
« 8%
« %
495%
3.44%
4.48%
4.64°,
4.66%
4.64%
3.67%
4.58%
3.50%
337%
4.68%
461%
451%
4.54%
3.66%
3.66%
3.54%
4.68%
4.54%
3.25%
4.67%
4.49%
3.4%
4.18%
3.38%
4 7%
~.03%
5.28%
4.57%
4.67%
4.830%
4.47%
4.70%
5.41%

15

1.75%
3%
24%
31.86%
2.00%
1.83%
2.76%
2.56%
1.24%
2.69%
2.16%
3.50%
1.39%
2.02%
297%
291%
2.38%
201%
297%
1.47%
1.30%
2.76%
2.58%
2.07%
227%
2.08%
1.94%
1.55%
2.66%
3.12%
1.19%
2.59%
2.04%
1.39%
2.49%
1.31%
2.53%
2.36%
381%
3.01%
2.30%
3.32%
2001%
3.33%
3.94%

16

3.12%
5.09%
3.62%
515%
1.73%
3.27%
5.20%
4.57%
2.21%
4.80%
3.20%
4.683%
247%
31.62%
531%
5.20%
4.25%
3.59%
5.59%
2.63%
2.32%
4.93%
4.85%
3.69%
4.27%
3%
347%
2.77%
4.74%
5.88%
2.13%
4.63%
3.64%
2.47%
4.45%
2.34%
4.51%
4.21%
5.09%
5.67%
4.99%
443%
3.59%
4.94%
5.26%

17

15.09%
6.73%
10.07%
6.72%
19.61%
13.56%
11.17%
9.27%
26.26%
11.66%
13.65%
6.64%
2247%
20.68%
8.77%
9.36%
1541%
10.87%
9.03%
20.44%
24.62%
10.85%
13.29%
19.97%
17.43%
9.89%
11.20%
18.86%
12.02%
7.66%
27.53%
12.78%
20.50%
22.47%
9.98%
24.22%
13.57%
15.71%
6.73%
8.65%
10.51%
6.85%
20.86%
6.62%
6.76%

0.78%
1.28%
091%
1.29%
1.10%
0.82%
1.30%
1.14%
0.55%
1.41%
0.80%
1.17%
0.62%
1.06%
1.56%
1.53%
1.25%
0.90%
1.40%
0.66%
0.58%
1.45%
1.22%
1.08%
1.07%
0.93%
087%
0.69%
1.43%
1.47%
0.53%
1.36%
1.07%
0.62%
1.12%
0.59%
1.32%
1.24%
1.28%
1.42%
1.47%
1.11%
1.08%
1.24%
1.32%

19

2.67%
4.36%
3.10%
441%
3.20%
2.80%
4.45%
3IN%
1.89%
4.11%
2.74%
4.01%
2.12%
3.10%
4.55%
445%
164%
3.07%
4.79%
2.25%
1.98%
4.23%
4.16%
316%
1.65%
3.19%
2.97%
2.37%
4.06%
5.03%
1.82%
396%
3.11%
212%
381%
2.01%
3.86%
3.61%
4.36%
4.85%
4.28%
3.79%
3.08%
4.23%
4.50%
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Table D-4 Change in Market Share with Dam and no Mitigation

city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumbheller
Duchess
Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillerest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lur.dbrook
Burimnic

0.22%
-0.04%
-0.03%
-0.05%

0.60%

0.11%

0.19%
-0.09%

0.92%

0.28%

0.22%
-0.13%

0.73%

0.64%

0.15%

0.18%

0.44%
-0.11%

0.10%

0.60%

0.85%

0.24%

0.28%

0.61%

0.43%
-0.21%
-0.03%

0.48%

0.30%

0.05%

0.98%

0.33%

0.63%

0.73%
-0.04%

0.83%

0.36%

0.45%
-0.04%

0.09%

0.23%
-0.07%

0.64%

0.03%
-0.06%

1.32%
0.56%
1.13%
0.56%
0.52%
1.30%
0.43%
0.63%
1.56%
0.50%
1.19%
C.63%
1.49%
0.53%
0.50%
0.50%
0.51%
1.26%
0.48%
1.45%
1.54%
0.50%
0.48%
0.52%
0.49%
1.24%
1.27%
1.40%
0.50%
0.49%
1.58%
0.50%
0.53%
1.49%
0.63%
1.53%
0.51%
0.51%
0.56%
0.48%
0.50%
0.62%
0.53%
0.53%
0.57%

0.59%
0.44%
0.55%
0.45%
0.50%
0.59%
C.49%
0.64%
0.66%
0.51%
0.54%
0.51%
0.63%
0.51%
0.53%
0.32%
0.50%
0.61%
0.51%
0.61%
0.65%
0.51%
0.48%
0.50%
0.47%
0.62%
0.60%
0.60%
0.5i%
0.53%
0.68%
0.50%
0.51%
0.63%
0.63%
0.65%
0.50%
0.50%
0.44%
0.52%
0.51%
0.50%
0.51%
0 56%
0.42%

4 5

0.07% -1.24%
0.11% -2.05%
0.08% -1.29%
0.11% -2.07%
0.11% -1.26%
0.07% -1.29%
0.10% -1.90%
0.11% -1.82%
0.14% -0.73%
0.11% -1.81%
0.07% -1.08%
0.12% -1.88%
0.11% -0.85%
0.12% -1.20%
0.12% -2.08%
0.12% -2.02%
0.10% -1.53%
0.07% -1.47%
0.11% -2.09%
0.09% -0.93%
0.13% -0.77%
0.11% -1.88%
0.09% -1.712%
0.12% -1.24%
0.09% -1.44%
0.08% -1.60%
0.07% -1.34%
0.08% -1.04%
0.11% -1.78%
0.12% -2.24%
0.15% -0.69%
0.10% -1.72%
0.12% -1.21%
0.11% -0.85%
0.11% -1.76%
0.12% -0.78%
0.10% -1.66%
0.10% -1.51%
0.11% ~2.05%
0.12% -2.13%
0.11% -1.91%
0.11% -1.77%
0.12% -1.19%
0.14% -2.4!1%

-0.07%
~0.84%
-0.33%
-0.79%

0.05%
-0.11%
-0.36%
-0.37%

0.21%
-0.28%
-0.15%
-1.05%

0.14%

0.09%
-0.44%
-041%
-0.10%
-0.21%
-0.48%

0.09%

0.18%
-0.32%
-0.25%

0.06%
-0.08%
-0.28%
-0.19%

0.04%
-0.26%
-0.57%

0.23%
-0.22%

0.08%

0.14%
-0.33%

0.17%
~0.18%
-0.09%
-0.84%
~0.50%
-0.34%
~1.34%

0.09%
-0.63%

-0.33%
-0.10%
-0.21%
-0.09%
-0.39%
-0.30%
-0.18%
-0.15%
-0.52%
-0.21%
-0.31%
-0.11%
-0.48%
-041%
-0.13%
-0.15%
~-0.30%
-0.23%
-0.12%
-0.44%
-0.51%
-0.19%
~0.24%
-0.40%
~0.33%
~0.20%
~0.25%
-0.41%
-0.22%
-0.08%
-0.54%
~0.24%
-0.41%
-0.48%
-0.16%
-0.50%
-0.26%
-0.31%
-0.10%
-0.11%
-0.18%
-0.13%
-0.41%
-0.07%

0.11% -2.11% 0.72% -0.09%

0.52%
0.75%
0.59%
0.73%
0.67%
0.52%
0.65%
0.60%
0.50%
0.68%
0.59%
0.72%
0.51%
0.67%
0.67%
0.67%
0.68%
0.52%
0.65%
0.52%
0.51%
0.68%
0.65%
0.67%
0.65%
0.52%
0.52%
0.52%
0.68%
0.65%
0.50%
0.68%
0.67%
051%
0.60%
051%
0.68%
0.68%
0.75%
0.65%
0.68%
0.79%
0.67%
0.69%
0.70%

0.71%
1.02%
0.83%
1.03%
091%
0.72%
0.92%
0.85%
0.66%
0.94%
0.82%
0.97%
0.68%
0.90%
n.96%
0.95%
0.93%
0.72%
093%
0.69%
0.67%
0954
0.71%
091%
0.839%
0.73%
0.72%
0.69%
0.94%
0.94%
0.66%
0.94%
0.90%
0.68%
0.85%
0.67%
0.93%
0.93%
1.02%
0.93%
0.95%
0.96%
0.90%
0.9%
1.04%

10

1.70%
1.80%
1.83%
1.81%
2.26%
1.69%
2.04%
1.86%
1.75%
2.15%
1.92%
1.74%
1.76%
2.27%
2.07%
2.09%
221%
1.65%
1.99%
1.75%
1.76%
2.13%
2.08%
2.26%
2.14%
1.62%
1.66%
1.713%
2.15%
1.96%
1.75%
2.17%
2.26%
1.76%
1.88%
1.76%
2.18%
2.22%
1.80%
1.98%
2.12%
1.74%
2.27%
2.04%
1.82%

11

-6.49%
-5.11%
-6.46%
-5.12%
-7.95%
-6.33%
-6.53%
-593%
-7.10%
-6.85%
-7.14%
-491%
-7.06%
-8.03%
-6.11%
-6.28%
-7.50%
-5.89%
-5.99%
-6.97%
-711%
-6.66%
-6.96%
-7.98%
~1.55%
-5.65%
-6.04%
-6.84%
-6.92%
-5.56%
-7.10%
-7.07%
-8.02%
~7.06%
-6.10%
~7.10%
~1.22%
-7.54%
-5.11%
-5.87%
-6.58%
-4.89%
-3.04%
-5.62%
-5.16%



city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumhelier
Duchess

Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

12 13

0.34% -1.47%
0.38% —0.98%
0.37% -1.25%
0.38% -0.98%
045% -1.73%
0.34% -1.45%
041% -1.52%
0.38% -1.33%
0.34% -1.48%
043% -1.54%
0.38% -1.36%
0.37% -0.94%
0.35% ~1.52%
0.45% -1.73%
0.42% -1.37%
0.42% -1.42%
044% -1.67%
0.33% -1.36%
0.40% -1.39%
0.34% -1.52%
0.34% -1.50%
0.43% -1.50%
0.42% -1.62%
0.45% -1.73%
0.43% -1.73%
0.33% -1.31%
0.33% -1.39%
0.34% -1.52%
0.43% -1.56%
0.40% -1.28%
0.34% -1.46%
043% -1.59%
0.45% -1.73%
0.35% -1.52%
0.38% ~1.37%
0.34% -1.50%
044% -1.62%
044% -1.68%
0.38% -0.98%
0.40% -1.36%
0.43% -1.49%
0.37% -0.93%
0.45% -1.73%
0.42% -1.04%
0.39% -0.99%

14 15

1.42% -0.10%
2.01% -0.60%
1.62% -0.26%
2.02% -0.61%
1.85% ~0.05%
143% -0.13%
1.79% -0.28%
1.66% -0.29%
145% 0.05%
1.84% -0.24%
1.63% -0.16%
1.90% -0.54%
145% 0.02%
1.85% -0.03%
1.85% -0.33%
1.85% -0.31%
1.84% -0.14%
1.43% -0.19%
1.80% -0.35%
1.44% -0.01%
145% 0.04%
1.85% -0.27%
1.79% -0.22%
1.85% -0.05%
1.78% -0.13%
1.42% -0.21%
1.42% -0.16%
1.43% -0.04%
1.84% -0.23%
1.81% -0.40%
1.45% 0.07%
1.84% -0.21%
1.85% -0.04%
1.45% 0.02%
1.66% —0.26%
1.45% 0.04%
1.84% -0.19%
1.85% -0.13%
2.01% -0.60%
1.81% -0.37%
1.85% -0.28%
1.86% -0.49%
1.85% -0.03%
191% -0.44%
2.05% -0.63%

16

0.46%
0.23%
0.37%
0.23%
0.66%
0.44%
0.44%
0.38%
0.58%
0.50%
0.44%
0.25%
0.56%
0.68%
041%
0.43%
0.59%
0.38%
0.37%
0.54%
0.57%
047%
0.50%
0.67%
0.59%
0.35%
0.40%
0.51%
0.51%
0.32%
0.59%
0.53%
0.68%
0.56%
0.40%
0.57%
0.54%
0.59%
0.23%
0.36%
0.46%
0.27%
0.63%
0.33%
0.23%

17

2.45%
3.03%
2.75%
3.05%
2.80%
2.54%
3.68%
3.26%
081%
3.37%
2.52%
291%
1.36%
2.69%
3.34%
3.36%
3.19%
2.74%
3.63%
1.68%
1.01%
3.38%
3.65%
2.77%
341%
2.84%
2.73%
1.98%
3.36%
3.53%
0.60%
3.33%
2.N1%
1.36%
3.27%
1.08%
3.30%
3.17%
3.03%
3.60%
3.38%
2.38%
2.67%
%
3.08%

18 19

-0.14% 0.06%
-0.33% -0.30%
~0.20% -0.06%
~0.34% ~0.31%
-0.18% 0.17%
~0.16% 0.03%
-0.29% -0.14%
~0.27% -0.14%
-0.05% 024%
-0.31% -0.06%
-0.15% 0.04%
-0.30% -0.26%
-0.08% 0.20%
-0.16% 0.19%
-0.37% -0.18%
~0.36% -0.15%
-0.24% 0.06%
-0.20% -0.05%
-0.34% -0.23%
-0.09% 0.17%
-0.06% 0.23%
-0.33% -0.09%
-0.26% -0.06%
-0.17% 0.18%
-0.20% 0.06%
-0.21% -0.08%
-0.18% -0.02%
-0.11% 0.14%
-0.31% -0.05%
-0.37% -0.30%
-0.04% 0.26%
-0.29% -0.02%
-0.17% 0.19%
-0.08% 0.20%
-0.25% -0.12%
-0.06% 0.22%
-0.27% 0.00%
-0.24% 0.07%
-0.33% -0.30%
-0.34% -0.25%
-0.33% -0.11%
-0.28% -0.21%
-0.17% 0.20%
-0.30% -0.21%
-0.34% -0.32%
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Table D-5 Change in Market Share with Dam and Mitigation

city/site

Airdric
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumheller
Duchess

Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillerest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

l 2

6.39% -0.60%
4.39% -0.24%
5.98% -0.61%
446% -0.24%
407% -0.08%
6.57% -0.65%
4.80% -0.12%
6.59% -0.26%
5.12% -0.36%
4.75% -0.12%
5.59% -0.52%
5.03% -0.30%
5.53% ~0.43%
3.98% -0.08%
5.01% -0.14%
496% -0.13%
4.42% -0.10%
6.90% ~0.73%
499% -0.13%
5.76% -0.48%
5.29% -0.39%
4.82% -0.12%
4.62% -0.11%
4.04% -0.08%
4.27% -0.09%
7.03% -0.75%
6.78% -0.69%
5.94% -0.51%
4.72% -0.12%
5.11% -0.14%
4.98% -0.34%
4.65% -0.11%
4.00% -0.08%
5.53% -0.43%
6.51% -0.25%
5.33% -0.40%
4.58% -0.11%
4.40% -0.10%
4.39% -0.24%
5.02% -0.14%
4.85% -0.13%
4.76% -0.31%
3.96% -0.08%
5.32% -0.18%
4.57% -0.23%

-0.37%
-0.22%
-0.34%
-0.22%
-0.15%
-0.39%
-0.18%
-0.36%
-0.26%
-0.19%
-0.32%
-0.28%
-0.30%
-0.14%
-0.20%
-0.20%
-0.17%
-041%
-0.19%
-0.32%
-0.28%
-0.19%
-0.13%
-0.14%
-0.16%
~041%
-0.40%
~0.34%
-0.18%
~0.20%
-0.25%
-0.18%
-0.14%
~0.30%
-0.36%
~0.29%
~0.18%
~0.17%
-0.22%

-0.23%
-0.20%
-0.21%
-0.19%
-0.09%
-0.24%
-0.11%
-0.23%
-0.15%
-0.11%
-0.19%
-0.24%
-0.18%
-0.08%
-0.12%
-0.12%
-0.10%
-0.26%
-0.12%
-0.19%
~0.17%
-0.12%
~0.11%
-0.9%
~0.09%
-0.26%
-0.25%
-0.20%
-0.11%
-0.12%
-0.15%
-0.11%
-0.08%
-0.18%
-0.22%
-0.17%
-0.11%
-0.10%
-0.20%
-0.19% -0.12%
-0.19% -0.12%
-0.29% -0.25%
-0.14% -0.08%
-0.23% -0.14%
-0.20% -0.17%

-1.62%
-2.42%
-1.63%
-2.44%
-1.69%
-1.67%
-2.29%
~2.23%
-1.10%
-2.23%
-1.42%
-2.25%
-1.22%
-1.63%
-2.49%
-2.43%
-1.95%
-1.85%
-2.49%
-1.31%
-1.13%
-2.30%
-2.12%
-1.67%
-1.84%
-1.98%
-1.83%
-1.42%
-2.20%
-2.63%
-1.06%
-2.14%
-1.64%
-1.22%
-2.17%
-1.15%
-2.08%
-1.93%
-2.42%
-2.52%
-2.33%
-2.14%
-1.62%
-2.34%
-2.47%

-0.26%
-0.58%
~0.39%
-0.54%
-0.17%
~0.28%
-0.30%
-0.42%
-0.13%
-0.29%
-0.31%
-0.73%
-0.16%
-0.16%
-0.35%
-0.34%
~0.22%
-0.33%
~0.35%
-0.18%
-0.14%
-0.30%
~0.26%
-0.16%
-0.20%
-0.36%
-0.32%
-0.20%
-0.28%
-0.39%
-0.12%
-0.26%
-0.16%
-0.16%
-0.40%
-0.14%
-0.25%
~0.22%
-0.58%
-0.36%
-0.31%
-0.93%
-0.15%
<0.47%
~0.49%

-0.13%
-0.11%
-0.12%
-0.11%
-0.09%
-0.13%
-0.09%
-0.10%
-0.12%
-0.09%
-0.13%
-0.14%
-0.13%
-0.09%
-0.09%
~0.09%
~0.09%
~0.13%
-0.08%
-0.13%
-0.13%
-0.09%
-0.09%
~-0.09%
~0.09%
-0.12%
-0.13%
-0.13%
-0.09%
-0.08%
-0.12%
~0.09%
-0.09%
~0.13%
-0.10%
-0.13%
-0.09%
-0.09%
-0.11%
-0.08%
-0.09%
-0.17%
-0.09%
-0.09%
-0.10%

8 9 10 11

2.11% -0.12% -0.45% -0.57%
5.22% -0.30% -0.94% -0.59%
293% -0.19% -0.70% -0.70%
5.02% -0.29% -0.92% -0.56%
2.58% -0.08% -0.30% -0.15%
2.21% ~0.13% -0.50% -0.61%
3.37% -0.15% -0.54% -0.35%
3.06% -0.20% -0.75% -0.68%
1.51% -0.06% -0.22% -0.30%
3.29% -0.14% -0.51% -0.35%
2.60% -0.15% -0.55% -0.62%
4.77% -0.29% -0.93% -0.63%
1.69% -0.08% -0.28% -0.39%
2.50% -0.07% -0.28% -0.13%
3.62% -0.17% -0.64% -0.41%
3.55% -0.16% -0.61% -0.40%
2.93% -0.11% -0.40% -0.26%
241% -0.16% -0.60% -0.66%
3.62% -0.17% -0.63% -0.39%
1.79% -0.09% -0.32% -0.45%
1.59% -0.07% -0.25% -0.34%
3.37% -0.15% -0.55% -0.37%
3.16% -0.13% -0.47% -0.30%
2.55% -0.08% -0.29% -0.14%
2.79% -0.10% -0.35% -0.21%
2.49% -0.17% -0.63% -0.67%
2.33% -0.15% -0.55% -0.64%
1.88% -0.10% -0.35% -0.48%
3.25% -0.13% -0.50% -0.34%
3.79% -0.19% -0.70% -0.42%
1.46% —0.06% -0.21% -0.27%
3.17% -0.13% -0.48% -0.32%
2.51% -0.08% -0.28% -0.13%
1.69% -0.08% -0.28% -0.39%
2.99% -0.19% -0.71% -0.67%
1.60% -0.07% -0.25% -0.35%
3.10% -0.12% -0.45% -0.30%
2.90% -0.10% -0.39% -0.25%
5.22% -0.30% -0.94% -0.59%
1.66% -0.17% -0.65% -0.40%
3.41% -0.15% -0.56% -0.37%
5.28% -0.29% -0.93% -0.68%
2.49% -0.07% -0.28% -0.12%
4.02% -0.23% -0.84% -0.53%
4.74% -0.29% -0.91% -0.53%



city/site

Airdrie
Bellevue
Black Diamond
Blairmore
Brooks
Calgary
Cardston
Claresholm
Clive
Coaldale
Cochrane
Coleman
Drumbheller
Duchess
Fort McLeod
Granum
Grassy Lake
High River
Hillspring
Innisfail
Lacombe
Lethbridge
Magrath
Medicine Hat
Milk River
Nanton
Okotoks
Olds

Picture Butte
Pincher Creek
Ponoka
Raymond
Redcliff

Red Deer
Stavely
Sylvan Lake
Taber
Vauxhall
Hillcrest
Twin Butte
Coalhurst
Crowsnest Pass
Dunmore
Lundbrook
Burmis

12 13

-0.08% -2.07%
-0.18% -1.63%
-0.13% -1.88%
-0.18% ~1.63%
-0.06% -2.39%
-0.09% -2.07%
-0.10% -2.28%
-0.14% -2.12%
-0.04% -2.03%
-0.10% -2.30%
~0.10% -1.94%
-0.18% -1.58%
-0.05% -2.07%
-0.05% -2.39%
-0.12% -2.20%
-0.11% -2.23%
~0.07% -2.37%
-0.11% -2.03%
-0.12% -2.20%
-0.06% -2.09%
-0.05% -2.05%
-0.10% -2.28%
-0.09% -2.33%
-0.05% -2.39%
-0.07% -2.38%
-0.12% -1.99%
-0.10% -2.03%
-0.07% -2.08%
-0.09% -2.31%
-0.13% -2.13%
-0.04% -2.01%
-0.09% -2.33%
-0.05% -2.39%
-0.05% -2.07%
-0.13% -2.15%
-0.05% -2.06%
-0.08% -2.35%
-0.07% -2.37%
-0.18% -1.63%
-0.12% -2.18%
-0.10% -2.27%
-0.18% -1.57%
-0.05% -2.39%
-0.16% -1.82%
-0.18% -1.64%

14

-0.27%
-0.44%
-0.35%
-0.43%
-0.19%
-0.28%
~0.26%
-0.35%
-0.17%
-0.26%
-0.31%
-0.4%
-0.20%
-0.18%
-0.28%
-0.28%
-0.22%
-0.31%
~0.28%
-0.22%
-0.19%
-0.26%
-0.24%
~0.18%
~0.20%
-0.32%
-0.30%
-0.23%
~0.25%
-0.29%
-0.16%
-0.25%
-0.18%
~0.20%
~0.34%
-0.19%
-0.24%
-0.22%
-0.44%
-0.28%
-0.27%
~0.45%
-0.18%
-0.34%

15 16

-0.13% -0.23%
-0.32% -0.42%
-0.20% -0.30%
0.31% -0.41%
0.0'% -0.15%
-0.14% ~0.25%
-0.16% ~0.29%
-0.22% -0.38%
-0.06% -0.12%
-0.15% -0.26%
-0.16% -0.23%
-0.31% -0.42%
-0.08% -0.15%
-0.08% -0.14%
-0.18% -0.33%
-0.17% -0.31%
-0.11% -0.20%
-0.17% -0.31%
-0.18% -0.34%
-0.09% -0.16%
-0.07% -0.13%
-0.16% -0.28%
-0.13% -0.25%
~0.08% -0.15%
-0.10% -0.19%
-0.18% -0.33%
-0.16% -0.28%
-0.10% -0.18%
-0.14% -0.26%
-0.20% -0.38%
-0.06% -0.11%
-0.14% -0.24%
-0.08% -0.14%
-0.08% -0.15%
-0.20% -0.37%
-0.07% -0.13%
-0.13% -0.23%
-0.11% -0.20%
-0.32% -0.42%
-0.19% -0.35%
-0.16% -0.29%
-0.31% -0.42%
-0.08% -0.14%

17 18

-1.11% -0.06%
-0.56% -0.11%
-0.83% -0.07%
-0.54% -0.10%
-0.81% -0.05%
-1.06% -0.06%
-0.63% -0.07%
-0.78% -0.10%
-1.37% -0.03%
-0.64% -0.08%
-1.00% -0.06%
-0.60% -0.10%
-1.32% ~0.04%
-0.82% -0.04%
-0.54% -0.10%
-0.56% -0.09%
-0.74% -0.06%
-0.92% -0.08%
-0.55% -0.09%
-1.28% -0.04%
-1.35% -0.03%
-0.61% -0.08%
-0.69% -0.06%
-0.81% -0.04%
-0.78% -0.05%
-0.86% -0.08%
-0.97% -0.07%
-1.24% -0.05%
~0.65% -0.08%
-0.49% -0.09%
-1.38% -0.03%
-0.67% -0.07%
-0.82% -0.04%
-1.32% -0.04%
-0.82% -0.09%
-1.35% -0.03%
-0.69% -0.07%
-0.74% -0.06%
-0.56% ~0.11%
-0.53% -0.09%
-0.60% -0.08%
-0.65% -0.10%
-0.82% -0.04%

19

-0.20%
-0.36%
-0.26%
-0.36%
-0.13%
-0.22%
-0.25%
-0.33%
-0.10%
-0.23%
-0.20%
-0.36%
-0.12%
-0.12%
-0.28%
-0.27%
-0.17%
-0.26%
-0.29%
-0.14%
-0.11%
-0.24%
-0.22%
-0.13%
-0.16%
-0.28%
-0.24%
-0.16%
~0.22%
-0.32%
-0.09%
-0.21%
0.12%
-0.12%
-0.31%
0.11%
-0.20%
-0.17%
-0.36%
-0.30%
-0.25%
-0.36%
-0.12%

-0.24% -0.36% -0.48% -0.09% -0.31%
-0.42% -0.30% -0.41% -0.52% -0.10% -0.35%
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