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Abstract

This paper examines the determinants of the demand for resident annual recreational
fishing licenses across the upper-mid-west region of the United States. Statewide aggregate
data was collected from North Dakota, South Dakota, Minnesota, Iowa, and Wisconsin in an
attempt to understand what drives license sales across a national framework. Analysis of
the results of an Ordinary Least Squares regression provides states with the opportunity to
understand how much changes to the determinants affect license sales. It was determined
that seven out often possible determinants provided significant results. Understanding of
these determinants will allow states to improve efficiency of license sales, which in turn
leads to higher revenue and better conservation efforts.

KEYWORDS: (Recreational Fishing, Demand Determinants, Licenses)

ON MY HONOR, I HAVE NEITHER GIVEN NOR RECEIVED
UNAUTHORIZED AID ON THIS THESIS

Signature

TABLE OF CONTENTS

1

INTRODUCTION

1

2

LITERATURE REVIEW
Significance of Outdoor Recreation
Outdoor Recreation
Fishing Demand
Conclusion

6
7
8
11
14

3

THEORY
Economic Benefit Estimates
The Model
The Determinants of Fishing License Demand
Conclusion

16
17
18
21
25

4

DATA AND METHODS
Dependant Variable
Independent Variables
Resident Annual License Price
Short-Term License Price
Non-Resident Annual License Price
Fishable Waters
Number of Species of Fish
Median Family Income
Econometric Methodology

26
28
30
30
30
32
33
34
34
35

5

RESULTS AND CONCLUSIONS

39

Ordinary Least Squares

40

Fish Effects

41

Income Effects

41

Fishable Waters Effects

42

Non-Resident Price Effects

43

Price Effects

43

Resident Short-Term Price Effects

44

Dummy Variable Effects
Future Research
Conclusion

45
45
47

LIST OF TABLES

5.1

ORDINARY LEAST SQUARES REGRESSION RESULTS

40

LIST OF FIGURES

1.1 U.S. TOTAL FISHING EXPENDITURES, 2006

4.1 HISTOGRAM NORMALITY TEST

2

37

ACKNOWELDGEMENTS

I would like to thank my thesis advisor Aju Fenn. His encouragement guided me through
a project that I will carry with me forever. He continued to push me until the very end,
and for that I am very grateful. I would also like to thank my academic advisor Mike
Siddoway. He was instrumental in my successes here at Colorado College.
Lastly, I would like to thank all of my family and friends for all of their continuous

support in not only this project but in everything I do. Without their guidance I could not

even imagine being where I am today.

CHAPTER I
INTRODUCTION

Many people find recreational fishing as an escape from the chaos of their hectic,

daily lives. In fact, 30 million Americans found the time to grab a fishing pole and hit the
water in 2006, which was roughly 13 percent of the entire population of the United

States.1 These anglers totaled almost 420 million days of fishing or an average of 17
days per angler.2 The truth is, however, that fishing provides much more than just
recreational benefits, it provides substantial economic and conservation benefits as well.
Extracting portions of the money spent on fishing or other outdoor activities is an
effective way to provide funds for the conservation of these resources. In 2008 alone,

$720 million worth of excise taxes off of fishing licenses and supplies went into fisheries
management and conservation programs, while state fish and wildlife agencies also saw

revenues of $600 million.3 Most anglers are supportive of these measures because even
though it may cost them more, they know the money is used to preserve their ability to
fish. The costs associated with recreational fishing vary widely from one person to the

next, which is why this makes for an interesting area of study. This paper will look into
1 "2006 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, U.S. Fish and
Wildlife Service," [cited 2010]. Available from
http://library.fws.gov/pubs/nat_survey2006_final.pdf.

2 Ibid.
3 Ibid.

what drives the demand for fishing licenses in an attempt to provide valuable data for the
continued expansion of fishing and its conservation.

With the average angler spending $1,407 per year on fishing related expenses,

recreational fishing in the U.S. turns into a $42 billion industry.4 To fish legally on
public waters in any state an individual needs to purchase a fishing license, but this is just
a minor portion of the costs associated with the sport. Anglers also spend money on
travel, equipment, and other supplies. Many people do not realize that this goes far
beyond the realm of goods solely related to fishing like rods, reels, and lures. Many

anglers also purchase gas, food, drinks, and even vehicles specifically for hauling their
boats and gear. One of the largest expenditures of anglers is the purchasing or leasing of
land.

FIGURE 1.1
U.S. TOTAL FISHING EXPENDITURES,
2006 (in billions)

20
18
16
14

12
10

8 ■;
6

■;

4

l

o

■*

■■■■■■

Transportation,

Equipment

Licenses

!

Lodging, Food

Other

j

j
j

U.S. Total Fishing Expenditures, 2006 (billions S)

;

Source: 2006 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, U.S. Fish and
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4 Ibid.

Money spent in the pursuit offish within the U.S. trickles down throughout the economy.

It was estimated that over 1 million jobs and $125 billion spent in 2006 could be directly

linked to recreational fishing.5 With this type of cash flow it is obvious the fishing
industry plays a noticeable role in the national economy, but how much of a toll has the
recent economic downturn taken on the demand for fishing licenses?

With the seemingly high costs of fishing and the highly elastic choice to purchase

fishing licenses, one would assume that a recession would lower the demand for fishing
quite quickly.

However, this was not the case. In 2009 fishing license sales rose 1.6

percent nationally, meaning 630,000 new anglers took to the waters.6 This does not
include children under the age of 16, which showed an even higher percentage increase in
participation rates. After nearly a decade of yearly declines in total anglers, states

nationwide saw increases greater than any year in the previous 30.

When people are

cutting costs anywhere they can and the average angler was spending around $1,000 per
year on the sport, why would people turn to fishing?

Many of the costs associated with fishing come with a choice. Anglers can

choose to own a boat and fish on big lakes, or they can decide to fish from the bank of the
river that runs behind their house. They can pay $500 for a rod and reel or get one for
around $20. The necessities of an angler can be met by very low or high costs depending

on what they are willing and able to spend on the sport. Many parents have also turned it

5 Ibid.
6 John Zenor, "Recreational Fishing on the Rise Across the Country," Tampa Bay Online, 2010, sec.
News,

7 Ibid.

into an inexpensive family trip or hobby. In most states children under the age of 16 do
not need to own a license to fish. This means the entire family can enjoy a day on the
water at fractions of the cost of going to an amusement park. In some cases fishing may
even be used as a means of survival. As the old Chinese proverb goes, "Give a man a
fish and he will eat for the day. Teach a man to fish and he will eat for the rest of his
life." With the high costs of food, anglers may rely on their fish as a food source now
more than ever.

After seeing the impact the recreational fishing industry has on not only the
economy but on the citizens' lives in general, many state governments began looking into
optimizing their fisheries and available resources. Fish and wildlife departments
performed studies analyzing the factors that influenced one's decision to fish in an
attempt to not only sell licenses but to make sure they sustained their natural resources.

Travel-Cost and Random Utility Models were used for years to estimate the benefits of
going fishing and also to analyze why an angler chose to visit one location over another.

Both models provide useful information but are limited in that they are site-specific. All
of the travel costs and site choices are based off of single lakes or rivers and cannot be
compared to each other.

Bennear, Stavins, and Wagner created a model that used aggregate state data,
which creates a framework for comparing values of recreational fishing days on a state-

to-state basis. By gathering data on the factors they felt were related to the demand for
fishing licenses, they were able to find how much each state's residents valued a day of

fishing.8 Since all of the values are statewide figures, the results are not based off of
people traveling for a specific trip and are useful in understanding all fishing done across

the state. States are not only able to understand how much resident anglers value their
fishing days, but they can understand what factors may lead to states having higher
demands for fishing licenses. If they can work to improve on these factors, they can

effectively increase license purchases in their states. This will also inadvertently provide
more money for the fish and wildlife departments to help further conservation efforts
within the state. A slightly different model will be used in this paper to accomplish
similar goals.

The goal of this study is to examine the determinants of the demand for resident

annual fishing licenses across the upper-mid-west. The following chapter will provide an
overview of literature pertaining to the significance of outdoor recreation, putting a value
on outdoor recreation, and the demand for fishing. Chapter three will focus on the theory
behind this analysis. This will include an outline of the mathematical model used, as well
as a discussion of the theoretical variables used in the model and their effects on the
demand for fishing licenses. The fourth chapter of this paper will provide the data set
and empirical model used to examine the determinants of fishing license demand. Each
variable from the data set will be discussed and its individual effects on the model will be

provided. Lastly, chapter five will contain all of the results drawn from the model used in
this study. These results will be used to draw conclusions about the state of the fishing

industry, and any implications or suggestions will also be presented.

8 Lori S. Bennear, Robert N. Stavins, and Alexander F. Wagner, "Using Revealed Preferences to Infer
Environmental Benefits: Evidence from Recreational Fishing Licenses," Journal of Regulatory
Economics 28, no. 2 (09/01 2005]: 157-179.

CHAPTER II
LITERATURE REVIEW

This chapter will cover research pertaining to the study of recreational demand,
specifically that on the demand for fishing. This paper defines recreational demand as
people's desire, in terms of willingness-to-pay, opportunity cost, or some other measure,

to spend their leisure time pursuing recreational activities in the outdoors. First, this
chapter will show why the demand for outdoor recreation is significant when compared
to all other leisure-time activities. The next section will provide an analysis of the current

recreational demand models: travel cost and random utility, and how they came to be.
This section will be followed by previous studies on the demand for fishing using both of
these models. Finally, the chapter will conclude with a summary of the work by Bennear,
Stavins, and Wagner that inspired this paper.

Significance of Outdoor Recreation

The leisure-labor choice is a decision people face everyday. They must decide

between working one more hour and getting paid and giving that up for one more hour of
free time. In the fast-paced world of today, the leisure time people allot themselves is
becoming far less leisurely. What entertains people is changing along with the amount of
money spent on the entertainment. Costa shows that the percentage of total household

expenditures spent on recreation has nearly tripled over the past 100 years.' Instead of
doing work around the house or reading a book, people are leaving the house, which
means spending more money on this recreational time. Costa claims the increases are

due to better living conditions, which fits the data that shows overall increases of
expenditures with lower percentages spent on food and clothing and more spent on

transportation, education, health, and recreation.2 While Costa's study definitely suggests
more spending in all recreational areas, it does not prove, however, that more money is
also being spent on outdoor recreation.

Phaneuf and Smith were able to prove the correlation between increases in total

recreation spending and increases in outdoor recreation spending. By examining hunting

and fishing license fees as well as park entrance fees they were able to estimate the
money spent on outdoor recreation to be 2.57 percent of total expenditure, or over three

times the estimates they were given from 50 years earlier.3 Phaneuf and Smith's study

1 Dora L. Costa, "American Living Standards: Evidence from Recreational Expenditures," National Bureau
of Economic Research Working Paper Series No. 7148 (May 1999)

2 Ibid.
3 Daniel J. Phaneuf and V. Kerry Smith, "Chapter 15 Recreation Demand Models," in Handbook of
Environmental Economics Elsevier, 2005), 671-761.

proves that the demand for outdoor recreation is increasing by at least the same rate, if
not above Costa's increasing rate for total recreation. Increases in income and
developments in transportation have made outdoor recreation a feasible option for the
people of the United States. Now that the demand for outdoor recreation is significant,
how is it measured?

Outdoor Recreation

How do you measure demand for an environmental amenity? In 1947, Harold
Hotelling wrote a letter to the director of the National Park Service claiming they could
measure the demand for the parks based on the consumers' cost of travel to get there.

His letter was the foundation for the Travel-Cost Model (TCM) that has been used for
half a century since. Trice and Wood (1958) were the first to create a successful TCM
when they estimated the recreational demand for reservoirs that were built in the Upper
Feather River Basin. The California Department of Natural Resources needed to value
the recreational use of these waters to determine if it was economically feasible to keep
them open for these activities. In order to limit reservoir use but still meet the costs, the
park needed to know how much they could charge as an entrance fee, and the TCM was

able to estimate the demand and provide this information.5 The TCM compared the
average traveler's willingness-to-pay and the actual cost of the average travel to that site
to find this the difference between the two. This difference could be seen as a consumer

surplus or as money the consumers were willing to spend but did not have to. The park
4 V. K. Smith, "Taking Stock of Progress with Travel Cost Recreation Demand Methods: Theory and
Implementation," Marine Resource Economics 6, no. 4 (1989)

5 Andrew H. Trice and Samuel E. Wood, "Measurement of Recreation Benefits," Land Economics 34, no. 3
{Aug. 1958): 195-207.

could then set their entrance fees attempting to maximize the use of their average
consumer's willingness-to-pay.

Burt and Brewer (1971) were the first to turn the TCM into what it is today. Their
paper applied micro data to the original TCM and estimated a system of demand
equations in order to estimate the benefits from outdoor recreation. They interviewed
households in order to obtain the information needed to estimate those equations. They
noted:

The critical inform ation required on the interview schedule is: (i) number of days
the household spent at each category of recreation sites, inclusive of travel
time...(ii) expenditures incurred that were specific to each trip (excluding auto
expenses which are estimated separately by mileage); (iii) mileage driven on each

trip; and (iv) family income.6

The pair used their new and improved version of the TCM to estimate the demand for
water-based recreation in Missouri in order to determine the rate of return on investments
into these resources. Summing the operating costs was fairly simplistic but this model
also made it possible to determine a net value of the recreation demand for these

resources in Missouri. It estimated there was a 10 percent annual return on investments

that provided for the creation and maintenance of water-based recreational resources in

Missouri.7 With Burt and Brewer's improvements to the TCM, research in estimating
benefits of outdoor recreation shifted to a focus on opportunity costs, substitutes, trip

length, and site attributes.8

6 Oscar R. Burt and Durward Brewer, "Estimation of Net Social Benefits from Outdoor Recreation,"
Econometrica 39, no. 5 (Sep. 1971): 813-827.

7 Ibid.
8 Phaneuf and Smith, Chapter 15 Recreation Demand Models, 671-761.
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The second way of analyzing one's demand for outdoor recreation is by using a
Random Utility Model (RUM). The RUM is based on the logic that consumers will

attempt to maximize their utility through the choices they make. The RUM models the
choice among a site and possible substitutes, each having their own bundle of attributes

determining which site is chosen.9 This form of analysis allows for a determination of
which attributes lead to demand for each site. It also enables people to view the effects of
a change to a site.

Tudor et al. used a RUM to analyze the effects of pollution limitations placed on

an Ohio-based company on the demand for water-based recreation. The paper models
trips to each site by collecting data on the number of trips, purposes of trips, trip lengths,

distance to the site, and the number of participants.10 They then created models for each
of the four main activities at each site, which were fishing, boating, swimming, and
viewing, and compared them to hypothetical changes that the regulations would bring to

the sites.1' Since the pollution limitations had not been enacted, there was no way to
actually know what affect the regulations would have. By taking two different scenarios
of varying success, Tudor et al. were able to show that even minimal success rates of the

regulations would increase estimated trip benefits per person.12 Since their analysis
showed that the consumer's decision to visit a recreational site was negatively affected by
9 Nancy E. Bockstael and Kenneth E. McConnell, "Welfare Measurement in the Household Production
Framework," The American Economic Review 73, no. 4 (Sep. 1983): 806-814.

10 Lynne G. Tudor, Elena Besedin, Michael Fisher, and Stuart Smith, Economic Analysis of Environmental
Regulations: Application of the Random Utility Model to Recreational Benefit Assessment for the Mp&M
Effluent Guideline American Agricultural Economics Association (New Name 2008: Agricultural and
Applied Economics Association), 1999),

11 Ibid.

12 Ibid.
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pollutants that adversely affect that habitat, even the discontinuation of that polluting
practice without cleanup would be helping the demand for this recreation. This
conclusion clearly showed the regulations would be effective, no matter how successful
they became. Even though this was valuable information the group was expanding on

their work by valuing even more possible scenarios to determine just how much benefit
could come from the new regulations.

Fishing Demand
Recreational demand for fishing has been examined in numerous papers across

different regions of the United States. The most common analyses use Travel Cost

Models (TCM) to estimate demand, such as Ojumu, Hite, and Fields' paper on fishing
demand in Alabama. The trio was looking for ways to better the state's water resources,

which meant they had to understand the recreational demand for fishing within the state.
The TCM model is as follows:
Qd=f(tc,y,z)

The number of fishing trips is the quantity demanded as a function of transit expenses,

the income of the angler, and a vector of demographic variables.13 This model estimated
the average demand to be $33.17 per trip, while claiming there was still a consumer

surplus of 13 percent.14 This means there is room for the state and private fishing site
owners to increase their revenues by tapping into the surplus. The study also showed
there were possible improvements that could lead to further increases in the demand for

13 Oluwagbemiga Ojumu, Diane Hite, and Deacue Fields, Estimating Demand for Recreational Fishing in
Alabama using Travel Cost Model Southern Agricultural Economics Association, 2009),

14 Ibid.
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fishing in the state. The study stated that improving the natural characteristics of a fishing

site, as well as site convenience, would increase demand for those sites.15 Examples of
possible natural site characteristics include things like fish size, variety, and scenery. Site
convenience characteristics would be things like lodging, food, and shopping. This
model provided a lot of insight into the demand for fishing at specific sites, but was still
limited to just that.
Vaughan and Russell showed how site improvements increase demand by

incorporating characteristics into the TCM in their efforts to estimate the willingness-topay of recreational anglers. This is a varying parameter TCM. They incorporated

acreage, fish species, weather, and other variables into their model to examine the site

characteristics and determine their effects on demand.16 Vaughan and Russell determined
that the average number offish caught on trip significantly raises the consumer's

willingness-to-pay.17 They did, however, address the fact that they could not account for
substitutes with their model and data set.
Bilgic and Florkowski used another similar model to determine the demand for

bass fishing in the southeastern United States. They included age, race, gender, and
income in their model in an attempt to find which of these characteristics increased the

recreational fishing demand.1

This information could also provide the departments in

15 ibid.
16 William J. Vaughan and Clifford S. Russell, "Valuing a Fishing Day: An Application of a Systematic
Varying Parameter Model," Land Economics 58, no. 4 (Nov. 1982): 450-463.

17 Ibid.
18 Abdulbaki Bilgic and Wojciech J. Florkowski, "Application of a Hurdle Negative Binomial Count Data
Model to Demand for Bass Fishing in the Southeastern United States," Journal of Environmental
Management 83, no. 4 (6 2007): 478-490.
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charge of state parks with a profile of bass anglers in their areas, giving them an idea of
price elasticity of the anglers' trips. Information like this could help the parks in setting

their entrance fees. Bilgic and Florkowski determined young, white males located in the
middle-class, in terms of income, were the most likely to make bass fishing trips.

This

means the park could target this group when attempting to make improvements to the

site. They also understand which groups are not participating at high rates and can make
the choice to pursue their needs in an attempt to find more anglers or just to cater to the
needs of those already doing the fishing.

The second type of demand analysis talked about in the previous section was the
RUM. This model can also be used when working with recreational demand for fishing.
Bockstael, McConnell, and Strand used RUMs to analyze fishing demand at sites in
Florida in a study that they plan on expanding to fishing along the entire East Coast. To

gather information on fishing at the 9 different Florida sites they were studying,
telephone interviews were conducted in which the following information was obtained:
Destination: state and county/site
Mode of fishing

Type of water body fished
Target species
Household members attending
One-way distance to site
One-way time to site

Boat travel time to fishing site
Round-trip travel costs

Expenses (bait, equipment, launch fees, etc..)

Number of trips of each type taken20

19 ibid.
20 N. E. Bockstael, K. E. McConnell, and I. E. Strand, "A Random Utility Model for Sportfishing: Some
Preliminary Results for Florida," Marine Resource Economics 6, no. 3 (1989)
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After gathering all of this data, the group began estimating the RUM coming up with the
utility function:

v[site(i), mode(m), species(s)] = f(TC,, TTj, Qms)

where TC is travel cost, TT is travel time, and Q is the relevant catch or success rate for

fishing at the chosen site.21 From this information welfare analysis is possible and dollar
values can be assigned to each site choice per time chosen. Through this analysis

Bockstael, McConnell, and Strand were able to determine that value per choice of fishing
for big game (billfish, marlin, tuna) was nearly five times larger than that of fishing at

sites for small game (bluefish, mackerel, and sea trout).22
Conclusion

Although the Travel Cost and Random Utility Models offer very valuable insight
into the recreational demand for fishing, they are site or area specific and lack the ability
to be applied across different geographical regions. Bennear, Stavins, and Wagner
developed a model to estimate the benefits of a day of recreational fishing that was

applicable across states. Their model estimated an anglers' willingness-to-pay from
observed behavior regarding the purchase of fishing licenses within the state, not the cost

of travel.23 Since this is aggregate statewide data, each states results are comparable to
one another providing for a national framework. They ran a generalized least squares

estimation where sales per capita was the dependent variable and the independent

21 ibid.
22 ibid.
23 Lori S. Bennear, Robert N. Stavins, and Alexander F. Wagner, "Using Revealed Preferences to Infer
Environmental Benefits: Evidence from Recreational Fishing Licenses," Journal of Regulatory Economics
28, no. 2 {09/01 2005): 157-179.
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variables included the price of an annual resident fishing license, as well possible
substitutes including three different short-term licenses and the price of the non-resident
license in the state. Other independent variables included area of fishable waters, share
of population in urban areas, mean years of education, and median family income across

the state.24 After determining the demand equations, they manipulated them to find the
estimated value of a fishing day in each state.

The previous model is the basis for the one used in this paper. This paper will

provide an analysis of the first step from this model, which will be fully discussed in the
next chapter. The study will be done on states of the upper-mid-west, including North
and South Dakota, Minnesota, Iowa, and Wisconsin.

24 ibid.

CHAPTER III
THEORY

The following chapter provides a framework for estimating the economic benefits

of an environmental amenity. By avoiding the use of a site or area specific model, these
estimates are directly comparable across geographic regions. The beginning of this
chapter discusses economic benefit estimates and their uses when analyzing the value of
a day of recreational fishing. Next, the mathematical model this paper uses to estimate
these benefits is mapped out. The last section of this chapter covers the theoretical
variables affecting the demand for recreational fishing licenses.

This paper is an extension of the research done by Bennear, Stavins, and Wagner.

The model they created to analyze the benefits of recreational fishing across the United
States provides the basis for the model and its variables discussed in this chapter.

16
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Economic Benefit Estimates
Economic benefit estimates are an economist's way of valuing the use of an

environmental amenity. These resources provide services to the people, but this
transaction usually takes place outside of the usual market setting.

When groups enact

policy or regulatory changes to amenities, such as lakes and forests, there are no
transactions to measure the effects of the changes. These changes could include the
building of dams, cleanup of parks, or improvements to water quality, all of which cost

someone large amounts of money. The most effective way of comparing before and after
the change is by relating the amount spent on the project to the amount of benefit gained
by enacting the change. By analyzing the choices people make regarding environmental

resource usage, economists can often obtain enough information to estimate monetary

values of individuals' utility changes due to changes in the resources.1 Understanding the
effects monetarily makes it easier for all the groups involved to understand the
consequences of a change to the amenity.
The two most common methods of estimating these economic benefits are travelcost and contingent valuation models. Although these models are effective under certain
circumstances, they do not provide the proper results for the goals of this paper. By using

surveys, travel patterns, and costs, they look at site-specific results. The next section
covers a model that produces results comparable across different geographical regions,
which has the capacity to provide a national framework for looking at the valuation of
recreational fishing days by analyzing the determinants of fishing license demand.

' V. Kerry Smith, "Can we Measure the Economic Value of Environmental Amenities?" Southern
Economic Journal 56, no. 4 (Apr. 1990): 865-878.
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The Model

Bennear, Stavins, and Wagner noted that a state fishing license is required for
recreational fishing on any public body of water, therefore owning a fishing license is a

necessary condition to experience benefits from a day of fishing.2 Their insight brings
into play what McConnell labeled "joint weak complimentarity" or that there is no

demand for the public good without the private good necessary to utilize it.3 This means
the licensees must purchase a private, market good in order to capture the benefits of

fishing in public waters, allowing for inferences to be made about anglers' valuation of
fishing days based on those purchases. Based off this idea Bennear, Stavins, and Wagner
created this list of steps to complete their analysis:

The first step is to estimate econometrically a set of demand functions for state
annual recreational fishing licenses. By measuring the appropriate area under the
inverse demand function, we can estimate the average benefits per capita of

fishing licenses. Further manipulation leads to an estimate of the average benefits
of fishing licenses per license. From this we derive a revealed-preference

estimate of the expected value of a recreational fishing day.4
This study covers the first step of the trio's analysis. The independent variables of the
demand function created in step one are considered the determinants of fishing license
demand. Each of theses determinants can be analyzed to determine what drives the

2 Lori S. Bennear, Robert N. Stavins, and Alexander F. Wagner, "Using Revealed Preferences to Infer

Environmental Benefits: Evidence from Recreational Fishing Licenses," Journal ofRegulatory Economics

28, no. 2 (09/01 2005): 157-179.

3 K. E. McConnell, "On-Site Time in the Demand for Recreation," American Journal ofAgricultural
Economics 74, no. 4 (Nov. 1992): 918-925.

Bennear, Stavins, and Wagner, Using Revealed Preferences to Infer Environmental Benefits: Evidence
from Recreational Fishing Licenses, 157-179.
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demand for these licenses. The rest of this section will discuss the theory necessary for
this analysis.

To find a demand function for resident fishing licenses, a utility maximization

problem must be used. Equation 3.01 represents a general utility function that can be
used:

Utility = U(X, Y)

(3.01)

In equation 3.01, X refers to annual resident fishing licenses sold per state, while
Y refers to the substitutes to them, or resident short-term and non-resident annual
licenses. This utility function is also subject to constraints because individuals are

restricted on what they can purchase based off of their budgets. This provides a budget
constraint on the utility function of:

I = XPX + YPy

(3.02)

In this budget constraint equation, Px is the price of a resident annual fishing
license and Py is the price of a substitute. Showing here that the process works for one
substitute shows that it can be done for all of them. Using a direct utility function the
problem can be solved. This Umax problem can be stated:

Max (X, Y) = XY + XY2

(3.03)

20

Since this maximization problem is subject to the individual's budget constraint,

the Lagrangian multiplier is necessary to solve the problem.5 Using the direct utility
function and the budget constraint, this Lagrangian function is created:

-Px - Py)

(3.04)

Once the Lagrangian function is formulated the next step is to find the first-order
conditions by taking the derivatives with respect to the choice variables X, Y, and the
lagrangian multiplier (A). Obtaining the optimal amounts of X and Y is done by setting

the first-order conditions equal to zero and solving for X, Y, and A .6

&L=Y + Y2-APx=0

(3.05)

^=x + 2XY-AP,=0

(3.06)

*=i-xp,-YPy=0

(3.07)

dX

dY

CM,

The next step in proving the theoretical demand equation comes from combining
equations 3.05 and 3.06. After solving for X it is plugged into equation 3.07, which is
then solved for Y producing equation 3.09.

M^\
Px\2
\)

(3.08)

5 N. Gregory Mankiw, Principles of Economics, 4thd ed. (United States: Thomson South-Western, 2007),
896.

6 Ibid.
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LJ^l

(3.09)

YPy+3Py-2I

After Y has been solved for, plugging it back into X (3.08) gives the theoretical
demand equation for resident annual license sales, equation 3.10. Simply plugging the Y
into X is sufficient in showing the theory behind using this form of demand equation.

Equation 3.10 proves that the demand for fishing licenses by residents of their states is
dependent on the price of that license, Px, the price of substitutes, Py, and the demanders
budget based off their income, I.

Px {YPy + 3Py - 21J

+

{YPy + 3Py - 21j

3Py-2l)

This derivation of the demand function provides the theory behind analyzing the

determinants that drive that demand. Including prices of the licenses and consumers
income proves it is reasonable to derive a demand function for resident annual fishing
licenses based on these determinants and others. Determinants are considered to be the
independent variables within demand function. The next section will cover which groups
of theoretical variables were chosen for this study. These theoretical variable groups will
then be further broken down in the next chapter.

Theoretical Determinants of Fishing License Purchases
This section discusses the groups of theoretical variables that influence the
demand for license sales. This study focuses on the demand for resident annual license
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sales in each state, which brings three main groups of variables into play when estimating
this demand. These three groups can be labeled license price and its substitutes,

characteristics of the demanders, and availability of recreational fishing resources.7
The first group of variables includes the price of the resident annual license, as
well as the prices of its substitutes. Prices of the goods involved clearly affect the
demand for those goods. As the price of a good rises, demand for that good will
generally fall as long as that demand is fairly elastic. Elasticity is referring to the
availability of substitutes for the good, or the substitution effect. The substitution effect
is when a consumer purchases more of, or in the case of license sales one of, a substitute

good because of an increase in the price of the original good.8 In this case resident
annual license demand is very elastic due to the large availability of substitutes. Most
states offer cheaper, short-term licenses and consumers can also purchase non-resident
licenses if they wish to fish outside of their home state. This model incorporates two
different short-term licenses in each state, each a different length. Another option that is

becoming available to outdoorsmen in most states is purchasing a combination license.
Combination licenses are generally more expensive but allow the consumer to fish and

hunt in their respective state.

However, the combination license is left out of this model

because it also incorporates the demand and value for hunting, which may sway the
findings of this paper. This wide array of substitutes heavily influences the demand for
annual resident fishing licenses by keeping that demand elastic.

7 Ibid.
8 Ibid.
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The next group of theoretical variables includes the characteristics of those
demanding the good. Since the demographics of the demanders should be relevant to the
license demand, Bennear, Stavins, and Wagner included three variables in this group.

The first of these is the median family income of the state.9 This variable is included to
incorporate the incomes of the demanders into the model. Its effect on the demand is
known as the income effect. If fishing licenses are a normal good the demand will go up
with income, but if they are an inferior good they may actually go up as income drops.
There is a chance fishing licenses may be an inferior good in certain areas, depending on
the availability and costs of fishing there. Since fishing can provide food for families,

some areas may rely on catching fish as a necessity rather than a hobby. Fishing can also
incur large costs outside of the purchase of a license, which will likely turn fishing
licenses into normal goods in the case of this model. The final two variables included
with this group in the model by Bennear, Stavins, and Wagner are the mean education in

years of adults and the share of population living in urban areas within each state." This
paper does not use them, however. In the states used in this study these variables will be
less helpful in looking at the demand for fishing licenses. This is largely due to the

abundance of fishable waters in and around the major cities located within these states
providing easy access to almost anyone across the state, regardless of where they live or
what they do. Also, the education variable seems to be less of a determinant in this

9 Bennear, Stavins, and Wagner, Using Revealed Preferences to Infer Environmental Benefits: Evidence
from Recreational Fishing Licenses, 157-179.

10 Mankiw, Principles of Economics, 896.

'' Bennear, Stavins, and Wagner, Using Revealed Preferences to Infer Environmental Benefits: Evidence
from Recreational Fishing Licenses, 157-179.
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particular region of the country. In many places the education variable provides useful
information into the type of people who are fishing. This is not necessarily dependent on
whether or not they are educated but more so on the type of area they are from within the
state. In many regions where the mean years of education is lower the people tend to live
a life more catered to getting into fishing, hunting, and other outdoor activities in this
realm. In the states involved in this study this does not seem to be the case. Due to rural
settings making up most of these states, a culture has been bread that encompasses many
different types of people from across the region. Even people living in the urban areas
have had access to fishing their entire lives, which may help close the gap between
education differences and its effect on the demand for resident annual fishing licenses
within the state.

Availability of recreational fishing resources makes up the last group of variables
for this study. Since limited resources generally incur higher costs, the availability of the
fishing resources plays an important role in the demand for fishing licenses. The variable
included in the model created by Bennear, Stavins, and Wagner is total acreage of

fishable water in each state.12 This study splits this variable into two separate variables.
Since total acreage was not kept by many states, total acreage of lakes and total miles of
rivers are used to encompass all the fishable waters in each state. As the availability of
fishable waters goes up, demand should as well. Since there is more water available to
fish, it is likely that there are fewer costs associated with traveling to and from the
location making the overall costs lower. This paper also adds another variable to the
model: total number offish species in each state. Some anglers are in search of food

Ibid.
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while others are looking for wall ornaments, but different people go fishing for different
species offish and this may determine where they decide to purchase their licenses. This
variable should have a significant effect on demand because there is less of chance
anglers will leave their home state in search of a different species if the state they reside
in has larger numbers of fish.

Conclusion

This chapter has developed the theory behind analyzing the determinants of
demand for recreational fishing licenses. The theory will be tested in the next chapter
with the use of a data set consisting of the theoretical variables mentioned previously.

These variables were characterized into three groups; license price and its substitutes,
characteristics of the demanders, and availability of recreational fishing resources, and

they will be described in detail in the next chapter. The empirical model constructed in
this paper will test the hypotheses laid out in this chapter and further analysis will provide
results analyzing the determinants of resident annual fishing license demand in North
Dakota, South Dakota, Minnesota, Iowa, and Wisconsin.

CHAPTER IV

DATA AND METHODS

This chapter describes the data set constructed for this paper. The data set has
been compiled in order to test the model laid out in the previous chapter. Each individual
variable will be discussed in detail, starting with the dependent variable from the model.
Next, all of the independent variables will be examined. The last section of this chapter
will discuss the econometric methodology for testing the empirical model in this study.
Although this model sets up a national framework for comparing the determinants

of fishing license demands by state for all 50 states, due to limited time and resources a
smaller sample was necessary. The data is compiled from five different states in the
upper mid-west region of the United States, with Minnesota being placed at the center.

Minnesota has the highest per capita resident fishing license sales in the U.S.1
Surrounding states North and South Dakota, Iowa, and Wisconsin are also included in the
data set. These states all kept the data necessary for this model but not for the same
length of time, meaning each state has a different number of years worth of data. Iowa
provided the most years of data with 30, whereas North Dakota had the least with nine
years. Overall, the five states provided 88 observations, where each observation is a
single year. The dependent variable is license sales per capita, or licenses sales in the

1 "Minnesota Department of Natural Resources License Center Statistics," June 2009 [cited 2009].
Available from http://files.dnr.state.mn.us/rlp/stats_2009.pdf.
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state divided by the state's population, and there are 10 independent variables. Equation
4.01 shows the estimated demand equation for resident annual fishing licenses per capita.
SALES (Q/N) = f (PRICE, PST1, DPST1, PST2, DPST2, NRP, ACRES, MILES, FISH,
INCOME)

(4.01)

where Q = quantity of sales of resident licenses in the state during that year
N = population of the state

PRICE = price of resident annual fishing license in state

PST1 = price of 1-3 day short-term resident license
DPST1 = dummy variable equal to 1 if the state offers the license and 0 otherwise
PST2 = price of 4-9 day short-term resident license

DPST2 = dummy variable equal to 1 if the state offers the license and 0 otherwise
NRP = price of the state's non-resident annual fishing license
ACRES = total fishable acreage of lakes in the state

MILES = total miles of fishable rivers in the state
FISH = total number of species offish in the state

INCOME = median family income in the state2

2 Lori S. Bennear, Robert N. Stavins, and Alexander F. Wagner, "Using Revealed Preferences to Infer
Environmental Benefits: Evidence from Recreational Fishing Licenses," journal ofRegulatory
Economics 28, no. 2 (09/01 2005): 157-179.
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Dependent Variable

The dependent variable in this model is resident annual fishing license sales per
capita (SALES). The best way to analyze fishing license demand is through the state's
sales of resident licenses. This is because 92 percent of anglers in the United States do at

least some of their fishing in their state of residence and 78 percent solely fish in the state

they call home.3 Numbers like those show that the majority of fishing will be done with
the use of resident licenses meaning this is the area that can produce the most insight into
improvements that can be made. To find this data each state's individual fish and
wildlife department was contacted requesting the information needed for the study.
These departments kept records of each of the variables related to fishing licenses and
their prices used in this model. Even though most state's fishing seasons are not, resident
annual fishing license sales are measured by calendar years, which is how this paper will
use them. Many states choose to close their fishing seasons in the spring to protect the

fish when they are spawning.4 Many species of fish become vulnerable before, during,
and immediately after the spawn, prompting states to shut the season down for a period of
time. This means that their annual license is good from the opener of the fishing season,
towards the end of spring, until the season is closed, which is the beginning of spring in
the next calendar year.

Since the goal is to create a variable that can be analyzed and compared on a
state-to-state basis, solely using fishing license sales is not option. This is because the

3 "2006 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, U.S. Fish and
Wildlife Service," [cited 2010]. Available from
http://library.fws.gov/pubs/nat_survey2006_final.pdf.

4 Spawning is the production and depositing of large quantities of eggs in water, which is the method
of reproduction for fish. The process leaves fish weak and hungry, making for higher catch and kill
rates during these time periods.
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large differences in population from one state to the next also produce large differences in
resident fishing license sales due to fact that either more or less people are available to
buy them to begin with. Dividing the resident annual fishing license sales by the state's
population from that year produces a variable known as fishing license sales per capita,

or how many fishing licenses the state sells per resident. This variable allows for analysis
of fishing license sales in a national framework because it throws out the effects of
population and places each state on a level playing field. It allows for the states to be
compared based on the other factors that effect fishing license demand, not just
population.

An example of where this is effective comes from comparing North and South
Dakota. In 2008 North Dakota sold 44,076 resident annual fishing licenses, which is
much less than the 55,865 that South Dakota sold. At first glance many would consider
fishing to be more popular in South Dakota because of the extra 11,000 licenses sold

there, but this is not the case. Taking the resident annual license sales and dividing it by
their populations, which were 641,421 for North Dakota and 804,532 for South Dakota,

shows that each state has the same resident annual fishing license sales per capita of

.069.5 This means that each state sells the same amount of fishing licenses per resident,
even though South Dakota's total sales are higher. All of the population data was
available at census.gov.

Being able to view states on this level playing field will allow for an analysis
dependent on the other variables involved, or the ones that a state can manipulate in an
attempt to improve their resident fishing license sales. This study examines the effects
5 "Annual Estimates of the Resident Population for the United States, Regions, States, and Puerto
Rico: April 1, 2000 to July 1, 2009," [cited 2010]. Available from
http://www.census.gov/popest/states/NST-ann-est.html.
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that these potential determinants have on the resident annual fishing license sales in each
state. By enabling comparisons on a state-to-state basis, states can determine what

factors have the most influence on the demand for fishing licenses. The goal of this

paper is to provide analysis of these possible determinants in each state.

Independent Variables
Resident Annual License Price

The price of a resident annual fishing license (PRICE) is accepted to be a
determinant of the demand for such a license. Since the demand for a resident annual

fishing license would be considered by most an elastic demand, this particular
determinant becomes quite important. When a good has elastic demand, price variations
generally impact the amounts of the good that are sold considerably. If the price of the
good goes up, fewer will make the choice to buy the good and will either buy a substitute
or spend that portion of their budget on something else all together. Lowering the price

will encourage more residents to buy licenses, but to what extent is unknown. The
expectation is that fishing license sales will have a negative relationship with price.

Short-Term License Price
Most states offer short-term resident fishing licenses as substitutes to paying
higher prices for annual licenses. Some anglers only have the time or interest to go on
one fishing trip per year and do not want to pay for the annual license. By creating shortterm options at fractions of the price, states are able to cash in on the less-committed
anglers. Although they may lose some annual sales, states are bringing in more revenue
by creating anglers out of groups of people that would normally not be spending the
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money on fishing. Also, residents interested in giving fishing a try are more likely to do
so if they can buy a cheap license for the time frame they want to go. This could
potentially create more anglers in the future, because they are given an opportunity to try
fishing relatively cheap. The reason this can be a determinant of the demand for annual
sales of resident licenses comes mainly from the elasticity. Short-term licenses are

substitutes to an annual license, and if there are more substitutes for a good its demand
becomes more elastic and may fluctuate more.

This study will look at the price of two lengths of resident substitute licenses.
These are the price of a 1-3 day short-term license (PST1) and of a 4-9 day license
(PST2). The effect that the availability of a short-term resident license substitute has on

their annual license sales becomes an important area of analysis for states. If the state
loses enough annual resident sales to the cheaper short-term licenses, they may be losing
money by having the option. This is why some states do not offer these resident shortterm licenses. The model used in this study accounts for these states by creating a
dummy variable for each of the two short-term options. These variables are labeled

DSTP1 and DSTP2, for the 1-3 day and 4-9 day, respectively. The variable is simply
valued at 1 if the state has the option and 0 if it does not have the particular license.

Since the short-term license is supposed to be a cheaper substitute for an annual
license, the demand for resident annual license sales will have a positive relationship with
the price of the two short-term options. If the price of the substitutes goes up, creating a
smaller price gap between the short-term and annual licenses, more people will be willing
to spend the extra money to give them the flexibility to fish whenever and as often as

they would like. However, the dummy variables should have the opposite effect by
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creating more substitutes to the annual license if they are equal to 1, meaning the state
has that particular short-term license and its anglers have the option.

Non-Resident Annual License Price

The price of a non-resident annual fishing license (NRP) in the state being

analyzed can be a determinant of the demand for resident licenses in a round about but
logical way. Non-resident fishing licenses are generally more expensive than those for a

resident of the state. Many think of this as a benefit given to them for living in the state
and to some extent this may be true, but the main reason they are more expensive is that
the anglers that are traveling to other states to do their fishing have a more inelastic
demand for the good. If they are going to spend the money to travel to another state in
search offish, they are also going to be more willing to spend more money on the
necessary license. Since they were willing to travel in search of one area, fishing site, or
type offish, they have fewer substitutes to purchasing the more expensive license and
more value of a day of fishing in a state other than their own. If a state has an expensive

non-resident license it is likely that the demand for such a license is also high. The
demand for resident and non-resident licenses should be very closely related, at least in
that they increase and decrease together. It is expected that the demand for resident

annual fishing licenses will have a positive relationship to the price of a non-resident
annual license.
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Fishable Waters

Ideally, the total fishable acres of water in the state would be the next variable

included as a determinant in this model.6 The departments that were contacted for the
data had total lake acreage, but did not have a value for the total fishable acreage of all
water in their state. Due to the lack of availability of this information on a state-to-state

basis, this variable has been split into two separate variables. The first one is total
fishable acres of lakes (ACRES) within the state, while the second is total fishable miles
of rivers (MILES). An appendix from www.water.ky.gov provided all of the data on

rivers with the states. These two variables provide the same information as total acreage

but in a different manner. There are a couple different reasons it is logical to assume that
the more water area a state has the higher the demand for fishing will be there. First, if a
state has a large area of lakes and rivers it is likely that many people have relatively easy
access to fishing locations. This means it is less work and less expensive to spend an
hour, a day, or even a weekend fishing. Another possible reason is based off the culture.
States with large water resources are more likely to have relied upon and used them in the
past, which creates a culture apt to continue using them in the future. Finally, if a state
has large enough amounts of water within its own borders, it is less likely residents will
need to travel elsewhere to meet their fishing needs. This being said it is expected that
both total fishable acres of lakes and miles of rivers will have a positive relationship with
the demand for resident annual fishing licenses.

6 An acre of water is based off surface area and is equal to 43,560 square feet. This can be compared
to size of a football field, minus the end zones.
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Number of Species of Fish

The total number of species offish within a state's waters (FISH) is also included
as a determinant of resident annual fishing license sales. States that have a high number

of different species offish provide more options for anglers within their state. The main
reason this is important is to keep residents from doing their fishing elsewhere. If an
angler's home state has a wide variety of fish to choose from, it is more likely they will
have what that particular angler is in search of and keep them fishing in the state. If an
angler cannot find what they are looking for in their state of residence, they are likely to
go to different states to do their fishing. Another benefit is in the variety fishing sites will
offer. Some anglers just enjoy catching different types of fish and are not in search of
something in particular. If lakes and rivers provide the chance to catch many different
types offish, then these people are also more likely to stay in their home state. Once
again this information was obtained from the fish and wildlife departments in each state.

It is expected that total number of species of fish and demand for resident annual licenses
will have a positive relationship.

Median Family Income

The final determinant for resident annual fishing license demand used in this

model is the median family income of a four-person household (INCOME) in the state

for each year. Characteristics of the demanders cannot be ignored when considering the
determinants of the demand for a good. As mentioned in Chapter III, the only relevant
demographic variable in the case of this study is median family income. Chapter II

showed that the estimated demand function derived for this model is dependent on the
income of the anglers. The best way to measure the income of residents within a state is
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through the median family income, which was found on the U.S. Census Bureau website
for each of the states and years involved in this study. This accounts for the total income
of the household, not just the individual, which is the best way to truly look at the budget
consumers are working with when making the choice to purchase a license.
Understanding how the budget and license demand are linked will help in understanding

what type of good a resident annual fishing license actually is. One could classify
resident annual fishing licenses as a normal good. As the disposable income of the
average family goes up, so would the demand for fishing licenses. However, it is a
possibility that in some regions fishing licenses may actually be an inferior good, or more
may be sold as income drops. Fishing can be a relatively cheap excursion for an entire
family, or it may even be a way to provide food for the household, both of which would
support increases in the sales of fishing licenses following drops in income. In this study
due to the specific region of the country used, median family income is expected to have
a positive relationship with the demand for annual licenses.

Econometric Methodology

After this data set was assembled it was then regressed to begin the analysis of the
determinants of resident annual fishing license demand. The first step was the running of
an initial Ordinary Least Squares (OLS) regression in EViews. This first regression not

only included all of the variables that ended up in the data set, but it also included a
dummy variable for each year and state but one. The regression would not run with these
variables due to a problem known as near singular matrix. When rows or columns of

data are multiples of each other, which happens easily with large dummy variables like
these, this problem arises. Near singular matrix is when the determinant of the regression
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matrix is equal to zero causing the matrix inverse to be undefined. These dummy
variables were eliminated one by one until the variables mentioned earlier were the only
ones left. However, these variables had a fairly low R-squared value. In an attempt to

raise this and get better results the variables MILES and ACRES were both turned into
log functions creating equation 4.02, which is the final OLS regression equation for this
study.

Log(SALES (Q/N)) = f (PRICE, PST1, DPST1, PST2, DPST2, NRP, Log(ACRES),
Log(MILES), FISH, INCOME)

(4.02)

Once the variables used created a regression, tests were run to insure that the
required conditions for the model to be significant were met. The first test was a

normality test of the residuals. This test found the Jarque-Bera statistic to be 7.471,

which meant the model had normality problems. The Jarque-Bera statistic must be less
than the Chi-Squared critical value of 5.99 in order for the model's t-statistics to be

dependable. A simple adjustment for this is to make the dependent variable, fishing
license sales per capita, a log function. Re-running the test showed an appropriate
Jarque-Bera statistic of 2.734 in FIGURE 4.1, which meant the model's residuals now
had normal distribution.
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FIGURE 4.1

Histogram Normality Test

Series: Residuals
Sample 4 91
Observations 88
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The next test that was run is known as the White Test for heteroskedasticity.
Heteroskedasticity occurs when the variance of the error term is different for different
values of X. This means that the OLS estimators are no longer reliable. The White Test
gives a stat called the observed R-squared. If this value is greater than the Chi-squared
value for the number of degrees of freedom used in the model, than that model has

heteroskedasticity. This model has 10 degrees of freedom because it has 10 independent
variables that affect the slope. The Chi-squared value for 10 degrees of freedom is 18.31.
The observed R-squared value displayed by the White Test for this model was 50.01,

which meant the model had heteroskedasticity. In EViews this can be accounted for with
a simple adjustment made within the White Test. Although the model will still have
heteroskedasticity, the adjustment allows for these variances to be different and still

produce effective results. The last test was to determine if the regression had

38

multicollinearity problems, which it did not. Finally, the regression was ready to be
analyzed.

This chapter has provided an in depth look at the data used in this study. First, the
model was laid out and all of the variables were discussed in detail. Then the
econometric methodology was examined to prepare for the final analysis to come. The
next and final chapter of this paper will cover the results of the OLS regression. The
coefficients and t-statistics of each of the variables will be discussed in detail leading to
conclusions that can be drawn from this study.

CHAPTER V

RESULTS AND CONCLUSIONS

This final chapter will take an in depth look at the results of the regression

performed on the data set created in the previous chapter. The first section of this chapter

will cover the results from the Ordinary Least Squares (OLS) regression. Each of the
variables used in the model will be examined. The next section will uncover weaknesses
of this research and provide any possible adjustments that may be helpful if the study was
redone. This section will also provide some ideas for further studies in this field. The
final section of this chapter will discuss any conclusions and implications that were
drawn from the model developed in this study of resident annual fishing license demand.
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Results:
Ordinary Least Squares

The results from the OLS regression for determinants of resident annual fishing
license sales are shown below in TABLE 5.1. The table includes the coefficients and tstatistics for each of the variables used in the regression. This study was looking for
variables significant at a five percent level. If the variable produced a t-statistic greater
than 1.96, it was considered significant. Those variables that were significant are marked
with an asterisk. Seven out of the ten variables used provided results that were
significant for the model.
TABLE 5.1

Ordinary Least Squares Regression Results

The Determinants of Resident Annual Fishing License Sales

t-Statistic

Variable

Coefficient

C

0.4787

0.802

FISH

0.0102

10.38*

INCOME

6.06E-06

3.61*

MILES

-0.3336

-4.929*

ACRES

-0.0352

-2.121*

NRP

-0.0004

-0.1207

PRICE

-0.0321

-4.311*

PST1

0.0308

3.639*

PST2

0.0301

1.453

DPST1

-0.3339

-5.049*

DPST2

-0.0229

-0.1352

R-squared

Adjusted R-squared

0.79
0.76

* Significant at a 5% significance level, (t-critical = 1.96)

The model provided an effective approach towards an analysis of the

determinants of fishing license demand. With an R-squared value of .79, the model
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explained 79 percent of the variation in the dependent variable resident annual fishing
license sales per capita (SALES). This is a very good R-squared value, meaning the
model provided an excellent estimation of SALES.

Fish Effects

This study found the number of species of fish (FISH) within a state to have a

positive relationship with resident annual fishing license demand. The regression
coefficient produced by the GLS procedure is .0102 with a t-statistic of 10.38. This

means that a state's sales of resident licenses will go up .0102 if they add a species offish
to their waters. The coefficient for FISH is significant at the five percent significance
level. This is because the t-statistic for FISH is higher than the critical t-statistic of 1.96
to be significant at the five percent level.

Income Effects

The consumer's income (INCOME) was found to have a positive and significant
effect on the sale of resident annual fishing licenses. This regression found INCOME to

have a very small coefficient of 6.06E-06 with a t-statistic of 3.598. It is reasonable that
the effect of INCOME on the demand for licenses seems so small, however. This result

means that for every one-dollar increase in median family income license sales will go up
6.06E-06. Another way to look at this is that for every one thousand dollar increase in

median family income results in a .0061 increase in resident annual license sales. This
shows that when INCOME is viewed at a level it is more likely to be used at, the effects
become more substantial. This result points in the direction of a resident annual fishing
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license being a normal good, since an increase of income will increase demand while a
decrease of income will decrease the demand.

Fishable Waters Effects

Both of the variables that made up the total fishable waters variable from the

previous model were turned into log functions in order to better the R-squared value of
this model. This means they cannot be evaluated strictly by their coefficients like the rest
of the variables. To understand how to analyze this type of coefficient an example will
be shown using equation 5.01.

)

(5.01)

Theoretically, when analyzing a coefficient the partial derivatives are taken, whether or
not it is necessary to physically do the work. Equations 5.02 and 5.03 show the partial
derivatives for the X's in equation 5.01.

(5.02)

3cx
dy

(5.03)
x2

This shows that although the coefficients can generally be analyzed in a straightforward
fashion, if they are a log function the coefficient must be divided by the X in order to be
interpreted. Since this study is using data for many different years with one outcome it is
not possible to do this for each year, but it can be done for the study by finding the mean
of each of these variables and dividing the coefficients by that value.
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The two log variables used in this study are the total fishable acres of lakes and
total fishable miles of rivers, or ACRES and MILES, respectively. The five states used in
this study had a mean ACRES of 1,290,474. It was also determined that the mean for the
MILES data was 57,123. Since both of these variables were significant, ACRES having
a t-statistic of-2.121 and MILES' being -5.049, it was necessary to divide their
coefficients by their means. This provided actual coefficients of -2.585E-07 and
-6.163E-07 for ACRES and MILES, respectively. These results go against the
expectations of this study. It does not seem reasonable that states lose fishing license
demand when they have more available fishable waters. It is unknown why these results
are negative, but they may even be incorrect due to the relatively small data set used in
this study.

Non-Resident Price Effects

The price of a non-resident annual fishing license (NRP) did not play a role in the
demand for resident annual fishing licenses. It was expected that the prices of these two
licenses would be correlated and therefore NRP would be a determinant of resident
demand. As expected the demand for resident licenses and the price of a non-resident
license had a negative relationship with a coefficient of-.0003 but with a very

insignificant t-statistic of -.1207. Therefore, NRP was not an effective determinant of
resident fishing license sales.

Price Effects

The price of a resident annual fishing license (PRICE) had a negative and

significant effect on the demand for such a license. The regression coefficient is
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.0321 producing a t-statistic of-4.311. This means every dollar increase in the price of
the license will drop license sales .0321. This negative relationship between PRICE and
the demand for fishing licenses provides more strong results showing that a resident
fishing license is a normal good.

Resident Short-Term Price Effects

There were two short-term fishing license options available for residents based on
the length of the license. Price of short-term one (PST1) was a one to three day option
and price of short-term two (PST2) was a four to nine day license. PSTl's relationship
with annual license demand was positive and significant. The coefficient was .0308 and
the t-statistic was 3.639. This was the expected result since demand for a good will

increase if the price of a substitute increases. For every dollar increase in PST1 the sales
of annual licenses will increase .0308.

The second option, PST2, also showed a positive relationship with the demand for
annual licenses but it was insignificant. Even though the coefficient was .0301, the
results were insignificant at the five percent level because the t-statistic was only 1.453.

The fact that this relationship is insignificant may be because of the anglers that purchase
the longer of the short-term licenses. With a length of around a week, the second shortterm option is appealing to a part-time angler. Although the person does not fish
regularly, whether due to costs, lack of time, or lack of interest, they may get enjoyment

out of going on one trip per year. These particular people will purchase this option
whether or not the price increases, as long as it is still cheaper than the annual license.

This would leave no relationship between PST2 and the demand for annual licenses
explaining these results.
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Dummy Variable Effects

Once the model was completed there were two dummy variables left. They were
for the prices of the short-term resident fishing licenses. These two variables were
labeled DPST1 and DPST2 for the one to three day and four to nine day licenses,

respectively. DPST2 was not significant in this study because it produced a t-statistic of.1352. The dummy variable for the one to three day licenses was significant, however.
DPST1 had a coefficient of-.3339 with a t-statistic of-5.049. These stats prove for
DPST1 what the model was expected to find about both of the dummy variables. The

availability of a substitute within a state will lower the demand for annual resident fishing
licenses.

Future Research

The first improvement to this study could be including a similar model for non
resident annual fishing license sales. Anglers that purchase non-resident licenses not
only spend more money on the license itself but they will also generally spend more on

the other expenses such as travel and food. An effective analysis of the determinants of
non-resident license sales would provide for an efficient handling of a large area of
revenue for the state. Non-residents anglers are in search of certain aspects of fishing at
certain costs to themselves. If the state understands what drives this demand they can
make improvements to maximize the revenue they see from these license sales.

Another improvement would be an increase in the number of observations used in
this study. More observations would only help solidify this paper's findings. This can be

accomplished either by involving more states or by finding more years worth of data for
the states already in the study. It could also be helpful to set a specific period of time for
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each of the states involved. Due to the limited available resources within the timeframe
of this study each state had different amounts of years of data. By setting a time frame,
such as 1970-2010, it may provide more reliable data since each state is covering the
same years.

Adding combination fishing and hunting licenses to the study in some way would

also be an improvement worth looking into. Combination licenses are rapidly becoming
a large player within the realm of license purchases. Many anglers are also involved in
some form of hunting. When these people are able to purchase one license that covers

both, generally at a lower price than buying them separately, it makes for an appealing
option. As this market continues to grow the numbers used in a study like this will
become less valuable. Accounting for this large group of anglers would only make this
study more effective and accurate in the future.

One final possibility for improving this study would be to change the variable
NRP, or non-resident annual fishing license price. NRP may have been too directly

linked to the price of resident annual licenses and failed to provide useful data. This
variable proved to be insignificant and could be replaced by a similar variable in a future
study. If the variable was turned into the average price of a non-resident license in
surrounding states it would provide another substitute to a resident license. If the price to
fish in a neighboring state is lower and the fishing is at least the same, many residents

may travel out of state to do their fishing. For an example of how this variable would

work take a look at Minnesota as the state of residency. The variable would consist of
the average non-resident price of the other four states used in this study, and possibly
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even the provinces of Manitoba and Ontario to the north. This variable appears to be an
improvement to the one used in the model for this study.

There is also one potential problem with analyzing the total license sales in direct

correlation to fishing demand. Although it is required to purchase a fishing license to
legally fish in the United States, it is not uncommon for people to fish illegally. This
group of illegal anglers still has a demand for fishing, but they are not initially willing to
pay the cost of a license to do so. The significance of this issue is determined by how
large this group is at the time of a study. In a rough economic time people may be more
willing to take the risk of getting caught without a license in order to avoid paying for
one. There are also some regions in certain states where an angler could fish for years
without a license and never have to worry about getting caught. These factors promote

this form of illegal fishing, and they will fluctuate from year to year making this an ever-

changing statistic that may or may not be significant in understanding the true demand for
fishing within a state.

Conclusions

The goal of this study was to examine the determinants of resident annual fishing
license sales across the upper mid-west region of North and South Dakota, Minnesota,

Iowa, and Wisconsin. A better understanding of what determines the demand for fishing
licenses will provide the states with valuable information they can use to help improve
sales of licenses and the conservation of their resources. A data set with 88 observations
was created from the information provided by the states involved for all of the years they

had in their records. An ordinary least squares regression of the data set provided the
information necessary to make conclusions about these determinants.
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There were a number of implications that came from the results of the regression.
States can manipulate the demand for resident annual fishing licenses by examining the

coefficients of each variable. The coefficient shows how much changes in that particular
variable will change the demand for fishing licenses. One example of a possible change a
state could make comes from the number of species offish within the state. The
regression showed a positive relationship between total fish species and demand for
licenses. States can introduce fish species into their waters in an attempt to provide more

species for their residents to pursue, which should raise the total number of resident
annual fishing licenses sold. There are limitations to an approach like this, however.

First, it is expensive to introduce fish into a place where they are not naturally found. A
state must do some research into what the demand for that species would be in their state
and determine if it would be a reasonable plan of action. Another problem with this is
that it can be a risky investment. Sometimes the fish will not take to the new
environment and they will all eventually die off. If this were to happen the money put

into this improvement will be a complete loss. This is just one possibility of the
implications of this data.

Another possible implication from this data comes from the price of the second
short-term license, PST2. PST2 had an insignificant relationship with the demand for
annual licenses. Since these variables seem to be independent of each other the price of
this license can go up or down without having a significant effect on the sale of the

annual licenses. States can look to maximize the profit from the longer short-term option
without worrying about the effects it would have on the annual sales.
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A couple of the more straightforward implications of this study come from the

variables PRICE and INCOME. Both of these variables were proven significant and
together they answered one of the primary questions that arose in the completion of this

study: is a resident annual fishing license a normal good? Due to a few possible
scenarios that were discussed earlier in this paper, including fishing for food or fishing
because its cheap entertainment, the possibility that a fishing license was an inferior good
came up. The variable accounting for the median family income showed this was not the
case. If the fishing license was an inferior good demand would fall if income went up,

which did not happen in this model. The significant variable INCOME had a positive

relationship with fishing license sales, meaning as income went up the sales followed.
The variable PRICE shows that as the price of the license goes up the demand for that

good will fall. This shows that the fishing license market shows no abnormal trends.
States can use this type of analysis when looking at each of the variables and find
many different types of implications. After finding possible implications the state can act

on them in an attempt to promote the sale of annual licenses. Whether or not the actions

taken by the state are effective can be seen at the end of each year when the total number
of licenses sales are computed, providing fairly quick and reliable feedback.
In conclusion, this study provides a framework for states in the upper mid-west to

examine the determinants that drive the demand for resident annual fishing licenses. The
study found that the number offish species, median family income, the price of the
license, the price of a short-term resident license, and the total area of fishable waters
within a state all have a significant relationship with the demand for resident licenses.

Not only does the research provide this information but it also gives states the tools to
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examine the impacts the changes they make end up having on license sales. If used
correctly, the findings of this study can vastly improve the efficiency of the selling of
resident annual fishing licenses.
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