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The objective of this study is to estimate the willingness to pay of U.S. Gulf Coast 

residents to support oyster reef restoration.  The Gulf Coast is the leading commercial oyster-

producing region in the United States, accounting for approximately 46% of the total commercial 

oyster harvest in 2021.  My benefit estimates were based on data obtained from a contingent 

valuation survey of 6,475 Gulf Coast respondents.  I estimated the willingness to pay (WTP) for 

oyster reef restoration using interval regression and Turnbull lower-bound methods.  The 

estimated mean WTP value is in the range of $142 and $436 per household.  The results show 

respondents who eat oysters and those that hold saltwater fishing licenses have significantly 

higher WTP.  
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CHAPTER I 

INTRODUCTION 

Oysters provide vital economic and ecological benefits (NOAA 2022).  They provide a 

range of nonmarket environmental benefits, such as better water quality by removing nitrogen 

from the water (Grabowski and Peterson 2007, DePiper et al. 2017, and Kroger 2012), protection 

of shorelines from erosion (Barrett et al. 2022), and habitat for other fish species (Fodrie et al. 

2017, La Peyre 2015, and Grabowski et al. 2012).  Petrolia et al. (2022) found that the nonmarket 

benefits of restored oyster reefs are estimated to be $92,104 per acre.  In addition to the 

nonmarket benefits, oysters provide a significant opportunity for commercial harvest.  The 

commercial harvest of oysters began in the mid-1800s in Louisiana (Banks et al. 2016) and in 

Mississippi in the 1880s.  The Gulf Coast is the leading commercial oyster-producing region in 

the U.S., accounting for 46% of the total commercial oyster harvest in 2021.  The historically 

large population of oysters along the Gulf Coast plays an important role in the health of the 

region's ecosystem (TNC 2018). 

Around 85% of oyster reefs worldwide have been lost, with over 90% of bays and 

estuaries experiencing functional extinctions of their reefs.  Most of the remaining wild oysters 

are captured in North America, specifically the Gulf of Mexico, accounting for 75% of the total 

according to Beck et al. (2011).  Eastern oysters have significant societal and ecosystem benefits, 

but a decline in oyster harvest over recent decades threatens those benefits (Beckensteiner et al. 

2020).  The significant reductions in oyster populations are due to hurricanes, increased numbers 
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of tropical storms, overharvesting, disease, oil spills, pollution, and habitat loss (Martinez et al. 

2022, Beck et al. 2011, Soniat et al. 2019, Grabowski and Peterson 2007, Kroger 2012, Halpern 

et al. 2008, Costanza et al. 2014, and National Research Council 2004).  However, the decline of 

oyster reefs varies considerably across Gulf regions.  The Mississippi Sound and Pensacola Bay 

both experienced a staggering 90–99% decline (Beck et al. 2011), and Mobile Bay lost 

approximately 80% (zu Ermgassen et al. 2011). 

According to La Peyre et al. (2014), restoration of shellfish reefs has grown increasingly 

widespread in recent decades due to increased awareness of the functional deterioration of 

shellfish systems.  For example, in Alabama, “Restoration and Enhancement of Oyster Reefs in 

Alabama” and in Mississippi, “Restoring Living Shorelines and Reefs in MS Estuaries: St. Louis 

Bay” are some of the ongoing restoration projects in the Gulf region. 

An understanding of how the public values oyster reef restoration can aid policymakers 

in prioritizing restoration efforts.  An important component of this understanding is a dollar 

estimate of the benefits associated with restoration, which can then be compared to the cost of 

restoration.  This study presents some dollar values associated with a hypothetical oyster reef 

restoration that can be used by policymakers in their decision-making. 

The primary objective is to estimate the willingness to pay of U.S. Gulf Coast residents to 

support oyster reef restoration.  Data were collected via a contingent valuation survey 

administered to a sample of residents throughout the five U.S. Gulf Coast states.  A secondary 

objective was to perform a scope test in this study.  Other secondary objectives were to control 

for respondent confidence in voting (ex-post confidence adjustment), control for respondent 

attention and understanding, and use videos to make it easier for respondents to understand and 

take the surveys. 
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CHAPTER II 

LITERATURE REVIEW 

There is limited research on oyster reef valuation.  The closest study conducted on this 

topic is by Interis and Petrolia (2016).  They examine how ecosystem service values associated 

with coastal restoration vary across locations (Alabama and Louisiana) and habitats (oyster reef, 

salt marsh, and black mangrove).  Based on their results, providing details about the habitat to 

the respondent is more essential for estimating willingness to pay.  This study also supports the 

reasons why we provided respondents with information about the reef’s condition and the 

benefits associated with the restoration in our survey.  Understanding the specific characteristics 

and ecological significance of the reefs allows respondents to make informed decisions regarding 

their willingness to pay for the restoration project.  

Other related studies include Grabowski et al. (2011) and Parker and Bricker (2020), who 

conducted ecosystem valuations where they estimated the nitrogen removal benefits of oyster 

reefs.  They both employed different methods. Grabowski et al. (2011) used cost-benefit 

analysis, while Parker and Bricker (2020) used the avoided or replacement cost approach.  

Grabowski et al. (2012) used benefit transfer method to estimate the economic value of oysters, 

but they excluded commercial oyster harvesting benefits.  Petrolia et al. (2022) also used Monte 

Carlo simulation to evaluate the nonmarket ecosystem benefits associated with oyster reefs.  

Furthermore, my study differs in a number of ways from these studies; they used different 

methods to value ecosystem services, whereas I used contingent valuation surveys to monetize 
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the benefits of oyster reef restoration.  However, my study does not value oyster reefs per 

ecosystem service; it values oyster reefs as a whole and the benefits they provide. 

Given the limited research on oyster reef valuation, my study has broadened to include 

studies on related ecosystems, such as wetlands, to explore how their economic values were 

estimated and how much people are willing to pay for their restoration.  Petrolia et al. (2014) 

estimated the welfare associated with large-scale wetland restoration using contingent valuation 

and choice experiment survey instruments in coastal Louisiana.  Kim & Petrolia (2013) also 

analyzed the WTP for a large-scale coastal restoration wetland in Louisiana using a contingent 

valuation survey (referendum-style).  Singh (1997) used the contingent valuation method to 

estimate the WTP of wetlands for New Jersey households.  He, Dupra, and Poder (2016) 

examined the non-market values of ecosystem services provided by wetlands in southern 

Quebec.  In order to assess these values, they conducted contingent valuation experiments and 

choice experiments.  They also found that the WTP values are affected by households’ 

socioeconomic characteristics.  WTP is positively affected by income. 

Studies with uncertainty 

Several studies have examined the role of uncertainty in valuation surveys, though the 

source of uncertainty has varied.  Most studies focus on preference uncertainty, which is being 

uncertain about whether you will be willing to pay for something in the future.  In other words, it 

refers to the difficulty people have in determining their true preferences or how much they value 

a particular product or service.  Some studies, such as Chang et al. (2007), Brouwer (2011), and 

Hakanssan (2008), investigate households’ preference uncertainty by presenting them with 

multiple willingness to pay question choices.  Another source of uncertainty is “posterior 

uncertainty," which refers to the degree of uncertainty or lack of confidence in the estimated 
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values of parameters.  It simply means the dispersion of the distribution.  Cameron (2006) used 

posterior uncertainty, where the respondents provided a range value within which they believe 

the true values about future temperatures lie with a 95% confidence level.  In addition to that, 

Cameron (2006) used those values to establish an individual baseline for each respondent. 

Interval uncertainty is another source of uncertainty, which is uncertainty regarding the 

potential outcomes or values of a parameter or variable within a given range or interval.  Isik 

(2006) used interval uncertainty to investigate how it affects willingness to pay for a project that 

could preserve several crocodiles in a manner that is comparable to mine.  He informed the 

respondents that the number of American crocodiles that could be saved by the project is 

uncertain and asked whether they would be willing to pay $X if the crocodiles saved could be Y1 

or Y2.  Isik (2006) found that uncertainty about the value of environmental quality 

improvements can alter the WTP measure, and the level of uncertainty affects the difference in 

mean WTP between certainty and uncertainty.  In my study, I used the interval uncertainty to 

help determine how uncertainty in the future expected outcome of oyster harvest affects WTP 

values.  
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CHAPTER III 

SURVEY DESIGN AND IMPLEMENTATION 

Based on suggestions made by Dillman (2007) we created the survey using a 

comprehensive approach that included focus group meetings and pre-testing the survey using 

snowballs.  Snowball is a sampling method that involves selecting respondents through referrals 

from other respondents.  In our case, a small group of respondents who met our criteria for the 

study were initially identified and recruited, and then asked to refer others who may also be 

interested in participating.  The process continues, with each new respondent referring more 

potential participants, creating a "snowball" effect. 

We engaged focus groups from Alabama and Mississippi to get their candid opinions, 

and these opinions were taken into consideration before the final survey questions were 

administered.  We tested and treated the first draft of the survey with the focus groups to gather 

some information, which helped us identify some details about the survey that people think are 

important.  The main motive was to use the focus groups to assess the public’s general 

knowledge of oyster reef restoration, test some photographs of oysters for use in the survey, test 

our survey videos, and get their opinions on the wording of the survey.  We went to Mobile, 

Alabama, on March 21st, 2022, and Gulfport, Mississippi, on April 21st, 2022.  We met 15 

people from each state as our focus group.  We administered a sample of the questionnaire for 

the survey to them to see how they react to it and to determine how much they are willing to pay 

for oyster reef restoration and the benefits they derive from oyster harvesting.  We also 
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conducted a snowball survey test to give us an overview of the final survey.  Before permitting 

Qualtrics to distribute our survey to the respondents, the final survey was one more revised in 

light of the constructive comments and suggestions from the snowball.  The summary of survey 

design and implementation field periods is as follows: 

Table 1 Survey design and implementation field periods. 

Stage Duration 

Survey Design Nov. 2021 to May 2022 

(Focus groups): Mobile, AL 

Gulfport, MS 

March 21, 2022 

April 21, 2022 

Internal testing/editing May to September, 2022 

Pre-test (snowball) September to October, 2022 

Qualtrics launch October 2022 

 

We used videos in our survey.  The videos were used to introduce the survey, the benefits 

of oyster reefs, background of commercial oyster harvest, scenarios, and the project outcomes.   

The survey questionnaire was divided into three parts: (1) an introduction on the benefits of 

oysters, the household’s understanding of restoration, and their experiences; knowledge about 

the benefits of oysters and the population of oysters; (2) their WTP under a certainty scenario 

and an uncertainty scenario; and (3) demographic and household information.  The valuation 

question asked households about their one-time WTP for each of the two scenarios: (1) a 

scenario where the respondents were presented with a future outcome which is certain (a specific 

number); and (2) uncertainty about future outcomes (the future outcome was in the form of a 

range).  The survey instrument provided information on oyster harvest from 1950 to 2021; the 

expected outcome of oyster harvest in the next ten years when the restoration project occurs; and 

when the restoration project does not occur.  Subsequently, a WTP question asked respondents to 
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vote on a proposed oyster restoration project to promote the expected growth of the oyster 

population.  We also developed a second scenario format question and gave some respondents 

from Florida and Texas an uncertain expected outcome value of oyster harvest.  If the project 

goes ahead, the oyster harvest is expected to range between XX and XX.  Most willingness to 

pay studies present proposed outcomes as certain, thus a fixed change from X to Y, but in reality, 

many project outcomes are uncertain, and the actual change may lie within some range (Isik 

2006).  Appendix B contains examples of these scenarios. 

Data and Study Area   

The study focused on respondents (18 years old and older) in the five U.S. Gulf Coast 

states of Alabama, Florida, Louisiana, Mississippi, and Texas, and the data came from an online 

contingent valuation (CV) survey.  We used Qualtrics to distribute the survey. Below, Figure 1 

details our study area, where the blue dots represent the coastal respondents, while the red dots 

represent the non-coastal respondents.  This is based on data description from NOAA (2017) 

coastal county definition, which states that the Federal Emergency Management Agency 

(FEMA) defines coastal counties as those that have coastlines adjacent to the open ocean or 

Great Lakes or contain velocity zones (V-zones) or coastal high-risk areas. 
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Figure 1 The five U.S. Gulf Coast states where the blue dots represent the coastal 

respondents and the red dots represent the non-coastal respondents. 

 

Approximately 6,893 survey responses were collected between mid-October and late 

October of 2022.  In order to ensure that our sample size was representative, we considered 

Dillman (2007)'s approaches to determining sample size.  This also helps reduce the chances of 

having a higher sampling error.  Out of the 6,893 recorded responses, only a total of 6,475 

passed our flagging criteria.  We based our flagging rule on the following: (1) screening criteria [ 

(age 18+, specific state (the five Gulf Coast states), oath (respondents were asked to provide their 

best answer to each question in the survey)]; (2) survey duration (drop responses completed in 

less than 3.5 minutes) and (3) other (bad text, incomplete survey).  Bad text contains irrelevant 

text from the open-ended questions and incomplete surveys were based on if the progress is less 
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than 90.  For the purpose of this study, I dropped all the observations on the uncertainty 

treatment and only focused on the certainty treatment.  This resulted in a total of 4,858 certainty 

treatment observations out of 6,475 observations.  All the results used in this study are based on 

these certainty observations.  The mean duration was 9 minutes, 49 seconds.  In Figure 2, I show 

the sample distribution across the Gulf states. 

 

Figure 2 The population sample from the various states. 

 

Data Collection 

The survey gathered information on how the respondents reacted to the general bid (the 

amount respondents were offered to vote on), do you eat oysters, do you hold a saltwater fishing 

license, their understanding of the problem of oyster reefs, their understanding of the project, and 

how the project would be funded, as well as some personal information such as annual income, 

age, and gender.  Our survey had multiple sections.  The various sections are the introduction, 
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background, scenario section, vote, follow-up questions, demographics, and closing statement.  

The introduction comprised an introduction to the survey, a question on the respondent’s state of 

residence, a video explaining the benefits of oyster reefs, and questions on whether they eat 

oysters or hold saltwater license.  The background section explained the trends in commercial 

oyster harvest and also asked questions on how the respondents understood the problem and how 

much they cared about the issues with oysters.  The scenario section comprises the scenario 

videos and the scenario questions.  We used the scenario videos to explain the various scenarios 

to the respondents.  The scenario questions asked about whether they understood how the project 

would address the problem, how it would be funded, and whether they were willing to pay to 

restore oyster reefs as shown in figure 3. 

 

Figure 3 Control questions for respondents’ understanding of the survey. 
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The vote section informed the respondents that “Suppose that each taxpaying household 

in “state YY” would need to make a one-time payment of $XX to fund the project.”  The 

payment would be fixed at the same amount for every taxpaying respondent and would be 

collected on their 2023 state income tax return.  “Given the expected benefits and costs, would 

you vote for or against the project?”  As detailed in figure 4. 

 

Figure 4 Willingness to pay question. 

 

The follow-up section consists of three questions.  The first question asks the 

respondents, on a scale of 1 to 10, how sure they are about being willing to pay $XX.  This 

follow-up question was specifically for those who voted for the project.  The second question 

was, “On a scale from 1 to 10, how confident are you that this survey will influence what is 

actually done?”  This question was for all the respondents.  The last question asks, “You said you 

would vote AGAINST the project if the cost was $XX.”  “What is the highest one-time payment 

at which you would vote for the project?”  Figure 5 shows the follow-up questions. 
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Figure 5 Follow-up questions. 

 

The demographic section asks questions about their 5-digit zip code, their gender, the 

year they were born, their highest level of education, their annual household income before 

taxes, their race, the number of children under 18 living with them, and their affiliated political 

party.  The closing statement thanked the respondents for their participation and also asked them 

to share their comments about the survey. 

We began the questionnaire by asking the respondents the state in which they reside.  

This question served as a screening question to identify which state each respondent lives in.  

Our focus was on respondents from the five Gulf Coast states.  Any respondent who fails the 

screening question is removed from the survey.  Secondly, we asked an oath question to ensure 

they were willing to give their best responses.  The survey introduced the benefits of oysters to 

the respondents.  The respondents were then asked about their knowledge of oysters, their 

experience with fishing, and how much they cared about the issue of oysters in their states.  We 

then informed the respondents about the proposed project and how much they would pay in tax.  

We assigned them bids of $25, $50, $100, $250, and $500. 
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Contingent Valuation Vote Questions 

We informed the respondents about the project outcomes using our built-in videos.  With 

the project outcome in mind, we framed a hypothetical scenario as follows: “Without the project, 

oyster harvest is expected to be around [X] million pounds per year during the next 10 years, as 

shown below, but with the project, the oyster harvest is expected to increase by [X] million 

pounds, for a total of [X] million pounds per year.  These expected outcomes varied in 

magnitude.  This project would require additional state funding.  Funds would likely come from 

multiple sources, but at least part of the funds would come from households like yours.  Suppose 

a special fund was set up for this purpose and a one-time fee of [X] was collected from each 

household, including yours.  Each county would arrange to collect the fees from their households 

and deposit them into the special fund in 2023.  Some people were administered with a high 

scale, and others also had low scales.  

We then asked the respondents whether the details of the proposed project and how it 

would be funded were understandable and informative to them.  The response categories for this 

question were "yes," "no," and "not sure."  The survey continued, as “suppose a vote was held 

today on whether the state should carry out this project.”  "We would like to know how you 

would vote.  Would you vote FOR or AGAINST the project based on the expected benefits and 

costs? We asked a follow-up question: “On a scale from 1 to 10, how sure are you about being 

willing to pay [X]?” (1--not certain... 10--certain)." 

Another key thing we considered in our survey was consequentiality.  Carson and Groves 

(2007) argued that consequentiality is a crucial attribute of any CV survey.  According to 

Petrolia et al. (2019), consequentiality is the extent to which a respondent thinks the survey will 

have a lucrative probability of influencing the provision of the proposed good.  We considered 
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the consequentiality principles suggested by Carson and Groves (2007).  In doing so, we asked a 

final question that asked, "On a scale from 1 to 10, how confident are you that this survey will 

influence what is actually done?" (1=not at all confident; 10=extremely confident).  Bulte et al. 

(2005) believe that in some cases, consequentiality can help to mitigate hypothetical bias.  Table 

2 details the key valuation questions in the survey. 

Table 2 Key valuation questions asked in the survey. 

 Questions 

Quality control questions 1. Do you feel like you understand the 

problem? 

2. Do you feel like you 

understand how the project would 

address the problem? 

3. Do you feel like you understand 

how the project would be funded? 

Care about oyster How much do you care about the issue of 

XXX’s oysters? 

Vote Given the expected benefits and costs, 

would you vote FOR or AGAINST the 

project? 

I would vote FOR the project. 

I would vote AGAINST the project. 

Follow-up questions 1. On a scale from 1 to 10, how sure 

are you about being willing to pay $XX? 

2. On a scale from 1 to 10, how 

confident are you that this survey will 

influence what is actually done? 

3. You said you would vote AGAINST 

the project if the cost was $XX.  What is the 

highest one-time payment at which you 

would vote FOR the project? 
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Test of Consistency 

From economics theory, it has been argued that when the bid increases, the proportion of 

yes votes should decrease (Hwang 2013).  Based on the summary results from the survey, it can 

be inferred that our survey responses meet this criterion.  As detailed in figure 6, as the bid 

increases, the % yes votes decrease for both unadjusted and adjusted confidence levels. 

 

Figure 6 Percentage of “YES” votes by bid distribution. 
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CHAPTER IV 

RESULTS 

Summary of household responses 

Table 3 details the definitions for all survey variables, and Table 4 reports the summary 

statistics of the variables going into the regression with my expected signs.  Out of the survey 

responses, 60% said they eat oysters at least once a year, and 16% said they hold a saltwater 

license. 33% ranked better water quality as the most important benefit of oyster reefs, as detailed 

in figure 7.  And about 70% of the households voted for the project.  Twenty-two percent of the 

respondents are Alabama residents; 18% are from Florida; 21% are from Louisiana; 17% are 

from Mississippi; and 22% are from Texas.  The mean age of my sample is approximately 45 

years. 

 

Figure 7 Percentage ranking of the most important benefits of oyster reefs. 
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Table 3 Definition of variables  

Variable  Definitions 

Vote = 1 if voted for the project, = 0 otherwise 

Vote8 = 1 if at least on a scale of 8 voted for the project, = 0 otherwise 

Confidence 

adjusted 

Ranking [1(not at all sure)-10(very sure)]; asked as a confidence follow-up 

question to adjust the “YES” votes 

Bid = $25, $50, $100, $250, or $500; the amount offered respondents to vote on  

Eats oysters =1 if the person eats oysters at least once a year, = 0 otherwise  

Saltwater 

fishing 

=1 if the person fishes, = 0 otherwise 

Improvement Improvement in the amount of commercial oyster harvest after the project 

based on each state 

Baseline The current status of commercial oyster harvests in each state 

Scope of 

improvement  

= improvement / baseline  

Coastal =1 if the respondents stay in a coastal area, = 0 otherwise  

Age  The age of the respondent, from 18 years and above  

Education  The level of education of the respondent (Associate degree, Bachelor’s 

degree, graduate degree, High school, Some college, and some school) 

White = 1 if the respondent’s reported race is white, = 0 otherwise  

Female = 1 if respondent is female, = 0 otherwise  

Households  = number of individuals living in household  

Children = 1 if there are children present in the household, = 0 otherwise  
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Table 4 Summary statistics of variables used in regression analysis (N=4,855) 

 Mean  Std. Dev Minimum  Maximum 

Vote  0.70 0.46 0 1 

Vote8 0.31 0.46 0 1 

Bid (−) 185.70 175.91 25 500 

Eats oysters (+) 0.60 0.49 0 1 

Saltwater fishing (+) 0.17 0.37 0 1 

Scope of improvement (+) 5.40 10.78 0.26 40 

Coastal (+) 0.47 0.50 0 1 

Children (?) 0.75 1.25 0 20 

Level of education (?) 3.53 1.42 1 6 

Female (?) 0.71 0.45 0 1 

White (?) 0.67 0.47 0 1 

Age (?) 44.6 16.21 18 102 

 

Model Specification  

The conceptual framework was based on the Random WTP model, yj = 𝛃′𝐗𝒋 + εj 

(Cameron and James 1987).  Where yj is the WTP of respondent 𝑗 for the project, 𝐗𝐣 is an m-

dimensional vector of respondent characteristics, 𝛃 is the corresponding coefficients, and εj  

error term.  Typical model of WTP assumes negative infinity to positive infinity and uses probit 

model which does not allow for reasonable bounds.  To implement these practical and reasonable 

bounds on unobserved WTP, I used an interval regression model which allows for lower bound 

of zero, and an upper bound of income (Haab and McConnell 1998).  I employed the interval 

regression model (yj = 𝛃′𝐗𝐣 +  εj ) to estimate the willingness to pay of respondents towards 

oyster reef restoration along the Gulf Coast.  The dependent variable involves a multistep.  My 
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dependent variable (yj) takes into account the vote based on offered bid (the bid is used to set 

part of the bounds), ex-post confidence adjustment for “yes” votes (at least 8), and reasonable 

bounds (lower and upper).  I only know that the unobserved yj is in the interval ( y1j , y2j), which 

is (0, income) for my study.  Looking at just “no” responses, it has an interval of (0, bid), while 

“yes” responses are in the interval of (bid, income).  The likelihood contribution is 

 Pr(y1j ≤ Yj ≤ y2𝑗), where Yj is the random variable denoting the dependent variable (WTP) in 

the model (Stata helpfile). 

The log likelihood of the interval regression model is:  

 

𝐿𝐿 =  ∑ 𝑤𝑗𝑗𝜖𝜏 log {Φ (
𝑦2𝑗−𝑥𝛽

𝜎
) − Φ (

𝑦1𝑗−𝑥𝛽

𝜎
)} (1) 

 

Where Φ is the cumulative distribution function of the standard normal distribution, 𝑤𝑗 

are weights, 𝑦𝑗 is the outcome of the jth observation; either observed or unobserved, 𝜎 is the 

asymptotic standard errors. 

I had a clear expectation of the directional effect of some of my variables, as detailed in 

Table 4.  I expected income, ‘eats oysters’, ‘saltwater fishing’, ‘coastal’ and ‘scope of 

improvement’ to have positive effects.  I did not have any expected effects for race, age, the 

household’s state of residence, and the political party the household supports.  Table 5 reports 

the estimates of the interval regression model.  This table includes the results of the confidence 

adjusted level of 8 (1—not at all sure to 10—very sure) and differs according to whether 

sampling weights were used or not.  Using a confidence adjustment of 8, a “YES” response with 

a follow-up scale of 7 or lower is recoded as a “NO” response.  This is based on findings from 

Champ and Bishop (2001). Other studies, like Blomquist et al. (2009) and Penn and Hu (2023) 
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also found a similar confidence adjusted cutoff.  Respondents who eat oysters were significantly 

more likely to pay $36 more for the restoration of oyster reefs than those who do not eat oysters 

under the unweighted model.  With the weighted model, they were willing to pay $35 more, 

which is significant at 1%. With this, there is an insignificant difference in the effect of “eats 

oysters” under both models.  For respondents who go saltwater fishing, they were willing to pay 

$38 more under the unweighted sample and $47 more under the weighted sample.  Under both 

levels, respondents with higher educational attainment were more willing to pay for the 

restoration, and this is statistically highly significant.  The same is true for elderly respondents, 

who intend to pay ¢40 more than the mean WTP.  The results on age and the level of 

educational attainment are consistent with the findings of Tan et al. (2018), who found that 

older respondents were less willing to pay for coastal wetland restoration, while the younger 

and more educated respondents were more likely to pay for the wetland restoration.  Female 

respondents were significantly less likely to pay $18 less for the restoration of oysters relative to 

male respondents in the unweighted sample and $12 less in the weighted sample.  For every 

given proportional increase in oysters, respondents were willing to pay ¢49 more to restore 

oysters.  It turns out that coastal respondents were less likely to pay for the restoration of oysters 

relative to non-coastal respondents, and this is not statistically significant. 
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Table 5 Interval Regression Results for Confidence-adjusted, with and without sampling 

weights, N = 4,855. 

 Confidence-adjusted 

 (Unweighted) 

Confidence-adjusted 

(Weighted) 

Eat oyster 36.19*** 

(4.50) 

35.68*** 

(5.85) 

Saltwater fishing 38.24*** 

(6.44) 

46.815*** 

(11.07) 

Children 7.53 

(4.71) 

6.69 

(6.55) 

Level of education 4.86*** 

(1.72) 

6.00** 

(2.37) 

Scope of improvement 0.19 

(0.21) 

0.49* 

(0.29) 

Coastal -5.29 

(4.48) 

-4.68 

(6.12) 

Female -18.30*** 

(5.04) 

-12.48* 

(6.46) 

White 10.96** 

(5.06) 

11.02 

(7.08) 

Age 0.48*** 

(0.15) 

0.41** 

(0.18) 

Republican -2.38 

(4.71) 

-6.47 

(6.72) 

Income 0.00*** 

(0.00) 

0.00*** 

(0.00) 

Constant 67.20*** 

(28.12) 

56.30*** 

(13.30) 

N 4,855 4,855 

Loglikelihood -5751.99 -59796313 

*p<0.10, **p< 0.05, ***p<0.01. With standard errors in parentheses. 

Table 6 reports the results of our restricted sample.  The restricted sample comprises only 

respondents who met our quality control criteria.  We based this on respondents who answered 

that they understood the problem, how the project would address the problem, and how the 

project would be funded.  The total number of observations for this sample was 3,524.  The 

effect of whether a respondent eats oysters at least once a year or saltwater fish remains the 

same.  People who eat oysters or saltwater fish were still more likely to pay for the restoration 
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project, as it was under the unrestricted sample.  Compared to the unrestricted sample, the effects 

of “eats oysters” or “saltwater fishes” have a higher positive magnitude. 

Table 6 Interval Regression Results for Confidence-adjusted, with and without sampling 

weights, N= 3,524 (Restricted sample) 

 Confidence-adjusted 

 (Unweighted) 

Confidence-adjusted 

(Weighted) 

Eat oyster 41.62*** 

(6.12) 

38.74*** 

(7.72) 

Saltwater fishing 42.13*** 

(8.18) 

52.99*** 

(13.42) 

Children 10.39* 

(6.26) 

7.71 

(8.61) 

Level of education 3.25 

(2.34) 

1.57 

(3.06) 

Scope of improvement 0.13 

(0.28) 

0.38 

(0.39) 

Coastal -12.28** 

(6.01) 

-7.43 

(8.27) 

Female -31.75*** 

(6.74) 

-27.75*** 

(8.44) 

White 10.34 

(6.90) 

11.26 

(8.89) 

Age 0.78*** 

(0.21) 

0.67*** 

(0.23) 

Republican -1.41 

(6.33) 

-0.29 

(8.94) 

Income 0.00*** 

(0.00) 

0.00*** 

(0.00) 

Constant 88.48*** 

(28.12) 

86.75*** 

(16.67) 

N 3,524 3,524 

Loglikelihood -4145.27 -59796313 

*p<0.10, **p< 0.05, ***p<0.01. With standard errors in parentheses. 
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My findings indicate that the only big difference between these two samples is the 

magnitude of the effects on willingness to pay.  And also, the significance level of some 

variables.  For example, with the restricted sample, coastal respondents were statistically 

significant but not significant in the unrestricted sample.  

WTP Value  

I estimated the WTP value using the Turnbull Lower-bound estimator (Haab and 

McConnell 2002) and the Interval Regression-based approach.  I used these approaches because 

WTP is assumed to be non-negative, and the Turnbull Lower-bound estimator and the Interval 

Regression-based approach do satisfy this non-negative condition.  According to Haab and 

McConnell (1997), estimating negative willingness to pay under the contingent valuation method 

is simply wrong for most of the problems since the public good can be disregarded if it does not 

benefit the respondent. 

Turnbull Lower-bound estimator and Interval Regression-based approach satisfy this 

condition.  With large samples and having an increasing bid, the percentage of no responses to 

each bid is expected to increase (Haab and McConnell 2002).  In calculating for the estimated 

WTP using the Turnbull model, I estimated the model as: 𝐸(𝑊𝑇𝑃) =  ∑(𝑓𝑗 × 𝑡𝑗), where 𝑡𝑗 is the 

offered bid, and 𝑓𝑗 is the probability density function of the No votes at a specific point.  The 

expected lower-bound is estimated as  𝐸𝐿𝐵𝑊𝑇𝑃 =  𝐸(𝑊𝑇𝑃) − 1.96[𝑠𝑡𝑑(𝑊𝑇𝑃)], where 

𝑠𝑡𝑑(𝑊𝑇𝑃) is the standard deviation associated with WTP.  A detailed description of this model 

can be found in Appendix B.  This is labelled as a detailed description of the Turnbull Estimator.  

For the interval-regression-based approach, I used the Delta method to estimate the 

confidence intervals for WTP.  Simulation approaches offer only approximations of confidence 
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intervals, whereas Delta offers exact standard intervals for WTP estimates (Daly et al. 2012a).  

The Delta method is not only accurate in many cases but also avoids extensive simulation 

(Bliemer & Rose 2013).  

Table 7 reports the WTP at the certainty adjusted level and the certainty unadjusted level 

and also includes the WTP of the unrestricted sample and the restricted sample.  Under the 

unrestricted sample with no certainty adjusted level, the mean WTP is estimated to be $311 per 

respondent, with a 95% confidence interval of ($309, $312).  Certainty adjusted responses 

resulted in a lower WTP value of $112 per respondent, while the use of the restricted sample 

increases the WTP slightly ($338 for no certainty adjusted and $139 for certainty adjusted). 

 

Table 7 WTP Estimates using Turnbull Lower-bound. 

Not Certainty Adjusted Certainty Adjusted 

Turnbull Lower-bound WTP 

Unrestricted sample (N=6,475) 

$311 

($309, $312) 

$112 

($110, $114) 

Restricted sample (N=4,746) 

$338 

($336, $340) 

$139 

($137, $141) 
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Table 8 WTP Estimates using Interval Regression.  

Certainty Unadjusted 

(Weighted) 

Certainty Adjusted 

(Weighted) 

Interval Regression-based WTP 

Unrestricted sample (N=6,475) 

$387 

($368, $407) 

$142 

($132, $151) 

Restricted sample (N=4,746) 

$436 

($410, $460) 

$167 

($156, $179) 

 

Interval regression-based estimates are greater than the Turnbull Lower-bound estimates.  

This is true because the Turnbull Lower-bound provides the lowest possible estimates.  Under 

the unrestricted sample, the one-time mean WTP value is $387 per respondent, which is greater 

than the Turnbull Lower-bound estimate of $311 per respondent, and even greater under the 

certainty-adjusted responses ($142).  With the restricted sample, the mean WTP is estimated to 

be $436 under no certainty adjustment and $167 under certainty adjusted.  As stated earlier, the 

closest study to mine is by Interis and Petrolia (2016).  They estimated the mean willingness to 

pay for oysters across locations (Alabama to Louisiana) to be $702 and (Louisiana to Alabama) 

to be $393, whereas my estimated willingness to pay for oysters along the Gulf Coast is around 

$112 to $412.  Grabowski et al. (2012) also estimated the economic value of oysters, where they 

excluded oyster harvesting, to be $5,500 per hectare per year, which is way greater than my 

estimated WTP value. Kim & Petrolia (2013) also estimated the WTP for the restoration of 

wetland in Louisiana to be $580 per household.  As wetlands are closely related to oyster reefs, 

this estimate is a close approximation of oyster reefs’ WTP. 
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CHAPTER V 

CONCLUSIONS AND IMPLICATIONS 

The decline in oyster harvest is a result of overharvesting, oyster disease, oil spills, 

pollution, and habitat loss, which are detrimental to aquatic life.  It is an annual issue along the 

Gulf Coast.  Though the Gulf Coast is the leading commercial oyster-producing region in the 

United States, accounting for approximately 46% of the total commercial oyster harvest in 2020, 

this rapid decline in oyster reefs will leave the Gulf Coast with no oysters if proper care is not 

taken.  This serves as a reason why I estimated how much respondents are willing to pay to 

restore the oyster reefs.  My goal for this study was to carry out a contingent valuation survey of 

respondents along the Gulf Coast, analyze how much they are willing to pay for the restoration 

project, and also gather their knowledge about the benefits of oysters and the population of 

oysters. 

My study significantly adds to the existing literature in many ways.  This study analyzes 

the benefits of oyster reefs that people consider to be the most important.  The respondents 

ranked better water quality as the most important benefit of oyster reefs.  In addition, 97% of the 

respondents cared at least somewhat about the issue of oysters, but just 38% were willing to pay 

for the project.  

Secondly, this study extends geographically to all five states along the Gulf Coast and 

also controls for respondent attention and understanding.  A study by Interis and Petrolia (2016), 

which is the closest study to my study, focused their valuation research on Louisiana and 
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Alabama, where my study extends geographically to include Florida, Mississippi, and Texas.  

After controlling for respondent attention and understanding, I found that the mean WTP value 

for oyster reefs is $436 which is comparable to the mean WTP value of $393 estimated by Interis 

and Petrolia (2016). 

My study also methodologically contributes to the literature by using the contingent 

valuation approach.  Most of the existing studies, to the best of my knowledge, did something 

different known as an ecosystem service valuation, where they valued the benefits associated 

with oyster reefs.  My study, on the other hand, is not a valuation per ecosystem service 

valuation; I am valuing the entirety of oyster reefs and the benefits they provide. 

Overall, the findings of my study provide compelling evidence that respondents within 

my sample are willing to pay for the restoration of oyster reefs.  Extrapolating from my results, 

assuming my sample is representative of the Gulf region, I estimate that each respondent's 

willingness to pay to restore oysters would amount to approximately $436.  Though they are 

willing to pay this amount of money, they do not naturally notice the change in the size of the 

expected outcome of the project before making their decisions.  This is because during the 

survey, some respondents received high scales and others received a low scale, but I did not 

identify any significant differences between the two scales. 
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Background of valuation 

Valuation is defined as assigning monetary value to a good or service.  This is mostly 

done by acquiring the willingness to pay value of a household.  Carson (2000) explained 

willingness to pay (WTP) as an appropriate measure of economic value in a situation where an 

agent wants to acquire a good and a way to estimate the value of nonmarket goods.  WTP is 

measured by using revealed preference or stated preference.  Revealed preference is a means of 

valuing products that consider market choices.  Stated preference is an approach for establishing 

valuations where individuals are asked how much they value a product.  Choice experiments 

(CE) and contingent valuation (CV) are the two types of stated preference methods (Hensher, 

Rose et al., 2005).  Choice experiment helps explore consumer preferences based on hypothetical 

markets where individuals choose between several goods.  Contingent valuation, on the other 

hand, is a method used for valuing environmental goods and services that are not purchased on 

the market (Carson 2012).  In this study, I used the contingent valuation approach. 

Valuation studies on oyster reefs  

Oyster valuation with stated preference 

Interis and Petrolia (2016) used a choice experiment to examine how ecosystem service 

values vary across locations, and across habitats.  Oyster reef, black mangrove, and salt marsh 

were the three habitats that were the focus of their research in Louisiana and Alabama.  

According to their findings, it is more important to give the respondent information about the 

habitat when determining the respondent’s readiness to pay for attribute modifications than for 

compensating surplus.  They added to the literature by analyzing the suitability of choice 
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experiment data to estimate value transfers between various ecosystem services provided at the 

same location. 

Valuation studies on oyster reefs without using stated preference (other methods) 

According to Grabowski et al. (2011), the annual commercial fish value of the two oyster 

sanctuaries at Clam Shoal and Crab Hole was assessed to be $32,448 and $44,134, respectively.  

The value of the nitrogen removal service provided by oysters was also evaluated by the authors, 

and they found that it varied between $491 and $4,908 and $711 and $7,114 annually in each 

sanctuary, respectively.  Grabowski et al. (2012) also estimated the economic value of oysters 

where they excluded oyster harvesting, to range between $5,500 and $99,000 per hectare per 

year.  The value of an oyster benefit for removing nitrogen from the atmosphere was estimated 

by Parker and Bricker (2020) to be between $57.68 and $1.28 million per year. 

 

Valuation studies on other related ecosystems (Wetland, fish, & salt marsh) 

Valuation studies on related ecosystems with contingent valuation 

Petrolia et al. (2014) estimate welfare associated with large-scale wetland restoration 

using contingent valuation and choice experiments survey instruments in coastal Louisiana.  

Their objective was to use a model that will help estimate WTP for increments in three 

ecosystem services: wildlife habitat provision, storm surge protection, and fisheries productivity.  

Their findings show that all the three ecosystem services significantly influenced the restoration 

project, with increased fisheries productivity having the largest effect, followed by improved 

storm surge protection and the increment of wildlife habitat having the least influence.  In 

addition to that, they found that individuals were willing to pay more of a one-time tax, with a 
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mean household WTP estimated to be $909 (confidence interval $732-$1185).  Kim & Petrolia 

(2013) also analyzed the WTP for a large-scale coastal restoration wetland in Louisiana using a 

contingent valuation survey (referendum-style).  The authors investigated the public perceptions 

of wetland restoration benefits.  Their results indicate that the annual mean WTP was $580 per 

household. 

Singh (1997) used the contingent valuation method to estimate the WTP of wetlands for 

New Jersey households.  They conducted their survey over three consecutive years: 1994, 1995, 

and 1996.  The authors found the median WTP value to remain constant at $25.00.  They then 

calculated the total WTP value of New Jersey by multiplying the $25 by the total population of 

2.8 million.  This resulted in a total WTP of $71 million.  Huppert (1989) measured the 

economic values associated with recreational fishing of chinook salmon and striped bass in 

California using the contingent valuation method and the travel cost method.  Using the CVM 

technique, they found the average WTP value for doubling the catch rate to be $49.4.  They 

evaluated the estimates from both models to determine if they were consistent.  They found most 

of the estimates were inconsistent. 

He, Dupra & Poder (2016) evaluate the non-market values of ecosystem services 

generated by wetlands in southern Quebec by using contingent valuation and choice 

experiments.  They used bids of $5, 10, 15, 25, 40, 60, 80, 150, 250, 400, and 600.  According to 

their findings, the WTP per year per household varies from $447 (CE) to $465 (CV).  They also 

found that the WTP values are affected by households’ socioeconomic characteristics.  WTP is 

positively affected by income. 
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Valuation studies on related ecosystems with other methods 

Bauer et al. (2004) used a choice experiment survey to identify the willingness to pay of 

households in Rhode Island.  They calculated an estimated willingness to pay value of $0.48 per 

acre-per household, where their estimates are in line with some published studies.  For instance, 

Kline and Swallow (1998) discovered that people would be ready to pay $3 to $4 per person to 

access a tiny island.  According to their study of the literature, the average cost per visitor for 11 

out of 13 studies of WTP for access to US beaches ranges from $1 to $25. Tan et al. (2018) used 

a choice experiment to estimate the value of environmental improvements in coastal wetland 

restoration and found that people valued the positive benefits of wetland restoration.  Their 

findings suggest that older respondents were less willing to pay for coastal wetland restoration, 

while younger and more educated respondents were more likely to accept the wetland restoration 

scenarios.  The authors also used the conditional logit model and the random parameter logit 

model to estimate the respondent’s utility associated with wetland characteristics. 

Studies with uncertainty 

From the literature, a few research studies used uncertainty in their survey.  There are 

different kinds of uncertainty, namely preference uncertainty, posterior uncertainty and interval 

or range uncertainty.  Preference uncertainty refers to the uncertainty that individuals may face 

when asked to express their willingness to pay for a specific good or service.  On the other hand, 

interval or range uncertainty refers to uncertainty regarding the potential outcomes or values of a 

parameter or variable within a given range or interval.  Chang et al. (2007), Brouwer (2011), 

Hakanssan (2008), and Isik (2006) are a few of these studies.  Chang et al. (2007), Brouwer 

(2011), and Hakanssan (2008) investigate households’ preference uncertainty by presenting them 

with multiple willingness to pay (WTP) question choices ranging from “definitely yes,” 
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“probably yes,” “maybe yes,” “probably no,” and “definitely no” to a given single bid amount.  

Isik (2006), on the other hand, used interval uncertainty or range uncertainty in a manner that is 

comparable to ours.  He calculated the effect of uncertainty over the result of a project that could 

preserve several crocodiles.  He informed the respondents that the number of American 

crocodiles that could be saved by the project is uncertain.  He then went on to ask them whether 

they would be willing to pay $X if the crocodiles saved could be Y1 or Y2?  He varied Y1 from 

40 to 100, while Y2 is varied from 100 to 160.  He investigated the difference in mean WTP 

between certainty and uncertainty.  He found that when the uncertainty is rather great, the 

difference is statistically significant, and when the level of uncertainty is minimal, the difference 

is not statistically significant.  Finally, he said that uncertainty about the value of environmental 

quality improvements can alter the WTP measure.  The study area is a fundamental distinction 

between his approach and mine.  While I did field research on Gulf Coast households, Isik 

(2006) conducted a laboratory experiment on seventy students from a natural resource economics 

program at the University of Idaho.  My study used a contingent valuation method, which also 

makes my methodology different from his. 
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Summary Statistics 

Table B1. Descriptive statistics of the sample demographics as proportions. 

 Unweighted 

Sample   

Weighted  

Sample  

Population 

 

Age 65+ 11% 11% 17% 

White 70% 67% 76% 

Black or African American 20% 19% 14% 

Other  4% 3% 8% 

Hispanic or Latino 10% 8% 19% 

High school graduate or higher, age 25 

years+ 

98% 97% 90% 

Bachelor’s degree or higher, age 25 years+ 42% 35% 34% 

Median household income $57,715 63,072 $69,021 

N 4,855 4,855 49,770,639 

 

Table B2. The total distribution of YES votes for various certainty-adjusted levels 

Bid  No 

certainty 

adjustment 

Certainty 

adjustment 

(=5) 

Certainty 

adjustment 

(=7) 

Certainty 

adjustment 

(=9) 

Certainty 

adjustment 

(=10) 

25 758 630 534 336 268 

50 779 591 472 271 204 

100 690 507 380 209 159 

250 619 415 302 143 105 

500 545 345 225 102 72 

Total 3,391 2,488 1,913 1,061 808 
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Table B3. The sample split according to various bids and level of scale. 

Certainty   Bids    

 Scale              $25 

                

$50 $100 $250 $500 

AL Low 84 104 115 95 96 

AL High 99 104 93 109 107 

FL Low 90 91 77 95 84 

FL High 87 80 89 68 92 

LA Low 94 100 108 111 98 

LA High 105 95 93 86 98 

MS Low 73 75 71 86 68 

MS High 74 71 80 57 76 

TX Low 94 96 100 100 92 

TX High 89 102 100 102 105 

Uncertainty 
     

FL Low 107 91 100 91 90 

FL High 74 94 86 109 96 

TX Low 94 103 110 90 86 

TX High 116 90 74 103 113 
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Probit Results 

Table B4 reports the estimates of the probit model.  This table also includes the certainty 

adjust level of 8 (1—not certain to 10—very certain) and differs according to whether sampling 

weights were used or not.  Using a certainty adjustment of 8, a "YES" response with a certainty 

scale of 7 or lower is recoded as a "NO" response.  The bid is negative and significant (at the 1% 

level) under both the weighted and unweighted samples.  “Eats oysters”, and “saltwater fishing” 

are also positive and significant (1% level) at both levels.  Considering the unweighted sample, 

the effects of “Eats oysters”, and “saltwater fishing” turn out to be reduce a little.  Respondents 

with children under 18 living in their household are more likely to respond affirmatively than 

those without children under 18.  This is only significant at the 10% level with the unweighted 

sample.  Higher educational attainment turns out to positively influence votes.  Also, female 

respondents were less likely to vote for the project relative to male respondents.  This is 

significant at the 1% level.  Relative to other races, white respondents have a positive effect on 

vote outcome.  The effect of age is positive and consistent with the findings of Tan et al. (2018), 

who found that older respondents were less willing to pay for coastal wetland restoration, while 

the younger and more educated respondents were more likely to vote for the wetland restoration.  
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Table B4. Probit Regression Results for Confidence-adjusted, with and without sampling 

weights, N=4,855 

 Confidence-adjusted 

(Unweighted) 

Confidence-adjusted 

 (Weighted) 

Bid -0.002*** 

(0.00) 

-0.002*** 

(0.000) 

Eats oysters 0.416*** 

(0.042) 

0.397*** 

(0.059) 

Saltwater fishing 0.261*** 

(0.054) 

0.285*** 

(0.076) 

Scope of improvement 0.003 

(0.002) 

0.006** 

(0.002) 

Coastal -0.009 

(0.05) 

-0.033 

(0.056) 

Children 0.080* 

(0.061) 

0.087 

(0.061) 

Level of education 0.053*** 

(0.015) 

0.066*** 

(0.022) 

Female -0.159*** 

(0.044) 

-0.144** 

(0.04) 

White 0.128*** 

(0.047) 

0.078 

(0.067) 

Age 0.006*** 

(0.001) 

0.006*** 

(0.002) 

Republican -0.048 

(0.043) 

-0.094 

(0.060) 

Constant -1.066*** 

(0.096) 

-1.158*** 

(0.125) 

Loglikelihood -2729.983 -35661394 

*p<0.10, **p< 0.05, ***p<0.01. With standard errors in parentheses. 
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Detailed description of the Turnbull Estimator 

In calculating for the estimated WTP, we estimated the model as:  

 

𝐸(𝑊𝑇𝑃) =  ∑(𝑓𝑗 × 𝑡𝑗) (2) 

 

Where: 

• 𝑡𝑗 is the offered bid.  

• 𝑓𝑗 is the probability density function of the No votes at a specific point. 

a. Lower-bound WTP (𝐸𝐿𝐵𝑊𝑇𝑃): 

 

𝐸𝐿𝐵𝑊𝑇𝑃 =  𝐸(𝑊𝑇𝑃) − 1.96[𝑠𝑡𝑑(𝑊𝑇𝑃)] (3) 

 

b. Upper-bound WTP (𝐸𝑈𝐵𝑊𝑇𝑃): 

 

𝐸𝑈𝐵𝑊𝑇𝑃 =  𝐸(𝑊𝑇𝑃) + 1.96[𝑠𝑡𝑑(𝑊𝑇𝑃)] (4) 

 

Where: 

• 𝐸(𝑊𝑇𝑃) is the expected willingness to pay. 

• 𝑠𝑡𝑑(𝑊𝑇𝑃) is the standard deviation. 
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Table B5. WTP Estimates using Probit Regression. 

Certainty Unadjusted Certainty Adjusted 

Unrestricted sample (N=6,475) 

$184 

($31, $338) 

$125 

($ − 9, $259) 

Restricted sample (N=4,746) 

$165 

($ − 41, $371) 

$124 

($ − 9, $258) 
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Figure 8 An example of a certainty scenario 
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 Figure 9 An example of an uncertainty scenario 
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