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Abstract

Dredging is a usual operation in waterways, often necessary to maintain navigability and economic activity
of ports. A recent change in the policy governing dredging operations in Ohio, United States, has pressed the
investigation on reuse applications of Lake Erie dredged sediments (LES). From a value chain management
perspective, this article explores marketing opportunities for substrate products formulated with LES.
A mixed-mode research approach departs from a discrete choice experiment (DCE) with Ohio residents
to investigate consumer preferences for hypothetical products that claim to aid Lake Erie’s environmental
pressure. It also uses a case study methodology and performs a content analysis of archival records and
interviews with members of the regional mulch and substrate industry. Results indicate that consumers
are willing to pay for verified sustainability claims involving Lake Erie, although significant preference
heterogeneity reduces the accuracy of findings. Qualitative results underscore the need for an overarching
value chain marketing program and favor the development of a short chain. Three macro strategies and eleven
actionable projects of interest to stakeholders were designed and validated to support LES reutilization and
value aggregation. This article demonstrates how DCE and the case study methodology can be combined
to examine emerging market-oriented sustainable chains.
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1. Introduction

Lake Erie, one of the Five Great Lakes of North America, holds a unique status among these prolific and
versatile waterways (Council of the Great Lakes Region, 2017; French et al., 2011). Lake Erie not only
serves as a source of drinking water but also stimulates tourism and recreational activities. Possessing eight
major federal commercial ports, Lake Erie plays a pivotal role in strengthening the regional economy. The
flow of goods through the ports contributes to $25 billion in business revenue and sustains 160 000 direct
and indirect jobs (French ef al., 2011; Ohio Lake Erie Commission, 2021).

To ensure the continued economic growth of Lake Erie ports, an annual dredging effort of around 1.15 million
m?> of sediments is required (Ohio Lake Erie Commission, 2021). The dredging operation is necessary for
maintaining navigability and removing eroded sediments transported to the mouths of the Maumee, Portage,
Sandusky, Cuyahoga rivers and others. Traditionally, the dredging operation encompassed the disposal of
sediment residues in open waters far from the shoreline. However, Ohio state authorities passed a bill in
July 2021 that banned open-water disposal due to its potential to negatively impact water quality and increase
the risk of harmful algal blooms (Great Lakes Commission, 2021; Ohio Revised Code, 2015). Coping with
the new law, port authorities currently dispose of the dredged sediments in designated facilities by the shore,
where the material dries out and becomes available for reutilization.

Nevertheless, the new dredging procedure is not free of logistical, economic, and environmental complications.
Substantial amounts of Lake Erie dredged sediments (LES) pile up in these facilities and continue to threaten
the environment due to leaching of particles and contaminants (Bhairappanavar et al., 2018). Furthermore,
the designated facilities periodically require expensive maintenance and expansion investments unless
creative and proactive LES reutilization alternatives arise. The expansion of facilities on its own is impeded
by urbanization in the surrounding areas (Liu and Coffman, 2016), and the continuous allocation of public
resources to operate residue facilities does not constitute a sustainable solution. In this context, the present
article develops to identify an economically feasible application of LES that is market-oriented (i.e. saves
taxpayers’ money) and environmentally sound.

We borrow further motivation for this work from the latest refinements of the circular economy as a concept.
Circular economy models aim to address environmental issues by mapping reuse routes for materials that
have reached the end of their lifecycle and transforming them into valuable resources (Lewandowski,
2016; Stahel and Clift, 2016). Although the initial focus of circular economy research centers on technical
dimensions such as efficient resource use and waste management, recent recognition emphasizes the need for
fundamental shifts in business strategies, value chains, and business models (Rosa et al., 2019). We depart
from the latter argument and claim that LES can be incorporated feasibly into the existing Ohio mulch and
substrate value chain.

Two contemporary conditions on consumer behavior also indicate the opportunity for introducing commercial
substrates formulated with LES. First, concerns for environmental well-being and greenhouse gas emissions
have led consumers to a greater preference for organic and locally sourced products (Kim and Lee, 2023;
Low et al., 2015; Stanton et al., 2018). Second, the growing emphasis on environmental sustainability has
fostered new habits and motivates consumer gardening practices. The latter condition is supported by the
observed demand growth for packaged substrates, forecasted to reach $1.1 billion by 2023 nationwide and
evolve at a 3.3% compound annual growth rate (Freedonia, 2019).

In light of these trends and consumer preferences, the challenges posed by sediment buildup on Lake Erie
shores take on a new context. Reusing LES is sustainable as it addresses a severe environmental issue.
Furthermore, it resonates with consumers’ concerns over sustainability matters and preferences for local
sourcing. A critical question remains unattended, nevertheless: How can LES be efficiently integrated into
commercial substrate products while adding value to environmentally conscious consumers? The broad
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objective of this article is to identify opportunities and challenges associated with the creation of commercial
substrate products containing Lake Erie dredged sediments. Our specific goal is to formulate a comprehensive
value chain marketing plan for the effective reuse of LES. To achieve this, a mixed-mode research approach
encompassing a quantitative and a qualitative analysis is employed. On the quantitative front, we conduct a
discrete choice experiment with residents from three Ohio metropolitan areas. The choice experiment tests
consumers on the notion of value aggregation that specific environmental claims can reach. In other words,
the quantitative portion of this study builds off the behavioral economics literature to estimate end-user
preferences and the implied demand for substrate products that help Lake Erie overcome some of its most
pressing environmental issues.

On the qualitative portion of the mixed-mode approach, a case study methodology (Yin, 2009) that involves
reviewing archival records and interviewing key stakeholders across the existing mulch and substrate value
chain was employed. We inquired business owners and top managers about their attitudes and views toward
undertaking LES to produce commercial substrates. A qualitative content analysis was performed using
interview transcripts, and a rigorous application of the ChainPlan framework (Neves, 2007; Neves et al.,
2020) followed to elaborate a strategic marketing plan. In this second portion, the study evaluates how
companies embedded in the substrate business perceive the possibility of processing, producing, and trading
novel commercial substrates formulated with LES. The article unfolds into the development of a strategic
agenda for industry players and entrepreneurs. The agenda is designed to address challenges and facilitate
the adoption of environmentally friendly substrate products derived from dredged materials, thereby building
on principles of the circular economy.

The next section describes and illustrates how the methodology was applied to achieve the research goals.
Following that, we present and discuss the quantitative and qualitative results separately. The following
section presents the strategic recommendations and actionable projects developed and validated with industry
stakeholders to sustain a market-oriented value chain. Concluding remarks close the article in Section 6.

2. Analytical methodology and data collection

This study employs a mixed-mode research protocol with a quantitative and a qualitative component for data
collection and analysis (Creswell and Creswell, 2022). A quantitative-qualitative protocol delivers superior
results when statistically supported results from the quantitative method are appropriately combined with
the descriptive and interpretative nature of qualitative methods (Corbetta, 2003). Despite the importance of
traditional methods, mixed methods frequently produce comprehensive and valuable outcomes taking into
account practical considerations and cultural standards (Akimowicz et al., 2018). Our research employs a
discrete choice experiment and a case study research method.

2.1 Discrete choice experiment
2.1.1 Recruitment and participation criteria

The primary data for the first method was collected through a digital survey hosted on Qualtrics, validated
by academic peers, pre-tested with stakeholders, and reviewed and exempted by the University’s Internal
Review Board. A total of 14 386 anonymous survey links were distributed via email to Columbus, Toledo
and Cleveland residents. Dynata, a market research company, facilitated survey distribution and participant
recruitment, ensuring socio-demographic alignment between the sample and the Ohio population. Similar
strategies were employed elsewhere for obtaining representative samples (Lusk, 2003; Olynk and Ortega,
2013; Wilson et al., 2014). Data collection occurred from August 15 to October 14, 2022. Email reminders
were sent at three-week intervals to participants with pending responses. The survey included regional
quotas to balance sub-samples across the three metropolitan areas while maintaining socio-demographic
representation. To access the survey, participants had to meet the following criteria: (1) being at least 18

International Food and Agribusiness Management Review

3



Sequeira Lezama and Signorini 2025

and responsible for household consumable purchases, (2) having experience growing plants, and (3) having
purchased mulch or substrate from a retailer or through a landscaping service provider in the last twelve
months. A total of 1705 participants met these criteria. Two security layers, including multiple submissions
blocking and bot detection, were kept active during the data collection stage to ensure data integrity. After
filtering out suspicious and incomplete responses, 1025 valid responses were submitted to analysis, resulting
in a 7.12% response rate.

2.1.2 Survey instrument

The survey instrument consisted of four sections. The first section included the consent form and participation
criteria questions. The second section comprised short multiple-choice questions, a cheap talk script (Cummings
and Taylor, 1999; Lusk, 2003), and a training question. Multiple-choice questions delved into consumers’
typical behavior when shopping substrate products, addressing aspects like product presentation, point of
sale, brand, physical and chemical composition, and price. This approach aimed to contextualize respondents
in real-market scenarios, mitigating hypothetical bias (Penn and Hu, 2019) and enhancing ecological
validity (Bangcuyo et al., 2015; Schmuckler, 2001). The cheap talk script invited participants to approach
the purchase scenarios as if they were in real-life market situations. It emphasized that indicating a choice
equated to actual expenditure, reducing their budget for other items. The training question in this section
illustrated the attributes and levels considered in the study. The discrete choice experiment was covered in
section three of the survey, and section four contained socio-demographic questions.

2.1.3 Experimental design

Choice experiments are frequently used to simulate shopping situations and observe how individuals make
decisions among different product alternatives with varying characteristics. Building on the consumer theory
of Lancaster (1966), mulch or substrate products can be seen as collections of properties, and consumers are
assumed to choose the combination of properties that maximizes their utility within budgetary constraints.
To determine the attributes and level variations of substrate products, preliminary research was conducted
in Central Ohio involving visits to a wide variety of 12 retail locations. Data on over 50 stock-keeping units
(SKUs) and seven major brands across five main product forms (engineered growing media, substrates,
topsoil, wooden mulch, and soil amendments) were documented. Attention was focused on attributes present
in substrates and topsoil products.

In the experimental design, unlabeled substrate products were defined with five multi-level attributes:
brand, indication of use, sustainability claim, verification, and price. Participants were prompted to consider
these attributes in three purchase scenarios involving two product alternatives and a “no-buy” option. After
evaluating each scenario, participants expressed their discrete preference as if making a real decision. The
brand attribute is characterized by three levels: “market leader”, “secondary brand”, and “unknown brand”.
The indication of use attribute takes two levels: “present” and “absent”. The sustainability claim attribute
takes three levels: “corporate effort”, “It aids Lake Erie”, and “no claim”. The fourth attribute is related to
the presence or absence of a product verification entity. The price attribute has four discrete levels: $3.29,
$5.59, $7.90 and $9.90, covering the price range per cubic foot for topsoil and substrate products observed

in the preliminary research.

The discrete choice experiment utilized an efficient fractional factorial design. A total of 36 hypothetical
products and 18 choice scenarios, each containing two product alternatives and a “no-buy” option, were
defined (the experimental design obtained an optimal D-efficiency value of 99.75). The inclusion of the
“no-buy” alternative removes the market participation assumption and recognizes that consumers face budget
constraints or prefer not to make a purchase. Table 1 provides a choice scenario example.
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Table 1. Example of substrate purchasing scenario.

Attribute Product A Product B Opt-out
Brand Secondary Brand Market Leader If these were the
Indication of use Present Absent only options,
Sustainability claim Corporative effort It aids Lake Erie I would not buy.
Verification No Yes
Price $7.90 $5.59
Your choice: Product A Product B I opt-out

O @) O

Two strategies were employed to mitigate bias and ensure data quality. First, the 18 choice scenarios were
blocked into six groups, with each participant presented with three choice scenarios. This approach helps
reduce survey fatigue bias (Campbell et al., 2015; Tonsor et al., 2005). Second, the number of blocks was
doubled and the order of appearance of product alternatives was reversed in the new blocked choice scenarios.
A Qualtrics randomization function ensured participants were presented with an even number of blocks,
whether the order of product alternatives was reversed or not. This function was necessary for achieving a
balanced dataset and maintaining the computed experimental design efficiency. An aggregate of 3075 stated
choice observations was used, with 1011 purchase preferences indicated by Columbus residents, 999 by
Toledo residents, and 1065 by Cleveland residents.

2.1.4 The empirical model

The primary data collected through the discrete choice experiment was coded using the effects coding
procedure (Lusk et al., 2003) and organized in a panel dataset following Train (2009). The data was analyzed
using the random parameter logit model (Fiebig et al., 2010), which relies on the theoretical framework
put forward by McFadden (1973, 1981). Other econometric models were considered (i.e. multinomial
logit, scaled multinomial logit, and generalized mixed logit) but the Akaike Information Criterion (AIC)
and Pseudo R-squared coefficient indicated in favor of the RPL model. In McFadden’s theory, individual
i — 1in our case, the end-user of substrate products — is assumed to maximize perceived utility by choosing
alternative p* (or the collection of properties as presented by Lancaster in 1966) when P alternatives are
presented in scenario ¢. Each choice scenario yielded one observation (choice). In mathematical notation,
the utility function of individual i is specified as follows:

U

it = O * pricept +,6’th +ASC + Einy D

where a is the nonrandom marginal utility of price, price , is a continuous variable containing four price
levels as presented above, f represents the vector of utility weights measuring N, x , is the vector of equal
length N containing the coded attribute levels of substrate p except price, and ASC is the alternative specific
constant of the “no-buy” option. The stochastic error term ¢ captures any residual utility value that individual
i can withdraw from alternative p in scenario ¢. The error is assumed to be independent from the deterministic
utility components a * price ,, ’ and fx,,, and identically distributed across all individuals following an extreme
value type I distribution (¢ it~ i.i.d. extreme value).

The greatest advantages of the RPL model over the seminal multinomial logit (MNL) model proposed by
McFadden are threefold. First, it allows the model to indicate the presence of heterogeneity in consumer
preferences for the observed product characteristics. Second, the RPL model maintains the easy-to-use feature
of the original MNL model and has been incorporated into most econometric software packages. Third, the

International Food and Agribusiness Management Review

5



Sequeira Lezama and Signorini 2025

RPL model can approximate the random utility model “to any degree of accuracy” (Lusk and Tonsor, 2016
p- 680). When the RPL specification is utilized, however, a new set of assumptions regarding the distribution
of individual preference deviations are in order. In this empirical application, the utility weights captured in
J are assumed to be multivariate normal and correlated. More specifically, each £ coefficient to be estimated
can be expressed as =B + ' * M and specified as f ~ N(B, T). The vector of coefficients f captures the
mean preference effects on utility, I is the first Cholesky factor associated with the covariance matrix for
the random parameters such that Var[f|price, x] =X =IT", and M is a vector of standard normal deviations
such that m ~ N(0,1). When parameters are free to correlate, the I’ matrix becomes lower triangular with its
elements y, employed to compute the implied preference deviations for all random parameters.

The deterministic portion of individual-i’s utility function (Vipt) can be detailed further as:

Vi =0 * pricept + ﬁliSecBrpt + ﬁ2iUnkBrpt + ﬂ3iIndUsep T ,B4l.SusC1pt

+ fsALE,, + fig Cert,, + ASC @)

where the second through the seventh elements represent the marginal utilities of product properties. The
variables SecBr, , and UnkBr , indicate whether the product manufacturer is a secondary or unknown
brand, respectively; IndUsept denotes the presence of a clear indication of use in its package (e.g. “potting
mix”); SusClpt indicates whether the product package includes a generic sustainability claim or corporative
effort remark toward environmental protection; AidLE , denotes the presence of the “It aids Lake Erie”
claim; finally, Cert , denotes whether the product is verified. While these variables are random and change
across individuals, according to the experimental design above, the variables price - and ASC are treated as
non-random. Thus, the RPL model is specified as:
exp(V,,.,)

PR,. =| ————/(B)dp, 3
v =05 oy PO )

where Prip*t is the probability of individual i choosing substrate product p* in choice scenario ¢, f{8)) is the
probability density function of the random parameters, and Vl.pt is the deterministic term of the portion of
the utility function.

As specified in equation (3), the model was applied four times: to the entire dataset and to three regional
sub-samples containing the responses of Toledo, Cleveland and Columbus residents. The data was analyzed
using NLOGIT version 5 to estimate the means and standard deviations for the random coefficients and
non-random coefficients for price and ASC. The four models were estimated using a simulated maximum
likelihood procedure with 1000 Halton draws. While interpreting the magnitude of the RPL coefficients is
discouraged due to the noncardinal nature of utility (Ortega et al., 2012), examining the statistical significance
and direction of effects provide useful insights. The coefficient estimates are relative to the reference attribute

% ¢

levels “market leader”, “absent” indication of use, “absent” sustainability claim, and “no” verification.

Further interpretation is possible through the estimation of welfare associated with the modeled attributes.
One of the most frequently used welfare measures is the marginal willingness to pay (WTP) (Britwum and
Bernard, 2018), which represents the maximum amount a respondent is willing to pay for a specific attribute
level. In our application, WTP for the modeled attribute level k is calculated as follows due to effects coding
(Lusk et al., 2003):

wrp, = —Pi = Prr) 4)
(04

where 8, represent the marginal utility coefficients estimated in the RPL model; B, denotes the coefficients
for the reference levels, and a is the coefficient for marginal utility of price. Because f, are assumed to vary

among individuals and follow multivariate normal distributions, the parametric bootstrapping technique

International Food and Agribusiness Management Review

6



Sequeira Lezama and Signorini 2025

of Krinsky and Robb (1986) was employed using 10 000 draws. More precisely, WTP, estimates were
computed using a simulation approach based on the mean preference effects on utility (£,) and the Cholesky
decomposition matrix (I") for the random parameters. The WTP estimates for the three metropolitan regions
were then compared using the complete combinatorial method proposed by Poe ef al. (2005). The latter
analysis allowed us to investigate whether the metropolitan populations perceive value differently from the
substrate attributes.

Differences in consumer preferences were further examined by estimating market shares and drawing demand
curves of products featuring the Lake Erie sustainability claim. Following an adapted version of the method
described in Lusk and Tonsor (2016), we used the estimates for £, and I to simulate purchase probabilities for
all choice alternatives (36 substrate options plus a “no-buy” option). This simulation was based on equation
(3) while maintaining all product prices at $6.67 per cubic foot (the average price from preliminary research
and included in the choice experiment). This analysis provided market shares in the metropolitan areas.
Subsequently, we constructed demand curves by systematically varying the prices for products with the Lake
Erie sustainability claim from +5% to +40% while keeping the prices for other products constant at $6.67.
Our application compares to Caputo et al. (2020), Van Loo et al. (2020) and Caputo et al. (2023), except by
the facts that we estimate market shares and demand curves for a multi-attribute product and departed from
a fractional factorial design. The parametric bootstrap computations, market share simulations, and demand
curve constructions were conducted using MATLAB.

2.2 The case study method and data

Different types of qualitative research exist, each tailored to the specific context and purpose of the study.
One widely used type is the case study research methodology (Yin, 2009), which aims to uncover the unique
qualities of a particular phenomenon or situation (Njie and Asimiran, 2014). A case study is typically defined
as an in-depth examination of a single entity, which could be an individual, an organization, an event, or a
phenomenon. Case studies focus on understanding a set of decisions, why those decisions were made, and
how they were implemented. The primary goal is to gain a comprehensive understanding of the subject under
investigation, with an emphasis on context, the use of multiple data sources, and a focus on real-life situations.

A case study is well accomplished when three conditions are met. (1) The research question is based on how
and why questions; (2) the researcher has no influence or control over the phenomena under analysis; and
(3) the phenomena of study are set on contemporary events (Yin, 2009). This article meets these three
conditions by conducting in-depth interviews and reviewing archival records in the second method of the
mixed-mode research protocol. The qualitative portion of the study seeks to understand the perception
and attitudes of substrate value chain participants regarding the introduction of commercial substrate
products containing LES. Primary and secondary data were submitted to content analysis (Lune and Berg,
2017), leading to a systematic examination of behavioral patterns and identification of coherent categories.
Sequentially, the ChainPlan methodology (Neves, 2007; Neves et al., 2020) was employed to complement
the qualitative findings and translate them into actionable strategic recommendations. The integration of
content analysis and ChainPlan under the case study methodology fosters a more comprehensive exploration
of the qualitative data. In other words, content analysis offers a systemic approach to recognizing patterns
and common topics arising from the data, while ChainPlan focuses on designing strategies for agricultural
and food value chains. Both methodologies fit the purposes of examining business opportunities and reuse
alternatives for LES within the Ohio mulch and substrate value chain.

Primary data was collected from structured interviews with key participants from the mulch and substrate
value chain. Secondary data was gathered from archival sources. We reviewed 11 peer-reviewed articles and
reports from the Environmental Protection Agency (EPA) with reference to sediment biohazard content, nutrient
content, and dredging processes. For the primary data collection, the process began with the development
of an interview guide featuring open-ended questions that were adapted as the process of data collection
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unfolded. Prior to participant selection and interview stages, two important steps were taken to ensure rigor
and ethical integrity. First, we subjected the interview guide to a validation process with researchers and
industry experts. This step aimed to refine the questions and ensure their relevance and effectiveness in
meeting the research goals. Second, the interview guide was submitted for internal review and was deemed
exempt from regulations to protect human participants.

Purposive sampling guided the participant selection process as delineated in the content analysis literature
(Bryman, 2012; Palinkas et al., 2015). This process counted on the proactive collaboration with EPA and
port authority leaders to identify and engage business owners and member companies of the mulch and
substrate value chain. The pool of participants was further expanded through an iterative sampling process.
During this phase, study participants were asked toward the conclusion of their interviews to indicate other
decision-makers who could offer insights about processing, trading, and selling substrate products. This method
enriched the diversity of the participant group and helped capture a comprehensive range of perspectives.

In-depth interviews were conducted over the course of ten months, from January 15 to November 1, 2023. The
interviews were carried out with a diverse group of stakeholders, each representing a unique set of interests.
In total, we interviewed 17 individuals involving the following sectors: four retailers and wholesalers of
mulch and substrates, four mulch and substrates processors, two row-crop farmers, two representatives from
federal and state regulatory agencies, one port authority manager, two nursery managers focused on production
and wholesale operations, one company dedicated to soil bioremediation, and one transportation company.
The interviews were documented through voice recording and transcribed to facilitate the interpretation of
statements. Analysis commenced as the interviews and follow-ups were conducted, meeting the analytical
procedure described by Glaser and Straus (1967) and referred to as constant comparative assessment. Data
collection via interviews and analysis continued until no further evidence emerged from the data (Charmaz,
2008; Goulding, 2002).

During the data collection stage, intermediary analysis led to statement patterns and clusters. This dynamic data
collection and analytical stage produced new clusters that were treated as subcategories or replaced existing
clusters as incoming data was collected (Taylor-Powell and Renner, 2003). Following the transcription and
organization of the final interview materials, a systematic analysis of statements focused on identifying and
categorizing the patterns and clusters into coherent categories. The categories are definitive at explaining
and predicting behavioral and decision patterns within the case under analysis. In this empirical application,
anonymized quotes from the interviews are presented as corroborating evidence for the coherent categories
identified.

To enhance the interpretation and validation of results by value chain participants, a SWOT (Strengths,
Weaknesses, Opportunities and Threats) diagram was prepared. It encapsulated the interviewees’ perceptions
regarding the reutilization of LES and the results stemming from the choice experiment in an easy-to-understand
format. Leveraging on the quantitative and qualitative findings, the ChainPlan framework was implemented
to propose a series of macro-strategies and actionable projects. These proposals were created and validated
to aid the mulch and substrate value chain in effectively integrating LES while delivering customer value to
substrate users. It is essential to emphasize that the strategic recommendations are rooted in the perspectives
and perceptions expressed by the stakeholders.

3. Discrete Choice Experiment: analysis and results

Table 2 presents summary statistics for both the aggregate sample and regional sub-samples. The weighted
average household income of $88 500 in the sample compares to the Ohio household income mean of
$90 109 (Guzman and Kollar, 2023). However, the aggregate sample underrepresents the lowest and highest
income brackets compared to Census data. Sub-sample and regional variations are evident, with the lowest
income bracket participants being less represented in the three samples than in their respective metropolitan
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Table 2. Summary statistics of selected socio-demographic characteristics.

2025

Sample

Population*

Counts

Relative share

Relative share

Household income: aggregate sample versus State of Ohio Census data

Less than $25 000 98
$25 000-$49 999 242
$50 000-$74 999 219
$75 000-$99 999 168
$100 000-$149 999 169
$150 000 or more 99
Household income: Columbus metropolitan area
Less than $25 000 33
$25 000-$49 999 82
$50 000-$74 999 63
$75 000-$99 999 59
$100 000-$149 999 54
$150 000 or more 37
Household income: Toledo metropolitan area
Less than $25 000 27
$25 000-$49 999 67
$50 000-$74 999 76
$75 000-$99 999 56
$100 000-$149 999 60
$150 000 or more 38
Household income: Cleveland metropolitan area
Less than $25 000 38
$25 000-$49 999 93
$50 000-$74 999 80
$75 000-$99 999 53
$100 000-$149 999 55
$150 000 or more 24
Education: aggregate sample versus State of Ohio Census data
High school or less 9
High school diploma or GED 178
Some college, but no degree 244
Associates or technical degree 155
Bachelor’s degree 254
Graduate or professional degree 184
Gender: aggregate sample versus State of Ohio Census data
Female 654
Male 370
Non-binary/Third-gender 1
Age (median) 58

10%
24%
22%
17%
17%
10%

10%
25%
19%
18%
16%
11%

8%
21%
23%
17%
19%
12%

11%
27%
23%
15%
16%

7%

1%
17%
24%
15%
25%
18%

63.8%
36.1%
0.1%

18%
20%
18%
13%
16%
15%

15%
19%
19%
13%
17%
18%

28%
24%
19%
11%
13%

5%

36%
24%
18%
8%
8%
6%

8%
32%
19%

9%
19%
13%

50.6%

40
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populations. Conversely, residents of Toledo and Cleveland in the highest income bracket have a larger
participation share, indicating a left-skewed probability distribution of income in the samples. In terms of
education, participants consistently exhibit higher education levels than the Ohio population. High school
or GED represents the highest education level for 32% of the Ohio population, contrasting with 17% in the
aggregate sample. Graduate and bachelor’s degree holders account for 32% of the state population against
43% in the sample.

The survey participation criteria may have contributed to income and education differences between the sample
and the population. Households with an annual income below $25 000 tend to prioritize other consumer
goods over substrate products. Moreover, the literature consistently demonstrates that attained education
levels significantly influence household income (Card, 1999; McElrath and Martin, 2021). Individuals
with lower education levels, plausibly belonging to low-income households, may have limited disposable
income for spending on substrate products. Their genuine responses may have terminated the survey for
not meeting the purchase criteria. Although not as severe, the share difference in the highest income bracket
may be explained by not meeting the participation requirements (e.g. the responsibility over landscaping and
gardening decisions is contracted out) or not engaging in the survey (e.g. due to time constraints).

Regarding gender, 64% of the sample is comprised of individuals who identify themselves as females. While
the participation of women in our study is considerably higher than the Ohio population average, this may be
explained by the fact that we asked the person primarily in charge of shopping in the household to complete
the survey. Finally, the sample has a median age of 58 years versus a median of 40 in the Ohio population.
As far as the authors can see, the obtained sample is deemed appropriate for the intended research goals, and
there are no plausible reasons for biased estimates due to sample and population distinctions.

Results from the RPL models using the aggregate and region-specific samples led to the expected directions of
effects on utility and probability of choice. The negative signs for the price coefficients indicate that end-users
are less likely to buy substrate as prices increase. The mean coefficients for products perceived as secondary
or unknown brands have a negative effect on the probability of choice relative to a market-leading brand.
A clearly stated indication of use in the product package adds value to consumers, leading to a significantly
higher probability of choice versus products with no indication or generic information (e.g. all-purpose).

The coefficient estimates on the presence of a corporative environmental responsibility claim are not statistically
significant at a 5% confidence level in most samples. This result indicates that the average consumer is
indifferent to generic sustainability remarks. Columbus residents react differently, nevertheless. In the latter
sub-sample, the negative coefficient is weakly significant, suggesting that a sustainability statement tends to
reduce the probability of choice versus products that do not show a sustainability claim. In practical terms,
this result may relate to consumers’ skepticism of vague marketing campaigns that address sustainability
issues without demonstrating tangible outcomes.

Conversely, the positive and significant coefficient estimates for “Lake Erie Aid” indicate that Ohio residents
value substrate attributes that relate to a local resource. The probability of purchase also increases in the
presence of verification, suggesting that credence attributes alone can communicate value to a certain extent.
Credence attributes are product features that cannot be observed by consumers before purchase or after use
(Darby and Karni, 1973; Dentoni ef al., 2009). Finally, the negative coefficient estimates for opt-out indicate
that end-users prefer a substrate product alternative relative to the “no buy” option.

Individual deviations in the preference space are also significant for most attributes analyzed. Standard
deviations associated with credence attributes, corporative sustainability claim and the “It aids Lake Erie”
statement, are greater in magnitude compared to search attributes (i.e. market leader, secondary brand, and
unknown brand), or experience attributes (i.e. indication of use and absence of indication) (Nelson, 1974).
This indicates that preference heterogeneity is a strong pattern for innovative product characteristics. Table 3
presents the mean coefficients and standard deviations of the random parameters.
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Table 3. Random parameter logit estimates for substrate products by location.

2025

Aggregate

Toledo

Cleveland

Columbus

Parameter means
Secondary brand
Unknown brand
Indication of use
Company’s
sustainability
statement
Lake Erie Aid
Verification
Price (in cents)

Opt-out

~0.535%* (0.0898)

~0.552%* (0.0774)
0.280** (0.0489)
~0.113 (0.0674)

0.644%* (0.0864)

0.546** (0.0802)
~54.34%* (4.616)

~5.857%* (0.0411)

Standard deviations of random parameters

Secondary brand
Unknown brand
Indication of use
Company’s
sustainability
statement
Lake Erie Aid
Verification

n

Log likelihood

function

Parameters

AIC

Pseudo R2

0.907** (0.13679)

0.696** (0.10763)

0.231* (0.10937)
0.912%* (0.20267)

1.228%* (0.2758)
0.496** (0.13361)
3075
2262.84

14
4597.7
0.3301709

~0.678** (0.18646)

~0.502%* (0.15081)
0.269** (0.09171)
~0.095 (0.12798)

0.770%* (0.17322)

0.644%* (0.17988)

—64.56** (10.83095)
~6.243%* (0.8991)

1.016%* (0.27254)
0.825%* (0.21941)
0.222 (0.17607)
0.788** (0.23869)

1.361* (0.54716)
0.695 (0.3635)
999
~731.86

14
1535.7
0.3331616

~0.529%* (0.17364)
~0.660** (0.1606)
0.347** (0.10052)
0.071 (0.1400)

0.923** (0.20106)

0.583%* (0.15424)
~59.54%% (9.70371)

—6.449%* (0.86171)

1.041%* (0.27845)
0.908** (0.22869)
0.319 (0.19048)

1.291%* (0.29069)

1.325%* (0.36763)
0.547 (0.32963)
1065
84227

14
1700.5
0.3425230

—0.587** (0.16479)
—0.628** (0.15141)

0.280** (0.08811)
~0.342* (0.13905)

0.413%* (0.14408)

0.644%* (0.15360)
~55.85%* (8.23919)

—6.168** (0.73243)

0.948%* (0.24349)
0.648** (0.18376)
0.499** (0.16106)
1.084** (0.30763)

1.454%% (0.41572)
0.532* (0.25923)
1011
~806.23

14
1628.5
0.3381092

The models were estimated using Nlogit 5.0, with Halton draws and 1,000 replications for simulated probability. Standard errors

in parentheses. * and ** indicate statistical significance at 5% and 1% level, respectively.

Further interpretation of the RPL coefficients is discouraged due to the noncardinal nature of utility. For
that reason, WTP estimates are computed to allow welfare assessments. Table 4 reports the marginal WTP
estimates for the attributes modeled in this study. Consumers, on average, express a willingness to pay $2.98
to $3.02 less for secondary or unknown branded products compared to the perceived market-leading brand.
The “Lake Erie Aid” attribute ranks second in importance, with average WTP estimates of $2.10 in the
aggregate sample, $2.17 in Toledo, and $3.23 in Cleveland, relative to the absence of a sustainability claim.
Verification follows closely, with an average consumer valuing it at $2.00 versus a “not verified” product.

In Columbus, the importance order shifts, reflecting a WTP of $2.32 for verification and $0.91 for the
“Lake Erie Aid” attribute relative to “no claim”. This underscores Columbus residents’ skepticism towards
sustainability claims, making verification more valuable to them. Sustainability claims, though of lesser
importance, still influence WTP. Toledo and Cleveland residents express a WTP of $0.85 and $1.83,
respectively, for sustainability claims relative to the absence of a claim. Although Columbus residents
are willing to pay less for a product carrying a generic corporative sustainability claim, plausibly due to
skepticism, results indicate their willingness to pay a premium for a claim related to Lake Erie. Indication
of use consistently adds value, with consumers willing to pay $1.02 for a clearly stated indication on the
product package, irrespective of the region.
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Table 4. Willingness-to-pay (WTP) estimates and 95% confidence intervals.
WTP estimate [95% CI]

Secondary brand —2.98 [-11.78, 5.55]

Toledo —2.88[-7.98, 2.12]

Cleveland —2.88 [-8.00, 2.12]

Columbus -3.22 [-12.11, 5.41]
Unknown brand -3.02 [-11.04, 4.81]

Toledo —2.62 [-6.57, 1.25]

Cleveland -3.12 [-7.19, 0.85]

Columbus -3.30 [-11.14, 4.28]
Indication of use 1.02 [-0.63, 2.67]

Toledo 0.82 [-0.52,2.17]

Cleveland 1.17 [-0.92, 3.2]

Columbus 0.98 [-2.50, 4.50]
Company’s sustainability statement 0.73 [-6.00, 7.56]

Toledo 0.85[-5.03, 6.76]

Cleveland 1.83 [-5.81, 9.50]

Columbus —0.45[-11.43, 10.70]
Lake Erie Aid 2.10 [-6.54, 10.45]

Toledo 2.17 [-6.23, 10.64]

Cleveland 3.23 [-4.58, 10.94]

Columbus 0.91 [-11.58, 13.58]
Verification 2.0 [1.54, 5.63]

Toledo 2.02 [-2.21, 6.18]

Cleveland 1.97 [-1.62, 5.57]

Columbus 2.32[-1.41, 6.15]

95% confidence intervals were calculated using the coefficient means and elements of the lower triangular Cholesky factor matrix.
The results of the complete combinatorial test (Poe ez al., 2005) failed to reject the hypotheses of equal WTP estimates at a 5%
confidence level across the three metropolitan regions for all attributes analyzed.

Two additional results can be withdrawn from Table 4. First, the WTP range, denoted in brackets, reflects
varying levels of preference heterogeneity for different attributes. Notably, the WTP range for the indication
of use attribute is narrower than that for the “Lake Erie Aid” attribute, indicating consumer convergence to
a mean preference with increased attribute familiarity. Second, the comparative analysis of regional WTP
estimates does not reveal statistically significant differences among cities, likely due to wide preference
heterogeneity for attributes. Despite the lack of significance, notable variations in mean WTP magnitudes for
the “Lake Erie Aid” attribute are observed. Toledo and Cleveland residents are willing to pay above $2.17,
while Columbus residents average $0.91. This suggests that Columbus residents, possibly more skeptical
of sustainability claims and less emotionally attached to Lake Erie, may be influenced by the geographical
distance of approximately 190 km from the Lake.

A final resort to explore regional differences in consumer preferences for sustainability claims surrounding
Lake Erie is presented below. Departing from Lusk and Tonsor’s method (2016), we simulated the aggregate
market share and drew the implied demand curves for 12 products containing the “Lake Erie Aid” attribute
while holding prices fixed at $6.67 per cubic foot. Results show that introducing the Lake Erie sustainability
claim into the market has the potential to capture 57.2% [43.6%, 70.7%] of the Toledo market for substrate
products, 63.6% [57.1%, 69.9%] of the Cleveland market, and 49% [41%, 57.1%] of the Columbus market
(Table 5). The broad confidence bands around expected market shares highlight the considerable preference
heterogeneity for the “It aids Lake Erie” attribute, with no statistical difference among the analyzed locations.
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Table 5. Estimated market shares by location.

Location Aggregate market share
Toledo 57.2% [43.6%, 70.7%]
Cleveland 63.6% [57.1%, 69.9%]
Columbus 49% [41%, 57.1%]

The simulations assumed the average price of $6.67 per cubic foot for all substrate products, the same value employed in the

experimental design; Shares resulted from the average of 100 000 draws from the multivariate normal distributions.

Demand curves were constructed by relaxing the fixed price assumption used in the market share analysis.
The curves depict how region-specific market share estimates vary at different price points per cubic feet of
substrate. Prices for products with the “Lake Erie Aid” attribute were set to vary from +5% to +40%, and
simulations followed as in a conventional sensitivity analysis. Prices for all other products were held fixed
at $6.67. The regional demand for substrate products with the Lake Erie sustainability claim is the highest in
Cleveland for all price levels simulated. Columbus, on the other hand, shows the smallest expected demand
for the introduction of a sustainability claim linking the purchase of substrate products to Lake Erie. When the
price is simulated at $8.00 (20% above the average price of the other products), for example, the aggregate
market share in Cleveland for all products containing the “Lake Erie Aid” attribute is expected to be 42.5%
[35.9%, 50%]. In Toledo, demand would become 37.9% [24.9%, 50.9%] if substrate products with the Lake
Erie sustainability claim were charged a 20% premium. Finally, the estimated Columbus market share would
reduce to 30.4% [22.7%, 38.1%] compared to 49.0% [41%, 57.1%] if prices were competitive. Figure 1
presents the implied demand curves.

4. Case study: analysis and results

Table 6 presents the coherent categories and the supporting statements derived from the transcribed interviews.
Results revealed varying degrees of understanding regarding the dredging activity and sediment accumulation.
Numerous uncertainties arose among certain participant groups. Most of the limited knowledge revolved
around the physical and chemical characteristics of the sediments. Processors raised questions about the
regulations linked to the accumulated sediments and the entities responsible for enforcement. Retailers
expressed concerns about technical characteristics, including their consistency over time, weight, and nutrient
content. Agricultural producers expressed concerns related to nutrient value, potential advantages and
drawbacks versus conventional inputs, and the methods and timing required for proper application. Substrate
processors contend that final products must meet certain technical criteria such as guaranteed nutrient levels,
lightweight, high porosity, good water-holding and infiltration capacity. These results suggest the need for a
program to provide clarity on dredging activities, sediment compositions, and the legal pathway for obtaining
sediments. Potential adopters of LES emphasized the need for consistent and frequent descriptive reports on
sediment batches. It must be stressed that proactive companies do not share the same perspective. Among
the pool of participants, two companies process and trade LES-based products currently, indicating that the
limited knowledge and sources of uncertainty do not impose major obstacles to their involvement in the
beneficial use of LES (1).

Farmers have been identified by state agencies and port authorities as ideal end-users for the sediments due
to their substantial usage of soil-enriching inputs. However, interviewed farmers and experts emphasize
that spreadable inputs must be operationally viable. High nutrient value and absence of weed seed are also
crucial to ensuring positive effects on crop production. A desirable characteristic would be the capacity of
sediments to retain phosphorus and prevent runoff. Moreover, farmers express a need for sediments to enhance
soil biological activity, increase organic matter content, and improve water retention capacity. Although
farmers seem hesitant to adopt LES as a soil amendment for the most part, interview results indicate possible
applications to sandy soils. To further explore this reuse route, accessible and comprehensive reports detailing
sediment properties and characteristics are essential (2).
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(A) Toledo (C) Columbus

(B) Cleveland

Figure 1. Implied demand curves for substrate products with the Lake Erie sustainability claim.

Stakeholder interviews unveiled a prevailing negative perception, posing a significant challenge to their
integration into the substrate value chain. Some stakeholders viewed sediments as industrial waste or
dirty materials with biohazard content and expressed concerns that consumers might share these negative
associations due to limited knowledge about the sediment’s composition and extraction purposes. Despite
research demonstrating the benefits of LES in improving soil quality and plant growth (Bhairappanavar et al.,
2018; Brigham et al., 2021), this information seems distant from stakeholders and consumers.

Nevertheless, the proactive companies interviewed argue in favor of exploring the positive features of LES (3).
The sediments, being an all-natural and recycled raw material associated with a local resource, hold substantial
marketing potential for reaching environmentally conscious consumers. Company managers envision that
a marketing campaign highlighting the sustainable attributes of LES could shift consumers’ attitudes while
facilitating the integration of LES into substrate production and trade. Furthermore, stakeholders believe that
the landscaping industry could benefit from incorporating an environment-friendly narrative into their services
and products, showcasing a commitment to using recycled materials to address local environmental concerns.
Several interviewees pointed to a substrate product already in the market as a benchmark for the LES-based
substrate. Although the existing product is not sediment-based, its communication campaign capitalizes on
locally sourced and all-natural attributes to enable sales at premium prices and product differentiation. The
product is a top-selling substrate and attracts consumers from significant distances (4).
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Table 6. Coherent categories and supporting statements derived from the interviews.

Coherent categories

Supporting statements

(1) Limited knowledge
and uncertainties

(2) Agricultural
applications

(3) Perceptions toward
LES

(4) Positive attributes +
promotional efforts

(5) Logistics costs

“What kind of EPA-like oversight is there with this material?”

“How much do the nutrients vary from different locations? (...) Is it consistent all the
time?”

“What is the weight of the product?”

“Can it be considered a soil amendment more than a nutrient source?”

“We need something that can be easily mixed in small dosages. (...) Not something
that has to be applied in high volume and is cumbersome to our operation.”

“We are looking for something that is going to make phosphorus more tightly held to
avoid runoff.”

“Our problem is that these are sandy soils and have a high phosphorus level. Our goal
is to find a product that increases organic matter, improves biological activity, retains
phosphorus.”

“I have always been under the impression it was kind of a negative material”

“I think there is a hurdle of getting past that stigma and educating people on what the
sediment contains and how and why it is beneficial.”

“People often have a certain perception of dredged sediment from Lake Erie — they
might find it unappealing and gross.”

“When we initially began the sediment program, we anticipated that we would need
to constantly defend our actions. We expected to hear concerns like ‘Is it safe?’ (...).
However, instead of facing skepticism, we encountered a lot of support (...). People
seemed to appreciate the fact that we were recycling and reusing this local material,
and local businesses and outlets embraced the idea.”

“(...) The key is in how you market it. Emphasizing that it is a recycled, all-natural
product that contributes to environmental well-being.”

“Landscape companies have a significant marketing opportunity by promoting the
use of recycled dredge material in landscaping, which contributes to Lake Erie and
the state of Ohio”

“Connecting it to a local issue that people are already conscious of and concerned
about holds greater value for them.”

“Having good analysis on the material and being able to put that into some marketing
piece is good. It could go a long way to helping overcome consumer stigma.”

“Our distinctive product, known for its sustainability and local sourcing characteristic
serve as an example for a sediment-based substrate product”

“Logistics costs make the difference between being able to sell a product profitably
and not being able to sell it at all.”

“Logistics play a massive role in the distribution of sediment-based products. Most
sediment products that we make are sold within the county it generated because the
logistics cost is prohibitive.”

“You cannot afford to truck it hardly anywhere. And then bag and then truck it again,
all your margin is going to be gone”

“It can only be utilized in a very short radius of where it is located, just because of
the cost of moving it”
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Table 6. Continued.

Coherent categories

Supporting statements

(6) Permissions
processes and
requirements

(7) Incentives for
sediment movement
and recycling

(8) Implementation of a
certification

(9) Intrinsic product
characteristics

“Unless there are provisions in place to simplify the process, it is unlikely that
companies or individuals would willingly go through the extensive requirements just
to use dredged material for environmentally responsible purposes.”

“Everything begins with individual use permits issued by the Ohio EPA. However, as
the Ohio EPA collects sufficient information about the characteristics of the materials,
they can then issue more broad and general permits.”

“... We need to issue a general permit that allows a wide range of potential uses,
taking at least one hurdle away. It is a matter of just inviting people to come and get
it. But come and get it still must make sense for them.”

“It is based on the cost. The amount of federal dollars ports get is based on the cost of
dredging.”

“Cleveland is an example. USACE spends more money dredging the port to
Cleveland than they do the port of Toledo, even though Toledo has twice as much
material. That is because, in Cleveland, sediments are deemed contaminated,
requiring a different kind of handling.”

“All companies and projects have one thing in common and that is they are used to
obtaining some sort of revenue from taking the material away, so that they can offset
the cost of processing and transporting it”

“A public entity providing their certification, confirming that the sediment usage is
acceptable, could be beneficial. This entity could be affiliated with institutions like
the Ohio EPA or the Department of Agriculture.”

“One could potentially be the Department of Agriculture. It could also be the Ohio
Department of Natural Resources, or the Lake Erie Commission because they have
Lake Erie funds.”

“Being Ohio EPA, that would be something that you do not typically certify a
particular product. There could be numerous inquiries or potential concerns from

the legal department, particularly because we would essentially be promoting one
product over another.”

... This has been talked about several times in our meetings, but it would have to be
a big entity that not only is recognized in Ohio but in other states as well.”

“I think appearance, odor, and consistency matter a lot.”

“It still has to be a quality product, delivering on its promise to enhance soil quality
and related attributes.”

“Everybody is always worried about how much a product weighs in the bag.”

“... Definitely, you want to make it as light as possible. That is key.”

Significant concerns regarding logistic costs were discussed. Companies looking to reuse LES as raw material
for substrate production must allocate capital resources in various operation stages, including LES extraction
and loading, transportation from port facilities to processing sites, processing (such as drying and screening),
and packaging. The transportation industry typically calculates costs based on distance and product weight,
which constitute a hurdle for LES. The average bulk density of a commercial substrate ranges from 0.37 to
0.46 g/cm?, while the sediments have a significantly higher bulk density of 0.96 g/cm?. This difference could
make transporting LES a notable challenge. Proactive companies acknowledge the logistic challenges but
attempt to manage their impact by mixing LES into a formulated substrate and trading LES-based products
in the vicinities of their processing facilities (5).
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The bureaucratic challenges associated with LES acquisition and permit requirements pose a significant burden
to sediment trading. Interested firms must cross a multi-step process, starting with securing a permit issued
by the port authority that ensures adequate insurance coverage for excavation activities. After port approval,
an “Individual Beneficial Use Permit” must be obtained from Ohio EPA. However, if LES is stored in a
confined disposal facility managed by the Army Corps of Engineers (USACE), an additional “408” permit is
necessary. This involves providing detailed information to USACE about the final application of the dredged
sediments. Interviewees emphasize the need to simplify the permit obtention process, suggesting regulatory
agencies create a comprehensive approval system that streamlines and encourages LES reutilization (6).

Port authorities and regulatory agencies mentioned a disparity in incentive programs among ports. The port
of Cleveland’s “tipping fee” initiative was mentioned as an example. This program offers private companies’
compensation for each cubic yard of LES removed and put to beneficial reuse. However, financial limitations
in certain ports due to funding structures tied to USACE hinder the implementation of similar programs
elsewhere. Funding allocation to sustain the “tipping fee” program depends on dredging operation costs and
contamination levels, which vary among ports. Despite these differences, port authorities and regulatory
agencies are striving to increase private sector involvement in LES reuse and trade (7).

Interviewees emphasized the need for a regional-level program for certifying companies engaged in sediment
extraction and reutilization. Stakeholders mentioned that such certification would increase consumer confidence
by communicating the safety and reliability of sediment usage. Associating a certification program with the
narrative that using sediment-based substrates reduces environmental pressure on Lake Erie could effectively
engage consumers. Moreover, a certification program helps prevent opportunistic companies from falsely
claiming beneficial sediment use. Although the Ohio EPA expressed hesitations to lead this program, other
organizations such as the U.S. Department of Agriculture, the Ohio Department of Agriculture, the Lake
Erie Commission, and the Mulch and Soil Council were cited as potential entities to lead the certification
process (8).

When discussing the formulation of sediment-based substrates, interviewees drew attention to specific
product attributes. They provided insights into ideal product characteristics, noting absence of odor, attractive
appearance, and emphasizing the importance of consistency and lightweight properties. While improving
soil quality was mentioned as a desirable characteristic in substrate products, stakeholders consider that
consumers are primarily concerned with the physical attributes of the product. Lightweight was the most
recurring attribute among stakeholders, with some of them considering it the most important attribute (9).

5. Discussion

To translate the qualitative and quantitative findings into practical considerations and foster participation
of stakeholders in the development of a value chain marketing plan, results were organized in a SWOT
diagram (Table 7). This step sought to facilitate stakeholders’ understanding and set the stage for applying
the ChainPlan framework.

Three macro strategies and eleven actionable projects derived from further investigations in partnership with
mulch and substrate value chain stakeholders. The devised strategies aim to guide public agencies and private
companies to reutilize LES in value-adding substrate products while meeting consumers’ expectations for
locally sourced items of low environmental impact. The strategies focus on agency support, positioning and
communication efforts, and the establishment of a public-private alliance.

Four actionable projects are proposed under the agency support macro strategy. The first project involves the
development of a certification program, according to indications from the qualitative analysis. The program
may serve as a means of communicating to consumers that by choosing LES-based certified products, they
are contributing to the reduction of sediment accumulation in Lake Erie shores, therefore helping Lake Erie
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Table 7. SWOT diagram summarizing quantitative and qualitative results.

Strengths Weaknesses

— High amounts of available sediments. ! — Sourcing of the sediments is somewhat restricted.!

— Presence and active engagement of regulatory — Bulky and heavy material, making it difficult and
agencies.! costly to transport.!

— Presence of established companies processing, — Bureaucratic burden for permits and license
producing, and trading substrates in the vicinity of approvals.!
Lake Erie.! — Absence of excavation incentives in certain ports.!

— No heavy metals or biohazardous particles in the
dredged material

Opportunities Threats

— End-users willing to pay a premium price for — Negative perceptions among consumers due to limited
substrate products that claim to aid Lake Erie. knowledge.!

— Development of products and substrate formulations — Opportunistic behavior that may arise in the absence of
that meet consumers’ expectations (odor, color, a verification program.!
weight).! — Limited application opportunities in farms and

— Potential for a “storytelling” marketing campaign, nurseries. !
emphasizing the environmental benefits for Lake
Erie.!

!'Source: Interviews and field notes.
2 Source: Brigham et al. (2021).
3 Source: Result from the Discrete Choice Experiment.

address an important environmental issue. This action is grounded in three key findings from our research.
First, the discrete choice experiment revealed that the probability of purchase and willingness to pay
increases in the presence of verification. Second, interviewees consistently emphasized the importance of
a certification program. They underlined that having a certification label led by a trustworthy entity would
build consumer confidence by assuring them that the product is safe to use and delivers its claims. Third,
having an agency-led certification program would deter companies from making false claims about using
Lake Erie sediments in their products.

The second action aims to streamline the process of obtaining permits and licenses for accessing LES.
Coherent categories extracted from in-depth interviews reveal that the current procedure for accessing
LES is time-consuming and unclear. Stakeholders view this as a bureaucratic burden. This action addresses
this weakness by proposing to create a single license managed by a designated regulatory agency. The
licensing process would offer companies flexibility in obtaining and reusing sediments for various activities,
facilitating extraction over an extended period. The goal is to make the process more attractive and encourage
entrepreneurial participation.

The third action emphasizes expediting analysis, laboratory tests, and documentation tracking to ensure
product consistency. Interview results stressed the importance of consistent chemical and physical properties
of raw materials. Regular analyses of sediments, considering chemical composition, physical structure,
biological activity, and biohazard content are deemed necessary. Given variations in sediment composition
across ports, this action must entail a protocol for detailed and frequent laboratory tests at each port. Eventual
variations in LES characteristics may be addressed by processors at the mixing stage if laboratory tests are
available at the time of loading and transporting. Expedited analysis is critical for substrate companies to
maintain final product consistency.
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The fourth action suggests the establishment of a check-off program. Stakeholders involved in trading
LES-based substrates may voluntarily contribute a small fee for each unit of the final product sold. The
purpose of the financial pool generated by the check-off contribution is to support collaborative marketing
initiatives, research, technical analyses, and educational programs targeted at end-users.

Two tactics are proposed under the second macro strategy, which emphasizes positioning and communication
efforts. Funded by the value chain check-off pool, a centralized marketing program is suggested. The first
marketing program action is to communicate and share information continuously regarding sediment
composition and biosafety. The second action focuses on communicating the benefits of reusing LES
to alleviate the environmental and economic pressure in Lake Erie. This action would, for instance,
educate end-users and the community at large on the importance of dredging the Lake canals and ports to
support the regional economy. Well-informed consumers are more likely to engage and purchase substrate
products that connect to economic and environmental issues the population is already conscious of.
Additionally, the centralized marketing program may promote certified LES-based products through a wide
range of communication channels.

The second tactic under the positioning and communication strategy concerns the establishment of a shared
information repository that extends to all value chain nodes. By centralizing information related to LES and
LES-based product transactions, stakeholders can access real-time data on various aspects of the network.
This may include quality and consistency analysis, batch codes, quantities transported, quantities sold, and
check-off balance. Stakeholders can use this repository to analyze consumption trends, make predictions,
and optimize marketing efforts.

The third macro strategy connects with the previous two in a cohesive and reinforcing model. A proposed
public-private alliance between the public agencies and the involved private companies is necessary to delineate
responsibilities and benefits. While the public agencies have a clear interest in managing disposal facilities
cost-effectively and mitigating environmental issues, it becomes their responsibility to facilitate access to
LES, reduce the bureaucratic burden on private companies, provide continuous information on LES quality
and consistency, and issue certificates for companies that operate under mutually agreed guidelines. The
private companies, in their turn, may enjoy the benefits of premium sales derived from certified LES-based
substrate products. Both entity groups should be equally vested in managing the financial resources from
the proposed check-off program and the centralized marketing initiatives. Table 8 summarizes the macro
strategies and actionable projects proposed for the development of a market-oriented LES-based substrate
value chain.

6. Conclusions

The sediment accumulation in the vicinities of Lake Erie has become a pressing threat to the economic and
environmental stability of the Lake and surrounding communities. Recognizing the threat, this article explores
feasible and sustainable reuse alternatives for LES. Consumers’ preference for organic and locally sourced
products (Kim and Lee, 2023; Low et al., 2015; Stanton et al., 2018), along with new habits in consumers’
gardening practices, suggest a market opportunity for introducing LES-based substrate products through
the existing mulch and substrate value chain. This study tests the apparent market opportunity, estimates its
potential, and examines regional stakeholders’ perceptions and attitudes toward the opportunity.

A mixed-mode research approach combines a Discrete Choice Experiment and Case Study methodology to
determine mulch and substrate end-users’ preferences, estimate demand curves, and uncover the potential
opportunities and challenges associated with trading LES-based substrates. Furthermore, three macro
strategies and eleven actionable projects are proposed as a result of the ChainPlan framework application.
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Table 8. Summary of strategies and actions.

1. Agency support
— Develop a certification program
—  Streamline the process for obtaining permits and licenses
— Expedite analysis, laboratory tests, track records
— Develop a check-off program
2. Positioning and communication efforts
A. Centralized marketing program
— Address consumers’ safety concerns and negative perceptions
—  Stress the economic and environmental benefits for Lake Erie
— Promote certified LES-based products
B. Creation of a shared information repository between agencies and engaged private companies
— Share analysis results, lot codes, and quantities transported
— Share quantity sold, check-off balance, permit status, and certifications
— Monitor consumers’ engagement metrics: accesses, reads, downloads, etc.
3. Establishment of a private-public alliance
— Foster collaboration between private companies and federal and state agencies to promote sediment reuse.

The DCE results, derived from 1025 valid responses, indicate that consumers are willing to pay a premium for
commercial substrates that claim to aid Lake Erie, with no statistically significant variations across the cities
assessed. Columbus residents show willingness to pay $0.91, on average, for the “Lake Erie Aid” attribute.
On average, Toledo and Cleveland residents are willing to pay $2.17 and $3.23, respectively. Although
not supported by the Poe test (2005), these findings suggest that end-users are partially influenced by the
geographical distance relative to the Lake. Moreover, the standard deviations associated with the “It Aid
Lake Erie” claim were wider compared to search and experience attributes (Nelson, 1974), supporting the
evidence that preference heterogeneity is a strong pattern for innovative product attributes. Finally, market
shares for substrate products with the Lake Erie sustainability claim were estimated. Results indicate that
the metropolitan demands are expected to fall between 57.1% and 69.9% in Cleveland, 43.6% and 70.7%
in Toledo, and 41% and 57.1% in Columbus if the prices for LES-based substrate products are competitive.

The case study methodology relied on primary data from 17 in-depth interviews and secondary data
from archival records. The content analysis of interview transcripts and archival records resulted in nine
coherent categories that revealed a mixed understanding of dredged materials and the surrounding regulatory
environment. Limited knowledge among mulch and substrate value chain participants regarding material
composition, consistency, application methods, and comparative benefits versus conventional soil amendment
products highlighted the need for a program to elucidate processors, manufacturers, and consumers. Moreover,
a marketing campaign emphasizing the positive features of LES and a certification program affirming that
the LES-based substrates alleviate environmental pressure on the Lake could shift consumers’ attitudes and
effectively engage them. Further insights emphasized logistics costs as a challenge for transporting LES and
producing LES-based substrates.

The joint interpretation of DCE and case study results led to three macro-strategies organized under regulatory
support, positioning and communication, and public-private alliance. The strategies offer a comprehensive
framework to guide stakeholders and agencies in developing commercial LES-based substrates and supporting
consumers’ awareness and market development. Among several initiatives, the proposed actions encompass
a certification program, a check-off program, and the centralization of marketing initiatives. These initiatives
are tailored to offer practical pathways for stakeholders to overcome the challenges and promote value-adding
substrate products, fostering a sustainable and economically viable LES application.
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The joint evaluation of DCE and case study results also point to a regional and short value chain. While distance
to environmental issues in Lake Erie and skepticism to sustainability claims from unsustained marketing
campaigns seem to influence consumers’ willingness to pay and price premiums, intrinsic characteristics of
dredged materials constrain transportation and increase logistic costs. An overarching value chain marketing
program, overseen and managed jointly by public agencies and interested private companies, is expected
to provide market development support. Transforming LES into value-adding substrates supports the local
economy and aligns with principles of the circular economy that suggest a shift in value chains and business
models to reduce waste.
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