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Abstract 

Average net willingness to pay in addition to actual expenditure for 
deer hunting in Idaho was estimated with the Travel Cost Method 
at $50.23 per trip and with the revised 1983 Contingent Value Method 
at $40.09. 

Acknowledgement 

This study was a cooperative effort of the Idaho Department of Fish 
and Game, the University of Idaho College of Forestry, Wildlife, and 
Range Sciences, the USDI Bureau of Land Management and the Fish 
and Wildlife Service, and the USDA Forest Service. Helpful and con- 
structive comments were received from Michael D. Bowes, Resources 
for the Future; Richard C. Bishop, University of Wisconsin; Nancy 
Green and others, USDI Bureau of Land Management; Laurence R. 
Jahn, Wildlife Management Institute; James A. McDivitt, Thomas J. 
Mills, Terry Raettig, and Cindy F. Sorg, USDA Forest Service; Rod 
Olson, USDI Fish and Wildlife Service; Elizabeth A. Wilman, Univer- 
sity of Calgary; John B. Loomis, University of California, Davis; and 
Richard G. Walsh, Colorado State University. 



USDA Forest Service July 1986 
Resource Bulletin RM-13 

Net Economic Value of Deer Hunting in Idaho 

Dennis M. Donnelly, Research Forester 
Rocky Mountain Forest and Range Experiment Station’ 

and 

Louis J. Nelson, Staff Biologist 
Idaho Department of Fish and Game?’ 

‘Headquarters is in Fort Collins, in cooperation with Colorado State University. 
2Headquarters is in Boise, Idaho. 



Contents 

MANAGEMENT SIMPLIGATIONS sates e itil tebe s reveon Sateen alee 
INTRODUCTION? w.32 ang cateales wim sey aoe a acne a ooo eee ea 
METHODOLOGY hei ara shea thats iecrans eee ere eae SIE FH a ea ete ear 
Concepts ‘of ‘Reconomic Value: cic cn ctaateiee cee caine as Se 
Measuring Economic: Vali@?:0%).. 8 siRsiretiten aio cas Ph attteatagie ss 
The Travel*Cost ;Method. (BGM) 22.00. Si-cayeechs Pad ot eae ee 
The Contingent Value Method (CVM) ...............000 eee eees 

Survey IQGsigm xs yase wate’ aren dis aut sasek whale ape haw a eh nivn aha ay eats eels ie 
Analysis: tor sDGW aos ccc kya canis aie ei ete ores eee ce acini 

Data's tsa nes ohn ee < ees fa.2 Oas Daq ules mae oo ems eiede caters 
Resression Analysis 2 ttssa’ balsicatacas oe eas + A ae ae ba Tae 
Calculation. of TCM Benefits oc sch hl Eada we ies va soe 

Analysis for CVM jie ona o os 24 Cees Meee met arene mene 
RESULTS ‘AND: DISCUSSION. 23552004 sent uum neuter ede os eeeae 
Hunter Prowe’’, .saacathee wala aan ys Cae eee ae Ga eal eee a eo 
Travel. Cost Method) sik. 3. c.a+« 54 ok Gw ans cote te et ane ae 

Correlation. Amalysigte4 05 ¢rccee ncap Pate uns cack ara wmonnnd 
Regression: :Amalysis. 5). cia. « os Fee evan one rhe oa goenmnee 
Benefit Computation: .o6 44.6 <eS05 5 a ohas eee ee Vs on eon ae 

Contingent Valixe Method: 05% cach sia-2. @stecrte4 aos, bot ahaa anseetied sa 
Comparison of TCM andeGVM ios sea eos niacin & dtm eiia'e wee este 
Comparison With Other Deer Valuation Studies .................. 
The Supsiaitetssue ccc... + aoene saeMeaeaeleG dine cae sepa s aero 

CONCLUSIONS AND RECOMMENDATIONS ..............000008. 

LITERATURE CLYED o22554 03 458 ded « wctos aces Oe sade ee 

APPEND, 52s 5 cee aie se aceria ao batts. 5) es ot een ccyauette aera pe Ray en aurctene, ois: ater alley coe ele aes 

Average and Marginal Consumer Surplus .................-0008: 
Deer Hunting Survey Forms for 1982 ‘and 1983 %..6s2s<ei255 os os 3: 
Computation of Benefit Value per WFUD ...................004. 
Computation ‘OF Cost-of Travels wiscjacs fg ote score eee 2 ee eee 

an] 9 ga ® 

Ona» FHowWNnNnNN PH 



Net Economic Value of Deer Hunting in Idaho 

Dennis M. Donnelly and Louis J. Nelson 

MANAGEMENT IMPLICATIONS 

Recreation associated with wildlife obviously has 
economic value. However, opinions on the nature and 
level of this economic value vary widely, in part because 
of the different definitions of economic value held by 
managers, biologists, and economists and in part because 
of the different methodologies used to estimate economic 
value. Using results of a state-wide survey, this bulletin 
describes consumer surplus benefits, one of several 
categories of economic value associated with deer hunt- 
ing in Idaho. 
Deer hunted in Idaho are primarily whitetail deer 

(Odocoileus virginianus) in the northern third of Idaho 
and mule deer (Odocoileus hemionus) in the southern 
two-thirds of the state. Exceptions do occur to these gen- 
eralized species locales, but these distinctions are made 
in the deer management plans in Idaho. 
The estimated average net economic value (or con- 

sumer surplus) of a deer hunting trip in Idaho is $50.23. 
This is the value to the hunter and to society. This means 
the average hunter would be willing to pay an additional 
$50 per trip above actual expenditures to continue to 
have these sites available for deer hunting in Idaho. 
Managers, analysts, planners, and others using this 

and the other information in this bulletin should note 
its exact nature. The value of a deer hunting experience 
on a per-trip basis is a weighted average over all deer 
hunting sites in Idaho. The weighting is on the basis of 
number of trips to each site. Those sites with more visits, 
and consequently more consumer surplus, contribute 
relatively more weight to the average value. 

Net economic value per trip can be converted to a 
value per 12-hour Wildlife and Fish User Day (WFUD). 
This will facilitate its use in economic efficiency analyses 
such as FORPLAN or SAGERAM or in investment 
analyses at the project level. Converting a per trip value 
to a WFUD value is based on number of days hunted per 
trip and the number of hours hunted per day. The value 
of a 12-hour WFUD of deer hunting is $49 (see the ap- 
pendix for computation method). 
The values reported above were derived by a demand 

curve estimating technique called the Travel Cost 
Method (TCM). The TCM is based on actual hunter par- 
ticipation and statistically infers the amount that a hunter 
would pay if given the opportunity. In addition, the Con- 
tingent Value Method (CVM) was used in the study to 
elicit ‘‘simulated market bids’ from hunters. This CVM 
approach was used to measure the self-assessed net 
economic value of each trip to individual hunters dur- 
ing the 1982 deer hunting season. The CVM value per 
trip was $40.09 for current conditions associated with 
deer hunting. This value per trip converts to $36.08 per 
WFUD for deer hunting. 

To evaluate multiple-use allocation decisions about 
resources such as deer hunting, timber harvesting, cat- 
tle grazing, or mining, the net economic value per WFUD 
rather than expenditures is appropriate. The possible ap- 
plications of these results can be illustrated with a sim- 
ple example. Assume wildlife biologists estimate a 
combination of management practices in all hunt areas 
will result after a time lag of several years in a doubling 
of the deer population and of harvestable population and, 
therefore, of hunting opportunities. The long-run im- 
provement in hunting will be translated (and estimated 
by TCM) into more trips taken by existing hunters and 
into trips taken by new and former hunters because of 
the higher quality hunting experience. 
Consider just the sampled hunters included in the 

TCM analysis. Due to doubling their probability of deer 
harvest, they would take an additional 2,427 trips per 
hunting season. Their willingness to pay increases 
$137,000. This increase in value is attained after a suit- 

able long-run adjustment period wherein hunters have 
adjusted their behavior to account for increased harvest 
potential. 

If the management change and the resulting deer herd 
increase were to happen uniformly over all hunting sites 
in Idaho, the sample-based value ($137,600) would be ex- 
panded by a factor of approximately 109 (the “blow-up 
factor” based on sampling rate) to estimate the long-run 
added value (about $15 million) to all deer hunters in 
Idaho. Economic value of improved deer hunting would 
be compared to the net economic value of any forgone 
benefits of the management program and to its cost. If 
the economic value of what was gained (about $15 
million) is greater than the economic value of what was 
lost, then economic efficiency is improved. 

In field studies it is often difficult for biologists to have 
access to the original TCM data, the TCM demand curve, 
and a computer program to calculate benefits of a 
quality-induced change in net economic benefits. Often 
biologists will be able to translate the change in wildlife 
habitat or populations into an increase in the supply of 
hunting trips of constant quality. The economic benefit 
of the added hunting trips can be approximated by 
multiplying the increase in number of trips by the aver- 
age net value per trip. For example, figure 1 shows there 
is a demand for 2,427 additional trips, which, at the 
average net value of $50.23 per trip, yields $121,908. This 
amount is reasonably close to the amount estimated 
above via formal TCM methods. 

Evaluations of benefits of improved deer habitat do not 
necessarily flow only from more hunter-days in the long- 
run. An increase in harvestable populations of deer 
would benefit only current hunters in the short run since 
it likely takes several years for word of ‘‘better’”’ deer 
hunting to spread from current to potential hunters 



(those who are considering the sport and those who 
dropped out because hunting conditions were not up to 
their expectations). The Contingent Value Method, as ap- 
plied in this study, estimates net economic value to 
hunters of current and double numbers of deer sightings, 
assuming no entry of new hunters. This is the area (la- 
beled ‘‘2”) in figure 1 between demand curve D, and 
the vertical line for quantity of trips held constant at the 
original level (here, 5,666). 
Readers are cautioned that, in general, economic 

theory shows that marginal values for deer hunting ex- 
periences are the theoretically correct values to use in 
decisionmaking concerning economic efficiency. There 
is at least one exception, noted by Mumy and Hanke 
(1975). The present study, however, estimates average 
value per trip, not marginal values. The reason these 
average values can be applied in analyses where only 
marginal values should be used is that the functional 
form of the demand curve used in this study has the 
unique property that, for consumer surplus, marginal 
value is equal to average value. (See the appendix for a 
discussion and proof of this proposition.) This property 
and result do not apply to most other functional forms. 
A second caution concerns the geographic scope of 

analysis where the values shown in this bulletin are ap- 
propriate. Because the TCM value is a weighted average 
over all deer hunting sites, the value could appropriate- 
ly be used to evaluate the economic efficiency of manage- 
ment actions that uniformly affect all sites. However, 
values for an entire region and values for any area of 

Net benefits per trip, ($/trip) 

5,666 8,093 

Number of trips 

G) Area 1 is the original estimate of consumer surplus 

@ After the change, area 2 is the increased benefits estimated by CVM 

in the short run 

@) In the long run, areas 2 and 3 are the total increased benefits 

estimated by TCM 

Figure 1.—Relationship of TCM and CVM estimates for increases 
in net economic benefits associated with deer hunting in Idaho. 

significantly different size are not measurements of the 
same geographic scope. To the extent that a management 
action affects selected hunting areas more than others, 
individual hunting site values, such as those in table 5, 
may be more appropriate than the overall values in this 
bulletin. However, an overall consumer surplus value, 
such as willingness to pay per trip, may be all that is 
available, and, for efficiency analyses, these are more 
tenable than expenditure values. 

Finally, caution is indicated when using hunting ex- 
perience values in analyses that also incorporate values 
for other resources (e.g., timber or water). Direct com- 
parison of values between resources often is misleading, 
because the type of value (i.e., average or marginal) or 
its geographic scope is either unknown or forgotten. For 
example, it likely is incorrect to compare marginal con- 
sumer surplus values for deer hunting from a statewide 
study to average stumpage values for one forest area sur- 
rounded by other forest areas, all of which supply timber 
to local stumpage markets. 

INTRODUCTION 

The value of deer hunting as measured from the eco- 
nomic efficiency view is used in federal land manage- 
ment planning by the USDA Forest Service and the USDI 
Bureau of Land Management, and for several manage- 
ment purposes by the state of Idaho. To promote a 
consensus on the economic value of the deer hunting 
experience in the state of Idaho, several agencies of the 
Federal Government and the state of Idaho cooperated 
to empirically estimate the value in Idaho of recreation 
based on deer hunting. Specifically, the net willingness 
to pay for the deer hunting experience in Idaho was 
analyzed to provide a consistent set of dollar values at 
the state level for the deer hunting experience. 

In addition, this study served as a test of the effec- 
tiveness of using the Travel Cost Method (TCM) and the 
Contingent Value Method (CVM) for developing values 
useful in future planning analyses conducted by the 
USDA Forest Service. 
More specifically, the objectives of the research 

described in this bulletin are to: 
1. Analyze and interpret the relationships between 

travel costs, expenditures, bids, and the willingness 
to pay for the deer hunting experience in Idaho. 

2. Evaluate the data, the analytical methods, and the 
results for their potential in various management ap- 
plications by state and federal agencies. 

METHODOLOGY 

Concepts of Economic Value 

Total economic value is the sum of several 
components—producer expenditures and producer 
surplus, consumer expenditures and consumer surplus, 
plus existence, option, and bequest values. Detailed 
definitions and discussions of these are found in Just et 
al. (1982) and Randall and Stoll (1983). This bulletin 



focuses on one component—consumer surplus (or net 
willingness to pay). However, in any resource allocation 
decisionmaking, other types of value certainly may be 
considered. 
Consumer expenditures are those funds that people 

spend solely for deer hunting, e.g., transportation costs 
and hunting (deer) licenses. Sleeping bags and other 
equipment useful for other activities are not included. 
For example, in figure 1, consumer expenditures are 
represented by the area labeled OABC. 
Consumer surplus, in contrast, is the area in figure 1 

labeled ‘‘1” below the demand curve D, and above the 
travel cost expenditure line AB. The concept of con- 
sumer surplus arises because, for a demand curve with 
any downward slope, individuals exist who are willing 
to pay (1) more than is actually charged for a good, or 
(2) more than the expenses they actually incur to par- 
ticipate in a recreational activity. 
Consumer surplus is the value measured by the tech- 

niques used in this study. It is known that a market area 
exists from which people are drawn solely to hunt deer 
in Idaho. Further, it is assumed that people traveling 
from the periphery of the market area would pay no 
more, if asked, than the amount (the price) already paid 
in the form of direct deer hunting expenses and travel- 
ing expenses from home to the hunt site. Another 
assumption is that on average the benefits of hunting 
deer are the same to all participants. Thus, people travel- 
ing lesser distances pay a lower price for benefits as- 
sumed the same for all. As distances traveled decrease, 
travel expenditures decrease and surplus is generated 
relative to those who travel from the periphery of the 
market area. A measure of the surplus received by par- 
ticipants is their willingness to pay for the experience. 

In summary then, the consumer surplus component 
of economic value is defined in terms of net willingness 
to pay by the user. For example, the value of forage to 
ranchers in excess of their costs, the value of water to 
farmers, and the value of wildlife to hunters-anglers 
could each be expressed in terms of consumer surplus. 

Net willingness to pay (consumer surplus) is the stan- 
dard measure of value in benefit-cost analyses performed 
by the U.S. Army Corps of Engineers, Bureau of Recla- 
mation, and the Soil Conservation Service (U.S. Water 
Resources Council 1979, 1983). Net willingness to pay 
is the basis of the RPA values used by the Forest Service 
in forest planning. The rangeland investment policy of 
the BLM stipulates willingness to pay as the measure of 
value of all outputs in SAGERAM analysis. 

Conversely, use of actual expenditures is not appro- 
priate for valuation of wildlife nor for valuation of other 
resources (Knetsch and Davis 1966). Expenditures are 
useful for measuring the effect or impact on local 
economies of some resource management action. (See 
Peterson and Brown!’ for a thorough discussion of the 
concepts and relationships outlined briefly in this 
section.) 

3Peterson, George L., and Thomas C. Brown. 1985. The eco- 
nomic benefits of recreation—Common disagreements and in- 
formed replies. Paper prepared for the Southeastern Recreation 
Research Conference, Myrtle Beach, S. C., February. Proceedings 
forthcoming. 

Measuring Economic Value 

Dwyer et al. (1977) and the U.S. Water Resources Coun- 
cil (1979, 1983), Walsh (1983), and Knetsch and Davis 
(1966) all recommend the Travel Cost Method (TCM) and 
the Contingent Value Method (CVM) as conceptually cor- 
rect techniques for empirically estimating users’ net will- 
ingness to pay. 

For hunting, no mechanism currently exists to actual- 
ly charge more to measure consumer surplus, e.g., by 
increasing fees. It is assumed, though, that hunters react 
to increases in travel cost the same as to fee increases. 
Thus, by hypothetically increasing travel cost we can 
simulate hunter reaction and estimate willingness to pay. 
This is the basis of the Travel Cost Method (TCM). 

In contrast, the Contingent Value Method (CVM) 
measures net surplus by directly asking participants how 
much more they would be willing to pay, above expend- 
itures, to enjoy the experience. Thus, both the TCM and 
CVM are used to estimate the net consumer surplus 
above costs. 

The Travel Cost Method (TCM) 

The TCM has several variations, depending on the 
availability of data and the goals of the study. For more 
detail about TCM in general, see Rosenthal et al. (1984). 
In the deer study, a Regional Travel Cost Model (RTCM) 
was constructed because of multiple origins and sites. 
The dependent variable is trips per capita. The ‘“‘per 
capita” specification is used to adjust for population dif- 
ferences between counties of visitor origin. As Brown 
et al. (1983) show, trips per capita takes into account both 
the number of visits as a function of distance and also 
probability of visiting the site as a function of distance. 

Use of the TCM depends on several assumptions 
(Rosenthal et al. 1984). To interpret travel cost and travel 
time as the price of taking part in hunting, key variable 
costs that depend on distance traveled must be measur- 
able. Also, travel must be undertaken exclusively to par- 
take in the activity. In contrast, if people embark on a 
trip for several purposes (viz., sightseeing, visiting peo- 
ple, hunting), variable travel costs are expended for joint 
production of several goods. Allocating some portion of 
expenses to hunting is often difficult in such multiple 
purpose trips. Haspel and Johnson (1982) suggest that 
benefits for an activity are overestimated to the degree 
that multidestination trips make up the data set. In ad- 
dition, travel itself should not provide any benefits. Also, 

the opportunity cost of travel time must be known. 
The list of possible independent variables includes a 

surrogate for price, i.e., distance, hunt area characteris- 
tics, measures of substitutes, and demographic character- 
istics of hunters. Given the constraints on length of the 
hunter survey, and limitations on time for data analysis, 
a relatively simple RTCM was estimated. The basic 
model was as follows: 

TRIPS ij SOP 7a PsDISTANCE, + b,QUALITY, [1] 
A -b,SUBSTITUTE INDEX, + b, INCOME; 



where 
TRIPS, = number of trips taken from 

origin i to hunt area j 
POP, = population in 1980 of origin i 

NOTE: The quotient of these 
first two quantities is the ratio, 
trips per capita, from origin to 
hunt area. 

DISTANCE= round-trip distance from 
origin i to hunt area j 

QUALITY = a measure of hunting quality at 
area j 

SUBSTITUTE INDEX = a measure of the cost and qual- 
ity of substitute hunt areas 
relative to the one under con- 
sideration, i.e., area j 

INCOME = a per capita measure of the 
ability of residents in origin i 
to incur costs for recreation; 
serves as a proxy for other 
taste variables 

b,-b, = coefficients to be estimated; 
the algebraic signs indicate the 
expected relationship of each 
independent variable with 
trips per capita. 

Equation [1] specifies the per capita demand curve for 
hunting areas in the region. By setting the quality 
measure at a value associated with a specific area, the 
general RTCM regression model estimates the demand 
curve for that area. Thus, recreation visitation patterns 
for all areas in the region can be modeled with one equa- 
tion. Equation [1] states that trips per capita from origin 
i to area j is a function of the distance from origin i to 
area j, quality of area j, the substitute areas available to 
origin i, and the per capita income of residents of origin i. 
Once the per capita demand curve is specified, the se- 

cond stage demand curve is then calculated. This second 
stage demand curve relates total trips to an area from 
all origins as a function of hypothetical added cost, as 
measured by distance. The hypothetical added distance 
is converted to travel costs (in dollars) so the area under 
the second stage demand curve represents net will- 
ingness to pay. Willingness to pay is a net value since 
only the hypothetical added cost is reflected in the se- 
cond stage demand curve, not the original travel costs. 
The reader unfamiliar with this process is encouraged 
to see Clawson and Knetsch (1966) or Dwyer et al. (1977). 

Last, the total consumer surplus for all areas as meas- 
ured by net willingness to pay can be converted to eco- 
nomic value per trip by dividing by the number of trips 
taken at zero added cost. Consumer surplus per day may 
also be computed by dividing consumer surplus per trip 
by estimated average days per trip for the recreationists 
sampled. 
The estimate of net willingness to pay is the end result 

of a series of mathematical and statistical operations on 
the aggregated data. One item of interest about estimated 
net willingness to pay is the sensitivity this estimate ex- 
hibits in response to variation within the Travel Cost 
Model. This variation is seen initially in the computed 

statistical confidence interval associated with the esti- 
mate of each coefficient of the visits per capita regres- 
sion model, i.e., the first stage demand curve. Concep- 
tually, this variation is carried through all the steps 
described above, including formation of the second stage 
demand curve and the subsequent integration under it. 
Thus, it is logical to talk about variation associated with 
estimated net willingness to pay. 
However, the statistical properties of the estimators of 

such variation are as yet undefined and the problem is 
theoretically difficult.4 In spite of this situation, certain 
aspects of sensitivity may reveal information about the 
variability of benefit estimates. Specifically, for this 
research, a “‘sensitivity interval’’ was defined. This in- 
terval is for estimated benefits measured by willingness 
to pay and describes the upper and lower bounds of the 
benefit estimate when the regression coefficient of 
distance is varied to the upper and lower bounds of its 
confidence interval. 

For example, the computer program that computes 

benefits is run three times, once with the distance coef- 
ficient at its best unbiased level, once with it at the lower 
level of its 95% confidence interval, and once with the 
distance coefficient at the upper level of its 95% con- 
fidence interval. The three estimates of benefits related 
to deer hunting indicate how benefits vary with respect 
to variation in the coefficient associated with distance. 
Distance is chosen specifically because increased in- 
crements of this independent variable measure addi- 
tional cost hypothetically incurred by hunters. Later in 
this report these sensitivity intervals are compared to the 
confidence intervals derived from contingent valuation 
(CVM). This comparison is not a formal statistical pro- 
cedure per se, but it does furnish the reader with a sub- 
jective but quantitative measure of the relative ranges 
in estimates produced from each method. 

The Contingent Value Method (CVM) 

The CVM is also known as the “‘direct method” since 
the interviewer directly asks recreationists what they 
would be willing to pay to hunt at a particular area. The 
main question here is the individual’s net willingness to 
pay for hunting at an area, relative to some alternative 
site. An alternative typically valued involves the addi- 
tion or elimination of one or more hunt areas, not the 
elimination of hunting in general. Although CVM relies 
on responses to hypothetical questions, research by 
Bishop and Heberlein (1979) and Brookshire et al. (1982) 
indicates that rather than overstating the willingness to 
pay, CVM generally provides conservative estimates. 
CVM is implemented with a bidding game approach 

and there are several ways to ask bidding game ques- 
tions. Because a telephone interview was used in this 
study, the “‘iterative’’ technique was chosen. The iterative 
technique involves repeatedly asking if the person would 
pay successively higher amounts of money; the max- 
imum amount value is recorded. 

4Personal communication from Rudy King, Biometrician, Rocky 

Mountain Forest and Range Experiment Station. 



Another aspect of survey design is to identify the ap- 
propriate ‘‘payment vehicle” to elicit the money bid. For 
example, one can use entrance fees, license fees, taxes, 
trip costs, or payment into a special fund. In this study, 
trip cost was used as the payment vehicle because it was 
fairly neutral and familiar to the respondents. Entrance 
or license fees may provoke an emotional reaction bias- 
ing answers, especially if the questions are asked by a 
State Fish and Game agency. The text of the two survey 
questionnaires used in this study is reproduced in the 
appendix. 
The analysis of CVM results is straightforward. 

Generally the mean willingness to pay is calculated once 
outliers and protest bids are removed. It should be noted 
that question design is vital to obtaining a true CVM 
measure of value. Since CVM is based on a direct meas- 
ure of value, a poor survey design will render useless 
results. This means including a protest mechanism in 
the survey. This mechanism allows differentiating be- 
tween legitimate bids and bids made in protest to the 
survey itself, not the resource in question. 

Before calculating mean willingness to pay, the data 
must be screened to remove outliers. In this study, in- 
dividuals who either could not or would not place a value 
on the experience were deleted from the sample. 

Survey Design 

The population considered for this study included both 
resident and nonresident hunters having an Idaho deer 
license in 1982. The overall sampling rate for rifle 
hunters was 0.917%, or 1,445 individuals. An additional 
small number purchased either an archery or muzzle- 
loader stamp required for participation in those hunts. 
See table 1 for details on the types of licenses and the 
sampling rate for each type. 
The Idaho Department of Fish and Game (IDFG) an- 

nually surveys hunters to obtain information about big 
game harvest. IDFG personnel in cooperation with the 
College of Forestry, Wildlife, and Range Sciences at the 
University of Idaho collected economic data in conjunc- 
tion with the annual survey. Telephone surveyors 
contacted hunters in January and February 1983 for in- 
formation about the 1982 deer hunting season. A sum- 
mary of the data collected is shown in table 1. 
Surveyors contacted archery and muzzleloader stamp 

holders after completing the survey of rifle license 
holders. No data are available about the proportion of 
archery and muzzleloader stamp holders who hunted for 
deer because these stamps are sold separately and not 
related to the sale of the required species-specific 
licenses. What information is available on these hunters 
is included in table 1. 
The survey (text in appendix) was designed to collect 

information on each deer hunting trip made during the 
1982 hunting season by every hunter contacted. This in- 
cluded such information as the hunt unit visited (fig. 2), 
number of animals seen, number of licensed hunters in 
party, and expenditures. 

For the TCM analyses, trips were screened to insure 
hunting was the primary purpose of the trip and that 

trips were taken to a single destination. The intent was 
to eliminate from the TCM analyses multidestination and 
multipurpose visits that were not dependent on the avail- 
ability of hunting. 
The respondents were asked to report the round-trip 

distance traveled to each site visited. This variable 
became the price surrogate. Although Brown et al. (1983) 
noted that recall of distance may be in error, these 
authors also noted that use of zonal TCM minimizes the 
effect of the error on coefficient estimates. 

In the CVM portion of the survey conducted for the 
1982 season, the bidding question was asked for each 
deer hunting trip made to estimate its value. This method 
combines the open-ended and the iterative bidding pro- 
cedures. Respondents were asked if and how much more 
they would have been willing to pay for the trip. If 
respondent indicated a specific amount (open-end), the 
value was recorded. If not, the iterative technique was 
implemented; the respondent was asked if the trip was 
worth successively higher amaounts, expressed in in- 
crements of 10%, until a maximum value was elicited. 
This value was recorded. Infinite values were not used 
in data analysis. If the respondent said the trip was not 
worth more, no protest question was asked in the 1982 

survey. 
The questions were revised and the survey for CVM 

repeated for the 1983 deer hunting season. In this survey, 
iterative bidding was employed rather than an open- 
ended willingness to pay question, but respondents were 
queried only about the last hunting trip of the season. 
(The 1983 survey instrument is also reproduced in the 
appendix). Results and discussion of these two surveys 
are given later. 
Information on the number of days hunted on a trip 

and the number of hours hunted per day was also elicited 
from the respondent in both the 1982 and 1983 surveys. 
This was used to convert TCM and CVM dollar values 
to a value per day and also a value per 12-hour Fish and 
Wildlife User Day (WFUD) as required for Forest Serv- 
ice analyses. The computation procedure for these values 
is in the appendix. 

Analysis for TCM 

The general flow of analysis of TCM data progresses 
from elementary analysis to computation of benefits via 
a series of related steps. This approach provided for feed- 
back and iterations when results indicated that further 
analysis of previous steps would increase knowledge of 
data relationships. In general, the analysis progressed 
as follows: 

1. Computation of elementary statistics for all trips 
and for trips separated into logical groups; 

2. Analysis of all variables to identify those that could 
logically be related to trips per capita in an economic 
sense; 

3. Correlation analysis of the most promising variables 
to identify those that were significantly associated with 
trips per capita; 

4. Regression runs with various combinations of ex- 
planatory variables; 



Table 1.—Profile of Idaho deer hunters, 1982 - License cost and sample information. 
(Sample size in parentheses) 

Rifle license holders Archery Muzzleloader All Idaho 
Survey Resident! Senior Nonresident? Nonresident Total stamp stamp deer 
data resident! backcountry holders? holders? hunters 

License & tag cost 13.00 N/C 126.00 126.00 5.50 5.50 

Number sold 142,663 4,301 9,561 999 157,524 _4 - 

Percent surveyed 0.925 0.535 0.847 2.102 0.917 - - 

Number contacted 1,320 23 81 21 1,445 195 262 1,902 

Number of hunters 
in data set 1,300 3 69 11 1,383 186 115 1,684 

Number of trips 
taken by sampled 
individuals 3,759 3 77 11 3,850 1,376 285 5,511 

Mean trips per hunter 2.892 1.000 1.116 1.000 2.784 7.398 2.478 3.273 

Motor vehicle miles 78 - 1,421 1,063 - 90 136 105 
traveled (3,627) (75) (10) (1,368) (285) (5,368) 

Small plane 150 340 175 - - - 197 
miles traveled (11) (4) (2) (17) 

Airline - - 2,300 - - ~ 2,300 
miles traveled (2) (2) 

Composite routine 76 - 1,402 1,416 - 90 136 104 
transport (3,759) (77) (11) (1,376) (285) (5,511) 

Cost per mile 0.218 - 0.176 0.227 - 0.178 0.159 0.183 

Jet boat 6 - - - - 125 20 54 
miles traveled (3) (3) (2) (8) 

Backpack 6 - - 9 - 5 5 6 
miles traveled (103) (7) (16) (5) (131) 

Horseback 18 - 30 12 - 23 14 18 
miles traveled (209) (5) (13) (24) (21) (275) 

Hours per 6.34 - 7.97 8.36 - 7.01 7.20 6.58 
day hunting (3,759) (77) (11) (1,376) (285) (5,508) 

Days per trip 1.79 - 6.00 8.45 - 1.83 1.78 1.87 
(3,759) (77) (11) (1,376) (285) (5,508) 

Number deer seen 6 44 29 - 8 32 3 
per trip (3,759) - (77) (11) (1,376) (285) (5,511) 

Success this trip® 1.10 - 1.43 1.45 - 1.00 1.15 1.09 
(3,759) (77) (11) (1,376) (285) (5,511) 

Number of people 2.69 - 3.13 2.64 - 2.22 2.11 2.54 
in a vehicle (3,759) (77) (11) (1,376) (285) (5,511) 

Travel, Dollars ae - 246 321 - 16 22 19 
(3,305) (76) (11) (1,369) (274) (5,511) 

Food®, Dollars 13 - 126 206 - 12 16 15 
(2,753) (73) (10) (1,251) (215) (4,305) 

Lodging®, Dollars 25 ~ 77 73 s 18 88 58 
(10) (27) (4) (9) (4) (54) 

Guide®, Dollars 20 - 1,205 1,267 - 1,087 
(2) (10) (3) = (16) 

Trip, Dollars 26 - 546 880 - 27 35 37 
(3,440) (77) (11) (1,373) (277) (5,181) 

‘License = $6.50; big game animal tag = $6.50; controlled hunt permit fee, if applicable = $3.50. N/C = no charge. 
2License = $75.50; big game animal tag = $50.50; controlled hunt permit fee, if applicable = $3.50. 
3Both residents and nonresidents hunting with these weapons must purchase the appropriate stamp in addition to applicable license 

and tag. 
4information not available. 
5This variable is coded as 1.0 no success, or 2.0 success; a value of 1.50 means half of the respondents trips resulted in a deer kill. 

®Not all hunters purchased this item. The mean is based on only those hunters that purchased the item. 
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Figure 2.—Big game management unit and regional boundaries established by the Idaho 
Department of Fish and Game 

5. Identification of promising regression runs based 
on economic theory and statistical significance; 

6. Testing of promising regression runs in the TCM 
benefits computation computer program; 

7. Compilation of benefits estimates and comparisons 
with each other and with various tests of reasonability. 

Several economic assumptions for the TCM were 
pointed out earlier. In addition, statistical assumptions 
that apply to estimation of any demand curve are also 

important (Rosenthal et al. 1984). Sufficient variation 
must exist in the data in order to statistically identify the 
demand function. In practice, people who take part in 
the activity must originate in areas diverse enough to pro- 
vide a range of distances. In order to get unbiased 
estimates, all relevant variables that affect demand must 
be properly specified in the regression. However, even 
though many variables are commonly candidates for in- 
clusion, usually only a few variables are important when 
tested statistically. Finally, analysts assume that no short- 



age exists for the good in question. This condition means 
that all demand at a given price can be satisfied. Conse- 
quently, no portion of demand is hidden or unobservable. 

Data 

For TCM analysis, the individual cases were grouped 
by county or, in some cases at longer distances, county 
groups. Within the state of Idaho and for bordering coun- 
ties of surrounding states, county level specification was 
used. Groups were developed for counties not immedi- 
ately adjacent to Idaho in neighboring states. Beyond this 
region, states were the unit of grouping. Trips per capita 
from each group of hunter origin could be calculated by 
dividing population into trips originating from a state 
or county group. 

This technique of considering county group and state 
populations as the basis for per capita computations 
mitigates the effect of leaving out blocks of population 
as distances and geographic area increase away from 
specific sites. Obviously as distance from a site increases, 
candidate origins are spread over an area that increases 
quadratically. Even if no trips from a given origin were 
included in the sample, it is likely that almost every coun- 
ty in Idaho supplied some hunters to many hunt areas. 
The regional travel cost approach in effect accounts for 
origins from which trips may originate but that are not 
sampled. 
Once data were aggregated, measures of substitute site 

attractiveness and site quality were calculated. Past ap- 
proaches used exogenous information on physical char- 
acteristics of the site under study and substitute sites. 
Because this analysis was in many respects a prototype 
analysis to evaluate the effectiveness of TCM and be- 
cause of the volume of the data, measures of site quality 
and substitute sites were limited to data contained in the 
survey and harvest data supplied in the annual IDFG 
harvest report. 
Hunting ‘‘quality’ is a concept with many facets. In 

at least one study success ratio was an important deter- 
minant of the willingness to pay for deer hunting in Colo- 
rado (Miller et al. 1977). Miller also found that willing- 
ness to pay decreased as hunter density increased. 
However, there were wide differences in these general 
findings depending on the type of hunter, i.e., resident 
or nonresident rifle, archery, muzzleloader, etc. A later 
study of deer hunters on private land in Colorado 
showed these same relationships (Gwynn and Schmidt 
1984). Consistent with studies such as these, several site 
quality measures were formulated to reflect hunting 
quality. The variable, total harvest in 1981, was signifi- 
cant in the regression analysis. Those site quality 
variables tested but found to be insignificant in regres- 
sion analysis included total animals seen, hunters per 
square mile in 1981, harvest per square mile, total 
animals seen per day, average number of days hunted, 
average number of hours hunted and hunter days per 
square mile. Although all these variables are relevant to 
management, these data indicate the previous year’s 
harvest is the most statistically important variable of site 
quality as measured in this study. 

Two methods for measuring substitute sites were 
tested. In the first, for a given hunt area, total animals 
seen this year (1982) and total harvest at the site last year 
(1981) were each divided by distance traveled from each 
origin. The numerator was taken as a measure of hunt- 
ing quality at the site. The distance variable is related 
to the cost of obtaining this level of quality at that site. 
Thus, the substitute measure was in essence total animals 

seen (or total harvest) per mile traveled. The alternative 
site, other than the specific hunt area under analysis, that 
had the greatest total animals seen (total harvest) per mile 
traveled, compared to all other sites visited from a given 
origin, was selected as the best substitute for that origin. 
However, these substitute measures were not significant 
in the regression analysis. 
The second method for measuring substitute sites was 

a variation of the first measure. Instead of selecting one 
substitute site for that origin, the one with the greatest 
quality per mile, it considered the sum of quality per mile 
based on all sites visited from a particular origin that had 
a greater quality per mile than the particular site in ques- 
tion. This measure was felt to reflect the quantity of all 
alternative sites available to that origin. This substitute 
measure was tested using the sum of total harvest per 
mile of higher ratio sites and the sum of total animals 
seen per mile of higher ratio sites. Neither proved statis- 
tically significant. 

Because no measure of substitutes was found signifi- 
cant in the regression analysis, the possibility exists that 
benefit estimates are an overestimate of consumer 
surplus. Normally, a substitute measure has a negative 
coefficient, so when substitutes for a given hunt area in- 
crease, theoretically trips per capita and consumer 
surplus should decrease. If substitution effects are, in 
fact, operating in the Idaho deer hunting system, but can- 
not be quantified by analysis of available data, then the 
degree of overestimation is not known; however, later 
comparison to the CVM results and comparison to other 
studies may provide some indication. 
Income and income squared were tested because of 

the hypothesis that income has an influence on pur- 
chases of trips to a recreation site, although Martin et 
al. (1974) found income does not necessarily enter in a 
linear fashion. For example, as income increases hun- 
ting activity may increase due to more trips by current 
hunters or to trips made by new hunters; however, fur- 
ther increases in income do not often result in the same 
proportional increases in hunting. Income entered into 
the analysis with a negative coefficient, indicating deer 
hunting may be considered an inferior good.*° Without 
specific income and hunting preference data for each 
respondent it is not possible to determine the degree, if 
at all, to which deer hunting can be considered an in- 
ferior good relative to other more expensive and time- 
consuming recreational activities such as bighorn sheep 
or mountain goat hunting. The inferior good relation- 

‘This term does not imply inferiority in quality or in any social 
sense; rather, it merely refers to the economic relationship between 
quantity demanded and income. Hamburger, for example, is often 
considered an inferior good in the economic sense, because often 
as income rises, less hamburger, and possibly more steak, is 
purchased. 



ship may be founded in the correlation between income 
and distance traveled.® In table 2, this correlation is 
+ 0.4071, highly significant for these data. The rural areas 
adjacent to good deer hunting units likely have lower 
county per capita income relative to more urbanized 
areas further away. Thus, necessary distance traveled 
and income tend to increase together. The net effect is 
that increasing distance is associated with increasing 
prices paid by hunters to access a given area. And, as 
noted, income also increases with increasing distance 
but per capita participation rates decrease, giving the ap- 
pearance of an inferior good. It is also possible that as 
income rises, a different form of hunting is demanded, 
such as special weapons stamps or limited hunt permits 
in remote areas that involve a longer hunt using more 
specialized and expensive equipment. 

Regression Analysis 

Prior to actually running regression analyses on the 
computer, the data were checked with an extensive cor- 
relation analysis to determine those variables best related 
to trips per capita. In addition, this analysis also provided 
information about correlation between potential in- 
dependent variables so as to minimize the possibility of 
multicollinearity. 
Two basic functional forms have been found useful in 

previous work—the linear and exponential models. 

The linear model is 

TPC=b,+ b,RTDIST +b,TUHLY +b,INC +b,SUBS [2] 
and the exponential model is 

In(TPC)=b, +b,RTDIST 
+b, TUHLY +b,INC +b,SUBS [3] 

TPC = trips per capita, i.e., trips from a given 
origin to a particular hunt area divided 
by the origin’s population 

RTDIST = round-trip distance from a particular 
origin to a particular hunt area 

TUHLY = total unit harvest in the previous year 
(i.e., 1981) in given hunt area 

INC = per capita income of a county 
SUBS = one of the several substitute indices 

that were tried. 

Several variations or tranformations of the independent 
variables were tried for each model to achieve the best 
possible regression equation. 
The criteria for judging how well each regression per- 

formed were both statistical and empirical. Of course, 
the regression had to account for a statistically signifi- 
cant amount of variation in the data. The coefficient of 
multiple determination (R’), the F-statistic in an associ- 
ated analysis of variance, and t-statistics for individual 
independent variables all helped to determine adequacy. 
In addition, each regression passing these tests was 
tested in the computer program that computes willing- 

5Personal communication from Terry Raettig, Regional Econo- 
mist, Region 1, USDA Forest Service, Missoula, Mont., August 21, 
1984. 

where 

ness to pay benefits. If actual visits over all hunt areas 
were estimated within approximately + 10% by the ben- 
efits model, then the regression was a candidate for full 
consideration. 
Bowes and Loomis (1980) argued that unequal sizes of 

population groups require a weighting factor for 
avoiding heteroskedasticity and thus improving both 
benefit and use estimates. This weighting factor on all 
variables in the linear model (equation [2]), including the 
dependent variable, is the square root of population. 
Vaughan and Russell (1982) and Strong (1983), however, 
show that if the log of visits per capita (i.e., the exponen- 
tial form, equation [3]) is chosen as the functional form, 
heteroskedasticity will be so greatly reduced that weight- 
ing by square root of population may be unnecessary. 
However, the conclusions of the cited authors depends 

on characteristics of specific data bases. Thus, in this 
case several criteria important in deciding on the 
relevance of the regression were examined. First, the 
Regional Travel Cost Model was intended to estimate 
benefits accruing from an existing set of sites, not to 
estimate use at a new site. Therefore, goodness of fit of 
the model was tested according to the procedures 
developed by Rao and Miller (1965) to determine whether 
the natural log of visits per capita or natural log of 
distance performed best’. These test statistics indicated 
natural log of visits per capita was better. In addition, 
examination of the residuals showed a random pattern 
well spread out in terms of positive and negative values 
and runs of sign. Finally, estimated visits were compared 
with actual visits. If estimated visits were fairly close to 
actual visits (+ 10%) the natural log of visits per capita 
was used rather than Bowes-Loomis (1980) weighting. 
Ziemer et al. (1980), Vaughan and Russell (1982), and 

Strong (1983) contend that because of the pattern by 
which trips per capita falls off at greater distances and 
because of the potential for heteroskedastic variances, 
the functional form with natural log of visits per capita 
(equation [3]) is preferred to a functional form with either 
linear visits or natural log of distance. Their point is that 
either of the latter two functional forms will predict 
negative visits for a few high cost origins and, because 
negative visits are contrary to intuition, the natural log 
of visits per capita functional form is preferable. 
Another reason that the exponential functional form 

may work better here than the other two forms is the 
possibility of a “switching function’ based on dis- 
tance.® For any given origin, distance to hunt areas is 

7The essential problem in comparing goodness of fit for two 
regressions like these with differing functional forms is that com- 
paring the residual sums of squares to determine which has the 
lesser value is not valid because the unit of measurement rather 
than the functional form is the operative factor in decreasing the 
sum of squares. However, by standardizing the variables so that 
variance does not change with measurement units, the two forms 
may be compared. The comparison of each equation’s sum of 
squares is done by means of a nonparametric ratio test on the sums 
of squares. The test statistic follows a chi-square distribution with 
one degree of freedom (Box and Cox 1964). When the test statistic 
is greater than the chosen critical value, the null hypothesis that 
the two functions are empirically similar may be rejected. 

8Personal communication from Elizabeth Wilman, Department of 
Economics, University of Calgary, Alberta, Canada, August 27, 1984. 



Table 2.—Correlations between relevant variables. ! 

Trips per capita 

— 0.1517 Mean round-trip distance 

— 0.0991 + 0.7192 County population 

— 0.1268 + 0.4071 + 0.4676 County per capita income 

— 0.0632 + 0.1724 + 0.2045 + 0.1323 Number of animals seen this trip 
n.s. nk wae tke 

+ 0.0852 — 0.0918 — 0.0785 — 0.0610 — 0.0840 Hunter density last year 
: re n.s. n.s. = 

+ 0.0702 — 0.0145 — 0.0063 + 0.0057 — 0.0244 + 0.6672 Harvest density last year 
n.s. n.s. n.s. n.s. n.s. ai 

+ 0.1069 — 0.0258 — 0.0381 + 0.0156 — 0.0993 + 0.9004 + 0.5951 Hunter-day density last year 
7 n.s. n.s. n.s. n.s. aonat ie 

+ 0.1267 — 0.0706 — 0.0393 +0.0151 — 0.0573 + 0.4742 + 0.4648 0.4755 Total unit harvest last year 
ig n.s. n.s. n.s. n.s. wee iy pais 

* 95% level 
** 99% level 

*** 99.5% level 
n.s. = not significant. 

'Two-tailed test of significance: 

likely to be associated with short trips, i.e., 1- or perhaps 
2-day trips, until some certain threshold distance is 
reached. Above this threshold range, trip length to 
faraway hunt areas is likely to be greater than 1 or 2 days’ 
duration because of cost. Trip length may be one aspect 
of a much more complex phenomenon regarding the 
choice of hunting product (e.g., day- or camp-oriented 
hunting, special weapons hunting) that is sought (Driver 
1985). All of this speculation is based on the possibility 
of the existence of multiple demand curves, one for each 
type of product. The exponential functional form may 
fit better than other functions the amalgam of data points 
generated by surveys such as Idaho’s. This survey asked 
for data based only on the generic activity “‘deer hunt- 
ing,” rather than any more complex set of activities or 
products. 

Calculation of TCM Benefits 

To calculate the second stage demand curve that is the 
basis for estimates of consumer surplus, it is necessary 
to convert distance to dollars. Travel costs to a site are 
made up of transportation costs and travel time costs. 
Travel time is included because it is often a limiting fac- 
tor and acts as a deterrent to visiting more distant sites. 
In addition, omission of travel time will bias the benefit 
estimates downwards (Cesario and Knetsch 1970, 
Wilman 1980). 
The value of travel time was set at one-third of the wage 

rate as prescribed by the U.S. Water Resources Council 
(1979, 1983). This is the mid-point of values of travel time 
that Cesario (1976) found in his review of the transpor- 
tation planning literature. It must be kept in mind that 
the use of one-third the wage rate is not necessarily in- 
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tended to measure wages forgone during the time spent 
traveling, but rather to include the deterrent effect of 
scarce time on the decision of which sites to visit. This 
study used the U.S. Department of Labor estimate of a 
median wage of $8.00 an hour because estimates of in- 
dividual income were not collected. One-third of this is 
$2.67 per hour. It would have been desirable to use the 
actual wage rate for deer hunters rather than this $8.00 
average wage, because these individuals may have in- 
comes different than the general average in their home 
counties. 
Conversion of round-trip mileage to transportation 

costs was done in three steps. First, mileage was con- 
verted to transportation cost per vehicle. This was done 
based on variable automobile costs, such as gasoline, 
from the U.S. Department of Transportation (1982). Their 
estimate for an intermediate size car class was a cost of 
$0.135 per mile in 1982. With approximately 2.54 hunters 
per vehicle this standard cost per person was approx- 
imately $0.05 per mile. A mileage figure for pickup 
trucks was not available. 
Transportation cost also was estimated using the 

hunters’ reported cost per mile rather than the standard 
cost per mile of $0.135. Respondents reported that their 
share of trip transportation costs, when divided by 
round-trip distance, equaled approximately $0.18 per 
mile. This may be a more appropriate value to use 
because it is the price perceived by respondents. That 
is, the quantity of trips consumed would probably be 
more closely related to the perceived cost rather than 
some standardized cost. Additionally, the Department 
of Transportation figure reflects costs of suburban driv- 
ing with an intermediate size car. Deer hunting may in- 
volve use of a four-wheel-drive pickup, often with a 
camper shell. Roads traveled would rarely resemble 



those in suburbia. These considerations would raise the 
transportation costs above that of an intermediate size 
car. 

Increasing the transportation cost per mile from $0.135 
to $0.183 increases total travel cost per person per mile, 
including travel time, from $0.12 to approximately $0.14 
per person per mile. (See the appendix for exact compu- 
tations.) The net effect is to now associate the quantity 
of trips made with a higher price per trip, which trans- 
lates into a rightward shift in the upper portion of the 
second stage demand schedule. This shift results in an 
increase in total and, therefore, per trip consumer 
surplus. 
To provide the most useful information for valuation 

of Idaho deer hunting and to allow comparison to other 
studies, net willingness to pay is calculated and pre- 
sented in the results using both standardized and re- 
ported cost. For a given increment in distance or added 
miles, the transportation cost and value of travel time 
for the amount of time required to travel that distance 
increment are added together. This rescales the vertical 
axis of the second stage demand curve from miles to 
dollars. The area under the second stage demand curve 
yields estimated sample consumer surplus. Dividing this 
by number of sample trips yields estimated consumer 
surplus per trip. 

Finally, whenever entry or license fees are charged for 
access to public facilities or goods, as for hunting and 
fishing, the Water Resources Council (1983:78) notes that 
for economic efficiency analysis such charges should be 
added to the gross amount of consumer surplus. 
Although these types of charges are a transfer of con- 
sumer surplus from the hunter to the government, they 
contribute to net social welfare and should be counted 
in total net willingness to pay. Such fees would be 
counted as benefits in a benefit-cost analysis. However, 
these same fees must be prorated over total number of 
trips taken. The net effect, if any, of including fees for 
computing benefits per trip, per ordinary day, or per 
WFUD depends on the fee magnitude and the number 
of trips taken. 

Analysis for CVM 

In the 1982 survey, the mean net willingness to pay 
was Calculated once missing values, outliers, and infinite 
bids were removed. When asked if a trip was worth 
more, 88.8% responded “‘yes.”’ Any bid greater than 
$1,000 was screened as a possible outlier by looking at 
the respondent’s origin, hunt unit visited, number of 
hours of hunting, and number of days of hunting. Based 
on these variables, a subjective decision was made as to 
the validity of the bid. For the 1983 survey, the improved 
question format allowed for more objective analysis of 
the data. 

RESULTS AND DISCUSSION 

Hunter Profile 

Table 1 presents a summary profile of the data col- 
lected in the 1982 deer hunter survey for the TCM and 
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CVM analyses. Results are based on 5,511 individual 
trips taken by 1,684 hunters. Based on these data, hunter 
behavior appeared to vary somewhat by group. For ex- 
ample, resident rifle hunters and nonresident backcoun- 
try deer hunters had similar travel costs per mile, which 
were significantly greater than those for nonresident rifle 
hunters and primitive weapons hunters. Nonresident 
hunters stayed afield much longer than residents (6 to 
8 days versus 2 days for residents) and took fewer trips 
than residents. This behavior fits with the concept of a 
distance-related ‘‘switching function” that relates to 
numbers and lengths of hunting trips. Nonresidents’ suc- 
cess rate was considerably greater when considered as 
a group. Nonresident rifle hunters tended to travel in 
larger groups and primitive weapons hunters in smaller 
groups, than typical for regular rifle hunters. 

Travel Cost Method 

Correlation Analysis 

Some 90 variables resulted from various data sources 
and from mathematical transformation of fundamental 
variables. These were reviewed through the logic of their 
meaningful association with trips per capita and through 
a formal correlation analysis. Table 2 shows the correla- 
tions for those variables that passed both screens. 

All the listed variables are significantly related to trips 
per capita at least at the 5% level except for “number 
of animals seen this trip” and “harvest density last year.” 
Even though these two variables did not pass both the 
logic and correlation screen, they have merit as poten- 
tial indexes of attractiveness in their fundamental or 
transformed states. 

Regression Analysis 

The logical analysis and preliminary statistical analysis 
identified those variables most likely to be strongly asso- 
ciated with trips per capita and, in fact, to have a predic- 
tive capacity. Regression analyses were made with both 
the full equation specified and in stepwise fashion. The 
functional forms were basically those previously dis- 
cussed, with some experimental variations. 
The form of regression equation that best explains the 

relationships in the data from several statistical points 
of view is that of equation 3, but without the substitute 
term. The terms in the equation and their associated 
statistics are shown in table 3. Individual terms are each 
significant at least at the 5% level. This exponential 
model is highly significant with an F-value of 232.9 and 
with an R? value of 0.57. 
When tested empirically as a predictor of use over all 

hunt areas, the equation estimated 5,666 visits for the 
sample data. Since visits for the data were 5,511, the er- 
ror in this estimate is 2.81%. Although such a com- 
parison is not a statistically rigorous test, the close 
comparison is encouraging. Note that the equation does 
not contain a term for the effect of substitute hunting 
areas. 



Table 3.—Regression' for trips per thousand people (kilo capita, TPCK).? 

Coefficient 

Variable Coefficient value standard error ”t” statistic 

Constant bo + 3.0984 0.4505 6.88 

RTDIST b, — 0.002438 0.0001546 -15.77 

TUHLY b, + 0.0004039 0.0001235 3.27 

CPCIN b — 0.0008472 0.00007400 -11.45 
ies) 

' In the form of equation [3], but without the substitution variable, which was not significant. 
2All figures shown to four nonzero significant digits except for the t statistics shown to two 

digits. NOTE: This regression was specified with scaled data for trips per capita such that the 
dependent variable is actually “log natural of trips per thousand people” or in other words, “‘trips 
per kilocapita.”’ This transformation allowed a more useful range of significant digits in com- 
puter output. 

Benefit Computation 

The specified regression is a statistical estimate of the 
demand curve for a given hunt area from a given origin. 
Round-trip distance (RTDIST) depends on both origin 
and destination; county per capita income (CPCIN) 
depends on the origin; and total unit harvest last year 
(TUHLY) depends on the destination. When each of these 
quantities for a given hunt area and orgin are substituted 
into the equation, the result is an estimate of the quan- 
tity (q) of hunting participation (in trips per thousand 
people) demanded from the given origin, at a price (p) 
based on the costs of travel from origin to site. This is 
represented by curve D, in figure 1, often called the 
stage I demand curve. For example, in figure 3, curves 
1 (a single point), 2, and 3 are stage I demand curves for 
visits per thousand people to hunt area 5 from Benewah, 
Kootenai, and Latah counties, respectively. It is likely, 
though not expressed in our data, that hunters from other 
origins also visited this particular hunt area. 

That portion of the stage I demand curve above the 
price line, viz, only the part shown in figure 3, is summed 
horizontally with all other such demand curve portions 

800 92.49 

700 80.92 

69.36 

57.80. 500 

48.32 

Added miles of travel Added cost of travel, ($) 

300 36.24 

200 24.16 

100 12.08 

1 2 3 4 5 6 7 8 9 

Number of trips 

Figure 3.—Illustration of stage | and Il demand curves for big game 
management unit (i.e., hunt unit) 5. 
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for origins that provide visitors to a hunt area. The 
resulting composite curve, here for hunt area 5, is often 
termed a stage II demand curve, curve 4 in figure 3. 
Because only the portion of the each stage I curve above 
the price line is summed to make the stage II demand 
curve, it relates demand and price over and above the 
price actually paid by travelers from each origin to the 
specific site. Thus, the entire area under the stage II de- 
mand curve, as defined here, is an estimate of the con- 
sumer surplus benefits that accrue to the hunt area. 
When the benefits for each site are summed over all 

sites, the total is the consumer surplus generated by the 
sampled hunters as they visited their respective hunt 
areas. Total consumer surplus over all hunters would be 
estimated by multiplying estimated sample benefits by 
the sample blowup factor, i.e., the inverse of the sam- 
pling proportion. For our sample the inverse of the sam- 
pling proportion, 0.917% from table 1, is 109. 
The associated estimate of consumer surplus per hunt- 

ing trip is obtained by dividing estimated sample con- 
sumer surplus by estimated sample visits. Table 4 
summarizes the results of the benefit computations. 
These results do not include the per trip share of con- 

sumer surplus expended in license fees. Table 1 shows 
that in 1982 the typical resident rifle deer hunter made 
2.887 trips and paid (transferred consumer surplus) 
$13.00 for both a big game license ($6.50) and a deer tag 
($6.50). In contrast, nonresident hunters typically made 
one trip and paid much higher fees so, arguably, their 
license price (transferred consumer surplus) should be 
included in their overall benefit estimation. However, 
because resident deer hunters greatly outnumber non- 
residents, the general results reported in table 4 are not 
significantly affected by the magnitude of nonresident 
fees and so do not include transferred consumer surplus 
due to license fees. 
Complete results of willingness to pay per trip for 

IDFG management regions, areas, and almost all big 
game units in Idaho are given in table 5. As the 
geographic scope in table 5 becomes smaller, i.e., from 
region to area to BGMU, the potential variability in- 
creases for the corresponding value estimates. Any dif- 
ferences in the amounts shown in tables 4 and 5 for the 



Table 4.—Summary of consumer surplus benefit estimates with TCM under several mileage 
rate assumptions and with CVM. 

Total Benefits Benefits Benefits 
sample per per per 12-hr 

Method benefits trip day WFUD 

TCM (1982) 

At standard cost, 13.5¢/mile $247,856 $43.74 $23.39 $42.66 

At overall actual cost, 18.3¢/mile 284,627 50.23 26.86 48.99 

For double deer harvest at overall 422,227 152.17 27.90 50.88 
actual cost, 18.3¢/mile 

At resident rifle hunter actual 311,439 54.97 30.71 58.13 
cost 21.8¢/mile 

CVM 

1982 224.46 not computed 

1983 40.09 19.18 36.08 

'This figure is total, not incremental. The increment in benefits per trip for double deer 
harvest is: $52.17 — 50.23 = $1.94. 

2The CVM survey in 1982 was likely biased downward because of open-ended questions and 
no mechanism to clarify infinite bids. The revised 1983 survey improved these conditions. (See 

appendix) 

statewide summary is a result of rounding in the com- 
pilation of table 5. 
Because vehicle cost is one of two components of total 

cost per person per vehicle mile (CPVM), the benefit 
estimates are moderately sensitive to changes in the 
operating cost of the vehicle. Figure 4 shows the rela- 
tionship between dollars per mile, the independent 
variable, and vehicle operating cost per mile and benefits 
for the total sample and for each trip. The relationships 
are linear and depend on assumptions about time cost 
and vehicle speed, as discussed earlier. The two graph 
lines in figure 4 indicate there is not a direct proportional 
relationship between a vehicle cost charge per mile and 
the resulting benefit change, viz. 

$0.183/mile _, $50.23/trip 

$0.135/mile $43.74/trip 

Total sample benefits, ($) Benefits per trip, ($/trip) 

13 14 15 16 17 18 19 20 21 22 

Vehicle operating cost, (¢/mile) 

Figure 4.—Effect of vehicle operating cost estimates on total sam- 
ple benefits and per trip benefits. 

Total benefits and benefits per trip increase as unit 
travel costs increase because hunters who travel longer 
distances imply they are willing to pay the high prices 
associated with the distance. Therefore, as the unit cost 
of travel increases, the consumer surplus also increases. 
This result occurs because people living closer can en- 
joy the same hunting areas at relatively less price paid 
(i.e., distance traveled). 

Contingent Value Method 

Compilations of the CVM data show that the mean bid 
by deer hunters for current conditions during the 1982 
hunting season, based on 2,226 valid bids, was $24.46 
per trip. 

CVM data for 1983 show a mean bid value of $40.09. 
The relationship with 1982 CVM data and with TCM is 
discussed below, as is the variation in the CVM esti- 
mates. The 1983 results are more useful because of im- 
provements in the CVM bid questions. In 1983 Idaho 
deer hunters surveyed in the CVM portion of the study 
spent 2.09 days per trip in the field, so the CVM-based 
value per day is $19.18. On the basis of a 12-hour Wildlife 
and Fish User Day (WFUD), the value would be $36.08, 
because Idaho deer licensees hunted 6.38 hours per day 
in 1983. See the appendix for a presentation of the 
method for these computations. 

Comparison of TCM and CVM 

From the values obtained by TCM and CVM,, it is ap- 
parent that differences exist. Figure 5 contains plots of 
the confidence intervals for the CVM estimates and sen- 
sitivity intervals for the TCM estimates. The CVM con- 
fidence interval for 1982 is $21.66 per trip to $27.26 per 
trip with a mean value of $24.46 per trip. For the 1983 



REGION 

Area 

BGMU' 

REGION 1 

Area 1 

REGION 2 

Area 1 

8 

8A 

9A 

10 

10A 

11A 

12 

15 

16 

Total 

Area 2 

11 

13 

14 

18 

19 

Total 

Area 3 

16A 

17 

20 

Total 

TOTAL 

REGION 3 

Area 1 

123 

Area 2 

19A 

25 

Total 

Area 3 

20A 

26 

Total 

Estimated 

sample 

trips 

197.03 

38.63 

17.50 

9.99 

263.15 

21.47 

28.49 

5.83 
4.27 

60.06 

323.21 

20.63 

17.73 

1374.36 

23.09 

26.52 

86.30 
25.74 

6.21 
1580.58 

22.17 

4.53 

15.73 
13.13 

8.19 

63.75 

7.78 
19.36 

20.19 

47.33 

1691.66 

20.89 

16.44 

25.66 

42.10 

8.84 

698.80 

707.61 

Table 5.—TCM (1982) and CVM (1983) willingness to pay and visit estimates 

Quality level 

TCM survey, 1982 season 

as reported by hunters” 

At standard cost 

Total 

WTP 

11885.63 

2475.66 

782.88 

362.78 

15506.95 

908.14 

1323.26 

216.87 
151.21 

2599.48 

18106.43 

714.97 

698.79 

56657.69 

695.41 

972.19 

4116.00 

917.14 

161.77 
64833.96 

886.42 

108.54 

779.04 

657.10 

323.08 

2754.18 

280.29 
707.97 

783.91 

1772.17 

69460.31 

873.64 

579.66 

1057.65 

1637.31 

367.44 

32153.84 

32521.28 

WTP 

per trip 

60.32 

64.09 

44.74 

36.31 

58.93 

42.30 

46.45 

37.20 
35.41 

43.28 

66.02 

34.66 

39.41 

41.23 
30.12 

36.66 
47.70 

35.63 

26.05 
41.08 

39.98 

23.96 

49.53 
50.05 

39.45 

43.20 

36.03 
36.57 

38.83 

37.44 

41.06 

41.82 

35.26 

41.22 

38.87 

41.57 

46.01 

45.96 

At actual cost 

Total 

WTP 

14294.36 

3015.80 

915.26 

418.69 

18644.11 

1059.78 

1561.53 

252.32 

172.86 

3046.49 

21690.60 

825.26 

824.01 

63482.68 

783.67 

1111.77 

4831.93 

1058.04 

183.22 
73100.58 

1015.17 

124.84 

955.45 
786.04 

380.84 

3262.34 

320.43 

825.50 

889.75 

2035.68 

78398.60 

1028.37 

658.48 

1241.52 

1900.00 

431.43 

36767.51 

37198.94 

WTP 

per trip 

72.55 

78.07 

52.30 

41.91 

70.85 

49.36 

54.81 

43.28 

40.48 

50.72 

67.11 

40.00 

46.48 

46.19 

33.94 

41.93 

55.99 
41.11 

29.50 
46.25 

45.79 

27.56 

60.74 
59.87 

46.50 

51.17 

41.19 

42.64 

44.07 

43.01 

46.34 

49.23 

40.05 

48.38 
45.13 

48.80 

52.62 

52.57 

Double quality level 

at reported cost 

Estimated 

sample 

trips 

605.82 

51.45 

23.31 

11.39 

691.97 

33.59 
43.63 

6.65 
4.29 

88.16 

780.13 

30.41 

23.93 

2102.82 

30.66 

33.91 

95.20 

34.92 

6.74 
2358.59 

27.26 

4.92 

18.83 
14.73 

8.46 

74.20 

7.90 

21.19 

21.38 

50.47 

2483.26 

25.43 

18.73 

27.40 

46.13 

9.05 

722.03 

731.08 

14 

Total 

WTP 

45068.48 

4087.75 

1272.51 

503.98 

50932.72 

1792.64 

2547.41 

299.81 

173.77 

4813.63 

55746.35 

1388.48 

1204.97 

97534.17 

1152.63 

1501.60 

5398.00 

1571.35 

200.06 
109951.26 

1276.93 

135.51 

1210.13 

897.50 

393.51 

3913.58 

337.14 
929.54 

966.86 

2233.54 

116098.38 

1314.78 

760.13 

1363.25 

2123.38 

442.01 

37990.25 

38432.26 

WTP 
per 
trip 

74.39 

79.45 

54.59 

44.25 

73.61 

53.37 

58.39 

45.08 
40.51 

54.60 

71.46 

45.66 

50.35 

46.38 

37.59 

44.28 

56.70 

45.00 

29.68 
46.62 

46.84 

27.54 

64.27 

60.93 

46.51 

52.74 

42.68 
43.81 

45.22 

44.25 

46.75 

51.70 

40.58 

49.75 

46.03 

48.84 

52.62 

52.57 

for big game management regions, areas, and units in Idaho. 

Current 

conditions 

Number 

sampled 

Mean and 

bid usable 

23.889 27 

24.444 9 

12.000 5 

2.500 2 

21.628 43 

46.786 14 

75.000 2 

21.667 3 

45.789 19 

29.032 62 

8.125 8 

18.571 7 

49.286 7 

17.000 5 

31.250 4 

35.000 8 

26.410 39 

35.500 6 

100.000 1 

28.750 4 

50.000 1 

39.833 12 

345.000 3 

345.000 3 

47.092 54 

0.000 1 

11.667 3 

8.750 4 

87.500 4 

550.000 2 

241.667 6 

CVM survey, 1983 season 

Double 

sightings 

Mean Number 

for extra sampled 

amount and 

bid usable 

7.963 27 

17.222 9 

10.000 4 

7.500 2 

10.119 42 

11.357 14 

100.000 2 

10.000 3 

20.474 19 

13.344 61 

4.625 8 

6.667 6 

16.429 r/ 

3.000 5 

5.000 4 

21.250 8 

10.448 38 

19.000 6 

50.000 1 

5.000 4 

50.000 1 

19.500 12 

333.333 3 

333.333 3 

30.774 53 

10.000 1 

5.000 2 

6.667 3 

60.000 4 

12.500 2 

44.167 6 



Table 5.— Continued 

TCM survey, 1982 season CVM survey, 1983 season 

Quality level Double quality level Current Double 

REGION as reported by hunters? at reported cost conditions sightings 

Number Mean Number 

Area Estimated At standard cost At actual cost Estimated WTP sampled for extra sampled 

sample Total WTP Total WTP sample Total per Mean and amount and 

BGMU! trips WTP per trip WTP per trip trips WTP trip bid usable bid usable 

Area 4 

22 34.29 1341.77 39.13 1542.36 44.98 54.09 2601.04 48.09 28.571 7 7.143 7 

31 37.80 1468.25 38.84 1668.68 44.15 51.88 2400.27 46.27 22.500 8 7.500 8 

Total 72.09 2810.02 38.98 3211.04 44.54 105.97 5001.31 A720) °25:333 15 7.333 15 

Area 5 

32 45.46 1789.90 39.37 2034.05 44.74 69.61 3267.48 46.94 58.750 4 6.250 4 

32A 30.27 1234.11 40.77 1412.49 46.66 47.50 2324.98 48.95 63.571 7 30.714 7 

Total 75.73 3024.01 39.93 3446.54 45.51 117.11 5592.46 47.75 61.818 11 21.818 11 

Area 6 

24 105.77 5449.85 51.53 6409.03 60.59 123.22 7502.83 60.89 21.667 3 6.667 3 

Area 7 

33 21.51 870.31 40.46 1003.60 46.66 27.55 1335.09 48.46 180.000 6 10.000 6 
34 5.01 146.55 29.25 165.24 32.98 5.22 172.12 32.97 15.000 2 107.500 2 

35 14.54 672.67 46.26 792.04 54.47 14.82 807.22 54.47 - - - - 

Total 41.06 1689.53 41.15 960.88 47.76 47.59 2314.43 48.63 138.750 8 34.375 8 

Area 8 

39 87.35 4046.70 46.33 4702.94 53.84 235.56  13300.91 56.47 42.857 21 24.524 21 

Area 9 

38 4.86 330.87 68.08 409.59 84.28 4.94 416.27 84.27 - - - - 

Area 10 

40 85.97 3625.24 42.17 4156.52 48.35 126.64 6357.95 50.20 30.500 10 20.700 10 

Area 11 

41 45.38 2293.09 50.53 2718.56 57.91 53.46 3254.94 60.89 79.167 6 59.167 6 

42 10.95 380.75 34.77 425.80 38.89 11.89 477.49 40.16 106.250 4 6.250 4 

Total 56.33 2673.84 47.47 3144.36 55.82 65.35 3732.43 S/d 90.000 10 38.000 10 

TOTAL 1299.79 58682.29 45.15 67568.21 51.98 1629.02 86089.01 52.85 66.193 88 23.356 87 

REGION 4 

Area 1 

43 76.23 3289.11 43.15 3787.67 49.69 140.96 7282.29 51.66 32.333 15 24.667 15 

Area 2 

44 8.00 386.25 48.28 461.70 57.71 9.68 578.13 59.72 - - - - 

Area 3 

48 87.30 3337.41 38.23 3736.09 42.80 167.68 7578.93 45.20 41.250 8 11.250 8 

Area 4 

49 27.90 1365.02 48.93 1647.53 59.05 33.41 2045.76 61.23 32.500 2 10.000 2 

Area 5 

45 19.65 976.61 49.70 1155.44 58.80 22.05 1286.73 58.36 75.000 1 220.000 1 

52 20.22 713.69 35.30 832.75 41.18 21.63 957.21 44.25 116.250 8 1.875 8 

Total 39.87 1690.30 42.40 1988.19 49.87 43.68 2243.94 51.37 111.667 9 26.111 9 

Area 6 

53 - - - - - - - - - - - - 

Area 7 

46 18.00 739.42 41.08 859.97 47.78 19.37 937.32 48.39 43.333 3 6.667 3 

Area 8 

47 - - ~ - - - - - - - - - 

54 90.12 4536.29 50.34 5321.10 59.05 148.22 8916.37 60.16 26.000 5 10.000 
55 2.37 122.64 51.75 151.82 64.06 3.23 234.53 72.61 100.000 1 0.000 1 

56 56.86 2307.43 40.58 2665.56 46.88 76.26 3740.33 49.05 48.000 15 11.643 14 

57 - - - - - - ~ - - ~ - - 

Total 149.35 6966.36 46.64 8138.48 54.49 227.71 12891.23 56.61 45.238 21 10.650 20 

TOTAL 406.65 17773.87 43.71 20619.63 50.71 642.49  33557.60 52:235 50021 58 16.632 57 
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REGION 

Area 

BGMU' 

REGION 5 

Estimated 

sample 

trips 

5.73 
9.77 

15.50 

17.83 
147.55 
165.38 

98.93 
27.39 
28.87 

155.19 

29.28 
20.36 
25.17 
74.81 

10.34 
79.39 
30.26 

119.99 

530.87 

13.99 
19.58 
25.52 
54.79 
28.38 
42.68 

184.94 

666.05 

7.75 
14.06 
3.13 

690.99 

140.98 

42.46 
35.82 
15.86 
16.40 
4.87 

115.41 

39.15 
40.47 
6.08 

85.70 

11.88 
32.83 
18.06 
32.77 
95.54 

Quality level 

Table 5.— Continued 

TCM survey, 1982 season 

as reported by hunters? 

At standard cost 

Total 

WTP 

305.95 
493.44 
799.39 

769.06 
6416.96 
7186.02 

4778.92 
1700.77 
1466.67 
7946.36 

1171.95 
770.55 
888.74 

2831.24 

446.68 
3581.78 
1310.10 
5338.56 

24101.57 

395.56 
714.57 

1152.47 
2732.57 
1017.13 
1501.29 
7517.59 

27424.36 

198.70 
512.35 
87.39 

28222.80 

7044.76 

1669.26 
1361.18 
617.92 
707.42 
179.37 

4535.15 

1662.42 
1554.81 
161.31 

3378.54 

427.55 
1653.87 
853.15 

1528.09 
4462.66 

WTP 

per trip 

53.39 
50.51 
51.57 

43.13 
43.49 
43.45 

48.31 
62.09 
50.80 
51.20 

40.03 
37.85 
35.31 
37.85 

43.20 
45.12 
43.29 
44.49 

45.40 

At actual cost 

Total 

WTP 

366.68 
581.65 
948.33 

907.29 
7368.42 
8275.71 

5579.86 
2078.07 
1728.52 
9386.45 

1339.99 
875.88 

1005.43 
3221.30 

522.72 
4167.41 
1526.95 
6217.08 

28048.87 

447.70 
830.40 

1382.28 
3215.81 
1178.41 
1679.67 
8734.27 

30706.38 

217.72 
586.03 
103.01 

31615.14 

8267.94 

1931.28 
1564.41 
714.64 
825.44 
206.52 

5242.29 

1925.61 
1761.92 
180.57 

3868.10 

487.63 
1960.27 
1002.45 
1790.99 
5141.34 

WTP 

per trip 

63.99 
59.53 
61.18 

50.89 
49.94 
50.04 

56.40 
75.87 
59.87 
60.48 

45.76 
43.02 
39.95 
43.06 

50.55 
52.49 
50.46 
51.81 

52.84 

32.00 
42.41 
54.16 
58.69 
41.52 
39.35 
47.23 

46.10 

28.09 
41.68 
32.93 
45.75 

58.65 

45.48 
43.67 
45.06 
50.33 
42.41 
45.42 

49.19 
43.54 
29.70 
45.14 

41.05 
59.71 
55.51 
54.65 
54.86 

Double quality level 

at reported cost 

Estimated 

sample 

trips 

6.11 
9.77 

15.88 

18.88 
366.39 
385.27 

138.90 
33.89 
34.57 

207.36 

32.30 
22.76 
34.37 
89.43 

881.31 

Total 

WTP 

391.48 
581.65 
973.13 

984.80 
19128.32 
20113.12 

8031.22 
2628.28 
2093.87 

12753.37 

1500.91 
985.72 

1447.45 
3934.08 

639.95 
7229.03 
2074.82 
9943.80 

47717.50 

564.36 
1139.09 
2317.28 
3986.59 
1514.61 
2126.84 

11648.77 

33886.26 

226.78 
646.46 
106.44 

34865.94 

13060.02 

2919.45 
2119.25 
740.19 
850.14 
226.63 

6855.66 

1994.47 
2280.43 
196.00 

4470.90 

519.06 
2268.20 
1018.78 
2131.46 
5937.50 

WTP 

per 

trip 

35.10 
46.17 
60.46 
59.60 
44.71 
40.60 
50.16 

46.12 

28.08 
41.67 
32.93 
45.78 

59.84 

49.14 
46.09 
45.05 
50.33 
42.44 
47.59 

49.19 
44.93 
29.70 
45.66 

40.58 
60.94 
55.49 
56.12 
55.83 

CVM survey, 1983 season 

Current 

conditions 

Number 

sampled 

Mean and 

bid usable 

10.000 2 

10.000 2 

15.000 5 
19.233 43 
18.792 48 

16.818 11 
49.500 4 
2.500 2 

22.824 17 

24.000 10 
18.125 8 
17.667 15 
19.697 33 

28.333 9 
49.907 43 
25.760 25 
39.545 77 

28.278 177 

95.000 4 
58.750 4 
30.833 12 
88.571 7 
39.000 5 

56.250 32 

5.000 2 
10.000 2 

20.000 4 

13.750 8 

100.000 2 

72.063 16 
24.286 7 

11.667 3 
22.400 5 
47.419 31 

30.000 12 
22.273 11 
33.333 3 
27.115 26 

0.000 2 
18.889 9 
11.667 3 
15.714 7 

15.000 21 

Double 

sightings 

Mean Number 

for extra sampled 

amount and 

bid usable 

0.000 

0.000 2 

6.250 4 
11.860 43 
11.383 47 

5.909 11 
6.250 4 

15.000 2 
7.059 17 

21.700 10 
10.625 8 
14.333 15 
15.667 33 

3.889 9 
17.929 42 
14.600 25 
15.171 76 

13.286 175 

18.750 4 
7.500 4 

17.273 11 

19.286 tf 
10.000 5 

15.484 31 

0.000 2 
10.000 2 

0.000 4 

2.500 8 

50.000 2 

44.688 16 
13.571 7 

0.000 3 
8.000 5 

27.419 31 

17.917 12 

11.364 11 

5.000 3 
13.654 26 

2.500 2 
17.222 9 
7.500 2 

15.000 7 
14.000 20 



Table 5.— Continued 

TCM survey, 1982 season 

Quality level 

REGION as reported by hunters” 

Area Estimated At standard cost At actual cost 

sample Total WTP Total WTP 

BGMU' trips WTP pertrip = WTP per trip 

Area 7 
66 28.93 1237.68 42.78 1431.39 49.48 
69 31.25 1222.20 39.11 1394.91 44.64 
Total 60.18 2459.88 40.88 2826.30 46.96 

Area 8 
63 40.09 2109.99 52.63 2508.06 62.56 

TOTAL 1413.80 59731.37 42.25 68301.44 48.31 

Idaho4 5665.98 247855.84 43.74 284627.35 50.23 

CVM survey, 1983 season 

Double quality level Current Double 

at reported cost conditions sightings 

Number Mean Number 

Estimated WTP sampled for extra’ sampled 

sample Total per Mean and amount and 

trips WTP trip bid usable bid usable 

35.58 1794.08 50.42 11.667 9 4.667 9 
40.12 1856.47 46.27 24.533 15 9.000 15 
75.70 3650.55 48.22 19.708 24 7.375 24 

40.42 2528.40 62.55 - - - - 

1676.47 83017.74 49.52 36.236 140 16.391 138 

8092.68 422226.58 52.17 40.088 579 17.534 571 

'The definition of Big Game Management Units (BGMU’s), in this paper termed “hunt areas” or “‘sites,”’ is the same for all big game species including 
mule and whitetail deer. However, the grouping of these BGMU’s to management areas, and the grouping of management areas into IDFG’s Administrative 
Regions is different for whitetail deer and for mule deer. Because whitetail deer are the dominant deer species in Regions 1 and 2, the table entries for 
these two Regions only follow the BGMU and Area grouping shown in the whitetail deer species management plan (Idaho Department of Fish and Game 
1980a). Table entries for Regions 3-6 follow the BGMU and Area grouping shown in the mule deer species management plan (Idaho Department of Fish 

and Game 1980b). 
Quality level is the reported harvest of deer the year before the survey, i.e., 1987. 
Most areas are formed by grouping two or more BGMU'’s. Occasionally an Area is the same as just one BGMU. 

4State totals in this table may vary slightly from those in table 4 due to rounding and computing to two decimal places. 

CVM data, the confidence interval is $32.74 per trip to 

$46.79 per trip with a mean value of $40.09 per trip. The 
TCM sensitivity interval for 1982 data at standard cost 
is $38.88 to $50.01 per trip with a mean value of $43.74 
per trip. For the 1982 TCM data at reported cost, the sen- 
sitivity interval is $44.62 to $57.44 per trip with a mean 
value of $50.23 per trip. 
The TCM sensitivity interval computed with standard 

costs is included as a reference both for this discussion 
and for comparison to similar graphs in other reports 
of this Idaho wildlife value series. Obviously, the inter- 
vals for the 1982 CVM and TCM exhibit wide disparity 
contrary to the expectation that they would be much 
more equal. Two conditions likely account for this situa- 
tion. The type of survey format for CVM may affect bid 
values received, and exclusion of a substitute variable 
in TCM regressions may cause overestimation of par- 
ticipation (and consequently benefits) at a given site. 

Collection of the 1982 CVM data utilized a combina- 
tion of open-ended and iterative survey design (see ap- 

1983 CVM 

-————_t—HJ confidence 
interval 

1982 CVM 

-—+—J confidence 

interval 

TCM — standard 

cost sensitivity H———-+———— 
interval 

TCM — reported cost I } { 

sensitivity interval 

| 
20 30 40 50 60 

Figure 5.—Comparison of confidence intervals for CVM to sensitivi- 
ty intervals for TCM. 
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pendix). While not conclusive, some studies® indicate 
use of an open-ended survey format may result in an 
under-estimate of maximum willingness to pay. Also, in 
reference to the 1982 CVM survey design, many re- 
spondents (46.65%) indicated an infinite bid and, there- 
fore, were not included in estimations of overall mean 
willingness to pay. Had these individuals been ques- 
tioned further, a bid might have been elicited that could 
have contributed to the data entering the overall mean. 
The 1982 results are reported in this bulletin only for 
comparison and to illustrate the points made about the 
effects of question format on CVM studies. For any fur- 
ther analysis based on these results the 1983 CVM figures 
should be used. 
When Idaho Department of Fish and Game surveyed 

holders of 1983 hunting licenses early in 1984, they asked 
several improved CVM questions designed to overcome 
infinite bids and open-ended bidding (see appendix). The 
1983 CVM confidence interval is much closer to the sen- 
sitivity intervals for the 1982 TCM. In making this com- 
parison, there is an implicit assumption here about the 
stability of purchasing power of the dollar from 1982 to 
1983 and the hunter’s perceptions of this purchasing 
power value. Also assumed is that hunters preferences 
are stable from 1982 to 1983. This would result in CVM 
values, as applied here, slightly less than the correspond- 
ing TCM values. In addition, the 1983 CVM survey asked 
only about the hunter’s ‘most recent deer hunting trip’, 

°Rahmatian, Morteza. 1982. Estimating the demand for en- 
vironmental preservation. Unpublished Ph.D Dissertation, Depart- 
ment of Economics, University of Wyoming, Laramie. 

Sorg, Cindy F. 1982. Valuing increments and decrements of 
wildlife resources: Further evidence. Unpublished M.S. Thesis, 
Department of Economics, University of Wyoming, Laramie. 



i.e., the hunter’s last trip of the 1983 season. Because of 
this restriction, the possibility exists that 1983 CVM bid 
values are lower than if bids had been elicited for all 
trips. This situation is based on the concept of dimin- 
ishing marginal value of the last trip taken, expecially 
if the last trip concluded a series of many trips. 
A potentially important variable in the TCM regres- 

sion analysis is a substitute site term. This variable shows 
the effect on a particular site value when there are other 
sites that could also be visited. For some activities, such 
as bighorn sheep hunting, there may not be substitute 
sites or substitute sites may be so few that their effect 
on value is negligible. However, in Idaho, there are many 
deer hunting areas available as alternatives to a par- 
ticular site. Thus, not including a substitute term in the 
regression may result in an overestimate of value. Several 
substitute variables were tested but none were found 
significant in the regression analysis. As a result, the cost 
values reported from TCM may be an overestimate of 
willingness to pay. However, the issue of substitutes and 
the direction of potential bias is cloudy. (This point is 
discussed later.) 
Given the likelihood of estimation bias in the benefits 

computed by each method, the CVM estimates may be 
regarded as a lower bound on the true but unknown 
value and the TCM estimate an upper bound. Moreover, 
the CVM and TCM values as built into this study had 
different purposes. The CVM values are meant to elicit 
information from current hunters about short-run con- 
ditions and changes. In contrast, TCM values reflect 
long-run conditions and changes that account for will- 
ingness to pay of not only current hunters, but also of 
new hunters. 
One point should be stressed with regard to choosing 

a value from this range for decisionmaking. If a threshold 
value for deer hunting is identified that would change 
the decision under consideration, and if this value is out- 
side the bounds identified in figure 5, then statistical 
variation around the actual value estimates reported here 
will make little difference in the decision. If the value 
relevant for the decision does lie in the range shown in 
figure 5, then further analysis is recommended to 
estimate the likelihood that the value of deer hunting 
would be within selected subintervals of the bounds.’° 

Comparison With Other Deer Valuation Studies 

State residents who hunt with modern rifles represent 
the majority of deer hunters in the typical studies cited 
in table 6. The different time-adjusted values are not 
unreasonable if interpreted with recognition of the loca- 
tion they represent. While it is true that differences in 
methodology and analysis in these studies do have some 

'0The application of probability as a description of uncertainty 
in choice situations is the subject of a field called decision analysis. 

Two readable papers describing decision analysis are Keeney (1982) 

and Ulvila and Brown (1982). For in-depth reading about decision 
analysis, two books may be read; in order of increasing complexi- 
ty, they are Brown et al. (1974) and Keeney and Raiffa (1976). These 
sources also contain many references to additional theoretical and 
applied material. 
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effect, it is also logical, for example, that deer values in 
Colorado are higher than in Idaho because public deer 
hunting opportunities in Colorado are not as widespread 
geographically. 

Sorg and Loomis (1984), after studying not only wildlife 
valuation results but also results from a variety of other 
recreation studies, concluded that ‘recreation values 
estimated using different methods and in different loca- 
tions are fairly consistent when the methodological 
assumptions and dates of studies are standardized.”’ 
They further assert that differences in resource quality 
and the relative distance from user populations also con- 
tribute to variations in resource value. 

The Substitute Issue 

Theoretically the presence of substitute goods lowers 
demand for the particular good in question. The func- 
tional expression of an individual’s demand curve for 
a good incorporates the good’s own price, a relation for 
income, and the prices of substitute goods. As substitute 
goods prices rise, demand increases for the good in ques- 
tion, and conversely. However, no direct data were 
available to tell what “‘price’’ set faced each hunter in 
deciding where to hunt. To the degree that factors other 
than price, such as “quality,” play a part in the decision, 
deer hunt areas are not the near perfect substitutes for 
each other that they might at first appear. Moreover, it 
is likely that several different products are sought under 
the activity collectively termed deer hunting. For exam- 
ple, some hunters search only for trophy bucks and may 
pass up many other shooting opportunities. Other rifle 
hunters want only an animal that likely furnishes good 
meat. Muzzleloaders and archery hunters look for a 
unique experience centered around hunting. 
Such mixed results may be indicative of the conclu- 

sions reached by Hendee (1974), who discussed the in- 
adequacy of traditional concepts of quality such as 
’’same-bagged” and ‘“‘days-afield.”” Hendee goes on to 
propose a multiple satisfaction approach based on ex- 
periences. The conclusion from these mixed results may 
be that quality is currently a more complex concept than 
traditionally acknowledged. 
Some issues involved in the effect of spatial location 

on substitute terms in TCM regressions are discussed 
by Caulkins et al. (1985). They show that if a substitute 
term is, in fact, relevant in the analysis, then the sign 
of the cross price term (positive or negative) and the sign 
of the correlation between the goods own price and the 
alternative good price (positive or negative) result in four 
possible cases. Their argument is that it is indeed possi- 
ble for the presence of an alternative site to contribute 
positively to benefits associated with a site under 
analysis. 

In terms of the Idaho deer study, all the substitute in- 
dex terms contributed positively to the regressions for 
trips per capita. Prior to access to the Caulkins et al. 
(1985) paper, this was considered an anomaly in the data. 
In retrospect, these results may be an expression of the 
spatial pattern of deer hunter origins with respect to deer 
hunting areas. 



Table 6.—Values per Wildlife and Fish User Day (WFUD) from this study compared with selected 
other studies. 

Reference and 

location TCM CVM Comments 

Miller (1980) 65.23 9.11 TCM values adjusted for travel time but not for 

Colorado 2(114.61) (16.00) substitutes; CVM represents additional WTP 

to get to hunt site, but not WTP at the hunt 

site. 

Martin et al. 18.54 “= Individual observation TCM with allowance for 

(1974) Arizona (40.91) travel time and substitutes. 

Hansen (1977)° _ 20.55 Mail survey, noniterative and open-ended. 

Intermountain (33.03) 

Wennergren et al. 9.34 Zonal TCM; no adjustment for travel time or 

(1973) Utah (20.61) substitutes. 
4(26.79) 

This study $48.99 36.08 TCM travel time adjustments but no substi- 

Idaho tutes (1982); CVM (1983) 

'The information for this table was taken from Sorg and Loomis (1984):5-7. The studies here 
were chosen on the basis of similar methodology. 

2Values obtained in the study are reported first. The figures in parentheses show values after 
adjustment for inflation using implicit price deflator indexes such as those found in the Statistical 

Abstract of the United States. 
3Unpublished report by Christopher Hansen. A report on the value of wildlife. 23 p. USDA 

Forest Service, Intermountain Region, Dec. 1, 1977. Ogden, Utah. 
4This value has also been adjusted to reflect typical travel time. 

CONCLUSIONS AND RECOMMENDATIONS 

A Regional Travel Cost Model was for the most part 
successful in deriving recreational values for deer hunt- 
ing in Idaho using data collected by the Idaho Depart- 
ment of Fish and Game. The per capita (stage I) demand 
curve included statistically significant variables on 
distance, income, and site quality. However, no tested 
measure of substitute sites was found significant. If com- 
petitive substitute relationships between hunt areas are 
truly present, but are not reflected in these data, then 
dollar values derived using TCM are likely an over- 
estimate of actual willingness to pay. The degree of 
overestimation is not known. Dollar values derived from 
TCM were $50.23 per trip using respondents’ actual 
reported travel costs. 
The TCM values using reported actual transport cost 

are probably more accurate in the case of deer hunting 
than a standard transport cost based on suburban driv- 
ing in a mid-size car. In the case of deer hunting, pickup 
trucks on dirt roads may be more typical. 
Because the 1982 CVM phone survey applied an open- 

ended bidding procedure, the combined effect of bidding 
technique and infinite bids (46.65% of respondents) for 
deer hunting may have resulted in an underestimate of 
actual willingness to pay. The degree of underestimation 
is not known. The average value of a trip was $24.46. 
Adjustments for overestimation of TCM and underesti- 
mation of CVM bring the values closer together. Subse- 
quently, data gathered in 1983 for CVM analysis 
indicated willingness to pay ($40.09 per trip) closer to 
1982 TCM values because some problems in the earlier 
1982 CVM survey were corrected. 
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Calculation of mean net willingness to pay from CVM 
is generally straightforward and requires only a few days’ 
work. These features makes CVM attractive as a 
methodology for rapid valuation of wildlife benefits. In 
addition, the ability to value all wildlife use, changes in 
use, and both primary and nonprimary use is another 
asset of CVM. In this study the particular issue addressed 
by CVM questions was the short-term willingness to pay 
by current users. 

Both TCM and the 1982 CVM survey are based on the 
entire hunting season. The 1983 CVM survey was based 
on the last trip. It should be noted that the CVM surveys 
apply to current hunters and so the results are con- 
sidered short run when considering changed conditions. 
Conversely, the TCM approach for changed conditions 
reflects a longer range outlook. The mean CVM bid and 
its corresponding confidence interval may be compared 
to the TCM trip value estimate and its sensitivity interval. 
The advantage of CVM is the ease of data analysis for 

calculating mean willingness to pay. Its main disadvan- 
tage is its reliance on the survey format in which ques- 
tionnaire design is crucial. Further, in order to derive 
predictive bid curves and make statistical comparisons 
across groups, it is necessary to have specific informa- 
tion about respondents, such as income, age, and hunt- 
ing preferences. 
The primary advantage of TCM is that it is based on 

actual behavior rather than hypothetical situations posed 
to respondents. The disadvantages relate to selection of 
the value of travel time and the need for extensive data 
analysis. With TCM, as applied in this study, one advan- 
tage is the ability to estimate, through use of site-specific 
variables such as quality, how number of trips would 
change if the number of deer harvested changed. 



Perhaps the biggest practical disadvantage to TCM is 
the time it takes to construct a Regional Travel Cost 
Model. Data aggregation, computing additional vari- 
ables, and selecting variables for regression is time con- 
suming. Once a statistically significant regression is 
found, calculation of a second stage demand curve and 
sensitivity intervals involves some additional work. And, 
if specialized computer programs have to be planned and 
written, these latter steps could also take significant time. 
In this deer study, data analysis took about 1 month with 
analyst and technician working about half time. Special- 
ized computer programs for the most part were available 
from other work completed on the overall Idaho study. 
Following data analysis, further analysis and iterative 
re-analysis took another month. 
By contrast, the CVM analysis of mean willingness to 

pay took only 2 or 3 days. Further analysis took almost 
a month. Thus, if a survey must be performed to collect 
data for valuation, CVM is faster in terms of data com- 
pilation and statistical analysis. Also, the CVM survey 
instrument could be designed to elicit responses more 
appropriate to long-run changes if that were desired. 
However, if origin-destination data already exist in the 
form of permits or license plate numbers, etc., then TCM 
might be more cost-effective in valuing recreation 
activities. 

Certain types of information will help sort out 
substitute issues in future studies in Idaho or other states. 
Surveys for TCM should be designed to find out why par- 
ticipants chose the site they visited, if they considered 
any other sites, and why they chose not to go to the other 
sites considered. It would also help to know the extent 
of knowledge participants have about various sites so 
that some inferences may be made about the choice set 
available and the degree to which assumptions hold 
about perfect information. In order to determine an ef- 
ficient survey instrument, just these items should be 
pretested before incorporation in a major survey effort. 
Some research will be required to find out if the ques- 
tions should be open-ended and any answer considered, 
or if they should offer classes of motives and the respon- 
dent asked to fit his situation within such classes. 
To help focus either TCM or CVM efforts, those con- 

sidering surveys should define, formally and rigorously, 
the most important and obvious uses for the numerical 
results of the study. Sponsors of the study should work 
with the study researchers to determine the extent of 
uncertainty in the results and the degree to which uncer- 
tainty will affect the decisions and uses that will be based 
on the study results. In turn, these determinations will 
affect the survey method, its content, and the method 
of analysis. 

Both TCM and CVM surveys should be combined and 
conducted concurrently, as was done in this study, with 
TCM and CVM information asked of the same individual 
wherever possible. This concurrent survey, in addition 
to the regular valuation objectives of a study, would allow 
comparison and validation for the results. 
Some inoffensive method of determining individual in- 

come on a confidential basis would be very helpful in 
economic analysis. Perhaps asking for income within 
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classes would suffice. These data would cover wage or 
salary income plus income from other sources. This in- 
formation will help to better analyze and explain the 
income-related effect on demand for deer hunting. 

This study serves primarily to estimate the value of the 
deer hunting experience in Idaho. In addition, this study 
illustrates the TCM and CVM approaches to valuation 
of specific nonmarketed products of wildland manage- 
ment. Judgment cannot be made whether the TCM value 
is better than the CVM value, all else being equal. Neither 
method is superior in all cases, and both have certain 
advantages and disadvantages depending on the 
resources available in a specific situation. 
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APPENDIX 

Average and Marginal Consumer Surplus— 
Conditions of Equality 

The objective of the proof is to show that average 
benefits are equal to marginal benefits in relation to the 
per capita (stage I) demand curve. The means to ac- 
complish this is to derive the mathematical expression 
for the benefits in each case and to show these are equal. 
The conditions under which this is true are: 

1. Demand relationships between visits per capita and 
price (cost of travel) can be validly modeled with an ex- 
ponential functional form such as 

In(q) = a- bp 
or equivalently, 

[A1] 

q = e*>P [A2] 

where q is quantity, in this case, visits per capita 
p is price, in this case, travel cost 
a is the intercept parameter 
b is the slope parameter 

2. The only shifting variables allowed in the equation 
affect the intercept. No slope shifting variables are in the 
equation. 

3. A slight relaxation of condition 2 occurs if there are 
slope shifting variables but they do not change from the 
“before” to the ‘‘after’”’ states. 

4. Each origin is a price taker in that people from that 
origin may visit the site as many times as they desire at 
their current travel cost. Therefore, the supply curve fac- 
ing a given origin is horizontal. Due to differences in 
location from the site, each origin faces a different 
horizontal supply curve. 

The ‘‘Before’’ State 

Figure A1 shows the overall scope of the changes con- 
sidered in the proof. At equilibrium in state 1, i.e., the 
“before” state, the demand curve has a quantity intercept 
of e 1 when price is zero. As price increases, quantity 
decreases and asymptotically approaches zero for very 
large p. For a price of p,, visits per capita to a site from 
a specific origin are q,. 

Total benefits per capita that accrue to the presence 
of the site, given all other existing sites, are represented 
by the shaded area labeled CS, (consumer surplus in 
state 1). This area is found by integrating under the de- 
mand curve and above the price line p.,. 
To perform this integration, let a small segment of the 

area, dCS, be 

dCs =: q dp [A3] 
as shown in figure A1. 

Then p 

CS = [acs = " q dp [A4] 
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ee qdp is the area of the elemental 
rectangle formed by rotating the 

shaded tip around point q so that 

it becomes the upper right-hand 

corner of the rectangle having 

length q and width dp. 

eal ea2 q; Qo q 

Figure Ai.—Changes in consumer surplus based on exponential 
(semi-iog, dependent variable) demand curves. 

The limits of integration define the lower boundary of 
the CS area, the p, price line, and the upper boundary 
of the CS area, the point where p goes to infinity and 
q goes to zero. In spite of these extreme values, it turns 
out the CS area is finite. 

Substitute for q from equation [A2] in the integral in 
equation [A4] giving 

p 

fe = biPdp 

Pi 
where the subscript 1 denotes state one (’’before’’). Con- 
tinuing with the integration gives 

p 

e- biPdp a 

CS, [AS] 

p 

i el — bip | [A6] 

Pi P, 

Evaluating the expression in [A6] at the limits of in- 
tegration gives 

= 1 gai—bip |- | 

b, 

Cs,4= 1 {ges—baps_ garb | 

b, 

Ai ba [A7] 
b, 

CS,= 

[A8] 

In order to include the entire area under the demand 
curve, let p (not p,) become infinitely large, (>). For 
large p 

a,—b,p 
e =q>0 [A9] 

so that the expression for CS in [A8] becomes 

1 
CS, = [A10] 



Average consumer surplus in state one per trip made 

(q,) is 

a CS 1 = 1 CS, = =p [e byp,) = [A11] 
q, 1 q, 

a, -—b,p 
But ee) 2 4siq),, So 

—_— 1 
Sa 5 [A12] 

Thus, average consumer surplus per trip in state one, 

the “before” state, is simply the inverse of the slope 
parameter from the demand equation, assuming the con- 
ditions previously stated are met. 

The ‘‘After’’ State 

Now assume that managers of the recreational sites 
under consideration wish to increase the attractiveness 
of the specific site, for example, by increasing the 
number of animals or fish potentially harvestable. This 
new condition becomes the “‘after’’ state. 
The new attractiveness at the site increases the in- 

tercept to e, but does not affect the slope coefficient 
b, as we have assumed, so b, = b, = b, (i.e., quality is 
an intercept shifter only). Using the result of the previous 
section, that, in general under the stated conditions, 

eoup ere: aoe - = [A13] 

and placing the subscript (2) for the ‘‘after’”’ state on the 
variables, total per capita consumer surplus for the 
“after” state is 

& - A : zs [A14] 
2 2 

Note that ‘‘after’ average CS is also 1 
2 

The total change in consumer surplus from the 
“before” to the ‘‘after” state is 
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ACS = CS, - CS, [A15] 

q, @ 
ACS = _ [A16] 

b, By 
But, as noted, b, = b, = b, so 

ACS = ——— [A17] 

The marginal change per unit increase in trips is defined 
as 

q, = q, 

ACS _ b [A18] 

Aq qr: 

So ACS = 1 A19 

ices aia 
And since b = b, = b,, combine the results of the deri- 
vation of ‘‘before” average consumer surplus and the 
derivation of the marginal consumer surplus caused by 
the change to the “‘after’’ state. 

Thus, 

4 ACS 
b Aq” 

and the proof is complete given that the preceding con- 
ditions are met. 

Note in the proof that the relationship in equation [A20] 
does not depend on the price level even though figure 
A1 shows price unchanging. Neither do the key equa- 
tions for ‘‘before” and ‘‘after’’ consumer surplus, equa- 
tion [A10] and [A14], respectively. Under the stated 
conditions, there may or may not be a price change along 
with the demand curve shift. Regardless, it does not af- 
fect the equality between the “before” average consumer 
surplus and the ’’before’”’ - to — ‘‘after’” marginal change 
in consumer surplus. Moreover, the price may change 
in either direction without affecting the results. In addi- 
tion, the same analysis for marginal and average changes 
along a single stationary exponential demand curve also 
shows that average consumer surplus is the same as 
marginal consumer surplus. 

CS, = = CSmarg = cS, [A20] 



Deer Hunting Survey Forms for 1982 and 1983 

The survey of deer hunters in Idaho was originated, developed, and administered by personnel from the Idaho 
Department of Fish and Game and the University of Idaho cooperative Wildlife Unit. To make available as much 
information as possible about this study, the survey instruments are reproduced here with permission of the Idaho 
Department of Fish and Game. 

1982 Big Game Survey 

Tag Type 

Tag No. 

Continue if this person did hunt_____———_siin 1982 

In addition to getting hunter success, the Department and the University of Idaho are asking a sample of hunters 
to answer questions to help determine the value of Idaho’s deer resource. 

Can you please tell me how many deer hunting trips you made and to what units in 1982? 

Counting yourself, 

No. people in your 
Unit No. Drainage or general area vehicle with tags. 

1. 

2. 

3. 

Now, I would like some specific information about each trip: 

(Ask separately about each trip even if to some area more than once). 

Did you visit more than one unit on your trip (or 1st, 2nd, 3rd trip) to unit ______. If so, how many other 
units (list) 

Did you drive the entire distance to where you went hunting in unit___? Total distance traveled round 
trip 

If no, what different type of transportation did you use? 

car small plane airline horses jet boat back pack other 

How many days did you hunt on this trip to unit_____ (to nearest %2 day) ________ and average number 
of hours spent hunting per day 

Now, please estimate the total amount you spent on this trip for: 

Transportation 

Food 

Motel-hotel 

Guide Services 

Do you feel this trip to unit __________ was worth more than you actually spent ____? 

If no, stop; if yes, go on. 

One final question about this trip: 

The cost of everything is increasing. How much would the trip cost have to rise above what you spent this year 
before you would not hunt in unit again? $ 

Ask in terms of percentage - 10, 20, etc. 
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1983 Big game survey 

In addition to getting hunter success, the Department and the University of Idaho are asking a sample of hunters 

to answer questions to help determine the value of Idaho’s deer. 

Indicate combined deer/elk hunts in the species designation: 

Separate trips: deer =1 Combined trips: deer =91 
elk ~=2 elk =92 

I WOULD LIKE TO ASK YOU SOME QUESTIONS ABOUT YOUR MOST RECENT DEER (OR ELK) HUNTING 
TRIP. WHAT AREA DID YOU VISIT ON YOUR MOST RECENT TRIP? 

. (Record unit but talk about the area mentioned). 

WAS THE PRIMARY PURPOSE OF YOUR TRIP TO ____SS—SFT™EMWL HUNT DEER (OR ELK)? 
general area 

yes 

no 

WAS THIS AREA THE PRIMARY DESTINATION OF THIS TRIP? 

yes 

no 

HOW MANY LICENSED HUNTERS WERE IN YOUR PARTY? ____—___ people 

HOW MANY DAYS DID YOU HUNT ON THIS TRIP (to nearest half day)? ____—~———d days 

ON AVERAGE, HOW MANY HOURS DID YOU HUNT EACH DAY? ____—___ hours 

THE NEXT FEW QUESTIONS CONCERN THE AMOUNT OF MONEY THAT WAS YOUR SHARE OF THE 
AMOUNT SPENT ON THIS TRIP. 

PLEASE ESTIMATE THE AMOUNT SPENT ON TRANSPORTATION ON THIS TRIP 

$ 

NOW, ESTIMATE THE AMOUNT SPENT ON ACCOMMODATIONS ON THIS TRIP 

a 

WAS THIS TRIP TO] es ee WORTH ‘MORE THAN YOU ACTUALLY SPENT? 
general area 

HG. . =. stop,here 

yes — NEXT, I WOULD LIKE TO ASK SOME HYPOTHETICAL QUESTIONS ABOUT THIS TRIP TO 

. ASSUME THAT THE TRIP BECAME MORE EXPENSIVE, PERHAPS DUE TO INCREASED 
general area 

TRAVEL COSTS OR SOMETHING, BUT THE GENERAL DEER (OR ELK) HUNTING CONDITIONS WERE 

UNCHANGED. YOU INDICATED THAT $______ WERE SPENT ON THIS TRIP FOR YOUR INDIVIDUAL 
USE. 

WOULD YOU PAY $______ MORE THAN YOUR CURRENT COST RATHER THAN NOT BE ABLE TO 
HUNT DEER (OR ELK) AT THIS AREA? 

Protest — will not answer 
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Record why? 

1. it’s my right 
2. my taxes already pay for it 
3 no extra value 
4. like to, but not able 
5. refuse to put a dollar value 

3. yes 

no Work between 0 and 20% to find highest acceptable value. Split the difference in half until you reach nearest 
$1 (less than $10) or nearest $5 (greater than $10) 

WOULD YOU PAY Sol cone MORE THAN YOUR CURRENT COST RATHER THAN NOT BE ABLE TO 
50% otf cost 

HUNT DEER (OR ELK) AT THIS AREA? 

yes 

no Work between 20 and 50% to find highest acceptable value. Split the difference in half until you reach 
nearest $1 (less than $10) or nearest $5 (greater than $10) 

WOULD YOU PAY Ta ae MORE THAN YOUR CURRENT COST RATHER THAN NOT BE ABLE 
100% of cost 

TO HUNT DEER (OR ELK) AT THIS AREA? 

yes 

no Work between 50 and 100% to find highest acceptable value. Split the difference in half until you reach 
nearest $1 (less than $10) or nearest $5 (greater than $10). 

Keep going until you receive a negative answer. Use 100% increments. 

Work between last two bids to find highest acceptable value. 

After last big 

IS THIS AMOUNT $___+—— WHAT YOU PERSONALLY WOULD PAY, NOT FOR ALL MEMBERS OF 
i 

YOUR PARTY? 

no Repeat bids for personal value 

yes - HOW MANY DEER (OR ELK) PER DAY DID YOU SEE ON THIS TRIP? 

number 

NOW, SUPPOSE THAT INSTEAD OF ______ Ss DEER (OR ELK) YOU COULD HAVE SEEN ____ 
# times double # 

HOW MUCH, IF ANY, WOULD YOU INCREASE YOUR VALUE OF $____ eS? 

$ 

THAT IS ALL THE QUESTIONS I HAVE FOR YOU. THANK YOU FOR TAKING THE TIME TO ANSWER 
THESE QUESTIONS. YOUR RESPONSES WILL BE VERY VALUABLE TO US. 

GOOD-BYE. 



Computation of Benefit Value per Wildlife and Fish User Day (WFUD) 

Calculation method: 

$/trip + days hunting/trip 

12 hours hunting/WFUD = hr hunting/day hunting 

Example (for overall actual cost line of table 4): 

$/day hunting 

(X) 

day hunting/WFUD 

$/WFUD 

$50.23 /trip + 1.87 days hunting/trip = $26.8610/day hunting 
(from table 4) (from table 1) 

(X) 
12 hrs hunting/WFUD = 6.58 hrs hunting/day hunting = 1.8237 days hunting/WFUD 
(by definition) (from table 1) 

= $48.9866/WFUD 

(or rounded to two decimal 
places = $48.99/WFUD as in 
table 4) 

Computation of Cost of Travel 

As stated in the section on calculation of TCM benefits, 

the total unit cost of travel in dollars per person per mile 
is composed of two parts. One is the persons share of 
the cost of the vehicle operation; the other is the assumed 
deterrent effect of travel time, as estimated in money 
terms, that accrues as trip length increases. 
The per-person share of vehicle operating cost is com- 

puted as the quotient 
TCPM 
NPIP PPVC 

where TCPM = vehicle travel cost per mile 
NPIP = number of people in the party 
PPVC = per person share of vehicle cost. 

The variable TCPM is standard cost (i.e., $0.135/mile), 
overall actual cost ($0.183/mile), or resident rifle hunter 
actual cost ($0.218/mile), depending on the category of 
hunter. The overall average for number of people in the 
party is 2.54 (reported in table 1 as number of people per 
vehicle). However, this overall value was not used to 
compute per-person share of operating costs. Rather, 
the average value of party size used was that derived for 
each origin-site combination in the data set. So in the 
computation of per-person share of operating costs, the 
variable NPIP could be as low as 1.0, or perhaps as high 
as 5 or 6, depending on the average party size. 
Time deterrent cost, the other component of total unit 

cost of travel, is based on two assumptions. One, ex- 
plained in the text, is that time spent traveling is valued 
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at $2.67/hour. The second is that average speed is 40 
miles per hour. Traveling on straight roads could be 
faster; mountainous or dirt roads likely force slower 
travel. Our estimate of speed was agreed upon in con- 

sultation with Idaho Fish and Game personnel. Thus, the 
per-person time cost is computed as the quotient 

CPPH 
——— = PPTC 
SPED 

where CPPH = cost per person-hour 
SPED = speed of vehicle on average 
PPTC = per person time cost. 

Following these two computations (which are executed 
in the benefits computer program), the total cost per per- 
son per vehicle mile (CPVM) is the sum 

CPVM = PPVG + PPTC 

As an example, consider the numbers used in this 
bulletin and assume that here, number of people in the 
party is 2.54. The computation is 

TEPM GPPH 
= VM NPIP)’ SPED > 

The standard cost in dollars per vehicle mile would be 

0135 + 287 = 0.5315 + 0.06675 = 0.1199 
2.54 40 

and the actual cost 

0.183 f: 2.67 

2.54 40 
0.07205 + 0.066.75 = 0.1388 





oy
ep

] 
‘e

we
s 

Si
q 

‘p
oy
je
yy
 

en
je

A 
ju

es
uT

} 
-U
0D
 

‘p
oy
 

ye
 

1S
OD
 

[A
ar

e]
, 

‘a
ny
ea
 

O1
wW

OU
OD

a 
‘S
uT
JU
NY
 

19
9q

 
:s

pl
om

MA
ay

 

‘60°OF$ 32 

pouleW 

anjeA 

JUESUNUOT 

EREL 

pastaas 

By} 

YIM 

pue 

di} 

Jad 

¢z'0G$ 

1e 

poy 

SOD 

[PAPI], 

84} 

YIM 

paj}eulljsa 

sem 

OYep] 

Ul 

SuTZUNY 

Jaap 

JO} 

a1njtpuedxe 

[enjoe 

0} 
UOT}Ippe 

ut 
Aed 

0} 
ssausuUTT]IM 

Jou 

a8eI9AY 

‘OOD 
‘sur[oD 

W
o
y
 

‘uoT}e}S 
JUeUIIedxy 

asuey 
pue 

jsa104 
u
r
e
y
U
N
O
p
 
Ayooy 

‘d Zz 
‘EL-WY 

uljal[Ng 
soINOsey 

adIAJag 
\selOy 

Y
O
S
N
 

‘oyepy] 
ul 

8
u
n
u
N
y
 

s9ap 
jo 

@N[PA 
DIWIOUOIA 

JON 
“986 

“UOS|AN 
‘[ SINo'] 

pue 
“jy 

stuuaq 
‘AT[auU0Gg 

OUrp] 
‘owes 

8Iq 
‘poyJayy 

enjeA 
jUesuUT} -U0D 

‘poyjeW 
}SOD 
[early 
‘anyea 
o1wWOUODe 
‘SuTUNY 
J8eq 
:spromAay 

‘60'0P$ 12 

poy 

enjeA 

JUasuTUO. 

EgEL 

PastAad 

ay} 

YIM 

pue 

di} 

Jad 

¢7°0G¢ 

12 
pou }SOD [aAeI], OY} YIM payeUlNsa sem OYeP] UI SuUNY Jeep 

IO} 

ain} 

puedxea 

yenjoe 

O} 
UOT}Ippe 

ul 

Aed 

0} 
ssausuUTT[IM 

Jou 

aseIBAY 

‘O[OD 
‘sur[oD 

Woy ‘uoTj}e}S 
JUBUIIIadxy 
adueY 
puke 
jsa10,j 
uleyUNOpy 
AYDOY 
‘d 
ZZ 
‘EL-NY 

UNeI[Ng 
e<dINOsay 

ddIAIVG 
jsaiOy 

Y
O
S
N
 

‘Ouep] 
ul 

suyjuny 
Jeep 

jo aN]LA 
DIWIOUODA 
JAN 
‘986L 
“UOSTAN 
‘[ 
s
n
o
]
 

pue 
“jy 
stuuaq 
‘A]jauu0g 

oy
ep
] 

‘e
ur

es
 

Si
q 

‘p
oy

jy
aW

 
en
ye
A 

ju
es
uy
y 

-U
0D
 

‘p
oy
ve
W]
 

1S
OD
 

[e
ae

],
 

‘“
AN

[e
A 

O
1
W
O
U
O
D
A
 

‘
B
u
T
U
N
Y
 

J9
0q

 
:
s
p
r
o
m
A
a
y
 

‘60'OP$ 3k 

poyW 

ene, 

WaesuyUOsy 

EVEL 

PastAad 

ay} 

YIM 

pue 

dij 

Jad 

EZ'0G$ 

1e 

poyJayJ 

SOD 

[eared], 

94} 

YIM 

pajeUlljsa 

sem 

OYep] 

Ul 

8uNUNY 

Jeep 

IO} 

8in}Ipuaedxe 

[eN}e 

O} 
UOTIppe 

ut 
Aed 

0} 
ssausuUT]]IM 

Jou 

BdeIBAY 

‘O[OD 
‘suTT[OD 

Woy 
‘UoTy -21G 

JUsUIIIadxq 
a8uey 
puke 
jsoI0y 
UleyUNOWY 
AYDOY 
‘d 
Zz 
‘E1-WY 
unNja][Ng 
IdINOsey 
adIAJag 
}sa10,J 
Y
O
S
M
 

‘oyep] 
ul 
8uNuUNy 
Jaap 
jo aN]LA 

DIWIOUONIA 
JAN 
‘986T 
‘UOSTAN 
‘[ 
sInoy 
pue 
“jy 
stuuaq 
‘ATjauu0Gg 

oyep] ‘eures Siq ‘poyyaW enjeA jusesut} 

-U0D 

‘poyyaW] 

1SOD 

[aAeL], 

‘aN[eA 

OTWOUODa 

‘suTjUNY 

Jeeq 

:spromAay 

"60'0F$ 32 poyW ene A }UesuTUO EVEL PastAad ay} YM pue dij Jad E7'0G¢ 3e poy 1SOD [aaei], 9y} YIM pa}eUlT]se sem OVP] UI suUTZUNY Jeep 

IO} 

ainjIpuadxea 

yenjoe 

O} 
UOT}Ippe 

ul 
Aed 

0} 
ssausuT]IM 

Jou 

aseIaAY 

‘OOD 
‘sul[oD 

Woy ‘uoNe}S 
JUsUIIadxy 
adueYy 
pue 
jsaloy 
u
r
e
y
U
N
o
p
 

AyOoy 
‘d 
ZZ 
‘EL-WY 

una][Ng 
a
u
N
o
s
a
y
 

adIAIJag 
}se104 

YWOSN 
‘oyep] 

ul 
s
u
y
u
n
y
 

Jaap 
jo 

aNnjeA 
IIWIOUOIA 

JAN] 
‘986 

‘UOSTAN 
‘[ sIno'y 

pue 
“jy 

stuuaq 
‘Ajjauuog 



_ 

a 

fe
ss
 

Mi
 

a
o
e
 

os
 

S
o
l
a
s
 

Se
ri
e 

O
i
s
e
 

hh
 

«
 

2g 
2S
 

a
 

S
e
 

$c
 

A
?
 

e
e
 

e
s
s
 

t
s
 

d
o
 

Se 
he 

= 
f
n
 

2
s
 

7 
. 

S
e
s
s
 

<
i
>
 

==
 

9 
o-
,;
 

S
e
a
 

we
 

es
 

E
S
 

7 
=
 

. 

o 





Rocky 

Mountains 

Great 

Plains 

U.S. Department of Agriculture 

Forest Service 

Rocky Mountain Forest and 
Range Experiment Station 

The Rocky Mountain Station is one of eight 
regional experiment stations, plus the Forest 
Products Laboratory and the Washington Office 
Staff, that make up the Forest Service research 
organization. 

RESEARCH FOCUS 

Research programs at the Rocky Mountain 
Station are coordinated with area universities and 
with other institutions. Many studies are 
conducted on a cooperative basis to accelerate 
solutions to problems involving range, water, 
wildlife and fish habitat, human and community 
development, timber, recreation, protection, and 
multiresource evaluation. 

RESEARCH LOCATIONS 

Research Work Units of the Rocky Mountain 
Station are operated in cooperation with 
universities in the following cities: 

Albuquerque, New Mexico 
Flagstaff, Arizona 
Fort Collins, Colorado* 
Laramie, Wyoming 
Lincoln, Nebraska 
Rapid City, South Dakota 
Tempe, Arizona 

*Station Headquarters: 240 W. Prospect St., Fort Collins, CO 80526 


