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ABSTRACT

This study utilized cross-sectional data obtained from the 1991 National Survey 

o f Fishing, Hunting, and Wildlife-Associated Recreation to analyze the expenditures and 

consumption o f nonconsumptive wildlife related recreation in the Lower Mississippi 

Valley Ecosystem area In the process of selecting an appropriate model most consistent 

with individuals’ consumption behavior associated with nonconsumptive wildlife related 

recreation, the tobit model and the double-hurdle model for both the primary 

nonresidential and residential expenditure models were evaluated. Based on the 

Lagrange multiplier test and the likelihood ratio test results, the double-hurdle model fit 

the data much better than the tobit model. The hypothesis that there are heteroscedastic 

problems associated with the error terms was rejected based on the likelihood ratio test 

result.

In the primary nonresidential expenditure model, income, education, ethnicity, 

public lands, and forest lands had a significant effect on nonconsumptive wildlife related 

recreation expenditures. The total consumption was predicted to increase $0.000337 with 

income growth, increase $16.92 with increases in educational status, increase $16.29 

when participants are Caucasian, increase $27.44 with use o f public lands, and increase 

$30.04 with use o f forest lands.

In the primary residential expenditure model, gender, employment status, 

ethnicity, wildlife including birds, mammals, insects, and fish, maintaining natural areas 

for fish or wildlife, and visiting public parks or natural areas had a significant effect on

xi
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nonconsumptive wildlife related recreation expenditures. The total consumption was 

predicted to increase $1.57 when participants are male, increase $2.92 when participants 

are employed, increase $3.06 when participants are Caucasian, increase $7.99 when 

observing birds, increase $1.83 when observing mammals, increase $1.85 when 

observing insects, increase $2.53 when observing fish, increase $3.47 when participants 

maintain natural areas for fish or wildlife, and increase $2.87 when participants visit 

public parks or natural areas.

The results in this study provide insight into determinants of nonconsumptive 

wildlife related recreation expenditures which can be used for planning and decision 

making purposes for nonconsumptive wildlife management. This study also provides 

guidance in the choice of empirical model for use in this type of expenditure analysis. 

Together, these results provide a rigorous analysis o f nonconsumptive wildlife related 

recreation expenditures.

xii
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CHAPTER 1

INTRODUCTION

Currently, wildlife related recreation activities including consumptive recreation 

(such as fishing and hunting) and nonconsumptive recreation (such as observing, 

feeding, and photographing wildlife) play an increasingly important role in outdoor 

recreation in the United States. In 1991, for example, 108.7 million U.S. residents 

sixteen years and older participated in some type o f wildlife-related recreation activity. 

During that year, 35.6 million Americans fished, 14.1 million Americans hunted, and

76.1 million Americans took nonconsumptive trips for the primary purpose of observing, 

feeding, and photographing wildlife (U.S. Department o f the Interior, 1993).

Among anglers, hunters, and nonconsumptive participants, sixty-nine percent of 

the hunters also fished, twenty-seven percent o f the anglers also hunted, and fifty 

percent of the anglers and fifty-seven percent o f the hunters also participated in primary 

nonconsumptive wildlife related recreation activities, such as observing, feeding, and 

photographing wildlife. In addition, twenty-six percent o f  all primary nonconsumptive 

participants also reported hunting and/or fishing in 1991 (U.S. Department o f the 

Interior, 1993).

Walsh, et al. (1989), using the data from 1980 and 1985 National Surveys of 

Fishing, Hunting, and Wildlife-Associated Recreation (NSFHWAR), used logit 

regressions to forecast the number of persons expected to participate in fishing, hunting, 

and nonconsumptive wildlife-related recreation trips in the United States from the base

1
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year to the year 2040. With 1985 indexed at 100, the number o f  persons participating in 

big game hunting under medium population assumptions for the year 2040 was forecast 

to increase to an index of 102 and the number participating in small game hunting to 

decrease to 92, whereas the number participating in migratory bird hunting was forecast 

to increase to 144. By comparison, warm-water fishing was forecast to increase to 163, 

cold-water fishing increased to 233, and nonconsumptive wildlife related recreation 

increased to 242.

In addition to the growth in participation in nonconsumptive wildlife related 

recreation, expenditures on these activities are large enough to now rival many 

consumptive wildlife recreation activities. For example, total expenditures associated 

with wildlife related recreation activities were $59 billion, with $22.8 billion (38.6 

percent) spent on trip-related costs, $28.5 billion (48.3 percent) spent on equipment, and 

$7.8 billion (13.1 percent) spent on other related items in 1991. Anglers spent a total of 

$24 billion (40.7 percent), hunters spent a  total of $12.3 billion (20.8 percent), and 

primary nonconsumptive participants spent a total of $18.1 billion (30.7 percent) in 1991 

(U.S. Department of the Interior, 1993). In $18.1 billion total nonconsumptive wildlife 

related recreation expenditures, nonconsumptive participants spent $7.5 billion (41.4 

percent) on trip-related costs, spent $9.6 billion (53.0 percent) on equipment, and spent 

about $1 billion (5.6 percent) on other related items (U.S. Department o f the Interior, 

1993). This growth in nonconsumptive wildlife related recreation and expenditures 

occurs at a time when research and public investment (land and management) is 

primarily focused on consumptive wildlife recreation activities.
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Nonconsumptive Wildlife Related Recreation

The Fish and Wildlife Conservation Act (Nongame Act, 1992) provides states 

with incentives to develop conservation plans for nongame fish and wildlife. Hence, 

natural resource managers, especially wildlife managers, are increasingly aware o f a 

changing constituency for natural resource management plans, especially wildlife 

management plans. These plans reflect a widespread and growing public interest in 

nongame wildlife, and nonconsumptive wildlife related recreation. Hay and McConnell 

(1984) citing recent trends, note that the number o f nonconsumptive wildlife related 

recreation participants will grow more rapidly than consumptive wildlife related 

recreation participants.

In spite o f  plans to conserve nongame fish and wildlife, it can be argued that 

there has been relative neglect o f  nonconsumptive wildlife related recreation uses. In 

planning and managing for nonconsumptive wildlife related recreation uses, natural 

resource managers are often faced with the problem o f where and how to obtain 

revenues to support public policies for nonconsumptive wildlife related recreation uses.

In general, funding for fishing and hunting is provided by the individuals who 

go hunting and fishing on a regular basis by revenues from license sales and by federal 

excise taxes on fishing and hunting equipment. In contrast, there has traditionally been 

limited funding for the management o f nonconsumptive wildlife related recreation uses. 

Hence, natural resource managers are faced with increasing participation in 

nonconsumptive wildlife related recreation activities relative to consumptive wildlife 

recreation activities, but with experience and funding sources primarily in support of
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consumptive wildlife re-creation activities (Hay and McConnell, 1984). Generally, it has 

been hypothesized that dollars spent on nonconsumptive wildlife related recreation uses 

were dollars that would not get spent in support o f anglers and hunters.

Based on this growing demand for nonconsumptive wildlife related recreation, 

private agencies might also propose investment plans and promotion programs to address 

this potential market. However, as the following review o f research suggests, there is 

insufficient demand-related information to provide private agencies with incentives to 

develop appropriate investment plans and promotion programs for supporting 

nonconsumptive wildlife related recreation.

Nonconsumptive Wildlife Related Recreation Research

In spite of its growing popularity, nonconsumptive wildlife related recreation has 

received only cursory attention in the literature of natural resource economics and related 

fields. Most research conducted on nonconsumptive wildlife related recreation has been 

on the participation aspects (Hay and McConnell, 1979; Hay and McConnell, 1984; 

Shaw and Mangun, 1984; Rockel and Kealy, 1991; Smith and Luzar, 1995). There have 

been only a few studies on leisure expenditures (Thompson and Tinsley, 1978; Dardis, 

et al., 1981; Dardis, et al., 1994), and fewer on nonconsumptive wildlife related 

recreation activities (Shaw and Mangun, 1984). In addition, there also have been only 

a few studies on valuation of nonconsumptive wildlife related recreation sites (Clayton 

and Mendelsohn, 1993).

Following Wagar’s (1969) concept of nonconsumptive use which provides people 

with experiences rather than products, Duffiis and Dearden (1990) define
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nonconsumptive wildlife related recreation as "a human recreational engagement with 

wildlife wherein the focal organism is not purposefully removed or permanently affected 

by the engagement" (p.215). Nature observing, wildlife watching, and wildlife 

photography are typical nonconsumptive wildlife related recreation activities. They also 

describe the interaction among three foundations for nonconsumptive wildlife related 

recreation management: the ecology of the focal species, the recreational participants, 

and the historical context o f the human-wildlife relationship. This framework provides 

the linkage between the growth and development of nonconsumptive wildlife related 

recreation (Duffus and Dearden, 1990).

Vaske, et al. (1982) suggest that consumptive and nonconsumptive wildlife 

related recreation activities differ in two important dimensions. First, the goals of a 

consumptive activity are more specific and observable when compared to the goals o f 

a nonconsumptive activity. Second, the attainment of goals o f a consumptive activity are 

less predictable and expected when compared to the goals of a nonconsumptive activity. 

They also report respondents' satisfaction ratings for specific outdoor recreation 

experiences and find large differences between ratings o f consumptive and 

nonconsumptive recreationists. Consumptive recreationists consistently recorded lower 

satisfaction scores using a standardized scale than did nonconsumptive recreationists 

(Vaske, etal., 1982).

Duffus and Dearden (1990) suggest that a larger population o f people has 

engaged in nonconsumptive wildlife related recreation activities than in traditional 

wildlife pursuits. As a result o f the growth of nonconsumptive wildlife related recreation
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activities, and the associated growth in nonconsumptive wildlife related recreation 

expenditures on trip-related costs and equipment, an analysis o f these expenditures could 

provide valuable insight into this recreation area. Expenditure analyses can provide 

important but currently unavailable information about the demand for nonconsumptive 

wildlife related recreation. In particular, expenditure analyses provide information about 

how different socio-economic groups allocate their resources toward this recreation 

activity. In the absence of this information, it is assumed that no difference exists 

between consumptive and nonconsumptive recreationists in their demand for wildlife 

related recreation.

Research Problem

The existing research on nonconsumptive wildlife related recreation expenditures 

is quite limited and does not take advantage o f current advancements in expenditure 

analysis. An analysis of nonconsumptive wildlife related recreation expenditures can 

benefit from the use of more appropriate economic analysis and measurement to 

comprehend the full value of this type of recreation activity within the framework of 

natural resource management.

In particular, analyzing nonconsumptive wildlife related recreation expenditures 

in the framework of an individual who must allocate a constrained budget to maximize 

utility improves our understanding of the tradeoffs made in this process. Also, 

recognition of sample and data related issues (censored, truncated samples and 

heteroscedastic data) common to expenditure models can improve measurement 

reliability.
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This research is justified by the need for more appropriate theoretical and 

empirical treatment o f analyses of nonconsumptive wildlife related recreation 

expenditures. An analysis o f the relationships between socio-economic variables and 

household consumption patterns on nonconsumptive wildlife related recreation 

expenditures may contribute to a better understanding o f current and future household 

consumption patterns on nonconsumptive wildlife related recreation. These results may 

provide valuable information to policy makers who wish to use expenditure analysis 

mechanisms as an effective management tool to address nonconsumptive wildlife related 

recreation issues.

General Objective

The general objective of this study is to analyze the socio-economic 

characteristics associated with household consumption patterns o f nonconsumptive 

wildlife related recreation expenditures at a regional level.

Specific Objectives

The specific objectives o f this study are:

1. To identify and evaluate national and regional nonconsumptive wildlife 
related recreation trends;

2. To develop a hypothetical expenditure model useful in explaining the 
relationship between household consumption patterns and expenditures 
on nonconsumptive wildlife related recreation;

3. To empirically estimate the hypothetical expenditure model at a  regional 
level; and
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4. To provide recommendations based on this analysis to policy makers who 
wish to use expenditure analysis mechanisms as an effective wildlife 
management instrument to address nonconsumptive wildlife related 
recreation issues.

Research Procedures

Objective One

The first objective of this study will be accomplished by a qualitative review of 

the relevant literature in order to develop a thorough background in the area of 

nonconsumptive wildlife related recreation and expenditures from both national and 

regional aspects. Studies on recreation expenditures, nonconsumptive wildlife related 

recreation expenditures, and relevant empirical studies will be reviewed.

Objective Two

To achieve the second objective o f this study, a conceptual model o f factors 

influencing expenditures on nonconsumptive wildlife related recreation will be 

developed using economic theory and guidance from literature reviewed in Objective 1. 

Based on general microeconomic theory, the Engel curve, which can be defined as the 

relationship between the consumer’s expenditure on a commodity and his/her money 

income derived from the income-consumption curve, is an important concept for 

household expenditure studies. As Blundell (1988) notes, the Engel curve can provide 

a micro interpretation of a relationship between consumers' expenditure and income. 

Traditionally, an expenditure function is specified as a function of income.

Socio-economic factors such as income, education, age, gender, ethnicity, 

residence, employment, marital status, and family size have consistently been shown to
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play a determining role in explaining the relationships between socio-economic factors 

and household consumption patterns. For example, Thompson and Tinsley (1978) used 

per capita recreation expenditures and included expenditures on vacations, club dues, 

sporting equipment and tickets to sporting events and movies as the dependent variable, 

and per capita take home pay as the independent variable. Dardis, et al. (1981) analyzed 

expenditures on total recreation and included expenditures on vacation homes, boats, 

wheel goods, lodging and transportation, television and other recreational items as the 

dependent variable, and household income, age, marital status, race, occupation, 

education of household head, presence o f children under six, location, and employment 

status o f the wife as the independent variables. Similarly, Dardis, et al. (1994) analyzed 

household expenditures for active leisure, passive leisure, and social entertainment. 

Income, age, marital status of household head, number of adults, number o f children, 

education, race of household head, and household location were included as the 

independent variables in this analysis.

Accordingly, a conceptual model will be proposed to estimate the appropriate 

function from cross-sectional data on nonconsumptive wildlife related recreation 

expenditures. The conceptual model will serve as a basis for obtaining estimates of 

household expenditure responses due to income differences and to certain identifiable 

socio-economic characteristics. To understand the relationships between socio-economic 

factors and nonconsumptive wildlife related recreation expenditures, this research will 

explore the hypothesis that the factors influencing nonconsumptive wildlife related 

recreation expenditures are similar to other expenditure studies. Further, it will also
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explore the hypothesis that the factors influencing nonconsumptive wildlife related 

recreation experiences are not similar to other consumptive wildlife related recreation 

expenditure studies.

Objective Three

The third objective constitutes the empirical part o f  this study. Household 

consumption patterns for nonconsumptive wildlife related recreation expenditures at a 

regional level will be estimated based on selected socio-economic variables. The study 

area will be limited to portions o f  the Lower Mississippi Valley, which is a highly 

unique ecosystem because of its specific biological and hydrological functions (U.S. Fish 

and Wildlife Service, 1994). This area (Figure 1) includes portions o f Louisiana, 

Mississippi, and Arkansas, accounting for approximately 90 percent o f the total area of 

the Lower Mississippi Valley.

Data

The data used for this study will be obtained from the 1991 NSFHWAR for 

Louisiana, Mississippi, and Arkansas residents (U.S. Department o f the Interior, 1993). 

This national survey is comprised o f two phases, an initial screening o f households to 

determine who participated or intended to participate in nonconsumptive wildlife related 

recreation activities in the household, and a series o f follow-up interviews to collect 

detailed data about nonconsumptive wildlife related recreation activities and 

expenditures (Figure 2). The first questionnaire identified basic household and socio

economic characteristics o f respondents, including income, education, gender, ethnicity, 

residence, age, employment and marital status. There are six sections in the follow-up
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The Fishing, Hunting, and Wildlife-Associated Recreation Screening Sample

Nonparticipant Active Sportsman Inactive Sportsman

Active b
Nonparticipant B Nonconsumptive B

_____________________ | Participant B

Active 
Consumptive 

Participant

Intended to 
participate in 

nonconsumptive 
activity in 1991

Participated in 
nonconsumptive 
activity in 1990

Already 
participated in 

nonconsumptive 
activity in 1991

Primary
Nonresidential

Nonavid

Primary
Residential

Figure 2. Sample Design Procedure for 
Nonconsumptive Wildlife Related Recreation

Source: 1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation
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interviewing questionnaire on nonconsumptive wildlife related recreation activities: (1) 

primary trip information; (2) primary residential wildlife experiences; (3) equipment 

expenditures; (4) annual equipment expenditures; (5) annual residential wildlife 

experiences; and (6) economic evaluation, and other activities.

About 102,400 households were completed in the first screening phase for 

fishing, hunting, and wildlife related recreation. Overall, about 40,100 active and 

inactive sportsmen were surveyed in the detailed interview phase. About 26,700 active 

nonconsumptive participants were completed in the detailed sample. Based on the 

distance traveled by the individual to participate in the nonconsumptive activity, primary 

nonresidential, which is defined as a person who took a trip o f one mile or more to 

participate in a nonconsumptive activity, and primary residential, which is defined as a 

person who participated in a nonconsumptive activity less than one mile from home, can 

be stratified from nonconsumptive participants who participated in 1990. Based on 

expenditures and the number of days of participation, primary nonresidential is 

categorized into two substrata: avid and nonavid. Avid is defined as a person who 

participated at least 30 days or spent at least $300 on nonconsumptive activities. Nonavid 

is defined as a person who participated between one and 29 days and spent less than 

$300 on nonconsumptive activities. Overall, about 6,500 avid nonconsumptive 

participant surveys were completed in the detailed sample (U.S. Department of the 

Interior, 1993).

Empirically, most household expenditure studies have to confront the problem 

of how to handle individual households which do not purchase a particular commodity
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in the survey period. Hence, zero expenditure in an individual household consumption 

pattern for a particular commodity implies a comer solution, posing some interesting 

econometric problems (Blundell, 1988). The tobit model (Tobin, 1958) may be the 

oldest and best known of the econometric models used to estimate the demand for 

consumption o f some commodities.

The tobit model, also named the censored regression model, originally proposed 

by Tobin (1958), assumes that household expenditures and the demand for consumption 

of some commodities often have values clustered at a limiting value, usually zero. Under 

the tobit specification, zero expenditure implies zero consumption and hence represents 

a true comer solution (Gould, 1992). Mathematically, the standard tobit model can be 

defined as follows:

y * = x 'ip + e i i = 1 ,2 ,..., n

y, = y * if y * > o

Yi = 0 otherwise (1)

where 0 is a vector o f unknown parameters, yt is a vector o f individual households’ 

observed expenditures, y* is a vector o f the corresponding desired or potential 

expenditures for some commodities, Xj is a vector o f household characteristics that 

influence expenditure, and e* is an independently distributed error term with distribution 

N (0 ,a2) (Fair, 1977; McDonald and Moffitt, 1980; Maddala, 1983; Amemiya, 1984; 

Judge, e ta l, 1988; Greene, 1993).

Although the tobit model is commonly a  useful model in household expenditure 

studies, it may not be entirely appropriate for the analysis o f nonconsumptive wildlife
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related recreation expenditures. In a censored sample, observations on all independent 

variables for the population are available even when the dependent variable is 

unobservable or truncated. In a truncated sample, observations on the independent 

variables for the population are available only when the dependent variable is 

observable. According to the sample design procedures for the 1991 NSFHWAR o f 

nonconsumptive wildlife related recreation, the resulting sample can be treated as a 

truncated sample associated with nonconsumptive wildlife related recreation 

participation. The ordinary least squares (OLS) estimator has been shown to yield biased 

and inconsistent parameter estimates for the tobit model based on a truncated sample 

(Tobin, 1958;Ziemer, etal., 1982).

Therefore, to achieve the third objective of this study, the double-hurdle model 

will be considered in the estimation of the theoretical expenditure function. The double

hurdle model, originally proposed by Cragg (1971), offers a useful extension of the tobit 

model since it allows two separate decisions, consisting o f participation and 

consumption. According to the double-hurdle model, individuals have to pass two 

separate hurdles before they are observed with a positive level o f  consumption. 

Mathematically, the double-hurdle model can be described as follows:

(i) participation equation

W j=  Z j 'a  +  u , ( 2 )

(ii) expenditure equation

y>=  Yi*  i f  w i >  0

= 0 otherwise (3)
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where y; and y*  can be treated the same as in the tobit model, a  is a vector o f unknown 

parameters, w, characterizes the decision o f whether to participate, z, denotes a vector 

o f regressor that influence participation, and u, is an independently distributed error term 

with distribution N(0,1) (Jones, 1989). Hence, the double-hurdle model can be 

considered as the combination o f a probit model and a tobit model for a positive 

expenditure.

To compare the tobit model and double-hurdle model, all observations can be 

used in the estimation for the tobit model, based on a censored sample, but only positive 

observations which pass participation and consumption decisions simultaneously can be 

used in the estimation for the double-hurdle model based on a censored and truncated 

sample. Based on this understanding, the double-hurdle model is an appropriate model 

to consider for this analysis of nonconsumptive wildlife related recreation expenditures, 

not only because the sample is truncated by the people who participated or intended to 

participate in nonconsumptive wildlife related recreation, but also because positive 

values are observed about whether to consume and how much to consume to participate 

in nonconsumptive wildlife related recreation.

The applications of the double-hurdle model include Blaylock and Blisard(1992), 

Burton, et al. (1994), Jones (1989), Lin and Milon (1993), Reynolds (1990), Yen (1993), 

Yen, et al. (1995), and Yen and Jones (1997). Jones (1989) used the double-hurdle 

approach to model the UK cigarette consumption in which participation and 

consumption should be regarded as separate consumer choices. Reynolds (1990) used 

the double-hurdle model to analyze fresh vegetable consumption using household survey
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data and also showed that the tobit model underestimated the impact o f  the explanatory 

variables on fresh vegetable expenditures. Following the stochastic specification o f a 

double-hurdle model proposed by Jones (1989), Blaylock and Blisard (1992) showed 

that smoking participation and consumption decisions are separate choices. They also 

estimated several dominate models which assume that standard comer solutions are not 

applicable.

Lin and Milon (1993) used the double-hurdle model to evaluate attribute and 

safety perceptions o f shellfish demand which may influence decisions about whether 

to consume and how much to consume. Yen (1993) proposed the Box-Cox double- 

hurdle model (using the Box-Cox transformation) to analyze household expenditures on 

food away from home using the Bureau of Labor Statistics’ 1989 Consumer Expenditure 

Diary Survey. Burton, et al. (1994) used the double-hurdle model to provide a better 

understanding of the determinants influencing UK household meat purchase behavior 

and the separate decisions of participation and consumption. Yen, et al. (1995) used the 

Box-Cox double-hurdle model to estimate the determinants o f crawfish consumption in 

South Louisiana, taking into account both participation and consumption decisions. Yen 

and Jones (1997) extended the double-hurdle model to the analysis of cheese 

consumption using the inverse hyperbolic sin transformation. Therefore, as a result o f 

using the double-hurdle framework, results of this analysis will provide information not 

only on expenditures but also the decision to participate in nonconsumptive wildlife 

related recreation.
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Objective Four

The final objective o f this study will be achieved through a generalization o f 

findings resulting from the previous objectives of the expenditure analysis on 

nonconsumptive wildlife related recreation. Results will be interpreted in light o f the 

information needs of policy makers o f natural resource management in both private and 

public sectors. This information should be useful in identifying the target groups for 

developing production and marketing promotion strategies. In addition, this information 

should be useful to state and federal government agencies exploring funding options 

based on willingness-to-pay for participating in nonconsumptive wildlife related 

recreation activities or user-based tax collections.

Outline of the Dissertation

Chapter 1 presents the research problem, justification for the research, objectives 

o f the study, and procedures for the research. Chapter 2 presents national and regional 

nonconsumptive wildlife related recreation trends. Chapter 2 also gives a review o f 

relevant literature about expenditure analyses, the tobit model, and the double-hurdle 

model, and proposes a conceptual model to estimate the relationships between 

nonconsumptive wildlife related recreation expenditures and certain identifiable socio

economic characteristics. Chapter 3 includes data collection, empirical analysis, and 

empirical results. Chapter 4 summaries the findings and presents the conclusions, along 

with revelant policy recommendations.
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CHAPTER 2

OVERVIEW OF NONCONSUMPTIVE 
WILDLIFE RELATED RECREATION

Recent trends in wildlife related recreation have documented a  preference shift 

from traditional consumptive wildlife recreation activities (e.g., fishing and hunting) 

toward nonconsumptive wildlife recreation activities such as wildlife observing, 

photographing, or feeding. The main purpose of this chapter is to document and describe 

these changes in participation and the associated expenditures on nonconsumptive 

wildlife related recreation. The information presented in this chapter focuses on patterns 

o f primary nonresidential and residential participation, since these activities represent 

direct involvement in observing, photographing, or feeding wildlife. The second purpose 

o f this chapter is to identify the characteristics o f individuals who participated in 

nonconsumptive wildlife related recreation, not only based on the reported results of the 

National Surveys of Fishing, Hunting, and Wildlife-Associated Recreation (NSFHWAR) 

(1980, 1985, 1991), but also based on the results of previous related research on outdoor 

and wildlife recreation research. Based on these research findings and relevant economic 

theory, this chapter will propose a conceptual model relating nonconsumptive wildlife 

related recreation participants’ expenditures and their income and socio-economic 

background.

19
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National Survey of Nonconsumptive Wildlife Related Recreation

The NSFHWAR is developed by the U.S. Fish and Wildlife Service and 

conducted by the U.S. Bureau of the Census every five years since 1955. The 

comprehensive NHFHWAR has repeatedly documented that most Americans enjoyed 

some form o f wildlife related recreation and spent significant sums o f money in pursuing 

these activities, especially on nonconsumptive wildlife related recreation.

The 1980 NSFHWAR provided the first comprehensive opportunity to gather 

region-level information on nonconsumptive wildlife related recreation. The 1985 

NSFHWAR also provided the first opportunity to collect state-level information on 

nonconsumptive wildlife related recreation. The 1991 NSFHWAR provided a more 

precise opportunity to collect both state- and region-level information on 

nonconsumptive wildlife related recreation, especially information of expenditures. The 

major characteristics (e.g., survey design and sampling) of the 1980, 1985, and 1991 

NSFHWAR are shown in Table A. 1 (Appendix A). These national surveys provide 

strong and valid evidence o f the economic importance of public interest in wildlife 

related recreation, especially in nonconsumptive wildlife related recreation. The data 

from these national surveys can be used by federal and state fish and wildlife agencies 

to estimate demand for nonconsumptive wildlife related recreation and to identify trends 

in participation and expenditures. The following sections review major changes in 

participation trends for the U.S. and for states comprising the Lower Mississippi Valley 

Ecosystem: Arkansas, Louisiana, and Mississippi.
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Changes in Participation: U.S.

Results of the 1980 NSFHWAR (U.S. Department of the Interior, 1982) reported 

that 99.8 million U.S. residents sixteen years and older participated in some form of 

wildlife related recreation. These recreationists included 42.1 million anglers, 17.4 

million hunters, and 83.2 million participants in nonconsumptive wildlife related 

recreation. Results of the 1985 NSFHWAR (U.S. Department o f  the Interior, 1988) 

reported that 77 percent o f the U.S. population sixteen years and older participated in 

some form o f wildlife related recreation. These recreationists included 46.4 million 

anglers, 16.7 million hunters, and 134.7 million participants in nonconsumptive wildlife 

related recreation. More recently, results o f the 1991 NSFHWAR (U.S. Department of 

the Interior, 1993) reported that 108.7 million Americans sixteen years and older 

participated in some form of wildlife related recreation. These recreationists included

35.6 million anglers, 14.1 million hunters, and 76.1 million participants in 

nonconsumptive wildlife related recreation (Table A.2).

Changes in Participation: The Lower Mississippi Valley

For Arkansas, the 1980 NSFHWAR (U.S. Department o f the Interior, 1982) 

reported that 579 thousand Arkansas residents sixteen years and older fished, 378 

thousand Arkansas residents sixteen years and older hunted, and 703 thousand Arkansas 

residents six years and older participated in primary nonconsumptive activities. The 

1985 NSFHWAR (U.S. Department o f the Interior, 1988) reported that 1.5 million 

Arkansas residents sixteen years and older participated in some form o f wildlife related 

recreation. O f the total number of participants in 1985, 673 thousand fished, 350
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thousand hunted, and 1.2 million participated in primary nonconsumptive activities. The 

1991 NSFHWAR U.S. Department of the Interior, 1993) reported that 1.2 million 

Arkansas residents sixteen years and older participated in some form o f wildlife related 

recreation. Of the total number o f participants in 1991, 493 thousand fished, 264 

thousand hunted, and 812 thousand participated in primary nonconsumptive activities.

For Louisiana, the 1980 NSFHWAR (U.S. Department o f the Interior, 1982) 

reported that 899 thousand Louisiana residents sixteen years and older fished, 485 

thousand Louisiana residents sixteen years and older hunted, and 1.1 million Louisiana 

residents six years and older participated in primary nonconsumptive activities. The 

1985 NSFHWAR (U.S. Department o f the Interior, 1988) reported that 2.4 million 

Louisiana residents sixteen years and older participated in some form o f wildlife related 

recreation. Of the total number o f participants in 1985, 1.1 million fished, 517 thousand 

hunted, and 1.9 million participated in primary nonconsumptive activities. The 1991 

NSFHWAR (U.S. Department o f the Interior, 1993) reported that 1.8 million Louisiana 

residents sixteen years and older participated in some form of wildlife related recreation. 

Of the total number of participants in 1991, 801 thousand fished, 333 thousand hunted, 

and 1.1 million participated in primary nonconsumptive activities.

For Mississippi, the 1980 NSFHWAR (U.S. Department o f the Interior, 1982) 

reported that 572 thousand Mississippi residents sixteen years and older fished, 385 

thousand Mississippi residents sixteen years and older hunted, and 569 thousand 

Mississippi residents six years and older participated in primary nonconsumptive 

activities. The 1985 NSFHWAR (U.S. Department of the Interior, 1988) reported that
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1.6 million Mississippi residents sixteen years and older participated in some form of 

wildlife related recreation. O f the total number o f  participants in 1985, 713 thousand 

fished, 404 thousand hunted, and 1.1 million participated in primary nonconsumptive 

activities. The 1991 NSFHWAR (U.S. Department o f the Interior, 1993) reported that 

1.1 million Mississippi residents sixteen years and older participated in some form of 

wildlife related recreation. O f the total number o f participants in 1991, 506 thousand 

fished, 292 thousand hunted, and 742 thousand participated in primary nonconsumptive 

activities (Table A.2)

Because the survey methods of the detailed phase of the 1991 NSFHWAR were 

changed, the data reported in the 1991 NSFHWAR should not be directly compared with 

that o f the 1980 and 1985 NSFHWAR reports. However, the trend information o f the 

relative differences in wildlife related recreation participation can be compared from the 

screening phases of the 1980, 1985, and 1991 NSFHWAR (Aiken, 1994). With 1980 as 

the base year, the trend of primary nonresidential activity increased 63 percent in the 

U.S. between 1980 and 1990, this trend also increased 86 percent in Arkansas, increased 

42 percent in Louisiana, and increased 122 percent in Mississippi (Table A.3). In the 

U.S., the trend of residential wildlife observing increased 90 percent, photographing 

increased 109 percent, but feeding decreased 5 percent between 1980 and 1990. In 

Arkansas, the trend of residential wildlife observing increased 112 percent, 

photographing increased 144 percent, but feeding decreased 4 percent between 1980 and 

1990. In Louisiana, the trend of residential wildlife observing increased 54 percent, 

photographing increased 113 percent, but feeding decreased 8 percent between 1980 and

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



24

1990. In Mississippi, the trend o f residential wildlife observing increased 115 percent, 

photographing increased 209 percent, but feeding decreased 7 percent between 1980 and 

1990 (Aiken, 1994).

In summary, these surveys show that the growth of nonconsumptive wildlife 

related recreation has increased more significantly relative to that o f  fishing and hunting 

over the past decade. This increasing trend of nonconsumptive wildlife related recreation 

provides useful information concerning how to support and manage this growing 

demand for participation in nonconsumptive wildlife related recreation.

Changes in Expenditures: U.S.

In 1980, the results of 1980 NSFHWAR (U.S. Department o f  the Interior, 1982) 

reported that total expenditures associated with wildlife related recreation were $41 

billion. Anglers spent a total of $17.3 billion, hunters spent a total o f $8.5 billion, and 

nonconsumptive participants spent a total of $14.8 billion in 1980. O f the $14.8 billion 

total nonconsumptive wildlife related recreation expenditures, nonconsumptive 

participants spent a total of $4.0 billion on trip-related costs, spent a total o f $6.6 billion 

on equipment, and spent about a total of $4.2 billion on other related items. In 1985, the 

results of 1985 NSFHWAR (U.S. Department of the Interior, 1988) reported that total 

expenditures associated with wildlife related recreation were $55.7 billion. Anglers spent 

a total of $28.1 billion, hunters spent a total of $10.1 billion, and nonconsumptive 

participants spent a total o f $14.3 billion in 1985. Of the $14.3 billion total 

nonconsumptive wildlife related recreation expenditures, nonconsumptive participants
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spent a total o f $4.4 billion on trip-related costs, spent a total o f $9.4 billion on 

equipment, and spent about a total o f $480 million on other related items.

In 1991, the results o f 1991 NSFHWAR (U.S. Department o f the Interior, 1993) 

reported that total expenditures associated with wildlife related recreation were $59 

billion. Anglers spent a total o f $24 billion, hunters spent a total o f $12.3 billion, and 

nonconsumptive participants spent a total of $ 18.1 billion in 1991. O f the $ 18.1 billion 

total nonconsumptive wildlife related recreation expenditures, nonconsumptive 

participants spent a total of $7.5 billion on trip-related costs, spent a total of $9.6 billion 

on equipment, and spent about a total o f $1 billion on other related items. (Table A.4 and 

Table A.5).

Changes in Expenditures: The Lower Mississippi Valley

In 1985, Arkansas residents spent $350 million for fishing, $208 million for 

hunting, and $78 million for primary nonconsumptive activities in the United States 

(U.S. Department o f the Interior, 1988). Of the $78 million total nonconsumptive 

wildlife related recreation expenditures in 1985, nonconsumptive participants spent a 

total of $28 million on trip-related costs, spent a total o f $46 million on equipment, and 

spent about a total of $4 million on other related items. Arkansas residents spent $906 

million on wildlife related recreation, $286 million for fishing, $288 million for hunting, 

and $189 million for primary nonconsumptive activities in the United States in 1991 

(U.S. Department o f the Interior, 1993). Of the $189 million total nonconsumptive 

wildlife related recreation expenditures in 1991, nonconsumptive participants spent a
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total o f $45 million on trip-related costs, spent a total o f $ 136 million on equipment, and 

spent about a total of $8 million on other related items.

In 1985, Louisiana residents spent $598 million for fishing, $326 million for 

hunting, and $77 million for primary nonconsumptive activities in the United States 

(U.S. Department of the Interior, 1988). O f the $77 million total nonconsumptive 

wildlife related recreation expenditures in 1985, nonconsumptive participants spent a 

total o f $28 million on trip-related costs, spent a total o f  $46 million on equipment, and 

spent about a total of $3 million on other related items. Louisiana residents spent $1.5 

billion on wildlife related recreation, $686 million for fishing, $434 million for hunting, 

and $222 million for primary nonconsumptive activities in the United States in 1991 

(U.S. Department of the Interior, 1993). O f the $222 million total nonconsumptive 

wildlife related recreation expenditures in 1991, nonconsumptive participants spent a 

total o f $61 million on trip-related costs, spent a total of $ 153 million on equipment, and 

spent about a total o f $8 million on other related items.

In 1985, Mississippi residents spent $387 million for fishing, $204 million for 

hunting, and $78 million for primary nonconsumptive activities in the United States 

(U.S. Department of the Interior, 1988). O f the $78 million total nonconsumptive 

wildlife related recreation expenditures in 1985, nonconsumptive participants spent a 

total o f $18 million on trip-related costs, spent a total o f $58 million on equipment, and 

spent almost $2 million on other related items. Mississippi residents spent $986 million 

on wildlife related recreation, $263 million for fishing, $402 million for hunting, and 

$233 million for primary nonconsumptive activities in the United States in 1991 (U.S.
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Department o f the Interior, 1993). O f the $233 million total nonconsumptive wildlife 

related recreation expenditures in 1991, nonconsumptive participants spent a total o f  $59 

million on trip-related costs, spent a total o f  $166 million on equipment, and spent about 

a total o f $8 million on other related items (Table A.4 and Table A.5).

Even though the expenditures have been overestimated from a 12-month recall 

period rather than that from a 4-month recall period, the expenditures on 

nonconsumptive wildlife related recreation still increased both nationally and regionally. 

More than fifty percent o f  expenditures relate to equipment associated with 

nonconsumptive wildlife related recreation. Likewise, the trip related cost still retains 

its proportion of total expenditures on nonconsumptive wildlife related recreation.

Changes in Participants9 Characteristics

According to information from the NSFHWAR, it is evident that 

nonconsumptive wildlife related recreation has grown in popularity in the U.S. This 

increasing trend in nonconsumptive wildlife related recreation also shows that public 

interest in nonconsumptive wildlife recreation activities extends well beyond the 

traditional consumptive wildlife recreation activities. Figure 3 and Figure 4 show that 

people participated in nonconsumptive wildlife related recreation more than that in 

consumptive wildlife recreation both nationally and regionally. Figure 5 and Figure 6 

show that expenditures on nonconsumptive wildlife related recreation were growing 

greater than that on consumptive wildlife recreation both nationally and regionally. This 

is further seen in Tables A.6 — A.26 which present selected descriptive statistics for the 

three survey periods (U.S. Department of the Interior, 1982, 1988, 1993). The following
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sections review important trends by socio-economic characteristics, including age, 

gender, ethnicity, residence, education, and income.

Age

All age groups can participate in some form of nonconsumptive wildlife related 

recreation. Age groups from eighteen years through fifty-four years exhibited the largest 

percentage of participating in primary nonresidential activities, while participants whose 

age groups were greater than twenty-five years showed the largest percentage of 

participation in primary residential activities (Table A.6 and Table A.7). This pattern 

also appeared in Arkansas, Louisiana, and Mississippi (Table A.8, Table A.9, and Table 

A. 10).

Qendgr

Unlike hunting and fishing which were dominated by male participants, the 

number o f female participants in primary residential activities was slightly larger than 

male participants, both nationally and regionally. In 1985, the number o f  female 

participants in primary nonresidential activities was slightly larger than male 

participants, but the number of male participants in primary nonresidential activities was 

slightly larger than female participants in 1991 (Table A.11). This pattern was similar 

in Louisiana, but the number o f male participants in primary nonresidential activities 

was slightly larger than female participants for both Arkansas and Mississippi (Table 

A. 12). However, the number of nonconsumptive participants in primary activities was 

nearly equivalent for both female and male.
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Ethnicity

Nationally, more than 90 percent o f those who reported participating in some 

form o f nonconsumptive wildlife related recreation were white (Table A. 13). 

Nonconsumptive wildlife related recreation participation in primary activities went up 

slightly in terms o f percentage for whites in Arkansas, Louisiana, and Mississippi (Table 

A. 14).

Residence

The number o f urban participants in primary activities was slightly larger than 

rural participants nationally (Table A. 15). This pattern was similar in Louisiana, but the 

number o f rural participants in primary activities was slightly larger than urban 

participants for both Arkansas and Mississippi (Table A. 16).

Education

Nonconsumptive wildlife related recreation participation in primary activities 

was strongly associated with education level (Table A. 17 and Table A. 18). Although a 

higher proportion of participants with some college background participated in primary 

activities, nonconsumptive wildlife related recreation participants were still 

predominately persons with a high school education or less. This pattern was similar for 

Arkansas, Louisiana, and Mississippi (Table A. 19, Table A.20, and Table A.21). A 

strong relationship between educational level and primary nonresidential activities was 

found for nonconsumptive wildlife related recreation.
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.Income

For nonconsumptive wildlife related recreation, there is a consistent relationship 

between income and primary activities (Table A.22 and Table A.23). Even though a 

larger percentage o f participants in higher income groups participated in primary 

activities, there still was a great number o f participants in middle and lower income 

groups. O f the participants in primary residential activities, both the higher income 

groups and the lower income groups increase their participation. This pattern was similar 

for Arkansas, Louisiana, and Mississippi (Table A.24, Table A.25, and Table A.26).

In general, it can be seen that nonconsumptive wildlife related recreation 

participants in primary nonresidential activities were mainly white males whose age 

ranged from eighteen through fifty-four years who had college backgrounds and a 

relatively high income, living in an urban environment. The participants in primary 

residential activities were mainly white females whose age was greater than twenty-five 

years, who had at least a high school education level, and were middle income, living 

in an urban area.

In summary, this review of trends in nonconsumptive wildlife related recreation 

indicates that the magnitude of participation in primary nonresidential activity increased 

63 percent; while the magnitude of participation in primary residential activity increased 

112 percent in observing wildlife, increased 109 percent in photographing wildlife, but 

decreased 5 percent in feeding wildlife, respectively, between 1980 and 1990 nationally. 

Significantly, this trend reveals a large growth in primary residential participation. With
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regard to expenditures, the magnitude of expenditures in nonconsumptive wildlife 

related recreation increased 112 percent between 1980 and 1990 nationally.

By comparison, the Lower Mississippi Valley States present a relatively higher 

participation rate in both primary nonresidential and residential activities between 1980 

and 1990. Between 1985 and 1990, the magnitude o f expenditures in nonconsumptive 

wildlife related recreation increased 242 percent in Arkansas, increased 288 percent in 

Louisiana, and increased 298 percent in Mississippi. Obviously, this trend reveals a large 

growth in nonconsumptive wildlife related recreation expenditures regionally. As seen 

in the following section, participants’ characteristics provide some useful information 

in terms o f explaining expenditures on nonconsumptive wildlife related recreation. 

Conceptual Model

The conceptual model of nonconsumptive wildlife related recreation expenditures 

proposed here is illustrated by Figure 7. This conceptual model consists o f  five major 

components identified as socio-economic attributes, the recreational user, wildlife and 

its habitat, nonconsumptive wildlife use, and utility (benefit) maximization. The 

conceptual model combines the independent variables such as household income used 

to describe nonconsumptive wildlife related recreation to explain participants’ 

expenditure patterns and the explanatory variables (socio-economic and wildlife- 

attribute variables) commonly considered in economic modeling and wildlife-based 

recreation management. Choice of income as an explanatory variable is justified by 

economic theory. Selection of the independent variables other than income is based on 

previous studies by Thompson and Tinsley (1978), Dardis, et al. (1981), and Dardis, et
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Figure 7. Nonconsumptive Wildlife Related Recreation: A Conceptual Model
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al. (1994). These results have established the role of socio-economic characteristics as 

important explanatory factors in participation, expenditure, and attitudes toward wildlife.

The recreational user’s tastes and preferences are shaped by society and their role 

in society. For example, an older, well educated female would be more likely to 

participate in nonconsumptive wildlife related recreation than hunting due to typical 

tastes and preferences. The societal effects on the recreational user can be measured in 

this model through the use of socio-economic attributes. From an economic perspective, 

the total value o f wildlife and its habitat can also be affected by society. For example, 

an endangered wildlife species might focus more public attention on itself. Therefore, 

the societal effects on the wildlife and its habitat can also be measured by the use o f 

socio-economic attributes. The interaction between the recreational user and wildlife and 

its habitat (in this case, nonconsumptive wildlife use) will also be affected by society.

In order to achieve the utility (benefit) maximization subject to budget constraint 

associated with nonconsumptive wildlife related recreation, this conceptual model can 

be used to explain the relationship between the recreational user and wildlife and its 

habitat from an economic perspective. Likewise, this conceptual model can also describe 

the influencing factors (socio-economic attributes, the recreational user, and wildlife and 

its habitat) affecting nonconsumptive wildlife related recreation in terms of utility 

maximization subject to budget constraint. Most important issue in this study is 

understanding the influencing factors associated with household consumption patterns 

of nonconsumptive wildlife related recreation expenditures.
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The concept o f  utility provides the economic basis for the conceptual model o f 

nonconsumptive wildlife related recreation. Given individual’s income level, the concept 

o f utility, the satisfaction obtained by an individual from the consumption o f goods and 

services, helps explain the behavior o f the individual which purchases the goods and 

services required to participate in nonconsumptive wildlife related recreation.

In order to achieve a total recreation experience, nonconsumptive wildlife related 

recreation participants have to anticipate and plan to participate in nonconsumptive 

wildlife related recreation, travel to the actual site which can provide such kinds of 

opportunities or activities, engage in activities on the actual site (on-site activities), travel 

home, and recollect the experiences from nonconsumptive wildlife related recreation. 

This has been described in terms o f five phases o f nonconsumptive wildlife related 

recreation experiences (Clawson and Knetsch, 1969). In this case, the concept of 

recreation experiences is identical to the concept o f  utility in terms o f its social behavior 

aspects.

Socio-economic attributes can be treated as external influences on the 

recreational user, wildlife and its habitat, and nonconsumptive wildlife use. They are 

included in the conceptual model not only because economic theory suggests that they 

affect the individual’s consumption behavior, but also because wildlife managers 

indicate that they play a significant role in wildlife management policy. These external 

socio-economic attributes are often closely linked with political reactions, such as adding 

some tax on the specific equipment for wildlife related recreation. However, they will 

also affect the context o f the human-wildlife relationship, which is nonconsumptive
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wildlife use. They also directly affect the participants’ expenditure patterns on 

nonconsumptive wildlife related recreation.

The recreational user can be treated as the demand sector in the conceptual 

model. The individual’s tastes and preferences will affect the individual’s consumption 

behavior o f nonconsumptive wildlife related recreation. Additional explanatory variables 

included in the conceptual model are wildlife habitat attributes which can be treated as 

the supply sector. Without wildlife and its habitat, there would be far fewer or no 

participants in nonconsumptive wildlife related recreation. In comparison with 

consumptive wildlife related recreation, nonconsumptive wildlife related recreation 

provides a broad interpretation o f the role o f wildlife and its habitat in terms of 

economic value. Based on the reported results o f the NSFHWAR (U.S. Department of 

the Interior, 1980, 1985, 1991), it appears that nonconsumptive wildlife related 

recreation is not only a significant economic benefit to communities which provide the 

opportunities for it, but also proves beneficial for wildlife and its habitat. Wildlife 

observing, for example, is a typical nonconsumptive wildlife related activity which 

demonstrates the context o f the human-wildlife relationship. Nonconsumptive wildlife 

use can be viewed as an intermediate interface between the recreational user and wildlife 

and its habitat.

In summary, the conceptual model provides a framework which illustrates and 

explains that utility (benefit) maximization subject to budget constraint is the ultimate 

objective for the recreational user achieving total recreation experiences from 

nonconsumptive wildlife related recreation in terms of the expenditure-income
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relationship. In order to recognize the rational nonconsumptive wildlife related 

recreation participant’s satisfaction-seeking behavior, theoretically, the recreational user 

would pursue the higher level of satisfaction (utility) as his/her money income is 

increased, by purchasing certain items at constant prices for nonconsumptive wildlife 

related recreation. In order to know how the nonconsumptive wildlife related recreation 

participant would respond to changes in income, the derivation of utility maximization 

yields the expenditure-income relationship which relates income to the demand for 

certain items at constant prices for nonconsumptive wildlife related recreation. 

Therefore, consumer demand theory can be used to explain the variation in individual 

or household expenditures on nonconsumptive wildlife related recreation.

Theoretical Model

According to consumer demand theory, the nonconsumptive wildlife related 

recreation participant attempts to maximize his/her utility from nonconsumptive wildlife 

related recreation subject to his/her budget constraint. Thus, the maximization of the 

utility function for individual consumption behavior can be stated as follows: 

maximize u = u(qj)

subject to INC = £  Piqj i = 1,..., n (4)

where u(.) represents the utility function which is assumed to be continuous, increasing, 

and quasi-concave, q; is a vector of market goods the individual purchased in the 

marketplace, p{ is a vector of corresponding market prices for market goods qj, and INC 

is the individual’s income. The Lagrange function can be formed as follows:

£2 = u(qO + A.(INC - Y. Piqi) i = l »  n (5)
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The individual’s ordinary (Marshallian) demand function can be derived from the 

analysis of utility maximization by solving the first-order conditions o f  the Lagrange 

function. The individual’s ordinary demand function can be expressed as:

qj =  gi (pb INC) i = l ,  ..., n (6)

Generally, the demand function gives the quantity of a market good that the individual 

will purchase as a function o f market prices and the individual’s income. This 

relationship is referred to as an Engel curve. The Engel curve can be used to estimate the 

relationship between expenditures and income, holding price constant. Hence, given the 

individual’s income and prices of goods, the quantities demanded by the individual can 

be determined from the individual’s demand functions. In general, the quantity 

demanded of each good can be expressed as a function of the individual’s income, own 

price, and the prices of substitutes and complements (Deaton and Muellbauer, 1980; 

Henderson and Quandt, 1980; Silberberg, 1990; Varian, 1992).

Based on the conceptual model proposed in Figure 7 and consumer demand 

theory, the demand function for nonconsumptive wildlife related recreation can be 

expressed in terms of household expenditures as functions o f INC, SE, HC, and WH: 

EXP = f  (INC, SE, HC, WH) (7)

where EXP is household expenditures on nonconsumptive wildlife related recreation, SE 

is social-economic characteristics, HC is household characteristics, and WH is wildlife 

habitat attributes. Here, household expenditures are dependent on household income, 

external social-economic factors, internal household characteristics, and wildlife habitat 

attributes that might affect participation and consumption on nonconsumptive wildlife
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related recreation. Prices are typically assumed constant with the cross-sectional data that 

are usually used to estimate Engel functions.

In analyzing household expenditure behavior using data from cross-sectional 

survey data, emphasis has been placed on expenditure-income relationships. However, 

all households may not face the same prices, and further, tastes and preferences for the 

market goods also may not be the same across households. Thus, the effects o f 

household income, socio-economic factors, household characteristics, and wildlife 

habitat attributes on expenditure patterns should be considered simultaneously.

In practice, the sample containing observations with reported zero expenditures 

presents a unique problem with cross-section survey data. Using standard econometric 

techniques, the parameter estimates are biased and inconsistent (Maddala, 1983). 

However, some commonly used econometric techniques can be used to deal with this 

unique problem o f zero expenditures, including the Tobit model, the Heckman model, 

the infrequency-of-purchase model, and the double-hurdle model. The source of the zero 

expenditures makes the definitive difference in choice among these models.

The Tobit model assumes that all zero expenditures represent standard comer 

solutions in consumer choices (Tobin, 1958).The Heckman model assumes that all 

potential consumers are observed with a positive consumption and thus no one is at a 

comer solution (Heckman, 1979). The infrequency-of-purchase model assumes that zero 

expenditures result from either traditional comer solutions or infrequency of purchases 

(Blisard and Blaylock, 1993). The double-hurdle model assumes that every consumer 

has positive expenditures, conditional on a positive response in the participation decision
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(Cragg, 1971; Jones, 1989). Cragg’s double-hurdle model is one type o f double-hurdle 

model with independence between the error terms for the participation and consumption 

decisions. Given recognition o f sample selection properties which are illustrated in 

Figure 2 and positive expenditures, the double-hurdle model is the appropriate 

econometric model to deal with such problems for this specific case study.

Summary

By recognizing the increasing trends in participation and expenditures on 

nonconsumptive wildlife related recreation and the characteristics o f nonconsumptive 

wildlife related recreation participants, a conceptual model based on consumer demand 

theory including socio-economic attributes, the recreational user, wildlife and its habitat, 

nonconsumptive wildlife use, and utility maximization was developed. From the 

derivation o f utility maximization, the Engel curve can provide valuable information 

regarding consumption patterns for different commodities and for different individuals 

associated with nonconsumptive wildlife related recreation. With the existence of 

specific sample selection properties and positive expenditures, the double-hurdle model 

is the appropriate econometric model for use in estimation using data provided by the 

NSFHWAR.

The next chapter will empirically test the conceptual and theoretical model 

presented. After reviewing the data collection procedures explained earlier in Chapter 

1, the empirical model will be presented. Then, estimation results of the empirical model 

will be reported and discussed.
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CHAPTER 3

EMPIRICAL ANALYSIS

The previous chapter reviewed the changes in participation, expenditures, and 

participants’ characterics of nonconsumptive wildlife related recreation and proposed a 

general conceptual model relating the relationship between nonconsumptive wildlife 

related recreation participants and wildlife and its habitat. Following the conceptual 

model, the previous chapter also proposed a theoretical model based on consumer 

demand theory.

This chapter reviews the data source, and data compilation procedures. Drawing 

on the theoretical model presented in Chapter 2, a series of models are specified for 

empirical analysis. Given the censored and truncated structure of the data set used here, 

appropriate econometric models are identified and reviewed. This chapter then presents 

and discusses the estimation techniques and the results o f the empirical estimations. 

Data Source and Compilation

The data used for this study were obtained from NSFHWAR for Arkansas, 

Louisiana, and Mississippi residents over sixteen years of age (U.S. Department o f  the 

Interior, 1993). As reported in Chapter 2, this national survey was composed o f  two 

phases, the first (or screening) phase and the second (detailed) phase. The main purpose 

o f  the screening phase was to collect basic information from respondents in order to 

develop a sample of potential nonconsumptive wildlife related recreation participants for 

the detailed phase. The screening phase identified basic household and socio-economic

44
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characteristics of respondents, including income, education, gender, ethnicity, residence, 

age, employment and marital status.

The detailed phase was a series of three interviews conducted at four-month 

intervals eliciting information on fishing, hunting, and nonconsumptive wildlife related 

recreation activities. Based on responses to questions in the screening phase eliciting 

information on nonconsumptive wildlife related recreation activities, the detailed phase 

collected information primarily on residential and nonresidential activities, public and 

private land use, frequency o f activities, days o f participation, and expenditures for 

nonconsumptive wildlife related recreation activities.

The total number of Arkansas, Louisiana, and Mississippi residents from the 

national survey was 12,205 observations, including 3,355 Arkansas residents, 5,235 

Louisiana residents, and 3,615 Mississippi residents. The total number o f Arkansas, 

Louisiana, and Mississippi residents over sixteen years o f age was 2,718 observations, 

including 612 Arkansas residents, 938 Louisiana residents, and 628 Mississippi 

residents. Thus, the final data used for this study included 2,718 observations on 

Arkansas, Louisiana, and Mississippi residents over sixteen years of age, 252 (11.57 

percent of the total) of whom participated in and consumed primary nonresidential 

nonconsumptive wildlife related recreation activities, and 232 (10.65 percent of the total) 

o f whom participated in and consumed primary residential nonconsumptive wildlife 

related recreation activities.
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Empirical Models

As noted earlier, an understanding of the factors which affect the demand for 

nonconsumptive wildlife related recreation is valuable in establishing the empirical 

models for both primary nonresidential and residential expenditure models. Traditional 

studies of wildlife related recreation have focused on consumptive uses o f resources such 

as hunting and fishing activities. Overall, previous research on recreation expenditures 

suggests that income level has a strong influence on recreation expenditures, as do other 

socio-economic characteristics including education, age, race, gender, and marital status 

(Dardis, et al., 1981; Bergstrom and Cordell, 1991; Cordell and Bergstrom, 1991; Davis 

and Mangan, 1992; Dardis, et al., 1994). The family life cycle also appears to play a key 

role in determining recreation expenditures (Lawson, 1991). Hartmann and Cordell 

(1989) presented a literature review o f the more commonly studied social and 

demographic influences on recreation behavior, including age, gender, income, 

education, and occupation. In addition, quality of wildlife habitat and quantity o f 

wildlife viewing, photographing, or feeding may also appear to play a key role in 

determining wildlife recreation expenditures.

The literature from the related field of participation rates is also of interest. 

Although the decision to participate in a particular activity is not the same as the decision 

to maximize utility by spending a particular amount, research regarding participation 

rates can none the less help shed light on some of the socio-economic factors that may 

influence recreation expenditures (Hartmann and Cordell, 1989; O’Leary et al., 1989). 

Most of the these studies have been designed to understand recreation participation
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behavior, including characteristics of the individual, characteristics o f the resource, and 

willingness to pay for the recreation experience (Hof and Kaiser, 1983; Hartmann and 

Cordell, 1989).

Primary Nonresidential Expenditure Model

The primary nonresidential expenditure model evaluates the relationship between 

the expenditures on primary nonresidential nonconsumptive related wildlife recreation 

and economic and socio-economic and wildlife-attribute variables. The following 

primary nonresidential expenditure model can be specified for empirical estimation:

EXP = F(INCOME,AGE, AGESQ,FEMALE,MARRIED,COLLEGE,RURAL,
EMPLOY,WHITE,PRIVATE,PUBLIC,WOOD,BRUSH,OPEN,MANMADE,
BIRD TRIP,LAND MTRP,e) (8)

Detailed definitions o f explanatory variables for the primary nonresidential 

expenditure model are presented in Table 3.1. The dependent variable for the model is 

the annual total expenditures on primary nonresidential nonconsumptive wildlife related 

recreation. Given the definition of nonresidential activity, total expenditures for the 

primary nonresidential activity include equipment expenditures, annual equipment 

expenditures, and trip related expenditures. Equipment expenditures include binoculars, 

cameras, special lenses, or other photography equipment, film and developing; day 

packs, carrying cases, or special clothing; commercially prepared and packed wild bird 

food, other bulk food used to feed wild birds, nest boxes, bird houses, feeders, or baths; 

magazines or other periodicals specifically devoted to fish or wildlife; dues or 

contributions to national, state, or local conservation or wildlife-related organizations; 

and any other purchases.
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Table 3.1 Explanatory Variables for Primary Nonresidential Expenditure Model 
Associated with Nonconsumptive Wildlife Related Recreation

VARIABLE DEFINITION

INCOME Respondent’s total household income

AGE Respondent’s age (16 years old and older)

AGESQ Respondent’s age, Squared

FEMALE Respondent’s gender; 1 if female; 0 otherwise

MARRIED Respondent’s marital status; 1 if married; 0 otherwise

COLLEGE Respondent’s educational level; 1 if at least attended college; 0 otherwise

RURAL Respondent’s residence; 1 if grew up in the rural area; 0 otherwise

EMPLOY Respondent’s employment status; 1 if employed; 0 otherwise

WHITE Respondent’s ethnicity; 1 if white; 0 otherwise

PRIVATE 1 if the respondent visited any areas on private land more than one mile from 
home; 0 otherwise

PUBLIC 1 if the respondent visited any areas on public land more than one mile from 
home; 0 otherwise

WOOD 1 if the respondent observed, photographed, or fed wildlife on woodland more 
than one mile from home; 0 otherwise

BRUSH 1 if the respondent observed, photographed, or fed wildlife at a brush-covered 
area more than one mile from home; 0 otherwise

OPEN 1 if the respondent observed, photographed, or fed wildlife at an open field 
more than one mile from home; 0 otherwise

MANMADE 1 if the respondent observed, photographed, or fed wildlife at a man-made 
area more than one mile from home; 0 otherwise

BIRD TRIP 1 if the respondent observed, photographed, or fed birds on a trip more than 
one mile from home; 0 otherwise

LANDMTRP 1 if the respondent observed, photographed, or fed land mammals on a trip 
more than one mile from home; 0 otherwise
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Annual equipment expenditures include tents, traps, frame packs, backpacking 

equipment, other camping equipment, ofF-the-road vehicle, travel or tent trailer, motor 

home, pickup, camper, van, and any other purchases. Trip related expenditures include 

food, drink, and refreshments; lodging at motels, cabins, lodges, campground; public 

transportation, including airplanes, trains, or car rentals; round trip cost for 

transportation by private vehicle; guide fees, pack trip, or package fees; public land use 

or access fees; private land use or access fees; rental o f equipment such as boats or 

camping equipment; and any other purchases (U.S. Department of the Interior, 1993).

Hypotheses

Primary nonresidential nonconsumptive wildlife related recreation and related 

equipment are expected to be normal goods. As an individual’s earnings grow, the 

individual is hypothesized to have more disposable income to spend on equipment, 

annual equipment, or trip related expenditures for primary nonresidential activities. 

Holding the price of primary nonresidential activity constant, one would expect the 

expenditures on primary nonresidential activities to be positively correlated with income. 

Thus, income is hypothesized to have a positive impact on primary nonresidential 

nonconsumptive wildlife related recreation expenditures. This hypothesis is further 

supported by findings from previous leisure and outdoor recreation expenditures studies 

(Thompson and Tinsley, 1978; Dardis, et al., 1981; Wagner and Washington, 1982; 

Blaine and Mohammad, 1991; Dardis, et al., 1994).

The role of age, a measure of the physical ability and inclination to engage in 

wildlife recreation, may influence primary nonresidential participants’ consuming
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behavior. One’s stage in the life cycle hypothetically plays a major role in determining 

leisure or outdoor recreation expenditures (Rapoport and Rapoport, 1975; Hartmann and 

Cordell, 1989; Lawson, 1991; Dardis, et al., 1994). In general, the demand for outdoor 

recreation would follow a life cycle pattern, with greater demand for the middle-age 

individuals than younger or older individuals. Younger individuals may have more time 

to participate in but be less likely to consume outdoor recreation activities because o f 

financial constraints, while older individuals may also have more time to participate in 

but be less likely to consume outdoor recreation activities, not only because o f  physical 

considerations, but also because of more expenditures on health and security (Hartmann 

and Cordell, 1989; Lawson, 1991). Studies also have reported that older individuals 

spent less than younger individuals on leisure or outdoor recreation (Dardis, et al., 1981; 

Hill, 1985; Dardis, et al., 1994). It is arguable that middle-age individuals may also be 

less likely to consume outdoor recreation because o f family responsibilities and high 

child-rearing expenses.

However, reasons for expenditures on leisure or outdoor recreation may not be 

clear for middle-age individuals (Lawson, 1991). In addition, primary nonresidential 

nonconsumptive wildlife related recreation activities are not typically so strenuous as to 

discourage or exclude younger and older individuals. Thus, primary nonresidential 

participants’ consuming behavior may or may not follow a life cycle pattern. In order 

to test the role of age in nonconsumptive wildlife related recreation expenditures, age 

squared is included in the model. Opposite signs for the coefficients for age and age 

squared would be expected in this case.
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Gender is hypothesized to be an important factor in primary nonresidential 

nonconsumptive wildlife related recreation expenditures. According to traditional studies 

o f  consumptive wildlife related recreation such as hunting and fishing, men tend to 

dominate consumptive wildlife related recreation and spend more on such kinds o f 

recreation activities than women, either due to preferences or social custom. Studies 

suggest that status differences between males and females leads to an inequality in access 

to leisure time in general (Henderson, et al., 1988; Shaw, 1985). As nonconsumptive 

wildlife related recreation is a relatively new means o f accessing natural resources, 

females should not be expected to be excluded from primary nonresidential activities. 

Zuzanek (1978) points out that nonworking women have a slightly higher participation 

rates than employed women in most leisure activities. Information from the 1985-1987 

Public Area Recreation Visitors Survey also shows that a higher percentage o f females 

participated in walking for pleasure than males (Hartmann and Cordell, 1989). However, 

being female is still hypothesized to have a negative impact in the primary nonresidential 

expenditure model due to different life styles and different time constraints (Becker, 

1981; Dardis, et al., 1981; Hill, 1985; Dardis, et al., 1994).

Marital status may be an influential factor in primary nonresidential 

nonconsumptive wildlife related recreation expenditures. Marital status may be 

considered as a potential social barrier to participation in nonconsumptive wildlife 

related recreation due to joint consumption decisions (Smith and Luzar, 1995). 

According to Lawson (1991), married individuals with no children appear to prefer to 

participate in wildlife related recreation, but this situation may be the opposite in the
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case of married individuals with children. For nonconsumptive wildlife related 

recreation, parents may provide some forms o f educational opportunities to their children 

from this type of wildlife related recreation. Thus, the direction o f this effect would be 

uncertain for the primary nonresidential expenditure model.

Education is hypothesized to be an another important factor in primary 

nonresidential nonconsumptive wildlife related recreation expenditures. In most leisure 

and recreational activities, level of education reportedly has a positive effect on the rates 

o f  participation (Zuzanek, 1978). Fazio and Belli (1977) also report that level of 

education has an observable tendency for increasing participation in nonconsumptive 

wildlife related recreation, i.e., the level of education increases, the higher the percentage 

o f individuals participating in nonconsumptive wildlife related recreation. Hammitt et 

al. (1993) mention that knowledge of identifying the specific type o f wildlife will 

increase the chance of observing wildlife. Hence, level of education in college is 

hypothesized to have a positive impact on the primary nonresidential expenditure model.

Residence (rural versus urban) is also hypothesized to be another important factor 

in primary nonresidential nonconsumptive wildlife related recreation expenditures. 

Individuals living in urban areas may be less likely to participate in wildlife related 

recreation activities than individuals living in rural areas (Walsh, et al., 1989a; Walsh, 

et al., 1989b; Walsh, et al., 1992). Urban residence may increase the time cost of 

participation due to distance from wildlife (Miller and Hay, 1981), even though primary 

nonresidential nonconsumptive wildlife related recreation may be a form o f low-cost 

family recreation. In addition, individuals growing up in rural environments may be
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more familiar with wildlife than individuals in urban environments. Thus, residence in 

a rural area would be expected to have a positive effect on the primary nonresidential 

expenditure model.

Employment status is hypothesized as another influential factor in determining 

primary nonresidential nonconsumptive wildlife related recreation expenditures. Non

working individuals, especially retirees, may have more available time to participate in 

wildlife related recreation than do employed individuals. Zuzanek (1978) reviews the 

literature on recreation associated with occupation and concludes that occupation has a 

positive effect on leisure participation. For an employed individual, primary 

nonresidential nonconsumptive wildlife related recreation may provide some form of 

opportunity to refresh one’s family life with a relatively low expenditure. Thus, the 

direction o f this effect would be uncertain for the primary nonresidential expenditure 

model.

Ethnicity is also hypothesized as another influential factor in determining 

primary nonresidential nonconsumptive wildlife related recreation expenditures. In 

general, non-white individuals have been observed to have a much lower preference for 

participation in most types o f wildlife related recreation than do white individuals 

(Walsh, et al., 1992). Smith and Luzar (1995), summarizing the role of socialization and 

social status in recreation, suggest that minority status may be a primary barrier to 

participation in nonconsumptive wildlife related recreation. Hence, ethnicity, defined in 

terms of white individuals, would be expected to have a positive impact on the primary 

nonresidential expenditure model.
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Resource availability is reported as a significant factor in providing opportunities 

for primary nonresidential nonconsumptive wildlife related recreation (Shaw and 

Mangun, 1984; Walsh, et al., 1989a; Walsh, et al., 1989b; Walsh, et al., 1992). Private 

or public land area, a measure of resource availability for primary nonresidential 

nonconsumptive wildlife related recreation, is hypothesized to be an important factor in 

primary nonresidential nonconsumptive wildlife related recreation expenditures. Quality 

and quantity o f wildlife observing, photographing, or feeding can be taken as a measure 

o f satisfaction (Hammitt, et al., 1993). Many studies report that the opportunity for 

wildlife related recreation should consider species and numbers o f  wildlife that 

participants want to see, what species actually are seen, and how many visual encounters 

with wildlife are made, and the quality of the experiences (Decker, et al., 1980; 

Heberlein, etal., 1982; Drive, 1985; Vaske, etal., 1986; Hammitt, et al., 1989; Hammitt, 

et al., 1993; Manfredo and Larson, 1993). Thus, use of public versus private land, taken 

as measure o f resource availability, would be expected to have a positive effect on 

primary nonresidential expenditure model in this case.

Woodland, brush-covered area, open field, or man-made area, a measure of 

wildlife habitat, is also hypothesized to be an important factor in primary nonresidential 

nonconsumptive wildlife related recreation expenditures. Wildlife habitats and 

populations can be viewed as supply shifters, as with an increase in ecosystem and 

biodiversity of wildlife, the more primary nonresidential participants would participate 

in and consume (Charbonneau and Hay, 1978; Miller and Hay, 1981). From an 

ecological and biological perspective, presence of woodland and brush-covered areas
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would be expected to have a positive effect on the primary nonresidential expenditure 

model, while open field and man-made areas would be expected to have a negative effect 

on the primary nonresidential expenditure model due to habitat diversity considerations.

The purpose of a trip taken for observing, photographing, or feeding birds or land 

mammals may also be hypothesized as another influential factor in determining primary 

nonresidential nonconsumptive wildlife related recreation expenditures. Birding, for 

example, is one of the most popular nonconsumptive wildlife related recreation activities 

in the United States. McFarlane (1994) reports that birdwatchers spend their money on 

their birding trips because of achievement, appreciative, or conservation orientation. 

Studies also report that birdwatchers like to take a birding trip to a specific setting at a 

specific time (Hvenegaard, et al., 1989; Wiedner and Kerlinger, 1990; Eubanks, et al.,

1993). Thus, the purpose of trip taken for observing, photographing, or feeding birds or 

land mammals would be expected to have a positive impact on the primary 

nonresidential expenditure model.

In summary, the primary nonresidential expenditure model attempts to capture 

key elements of the life cycle which traditionally influences expenditures, including 

income, age, gender, marital status, education, residence, occupation, and race, in this 

case on primary nonresidential nonconsumptive wildlife related recreation. In addition, 

the relationship between human and wildlife may also influence expenditures on primary 

nonresidential nonconsumptive wildlife related recreation.
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Primary Residential Expenditure Model

The primary residential expenditure model evaluates the relationship between the 

expenditures on primary residential nonconsumptive related wildlife recreation and 

economic and socio-economic and wildlife-attribute variables. The following primary 

residential expenditure model can be specified for empirical estimation:

EXP = F(INCOME,AGE,AGESQ,MALE,MARRIED, COLLEGE, URBAN,
EMPLOY,WHITE,BIRD,MAMMAL,REPTILE,INSECT,FISH,NATURAL
MAINTAIN,PLANTING, e) (9)

Detailed definitions o f explanatory variables for the primary residential 

expenditure model are presented in Table 3.2. The dependent variable for the model is 

the annual total expenditures on primary residential nonconsumptive wildlife related 

recreation. Given the definition of residential activity, total expenditures for the primary 

residential activity only include equipment expenditures such as binoculars, cameras, 

special lenses, or other photography equipment, film and developing; day packs, 

carrying cases, or special clothing; commercially prepared and packed wild bird food, 

other bulk food used to feed wild birds, nest boxes, bird houses, feeders, or baths; 

magazines or other periodicals specifically devoted to fish or wildlife; dues or 

contributions to national, state, or local conservation or wildlife-related organizations; 

and any other purchases (U.S. Department o f the Interior, 1993).

Hypotheses

Primary residential nonconsumptive wildlife related recreation and related 

equipment are expected to be normal goods. As an individual’s earnings grow, the 

individual is hypothesized to have more disposable income to spend on equipment
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Table 3.2 Explanatory Variables for Primary Residential Expenditure Model
Associated with Nonconsumptive Wildlife Related Recreation

VARIABLE DEFINITION

INCOME Respondent’s total household income

AGE Respondent’s age (16 years old and older)

AGESQ Respondent’s age, Squared

MALE Respondent’s gender, 1 if male; 0 otherwise

MARRIED Respondent’s marital status; 1 if married; 0 otherwise

COLLEGE Respondent’s educational level; 1 if at least attended college; 0 otherwise

URBAN Respondent’s residence; 1 if grew up in the urban area; 0 otherwise

EMPLOY Respondent’s employment status; 1 if employed; 0 otherwise

WHITE Respondent’s ethnicity; 1 if white; 0 otherwise

BIRD 1 if the respondent observed birds around home; 0 otherwise

MAMMAL 1 if the respondent observed m am m als around home; 0 otherwise

REPTILE 1 if the respondent observed reptiles or amphibians around home; 0 
otherwise

INSECT 1 if the respondent observed insects or spiders around home; 0 otherwise

FISH 1 if the respondent observed fish or other wildlife around home; 0 
otherwise

NATURAL 1 if the respondent visited any public parks or natural areas near home; 0 
otherwise

MAINTAIN 1 if the respondent maintained any natural areas around home for fish or 
wildlife; 0 otherwise

PLANTING 1 if the respondent planted around home for fish or wildlife; 0 otherwise
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expenditures for primary residential activities. Holding the price o f primary residential 

activity constant, one would expect the expenditures on primary residential activities to 

be positively correlated with income. Thus, income is hypothesized to have a positive 

impact on primary residential nonconsumptive wildlife related recreation expenditures 

based on previous leisure and outdoor recreation expenditures studies and economic 

theory (Thompson and Tinsley, 1978; Dardis, et al., 1981; Wagner and Washington, 

1982; Blaine and Mohammad, 1991; Dardis, et al., 1994).

The role o f age, a measure o f leisure time in wildlife recreation, may influence 

primary residential participants’ spending behavior. One’s stage in the life cycle 

hypothetically plays a major role in determining leisure or outdoor recreation 

expenditures (Rapoport and Rapoport, 1975; Hartmann and Cordell, 1989; Lawson, 

1991; Dardis, et al., 1994). Stafford and Duncan (1985) and Hill (1985) conclude that 

older individuals spent more time than younger individuals on passive leisure activities 

which do not demand active participation on the part o f the individuals. Also, studies 

have shown that older individuals spent less than younger individuals on leisure or 

outdoor recreation expenditures (Dardis, et al., 1981; Hill, 1985; Dardis, et al., 1994). 

Middle-age individuals may not have much time to participate in and be less likely to 

consume primary residential activities because o f family responsibilities and high child- 

rearing expenses.

It is also arguable that the middle-age individuals may use their leisure time to 

participate in and consume primary residential activities because o f  family life needs and 

children’s educational considerations. In general, primary residential nonconsumptive
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wildlife related recreation activities can be treated as a part of family life activities. 

However, expenditures on leisure or outdoor recreation may be less clear for middle-age 

individuals (Lawson, 1991). In summary, primary residential participants’ spending 

behavior may follow a life cycle pattern. Thus, age and age squared are included in the 

model, and opposite signs for the coefficients for age and age squared would be expected 

in this case.

Gender is hypothesized to be an important factor in primary residential 

nonconsumptive wildlife related recreation expenditures. In general, men tend to 

dominate consumptive wildlife related recreation and spend more on consumptive 

wildlife related recreation than women, due either to preferences or social custom. 

Although nonconsumptive wildlife related recreation is a relatively new means of 

accessing natural resources, males still also significantly tend to participate in and 

consume primary residential nonconsumptive wildlife related recreation. Hence, male 

is hypothesized to have a positive impact on the primary residential expenditure model 

(Dardis, et al., 1981; Hartmann and Cordell, 1989; Walsh, et al., 1989; Dardis, et al.,

1994).

Marital status may be an influential factor in primary residential nonconsumptive 

wildlife related recreation expenditures. Marital status may be considered a barrier to 

participation in nonconsumptive wildlife related recreation (Smith and Luzar, 1995). For 

primary residential nonconsumptive wildlife related recreation, married individuals with 

children may consider it as providing some form o f educational opportunities for their 

children, either in their own backyard or community parks near home. Married
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individuals with no children may have less o f a preference to participate in primary 

residential nonconsumptive wildlife related recreation due to employment commitments 

or social preferences. There may also be some interactive effects between marital status 

and age. This can be seen that older, married individuals are more likely to spend time 

watching and feeding birds or other wildlife. Thus, the direction of this effect would be 

uncertain for the primary residential expenditure model.

Education is hypothesized to be another important factor in primary residential 

expenditures. Fazio and Belli (1977) point out that level o f  education has an observable 

tendency for influencing participation in nonconsumptive wildlife related recreation. As 

level of education increases, the higher percentage o f  individuals participating in 

nonconsumptive wildlife related recreation. Hammitt et al. (1993) also mention that 

knowledge o f identifying the specific type of wildlife will increase the chance o f 

observing wildlife. As primary nonconsumptive wildlife related recreation is a relatively 

new means o f accessing natural resources, individuals would easily recognize types o f 

wildlife around their home due to daily contact. Meanwhile, species and number o f 

wildlife would also be constrained by this man-made environment due to biological 

needs. Thus, the direction o f this effect associated with level of education would be 

uncertain for the primary residential expenditure model.

Residence is also hypothesized to be an important factor in primary residential 

nonconsumptive wildlife related recreation expenditures. Individuals living in urban 

environments may be less likely to participate in primary residential nonconsumptive 

wildlife related recreation because urban residents would have fewer opportunities for

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



61

contact with wildlife at their residences (DeGraaf and Payne, 1975; Ulrich and Addoms, 

1981; Dick and Hendee, 1986). Alternatively, Brown, et al. (1979) report that 

observations o f wildlife occur most frequently around one’s home, because one’s own 

backyard may be the most convenient place for contact with wildlife. Thus, in this 

specification, residence in urban areas would be expected to have a negative effect on 

the primary residential expenditure model.

Employment status is hypothesized as another influential factor in determining 

primary residential nonconsumptive wildlife related recreation expenditures. In general, 

non-working individuals may have more available time to participate in primary 

residential nonconsumptive wildlife related recreation than do employed individuals. 

This may be especially so due to occupational status that is determined by the life cycle, 

i.e., unemployment due to retirement As mentioned earlier, Zuzanek (1978) reviews the 

literature on recreation associated with occupation and concludes that occupation has a 

positive effect on leisure participation. As an employed individual, they might 

participate in some forms of primary residential nonconsumptive wildlife related 

recreation due to employment related time constraints which limit other forms of 

recreation. Thus, the direction of this effect would be uncertain for the primary 

residential expenditure model.

Ethnicity is again hypothesized to be an influential factor in determining primary 

residential nonconsumptive wildlife related recreation expenditures. As identified earlier, 

non-white individuals reportedly have much lower preferences for participating in most 

types of wildlife related recreation than do white individuals (Walsh, et al., 1992).
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Primary residential nonconsumptive wildlife related recreation is a form o f low-cost 

recreation, regardless of ethnicity. However, ethnicity, defined in terms o f  white 

individuals, would still be expected to have a positive impact on the primary residential 

expenditure model.

Observing, photographing, or feeding wildlife is hypothesized to be an important 

factor in primary residential nonconsumptive wildlife related recreation expenditures. 

DeGraaf and Payne (1975) mention that the potential for wildlife enjoyment derived 

from bird watching could be extremely large. According to educational functions, 

observing wildlife including birds, mammals, reptiles or amphibians, insects, and fish 

or other wildlife around one’s home can provide an educational experience for the 

family. Wildlife preferences might affect individuals focusing on certain types o f 

wildlife. However, observing, photographing, or feeding wildlife around home would 

be expected to have a positive impact on the primary residential expenditure model.

Public parks or natural areas near home, a measure of resource availability for 

primary residential nonconsumptive wildlife related recreation, is also hypothesized to 

be an important factor in primary residential nonconsumptive wildlife related recreation 

expenditures. For urban residents, urban parks offer a good opportunity, allowing them 

contact with urban wildlife by hearing, seeing, photographing, feeding, or studying 

(Dick and Hendee, 1986). Show and Mangan (1984) suggest that resource availability 

is one of the most important factors in providing opportunities for nonconsumptive 

wildlife related recreation, because it would provide opportunities for desired human 

benefits, especially for urban residents. Thus, availability of well managed public parks
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or natural areas would be expected to have a positive effect on the primary residential 

expenditure model in this case.

Maintaining natural areas or planting for fish or wildlife around home, a measure 

of wildlife habitat provision, may be hypothesized as an influential factor in determining 

primary residential nonconsumptive wildlife related recreation expenditures. Wildlife 

habitat provision can be viewed as a demand shifter, as given an increase in natural 

environments for wildlife needs, the more opportunities would be provided for primary 

residential activities (Charbonneau and Hay, 1978; Miller and Hay, 1981). According 

to the recreation opportunity model (Manfredo and Larson, 1993), preferred wildlife 

setting, preferred primary residential activities, and desired wildlife enjoyment outcomes 

can be obtained by maintaining or planting for fish or wildlife around home. Hence, 

maintaining natural areas or planting for fish or wildlife around home would be expected 

to have a positive impact on the primary residential expenditure model.

In summary, the primary residential expenditure model attempts to capture key 

elements o f the life cycle which traditionally influences expenditures, including income, 

age, gender, marital status, education, residence, occupation, and race, in this case on 

primary residential nonconsumptive wildlife related recreation. In addition, the 

relationship between humans and wildlife may also influence expenditures on primary 

residential nonconsumptive wildlife related recreation.

The primary residential expenditure model differs from the primary 

nonresidential expenditure model by wildlife-based attributes associated with human- 

created environment involvements. As described earlier, the primary nonresidential
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expenditure model focuses on wildlife habitat which can provide opportunities for 

primary nonresidential participants, whereas the primary residential expenditure model 

focuses on wildlife itself which can be observed, photographed, or fed easily by primary 

residential participants. In addition, the life cycle factors such as age and gender, and the 

demographic attributes such as residence, might also provide some different information 

between the primary nonresidential and residential expenditure models.

Econometric Models

In order to develop the relationship between expenditures on nonconsumptive 

wildlife related recreation and participants’ income and their socio-economic 

characteristics, a better understanding of the nature o f the data helps in selecting the 

appropriate econometric model.

Referring to equation (7) in Chapter 2, statistically, the expenditure model for 

nonconsumptive wildlife related recreation can be expressed as follows:

Y = X’B + E (10)

where Y is a vector of total expenditures on nonconsumptive wildlife related recreation, 

X is a vector o f explanatory variables, B is a vector of unknown parameters, and E is a 

vector o f the error term.

Tobit Model

As noted earlier, the tobit model (Tobin, 1958) is a commonly used econometric 

technique which can be used for estimating the consumption pattern for nonconsumptive 

wildlife related recreation. Re-writing equation (1) in Chapter 1, the tobit model can be 

written as:

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



65

Y\ = Yi ifyi’ = Xi’P + e i >0  i = 1 , n

y{ = 0 if  Yi* = xi’P + e; £ 0 (11)

For the observations y; that are zero,

Prob (y£ = 0) = 1 - Prob (yt > 0)

= I - ^(Xi’p/o) (12)

For the observations y£ that are greater than zero,

Prob (y; > 0) f  (y{ | Yi > 0) = (l/o)<t>[(yi - Xi’p)/o] (13)

where <p(.) and <&(.) are the standard normal density and distribution functions, 

respectively. Using 0 to denote zero observations and + to denote positive observations, 

the likelihood function for the tobit model can be specified as (Madalla, 1983; Amemiya, 

1984; Judge, etal., 1985; Judge, etal., 1988; Greene, 1993):

The maximum likelihood estimation technique can be used to estimate the unknown 

parameters for the primary nonresidential and residential models presented earlier. On 

statistical grounds, the tobit model is very restrictive in its parameterization which 

implies that the probability of consumption and the level o f  consumption are determined 

by the same sets of variables, ), and parameters, (p). Hence, drawing inferences from 

the tobit model would lead to erroneous conclusions (Bockstael, et al., 1990).

Double-Hurdle Model

The double-hurdle model may provide a better interpretation of consumer 

behavior which takes into account the probability o f consumption and the level o f  

consumption (Cragg, 1971; Blundell and Meghir, 1987; Jones, 1989). The double-hurdle

L = Ho [1 - $(xrp /a)] JL  {(l/o)4»[(y£ - Xi’p)/a]} (14)
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model is established as a useful extension of the univariate tobit model because it allows 

two separate stochastic processes, in this case, for participation and consumption. Re

writing equation (2) and (3) in Chapter 1, the double-hurdle model can be written as: 

Yi ~  Yi i f  w£ = Zj’a  + Uj =  1, y£* = Xj’P + e£ > 0 i = l , ..., n

Yi = 0 ifw f = zi’a  + ui =  1, y ^ X j ’p + ej ^ 0

or W; = Zi’a  + u{ = 0, y;* = Xj’P + ej > 0

o r w i = zi’a  + ui = 0, y ^ X j ’P + ei ^ 0 (15)

where w; = 1 if individual i participates in nonconsumptive related wildlife recreation, 

and w{ = 0 if  individual i does not participate in nonconsumptive related wildlife 

recreation. The basic double-hurdle model (Cragg, 1971) assumes independence between 

the error terms of the two hurdles.

For the observations y; that are zero,

Prob (Yi = 0) = 1 - Prob (w; > 0) Prob (y( > 0)

= 1 - fcCZi’a ^ X i ’p/o) (16)

For the observations y; that are greater than zero,

Prob (Yi > 0) f  (Y; | Yi > 0) = ^ ( z i’a)(l/o)(|>[(yi - x;’P)/o] (17)

Using 0 to denote zero observations and + to denote positive observations, the likelihood 

function for the double-hurdle model can be specified as (Cragg, 1971; Blundell and 

Meghir, 1987; Jones, 1989; Jones, 1990):

L = Ho [1 - $ (z i’a)«5(xi’p/o)] IL {*ta*«Xl/°)<t>[(Yi - (18)

The maximum likelihood estimation technique can also be used in this case to estimate 

the unknown parameters for the primary nonresidential and residential models. The

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



67

double-hurdle model is identical to the tobit model when $(Zj’a) = 1, as the tobit model 

is nested in the double-hurdle model. Selection between the specifications can be tested 

conveniently by the Lagrange multiplier (LM) test and the likelihood ratio (LR) te s t

Theoretically, the tobit model is a particular form o f the double-hurdle model 

with Z; = Xj and a = (p/o) in this case (Cragg, 1971). As theory provides no guidance in 

the choice of regressors to explain the first and second hurdles, empirically, the same set 

o f explanatory variables (e.g., in this case, Zj = Xj) is used in both the participation and 

consumption equations (Jones, 1989; Burton, et al., 1994). The LM test is the valid test 

for a comparison between the tobit model and the double-hurdle model. This is 

accomplished by testing the restriction a  = (P/o) in the double-hurdle model. The LM 

test is based on the tobit estimates only, and it does not require estimation of the double- 

hurdle model (Lin and Schmidt, 1984). Statistically, the LM test is based on the statistic:

^  = Q(0)’[l(0)]-lQ(0) (19)

where Q (0) is the first partial o f the Iog-likelihood function evaluated at 0 ,1 (0 ) is the 

information matrix evaluated at 0, and 0 is the maximum likelihood estimates subject 

to the restriction (e.g., in this case, a  - (P/o) = 0) being tested. The null hypothesis, 

which is a = (p/a) in this case, is rejected when Alm > x \  > where x \  is a chosen critical 

value from the x2(k> distribution, and k is the number o f the explanatory variables under 

the null hypothesis (Lin and Schmidt, 1984).

In limited dependent variable models, the maximum likelihood estimates are 

inconsistent if  heteroscedasticity is ignored (Maddala, 1983; Judge, et al., 1985; Judge,

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



68

etal., 1988; Greene, 1993). To correct for potential heteroscedastic errors, the standard 

deviation at can be specified as:

Oj = oexp (Si’y) (20)

where a  is a constant, s; is a vector o f exogenous variables, and y is a conformable 

parameter vector (Greene, 1995). The exponential form in (20) is common among 

heteroscedastic specifications in traditional regression models and limited dependent 

variable models. Selection between the homoscedastic and heteroscedastic double-hurdle 

models can be tested by the LR test, which is based on the principle o f maximum 

likelihood estimation. It can be used to test the hypotheses that the tobit model performs 

as well as the double-hurdle model, and there are heteroscedastic problems associated 

with the error terms in modeling the primary nonresidential and residential expenditure 

models, respectively, by comparing the values of the maximized likelihood functions 

under the restricted (Ho) and unrestricted (H,) models. Systematically, the LR test is 

based on the statistic:

Xlr = -2[L(H 0) -L (H 1)] (21)

where L(Hq) and L(H,) are the maximized values of the log-likelihood function under 

the restricted and unrestricted models, respectively. The null hypothesis (Ho) is rejected 

when A.LR > x \  > where x \  is a chosen critical value from the %2(J) distribution, and J is

the number of the restrictions under the null hypothesis (Judge, et al., 1985; Judge, et al.,

1988; Greene, 1993; Griffiths, etal., 1993).

In order to better understand the predictive ability o f the double-hurdle model, 

it is important to derive the effects of changes in the explanatory variables. Based on the
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assumptions o f normality and independence o f the error terms, the probability of non

zero consumption can be expressed as (Cragg, 1971; Blundell and Meghir, 1987; Jones, 

1990):

Prob (y; > 0) = $ (z i’a )$ (x i,p/a) (22)

The marginal effects o f the independent variables on the probability o f non-zero 

consumption can be specified as:

SProb (y; > oyaxy = <t>(Zi’ a)$(Xj’ p/o)a, +®(Zj’ a)<j>(xi’ p/a)(pj /a) (23)

where a,- and P, are theyth component o f a and P, respectively. From (23), it can be seen 

that the marginal changes of the probability o f non-zero consumption depend upon both 

the first-hurdle parameters, (a), and the second-hurdle parameters, (P). Thus, if  major 

interest lies in the value of marginal changes in the probability o f non-zero consumption 

o f a recreation activity, then estimates of (23) should be considered.

Because the dependent variable y; is truncated at zero, the expected value of 

conditional consumption is simply Xj’p plus the expected value o f the truncated normal 

error term, which can be expressed as (Amemiya, 1973; Madalla, 1983; Judge, et al., 

1985; Greene, 1993):

E(yi I yi > 0) = x{’ p + o [4>(Xj’ p/o)/$(x;’ p/o)] (24)

The marginal effects o f the expected value of conditional consumption with 

respect to the independent variables can be shown as (McDonald and Moffit, 1980): 

3E(y, | y, > oyaxij = ft {1 - (x,'p/o)[(Kx,'p/o)/<6(x,'fto)J -

M>(x,’p/o)/$(xi’p/o)]2} (25)
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I f  interest lies in the value o f  marginal changes in conditional consumption o f a 

recreation activity, then estimates o f (25) should be used.

Based on (22) and (24), the expected value o f total consumption is directly 

related to the expected value o f conditional consumption via the probability of non-zero 

consumption. The expected value o f total consumption can be expressed as:

E(y,) = Prob (y, > 0)E(y, | y, > 0)

= * (z i’a )$ (x i’p/o)<xl'P  + o  [<Kxi’p/oy®(xl’p/o)]} (26)

Following McDonald and Moffitt (1980), the marginal effects o f the expected 

value of total consumption with respect to the independent variables can be decomposed 

as:

3E(y, )/3xa = Prob (y, > O^ECy, | y, > oyax, + E(y, | y, > 0)aE(yi | y, > Oydx.,

= ®(Zi'a)®(Xi’p/o)Pj + <Kz,’a)[(xi’p)®(xi'p/o) + o<Kx,'p/o)]aJ (27) 

From (27), it can be seen that the marginal changes o f the expected value o f  total 

consumption also depends upon both the first-hurdle parameters, (a), and the second- 

hurdle parameters, (p). This decomposition o f the change in the expected value o f  total 

consumption with respect to the independent variables includes two effects: the change 

in the expected value o f conditional consumption weighted by the probability o f  non

zero consumption (the first term on the right hand side o f (27)); and the change in the 

probability o f non-zero consumption weighted by the expected value of conditional 

consumption (the second term on the right hand side o f  (27)). As a result, the change in 

the expected value of total consumption with respect to the independent variables can
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be decomposed into two additive terms: the conditional effect plus the probability effect. 

These effects are useful for interpretation of the estimates o f the double-hurdle model.

The probability o f non-zero consumption in the double-hurdle model considered 

here requires consideration o f the probability from the participation and consumption 

equations simultaneously. Otherwise, the maximum likelihood estimates and the 

estimates o f the marginal effect of the expected value o f total consumption with respect 

to the explanatory variables would be biased.

Empirical Results

Primary Nonresidential Expenditure Model

For primary nonresidential participants, the average total expenditures was 

$59.92 for all participants and $517.86 for the participants who had positive 

expenditures on primary nonresidential activities. Descriptive statistics for all variables 

used in estimation for all participants and nonparticipants samples are presented in Table 

B.l.

The tobit model and the double-hurdle model for primary nonresidential 

expenditure were estimated by maximizing the logarithm of the likelihood functions (14) 

and (18) using the censored and truncated regression procedures in LIMDEP (Greene,

1995), respectively. In the double-hurdle model, the same set of explanatory variables 

for the primary nonresidential expenditure model were used in both the participation and 

consumption equations (Jones, 1989; Burton, etal., 1994).

In social-economic data, there often exists a problem with multicollinearity 

between variables, resulting in estimates that are unstable and have high standard errors.
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In order to test which variables are nearly collinear with other variables, collinearity 

diagnostic tests based on condition indexes were performed. The value of the largest 

condition index resulting from the principal components analysis performed was 12.55 

for the primary nonresidential expenditure model. As Belsley, et al. (1980) suggested, 

the explanatory variables in this case selected to explain nonconsumptive wildlife related 

recreation expenditures associated with nonresidential activities were not correlated.

In the tobit model, the empirical results tend to support previously stated 

hypotheses for the primary nonresidential expenditure model, with the exception o f  two 

insignificant and positive variables, FEMALE and MANMADE. Both were 

hypothesized to negatively influence expenditures. The variables INCOME, WHITE, 

PRIVATE, PUBLIC, and WOOD are significant and o f the hypothesized sign in the 

tobit model, which capture both participation and consumption decisions. Overall, the 

empirical results o f the tobit model for primary nonresidential expenditure model 

indicate that white individuals with higher income level would observe, photograph, or 

feed wildlife on woodland either on private or public land away from home more than 

one mile. Empirical results of the tobit analysis for the primary nonresidential 

expenditure model are presented in Table B.2.

Based on the LM test result, the hypothesis that a  = (p/o) in the double-hurdle 

model in this case is strongly rejected (x2 = 15475, degree of freedom = 17) at the 0.05 

significance level. In addition, the value o f $(z;’a) = 0.104466 which is not equal to one. 

Thus, the double-hurdle model is not identical to the tobit model in this case.
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Based on the log-likelihood values o f the double-hurdle model and the tobit 

model estimated for the primary nonresidential expenditure model, the LR test result 

suggests the rejection o f the tobit model (x2 = 269.6772, degree o f freedom = 17) at the 

0.05 significance level. Thus, the hypothesis that the tobit model performs as well as the 

double-hurdle model in modeling the primary nonresidential expenditure model is 

strongly rejected. In other words, participation and consumption decisions in the primary 

nonresidential expenditure model are not based on the same decision-making structure. 

Therefore, drawing inferences about the effects o f the explanatory variable on 

participation and consumption based on the tobit model for primary nonresidential 

expenditure model would lead to erroneous conclusions (Bockstael, et al., 1990).

Empirical results o f the double-hurdle model for primary nonresidential 

expenditure model are presented in Table B.3. The heteroscedastic double-hurdle model 

for primary nonresidential expenditures is also estimated by the maximum likelihood 

estimation method in LIMDEP (Greene, 1995). Based on the log-likelihood values of 

the homoscedastic and heteroscedastic double-hurdle models estimated for the primary 

nonresidential expenditure model, the LR test result suggests the rejection o f the 

heteroscedastic double-hurdle model (x2 = 388.486, degree o f freedom = 1) at the 0.05 

significance level. Thus, the hypothesis that there are heteroscedastic problems 

associated with the error terms in modeling the primary nonresidential expenditure 

model is strongly rejected. Overall, the double-hurdle estimates for the primary 

nonresidential expenditure model are homoscedastic and consistent. Thus, drawing 

inferences about the effects of the explanatory variables on participation and
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consumption based on the homoscedastic double-hurdle model for the primary 

nonresidential expenditure model would not lead to inconsistent conclusions. Empirical 

results o f  the comparison between the homoscedastic and heteroscedastic double-hurdle 

models for the primary nonresidential expenditure model are presented in Table B.4.

Unlike the tobit model, the double-hurdle estimates indicate that the explanatory 

variables have different impacts on participation and consumption decisions in sign or 

magnitude. In the double-hurdle model, the variables MARRIED, BRUSH, OPEN, 

MANMADE, and BIRDTRJP all have different signs in the participation and 

consumption equations. In addition, although having the same sign, the variables 

INCOME and COLLEGE are significant in the consumption equation but not significant 

in the participation equation, whereas variables WHITE, PUBLIC, and WOOD are 

significant in the participation equation but not significant in the consumption equation. 

These different and opposite effects o f the explanatory variables are not allowed by the 

restrictive parameterization of the tobit model. Therefore, they highlight the importance 

of the double-hurdle parameterization. However, there is no strong economic theoretical 

basis to suggest what explanatory variables should be in each hurdle or for predicting the 

signs o f estimated coefficients in each hurdle (Jones, 1989; Burton, et al., 1994).

In general, the empirical results tend to support previously stated hypotheses for 

the primary nonresidential expenditure model. As theorized, the variables INCOME, 

COLLEGE, WHITE, PUBLIC, and WOOD all are positively related to primary 

nonresidential nonconsumptive wildlife related recreation expenditures for both 

participation and consumption decisions. The positive sign for INCOME suggests that
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primary nonresidential nonconsumptive wildlife related recreation is a normal good for 

which demand increases with income. The positive sign on COLLEGE suggest that the 

demand for primary nonresidential nonconsumptive wildlife related recreation increases 

with higher levels o f  education. The positive sign on WHITE suggest that whites are 

more likely to participate in and consume, and also tend to consume more when they 

consume for primary nonresidential activities. The positive signs on PUBLIC and 

WOOD suggest that the demand for primary nonresidential nonconsumptive wildlife 

related recreation increases are associated with use o f public forest land.

As noted earlier, the double-hurdle estimates provide more information for 

participation and consumption simultaneously associated with primary nonresidential 

activities than the tobit model. According to previous studies using the double-hurdle 

model, there is no certain interpretation for the double-hurdle estimates. Even though the 

following variables are not statistically significantly related to primary nonresidential 

nonconsumptive wildlife related recreation expenditures on both participation and 

consumption decisions, a possible interpretation for each variable is provided based on 

coefficient signs and magnitudes.

Empirical results associated with the variable MARRIED suggest that married 

participants are more likely to participate in and consume but tend to consume much less 

when they consume for primary nonresidential activities. Similarly, the variables OPEN 

or BIRDTRIP can be interpreted to suggest that participants are more likely to 

participate in and consume but tend to consume much less when they consume for 

primary nonresidential activities at an open field or on a trip for birding. On the other
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hand, the interpretation o f the variables BRUSH or MANMADE suggest that 

participants are less likely to participate in and consume but tend to consume much more 

when they consume for primary nonresidential activities at a brush-covered area or a 

man-made area.

As theorized, the variables RURAL, EMPLOY, PRIVATE, and LANDMTRP 

all are positively but insignificantly related to primary nonresidential nonconsumptive 

wildlife related recreation expenditures on both participation and consumption decisions. 

The positive signs of RURAL or EMPLOY indicate that participants living in rural areas 

or employed participants are more likely to participate in and consume and also tend to 

consume more when they consume for primary nonresidential activities. Similarly, the 

positive signs for PRIVATE or LANDMTRP indicate that participants are more likely 

to participate in and consume and also tend to consume more when they consume for 

primary nonresidential activities on private land or on a trip for viewing land mammals.

In addition, the insignificant coefficients for AGE and AGESQ result in a 

concave parabola consistent with the life cycle hypothesis. Other things equal, 

expenditures on primary nonresidential activities increase with age during a person’s 

younger years, reach a maximum at age forty-two, and decline thereafter. Finally, the 

variable FEMALE is positively but insignificantly related to primary nonresidential 

nonconsumptive wildlife related recreation expenditures on both participation and 

consumption decisions. The positive sign for FEMALE suggest that females are more 

likely to participate in and consume and also tend to consume more when they consume 

for primary nonresidential activities. This would seem to counter with earlier research
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which suggests that males tend to dominate wildlife related recreation and spend more 

on wildlife related recreation than do females.

Theoretically, the double-hurdle model implies that the demand curve for 

primary nonresidential nonconsumptive wildlife related recreation should be estimated 

over the entire population including participants and non-participants. Empirically, there 

is no further information that can be provided if  only the double-hurdle estimates are 

reported. The double-hurdle estimates for the primary nonresidential expenditure model 

cannot be directly interpreted as the effect on total consumption on primary 

nonresidential activities, given a change in the independent variables. According to the 

nature o f the double-hurdle model, the marginal effects of the independent variables on 

consumption which were derived earlier would be ambiguous if the independent 

variable has opposite signs in the participation and consumption equations. The marginal 

effects o f  the probability of non-zero consumption, the expected value of conditional 

consumption, and the expected value of total consumption with respect to the 

independent variables are evaluated at the means o f all the independent variables. 

Empirical results o f the marginal effects for the double-hurdle model for the primary 

nonresidential expenditure model are presented in Table B.5.

In 1991, the demand for primary nonresidential nonconsumptive wildlife related 

recreation would result in a $0.000337 increase in total expenditure with increases in 

income. The total expenditure on primary nonresidential activities for well-educated 

participants was $16.92 more than others in terms of lower levels of education. 

Similarly, the total expenditure on primary nonresidential activities for whites was
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$16.29 more than non-whites. The total expenditure on primary nonresidential activities 

would result in a $27.44 increase if it occurred on public land. Similarly, the total 

expenditure on primary nonresidential activities would result in a $30.04 increase if  it 

occurred on forest land. In addition, the total expenditure on primary nonresidential 

activities would result in a $17.63 increase if it occurred on private land. The total 

expenditure on primary nonresidential activities for females was $4.74 more than males.

On the other hand, the total expenditure on primary nonresidential activities for 

married participants was $4.33 less than single participants. The total expenditure on 

primary nonresidential activities would result in a $1.93 decrease if  it occurred in open 

field areas. Similarly, the total expenditure on primary nonresidential activities would 

result in a $3.11 decrease if  it occurred on a trip for birding, but a $13.85 increase if it 

occurred on a trip for observing land mammals.

In summary, the empirical results o f the double-hurdle model for the primary 

nonresidential expenditure model indicate that well-educated, white individuals with 

higher income levels would observe, photograph, or feed wildlife on public forest land 

away from home more than one mile.

Primary Residential Expenditure Model

For primary residential participants, the average total expenditures was $12.85 

for all participants and $120.67 for the participants who had positive expenditures on 

primary residential activities. Descriptive statistics for all variables used in estimation 

for all participants and nonparticipants are presented in Table B.6.
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The tobit model and the double-hurdle model for the primary residential 

expenditure model were also estimated by maximizing the logarithm o f the likelihood 

functions (14) and (18) using the censored and truncated regression procedures in 

LIMDEP (Greene, 1995), respectively. In the double-hurdle model, as was the case for 

the previous model, the same set of explanatory variables for the primary residential 

expenditure model were used in both the participation and consumption equations 

(Jones, 1989; Burton, etal., 1994).

As was the case for the previous model, the value o f the largest condition index 

was 11.48 for the primary residential expenditure model. Based on the collinearity 

diagnostic test, hence, the explanatory variables in this case selected to explain 

nonconsumptive wildlife related recreation expenditures associated with residential 

activities were also not correlated (Belsley, et al., 1980).

In the tobit model, the empirical results tend to support previously stated 

hypotheses for the primary nonresidential expenditure model, except for an 

insignificantly positive impact on the variable URBAN, which was hypothesized to be 

negative for the model, and an insignificantly negative impact for the variable REPTILE, 

which was hypothesized to be positive for the model. The variables MALE, EMPLOY, 

WHITE, BIRD, MAMMAL, NATURAL, and MAINTAIN are significant in the tobit 

model which captures both participation and consumption decisions. Overall, the 

empirical results o f the tobit model for the primary residential expenditure model 

indicate that white employed males would observe birds and mammals around home or 

at any public parks or natural areas near home. In addition, they would maintain any
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natural areas around home for fish or wildlife. Empirical results o f  the tobit model for 

the primary residential expenditure model are presented in Table B.7.

Again, the hypothesis that a = (p/a) in the double-hurdle model in this case is 

strongly rejected (x2 = 16446, degree of freedom =  17) at the 0.05 significance level 

based on the LM test result. In addition, the value o f  $(Zj’a) = 0.043295 which is not 

equal to one. Thus, the double-hurdle model is not identical to the tobit model in this 

analysis.

Based on the log-likelihood values of the double-hurdle model and the tobit 

model estimated for the primary residential expenditure model, the LR test result 

suggests the rejection of the tobit model (x2 = 161.7150, degree of freedom = 17) at the 

0.05 significance level. Thus, the hypothesis that the tobit model performs as well as the 

double-hurdle model in modeling the primary residential expenditure model is strongly 

rejected. In other words, the double-hurdle model appeared to fit the data much better 

than the tobit model. Empirical results o f the double-hurdle model for primary 

residential expenditure model are presented in Table B.8.

The heteroscedastic double-hurdle model for the primary residential expenditure 

model was also estimated by the maximum likelihood estimation method in LIMDEP 

(Greene, 1995). Based on the log-likelihood values of the homoscedastic and 

heteroscedastic double-hurdle models estimated for the primary residential expenditure 

model, the LR test result suggests the rejection o f the heteroscedastic double-hurdle 

model (x2 = 219.068, degree of freedom = 1) at the 0.05 significance level. Thus, the 

hypothesis that there are heteroscedastic problems associated with the error terms in
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modeling the primary residential expenditure model is strongly rejected. Overall, the 

double-hurdle estimates for the primary residential expenditure model are homoscedastic 

and consistent. Empirical results o f the comparison between the homoscedastic and 

heteroscedastic double-hurdle models for primary residential expenditure model are 

presented in Table B.9.

Unlike the tobit model, the double-hurdle estimates indicate that the explanatory 

variables have different impacts on participation and consumption decisions in sign or 

magnitude. For example, in the double-hurdle model, the variables MARRIED, 

COLLEGE, URBAN, NATURAL, and PLANTING all have different signs in the 

participation and consumption equations. In addition, although having the same sign, the 

variables MALE and FISH are significant in the consumption equation but not 

significant in the participation equation, whereas the variables WHITE, BIRD, 

MAMMAL, INSECT, NATURAL, and MAINTAIN are significant in the participation 

equation but not significant in the consumption equation. Only the variable EMPLOY 

is significant in both participation and consumption equations in the model. These 

different and opposite effects o f variables are not allowed by the restrictive 

parameterization o f the tobit model, again emphasizing the importance of the double- 

hurdle parameterization. However, again, there is no theoretical basis useful in 

suggesting which explanatory variables should be in each hurdle or for the signs o f 

estimated coefficients in each hurdle (Jones, 1989; Burton, et al., 1994).

In general, the empirical results tend to support previously stated hypotheses for 

the primary residential expenditure model. As theorized, the variables MALE,
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EMPLOY, WHITE, BIRD, MAMMAL, INSECT, FISH, and MAINTAIN all are 

positively related to primary residential nonconsumptive wildlife related recreation 

expenditures on both participation and consumption decisions. The positive signs of 

MALE suggest that males are more likely to participate in and consume and also tend 

to consume more when they consume for primary residential activities. This would seem 

to be consistent with earlier research which suggests that males tend to dominate wildlife 

related recreation and spend more on wildlife related recreation than do females. 

Similarly, the positive signs on EMPLOY suggest that employed participants are more 

likely to participate in and consume and also tend to consume more when they consume 

for primary residential activities. The positive signs o f WHITE suggest that whites are 

more likely to participate in and consume and also tend to consume more when they 

consume for primary residential activities. The positive signs o f BIRD, MAMMAL, 

INSECT, and FISH suggest that the demand for primary residential nonconsumptive 

wildlife related recreation associated with birds, mammals, insects or spiders, and fish 

or other wildlife. The positive signs on MAINTAIN also suggest that the demand for 

primary residential nonconsumptive wildlife related recreation with maintaining any 

natural areas for fish or wildlife.

In addition, the variable NATURAL is positively related to primary residential 

nonconsumptive wildlife related recreation expenditures on the participation decision but 

negatively on consumption decision. Hence, the variable NATURAL suggests that 

participants are more likely to participate in and consume but tend to consume much less 

when they consume for primary residential activities at any public parks or natural areas.
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As was the case for the previous model, a possible interpretation for the 

following variables, which are not statistically significantly related to primary residential 

nonconsumptive wildlife related recreation expenditures on both participation and 

consumption decisions, is provided based on coefficient signs and magnitudes. The 

interpretation for the variable MARRIED is that married participants are more likely to 

participate in and consume but tend to consume much less when they consume for 

primary residential activities. On the other hand, the explanation for variables 

COLLEGE or URBAN is that participants with higher levels of education or those who 

grew up in urban areas are less likely to participate in and consume but tend to consume 

much more when they consume for primary residential activities. Similarly, the 

interpretation for variable PLANTING is that participants are less likely to participate 

in and consume but tend to consume much more when they consume for primary 

residential activities associated with planting for fish or wildlife.

As theorized, the variable INCOME is positively but insignificantly related to 

primary nonresidential nonconsumptive wildlife related recreation expenditures on both 

participation and consumption decisions. The positive signs on INCOME suggest that 

primary residential nonconsumptive wildlife related recreation is a normal good for 

which demand increases with income. In addition, the insignificant coefficients for AGE 

and AGESQ result in a convex parabola consistent with the life cycle hypothesis, 

inversely. Other things equal, expenditures on primary residential activities decline with 

age during a person’s younger years, reach a minimum around age forty-two, and 

increase thereafter. One possible alternative interpretation would be that aged or retired
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people would be more likely to spend time and money on primary residential activities. 

Finally, the variable REPTILE is negatively but insignificantly related to primary 

residential nonconsumptive wildlife related recreation expenditures on both participation 

and consumption decisions. The negative sign on REPTILE suggest that participants are 

less like to participate in and consume and also tend to consume much less when they 

consume for primary nonresidential activities with reptiles or amphibians. This would 

seem to conflict with earlier hypothesis perhaps due to personal preferences or attitudes.

Empirically, as was the case in the previous model, there is no further 

information which can be provided if only reporting the double-hurdle estimates. Hence, 

the marginal effects of the probability of non-zero consumption, the expected value o f 

conditional consumption, and the expected value o f total consumption with respect to 

the independent variables were evaluated at the means of all the independent variables. 

Empirical results o f marginal effects for the double-hurdle model for the primary 

residential expenditure model are presented in Table B.10.

In 1991, the total expenditure on primary residential activities for males was 

$1.57 more than for females. The total expenditure on primary residential activities for 

employed participants was $2.92 more than non-working participants. Similarly, the 

total expenditure on primary residential activities for whites was $3.06 more than for 

non-whites. Meanwhile, the total expenditure on primary residential activities would 

result in a $7.99 increase associated with birds, a $1.83 increase with mammals, a $1.85 

increase with insects or spiders, and a $2.53 increase with fish or other wildlife. The 

total expenditure on primary residential activities would result in a $2.87 increase if  they
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occurred at public parks or natural areas. Similarly, the total expenditure on primary 

residential activities would result in a $3.47 increase associated with maintaining  any 

natural areas for fish or wildlife.

In addition, the demand for primary residential nonconsumptive wildlife related 

recreation would result in only a $0.00001356 increase in total expenditures with 

changes in income. The total expenditure on primary residential activities for well- 

educated participants was $0.78 more than others in terms o f  lower levels of education. 

Similarly, the total expenditure on primary residential activities for urban residents was 

$0.76 more than for rural residents. The total expenditure on primary residential 

activities would result in a $1.15 increase associated with planting for fish or wildlife. 

On the other hand, the total expenditure on primary nonresidential activities for married 

participants was $0.72 less than for single participants. Similarly, the total expenditure 

on primary residential activities would result in a $1.34 decrease with reptiles or 

amphibians.

In summary, the empirical results o f the double-hurdle model for the primary 

residential expenditure model indicate that white employed males would observe, 

photograph, or feed birds, mammals, insects or spiders, and fish or other wildlife around 

home or at any public paries or natural areas near home. In addition, they would maintain 

any natural areas around home for fish or wildlife.

Summary

This chapter reviews the data source and describes briefly data compilation 

procedures. The data set used to empirically analyze the empirical model was obtained
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from the 1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation 

for Arkansas, Louisiana, and Mississippi residents over sixteen years of age (U.S. 

Department o f the Interior, 1993). The data set includes 2,718 observations, 252 

observations o f whom were primary nonresidential participants, and 232 o f whom were 

primary residential participants.

Following the theoretical framework for analyzing nonconsumptive wildlife 

related recreation expenditures presented in Chapter 2, this chapter presents a series of 

empirical models developed to capture the factors which affect the demand for 

nonconsumptive wildlife related recreation for both primary nonresidential and 

residential expenditure models, respectively. Based on previous research on recreation 

expenditures and participation rates, hypotheses are proposed for the specification o f the 

empirical models for both primary nonresidential and residential expenditure models, 

respectively.

Considering the nature o f the data set and the framework o f the theoretical 

model, the hypothesized explanatory factors for the primary nonresidential expenditure 

model includes income, age, gender, marital status, level o f education, residence, 

employment status, ethnicity, wildlife habitat attributes, and purpose o f trip. Similarly, 

the hypothesized explanatory factors for the primary residential expenditure model 

includes income, age, gender, marital status, level of education, residence, employment 

status, ethnicity, wildlife characteristics, and wildlife management attributes. Thus, the 

empirical models attempt to capture key elements of the life cycle and wildlife and its

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



87

habitat attributes for both primary nonresidential and residential expenditure models, 

respectively.

Given the censored and truncated structure of the data set, the tobit model is 

initially used for estimating participants’ consuming behavior for nonconsumptive 

wildlife related recreation. As a result o f the restrictive parameterization of the tobit 

model, drawing inferences from the tobit model would result misleading conclusions. 

Therefore, based on empirical results of these models, the double-hurdle framework is 

superior in this study because it provides a better explanation for participants’ 

consuming behavior which takes into account both the probability o f consumption and 

the level o f consumption.

As no further information can be provided for interpreting the effect o f total 

consumption on nonconsumptive wildlife related recreation over the entire population, 

the marginal effect o f the expected value of total consumption with respect to the 

explanatory variables is useful for interpretation of the estimates o f the double-hurdle 

model. This can be decomposed into the conditional effect plus the probability effect.

Based on the LM test and the LR test, the tobit model is rejected at the 0.05 

significance level for both the primary nonresidential and residential expenditure models. 

Therefore, the double-hurdle model is the appropriate model in this case. Similarly, the 

double-hurdle model associated with heteroscedastic error terms is also rejected at the 

0.05 significance level for both the primary nonresidential and residential expenditure 

models based on the LR test. Thus, there is no evidence o f  heteroscedasticity with the 

data set in this case.
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According to the empirical results of the double-hurdle model for the primary 

nonresidential expenditure model, participants’ income, level o f education, and ethnicity 

are important factors in terms o f the life cycle which affect participants’ consuming 

behavior on primary nonresidential nonconsumptive wildlife related recreation activities. 

The variables the public and woodland, reflecting wildlife environmental attributes, are 

also important factors which affect participants’ consuming behavior. In addition, the 

positive signs for the variable FEMALE suggest that females are more likely to 

participate in and consume and also tend to consume more when they consume for 

primary nonresidential activities.

The empirical results o f the double-hurdle model for primary residential 

expenditure model indicate that, participants’ gender, employment status, and ethnicity 

are important factors in terms o f the life cycle which affect participants’ consuming 

behavior on primary residential nonconsumptive wildlife related recreation activities. 

The variables birds, mammals, insects or spiders, and fish or other wildlife (wildlife 

attributes) and the variables maintain and public parks or natural areas near the home 

(environmental attributes), all are important factors which affect participants’ consuming 

behavior. In addition, the variable public parks or natural areas near home suggests that 

participants are more likely to participate in and consume but tend to consume much less 

when they consume for primary residential activities at any public parks or natural areas.
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The final chapter provides a summary of this research and draws conclusions 

suggested by the empirical results obtained. The fourth chapter also offers policy 

recommendations based on the empirical results. In addition, suggestions for future 

research are discussed.
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CHAPTER 4

SUMMARY AND CONCLUSIONS

Based on the results from National Surveys o f  Fishing, Hunting, and Wildlife- 

Associated Recreation (NSFHWAR), public interest in nonconsumptive wildlife related 

recreation encompasses more than traditional fishing and hunting activities. In 1991, for 

example, 76.1 million Americans participated in nonconsumptive wildlife related 

recreation, and spent a total o f $18.1 billion to observe, photograph, or feed wildlife. 

This growth in nonconsumptive wildlife related recreation and expenditures occurs at 

a time when research and public investment is primarily focused on consumptive 

wildlife related recreation.

Nonconsumptive Wildlife Related Recreation

Nonconsumptive wildlife related recreation emphasizes the interaction with the 

human-wildlife relationship but does not remove or affect the wildlife resource. Wildlife 

observing, photographing, and feeding are typical nonconsumptive wildlife related 

recreation activities. Due to interest in pursuing this human-wildlife recreation 

experience, participants are willing to participate in and spend money on equipment and 

trip-related costs for nonconsumptive wildlife related recreation activities.

As a result o f  the growth of participation in nonconsumptive wildlife related 

recreation and the associated growth in nonconsumptive wildlife related recreation 

expenditures, an analysis o f these economic impacts could provide valuable insight into 

this recreation area. Thus, expenditure analysis can provide important information about

90
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the demand for nonconsumptive wildlife related recreation and how different 

participants allocate their resources toward this recreation activity.

Since the existing research on nonconsumptive wildlife related recreation 

expenditures is quite limited, this study, an analysis of nonconsumptive wildlife related 

recreation expenditures, may contribute to a better understanding of current and future 

participants’ consumption patterns in nonconsumptive wildlife related recreation. 

Objectives of the Study

The general objective of this study was to analyze the socio-economic 

characteristics associated with participants’ consumption patterns o f nonconsumptive 

wildlife related recreation expenditures at a regional level. This study was specifically 

designed to: (1) provide an overview of national and regional nonconsumptive wildlife 

related recreation; (2) develop a conceptual framework integrating the relationship 

among recreation participants, wildlife and its habitat, and the interaction with recreation 

participants and wildlife and its habitat; (3) propose a hypothetical expenditure model 

useful explaining the relationship between participants’ consumption patterns and 

expenditures on nonconsumptive wildlife related recreation; (4) empirically estimate the 

hypothetical expenditure model at a regional level; and (5) provide policy 

recommendations for nonconsumptive wildlife management associated with outdoor 

recreation activities. Procedures for achieving these objectives and empirical results 

obtained are summarized in the following sections.
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Profile of Nonconsumptive Wildlife Related Recreation

As the profile of nonconsumptive wildlife related recreation at national and 

regional levels reveal, primary nonresidential participants were mainly white males 

whose age ranged from eighteen through fifty-four years, who had college backgrounds, 

a relatively high income, and were living in an urban environment. Similarly, primary 

residential participants were mainly white females whose age was greater than twenty- 

five years, who had at least a high school level o f  education, were middle income, living 

in an urban area.

Conceptual Framework

The conceptual framework assumes that utility maximization is the ultimate 

objective for primary nonresidential or residential participants achieving total recreation 

experiences from nonconsumptive wildlife related recreation in terms o f the expenditure- 

income relationship. In order to understand the participant’s satisfaction-seeking 

behavior, theoretically, consumer demand theory can be used to explain the variation in 

participant expenditures on nonconsumptive wildlife related recreation.

According to consumer demand theory, primary nonresidential or residential 

participants attempt to maximize his/her utility from nonconsumptive wildlife related 

recreation subject to his/her budget constraint. Theoretically, the participant’s demand 

function can be derived from the analysis o f utility maximization by solving the first 

order conditions of the Lagrange function. Given the participants’ demand functions, the 

Engel curve can be used to interpret the relationship between expenditures and income, 

holding price constant.
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Empirical Models

The empirical expenditure models were proposed for primary nonresidential and 

residential participants based on the theoretical model developed. For both primary 

nonresidential and residential expenditure models, in addition to economic variables and 

socio-economic characteristics o f the participant which are traditionally explanatory 

variables used in expenditure analysis, the attributes of wildlife and its habitat were also 

included as explanatory variables in the empirical models.

Empirical Analysis

The data set used to analyze primary nonresidential and residential expenditure 

models were obtained from the 1991 NSFHWAR for Arkansas, Louisiana, and 

Mississippi residents over sixteen years o f age. The data set included 2,718 records, 

including 252 primary nonresidential participants’ records, and 232 primary residential 

participants’ records.

Given the censored and truncated structure of the dependent variable, the annual 

total expenditures on nonconsumptive wildlife related recreation, theoretically, the tobit 

model and the double-hurdle model were identified as two possible econometric models 

appropriate for estimating the participants’ consuming behavior for nonconsumptive 

wildlife related recreation. Based on the LM test and the LR test, the double-hurdle 

model is the acceptable econometric model for both primary nonresidential and 

residential expenditure models in this case. In addition, there is no problem with the 

error terms associated with heteroscedasticity for both primary nonresidential and 

residential expenditure models based on the LR test.
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Primary Nonresidential Expenditure Model

The variables INCOME and COLLEGE were significant in the consumption 

equation but not in the participation equation, whereas the variables WHITE, PUBLIC, 

and WOOD were significant in the participation equation but not in the consumption 

equation. Overall, the empirical results o f the double-hurdle model for the primary 

nonresidential expenditure model indicated that well-educated, white participants with 

a higher income level were more likely to participate in and consume primary 

nonresidential activities occurring on public forest lands.

Empirically, the demand for primary nonresidential nonconsumptive wildlife 

related recreation would result in a $0.000337 increase in total expenditures with an 

increase in income; a $16.92 with an increase associated with a higher level of 

education; a $16.29 with an increase associated with being a white; a $27.44 with an 

increase if the recreation occurred on public land; and a $30.04 increase if the recreation 

occurred on forest lands.

Primary Residential Expenditure Model

The variables MALE and FISH were significant in the consumption equation but 

not in the participation equation, whereas the variables WHITE, BIRD, MAMMAL, 

INSECT, NATURAL, and MAINTAIN were significant in the participation equation 

but not in the consumption equation. Only the variable EMPLOY was significant in both 

the participation and consumption equations. Overall, the empirical results of the double

hurdle model for the primary residential expenditure model indicate that white employed 

male participants were more likely to participate in and consume primary residential
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activities such as observing, photographing, or feeding birds, mammals, insects or 

spiders, and fish or other wildlife around their home or public parks or natural areas near 

their home. They were also more likely to maintain any natural areas for fish or wildlife 

around their home.

Empirically, the total expenditures on primary residential nonconsumptive 

wildlife related recreation would result in a $1.57 increase associated with being male; 

a $2.92 increase associated with employed participants; a $3.06 increase associated with 

being white; a $7.99 increase associated with observing birds; a $1.83 increase 

associated with observing mammals; a $1.85 increase associated with observing insects 

or spiders; a $2.53 increase associated with observing fish or other wildlife; a $2.87 

increase if this recreation occurred at public parks or natural areas; and a $3.47 increase 

associated with maintaining any natural areas for fish or wildlife.

Conclusions

This study has provided an empirical analysis of individuals’ consuming behavior 

for observing, photographing, or feeding wildlife around home or more than one mile 

away from home at a regional level using data from the 1991 NSFHWAR. The 

expenditure analysis o f  nonconsumptive wildlife related recreation in this case is a 

necessary step in understanding the relationship between individual consumption 

patterns and the socio-economic characteristics of the individual and the attributes of 

wildlife and its encounter.

The results o f this study are multi-dimensional. First, gender does not appear to 

be a constraining factor in primary nonresidential activities. Thus, wildlife managers
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have an opportunity to include a previously excluded user group into their plans for 

wildlife management, expanding a  shrinking constituency. National forest lands play an 

important role for primary nonresidential participants allowing them to participate in and 

consume nonconsumptive wildlife related recreation activities. As nonconsumptive 

wildlife related recreation is a relatively new means of accessing natural resources, 

community parks or natural areas play an important role in the provision of opportunities 

for environmental education, especially for individuals in the urban environment. In 

addition, primary residential nonconsumptive wildlife related recreation activities can 

be treated as family activities associated with natural resources, as these activities are not 

significantly associated with income level. The results show that male individuals 

significantly dominate the nonconsumptive wildlife related recreation in primary 

residential activities. This information provides some help identifying who will be 

potential consumers for primary residential activities.

From an empirical perspective, the double-hurdle model provides a better choice 

for dealing with the high proportion of zero responses in the cross-sectional data from 

the national survey. It also provides a better interpretation o f individual consuming 

behavior, allowing two separate stochastic processes for participation and consumption. 

The probability of non-zero consumption in the double-hurdle model takes into account 

the probabilities o f  participation and consumption simultaneously. The marginal effect 

o f  the expected value of total consumption for nonconsumptive wildlife related 

recreation with respect to the independent variables can be derived in order to explain 

the possible outcomes for the entire population.
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Finally, this expenditure analysis o f nonconsumptive wildlife related recreation 

using the double-hurdle model can be regarded as a blueprint for targeting the potential 

consumers for marketing considerations, the potential audiences for political needs, or 

the potential stakeholders for conservation activities. Natural resource managers and 

planners also can use this information for development o f the management policies and 

planning guidelines.

Policy Implications

Nonconsumptive wildlife management concerns all kinds o f wildlife for 

recreational use (or appreciative use) other than nongame wildlife management and 

consumptive wildlife management (Fazio and Belli, 1977). Traditionally, wildlife 

management, especially consumptive wildlife management, has been supported and 

funded through license fees and excise taxes by anglers and hunters. Nongame wildlife 

management also has been supported by contributors, or supported and funded by state 

or federal governments (Bury, et al., 1980; Moss, et al., 1986; Eubanks and Wyckoff, 

1989).

As recently documented, participation in nonconsumptive wildlife related 

recreation is substantial, but the nonconsumptive wildlife related recreation participants 

have never been taxed (Macaluso, 1997). Macaluso’s review of a Louisiana proposal 

reports that Louisiana residents participating in nonconsumptive wildlife related 

recreation on state-owned wildlife management areas would have to pay $5 as a 

participation fee. According to the Wild Louisiana Stamp Program, this participation fee 

would bring as much as $5 million to the State of Louisiana, annually (Macaluso, 1997).
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As Lyons (1982) notes, it is difficult to identify nonconsumptive wildlife related 

recreation participants based on the site o f  their activity or the focus of their interest 

However, with regard to nonconsumptive wildlife related recreation, most studies still 

remain at the stage of describing categories of participants by using national survey 

information (Lyons, 1982; Fisher and Grambsch, 1989; Mangun, et al., 1992). 

Therefore, there is little political and financial support for nonconsumptive wildlife 

management.

Nonconsumptive wildlife related recreation expenditures provide a good source 

of revenue for improving local and regional economies. Hay (1989) reports that public 

lands are widely used for observing, photographing, or feeding wildlife, especially by 

primary nonresidential participants. This study indicates that for this region, many 

nonconsumptive wildlife related recreation activities occur on National Forest Service 

lands. Hence, nonconsumptive wildlife related recreation on National Forest lands can 

provide national, regional, and local economies with important sources of jobs, income, 

and other benefits.

By recognizing the contributions o f nonconsumptive wildlife related recreation, 

this study should provide useful information for forest resource managers and planners. 

According to the empirical results of this study, forest resource managers and planners 

should consider how to provide possible educational or recreational opportunities for the 

potential nonconsumptive participant, a well-educated, white individual with a  relatively 

high income level. Some o f the variables which affect nonconsumptive wildlife related 

recreation expenditures can be influenced by public agencies, in particular the ranges of
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participation fee or entrance fee and the human-wildlife interaction relationship. Such 

information is essential in managing and planning a suitable range of nonconsumptive 

wildlife related recreation opportunities for the public. In summary, although 

expenditures do not generate price elasticities, they do provide information useful as an 

indicator for improving local and regional resource management.

The empirical results of this study associated with primary residential activities 

can also provide information useful for local and regional industries who provide food 

and shelter for fish and wildlife for primary residential participants. An additional 

contribution of this study is to provide information useful in developing marketing 

strategies for targeting the potential nonconsumptive participant.

Future Study

Although the national survey provides useful data for analyzing the economic 

impacts o f nonconsumptive wildlife related recreation, for some specific sites or local 

or regional perspectives, additional data are needed for research. For example, 

information about individual preferences and attitudes towards nonconsumptive wildlife 

related recreation may provide further insights for nonconsumptive wildlife 

management This information might help public agencies, or local or state governments 

interested in targeting individuals most likely to support policies for nonconsumptive 

wildlife related recreation in the future (Shaw and King, 1980; Moss, et al., 1986). This 

could be accomplished by collecting data for regional or state level expenditure analyses 

which includes variables not found in the national survey. Family size, for example, has 

been established to be an important explanatory variable in previous expenditure analysis
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studies. This could also be accomplished by collecting data for regional or state level 

expenditure analyses o f nonconsumptive wildlife related recreation.

As Hay (1988) notes, expenditures can be used as an important indicator o f 

nonconsumptive wildlife related recreation for local, regional, or national economies, 

but can not be used to measure economic benefits to either the individual participant or 

society directly. In order to estimate the total economic value for nonconsumptive 

wildlife related recreation, combining the contingent valuation method and the double

hurdle model might be a possible way to deal with the typically high proportion of zero 

or negative responses to contingent valuation questions. Willingness-to-pay for a 

participation fee or excise tax on equipment for nonconsumptive wildlife related 

recreation could provide additional information in question for contingent valuation 

analysis associated with nonconsumptive wildlife related recreation use.
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Table A. 1 Major Characteristics o f National Survey o f Fishing, Hunting, and 
Wildlife-Associated Recreation: 1980, 1985, 1991.

Characteristics 1980 1985 1991

Survey Design:

Screening interview mode 
and population o f  interest

Telephone/Personal 
interview, 6 years old 
and older.

Telephone/Personal 
interview, 6 years old 
and older.

Telephone/Personal 
interview, 6  years old 
and older.

Detailed interview mode 
and population o f  interest

Personal interview, 
16 years old and 
older.

Personal interview, 
16 years old and 
older.

Telephone/Personal 
interview, 16 years old 
and older, respondents 
interviewed 3 times at 
4-month intervals.

Sample Size:

Screening Phase 
(Household)

116,025 102,694 102,804

Detailed Phase 
(Individuals):

Fishing and Hunting 30,291 28,011 23,179

Nonconsumptive Activity 5,997 26,671 22,723

Response Rates: % % %

Screening Phase 95 93 95

Detailed Phase:

Fishing and Hunting 90 92 95

Nonconsumptive Activity 95 94 95

Level o f  Reporting State and National State and National State and National

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982. 
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988. 
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A.2 Change in Participation by Activity Category for Wildlife Related Recreation 
________________________________________________________________________________ (Numbers in Thousands)

Activity Year U.S. Arkansas Louisiana Mississippi

1980 42,100 579 899 572

Fishing 1985 46,400 673 1,100 713

1991 35,600 493 801 506

1980 17,400 378 485 385

Hunting 1985 16,700 350 517 404

1991 14,100 264 333 292

Nonconsumptive 1980 83,200 703 1,100 569

Activity 1985 134,700 1,200 1,900 1,100

1991 76,100 812 1,100 742

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Receration, 1988.
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Receration, 1993.
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Table A.3 Index of Participation by State of Residence for Nonconsumptive Wildlife Related 
Recreation

____________________________________________________________________ (1980 is the Base Year)

Trend Year U.S. Arkansas Louisiana Mississippi

1980 100 100 100 100

Nonresidential Activity 1985 149 149 127 123

1991 163 186 142 222

1980 100 100 100 100

Residential Observe 1985 141 139 125 130

1991 190 212 154 215

1980 100 100 100 100

Residential Photograph 1985 140 141 133 182

1991 209 244 213 309

1980 100 100 100 100

Residential Feed 1985 106 108 112 108

1991 95 96 92 93

Source: 1980-1990 Fishing, Hunting, and Wildlife-Associated Recreation Trends, 1994.
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Table A.4 Change in Expenditures by Activity Category for Wildlife Related Recreation 
___________________________________________________________________(Dollars in Millions)

Activity Year U.S. Arkansas Louisiana Mississippi

1980 17,300 — — —

Fishing 1985 28,100 350 598 387

1991 24,000 286 686 263

1980 8,500 — — —

Hunting 1985 10,100 208 326 204

1991 12,300 288 434 402

Nonconsumptive 1980 14,800 — — —

Activity 1985 14,300 78 77 78

1991 18,100 189 222 233

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
198S National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A.5 Change in Expenditure by Cost Category for Nonconsumptive Wildlife Related 
Recreation

________________________________________________________________________________ (Dollars in Millions)

Cost Year U.S. Arkansas Louisiana Mississippi

1980 4,000 — — —

Trip Related Cost 1985 4,400 28 28 18

1991 7,500 45 61 59

1980 6,600 — — —

Equipment 1985 9,400 46 46 58

1991 9,600 136 153 166

1980 4,200 — — —

Other Items 1985 480 4 3 2

1991 1,000 8 8 8

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Receration, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Receration, 1993.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table A.6 Changes in Age Distributions by Nonconsumptive Wildlife Related Recreation 
Activity for U.S. Nonresidential Participants

________________________________________________________________________________ (Numbers in Thousands)

Activity Year 16-17 18-24 25-34 35-44 45-54 55-64 >64

1980 1,383 5,960 9,236 4,796 3,340 2,482 1,625

Total 1985 1,307 4,217 9,231 7,216 3,077 2,519 1,779

1991 889 3,170 8,862 7,744 4,303 2,601 2,431

1980 1,383 5,945 9,208 4,778 3,326 2,461 1,582

Observe 1985 1,297 4,196 9,153 7,141 3,060 2,498 1,712

1991 831 3,067 8,618 7,412 4,078 2,459 2,347

1980 627 2,548 4,217 1,809 1,397 947 271

Photograph 1985 416 1,889 4,667 3,588 1,485 970 547

1991 430 1,249 4,225 4,103 2,092 1,107 1,018

1980 625 2,570 4,633 2,147 1,492 996 638

Feed 1985 589 1,979 4,638 3,095 1,309 929 523

1991 454 1,479 4,133 3,537 1,801 1,047 855

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
198S National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A.7 Changes in Age Distributions by Nonconsumptive Wildlife Related Recreation 
Activity for U.S. Residential Participants

______________________ (Numbers in Thousands)

Activity Year 16-17 18-24 25-34 35-44 45-54 55-64 >64

1980 3,229 10,967 20,154 13,172 10,575 10,663 10,909

Total 1985 3,811 12,034 22,851 21,317 14,189 14,440 16,644

1991 1,961 6,007 16,823 17,263 10,891 9,193 11,765

1980 2,032 7,129 14,202 9,233 7,683 7,778 7,814

Observe 1985 2,105 6,803 14,224 13,353 8,861 8,595 9,700

1991 1,283 3,991 12,271 12,681 8,257 7,060 9,110

1980 827 2,140 4,061 2,040 1,458 1,103 772

Photograph 1985 919 2,279 5,037 4,194 2,275 1,936 1,407

1991 453 1,263 3,934 4,470 2,917 2,002 1,949

1980 2,052 7,561 15,209 10,102 8,523 9,434 9,583

Feed 1985 2,573 8,456 16,770 16,899 11,715 11,902 14,192

1991 1,523 4,334 13,741 14,679 9,652 8,291 10,912

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A. 8 Changes in Age Distributions by State of Residence for Arkansas Primary
Participants

______________________________________________________________________________ (Numbers in Thousands)

Residence Year 16-17 18-24 25-34 35-44 45-54 55-64 >64

Total

1980

1985 47.7 153.0 198.1 242.2 149.6 209.8 187.9

1991

1 QQfl

23.6 93.4 159.7 169.9 121.9 109.6 133.7

Nonresidential

lVoU

1985 — 46.1 57.4 62.8 22.8 18.1 ---------

1991 — 48.3 83.9 62.7 34.4 23.8 17.6

1980 56.7 159.7 232.6 176.8 151.6 153.7 196.0

Residential 1985 43.1 150.1 194.0 232.1 143.2 209.8 187.9

1991 21.8 89.8 150.1 166.1 121.9 109.6 131.8

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1993.
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Table A.9 Changes in Age Distributions by State of Residence for Louisiana Primary 
Participants

________________________________________________________________________________ (Numbers in Thousands)

Residence Year 16-17 18-24 25-34 35-44 45-54 55-64 >64

Total

1980

1985 72.3 204.3 465.4 291.9 334.4 227.4 272.1

1991 

i oa n

36.4 96.2 214.1 253.8 200.3 112.8 146.7

Nonresidential

1 7 0 U

1985 21.1 60.1 147.2 58.0 35.2

1991 — 34.5 87.3 96.4 48.5 — —

1980 93.5 295.6 415.9 284.3 252.2 214.4 194.7

Residential 1985 69.9 186.3 443.9 271.8 333.3 227.4 272.1

1991 36.4 88.7 214.1 251.2 199.4 112.8 146.7

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1982. 
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1988. 
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1993.
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Table A. 10 Changes in Age Distributions by State of Residence for Mississippi Primary 
Participants

(Numbers in Thousands)

Residence Year 16-17 18-24 25-34 35-44 45-54 55-64 >64

Total

1980

1985 39.0 98.8 231.8 127.0 156.6 175.3 278.2

1991

1 OQA

21.3 75.9 165.2 182.9 116.6 91.3 89.1

Nonresidential

IVoU

1985 ----- 21.5 52.0 14.4 24.6 ----- . . . .

1991 ----- 35.4 69.1 59,0 37.6 14.1 -----

1980 72.5 181.7 255.0 181.9 151.1 143.7 172.7

Residential 1985 39.0 86.9 226.3 127.0 156.6 175.3 278.2

1991 21.3 72.0 157.4 182.0 113.8 91.3 89.1

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1982.
1983 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1993.
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Table A. 11 Changes in Gender Distributions by Nonconsuinptive Wildlife Related Recreation 
Activity for U.S. Primary Participants

_____________________________ (Numbers in Thousands)

Nonresidential Residential

Activity Year Male Female Male Female

1980 14,911 13,912 37,012 42,657

Total 1985 14,421 14,926 47,930 57,356

1991 15,868 14,132 35,925 37,978

1980 14,827 13,855 25,887 29,984

Observe 1985 14,265 14,792 29,403 34,239

1991 15,255 13,557 26,676 27,976

1980 5,898 5,919 6,333 6,067

Photograph 1985 6,472 7,091 8,453 9,595

1991 7,339 6,886 8,135 8,855

1980 6,048 7,053 27,071 35,392

Feed 1985 5,741 7,322 35,774 46,734

1991 6,729 6,577 29,965 33,167

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A. 12 Changes in Gender Distributions by State of Residence for the Lower Mississippi 
Valley Primary Participants 

___________________________________________________________________ (Numbers in Thousands)

Arkansas Louisiana Mississippi

Residence Year Male Female Male Female Male Female

Total

1980

1985 538.7 649.4 855.5 1,012.0 525.2 580.3

1991

1 GQA

392.1 419.8 489.0 571.4 349.0 393.4

Nonresidential 1985 121.5 110.0 161.0 181.0 86.2 48.4

1991 151.8 126.7 179.3 126.4 137.0 93.8

1980 666.3 697.7 1,034.2 1,114.9 693.0 741.7

Residential 1985 516.8 643.1 818.8 985.7 512.0 577.0

1991 374.0 417.1 479.6 569.8 336.8 390.2

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi), 
1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi), 
1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi),
1993.
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Table A. 13 Changes in Race Distributions by Nonconsumptive Wildlife Related Recreation 
Activity for U.S. Primary Participants 

___________________________________________________  (Numbers in Thousands)

Nonresidential Residential

Activity Year White Black Others White Black Others

1980 27,347 961 514 73,926 4,511 1,233

Total 1985 28,065 810 472 96,867 6,460 1,960

1991 28,479 678 843 69,049 3,049 1,806

1980 27,246 941 495 52,565 2,484 822

Observe 1985 27,778 809 470 59,610 3,041 990

1991 27,360 643 810 51,685 1,906 1,062

1980 11,257 313 247 11,726 460 214

Photograph 1985 12,810 423 330 17,124 517 406

1991 13,441 239 545 16,436 299 255

1980 12,462 397 243 58,145 3,468 850

Feed 1985 12,488 416 159 76,065 5,023 1,420

1991 12,445 399 462 59,123 2,541 1,468

Source: 1980 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A. 14 Changes in Race Distributions by State of Residence for the Lower Mississippi Valley 
Primary Participants

________________________________________________________________________________________ (Numbers in Thousands)

Arkansas Louisiana Mississippi

Residence Year White Black Others White Black Others White Black Others

Total

1980

1985 1079.5 97.4

—

1478.1 385.0

—

905.1 200.3

—

1991

1 Ofift

773.7 32.4 — 921.8 119.9 — 599.0 139.7 —

Nonresidential

1 yoK)

1985 217.0 -------- — 292.5 46.3 -------- 117.7 --------- —

1991 273.5 -------- — 278.7 26.1 -------- 200.3 26.8 —

1980 1204.9 145.2 13.8 1764.7 378.9 5.5 1054.7 372.8 7.2

Residential 1985 1056.9 92.8 — 1430.9 369.2 — 887.6 200.3 —

1991 753.8 31.5 — 913.2 117.6 — 585.2 138.2 —

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi), 
1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi), 

1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi),
1993.
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Table A. 15 Changes in Residential Distributions by Nonconsumptive Wildlife Related 
Recreation Activity for U.S. Primary Participants 

_____________________________________________________________________ (Numbers in Thousands)

Nonresidential Residential

Activity Year Urban Rural Urban Rural

1980 15,177 13,646 43,057 36,613

Total 1985 19,132 10,215 67,312 37,974

1991 19,498 10,501 47,939 25,964

1980 15,127 13,556 29,251 26,620

Observe 1985 18,921 10,136 39,527 24,115

1991 18,676 10,137 34,330 20,322

1980 6,971 4,846 6,738 5,662

Photograph 1985 9,143 4,419 10,717 7,331

1991 9,454 4,771 10,137 6,853

1980 7,568 5,534 33,519 28,944

Feed 1985 9,346 3,717 53,203 29,305

1991 9,068 4,238 40,357 22,774

Source: 1980 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A. 16 Changes in Residential Distributions by State of Residence for the Lower Mississippi 
Valley Primary Participants 

____________________________________________________________________ (Numbers in Thousands)

Arkansas Louisiana Mississippi

Residence Year Urban Rural Urban Rural Urban Rural

Total

1980

1985 545.3 642.8 1000.0 867.5 467.8 638.8

1991

1 QQft

353.1 458.8 683.9 376.4 310.9 431.5

Nonresidential

1 VoU

1985 96.8 134.7 181.5 160.6 69.3 65.3

1991 130.1 148.4 199.3 106.4 105.9 124.9

1980 204.9 1159.1 1004.1 1145.0 200.4 1234.3

Residential 1985 529.4 630.6 964.0 840.5 459.0 630.1

1991 348.3 442.8 676.4 372.9 302.1 425.0

Source: 1980 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi), 
1982.
1985 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi), 
1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas, Louisiana, Mississippi),
1993.

to
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Table A. 17 Changes in Education Distributions by Nonconsumptive Wildlife Related Recreation 
Activity for U.S. Nonresidential Participants 

___________________________________________________________________________ (Numbers in Thousands)

Activity Year < 9 years 9-11
years

12 years 1-3 college 
years

4 years 
college

> 4 years 
college

1980 1,621 3,543 10,580 6,100 3,359 3,588

Total 1985 820 3,115 9,829 7,428 4,102 4,054

1991 578 2,323 10,258 7,242 4,819 4,765

1980 1,602 3,543 10,517 6,070 3,359 3,560

Observe 1985 813 3,094 9,727 7,370 4,040 4,012

1991 547 2,175 9,912 6,966 4,665 4,532

1980 484 1,273 4,088 2,621 1,763 1,571

Photograph 1985 161 1,172 4,098 3,718 2,149 2,266

1991 141 949 4,392 3,611 2,484 2,645

1980 717 1,675 5,168 2,574 1,505 1,433

Feed 1985 394 1,466 4,528 3,482 1,646 1,546

1991 291 1,140 4,714 3,326 1,945 1,878

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A. 18 Changes in Education Distributions by Nonconsumptive Wildlife Related Recreation 
Activity for U.S. Residential Participants 

_______________________________________________________________________ (Numbers in Thousands)

Activity Year < 9 years 9-11
years

12 years 1-3 college 
years

4 years 
college

> 4 years 
college

1980 7,968 11,672 29,455 14,437 7,856 8,281

Total 1985 8,545 14,478 40,015 21,837 10,606 9,806

1991 3,617 7,155 28,595 15,525 10,293 8,719

1980 5,249 7,802 20,242 10,409 5,860 6,309

Observe 1985 4,148 8,164 23,635 14,193 6,872 6,630

1991 2,393 4,817 20,809 11,570 7,943 7,120

1980 465 1,493 3,915 3,175 1,666 1,671

Photograph 1985 418 2,068 6,073 4,759 2,365 2,364

1991 291 1,163 6,023 4,189 2,725 2,598

1980 6,784 9,278 23,727 10,739 6,268 5,666

Feed 1985 7,260 11,233 31,814 16,666 8,004 7,532

1991 3,250 6,164 24,831 13,289 8,393 7,204

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A. 19 Changes in Education Distributions by State of Residence for Arkansas Primary 
Participants

_____________________________________________________________________(Numbers in Thousands)

Residence Year < 9 years 9-11 years 12 years 1-3 years 
college

> 4 years 
college

Total

1980

1985 190.2 232.9 374.1 199.0 192.1

1991

1980

1985

56.8 110.0 342.8 159.7 142.7

Nonresidential ---- 42.8 67.7 64.7 37.9

1991 ---- 35.9 120.7 65.3 53.9

1980 449.5 255.4 390.0 137.8 131.2

Residential 1985 185.5 223.7 369.7 197.2 184.0

1991 56.8 108.1 334.6 151.2 140.4

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas),1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1993.
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Table A.20 Changes in Education Distributions by State of Residence for Louisiana Primary 
Participants

(Numbers in Thousands)

Residence Year < 9 years 9-11 years 12 years 1-3 years 
college

> 4 years 
college

Total

1980

1985 231.9 338.2 672.3 304.0 321.3

1991

1980

1985

55.2 142.2 389.4 226.3 247.3

Nonresidential 38.1 68.9 108.3 49.8 77.1

1991 — 29.4 83.5 102.2 88.8

1980 657.3 354.9 618.7 257.5 260.7

Residential 1985 231.9 326.4 645.8 294.0 306.5

1991 54.3 142.2 382.9 222.6 247.3

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1993.
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Table A.21 Changes in Education Distributions by State of Residence for Mississippi Primary 
Participants

____________________________________________________________________ (Numbers in Thousands)

Residence Year < 9 years 9-11 years 12 years 1-3 years 
college

> 4 years 
college

Total

1980

1985 195.0 177.8 352.4 153.6 227.9

1991

1980

1985

56.5 89.7 292.4 153.8 149.9

Nonresidential — — 31.5 22.8 52.5

1991 — 14.0 69.6 59.2 74.9

1980 462.6 270.9 356.1 182.4 162.7

Residential 1985 195.0 173.5 348.0 146.9 225.8

1991 56.5 89.7 289.8 145.2 145.7

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1988.
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1993.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table A.22 Changes in Annual Household Income Distributions by Nonconsumptive Wildlife 
Related Recreation Activity for U.S. Nonresidential Participants 

_____________________________________________________________________ (Numbers in Thousands)

Activity Year < 10,000 10,000
-19,999

20,000
-24,999

25,000
-29,999

30,000
-49,999

50,000
-74,999

> 75,000 Not
Reported

1980 3,822 7,249 4,999 3,572 4,312 1,171 — 3,697

Total 1985 2,544 5,579 3,254 4,385 8,646 2,501 1,487 950

1991 1,470 3,768 2,291 3,121 8,402 5,203 3,148 2,597

1980 3,794 7,221 4,980 3,558 4,277 1,171 — 3,681

Observe 1985 2,495 5,524 3,182 4,333 8,621 2,466 1,487 950

1991 1,402 3,659 2,221 3,049 8,038 4,945 3,022 2,476

1980 1,294 3,164 2,150 1,424 1,846 536 — 1,402

Photograph 1985 1,026 2,122 1,710 2,088 4,086 1,406 731 394

1991 521 1,571 989 1,453 4,123 2,729 1,741 1,099

1980 1,816 3,174 2,189 1,717 2,038 435 — 1,732

Feed 1985 1,294 2,508 1,314 1,730 4,094 1,026 724 363

1991 630 1,909 1,056 1,440 3,780 2,179 1,382 930

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A.23 Changes in Annual Household Income Distributions by Nonconsumptive Wildlife 
Related Recreation Activity for U.S. Residential Participants 

____________________________________________________________________________(Numbers in Thousands)

Activity Year < 10,000 10,000
-19,999

20,000
-24,999

25,000
-29,999

30,000
-49,999

50,000
-74,999

> 75,000 Not
Reported

1980 13,711 19,185 12,412 8,641 11,069 3,014 — 11,637

Total 1985 13,792 21,785 9,819 14,460 27,436 8,432 4,530 5,034

1991 5,196 10,446 6,239 7,697 18,603 11,471 6,557 7,695

1980 8,846 13,531 8,846 6,551 7,839 2,057 — 8,200

Observe 1985 7,242 12,828 6,162 8,575 17,315 5,520 3,017 2,982

1991 3,664 7,607 4,404 5,670 14,019 8,688 5,042 5,559

1980 1,416 2,969 1,849 1,622 2,356 672 — 1,517

Photograph 1985 1,495 3,089 1,907 2,315 5,148 2,165 1,045 885

1991 649 1,784 1,325 1,901 4,814 3,136 1,844 1,538

1980 11,394 14,766 9,722 6,653 8,553 2,184 — 9,193

Feed 1985 11,525 17,082 7,785 10,940 21,238 6,524 3,420 3,995

1991 4,483 8,951 5,439 6,411 15,994 9,906 5,478 6,470

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation, 1993.
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Table A.24 Changes in Annual Household Income Distributions by State of Residence for 
Arkansas Primary Participants 

_____________________________________________________________________(Numbers in Thousands)

Residence Year <
10,000

10,000
-19,999

20,000
-24,999

25,000
-29,999

30,000
-49,999

>
50,000

Not
Reported

Total

1980

1985 266.9 308.0 90.5 131.9 222.4 139.3 29.3

1991

1980

1985

80.8 174.1 92.2 101.6 174.7 109.5 79.0

Nonresidential 20.6 73.1 33.6 37.2 42.8 ---- ----

1991 25.1 53.9 31.7 43.2 59.0 41.5 24.2

1980 411.1 397.1 149.2 100.8 113.2 34.2 158.4

Residential 1985 263.8 301.2 89.5 121.9 215.2 139.3 29.3

1991 72.4 174.1 88.4 101.6 166.1 109.5 79.0

Source: 1980 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1982.
1985 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1988.
1991 National Survey o f Fishing, Hunting, and Wildlife-Associated Recreation (Arkansas), 1993.
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Table A.25 Changes in Annual Household Income Distributions by State of Residence for 
Louisiana Primary Participants 

_____________________________________________________________________ (Numbers in Thousands)

Residence Year <
10,000

10,000
-19,999

20,000
-24,999

25,000
-29,999

30,000
-49,999

>
50,000

Not
Reported

Total

1980

1985 432.6 428.8 223.5 212.1 340.1 174.5 56.3

1991

1980

1985

96.5 178.7 47.4 125.7 271.1 250.2 90.7

Nonresidential 65.4 60.3 44.2 64.7 62.3 33.9 --------

1991 — 39.7 — 27.4 113.6 85.2 17.6

1980 489.4 492.3 375.8 201.6 272.5 82.1 226.4

Residential 1985 415.4 415.5 220.1 203.6 329.9 165.2 54.9

1991 94.9 178.7 47.4 125.7 263.4 249.3 90.0

Source: 1980 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1982. 
1985 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1988. 
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Louisiana), 1993.
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Table A.26 Changes in Annual Household Income Distributions by State of Residence for 
Mississippi Primary Participants

(Numbers in Thousands)

Residence Year <
10,000

10,000
-19,999

20,000
-24,999

25,000
-29,999

30,000
-49,999

>
50,000

Not
Reported

Total

1980

1985 234.2 304.5 73.3 170.7 239.5 51.5

—

1991

1980

1985

90.7 146.8 56.9 104.3 163.0 121.3 59.3

Nonresidential 26.3 46.8 ------ 19.8 20.8 ------ . . . .

1991 20.4 37.8 15.9 29.0 48.7 56.7 22.3

1980 434.9 404.0 170.9 131.8 132.6 404.0 120.1

Residential 1985 234.2 301.6 71.0 166.2 235.9 47.2 —

1991 90.7 144.5 55.4 102.8 156.4 119.0 58.3

Source: 1980 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1982. 
1985 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1988. 
1991 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Mississippi), 1993.
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Table B. 1 Descriptive Statistics for Variables in Primary Nonresidential
Expenditure Model Associated with Nonconsumptive Wildlife
Related Recreation

Variable Total Sample 
(N = 2178)

Participants Sample 
(N = 252)

Non-Participants Sample 
(N = 1926)

Mean Standard
Deviation

Mean Stantard
Deviation

Mean Standard
Deviation

TOTEXP 59.9183 677.1915 517.8651 1933.75 ------ ------

INCOME 27212.53 19880.93 33184.52 20494.14 26431.15 19671.01

AGE 42.3664 18.5456 42.0000 15.7766 42.4143 18.8809

AGESQ 2138.69 1783.88 2011.91 1474.49 2155.28 1820.15

FEMALE 0.5335 0.4722 0.5415

MARRIED 0.6019 0.7540 0.5820

COLLEGE 0.3384 0.4444 0.3245

RURAL 0.7200 0.2579 0.7170

EMPLOY 0.5661 0.6984 0.5488

WHITE 0.7567 0.9444 0.7321

PRIVATE 0.0308 0.2540 0.0016

PUBLIC 0.0349 0.2937 0.0010

WOOD 0.0418 0.3571 0.0005

BRUSH 0.0312 0.2619 0.0010

OPEN 0.0266 0.2262 0.0005

MANMADE 0.0129 0.1071 0.0005

BIRDTRIP 0.0386 0.3254 0.0010

LANDMTRP 0.0367 0.3095 0.0010
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Table B.2 Empirical Results for the Tobit Analysis of Primary Nonresidential
Expenditure Model Associated with Nonconsumptive Wildlife
Related Recreation

Variable Parameter Standard T-Ratio
Estimate Error

CONSTANT -5451.00 664.36 -8.205*

INCOME 0.00929 0.00457 2.033*

AGE 42.36 29.12 1.454

AGESQ -0.3591 0.3065 -1.172

FEMALE 170.65 174.15 0.980

MARRIED 80.14 205.17 0.391

COLLEGE 297.53 183.61 1.620

RURAL 11.93 192.82 0.062

EMPLOY 121.15 207.65 0.583

WHITE 745.72 255.84 2.915*

PRIVATE 968.39 517.46 1.871*

PUBLIC 1252.90 493.35 2.540*

WOOD 1624.60 572.30 2.839*

BRUSH 578.97 489.76 1.182

OPEN -250.72 481.79 -0.520

MANMADE 342.64 506.49 0.676

BIRDTRIP 388.84 474.71 0.819

LANDMTRP 641.82 474.77 1.352

o 2168.50 103.93 20.865*

Log-Likelihood -2552.5740

N = 2178 
*The critical t-statistic at the 95 percent confidence level is 1.645
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Table B.3 Empirical Results for the Double-Hurdle Analysis o f Primary
Nonresidential Expenditure Model Associated with Nonconsumptive
Wildlife Related Recreation

Participation (N = 2178) Consumption (N = 252)

Variable Parameter
Estimate

Standard
Error

T-Ratio Parameter
Estimate

Standard
Error

T-Ratio

CONSTANT -2.53070 0.29980 -8.440* -10634.00 2914.80 -3.648*

INCOME 0.0000035 0.0000022 1.552 0.0344 0.0156 2.207*

AGE 0.02052 0.01384 1.482 146.91 133.90 1.097

AGESQ -0.00017 0.00014 -1.173 -1.3626 1.4730 -0.925

FEMALE 0.09934 0.08398 1.183 404.02 666.25 0.606

MARRIED 0.08870 0.09979 0.889 -653.36 804.69 -0.812

COLLEGE 0.02195 0.09219 0.238 1968.90 638.01 3.086*

RURAL 0.00587 0.09357 0.063 56.61 719.27 0.079

EMPLOY 0.08285 0.10014 0.827 342.81 819.51 0.418

WHITE 0.42164 0.11988 3.517* 1259.90 1575.10 0.800

PRIVATE 0.84280 0.65906 1.279 750.22 972.81 0.771

PUBLIC 1.50480 0.53904 2.792* 860.76 951.78 0.904

WOOD 1.30950 0.60242 2.174* 1478.90 1173.90 1.260

BRUSH -0.07619 0.59044 -0.129 1445.20 932.50 1.550

OPEN 0.22114 0.59590 0.371 -579.23 878.07 -0.660

MANMADE -0.28580 0.66236 -0.431 935.28 933.33 1.002

BIRDTRIP 0.81121 0.51228 1.584 -919.25 867.28 -1.060

LANDMTRP 0.66864 0.47059 1.421 578.64 935.53 0.619

a ------- ------- ------- 2016.30 104.16 19.357*

Log-
Likelihood

-503.6474 -1914.0880

*The critical t-statistic at the 95 percent confidence level is 1.645
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Table B.4 Maximum Likelihood Estimates with Homoscedastic and 
Heteroscedastic Errors for the Double-Hurdle Analysis of 
Primary Nonresidential Expenditure Model Associated with 
Nonconsumptive Wildlife Related Recreation

Homoscedastic Errors 
(Consumption)

Heteroscedastic Errors 
(Consumption)

Variable Parameter
Estimate

Standard
Error

T-Ratio Parameter
Estimate

Standard
Error

T-Ratio

CONSTANT -10634.00 2914.80 -3.648* -1808.50 5498.30 -0.329

INCOME 0.0344 0.0156 2.207* 0.0112 0.0210 0.531

AGE 146.91 133.90 1.097 42.38 208.66 0.203

AGESQ -1.3626 1.4730 -0.925 -0.3827 2.3381 -0.164

FEMALE 404.02 666.25 0.606 129.38 1021.00 0.127

MARRIED -653.36 804.69 -0.812 -206.30 970.31 -0.213

COLLEGE 1968.90 638.01 3.086* 598.83 1226.80 0.488

RURAL 56.61 719.27 0.079 17.79 1048.10 0.017

EMPLOY 342.81 819.51 0.418 95.98 1192.30 0.081

WHITE 1259.90 1575.10 0.800 322.43 2395.80 0.135

PRIVATE 750.22 972.81 0.771 256.22 1175.40 0.218

PUBLIC 860.76 951.78 0.904 246.45 1217.80 0.202

WOOD 1478.90 1173.90 1.260 487.83 1525.90 0.320

BRUSH 1445.20 932.50 1.550 521.18 1069.90 0.487

OPEN -579.23 878.07 -0.660 -222.83 937.27 -0.238

MANMADE 935.28 933.33 1.002 359.39 1175.20 0.306

BIRDTRIP -919.25 867.28 -1.060 -327.42 1122.70 -0.292

LANDMTRP 578.64 935.53 0.619 193.26 1188.80 0.163

a 2016.30 104.16 19.357* 1878.40 4066.30 0.462

Log-
Likelihood

-1914.0880 -2108.3310

*The critical t-statistic at the 95 percent confidence level is 1.645
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Table B.5 Marginal Effects for the Double-Hurdle Analysis of Primary
Nonresidential Expenditure Model Associated with Nonconsumptive
Wildlife Related Recreation

Probability Level Conditional Level Unconditional Level

Variable Esitmate Estimate Estimate

CONSTANT -0.458480 -10838.00 -123.712261

INCOME 0.00000063 0.035008 0.000337

AGE 0.003717 149.72 1.515475

AGESQ -0.000031 -1.39 -0.013784

FEMALE 0.017998 411.75 4.743004

MARRIED 0.016069 -665.87 -4.327107

COLLEGE 0.003977 2006.60 16.917709

RURAL 0.001064 57.696 0.556658

EMPLOY 0.015009 349.38 4.005125

WHITE 0.076386 1284.10 16.290314

PRIVATE 0.152690 764.58 17.633628

PUBLIC 0.272610 877.24 27.442431

WOOD 0.237250 1507.30 30.042976

BRUSH -0.013803 1472.90 11.180335

OPEN 0.040062 -590.33 -1.925588

MANMADE -0.051777 953.20 4.064814

BIRDTRIP 0.146960 -936.86 -3.114762

LANDMTRP 0.121140 589.72 13.849994
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Table B.6 Descriptive Statistics for Variables in Primary Residential Expenditure
Model Associated with Nonconsumptive Wildlife Related Recreation

Variable Total Sample Participants Sample Non-Participants Sample
(N = 2178) (N = 232) (N = 1946)

Mean Standard
Deviation

Mean Standard
Deviation

Mean Standard
Deviation

TOTEXP 12.8535 86.7412 120.6681 240.5042 ------ ------

INCOME 27212.53 19880.93 33171.34 20292.73 26502.13 19716.73

AGE 42.3664 18.5456 43.1595 15.8107 42.2718 18.8465

AGESQ 2138.69 1783.88 2111.64 1491.14 2141.92 1815.94

MALE 0.4665 0.5129 0.4609

MARRIED 0.6019 0.7543 0.5838

COLLEGE 0.3384 0.4267 0.3279

URBAN 0.2801 0.2672 0.2816

EMPLOY 0.5661 0.6897 0.5514

WHITE 0.7567 0.9397 0.7348

BIRD 0.1129 0.7974 0.0313

MAMMAL 0.0877 0.6207 0.0242

REPTILE 0.0363 0.2759 0.0077

INSECT 0.0344 0.2716 0.0062

FISH 0.0321 0.2414 0.0072

NATURAL 0.0216 0.1595 0.0051

MAINTAIN 0.0262 0.2112 0.0041

PLANTING 0.0133 0.1034 0.0026

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



145

Table B.7 Empirical Results for the Tobit Analysis of Primary Residential
Expenditure Model Associated with Nonconsumptive Wildlife
Related Recreation

Variable Parameter Standard T-Ratio
Estimate Error

CONSTANT -671.930 91.078 -7.377*

INCOME 0.000692 0.000636 1.087

AGE -2.3162 4.2008 -0.551

AGESQ 0.0278 0.0447 0.622

MALE 40.620 24.246 1.675*

MARRIED 7.561 29.304 0.258

COLLEGE 4.057 25.931 0.156

URBAN 12.812 26.785 0.478

EMPLOY 95.324 30.570 3.118*

WHITE 109.610 40.017 2.739*

BIRD 438.770 40.686 10.784*

MAMMAL 76.592 39.049 1.961*

REPTILE -36.461 44.039 -0.828

INSECT 50.026 41.895 1.194

FISH 61.017 43.165 1.414

NATURAL 92.449 44.292 2.087*

MAINTAIN 109.630 44.024 2.490*

PLANTING 45.612 58.083 0.785

a 256.400 12.395 20.686*

Log-Likelihood -1780.9520

N = 2178 
*The critical t-statistic at the 95 percent confidence level is 1.645
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Table B.8 Empirical Results for the Double-Hurdle Analysis of Primary
Residential Expenditure Model Associated with Nonconsumptive
Wildlife Related Recreation

Participation (N = 2178) Consumption (N = 232)

Variable Parameter
Estimate

Standard
Error

T-Ratio Parameter
Estimate

Standard
Error

T-Ratio

CONSTANT -2.70240 0.36820 -7.340* -878.43 381.55 -2.302*

INCOME 0.0000042 0.0000028 1.505 0.0000487 0.0021786 0.022

AGE -0.00477 0.01792 -0.266 -1.8364 17.1290 -0.107

AGESQ 0.00007 0.00019 0.363 0.0337 0.1831 0.184

MALE 0.08068 0.10693 0.754 148.45 85.45 1.737*

MARRIED 0.13294 0.12958 1.026 -127.84 102.43 -1.248

COLLEGE -0.05568 0.11548 -0.482 107.95 88.77 1.216

URBAN -0.01413 0.12010 -0.118 91.21 88.88 1.026

EMPLOY 0.31980 0.13464 2.375* 216.93 112.20 1.933*

WHITE 0.43599 0.16643 2.620* 191.24 206.86 0.924

BIRD 2.06940 0.16904 12.242* 172.20 142.27 1.210

MAMMAL 0.32579 0.18966 1.718* 91.39 108.37 0.843

REPTILE -0.11287 0.24115 -0.468 -111.89 113.29 -0.988

INSECT 0.44598 0.24611 1.812* 51.34 100.49 0.511

FISH 0.13713 0.24279 0.565 237.60 110.15 2.157*

NATURAL 0.98845 0.27442 3.602* -25.08 109.03 -0.230

MAINTAIN 0.91936 0.27666 3.323* 67.87 102.25 0.664

PLANTING -0.06524 0.36631 -0.178 153.36 124.99 1.227

a ------- ------- ------- 296.30 18.43 16.080*

Log-
Likelihood

-312.9545 -1387.1400

*The critical t-statistic at the 95 percent confidence level is 1.645
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Table B.9 Maximum Likelihood Estimates with Homoscedastic and 
Heteroscedastic Errors for the Double-Hurdle Analysis o f 
Primary Residential Expenditure Model Associated with 
Nonconsumptive Wildlife Related Recreation

Homoscedastic Errors 
(Consumption)

Heteroscedastic Errors 
(Consumption)

Variable Parameter
Estimate

Standard
Error

T-Ratio Parameter
Estimate

Standard
Error

T-Ratio

CONSTANT -878.43 381.55 -2.302* -88.08 456.13 -0.193

INCOME 0.0000487 0.0021786 0.022 -0.0000632 0.0017323 -0.036

AGE -1.8364 17.1290 -0.107 -0.3755 17.3580 -0.022

AGESQ 0.0337 0.1831 0.184 0.0090 0.1910 0.047

MALE 148.45 85.45 1.737* 51.21 78.84 0.650

MARRIED -127.84 102.43 -1.248 -44.39 91.06 -0.488

COLLEGE 107.95 88.77 1.216 40.36 87.01 0.464

URBAN 91.21 88.88 1.026 31.39 76.80 0.409

EMPLOY 216.93 112.20 1.933* 71.13 125.44 0.567

WHITE 191.24 206.86 0.924 5122 281.97 0.203

BIRD 172.20 142.27 1.210 53.57 213.61 0.251

MAMMAL 91.39 108.37 0.843 29.98 120.34 0.249

REPTILE -111.89 113.29 -0.988 -38.49 121.98 -0.316

INSECT 51.34 100.49 0.511 17.59 80.04 0.220

FISH 237.60 110.15 2.157* 88.58 122.95 0.720

NATURAL -25.08 109.03 -0.230 -8.91 103.00 -0.087

MAINTAIN 67.87 102.25 0.664 23.83 99.22 0.240

PLANTING 153.36 124.99 1.227 60.68 100.84 0.602

a 296.30 18.43 16.080* 236.41 375.41 0.630

Log-
Likelihood

-1387.1400 -1496.6740

*The critical t-statistic at the 95 percent confidence level is 1.645
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Table B. 10 Marginal Effects for the Double-Hurdle Analysis of Primary
Residential Expenditure Model Associated with Nonconsumptive
Wildlife Related Recreation

Probability Level Conditional Level Unconditional Level

Variable Estimate Estimate Estimate

CONSTANT -0.248300 -63.428 -16.219850

INCOME 0.00000039 0.00000352 0.00001356

AGE -0.000438 -0.1326 -0.031160

AGESQ 0.000006 0.0024 0.000517

MALE 0.007413 10.7190 1.565921

MARRIED 0.012215 -9.2310 -0.715898

COLLEGE -0.005116 7.7949 0.781333

URBAN -0.001298 6.5857 0.763042

EMPLOY 0.029384 15.6640 2.919286

WHITE 0.040058 13.8090 3.055059

BIRD 0.190140 12.4340 7.991450

MAMMAL 0.029933 6.5988 1.826986

REPTILE -0.010370 -8.0791 -1.342971

INSECT 0.040976 3.7071 1.848176

FISH 0.012599 17.2560 2.531316

NATURAL 0.090819 -1.8108 2.867245

MAINTAIN 0.084471 4.9003 3.473886

PLANTING -0.005994 11.0740 1.153331
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