
PART B OF THE SUPPORTING STATEMENT

1. Survey Objectives, Key Variables, and Other Preliminaries

1(a) Survey Objectives

The overall goal of this survey is to examine the total value of benefits (including non-use 

values) for improvements in water quality in the Chesapeake Bay and its Watershed. Water quality 

improvements are expected to follow nitrogen, phosphorous, and sediment load reductions set forth in 

recent Chesapeake Bay Total Maximum Daily Load (TMDL) requirements. EPA has designed the 

survey to provide data to support the following specific objectives:

 To estimate the total values, including non-use values that individuals place on improving water 

quality in the Chesapeake Bay and lakes in the Watershed.

 To understand how individuals value improvements in the Chesapeake Bay and lakes in the 

Watershed, including: water clarity; populations of striped bass, blue crab, and oysters; and lake 

conditions.

 To understand how the above values depend on the future baseline level of water quality in the 

Chesapeake Bay and its Watershed.

 To understand how values vary with respect to individuals’ attitudes, awareness, and 

demographic characteristics.

Understanding total public values for water quality improvements is necessary to determine the full 

range of benefits associated with reductions in nutrient (nitrogen and phosphorous) and sediment loads 

to the Chesapeake Bay.  While direct use values can be estimated using a variety of methods, non-use 

values can only be assessed via stated preference survey methods.  Because non-use values may be 

substantial, failure to recognize such values may lead to improper inferences regarding policy benefits 

(Freeman 2003).



1(b) Key Variables

The key questions in the survey ask respondents whether or not they would vote for policies that 

would result in improvements in water quality in the Chesapeake Bay and lakes in the Watershed in 

exchange for an increase in their cost of living. The choice experiment framework allows respondents to

view pairs of multi-attribute policies associated with total maximum daily loads to the Chesapeake Bay. 

Respondents are asked to choose one of three options. Two of these options correspond to “additional 

programs” that yield improvements in some or all of the environmental attributes specified, and the third

option is the status quo (i.e., maintain current programs with no additional household costs).  The survey

design follows well-established choice experiment methodology and format (Adamowicz et al. 1998; 

Louviere et al. 2000; Bennett and Blamey 2001; Bateman et al. 2002).

The survey focuses on environmental and ecological “endpoints.” In other words, it asks 

respondents about changes in attributes that directly enter into their household production and utility 

function. Specifically, the survey presents changes in the following attributes: (a) water clarity, (b) 

striped bass population, (c) blue crab population, (d) oyster abundance, (e) conditions of freshwater 

lakes in the Watershed, and (e) the cost of living.   As discussed by Boyd and Krupnick (2009), these 

endpoints are aspects of the environment that people experience, make choices about, and have a 

tangible meaning.

The study design includes three treatment levels in which environmental conditions without 

additional action are either declining (i.e., “declining baseline”), unchanged (i.e., “constant baseline”), or

improving (“improving baseline”), relative to the conditions today. As discussed in Part A of this ICR, 

section 4(b) (i), the three survey versions are included because there is uncertainty regarding how 

population growth and changes in land use patterns will affect water quality in the future.  There is also 

the question of what practices that are not in place now would be in place in 2025 if the TMDLs were 

not implemented.  . Given that there will be some uncertainty regarding the specifics of the “actual” 

baselines and improvements, the resulting valuation estimates will allow flexibility in estimating WTP 

for a range of different circumstances.  It also increases the potential that the results of the study can be 

used in other studies as part of a benefit transfer exercise, consistent with EPA’s Guidelines for 

Preparing Economic Analyses (US EPA 2010).  The three versions of the survey are included in this 

document as Attachments 1 through 3.



While EPA intends to administer all three baseline versions of the survey in all three geographic 

strata, budget considerations may cause that plan to be scaled back so that not all versions are 

administered in all strata.

The analysis of choice questions will use data on how the respondent votes, the amount of the 

cost of living increase, and the degree of improvement in the environmental attributes, to estimate values

for changes in those attributes.  Variables for socio-economic characteristics and attitudes will also be 

included in the analysis. 

1(c) Statistical Approach

A statistical survey approach in which a randomly drawn sample of households is asked to 

complete the survey is appropriate for estimating the use and non-use values associated with the 

Chesapeake Bay and its Watershed.  A census approach is impractical because of the extraordinary cost 

of contacting all households.  The relevant population includes households not only residing near the 

Chesapeake Bay, but more distant states on the east coast.  Specifically, the sample population includes 

households in the Bay states (MD, VA, DC), Watershed states (DE, NY, PA, WV) and other East Coast 

states (CT, FL, GA, MA, ME, NC, NH, NJ, RI, SC, VT). An alternative approach, where individuals 

self-select into the sample, is not sufficiently rigorous to provide a useful estimate of the total value of 

water quality and habitat improvements.  Therefore the statistical survey is the most reasonable 

approach to estimate the total value of the Chesapeake Bay TMDLs. 

Much of the work in developing the survey instrument was conducted by the EPA, and EPA will 

also directly conduct much of the analysis of the survey results.  EPA has retained Abt Associates Inc. 

(55 Wheeler Street, Cambridge, MA 02138) under EPA contract EP-W-11-003 to assist in the 

questionnaire design, sampling design, administration of the survey, and analysis of the survey results. 

1(d) Feasibility

Following standard practice in the stated preference literature (Adamowicz et al. 1998; Batemen,

et al, 2002; Bennett and Blamey 2001; Johnston et al. 1995; Louviere et al. 2000), EPA conducted a 

series of 10 focus groups and an initial set of 26 cognitive interviews (OMB control # 2090-0028).  



Based on findings from these activities, EPA made various improvements to the survey instrument to 

reduce the potential for respondent bias, reduce respondent cognitive burden, and increase respondent 

comprehension of the survey materials. In addition, EPA solicited peer review of the survey instruments 

by three specialists in academia, as well as input from other experts (see section 3c in Part A). 

Recommendations and comments received as part of that process have been incorporated into the design

of the survey instrument and the revised survey was subsequently tested in an additional 46 cognitive 

interviews.

Because of the steps taken during the survey development process, EPA does not anticipate that 

respondents will have difficulty interpreting or responding to any of the survey questions. Furthermore, 

since the survey will be administered as a mail survey, it will be easily accessible to all respondents. 

EPA therefore believes that respondents will not face any obstacles in completing the survey, and that 

the survey will produce useful results. EPA has dedicated sufficient staff time and resources to the 

design and implementation of this survey, including funding for contractor assistance under EPA 

contract No. EP-W-11-003. Given the timetable outlined in Section A 5(d) of this document, the survey 

results should be available for timely use in the final benefits analysis for the Chesapeake Bay TMDLs.

2. Survey Design

2(a) Target Population and Coverage

To assess both use- and non-use values for improvements in Chesapeake Bay water quality, the 

target population is individuals who are 18 years of age or older and reside in the District of Columbia 

or one of 17 east coast U.S. states: Maryland, Virginia, Delaware, New Jersey, New York, Pennsylvania,

West Virginia, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island, Maine, North 

Carolina, South Carolina, Georgia, or Florida. These were chosen based on their immediate proximity to

the Bay (Maryland, Virginia, District of Columbia) and/or lakes, streams and rivers in its Watershed 

(Delaware, New York, Pennsylvania, West Virginia).  Households in these areas are more likely to hold 

“use” values for improvements to the Chesapeake Bay and its Watershed than those farther away. The 

remaining states (i.e., Vermont, New Hampshire, New Jersey, Massachusetts, Connecticut, Rhode 

Island, Maine, North Carolina, South Carolina, Georgia, and Florida) lie within 100 miles of the Atlantic

Ocean. Residents of these states are more likely to be familiar with estuarine issues.  At the same time, 



the greater distance between these states and the Chesapeake Bay will improve the survey’s ability to 

capture and isolate non-use values. 

2(b) Sampling Design

(i) Sampling Frame

The sampling frame for this survey is the United States Postal Service Computerized Delivery 

Sequence File (DSF), the standard frame for address-based sampling (Iannacchione, 2011; Link et al, 

2008). The DSF is a non-duplicative list of residential addresses where U.S. postal workers deliver mail;

it includes city-style addresses and P.O. boxes, and covers single-unit, multi-unit, and other types of 

housing structures with known business excluded.  In total the DSF is estimated to cover 97% of 

residences in the U.S., with coverage gradually increasing over the last few years as rural addresses are 

being converted to city-style, 911-compatible addresses1. The universe of sample units is defined as this 

set of residential addresses, and hence is capable of reaching all individuals who are 18 years of age or 

older living at a residential address in the 17 target states and the District of Columbia. Samples from 

DSF are taken indirectly, as USPS cannot sell mailing addresses or otherwise provide access to DSF.  

Instead, a number of sample vendors maintain their own copies of the DSF, and through verifying them 

with USPS, update the list quarterly. The sample vendors can also augment the mailing addresses with 

additional information (household demographics, landline phone numbers, etc.) from external sources.

For discussion of techniques that EPA will use to minimize non-response and other non-

sampling errors in the survey sample, refer to Section 2(b)(II), below.

 (ii) Sample Sizes

The target responding sample size for the survey is 2,592 completed household surveys.  This 

sample size was chosen to provide statistically robust regression modeling while minimizing the cost 

and burden of the survey.  Given this sample size, the level of precision (see section 2(c)) achieved by 

the analysis will be more than adequate to meet the analytic needs of the benefits analysis for the 

1 For example, in rural areas, Rural Route box addresses have been converted to physical street addresses. 



Chesapeake Bay TMDLs.  For further discussion of the level of precision required by this analysis, see 

Section 2(c)(i) below. 

The sample design features three geographic strata based upon proximity to the Chesapeake Bay 

and its Watershed: Bay States, Watershed States, and East Coast States.  Relative to the geographic 

distribution of households across the East Coast, EPA plans to over-sample households in states adjacent

to Chesapeake Bay and within the Chesapeake Bay Watershed.  EPA believes this approach is 

appropriate because households in these areas will incur the costs of Chesapeake Bay water quality 

improvements, and therefore this group is most likely to receive use-value benefits from the 

improvements. Within each survey region, the household sample will be allocated in proportion to the 

geographic distribution of households within states in the three regions.   The target number of 

responding households in each region and state is given below (Table B1).  For discussion of the 

required sample size by state, please refer to Error: Reference source not found.

Table B1. Total Households and Expected  Number of Completed Surveys for   
          Each Study Region.
Sampling Stratum and State Total Number of 

Households
Expected Number of 
Completed Surveys

Bay States Stratum, total 5,479,176 864
     District of Columbia      266,707 42
     Maryland      2,156,411 340
     Virginia      3,056,058 482
Watershed States Stratum, total 13,442,787 864
     Delaware      342,297 22
     New York      7,317,755 470
     Pennsylvania      5,018,904 323
     West Virginia      763,831 49
Other East Coast States Stratum, total 25,431,478 864
     Connecticut      1,371,087 47
     Florida      7,420,802 252
     Georgia      3,585,584 122
     Maine      557,219 19
     Massachusetts      2,547,075 87
     New Hampshire      518,973 17
     New Jersey      3,214,360 109
     North Carolina      3,745,155 127
     Rhode Island      413,600 14



     South Carolina      1,801,181 61
     Vermont      256,442 9
Total 44,353,441 2,592
Source: U.S. Census Bureau (2012). 2010 Census Summary File 1. Retrieved May 31, 2012 
from http://factfinder2.census.gov/.

(iii) Stratification Variables

The population of households in the eastern United States is stratified by the geographic 

boundaries of three study regions in Table B1: states adjacent to Chesapeake Bay (“Bay States”), states 

which contain the Chesapeake Bay Watershed (“Watershed States”), and additional East Coast states 

(“East Coast States”).  Bay States include MD, VA, and DC; Watershed States include DE, NY, PA, and

WV; and East Coast States include VT, NH, NJ, MA, CT, RI, ME, NC, SC, GA, and FL.  

The sample will be allocated in equal proportions of 33% for each stratum, thus leading to the 

highest sampling rate in the Bay State stratum, and the lowest sampling rate in the Other East Coast 

States stratum. The expected number of completed interviews in each stratum is presented in Table B2. 

This allocation is designed to minimize the variance of the main effects under an experimental design 

model as introduced in Section 4(a) of Part A.  As a result of stratification, the analysis will produce 

estimates of the geographic distribution of values for the Chesapeake Bay water quality improvements 

with greater precision.

(iv) Sampling Method

Using the stratification design discussed above, sample households will be randomly selected 

from the U.S. Postal Service DSF database.  Assuming 92% of the sampled addresses are eligible and 

30% of eligible households will return a completed mail survey, 9,391 households will be sampled from 

the DSF.2 

2 A 92% eligibility rate is based on Link, et al. (2008).  A 30% response rate is based on Helm (2012,), Mansfield, et al. 
(2012), and Johnston, et al. (2012).

http://factfinder2.census.gov/


For obtaining population-based estimates of various parameters, each responding household will 

be assigned a sampling weight. The weights will be used to produce estimates that: 

 are generalizable to the population from which the sample was selected; 

 account for differential probabilities of selection across the sampling strata; 

 match the population distributions of selected demographic variables within strata; and 

 allow for adjustments to reduce potential nonresponse bias. 

These weights combine: 

 a base sampling weight which is the inverse of the probability of selection of the household; 

 a within-stratum adjustment for differential non-response across strata; and 

 a nonresponse weight.

Post-stratification adjustments may be made to match the sample to known population values (e.g., from

Census data). 

There are various models that can be used for nonresponse weighting. For example, nonresponse 

weights can be constructed based on estimated response propensities or on weighting class adjustments. 

Response propensities are designed to treat nonresponse as a stochastic process in which there are 

shared causes of the likelihood of nonresponse and the value of the survey variable. The weighting class 

approach assumes that within a weighting class (typically demographically-defined), non-respondents 

and respondents have the same or very similar distributions on the survey variables. If this model 

assumption holds, then applying weights to the respondents reduces bias in the estimator that is due to 

nonresponse.  Several factors, including the difference between the sample and population distributions 

of demographic characteristics, and the plan for how to use weights in the regression models will 

determine which approach is most efficient for both estimating population parameters and for the stated-

preference modeling. 

To estimate total value for the quantified environmental benefits of the Chesapeake Bay TMDLs,

data will be analyzed statistically using a standard random utility model framework. 

 (v) Multi-Stage Sampling

Multi-stage sampling will not be necessary for this survey.



2(c) Precision Requirements

(i) Precision Targets

Table B2 presents expected sample sizes for each geographic stratum.  The maximum acceptable

sampling error for predicting response probabilities (i.e., the likelihood of choosing a given alternative) 

in the present case is ±10%, assuming a true response probability of 50% associated with a utility 

indifference point.  Given the survey population size, this level of precision requires a minimum sample 

size of approximately 96 observations.  The number of observations (i.e., completed surveys) required to

obtain large sample properties for the choice experiment design provide more than sufficient 

observations to obtain this required precision for population parameters.  Across all regions, a sample of 

2,592 households (completed surveys) will provide estimates of population percentages with a level of 

precision ranging from 1.1% at the 50% incidence level to 0.7% at the 10% incidence level (Table B2). 

Table B2. Sample size and accuracy projections.

Geographic 

division

Population size Expected sample size

(completed surveys)

Expected

weights

Standard

error, 50%

incidence

Standard

error, 10%

incidence

Bay States 5,479,176 864 6,341 0.017 0.010

Watershed 13,442,787 864 15,559 0.017 0.010

Other East Coast 25,431,478 864 29,434 0.017 0.010

Overall 44,353,441 2,592 17,081 0.011 0.007

Source for household population size: U.S. Census Bureau (2012). 2010 Census Summary File 1. Retrieved May 
31, 2012 from http://factfinder2.census.gov/. The margin of error is 1.96 times the standard error.

(ii) Power analysis
Power analysis in this section is performed for a one-sample t-test of proportions for study as a 

whole. The accuracy of the WTP estimates, and hence the power to detect differences in WTP, depends 

on the true values of the parameters of the logistic model used in WTP estimation, and hence can only 

be conducted post-hoc after the parameter estimates are obtained. Given the stratified nature of the 

survey, the variance of a z-test statistic comparing the null incidence p0 with the alternative incidence p1 

is 

http://factfinder2.census.gov/


V ( p ,n )=

∑
h=1

3

W h
2 p (1− p )(1+C V 2

)

n

❑

where CV is the coefficient of variation of post-stratified weights within a stratum 1+C V 2 is the design 

effect due to variable weights, or ‘DEFF’), n=864 is the target number of completed surveys for a given 

stratum, and Wh is the proportion of the population in stratum h=1 (Bay States), 2 (Watershed), 3 (Other 

East Coast):

W 1=
5,479,176
44,353,441

=12.3 % ,W 2=
13,442,787
44,353,441

=30.3 % ,W 3=
25,431,478
44,353,441

=57.3 %

Thus, ∑
h

W h
2
=0.4359∑

h

W h
2
=0.4359. For a given power level (e.g.. 80%), the effect size that can be 

determined by solving 

p1−p0=z1−α /2 V 1/2
(p0 ,n)+z1−β V 1 /2

( p1 , n)

for p1. This is an extension of the standard power analysis for stratified samples.

Table B3 lists effect sizes using the most typical values for significance level (α=5%) and power 

(β=80%), and for various scenarios concerning variability of weights within strata (which will be caused

by differential non-response). Across these scenarios, the margin of error on an estimate of population 

proportions3 ranges from 1.72 to 2.84 percentage points at the 95% confidence level.

Table B3. Power analysis.

Effect size detectable with power 80% by a test of size 5% p0 = 50% p0 = 10%

CV = 0.32, within-strata DEFF due to weights = 1.1 2.61% 1.58%

CV = 0.55,  within-strata DEFF due to weights = 1.3 2.84% 1.72%

(iii) Non-Sampling Errors

3 i.e., Whether it is true that the target population contains 50% women (p0=50%), or 10% women (p0=10%).



Several non-sampling errors may be encountered in stated preference surveys. First, protest 

responses can occur when individuals reject the survey format or question design, even though they may

value the resources being considered (Mitchell and Carson 1989).    To help identify protest responses 

EPA has included several survey debriefing questions, e.g., whether the respondent would oppose any 

government program that imposes more regulation and spending (see section 4(b) (i) in Part A of this 

ICR for details).  The use of such methods to identify protest responses is well-established in the 

literature (Bateman et al. 2002).  Moreover, researchers (e.g., Bateman et al. 2002) suggest that a choice 

experiment format, such as that proposed here, may ameliorate such responses (as opposed to say, a 

contingent valuation format).

Non-response bias is another type of non-sampling error that can potentially occur in stated 

preference surveys. Non-response bias can occur when households choose not to participate in a survey 

(i.e., not return the mail survey, in this case) or do not answer all relevant questions on the survey 

instrument.  EPA has designed the survey instrument to maximize the response rate. EPA will also 

follow Dillman’s (2008) mail survey approach (see subsection 4(b) for details). If necessary, EPA will 

use appropriate weighting or other statistical adjustments to correct for any bias due to non-response.

To determine whether there is any evidence of significant non-response bias in the completed 

sample, EPA will conduct a non-response follow-up study. This will enable EPA to identify potential 

differences between respondents to the mail survey and those who received a questionnaire but did not 

return it. 

Non-response Follow-up Survey

In order to ascertain if and how respondents and non-respondents differ EPA will administer a 

short non-response follow-up survey to a random sample of households that receive the main survey but 

do not complete and return it.   The short questionnaire will ask a few awareness, attitudinal and 

demographic questions that can be used to statistically examine differences, if any, between respondents 

and non-respondents.  It will take respondents about 5 minutes to complete the non-response follow-up 

survey. The short questionnaire will be implemented using priority mailing contact.  The samples for the

non-response follow up will be allocated proportionately to the number of the original mailings in the 

geographic division (state). The mailing will include $2 in cash as an unconditional incentive for 

completion of the short questionnaire to encourage response.   



EPA expects a 20% response rate. Based on the response rate observed in the nonresponse 

survey pretest study, EPA will send (via priority mail) the nonresponse survey to enough households in 

order to obtain the expected target sample of 720 completed nonresponse questionnaires.  This sample 

size will enable EPA to reject the hypothesis of no difference in population percentages between 

respondents and non-respondents with 80% power when there is a difference of 10.1% according to a 

two-sided statistical test at the base incidence of 50%, or a difference of 6.9% at the base incidence of 

10%.  Table B4 illustrates the target sample size of the nonresponse survey across survey regions. 

Table B4: Expected Number of Completed Non-response  
          Follow-up (NRFU) Surveys 

Region
Number of Households Expected to

Return Priority Mail NRFU Survey

Bay 240

Watershed 240

Other East Coast 240

Total 720

2(d) Questionnaire Design

The information requested by the survey is discussed in Section 4(b)(I) of Part A of the 

supporting statement. The full texts of the three draft questionnaires are provided in Error: Reference 

source not found, 2, and 3.

Several categories of questions are included in the survey. The reasons for including each of 

these categories are discussed below:

 Familiarity with the Chesapeake Bay Watershed and Watershed Issues (pgs. 1 to 2). 

Responses to these questions provide information on whether respondents visited or viewed 

Chesapeake Bay and lakes in the Watershed. These questions will allow EPA to identify 

respondents who are users of the resource or non-users. Identifying non-users is important for 



estimating non-user WTP.  Additionally, respondents who have increased contact with the 

aquatic resources are expected to have higher values for improvements in environmental 

conditions (Johnston et al. 2005).  The questions in this section will identify whether 

respondents’ recreational experiences have included the Chesapeake Bay or lakes in the 

Watershed or both.  This section also provides respondents with some background information 

on nutrient and sediment pollution issues in the Chesapeake Bay Watershed.  Responses to 

question 4 will be used to assess respondents’ a priori knowledge about these issues, and 

potentially test for knowledge effects on respondent answers to the program choice questions. 

Respondents who are more familiar with these pollutants may have different values, although the

direction of such effects is unknown a priori. 

 Current and Future Conditions in the Chesapeake Bay and Watershed Lakes (pgs. 3 to 4). 

In this section respondents are presented with the environmental attributes that are applied in the 

later choice questions: bay water clarity; striped bass, blue crab, and oyster populations; and the 

number of Watershed lakes with relatively low algae levels.  Respondents are given the current 

levels of these attributes, along with the levels predicted for 2025 under one of three baseline 

assumptions: declining, constant, or improving.  Responses to question 5 gauge respondents’ 

expectations regarding future environmental conditions in the Chesapeake Bay and Watershed 

lakes (absent additional pollution control actions). 

 Additional Pollution Programs for the Chesapeake Bay Watershed (pg 5 to 6). This section 

introduces the concept that additional pollution reduction programs are being considered. 

Question 6 inquires about respondents’ knowledge of whether they currently pay any 

environmentally related taxes or fees. Responses to this question can be used to examine whether

respondents already paying for environmental improvements are less willing to pay additional 

amounts for further environmental improvements.  This section also provides text introducing 

the payment vehicle for the later choice questions. Additional text is included to further 

emphasize the consequentiality of one’s choices. In order to minimize consideration of omitted 

variables, this section also provides text encouraging respondents to only consider the 

environmental outcomes presented in the choice questions, thus reducing the potential for 

omitted variable bias.

 Deciding Future Actions (pgs 7 to 8). This section provides instructions and an example of how

one responds to the choice questions. This section also includes “cheap talk” text emphasizing 



that even though this exercise is hypothetical, respondents should consider their choices as if 

they were real. 

 Voting for Programs to Improve the Condition of Chesapeake Bay and lakes in the 

Watershed (pgs. 9 to 11). The questions in this section are the key component of the survey.  

Respondents’ choices among alternatives with specific environmental quality improvements and 

household cost increases are the main data that allow estimation of willingness to pay. The 

questions are presented in a choice experiment, where respondents choose their preferred option: 

option A (status quo), option B, and option C. This elicitation format has been successfully used 

by a number of previous valuation studies (e.g., Adamowicz et al. 1998; Bateman et al. 2002; 

Bennett and Blamey 2001; Louviere et al. 2000; Johnston et al. 2002a, 2005, 2012; Opaluch et 

al. 1993). 

 Debriefing Questions (pg. 12). These questions ask respondents about their motivations as to 

why they chose certain choice options over others, and whether they accepted the hypothetical 

scenario when making their choices. These questions will help to identify respondents who 

incorrectly interpreted the choice questions or did not believe the choice scenarios to be credible.

In other words, the responses to these questions will be used to identify potentially invalid 

responses, such as: protest response (e.g., protest any government program), scenario rejection, 

omitted variable considerations (e.g., availability and/or price of seafood, economy and 

employment, recreation in lakes outside the Watershed, etc.), and symbolic (warm glow) 

responses. Some questions in this section are also included in the non-response follow-up survey,

which allows for an examination of whether there are any statistical differences between 

respondents and non-respondents.  The responses to some of the questions will also be used to 

identify use versus nonuse motivations behind respondents’ choices, including: altruism, option 

value, bequest, etc. 

 Recreational Experience and Time Preferences (pg 13). Responses to these questions elicit 

recreational experience data to test if certain respondent characteristics influence responses to the

choice questions. These questions will also allow EPA to identify resource non-users for 

purposes of estimating nonuser WTP, and therefore to gauge the relative importance of non-use 

values to overall benefits.  The questions will also identify frequency of use and whether the 

respondent’s recreational experiences have included lakes in the Watershed, the Chesapeake Bay



itself, or both. Question 15 is included to elicit information on respondents’ internal discount 

rate.

 Demographics (pg. 14). Responses to these questions will be used to estimate the influence of 

demographic variables on respondents’ voting choices, and ultimately, their values to improve 

environmental quality in the Chesapeake Bay and lakes in the Watershed.  By including this page

in both the survey and non-response follow-up survey, statistical comparisons of household 

characteristics can be across the samples of responding and nonresponding households. These 

data can also be compared to household characteristics from the sample frame population, which 

are available from the 2010 Census. 

3. Pretests 

EPA conducted extensive testing of the survey instrument during a set of 10 focus groups and 72

cognitive interviews (OMB Control Number 2090-0028). Individuals in these focus groups participated 

in discussions about the Chesapeake Bay and its Watershed.  They also completed draft survey 

questionnaires and provided comments and feedback about the survey format and content, their 

interpretations of the questions, and other issues relevant to stated preference estimation.  Individual 

cognitive interviews with survey respondents were conducted using think-aloud or verbal protocol 

analyses (see Schkade and Payne 1994 for a discussion).  These discussions were used to develop a 

survey that provides respondents with the necessary information to complete the questionnaire, develop 

choice scenarios that are incentive compatible, and minimize the burden placed on respondents while 

collecting the necessary information.   Particular emphasis in these survey discussions was on testing for

the presence of potential biases associated with poorly-designed stated preference surveys, including 

hypothetical bias, strategic bias, symbolic (warm glow) bias, framing effects, embedding biases, 

methodological misspecification, and protest responses (Mitchell and Carson 1989). Based on focus 

group and cognitive interview responses, EPA made various improvements to the questionnaire 

including making changes to ameliorate and minimize these biases in the final survey instrument. 

EPA intends to implement this survey in two stages: a pretest and a main study. First, EPA will 

administer the pretest to a sample of 544 households using a mail survey and the Dillman Total Design 

Method (Dillman 2008). Assuming 92% of the sampled addresses are eligible and 30% of eligible 

households return the survey (see Helm 2012; Mansfield, et al. 2012; Johnston, et al. 2012), EPA 

estimates that this will result in 150 returned and completed pretest surveys. Households in the pretest 



will be selected from each of the three geographic strata. Each selected household will be sent one 

version of the survey to complete (improving, constant, or declining baseline) and will be assigned that 

version on a random basis.  Responses and preliminary findings to this pilot study will be used to inform

EPA regarding the response rates and the quality of survey data. EPA will evaluate pilot responses and 

determine whether any changes to the survey instruments or implementation approach are needed before

proceeding with the administration of the main survey. 

EPA will use results from the pretest to validate the survey design.  Specifically, the pretest 

results will be used to:

 Compare the actual and expected response rates. Based on typical mail survey response 

rates for surveys of this type, the expected response rate is approximately 30% (Helm 

2012; Mansfield, et al. 2012; Johnston, et al. 2012). 

 Assess whether demographic characteristics of the respondents are significantly different 

from the average demographic characteristics in the study region.

 Examine the proportion of respondents choosing the status quo. If no one is choosing the 

status quo, it often indicates that the cost levels are too low. Pure random selection would

result in 33% of survey respondents choosing status quo. If less than 15 - 20% of 

responses choose the status quo in the pilot study then EPA would consider increasing the

cost levels.  

 Identify unusual patterns, such as the vast majority of respondents always choosing 

Option B. (E.g., if 2/3 of respondents (66%) choose Option B it might indicate that there 

is a systematic bias).  

 Determine whether responses suggest that appropriate tradeoffs are being made, and that 

protest and other invalid responses are minimal.

 Examine response rates for individual survey questions and evaluate whether adjustments

to survey questions are required to promote a higher response rate. 

If required, EPA will make the appropriate adjustments to the questionnaire, sampling frame or attribute 

levels (e. g., increase or reduce the number of surveys mailed to households, or increase costs to 

households in the choice questions). 



4. Collection Methods and Follow-up

4(a) Collection Methods

The survey will be administered as a mail survey. Respondents will be asked to mail the 

completed survey back to EPA. Several considerations justify the use of a mail survey over alternative 

modes (i.e., telephone and internet surveys; in-person interviews). Foremost, EPA believes respondents 

will face fewer obstacles in completing the mail survey compared to other collection methods. In 

particular, the format of key survey questions (i.e., the multi-attribute choice experiments) necessitates a 

visually-oriented survey, and possible substitutes to a mail survey (i.e., in-person interviews) are cost-

prohibitive given the target responding sample size.  Additionally, best practices for mail survey 

administration methods are well-established and widely accepted (Dillman 2008); EPA has designed its 

collection methods using these best practices and believes the mail survey will be relatively easily 

accessible to respondents compared to other less well-tested methods (i.e., internet surveys).

4(b) Survey Response and Follow-up

The estimated response rate for the mail survey is 30% (Helm 2012; Mansfield, et al. 2012; 

Johnston, et al. 2012). That is, 30% of the eligible households that are sent the mail survey are expected 

to return a completed survey. To obtain the highest response rate possible, EPA will follow Dillman’s 

(2008) mail survey approach. A preview letter will be sent prior to a household receiving the survey 

(Attachment 5). The survey will then be sent, accompanied by a cover letter (Attachment 6), explaining 

the purpose of the survey, emphasizing the importance of their responses, and reminding the respondent 

whether they live inside or outside of the Chesapeake Bay Watershed. To improve the response rate, all 

of these households will receive a reminder postcard approximately one week after the initial 

questionnaire mailing (Attachment 7). Then, approximately three weeks after the reminder postcard, all 

those who have not responded will receive a second copy of the questionnaire with a revised cover letter

(Attachment 8). The following week, a letter reminding them to complete the survey will be sent 

(Attachment 9). 



 

5. Analyzing and Reporting Survey Results

5(a) Data Preparation

Since the survey will be administered as a mail survey, survey responses will be entered into an 

electronic database after they are returned.  EPA will also clean the data to ensure that the data are 

entered in a consistent manner and any inconsistencies are addressed. Specifically, we will use the 

Double Entry data entry method for closed-ended responses. The Double Entry method consists of data 

being keyed twice and compared. Discrepancies are reconciled upon completion of the second entry.  

After all responses have been entered, the database contents will be converted into a format suitable for 

use with a statistical analysis software package. 

5(b) Analysis

Once the survey data has been converted into a data file, it will be analyzed using statistical 

analysis techniques. The following section discusses the model that will be used to analyze the stated 

preference data from the survey.

Analysis of Stated Preference Data

The model for analysis of stated preference data is grounded in the standard random utility 

model of Hanemann (1984) and McConnell (1990).  This model is applied extensively within stated 

preference research, and allows well-defined welfare measures (i.e., willingness to pay) to be derived 

from choice experiment models (Bennett and Blamey 2001; Louviere et al. 2000).  Within the standard 

random utility model applied to choice experiments, hypothetical program alternatives are described in 

terms of attributes that focus groups reveal as relevant to respondents’ utility, or well-being (Johnston et 

al. 1995; Adamowicz et al. 1998; Opaluch et al. 1993). One of these attributes would include a  

monetary cost to the respondent’s household. 

Applying this standard model to choices among programs to improve environmental quality in 

the Chesapeake Bay, a standard utility function Ui(.)  includes environmental attributes of pollution 



reduction programs and the net cost of the program to the respondent. Following standard random utility

theory, utility is assumed known to the respondent, but stochastic from the perspective of the researcher,

such that:

(1) Ui(.) = U(Xi, D, Y-Fi) = v(Xi, D, Y-Fi) + εi

where:

Xi = a vector of variables describing attributes of pollution reduction program i and the 

baseline conditions if no further action is taken;

D = a vector characterizing demographic and other attributes of the respondent.

Y = disposable income of the respondent.

Fi = mandatory additional cost faced by the household under program i;

v(.) = a function representing the empirically estimable component of utility;

εi = stochastic or unobservable component of utility, modeled as an econometric error.

Econometrically, a model of such a preference function is obtained by methods designed for 

limited dependent variables, because researchers only observe the respondent’s choice among alternative

programs, rather than observing values of Ui(.) directly (Maddala 1983; Hanemann 1984).  Standard 

random utility models are based on the probability that a respondent’s utility from program i, Ui(.), 

exceed the utility from alternative programs j, Uj(.), for all potential programs j≠i considered by the 

respondent.  In this case, the respondent’s choice set of potential programs also includes maintaining the 

status quo.  The random utility model presumes that the respondent assesses the utility that would result 

from each pollution reduction program i (including the “No Further Action” or status quo option), and 

chooses the program that provides the highest utility.

When faced with k distinct programs defined by their attributes, the respondent will choose 

program i if the anticipated utility from program i exceeds that of all other k-1 programs.  Drawing from 

(1), the respondent will choose program i if:

(2) (v(Xi, D,Y-Fi) + εi) ≥ (v(Xj, D, Y-Fj) + εj)  j≠i.



If the εi are assumed independently and identically drawn from a type I extreme value (Gumbel) 

distribution, the model may be estimated as a conditional logit model, as detailed by Maddala (1983), 

Greene (2003).  This model is most commonly used when the respondent considers more than two 

options in each choice set (e.g., Program A, Program B, No Further Action), and results in an 

econometric (empirical) estimate of the systematic component of utility v(.), based on observed choices 

among different programs.  Based on this estimate, one may calculate welfare measures (willingness to 

pay) following the well-known methods of Hanemann (1984), as described by Freeman (2003).  

Following standard choice experiment methods (Adamowicz et al. 1998; Bennett and Blamey 2001), 

each respondent will consider questions including three potential choice options (i.e., Program A, 

Program B, No Further Action)—choosing the program that provides the highest utility as noted above. 

Following clear guidance from the literature, a “no further action” or status quo option is always 

included in the visible choice set, to ensure that WTP measures are well-defined (Louviere et al. 2000).

Three choice questions are included within the same survey to increase information obtained 

from each respondent.  This is standard practice within choice experiment and dichotomous choice 

contingent valuation surveys (Poe et al. 1997; Layton 2000).  While respondents will be instructed to 

consider each choice question as independent of other choice questions, it is nonetheless standard 

practice within the literature to allow for the potential of correlation among questions answered within a 

single survey by a single respondent.  That is, responses provided by individual respondents may be 

correlated even though responses across different respondents are considered independent and 

identically distributed (Poe et al. 1997; Layton 2000; Train 1998).

There are a variety of approaches to such potential correlation.  Models to be assessed include 

random effects and random parameters (mixed) discrete choice models, common in the stated preference

literature (Greene 2003; McFadden and Train 2000; Poe et al. 1997; Layton 2000). Within such models, 

selected elements of the coefficient vector are assumed normally distributed across respondents, often 

with free correlation allowed among parameters (Greene 2002).  If only the model intercept is assumed 

to include a random component, then a random effects model is estimated.  If both slope and intercept 

parameters may vary across respondents, then a random parameters model is estimated.  Such models 

will be estimated using standard maximum likelihood for mixed conditional logit techniques, as 

described by Train (1998), Greene (2002) and others.  Mixed logit model performance of alternative 

specifications will be assessed using standard statistical measures of model fit and convergence, as 

detailed by Greene (2002, 2003) and Train (1998).



Advantages of Choice Experiments

Choice experiments (also called choice modeling) following the random utility model outlined 

above are favored by many researchers over other variants of stated preference methodology 

(Adamowicz et al. 1998; Bennett and Blamey 2001), and may be viewed as a “natural generalization of 

a binary discrete choice CV [contingent valuation]” (Bateman et al. 2002, p. 271).  Advantages of choice

experiments include a capacity to address choices over a wide array of potential policies, grounded in 

well-developed random utility theory, and the similarity of the discrete choice context to familiar 

referendum or voting formats (Bennett and Blamey 2001).  Compared to other types of stated preference

valuation, choice experiments are better able to measure the marginal value of changes in the 

characteristics or attributes of environmental goods, and avoid response difficulties and biases (Bateman

et al. 2002).  For example, choice experiments may reduce the potential for ‘yea-saying’ and symbolic 

biases (Blamey et al. 1999; Mitchell and Carson 1989), as many pairs of multi-attribute policy choices 

(e.g., Program A, Program B, No Further Action) will offer no clearly superior choice for a respondent 

wishing to express solely symbolic environmental motivations.  For similar reasons, choice experiments 

may ameliorate protest responses (Bateman et al. 2002). 

Choice experiments are well-established in the stated preference literature (Adamowicz et al. 

1998; Bennett and Blamey 2001; Louviere et al. 2000)   andand are commonly applied to assess values 

for ecological resource improvements of a type quite similar to those at issue in Chesapeake Bay 

TMDLs.  Examples of the application of choice experiments to estimate values associated with changes 

in aquatic environmental quality and habitat include Hoehn et al. (2004), Johnston et al. (2002b), and 

Opaluch et al. (1999), among others.  EPA has drawn upon these and other examples of successful 

choice experiment design to provide a basis for survey design in the present case.

Additionally, choice experiments permit a straightforward assessment of the impact of resource 

scope and scale on respondents’ choices.  This will enable EPA to easily conduct scope tests and other 

assessments of the validity of survey responses (Bateman et al. 2002, p. 296-342).

A final key advantage of choice experiments in the present application is the ability to estimate 

respondents’ values for a wide range of different potential outcomes of Chesapeake Bay pollution 

reduction programs, differentiated by their attributes. The proposed choice experiment survey versions 

will allow respondents to choose among a wide variety of hypothetical program options, some with 

larger and others with smaller changes in the presented attributes (including household cost). That is, 



because the survey is to be implemented as a choice experiment survey, levels of attributes in choice 

scenarios will vary across respondents (Louviere et al. 2000). 

The ability to estimate values for a wide range of different policy outcomes is a fundamental 

property of the choice experiment method (Bateman et al. 2002; Louviere et al. 2000; Adamowicz et al. 

1998).  The experimental design (see below) will allow for survey versions showing a range of different 

baseline and resource improvement levels, where these levels are chosen to (almost certainly) bound the 

actual levels expected under pollution reduction programs. Given that there will almost certainly be 

some uncertainty regarding the specifics of the actual baselines and improvements, the resulting 

valuation estimates will allow flexibility in estimating values for a wide range of circumstances.

Comment on Survey Preparation

Following standard practice in the stated preference literature (Johnston et al. 1995; Desvousges 

and Smith 1988; Desvousges et al. 1984; Mitchell and Carson 1989), all survey elements and methods 

were subjected to extensive development and pretesting in focus groups to ameliorate the potential for 

survey biases (Mitchell and Carson 1989), and to ensure that respondents have a clear understanding of 

the policies and goods under consideration, such that informed choices may be made that reflect 

respondents’ underlying preferences. Following the guidance of Arrow et al. (1993), Johnston et al. 

(1995), and Mitchell and Carson (1989), focus groups were used to ensure that respondents are aware of 

their budget constraints and the scope of the environmental quality improvements under consideration. 

As noted above, survey development included individual cognitive interviews conducted using 

think-aloud or verbal protocol analyses (Schkade and Payne 1994). Individuals in these interviews 

completed draft survey questionnaires and provided comments and feedback about the survey format 

and content, their interpretations of the questions, and other issues relevant to stated preference 

estimation. Based on their responses, EPA made various improvements to the survey questionnaire 

including how the attributes are described and labeled, including an example choice question before 

asking respondents to complete theirs, and the appearance of the choice questions. Results from focus 

groups and cognitive interviews provided evidence that respondents answer the stated preference survey 

in ways appropriate for stated preference WTP estimation, and that respondents were evaluating trade-

offs between program attributes and the household cost. The number of focus groups and cognitive 

interviews used in survey design, 10 focus groups and 72 cognitive interviews, exceed the numbers used



in typical applications of stated preference valuation. Moreover, EPA incorporated cognitive interviews 

as detailed by Kaplowicz et al. (2004).

 EPA will pretest the mail survey.  Making the same assumptions about eligibility and response 

rates as for the main survey (i.e., 92% and 30%, respectively), EPA will mail out 544 pre-test surveys 

(108 or 109 to each of 5 cells of the main survey, with the target number of 30 completes per cell).  The 

main goal of the pretest is to assess whether the questionnaire is likely to produce quality data necessary 

estimate willingness to pay for water quality improvements in the Chesapeake Bay and lakes  in the  

Watershed. More specifically, EPA will use pretest results to (1) assess respondents’ ability to 

understand background information and respond to the choice questions; (2) evaluate potential for 

protest responses, warm glow effects, and hypothetical bias; (3) verify the expected response rate; and 

(4) evaluate the range and levels chosen for the cost attribute.

To test the feasibility of the non-response follow up study in the main survey, as proposed in 

Section 3.2(c)(iii), a small scale non-response follow up (NRFU) study will be conducted after the pre-

test. EPA anticipates to mail a copy of the pilot NRFU survey to 250 households. These households will 

be randomly selected from the set of non-responding households from the pre-test, defined as those 

which did not return a completed survey response, and for which EPA did not receive a USPS delivery 

failure notification. EPA will send to each of the selected households a non-response follow up Priority 

Mail package (including the incentive). Assuming a 20% response rate, this implies that approximately 

fifty households will be included in the pilot NRFU study sample.  The results of the pre-test NRFU will

be used to refine the non-response questionnaire and to assess the expected response rate among non-

respondents. 

Econometric Specification

Based on prior focus groups, expert review, and attributes of the policies under consideration, 

EPA anticipates that five attributes will be incorporated in the vector of variables describing attributes of

the pollution reduction programs (vector Xi), in addition to the attribute characterizing unavoidable 

household cost Fi.  These attributes will characterize improvements in water clarity (x1), blue crab 

abundance (x2), striped bass abundance (x3), oyster abundance (x4), and lake condition (x5). These 

variables will allow respondents’ choices to reveal the potential impact of Chesapeake Bay 

environmental quality improvements on utility.



Although the literature offers no firm guidance regarding the choice of specific functional forms 

for v(.) within choice experiment estimation, in practice, linear forms are often used (Johnston et al. 

2003), with some researchers applying more flexible (e.g., quadratic) forms (Cummings et al. 1994). 

Standard linear forms are anticipated as the simplest form to be estimated by EPA, from which more 

flexible functional forms (e.g., quadratic) can be derived and compared. EPA anticipates estimating all 

models within the mixed logit framework outlined above. Model fit will be assessed following standard 

practice in the literature (e.g., Greene 2003; Maddala 1983). Since they are common in practice and 

theory the functional forms considered for this analysis are presented and discussed in many existing 

sources (e.g., Hoehn 1991, Cummings et al. 1994, Johnston et al. 1999, and Johnston et al. 2003).

For example, for each choice occasion, the respondent may choose Option A (status quo), Option

B, or Option C. Assuming that the model is estimated using a standard approximation for the observable

component of utility, an econometric specification of the desired model (within the overall multinomial 

logit model) might appear as:

2()  = 0 + 1(change in water clarity) + 2(change in blue crab abundance) + 

3(change in striped bass abundance) + 4(change in oyster abundance) + 5(change in 

lake condition) + 6(Cost)

This sample specification allows one to estimate the relative “main effects” of program attributes on 

utility. Specifications such as this allow WTP to be estimated for a wide-range of potential program 

outcomes. 

Experimental Design

Experimental design for the choice experiment surveys will follow established practices. 

Fractional factorial design will be used to construct choice questions with an orthogonal array of 

attribute levels, with questions randomly divided among distinct survey versions (Louviere et al. 2000). 

Based on standard choice experiment experimental design procedures (Louviere et al. 2000), the number

of questions and survey versions will be determined by, among other factors: a) the number of attributes 

in the final experimental design and complexity of questions, b)  pretests revealing the number of choice

experiment questions that respondents are willing/able to answer in a single survey session, and c) the 



number of attributes that may be varied within each question while maintaining respondents’ ability to 

make appropriate neoclassical tradeoffs. 

Based on the models proposed above and recommendations in the literature, EPA anticipates an 

experimental design that allows for an ability to estimate main effects of program attributes (Louviere et 

al. 2000). Choice sets (Bennett and Blamey 2001), including variable level selection, were designed by 

EPA based on the goal of illustrating realistic policy scenarios that “span the range over which we 

expect respondents to have preferences, and/or are practically achievable” (Bateman et al. 2002, p. 259),

following guidance in the literature. This includes guidance with regard to the statistical implications of 

choice set design (Hanemann and Kanninen 1999) and the role of focus groups in developing 

appropriate choice sets (Bennett and Blamey 2001).

Based on these guiding principles, the following experimental design framework is proposed by 

EPA. A description of the statistical design is presented in Error: Reference source not found. The 

experimental design will allow for estimation of main effects based on a choice experiment framework. 

Each treatment (survey question) includes Option A (status quo) and two choice options (Option B and 

Option C), each characterized by five attributes and a cost variable. Hence, there is a total of eighteen 

attributes for each treatment (including six implicit attributes for “No Additional Action”). Based on 

focus groups and pretests, and guided by realistic ranges of attribute outcomes, EPA allows for three 

different potential levels for environmental attributes and six different levels of annual household cost 

for Programs A and B. It also allows for three different potential levels for environmental attributes 

under “No Additional Action,” the first set reflecting a declining baseline, the second reflecting a 

constant baseline, and the third reflecting an improving baseline. The “No Additional Action” option 

included for each question will be characterized by a household cost of $0. 

The attribute combinations can be summarized as follows:

 Water ClarityN (3 levels)
 Water ClarityA, Water ClarityB (3 levels)
 Blue Crab AbundanceN (3 levels)
 Blue Crab AbundanceA, Blue Crab AbundanceB (3 levels)
 Striped Bass Abundance N (3 levels)
 Striped Bass Abundance A, Striped Bass Abundance B (3 levels)
 Oyster Abundance N (3 levels)
 Oyster AbundanceA, Oyster AbundanceB (3 levels)
 Lake ConditionN (3 levels)
 Lake ConditionA, Lake ConditionB (3 levels)



 CostA, CostB (6 levels)

For a more detailed discussion of attribute levels assigned across survey versions, refer to Error: 

Reference source not found2.

Following standard practice, EPA will constrain the design to remove dominant/dominated pairs,

where one option dominates the other in all attributes. Respondents have been found to react negatively 

and often protest when offered such choices. Given that such choices provide negligible statistical 

information compared to choices involving non-dominant/dominated pairs, they are typically avoided in 

choice experiment statistical designs. For example, Hensher and Barnard (1990) recommend eliminating

profiles including dominating or dominated profiles, because such profiles generally provide no useful 

information. Following this guidance, EPA will constrain the design to eliminate such 

dominant/dominating pairs.

5(c) Reporting Results

The results of the survey will be made public as part of the benefits analysis for the Chesapeake 

Bay TMDLs. Provided information will include summary statistics for the survey data, extensive 

documentation for the statistical analysis, and a detailed description of the final results. The survey data 

will be released only after it has been thoroughly vetted to ensure that all potentially identifying 

information has been removed.
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