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1. Introduction

Wetland areas play a crucial role in the functioning of watersheds, and their
importance in the maintenance and protection of water quality has been demonstrated by
numerous studies (Richardson, 1985; Mitsch, et al. 1995). Throughout most of American
history, however, wetlands received little appreciation, except as land that might be
converted to other uses. As a result, the loss of wetlands (usually by draining for
agricultural use and by filling for development) was widespread and often subsidized by
the public sector. By 1974, only a third of the original wetlands remained in the lower 48
states (Heimlich et al. 1998). With the gradual recognition of the many services wetlands
provide, a number of state and federal programs have emerged that seek to curb the
decline of wetland areas and restore “prior-converted” wetlands back to a natural state
(Heimlich et al. 1998). In North Carolina, governmental agencies have identified
restoration activities as a crucial component of addressing water quality protection and
the maintenance of other important environmental benefits. In order to prioritize the need
for restoration throughout the state, federal and state agencies joined forces for the
Unified Watershed Assessment (UWA), a project that ranked North Carolina watersheds
by their need for restoration activities. The ranking was based primarily on water quality
criteria (North Carolina Department of Environment and Natural Resources, 1998).

In response to the need for wetland restoration, policies have been implemented
that provide incentives for farmers to devote land to these purposes. By enrolling in these
programs, landowners can receive payments for undertaking restoration activities to bring
“prior-converted” wetlands back to their natural state, thus recovering the important

environmental benefits that these lands provide. These voluntary programs are being



offered by a variety of state and federal agencies. In North Carolina, the available
programs include the US Department of Agriculture’s Wetlands Reserve Program
(WRP), the North Carolina Wetlands Restoration Program (NCWRP), which has since
become a part of the Ecosystem Enhancement Program, and the recently established
Conservation Reserve Enhancement Program (CREP), a combined state and federal
program available in select areas of the state. Besides being administered by different
agencies, these programs differ in the variety of options they offer to participating
landowners in terms of the payments, the types of contracts, the length of contracts, and
the allowed uses of enrolled lands. A crucial, but understudied, aspect of these programs
is how these various options influence the participation decisions of wetland owners
(Cubbage, et al. 1993). Understanding how wetland owners view these benefits and
weigh them against the costs of program participation can improve the operation of
wetland restoration programs and optimize their impact on water quality improvement.
The goal of this study is to improve the understanding of landowner behavior in
regard to wetland restoration choices. This information can be used by program
managers and other resource planning agencies to improve the design of their particular
programs. Information of this type is of particular value to a state such as North
Carolina, which consists of three distinct ecoregions and has landowners with diverse
goals and interests. The first objective of this study is to develop individual-level
regression models of landowner decision-making in relation to wetland restoration
programs. Using data collected from agricultural landowners, a stated preference
methodology called choice-based conjoint (CBC) analysis was used to estimate the value

and importance that landowners place on the various design aspects of wetland



restoration programs. A state-of-the-art estimation technique, Hierarchical Bayes (HB)
analysis, was used to estimate these values at the individual level. To our knowledge,
this study represents the first application of HB analysis to understanding and predicting
landowner behavior, as well as the first application of HB to natural resource
management. A second objective of this study is to use the individual-level regression
results to perform policy simulations that predict potential enroliment in different kinds
of wetland restoration programs. The policy simulations can also determine the program
payments necessary to make landowners indifferent between programs with different

mixes of attributes.

2. Methods

This study is based on results of a public opinion survey of landowners. Aspects
of the data collection process are described in this section, followed by discussions of the
methodology used to estimate individual-level parameters and the choice modeling done

with these parameters.

2.1. Data collection

This study utilized an existing data set collected through a survey of 510
landowners in selected areas of North Carolina (Kramer, et al. 2004). The survey was
designed with the assistance of agricultural and wetland experts and based on information
obtained from a series of focus groups conducted with landowners. Survey data
collection occurred in winter 2000/2001. A combined mail/telephone format was used

for the survey, where respondents were mailed supplemental information, but all



questions were answered by phone. The respondents were paid $25 for completing the
survey, which had an adjusted response rate of 75%.

As part of the CBC analysis method, respondents were provided with a series of
ten choice tasks involving comparisons of wetland restoration programs with varying
levels of attributes. Each choice task displayed three potential wetland restoration
programs, from which respondents selected their preferred alternative. The programs
were described to respondents as a set of six attributes (program payment, program
administration, recreational use, contract type, timber harvesting options and contract
length). These attributes were described to the respondents in an information booklet that
they received by mail prior to completing the survey. Through the survey design phase,
this list of attributes was determined to be the most important factors influencing program
participation choices. As part of the CBC methodology, survey respondents were then
shown a series of choice tasks and asked to select their preferred choice among the three
restoration programs listed in each choice task.

The attribute levels for the programs in each choice task were varied according to
an experimental design (Holmes and Adamowicz, 2002). This design resulted in a set of
100 unique choice tasks, with each respondent completing a subset of 10 of these choice
tasks. Following each choice task, respondents were asked a follow-up question that
enabled them to opt out of the market if they would not actually participate in their
preferred program choice. Descriptions of the attributes and their corresponding levels of
provision are presented in Appendix 1, and a sample choice task from the survey is

presented in Appendix 2.



2.2. Estimation of individual-level parameters

Random Utility Maximization (RUM), the common theoretical framework for
analyzing how individuals choose among competing alternatives, states that individuals
will choose the alternative that provides them the highest utility. Random utility models
have their foundation in the work of Thurstone (1927), who proposed that a person’s
utility function contains a random component that is unobservable to the researcher, and
that may cause the individual to make choices that do not seem to maximize utility. This
led to the specification of utility as consisting of a systematic and a random component as
follows:
U, =V, +¢
where U; is the total utility of alternative i, v; is the systematic, or known, component of
utility and &; is the unobservable component. The systematic component of utility is
often called “representative utility” and consists of attributes of the alternatives in the
choice set and individual characteristics. The unobservable component of the utility
function is called the error term and is treated as random for each alternative in the choice
set. Since this error term is unknown, the researcher can only make probabilistic
statements about the decision-maker’s choices (Train, 2002). For example, the
probability of individual n choosing alternative i can be expressed as:

Pr(y,, =1) =Pr{v,, + ¢, > Vi, +&

in -

jn ; VJ € Cn}
with i and j denoting different alternatives in choice set C, yi, denoting the outcome of

individual n’s choice in relation to alternative i (which equals 1 if chosen), and v and ¢

again represent the systematic and random components of the individual n’s utility for the



alternatives in choice set C. The representative, or indirect utility function, vin, IS most
commonly expressed in a linear form:

Vi, = B+ BoXing + BaXing +---Bi Xink

where Xink are the attributes of alternative i and 3, are the coefficients that each individual
places on the attributes (Adamowicz et al. 1994). The model assumes that the individuals
compare the utility of the different alternatives, which can be specified as follows for
alternatives i and j:

U,>U, = X, B, +&,> X,B, +&

The right side of this equation can be rearranged to obtain the following:

Epn > anﬂn - X5, +é&j

which states that for alternative i to have the highest utility, the unobserved portion of the
individual’s utility for alternative i must be greater than the difference between the
observed portion of utility for alternatives j and i, and the unobserved utility for
alternative j.

Different discrete choice models can then be formulated, based on the
assumptions of the distribution for the unobserved portions of utility. Under the
assumption that the error terms are Type 1 Extreme Value (Gumbel), the probability of
choosing alternative i from the choice set C, can be expressed as:

g*n

P =

ni Z e X jnﬂn
ieC,

The parameter values can then be estimated through maximum likelihood methods

(Adamowicz et al. 1994; Allenby and Rossi, 2003). In order to make the model tractable,



it is most commonly assumed that the model parameters are identical (fixed) for all the
individuals in the population (B, = B).

The assumption that parameters are fixed in the population is problematic if there
is reason to believe that preferences may actually be heterogeneous. Recent
developments in discrete choice modeling, however, have enabled the estimation of
random parameter models that allow for preference heterogeneity through estimating
preferences at the level of the individual. From the perspective of classical statistics,
mixed coefficient models have been developed that involve combining maximum
likelihood estimates of the population distribution with the choices made by individuals
in the sample (Revelt and Train, 1998). Additionally, from a Bayesian perspective,
hierarchical modeling can be used to link information about the distribution of
coefficients across the sample with information about the choices made by individuals to
obtain estimates of individual values (Allenby and Rossi, 2003). Despite the different
theoretical frameworks of these two perspectives, it is important to note their numerical
relationship. Estimates of the same model obtained from these two methods converge
asymptotically and the differences between them thus relate more to the interpretation of
the results than the results themselves (Huber and Train, 2001; Train, 2002).

In this study, the hierarchical Bayes method is used to estimate individual-level
parameters from the results of the CBC analysis. The central tenet of Bayesian analysis,
Bayes’ Theorem, involves the combination of prior, conditional and posterior
probabilities, and states that the posterior probability of a hypothesis is proportional to the
product of the conditional probability associated with that hypothesis (the likelihood of

the data) and the prior probability of that hypothesis. With Bayes’ Theorem, initial



estimates of probabilities can thus be revised through using information provided by the
data to obtain a posterior probability estimation that utilizes both initial information and
information from the data (Winkler, 2003). This concept is the foundation for the
modeling done with HB, and is what enables individual-level parameters to be derived
from each individual’s information combined with information from the complete sample
of individuals.

Continuing with a RUM framework, the HB model can be specified as follows:

Pr(y,, =1) =Pr{v,, +¢&, 2V, +¢&

in -

VjieC,}

jn?
Vi, = B+ Lo Xing + BrzXing + Bk Xink

£, ~ Normal(«, D)

with, as previously specified above, i and j denoting different alternatives in choice set C
and yin is again the outcome of individual n’s choice in relation to alternative i (which
equals 1 if chosen). Vi, represents the systematic component of the utility of alternative i
to individual n. This specification, known as a random parameters model, accounts for
differences in parameters among individuals by specifying unique parameters (B,) for
each respondent (Arora et al. 1998). These parameters are assumed to be normally
distributed within the population, with o representing a vector of means of the
distributions of individuals’ partworths, and D representing a variance/covariance matrix
of the distribution of individual partworths. As noted by Allenby and Rossi (2003), this

model incorporates heterogeneity among the sample of respondents by specifying how

the parameters of all respondents are related to each other from a probabilistic standpoint.



The hierarchical Bayes model involves combining this population-level
specification with an individual-level specification of parameters. At the individual level,

the model assumes the standard multinomial logit specification:

_ exp(x;' B;)
S e, 5)

where:

Pi = the probability of the individual choosing alternative i in a particular choice task

X; = a vector of values that describe the j™ choice in that particular choice task.

This equation states that the probability of a person making a particular choice from a
choice task can be calculated as the exponentiated sum of the individual’s partworths for
the attributes in that choice (which is equal to their utility for that choice) divided by the
same exponentiated sum for all other choices in the choice task, which equals their utility
for all other possible choices (McFadden, 1974; Allenby and Gintner, 1995).

The parameters to be estimated in the HB method are 3, oo and D. The HB
method uses an iterative procedure to estimate these values, where one parameter is being
estimated conditional on the current values for the other two parameters. This process,
known as Gibbs sampling, is typically run for thousands of iterations. To derive the final
individual partworth estimates, the last several thousand iterations are saved and the
parameter estimates from these iterations are averaged (Train, 2002). Due to the iterative
nature of the estimation process, the iterations are not independent, since each new
iteration uses values from the previous one. The common approach to overcoming this

problem is to set a value of n and save every n" iteration (Train, 2002).
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2.3. Choice modeling

Within the marketing tradition, conjoint analysis data are commonly used in
market simulation models (Green, et al. 2001; Deal, 2003). These simulations take the
relatively abstract partworth utilities and turn them into information more useful and
understandable from a managerial perspective. Methods used to turn partworth utilities
into predicted respondent choices are known as choice models (Arenoe, 2003). With
market simulations, the performance of competing alternatives can be evaluated. An
additional advantage of market simulations is that they can capture interaction effects and
thus uncover how respondents would trade off among the various attributes as their levels
are altered in competing offerings of products or programs (Orme, 2002).

When individual-level data are available, the most common choice model, known
as First Choice (FC), is consistent with a random utility maximization framework. The
model involves, for each alternative under consideration, summing the partworth utilities
for each respondent and assuming that respondents choose the alternative with the highest
utility. The percentage of times each alternative is chosen is then calculated and
expressed as how often that alternative would be chosen, assuming respondents had to
choose an alternative in the set (Orme, 2002). The output from the FC model is predicted
choices, called preference shares, for the different alternatives available to the
respondents. It is important to note that, while these preference shares often closely
follow actual market shares, they differ from market shares in that they assume that 100%
of the respondents chose an option. If information relating to how often respondents
would choose to participate in the market versus stay with their status quo and not

participate, the FC model can be used to predict market shares.

11



3. Results and Discussion

This section of the report presents the marginal utilities and values for the various
wetland restoration program attributes. These results are used to calculate importance
scores for the program attributes and to perform policy simulations that estimate the

participation rates of various configurations of wetland restoration programs.

3.1. Partworths for the restoration program attributes

The results from the HB method are shown in Table 1. The values presented in
the table are the mean and standard deviations of the 1,200 draws of the population
parameters taken during the HB estimation. These are simulated approximations of the
means and standard deviations of the posterior distribution for each parameter.
According to the Bernstein-von Mises theorem, the standard deviation of the posterior
distribution is equivalent to the classical standard error (Train and Sonnier, 2003). Thus,
classical t tests can be performed for these parameters, with statistical significance being
reported in the table with asterisks.

For model estimation, the various levels of the attributes were all coded as
dummy variables, with one level omitted to avoid the “dummy variable trap.” An
“effects coding” procedure was used, which enables the recovery of information about
partworths of the omitted level of each attribute (Holmes and Adamowicz, 2002). As
opposed to standard coding of dummy variables where the omitted level is set to zero and
is correlated with the model intercept, variables using effects codes are uncorrelated with
the intercept. For each attribute, the included levels are coded to sum to negative one

instead of zero, and the parameter of the omitted level is thus the negative sum of the
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parameters for the included levels. In addition to the wetland restoration program
attributes, a parameter for the respondents’ status quo situation of not participating in any
of the program was also estimated. This parameter is used in the choice modeling for the
prediction of market shares.

Additional results from the HB method are presented in the third column of the
table. These are the means and standard deviations of the 1,200 draws of the variance for
each of the parameters, with the standard deviation of this distribution again serving as
the classical standard error of the estimate. The statistical significance of the variances
serves as a numerical test for the presence of preference heterogeneity. When the
variance parameter is statistically significant, the null hypothesis of no variation of the
parameter within the population can be rejected (Train and Sonnier, 2003). With every
variance parameter being statistically significant, there is strong evidence of preference
heterogeneity in the landowner population in relation to the attributes of wetland
restoration programs. Although the mean and the standard error of the omitted level for
each attribute could be recovered through the effects coding procedure, the variance and
standard error of the omitted level were not recoverable, and are thus not reported in the

table.
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Table 1. Partworth estimates from the HB methods

Attribute Level

Partworths — Mean
(Std. Error)

Partworths — Variance
(Std. Error)

None (status quo) 3.044** 60.228**
(0.427) (12.417)
Contract Length
10 years 1.406** 3.997**
(0.257) (0.803)
15 years 1.274** 2.019**
(0.203) (0.315)
30 years -0.416** 2.156**
(0.190) (0.392)
Permanent -2.227** NA
(0.321)
Timber Harvesting Options
No harvesting allowed -1.303** 1.501**
(0.280) (0.247)
Selective thinning only 0.238* 1.139**
(0.142) (0.193)
Harvesting allowed 1.065** NA
(0.200)
Price Per Acre
$75 -1.124** 2.942%*
(0.292) (0.619)
$125 -0.519** 1.030**
(0.156) (0.181)
$175 0.402** 1.0455**
(0.149) (0.222)
$225 1.241** NA
(0.251)
Program Administration
Federal -0.325** 1.302**
(0.164) (0.216)
State 0.307** 0.911**
(0.131) (0.167)
Combined State/federal -0.072 1.076**
(0.108) (0.196)
NGO 0.091 NA
(0.131)
Contract Type
Restoration contract 0.087 1.050**
(0.088) (0.168)
Conservation easement -0.087 NA
(0.088)
Recreational Use
By landowner only -0.176** 0.483**
(0.088) (0.079)
May be leased 0.176** NA
(0.088)
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Even though attributes of both the programs and the decision-makers were
observed, only parameters associated with the program attributes were estimated in the
model. This is due to the specification of the choice probabilities, which are based on the
difference in utility among the different alternatives. Thus, only characteristics that differ
among the alternatives in the choice set can be modeled in the discrete choice framework,
since other characteristics drop out of the model (Train, 2002). The influence of
individual characteristics can be examined by a variety of methods, such as including

interaction terms in the model, but this analysis is outside of the scope of this report.

3.2. Marginal values

Partworth values estimated from CBC analysis are commonly converted to
marginal values for welfare economic evaluations. Conversion of partworths to marginal
values is possible since a payment variable was included in the choice experiments.
From the coefficients of the payment variable, the marginal utility of income can be
calculated. This is done through a reinterpretation of the payment attribute as a linear
variable with the $75 payment level as a base and the other payment attributes expressed
as changes from this base amount (for example, $125 is a $50 increase from the base
level). The coefficients of the payment attribute levels are similarly reinterpreted as
changes from the base of the coefficient on the $75 payment level. The marginal utility
of income can then be calculated as the change in the coefficient for each attribute level
divided by the change in the dollar amount for that level (Holmes and Adamowicz,
2002). The average marginal utility of income (0.014) for the different payment levels

was used for the calculations of marginal values for other attributes.
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Table 2 presents the marginal value calculations for the levels of the different
program attributes. These marginal values are calculated by dividing the coefficients for
the attribute levels by the marginal utility of income. These are interpreted as purely
marginal changes; for each attribute level, the marginal value is the payment at which the
respondent would be indifferent between that additional payment and receiving that
particular level of the attribute, with other attributes being held constant. In Table 2,
marginal values are only reported for attribute levels that were statistically significant.
Thus, the contract type attribute and two levels of the program administration attribute
are not reported.

Table 2. Marginal values of program attributes

Attribute Level | Partworths — HB model | Marginal Value
Program Payment
Payment value | 0.014 | $1.00
Contract length
10 years 1.406 $97.64
15 years 1.274 $88.47
30 years -0.416 -$28.89
Permanent -2.227 -$154.65
Timber harvesting options
No harvesting allowed -1.303 -$90.49
Selective thinning only 0.238 $16.53
Harvesting allowed 1.065 $73.96
Program administration
Federal -0.325 -$22.57
State 0.307 $21.32
Recreational use
By landowner only -0.176 -$12.22
May be leased 0.176 $12.22

3.3. Importance scores

When individual-level parameters are available, researchers commonly calculate

the importance of the various attributes (Green, et al. 2001; Ofek and Srinivasan, 2002).
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This importance score involves constructing a ratio with the numerator equaling the
difference of the maximum value for the levels of a particular attribute and the minimum
value for the levels of that same attribute. The denominator of the ratio is the sum of the
values obtained in the numerator for all the attributes, which normalizes the scores to sum

to 100%. The importance scores are presented in Table 3.

Table 3. Importance scores for wetland restoration program attributes

Attribute Score (0 — 100%)
Contract length 34%
Timber harvesting options 22%
Price per acre 21%
Administration 11%
Contract type 7%
Recreational use 5%

The importance scores yielded some interesting information about the factors that
drive landowner decision-making. With the two most important attributes being the
contract length and the timber harvesting options, it was clear that issues of control are
important to landowners when making program participation decisions. These two
attributes most severely restrict the landowners’ ability to use their land as they desire.
For the contract length attribute, landowners may not be willing to enter into an
agreement that would tie up their land for an extended period of time. The importance
placed on timber harvesting options is understandable since this is one of the biggest
income generating activities in which landowners can engage. Restriction on this activity
could thus have serious financial implications, and also represents an area of their
farming operations over which they may wish to maintain control. While the payment

attribute also has financial implications, it is possible that timber harvesting was more
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important since it represents a way that landowners can make money from their own
activities. As several landowners expressed in the focus groups conducted during the
survey design phase, money made from their own activities may give them more utility
than money given to them for participating in a program.

Several different reasons could explain why some attributes received low
importance scores. After the price attribute, the next most important attribute was the
administration of the program. While this attribute does not relate as directly to control
issues or financial incentives, there is clearly some level of importance attached to this
attribute. Given the number of negative comments about the federal government that
were voiced during the focus groups, this result was not surprising. Some landowners
clearly had strong feelings about entering into agreements with the federal government,
due to a lack or trust or a variety of other reasons. This attribute also could have been
viewed as important due to the respondents’ feelings about state government, or the
possibility of working with a non-governmental agency.

The contract type attribute relates directly to control issues, since it determines
whether the respondent could break their commitment with the program and prematurely
terminate their contract. It was thus fairly unexpected that this attribute received a
relatively low importance score, given the apparent importance of control issues
regarding land use. One possible explanation is that, despite a detailed explanation of
this attribute in the survey materials, the respondents may not have understood this
attribute and its possible ramifications. Another explanation is that the respondents may
have thought there were some negative consequences associated with early termination of

a program and did not view this as a viable option.
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The recreational use attribute had the lowest importance score. Although this
attribute does influence a landowner’s ability to control how their land is used, it does not
exert much of an influence in this way. Since, at both possible levels of this attribute, the
landowner can use the land themselves, this attribute would not hold much importance
for people that are not interested in leasing their land for recreation. Additionally, even if
people are interested in leasing their land, the returns from this activity are low compared
to other attributes that affect financial returns (price per acre, timber harvesting options).
It is logical, then, that the recreational use attribute would have a lower importance score

than these other attributes.

3.4. Choice modeling

The results from the HB method were then used in choice modeling to examine
respondents’ preferences for various configurations of wetland restoration programs.
After a brief discussion of optimal program design, choice modeling is then used to test
various scenarios relating to the three existing wetland restoration programs in North
Carolina. Lastly, new potential restoration program options are modeled along with the
existing programs to examine how these new offerings might influence choices among
the existing programs.

For each modeling scenario two sets of results are presented. First are the
preference shares, which represent the choices respondents would make assuming that
they had to choose one of the programs. The preference shares among the programs in
each scenario thus total to 100%. The second set of results predicts market shares by

including the option for remaining with the status quo and not choosing any of the
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programs. These results also sum to 100%, but across both the percentage of respondents
that would choose to enroll in a program and those that would choose not to enroll in any
of the offered programs. The market share data thus gives a more realistic representation
of landowner choices, since only a small percentage of all eligible landowners are likely

to participate in these programs.

3.4.1. Optimal program design

With the partworth estimates, it is possible to identify the optimal wetland
restoration program design scheme. This is the program that has, from the landowner’s
perspective, the most preferred options for each attribute (called “best program™). Itis
also possible to identify the program that has the least preferred set of options (called
“worst program”). While it is unlikely that either of these programs would actually be
offered, they can be used as a point of reference and a base scenario from which to
examine moves to programs that are more preferable from either the landowner’s or the

program manager’s perspective. The results are shown in Table 4.
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Table 4. Most and least preferred program designs

Program Options Best Program Worst Program
Contract Length 10 years Permanent
Contract Type Restoration Conservation
contract easement
Program State agency Federal agency
Administration
Recreational use of | May be leased or May used by Status Quo
Enrolled Land used by landowner | landowner only (would not
Timber Harvesting Harvesting No harvesting | participate in any
Options allowed allowed program)
Program payment | $225 per acre per $75 per acre per
year year
Preference Share 100% 0%
(Standard error) (0.02) (0.02)
Market Share 61% 0% 39%
(Standard error) (2.16) (0.00) (2.16)

Choice modeling confirms the results on these program designs, with the most

preferred program receiving 100% of the preference share and 61% of the market share,
and the worst program receiving none of either. In order to estimate the payment needed
to make the respondents indifferent between these two programs, different scenarios were
run that altered the price levels. If the payment levels of the programs were both set at
$150, then the best program got 96% of the preference share and the worst program got
the remaining 4%. The fact that the worst program received some preference share when
the payments were set equal is due to the fact that there were some respondents that
favored the levels of some of the attributes that were less desirable on average. With the
best program set at the lowest price level ($75) and the worst program set at the highest
price level ($225), the best program was still preferred by a large majority of the

respondents (85% vs. 15% for the worst program). Running additional simulations
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confirmed that respondents would need to receive a premium of $599 per acre to be

indifferent between the best and worst programs.

3.4.2. Modeling of existing NC programs

The individual-level partworths were used to provide some analysis of the main
restoration program options that exist for landowners in NC. This was accomplished
through choice modeling of various combinations of the three main restoration programs
available to NC landowners. These three main program options are the North Carolina
Wetlands Restoration Program (NCWRP), the USDA Wetlands Reserve Program
(WRP), and the Conservation Reserve Enhancement Program (CREP), a recently
introduced combined state and federal program that is only available in select areas of the
state. In the market simulations presented below, these programs are described as mixes
of the attributes used in the CBC analysis.

In order to describe the programs as a mix of the attributes from the CBC
analysis, some simplifications were made. First, for the timber harvesting attribute, both
the NCWRP and the WRP do not allow any timber harvesting as a rule, but state that it
may be allowed on a case-by-case basis. For this study, the timber harvesting options of
these programs were represented as “no harvesting allowed”, since that was their general
rule. Also, there were simplifications involved in the program payment attribute. The
actual payments landowners receive from these programs are often complex and involve
a mix of lump sum and yearly payments. There are also differences in terms of the

amount of cost-share payments the landowners would receive under different programs.
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Another difference with the payments of the programs relates to location, since
payments are often based on the market value of the property or its agricultural rental
rate. These rates vary with geographic location, so it is not possible to set a single
payment level for a program on a statewide basis. Due to this mix of complicating
factors, it was not possible to provide all the payment details to the respondents in the
CBC study. The payment attribute was simplified to a flat per acre per year payment. For
the simulations presented in this section, the payment levels for all programs were most
commonly set at the middle of the range of possible payments.

In most areas of NC, landowners can choose between two main programs, the
NCWRP and the WRP. These programs are similar on most attributes, with the main
difference being the program administration. The other main difference is that the WRP
offers two options for the contract length, a permanent option and also a 30-year option
with payment being 75% of the payment for the permanent option. Table 5 below
presents the scenario for the two programs with the WRP having a permanent contract

length and the payment levels both set at $150.
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Table 5. Choice modeling for NCWRP and WRP

Program Options NCWRP WRP
Contract Length Permanent Permanent
Contract Type Conservation Conservation
easement easement
Program State agency Federal agency
Administration
Recreational Use of | May be leased or May be leased or | Status Quo
Enrolled Land used by landowner | used by landowner | (would not
Timber Harvesting No harvesting No harvesting participate
Options allowed allowed inany
Program Payment $150 per acre per $150 per acre per program)
year for 50 years year for 50 years
Preference Share 81% 19%
(Standard error) (1.75) (1.75)
Market Share 20% 7% 73%
(Standard Error) (1.78) (1.13) (1.97)

From the results in Table 5, the NCWRP was the preferred program, capturing
81% of the preference share and 20% of the market share. Additional scenarios were run
to estimate the price differential needed to make the NCWRP and WRP have equal
preference shares. When the above scenario was run with the payment of WRP increased
by $34 to $184, each of the two programs commanded an equal percentage of preference
shares. With this increase in the WRP payment, the predicted market shares of the
NCWRP and WRP were 14% each, with the remaining 72% of the respondents choosing
the status quo option.

The next scenario presented in Table 6 shows the influence of adding the 30-year
option for the WRP. This new option was added onto the existing scenario presented
above. From the results, the 30-year WRP was largely preferred to the permanent WRP
option. For the preference share data, 70% of the respondents preferred the WRP over

the NCWRP, and the large majority of that number (69%) preferred the 30-year WRP for

24



a smaller payment over the permanent WRP for more money. For the market share
results, the 30-year WRP was also the most preferred of the three programs, capturing

19% of the market, with 69% of the respondents choosing to not enroll in any program.

Table 6. Choice modeling for 30-year WRP option

Program NCWRP WRP WRP-30 year
Options
Contract Permanent Permanent 30 years
Length
Contract Type | Conservation | Conservation Conservation
easement easement easement
Program State agency Federal Federal agency
Administration agency Status Quo
(would not
Recreational | May be leased | May be leased | May be leased | participate
Use of or used by or used by or used by in any
Enrolled Land landowner landowner landowner program)
Timber No harvesting | No harvesting | No harvesting
Harvesting allowed allowed allowed
Options
Program $150 per acre | $150 per acre | $113 per acre
Payment per year for per year for per year for 30
50 years 50 years years
Preference 29% 1% 69%
Share (2.01) (0.52) (2.04)
(Standard
error)
Market Share 11% 1% 19% 69%
(Standard (1.37) (0.34) (1.74) (2.04)
error)

An additional scenario confirmed that, even if the payment of the 30-year WRP
arrangement were at 50% of the payment for the permanent program ($75), it would still
capture roughly 56% of the total preference share. The other interesting result from this

scenario was that the 30-year WRP option also took a large amount of preference share
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away from the NCWRP, whose preference share decreased from 81% to 29% when the
30-year WRP option was offered.

A different picture emerges for areas of the state where the CREP is active.
Various scenarios were run to examine how the addition of the CREP might influence
preference shares among the various programs. The CREP differs from the others in
terms of its program administration and the timber harvesting option. Table 7 reports
choice modeling results for the scenario presented above in Table 6 with the addition of
the CREP. Under a scenario of equal program payments, the CREP was the most
preferred program, capturing 82% of the preference share. For the market share results,
CREP was the most preferred of the three programs (25%), but less preferred than the

status quo, which was chosen by 65% of the respondents.
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Table 7. Choice modeling for the CREP option

Program NCWRP WRP WRP-30 CREP
Options years
Contract Permanent Permanent 30 years Permanent
Length
Contract Type Conservation Conservation Conservation Conservation
easement easement easement easement
Program State agency | Federal agency | Federal agency | Combination
Administration of state and
federal
agencies
Recreational May be leased | May be leased | May be leased | May be leased | Status Quo
Use of Enrolled or used by or used by or used by or used by (would not
Land landowner landowner landowner landowner participate
Timber No harvesting | No harvesting | No harvesting Harvesting In any
Harvesting allowed allowed allowed allowed program)
Options
Program $150 per acre | $150 per acre | $113 peracre | $150 per acre
Payment per year for 50 | per year for 50 | per year for 30 | per year for 50
years years years years
Preference 5% 0% 13% 82%
Share (0.96) (0.20) (1.49) (1.70)
(Standard
error)
Market Share 3% 0% 6% 25% 65%
(Standard (0.72) (0.20) (1.07) (1.92) (2.11)
error)

This situation with the CREP as the dominating program was mostly due to it

having the most preferred option for timber harvesting and the middle level of the three

options in the choice set for program administration. It had the least preferred option for

contract length, but only the 30-year WRP had a more preferred contract length, and that

program had less preferred levels for timber harvesting and administration. The low

preference share for the NCWRP was mostly related to it having a permanent contract

length and also a less preferred level for timber harvesting than the CREP. The NCWRP

was thus almost dominated by the CREP, but still retains some preference share due to

having a more preferred program administration option.
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One problem with the scenario presented in Table 7, however, was that modeling
the programs as having equal payment values may not be accurate. CREP payments are
currently based on the rental rate of the land, whereas payments for the other two
programs are based on the market value of the land. In less rural areas with higher land
values, payments for the WRP and NCWRP can often exceed CREP payments. While
the CREP is moving to a market value-based payment structure, it is interesting to
examine if the CREP still has this same dominate preference share with a lower payment
level than the other two programs. An additional scenario was run with CREP set at a
lower payment ($125). The CREP was still the dominant program at this lower payment
level, with its preference share decreasing only slightly to 76% and its market share to
23%.

One additional piece of analysis done with the existing restoration programs was
to examine changes that would increase the desirability of the NCWRP. Despite this
program having the most preferred level for the program administration attribute, it had a
very low preference share in all the simulations due to having less preferred options for
both the contract length and timber harvesting attributes. First, a scenario was run with
all of the NCWRP program attributes as they currently are, but with the NCWRP as a 30-
year program instead of permanent. A similar adjustment to the WRP was made for the
30-year NCWRP payment variable, with the payment being 75% of the payment for

permanent programs. The results are shown below in Table 8.
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Table 8. Choice modeling for 30-year NCWRP option

Program NCWRP - 30 WRP WRP-30 years CREP
Options years
Contract 30 years Permanent 30 years Permanent
Length
Contract Type Conservation Conservation Conservation Conservation
easement easement easement easement
Program State agency Federal agency | Federal agency | Combination
Administration of state and
federal
agencies
Recreational May be leased | May be leased or | May be leased | May be leased | Status Quo
Use of Enrolled or used by used by or used by or used by (would not
Land landowner landowner landowner landowner participate
Timber No harvesting No harvesting No harvesting Harvesting Inany
Harvesting allowed allowed allowed allowed program)
Options
Program $113 per acre $150 per acre $113 per acre | $150 per acre
Payment per year for 30 | per year for 50 | per year for 30 | per year for 50
years years years years
Preference 19% 0% 6% 75%
Share (1.72) (0.20) (1.03) (1.90)
(Standard
error)
Market Share 10% 0 2% 23% 65%
(Standard (1.30) (0.20) (0.64) (1.86) (2.11)
error)

This scenario showed that, with a 30-year option, the NCWRP became the second

most preferred program. Its preference share increased from 5% to 19%, and its market

share increased from 3% to 10%. Further simulations were run to investigate what

combination of attributes would make the NCWRP the most preferred program. One

obvious option was to increase the price of the program, and a payment of $168 per acre

made the CREP and the 30-year NCWRP have equal preference shares (48%). At this

payment, however, CREP still had a higher percentage of market share (19%) than the

30-year NCWRP (14%).

Other simulations were run that left the price of the 30-year NCWRP at $113 but

altered other attributes to more favorable levels in order to see what would cause it to
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become the most preferred program. Changing the timber harvesting attribute of the 30-
year NCWRP program to selective thinning caused it to become the most preferred
program, with 70% of the preference share. In this scenario, the preference share of

CREP decreased to 28%.

3.4.3. Demand curves for North Carolina restoration programs

Another way to examine landowner preferences for the different restoration
programs available to NC landowners is to estimate demand curves for them. Figure 1
presents demand curves for each of the NC programs in relation to the current offerings
of other programs. The demand curve for a program was estimated by running
simulations of the program at different payment levels while holding the other programs
constant at the average payment level. These curves give an understanding of how
demand for each program would shift in relation to the competition with changes in the
program’s price. For the demand curves, the preference shares for each program were
estimated with the program payment set at five different payment levels ($75, $125,
$150, $175, $225). For the demand curve estimation, only the 30-year WRP was used,
since this program almost completely dominated the permanent WRP when both options
were offered. As shown in Figure 1, the CREP was the dominant program at all payment
levels, followed by the 30-year WRP and then the NCWRP.

Besides comparing the demand curves to each other, additional information can
be gained from looking at the shape of each curve individually. The slopes of the
demand curves between one payment level to the next measures the price elasticity of

each program, showing how much the preference share of the program changes with a
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change in price. This price elasticity can also be calculated directly through forming a
ratio of the change in preference share over the change in price. The price elasticities for
each of the three programs are presented in the graph legend in Figure 1. The positive
value for price elasticity indicates, as expected, that an increase in the payment offered
led to an increase in the quantity demanded. While the NCWRP had the lowest
preference shares for each payment level, this program had the highest price elasticity
since the percent change in preference shares from the lowest to highest payment levels

was the greatest for this program.

Figure 1. Demand curves for NC programs
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3.4.4. Comparison of new program offerings with existing NC programs

Another piece of analysis involved examining potential new restoration program
offerings and how they compared with the existing NC programs in terms of preference
and market shares. New program offerings were designed in relation to different possible
program objectives. The first new program option, called “Maximize Landowner
Options,” was one that would give the landowner the most options in terms of their land
use decisions. This program was defined as having a 10-year contract length and being a
restoration contract that allowed for early termination. Administration of this program
was set to a non-governmental agency, since an agency of this type may be less
restrictive than a governmental agency. Under this program, the landowners would have
the options to lease land for undeveloped recreation and to harvest timber if they desired.
The payment level for this program was initially set to $75 since it was only asking for a
10-year commitment from the landowner. Table 9 shows results of a simulation with this

program and the existing NC programs.
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Table 9. Choice modeling for new program option (“Maximize Landowner

Options™)
Program NCWRP WRP-30 years CREP New Program
Options (“Maximize
Landowner
Options”)
Contract Permanent 30 years Permanent 10 years
Length
Contract Type Conservation Conservation Conservation Restoration
easement easement easement contract
Program State agency Federal agency Combination Non-
Administration of state and governmental
federal agency Status Quo
agencies (would not
Recreational | May be leased | May be leased or | May be leased | May be leased | participate
Use of Enrolled or used by used by or used by or used by In any
Land landowner landowner landowner landowner program)
Timber No harvesting No harvesting Harvesting Harvesting
Harvesting allowed allowed allowed allowed
Options
Program $150 per acre | $113 per acre per | $150 per acre $75 per acre
Payment per year for 50 | year for 30 years | per year for 50 | per year for 10
years years years
Preference 1% 3% 18% 7%
Share (0.48) (0.75) (1.72) (1.85)
(Standard
error)
Market Share 1% 1% 13% 35% 50%
(Standard (0.48) (0.48) (1.51) (2.11) (2.21)
error)

It is interesting to note that the “Maximize Landowner Options” program

dominated the other programs in terms of preference and market share, even when it was

offered at a much lower payment. This gives an indication of the large preference that

landowners have for shorter contract lengths, and how much less money they are willing

to accept for the ability to be in the program for a shorter commitment of time. Keeping

the payment for the “Maximize Landowner Options” program at $75, a new scenario was

run with the contract length increased to 15 years. It was interesting to note that, in this

new scenario, the preference shares remained unchanged for all four programs, indicating
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that landowner would view this new program fairly similarly with either a 10 or 15-year
commitment.

A second new program, called “Maximize Environmental Benefits,” was
designed to maximize objectives potentially important to program managers, such as the
environmental benefits of the program. This program was designed with a permanent
contract length and as offering conservation easements. The program administration was
initially set as a non-governmental agency. Since the same recreational activities would
be allowed regardless of who used the land, the landowner would be allowed to lease the
land as well as use it themselves. Lastly, no timber harvesting would be allowed.

Results for a scenario of this new program along with the existing NC programs are

presented in Table 10.
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Table 10. Choice modeling for new program option (“Maximize Environmental

Benefits”)
Program NCWRP WRP-30 CREP New Program
Options years (maximize
environmental
benefits)
Contract Permanent 30 years Permanent Permanent
Length
Contract Type Conservation Conservation Conservation Conservation
easement easement easement easement
Program State agency Federal agency | Combination Non-
Administration of state and governmental
federal agency Status Quo
agencies (would not
Recreational May be leased or | May be leased | May be leased | May be leased or | participate
Use of Enrolled used by or used by or used by used by Inany
Land landowner landowner landowner landowner program)
Timber No harvesting No harvesting Harvesting No harvesting
Harvesting allowed allowed allowed allowed
Options
Program $150 per acre per | $113 peracre | $150 per acre | $150 per acre per
Payment year for 50 years | per year for 30 | per year for 50 | year for 50 years
years years
Preference 3% 12% 78% 7%
Share (0.72) (1.45) (1.82) (1.10)
(Standard
error)
Market Share 2% 6% 25% 3% 65%
(Standard (0.55) (1.03) (1.10) (0.72) (2.11)
error)

In the above scenario, the “Maximize Environmental Benefits” program was the

third choice, and CREP was the dominant program. It is interesting to note, however,

that this program still was preferred over the NCWRP. The preferences for the CREP

and the 30-year WRP over this program can be explained by the more preferred timber

option for the CREP and the more preferred contract length for the 30-year WRP. In

addition to this base scenario, other scenarios were run that examined different mixes of

attributes for this new program. Since this program emphasized environmental benefits,

the contract length and timber options were not altered from their original levels in any of
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these new scenarios. Changing the program administration option did not result in any
significant increases in preference share for this new program. With the program
administration set to a state agency, this new program had the same mix of attributes as
the NCWRP.

Another scenario was run to determine how this program would compete with the
existing program in areas where the CREP was not active. Results showed that, in this
case, the 30-year WRP was the preferred program, capturing 66% of the preference
shares with the new program and the NCRWP each having 17% of the preference shares.
When the status quo option is included in this scenario, 69% of the sample chose not to
participate in any program and the market share of the 30-year WRP was 18%, with the
NCWRP and new program capturing the remaining 6% and 7% of the market share.
Additionally, scenarios were run that examined the payment that would be needed to
make the 30-year WRP and the new program have equal preference shares in areas where
the CREP was not active. When the new program was set at a payment of $175 and the
30-year WRP was set at $113, they commanded equal preference shares of 47%, with 6%
being captured by the NCRWP at $150. Thus, an additional payment of $62 per acre was

needed for the respondents to equally prefer the new program and the 30-year WRP.

4. Conclusions

Modeling landowners’ decision-making has provided insights into the factors that
influence participation choices in wetland restoration programs. Choice-based conjoint
analysis was used to estimate the marginal utilities of the different wetland restoration

program attributes, and the hierarchical Bayes method enabled the estimation of these
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values at an individual level. Preferences for these attributes were as expected,
confirming that landowners prefer to maintain control of their land use options when
enrolling in a wetland restoration program. They thus preferred shorter and less
restrictive contracts, and more options for harvesting timber and using the enrolled land
for recreation. State administration of programs was also preferred over other options
such as a federal or non-governmental agency. Calculation of the marginal values of the
various attributes provided information on the additional payments landowners would
need to receive to be indifferent between different levels of provision of the various
attributes.

Choice modeling provided additional information on how landowner preferences
related to predicted choices among competing wetland restoration programs. Through an
analysis of the existing wetland restoration programs in North Carolina, the Conservation
Reserve Enhancement Program proved to be the dominant program when it was included
as an option at a similar price level to the remaining programs. For the remaining two
programs, the North Carolina Wetlands Restoration Program and the Wetlands Reserve
Program, both programs greatly increased their desirability through the offering of 30-
year, instead of permanent, contracts. The scenarios showed that landowners greatly
preferred these shorter-term contracts, even for much smaller program payments. These
preferences were again apparent in choice modeling scenarios that included new potential
program offerings. The landowners would largely prefer a program that maximized their
land use options, even if this program paid significantly less than other more restrictive

programs.
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Appendix 1 — Description of Wetland Restoration Program Attributes

This appendix presents selected text from a booklet entitled ““Wetlands and the
Private Landowner.” Survey respondents were sent this booklet along with the survey
materials and were asked to read it before they were interviewed.

How wetland programs work

Wetland programs are voluntary and give landowners the opportunity to receive
payments for restoring and protecting wetlands on their property. The programs also pay
the costs of the wetland restoration activities. Interested landowners can sign up for these
programs at any time. Program staff work with the landowner to develop plans for
undertaking wetland restoration on their property. As described below, these programs
offer several different options for landowners.

Contract type:

Wetland programs offer two different enrollment options. In both of these options,
the landowner maintains control of the access rights to their land:

e Restoration contract

In a restoration contract, the landowner enters into an agreement with the program to
restore a previously converted wetland area. The landowner agrees to restrict their
productive use of the enrolled land in exchange for payments from the program. This
contract is between the program and the landowner and does not transfer with the
property if it changes ownership for any reason. Participants may transfer the contract to
new owners, or request early termination. Some funds may have to be returned to the
sponsoring agency in the case of an early termination.

e Conservation easement

With a conservation easement, the deed of the property is amended to limit the future
productive uses of the enrolled land. The easement remains in effect for a specified
period and transfers to the new landowner if the land changes ownership for any reason.
With a conservation easement, it is not possible to request an early termination, or to
change the agreement on sale of the property.

Contract lengths:

These programs offer landowners several different options for the length of time that
land can be enrolled in them. These different time options are:
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10 years
15 years
30 years
Permanently

Program administration options:

The agency administering the program enrolls the land, works with landowners and
distributes the payments to participating landowners. Programs are administered by one
of the following:

Federal agencies (e.g. US Department of Agriculture)

State agencies (e.g. NC Department of Environment and Natural Resources)
Combination of state and federal agencies

Non-governmental agencies (e.g. Nature Conservancy, Ducks Unlimited)

Recreational use of enrolled land:

Landowners may use enrolled land for undeveloped recreation such as hunting and
fishing. Some programs may also permit the landowner to lease the enrolled land to
other people for undeveloped recreation. The possibilities for recreational use of enrolled
land are:

e May be used by the landowner only
e May be leased or used by the landowner

Timber harvest options for enrolled land:

Wetland programs may allow landowners to harvest timber on enrolled land. The timber
harvest options are as follows:

e No timber harvesting allowed

One option is that the landowner would not be allowed to harvest any timber from
enrolled lands.

e Selective thinning of timber allowed

Another option is that the landowners could use enrolled lands for selective thinning of
timber. In selective thinning, only the largest, dominant trees are removed. This
stimulates the growth of smaller trees and/or tree species that are favored for timber
production or improved wildlife habitat. Selective thinning practices would be subject to
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regulations designed to protect the environmental benefits of the enrolled lands. For
instance, no thinning would be allowed within 50 feet on either side of streams.

e Harvesting allowed

Another option is that landowners could harvest timber on enrolled lands. Timber
harvesting would be subject to regulations designed to protect the environmental benefits
of the enrolled lands. These regulations would include the use of 50-foot buffer zones on
each side of streams that would be free of any logging activity. Additional regulations
would also include some restrictions on the use of landings, roads and skid trails.

Program payment:

Landowners would receive a rental payment for enrolling land into these programs.
This payment is in addition to the amount paid by the programs to cover the out of pocket
costs associated with restoration activities.
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Appendix 2 — Sample Choice-Based Conjoint Analysis Choice Task

1. Please look at the following three wetland restoration programs. PLEASE ASSUME
THAT THESE ARE THE ONLY THREE CHOICES AVAILABLE TO YOU AND DO
NOT ALSO CONSIDER PROGRAMS LISTED ON OTHER PAGES. Although you
may not be interested in any program, if these programs were the ONLY choices
available to you, which one would you prefer?

Program Options Program #1 Program #2 Program #3
Contract Length 10 years 30 years 15 years
Contract Type Conservation Restoration Restoration
easement contract contract
Program Non-governmental Combination of Federal agency
Administration agency state and federal
agencies

Recreational Use May be used by May be used by May be leased or

of Enrolled Land landowner only landowner only used by landowner
Timber Selective thinning No harvesting Harvesting allowed
Harvesting allowed allowed
Options
Program $75 per acre per year | $225 per acre per | $75 per acre per year
Payment for 10 years ($750 in | year for 30 years | for 15 years ($1,125
total) (%6,750 in total) in total)
Please mark

which program
you would prefer

Note: After respondents answered this question, they were asked if they would actually
participate in the program they chose, if it were offered to them.
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