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Abstract 

Over two decades ago, the NOAA Blue Ribbon panel suggested that stated preference methods 
should undergo rigorous tests of their capability to produce temporally stable welfare estimates. 
Since that time, a rich literature has emerged on the temporal reliability of stated preference 
methods. However, similar tests of the reliability of revealed preference methodologies have 
received far less attention. In this paper, we utilize a unique panel dataset of Iowa households 
to test the stability of revealed preference recreational demand models. We find that welfare 
estimates of changes in water quality are not temporally stable over more than two periods, 
while welfare estimates associated with a site closure are more reliable. We attribute this 
difference in stability to the use of alternative specific constants as a means to address issues 
related to omitted variable bias associated with the travel cost parameter.           
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1 Introduction 

Validity tests have been an integral part of the research agenda regarding stated preference 

approaches to nonmarket valuation from early in the methods development (Bishop and 

Heberlein, 1979). Kling, Phaneuf, and Zhao (2012) review dozens of studies that have assessed 

the four primary concepts of validity: convergent, construct, criterion, and content. Convergent 

validity, the notion that two measures of the same welfare concept should be closely related to 

one another, has been tested extensively by comparing stated preference estimates to revealed 

preference estimates (from recreation demand or hedonic models), actual payments (both in 

and out of laboratory settings), and through repeating a stated preference study at two distinct 

points in time. In this literature, temporal convergent validity tests are often referred to as tests 

of reliability, meaning that the method returns the same answer (statistically speaking) when 

repeated across time. This concept has been used extensively in the educational testing 

literature where it is also referred to as “test-retest” reliability in this context.  

An important impetus for reliability testing of stated preference methods was the NOAA 

Blue Ribbon panel on Contingent Valuation constituted under the auspices of the Oil Pollution 

Control Act of 1990 (Arrow et al. 1993). While the Panel concluded that “…CV studies can 

produce estimates reliable enough to be the starting point of a judicial process of damage 

assessment, including lost passive-use values” they also raised a number of concerns including 

the possibility that contingent valuation (stated preference methods) may not be temporally 

reliable. One of the guidelines they provided was to use temporal averages as they noted that:  

Time dependent measurement noise should be reduced by averaging across independently 
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drawn samples taken at different points in time. A clear and substantial time trend in the 

responses would cast doubt on the "reliability" of the finding. (page 33) 

Since that recommendation, over thirty studies testing whether SP values elicited at two 

different points in time generate statistically different estimates have been performed 

(McConnell and Skourtos et al., 2010). These tests have considered different types of goods 

(public vs private) and different forms of SP questions. In some cases, the research design in 

these studies follows a test-retest format where the same respondents are re-sampled (as in 

Loomis, 1989). In other cases, distinct samples have been used to perform the tests (as in 

Reiling et al., 1990). Skourtos et al. summarize the findings of these studies indicating that 

values remain stable over time spans of five years or less.  

Given early concerns about contingent valuation validity, it is perhaps not surprising that 

published reliability tests focus almost entirely on SP methods. However, issues of reliability 

are equally relevant for value estimates generated from revealed preference methods. Welfare 

estimates for revealed preference methods including recreation demand and hedonic models 

are known to be highly sensitive to functional form (Kling, 1988), omitted variables bias (Kling 

and Thomson,), variable definition (Egan et al, 2009) and a host of other econometric and 

empirical problems (Freeman, Herriges and Kling, 2014). Model misspecification due to any 

of these causes could translate into a failure of reliability tests. Despite these well-understood 

issues, there is a paucity of reliability tests related to recreation demand studies. To our 

knowledge, Zandersen (2007a, 2007b) are the sole examples of studies that explicitly test for 

the temporal reliability of revealed preference estimates of recreation demand. These studies 

failed to confirm reliability of estimates with Danish samples conducted 20 years apart.  
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Within the hedonics literature, there has emerged a somewhat parallel discussion (Chay 

and Greenstone 2005; Deschenes and Greenstone 2007), but in these studies, the authors 

assume that parameter values of the hedonic function should be stable over time so that 

parameter instability over time can be interpreted as a signal of problem with the research 

design (OLS). The authors propose and implement panel based methods to address this 

concern.1 While problems with the research his is one possible explanation, there are other 

explanations that are observationally equivalent, which we discuss and explore below.  

In this paper, we conduct a series of temporal reliability tests of revealed preference 

welfare measures in a recreational demand setting. We test reliability of estimates of the value 

of water quality over both short time periods (annual comparisons of 2002 through 2005) and 

a longer time period (2002 to 2009). Our data contains annual trip information to more than 

100 lakes in Iowa from a randomly selected set of households who were sampled each of the 

five years 2002-2005 and 2009. Within these data, we focus on a balanced panel of about 1000 

households. We use this balanced panel to mimic the test-retest reliability tests used in the 

stated preference literature. In sensitivity analyses, we also use the larger repeated sample to 

resemble reliability tests that have used distinct samples over time.  

The primary purpose of this work is to evaluate the reliability of revealed preferences 

estimates of welfare measures using methodology as similar as possible to the reliability tests 

that have been performed on stated preference studies. Before doing so, we described the 

                                                               
1 Note that we intentionally do not employ a panel estimator in this work. We are interested in the reliability of 

using a single cross section to estimate future values as is a test of reliability akin to those in the SP literature and 

for purposes of benefit cost analysis. To reiterate, a test of reliability asks whether a single cross section estimated 

with two distinc years of cross section yields the same results.  
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potential reasons why temporal reliability may not hold in revealed preference recreation 

demand studies, including changes in preferences over time and model specification issues. We 

also discuss the implication of our study for benefits transfer over time. We begin the paper 

with a discussion of these issues, then describe our data in Section 3. Section 4 contains the 

recreation demand model and welfare measures we employ. We also detail our reliability tests. 

Results follow in section 5 with section 6 containing final thoughts and interpretations.  

2 Background: Reliability Tests in Stated Preference and their 

Relevance to Revealed Preference Studies 

There are at least two reasons to be concerned and interested in undertaking intertemporal 

reliability tests. First, following the NOAA panel, they can serve as litmus tests related to the 

validity of using a particular method for welfare measurement. In a strict interpretation, if a 

method repeatedly fails reliability tests, the method may be deemed too unreliable for use in 

policy analysis or litigation. As a number of authors have pointed out (Carson; Loomis), there 

are several problems with this strict interpretation including the fact that preferences could 

change over time, information and uncertainty about the environmental good can change 

welfare values (Zhao and Kling), and substitutes, income levels, and other household 

characteristics can change over time. This has lead some researchers to suggest that it is more 

reasonable to consider a method reliable if it returns equivalent welfare measures over short 

periods of time (1-3 years) rather than over more extended periods; however there is no 

consensus on this point. It seems to be an empirical question of what length of time might be 

most appropriate for reliability assessments. 
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In addition to using temporal reliability as a test of the validity of a method, there is a 

second very practical reason from applied benefit-cost analysis to study the stability of values. 

Welfare estimates from a single year of data are routinely used to value a future stream of 

benefits generated by a proposed program. For example, a single year of data concerning usage 

of an outdoor recreation site may be collected and used to estimate the value of an improvement 

to attributes of the site. If there is a single, initial cost of providing the improved attributes, then 

a simple benefit-cost test can be performed by comparing the present value of all future welfare 

gains with the initial cost. This computation is easily made if the value estimated in the first 

year is equivalent to all future values. Implicit in doing such a calculation is that the values do 

not change over time, which is to say that initial estimates are intemporally reliable.  

This concern and interpretation of a reliability test relates directly to the literature on 

benefits transfer: the use of a welfare estimate generated in a study site but then applied to a 

policy site (Boyle et al; Water Resources special issue). In this case, the transfer is across time; 

that is, intertemporal benefits transfer. It is common in this literature to transfer an estimated 

function from a study site to a policy site in order to generate a welfare estimate for a proposed 

change at the policy site. However, transferring the function assumes that the estimated 

parameters are unchanged. If preferences change over time (evidenced by changes in parameter 

values), then this procedure will still generate biased estimates. 

Thus, a second reason for studying reliability is to determine whether a single year of data 

will typically be adequate to estimate the benefits of a multi-year improvement or whether such 

a procedure introduces substantial bias into welfare estimates. Unlike the first motivation for 

undertaking reliability tests (testing the validity of the method itself), the second motivation 
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relates more to analyzing the importance of reliability for policy analysis. Instead of treating 

the test as a test of the acceptability of the method, reliability tests can be thought of as testing 

whether an estimate from one period in time can serve as an unbiased estimate for later periods.  

If revealed preference methods fail reliability tests, then an important question is the source 

of the discrepancy. In the context of recreation demand models, we can imagine the following 

possibilities: 

1. The parameter values are not stable. If preferences of households are changing over 

time, then parameter estimates will be different in different time periods. However, if 

these differences are due to changing preferences, this would not indicate a problem 

with the method per se, but rather would suggest that there is a bias associated with 

using a single year’s data to project welfare estimates for future periods. If this were 

the case, it may be valuable to repeat a recreation study at two different periods in time 

prior to using the methods estimates for benefit-cost analysis of a long-lived project.  

If the parameter values are not stable and the resulting welfare measures of interest fail 

a reliability test, this could be seen to provide guidance to analysts that preferences may 

be changing. This information could be used to bound welfare measures or averaging 

of model results could be used to better characterize values. 

2. Omitted variable bias. One or more omitted variables in the specification that results in 

bias to key parameters in the recreation demand model (particularly the price and water 

quality measure) could result in a finding of unreliability. If this is the source of 

reliability challenges, then it will be important to researchers to do as much as possible 

to reduce parameter value bias from omitted variables.  
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3. Model specification including functional form and variable specification. Incorrect 

functional form and/or variable inclusion could result in a finding of unreliability. If 

this can be isolated as the likely source of failure of a reliability test, careful model 

specification and testing might be the appropriate response. 

Within the revealed preference literature, Items 2 and 3 have gained attention recently with a 

focus on research designs that recover causal effects of interest (Murdock; Herriges and 

Phaneuf). However, to our knowledge, the link tying these advances to the reliability literature 

in stated preferences has not been made explicit.   

3 Data 

To test the reliability of estimates from a recreational demand model, we use five years of panel 

data on household visits to lakes across the state of Iowa. The first year of the panel is 2002 

when 8,000 surveys were sent to a random sample of Iowa households2. Table 1 reports brief 

summary statistics for the sample, including the number of observations. A total of 3,270 

surveys provided complete enough information for use in our models. These households took 

an average of over 6 trips per year to the targeted set of 123 lakes (a map was provided to 

respondents). In the first year of our data, the average cost per roundtrip was approximately 

$563. In 2003, the set of households that responded to the 2002 survey were resampled and a 

                                                               
2  Accounting for non-deliverables, a response rate of about 61% was achieved in year 2009. We achieved similar 

response rates in other years. Not all of these responses provided income and other data needed for estimation of 

recreation models so the numbers reported in Table 1 reflect the usable sample for estimation of the models in this 

study. 
3 The maximum number of lakes included in the survey varies slightly across years. In addition, not every lake 

has the complete set of water quality information for all years. We use 123 lakes that contain all the information 

needed for the recreation modeling. Excluded lakes represent less than X% of total trips across all survey years.  
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new set of households were added to replace the first year’s non-respondents. This resulted in 

a total of 4,271 households with complete information. In 2004 and 2005, surveys were sent to 

the same households that received the 2003 survey resulting in 3,528 and 3,133 usable surveys 

as reported in Table 1. Finally in 2009, all households that had responded to at least one of the 

earlier four years of surveys were included in the mailing, and a new set of randomly sampled 

households was incorporated. This resulted in a total of 4,906 usable surveys for 2009 and 

importantly for our purposes, a balanced panel of 977 households who responded to all five of 

the survey years. We focus on this balanced panel of households for our primary analysis and 

in so doing, closely mirror the test-retest reliability studies in the SP literature. In a sensitivity 

analysis, we employ all useable surveys from each year. Our key findings change very little 

with these larger samples. 

 Table 2 provides summary statistics for water quality and site characteristic data used in 

the study. Secchi depth is the main measure of water quality that we use. It is consistently 

measured by the Iowa State Limnology laboratory and is available for each lake in each of the 

years of the study. Secchi depth is a widely recognized and used metric which captures clarity 

of the water including suspended solids, discoloration, and signs of nutrient over-enrichment. 

Previous research has found Secchi to be a robust indicator of site choice (Egan et al. 2009), 

but it is important to note that there is no well agreed upon metric of water quality. In a 

sensitivity analysis, we repeat our study using two additional measures of water quality 

(phosphorus and chlorophyll-a). We also include five site characteristics as control variables. 

                                                               

Travel cost is constructed as the round trip travel cost plus an opportunity cost of time (1/3 of an individual’s wage 

rate).  
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These include indicators for whether there is a boat ramp, a wake zone, handicap facilities, a 

state park, and a continuous variable describing the size of the lake (surface area).  

4 Research Design, Model, and Reliability Tests 

In this section, we first outline our general research design. We then describe our model and 

welfare calculations. The parametric and nonparametric reliability tests that we use are detailed 

in the last subsection. 

4.1 Research Design 

We assess the reliability of welfare estimates from a recreational demand model in two main 

steps4: 

1. First, we estimate a repeated random utility maximization (RUM) model on a year-by-

year basis for the five distinct years of our sample. We construct welfare estimates of 

interest for each of these years. 

2. Second, we perform reliability tests for each pair (e.g., 2002 vs 2003, 2002 vs 2004, 

2004 vs 2005, etc) of years including: 

a. Tests for differences in the marginal willingness to pay for a water quality 

improvement, measured by the ratio of the water quality to the negative of 

price/income coefficient. 

b. Tests for differences in non-marginal willingness to pay values for a large 

change in water quality and a site closure.  

                                                               
4  We  test  for  temporal  reliability using marginal  and non‐marginal willingness  to pay estimates as  these are 

policy relevant measures. Theoretically, we could also test for stability in the parameter estimates by adjusting     
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We recognize that we make a number of key assumptions in carrying out our model estimation 

and reliability tests. In a sensitivity analysis, we explore different functional forms for the water 

quality variable, with and without an alternative specific constant to address omitted variable 

bias concerns related to the price coefficient, and with a sample that considers all useable 

observations across years.   

4.2 Model and Welfare Calculations 

Our modeling structure is based on the RUM model in Egan et al. (2009) and Murdock (2006). 

In this model, households are assumed to choose on each choice occasion whether to take a 

trip to one of the targeted lakes or to stay home. The stay home option includes the option of 

other outdoor recreation opportunities. As is typical in this literautre, we assume there are 52 

choice occasions over which this decision is made (Morey; Parsons). The conditional utility a 

household “i” receives from staying at home on choice occasion “t” can be written 

(1) | 	 	 , 	 

where j=0 indexes the stay home option,  is a vector of socio–demographic variables, ∼

0,   is a random error associated with the household which allows a flexible nesting 

structure (Herriges and Phaneuf; Freeman, Herriges, and Kling, 2014) and  is an Extreme 

value Type I distributed error term. The conditional utility associated with visiting a site can be 

written  

(2) | , 		 1, … , 	 ,  

 is the price of a trip, Q  is the water quality at lake “j”,  is a vector of attributes of 

lake “j”, ′  are parameters to be estimated and those with a subscript “i" indicate that they 



11 
 

are random parameters.	 s are i.i.d Extreme value Type I distributed error terms. We use 

simulated maximum likelihood estimation with Halton draws to estimate the model (Train, 

2003).  

We consider both a marginal willingness to pay for a change in water quality as well as two 

distinct non-marginal measures. The marginal willingness to pay is simply the ratio of the water 

quality coefficient (Secchi) to the price coefficient (which in RUM models serves as the 

marginal utility of income). Thus the marginal willingness to pay (MWTP) is defined simply 

as 

(3) MWTP = /  

where  is the price coefficient and  is the quality coefficient.  

 In addition to this marginal value, we construct two non-marginal welfare estimates. The 

first is based on a large water quality improvement and uses the basic compensating valuation 

(CV) formula  

4 	 log ∑ exp	 | log	 ∑ exp	 | . 

Where T is the total number of choice occasions,  is the water quality after a change and 

 is the base level. In this scenario, water quality is improved at all lakes in the state to the 

level of the cleanest lake (West Okoboji in Northwest Iowa) in 2002.  

For the second non-marginal change, we consider the compensating variation associated 

with the closure of a single site, which can be written as follows: 

5 	 	 log ∑ exp	 |′ log	 ∑ exp	 | . 

We construct an estimate of the loss of shutting down West Okoboji. We are interested in this 

value as distinct from the water quality values because its value will primarily be driven by the 
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estimate of the price coefficient with little importance on the water quality coefficient. Our use 

of alternative specific constants helps address issues related to omitted variable bias and model 

specification when considering price changes. Comparing the stability of welfare measures of 

a site closure to the stability of welfare measures of a change in water quality provides some 

insight into the roles of omitted variable bias and model specification issues in our study.  

4.3 Reliability Tests 

We test the reliability of all three welfare measures of interest using a bootstrapping procedure 

by which we create an empirical confidence interval that captures the correlation across years 

in welfare values induced by the panel nature of the data. Using the marginal wilingness to pay 

estimate ( / ) as our example, we construct confidence intervals for the difference between 

MWTPs between paired years as follows: 

1. Resample households with replacement from the 977 observations in the balanced panel, 

where one draw from the data is a household’s information on visits and 

socioeconomics for all five years of the panel. This preserves the correlation patterns 

across households reflective of the test-retest nature of the data.  

2. For each of the five years, estimate the model on the new data set, construct the MWTP 

and save those values.5 

3. Repeat steps 1 and 2 100 times to generate 100 bootstrapped values of MWTP for each 

of the five years. 

                                                               
5  Since we randomly select households into the simulation samples, it is possible that one or several lakes receive 

zero visits in some specific simulation samples. When this situation happens, the simulated log‐likelihood values 

of models with a full set of ASCs on all the lakes in that sample have difficulties to converge. Thus, we exclude all 

lakes with zero visit in all simulation samples when we estimate models with ASCs.     



13 
 

4. Using the bootstrapped values, construct a variable for the paired differences between 

each of the years, i.e. 

7 	 Δ ,   

where	 1, … , 100 	 , and 1 2002, 2 2003, 2004, 2005, 2009  

5. Finally, rank order the 100 differences for each year from lowest to highest and 

construct a 90% confidence interval for the distribution of differences by deleting the 

top 5 and lowest 5 values (Kling and Sexton, 1988; Efron and Tibsharini).  If the 

resulting interval contains zero, then this nonparametric test indicates that the MWTP 

are not different over time, i.e., if the interval contains zero, reliability would not be 

rejected. 

We repeat the same procedure to test for differences in the non-marginal willingness to pay 

values for an improvement in water quality of all lakes and the closure of a single site (West 

Okoboji).  

5 Results 

5.1 Random Utility Maximization (RUM) Model  

Our main model estimates are provided in Table 3. These estimates use the balanced panel of 

households that we observe in each year of our data. In Panel A, we report the coefficient on 

the price term from the first stage of our RUM model with alternative specific constants. In 

Panel B, we report the coefficient on secchi for the second stage regressions of the alternative 

specific constants on site characteristics. In columns (1) – (5), we report results for each year 

of our sample (2002 to 2005, and 2009).   
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As expected, all signs of travel cost coefficients are negative and strongly significant. In 

other words, as the travel cost to a particular site increases, an individual is less likely to choose 

that site. The second stage results generally show a positive and significant effect of water 

quality (as measured by secchi depth) on site choice. The effect of secchi depth is positive in 

each year of our sample, significant at the 1 percent level in the last three years of our sample 

(columns (3) – (5)), significant at the 5 percent level in 2003 (column (2)), and significant at 

the 10 percent level in 2002 (column 1).  

5.2 Reliability Tests 

Figures 1 – 3 present the results of our reliability tests. Figure 1 displays results for marginal 

willingness to pay for an improvement in secchi depth. Figure 2 displays results for non-

marginal willingness to pay to improve all lakes in our sample to the cleanest lake in 2002 

(West Okoboji Lake). Figure 3 displays results for willingness to pay to forgo the closure of 

West Okoboji. In each figure, Panel A displays the willingness to pay estimate by year (2002 

to 2005 and 2009). Panel B provides a visual representation of our non-parametric tests of 

differences in willingness to pay across years. We use 2002 as a base year for these tests. 

First, Figure 1, Panel A shows the 90 percent quantile along with the mean value of marginal 

willingness to pay. As one can see from the figure, the marginal willingness to pay in 2002 and 

2003 average around $5 per household per year. This increases to approximately $12 in years 

2004 and 2005, and then dips slightly to around $8 per household per year in 2009. This figure 

suggests that marginal willingness to pay is roughly statistically similar in years 2002 and 2003, 

higher in 2004 and 2005, and in between in 2009. Note that confidence intervals that overlap 
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the means of other years is not a precise test of the difference between two random variables if 

the variables are correlated (as they are here). Panel B depicts the results from the bootstrap 

procedure which captures this correlation. The graph depicts 90% confidence interval of the 

distribution of differences; when the confidence interval overlaps zero, the marginal 

willingness to pay for an improvement in secchi depth between the two relevant years is not 

significant.  It is easy to see from the graph that this difference is statistically significant in 

years 2004, 2005, and 2009 relative to 2002.  

Figure 2 presents similar results for a non-marginal change in water quality. Here, the 

magnitude of willingness to pay is larger (as expected), but the general finding of statistically 

different welfare estimates across years holds as in Figure 1. The welfare measures for 2004 

and 2005 are strongly significantly different than 2002. 2009 is not statistically different than 

2002, but this is likely due to larger confidence intervals for a larger change in water quality. 

These findings suggest that welfare estimates for a change in water quality are sensitive in both 

the short run (2002 to 2004) as well as the long run (2002 to 2009).     

Finally, in Figure 3, we present a similar analysis for site closure. This is an interesting case 

because the value of the welfare measure depends critically on the magnitude of the travel cost 

coefficient, and with an ASC in the model, is unaffected by the estimate of the parameters on 

water quality. Interestingly, Panel A suggests a different story than in Figures 1 and 2. Here, we 

see the mean welfare estimate for the closure of West Okoboji Lake remains fairly stable over 

time, with a small increase in 2004. Panel B confirms these differences. The welfare estimates 

of the site closure in 2003, 2005, and 2009 are not statistically different from the welfare 

estimate in 2002. 2004 is slightly greater and statistically different.   
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5.3 Sensitivity Analyses 

COMING  

6 Final Thoughts and Interpretations 

This paper tests the temporal reliability of revealed preference welfare estimates in a 

recreational demand framework. We find that estimates of both marginal and non-marginal 

changes in water quality are not stable over time. In contrast, we find that welfare estimates of 

a site closure, which works primarily through estimates of the effect of travel cost, are stable 

over time. This difference begs the questions as to why these differences exist. We argue that 

since our research design better controls for issues related to omitted variable bias and model 

misspecification related to the trip price coefficient, these findings suggest that preferences are 

stable over time, but our research design is susceptible to these issues when estimating the 

effects of water quality on recreation. Future work that addresses these issues with respect to 

water quality will be fruitful to better understand if preferences are indeed stable over time.     

Finally, we argue that testing for the stability of revealed preference estimates over time 

will help researchers and policy makers better understand the implications of these estimates 

for cost-benefit analysis and benefit-transfer purposes. 
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Figures 

Figure 1: Marginal Willingness to Pay for Secchi Improvement 

 

Panel A: Marginal Willingness to Pay for Secchi Improvement by Year 

 

Panel B: Test of Differences in Marginal Willingness to Pay Relative to 2002 

 

Notes: Panel A….Panel B…. 
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Figure 2: Non‐Marginal Willingness to Pay for Secchi Improvement 

 

Panel A: Non‐Marginal Willingness to Pay for Secchi Improvement by Year 

 

 

Panel B: Test of Differences in Non‐Marginal Willingness to Pay Relative to 2002 

 

 

Notes: Panel A….Panel B…. 
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Figure 3: Willingness to Pay for Site Closure 

 

Panel A: Willingness to Pay for Site Closure by Year 

 

 

Panel B: Test of Differences in Willingness to Pay Relative to 2002 

 

 

Notes: Panel A….Panel B…. 

 



23 
 

Tables 

Table 1: Summary Statistics for Iowa Lakes Visitation Data 

 

Variable 2002 2003 2004 2005 2009 

Average number of trips per household 6.4 6.9 6.6 6.9 6.2 

Average number of trips excluding household 

with zero visits 
10.8 11.1 10.6 11.1 10.4 

Age6 51.5 52.6 54.0 54.7 57.4 

Gender ( share of male respondents) 0.69 0.67 0.66 0.67 0.68 

Household Size 2.6 2.6 2.5 2.5 2.4 

Weighted Price7 55.9 50.3 76.0 68.0 69.2 

Number of observations 3270 4271 3528 3133 4906 

Number of observations in balanced panel 3270 2268 1742 1331 977 

Trips – only Panel 5.8 6.5 5.9 6.1 5.9 

 

  

                                                               
6  The original question about respondents’ age information is elicited with seven age brackets. For the lowest 

age group (younger than 18), we assume the age is 18. For the oldest age group (older than 76), we assume the 

age is 76. For the other five age groups, we assume the age is the middle age of that age bracket.   
7  This weighted price is the travel cost for each household lake pair weighted by the trips taken by the household.   



24 
 

Table 2: Site Characteristics and Water Quality Summary Statistics 

Variable Description Mean Std. Dev Minimum Maximum

RAMP  1: with boat ramps 0.85 0.36 0 1 

WAKE  1: wakes allowed 0.67 0.47 0 1 

HANDICAP 1: handicap facilities 0.38 0.48 0 1 

STATEPARK 1: state park  0.38 0.49 0 1 

WAREA Area of water 696.05 2168.81 10 19000 

Secchi Unit: Meters 1.24 0.99 0.09 8.1 
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Table 3: Random Utility Model Parameter, Estimates using Complete Panel Only 

 

VARIABLE 

(1) 

2002 

(2) 

2003 

(3) 

2004 

(4) 

2005 

(5) 

2009 

Panel A: First Stage Results 

Price (in 00$) -3.418*** -3.776*** -2.373*** -2.776*** -2.690*** 

T-value -83 -87 -83 -86 -84 

Panel B: Second Stage Results 

Secchi 0.174* 0.192** 0.273*** 0.311*** 0.219*** 

T-value 1.82 2.48 3.21 4.56 3.52 

      

Households 977 977 977 977 977 

Sites 110 110 110 110 110 

1. *, **, *** represents the significance level at 10%, 5% and 1%, respectively. 

2. Coefficients of other site attributes and demographics like Age, Gender are not reported.  

3. There are more lakes surveyed in ILP, however, respondents only visited these 110 lakes in all four 

years. 

 

 

 

 

 


