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ESSAYS OF ENVIRONMENTAL AND SUSTAINABLE ECONOMICS

Abstract

by Kuan-Ju Chen, Ph.D.
Washington State University
May 2019

Chair: Thomas L. Marsh

My dissertation consists of three essays, each comprising a paper that examines user
preferences (consumers and producers) for sustainable products and biotechnology, and the effect
of energy policy on agricultural and biomaterial markets. The first paper, Biotechnology to
Sustainability: Consumer Preferences for Food Products Grown on Biodegradable Mulches,
evaluates consumer preferences for strawberries grown on biodegradable mulches (BDMs), an
environmentally friendly soil cover that sustains plant growth and does not contribute to landfill
waste. I applied a dichotomous-choice contingent valuation method to estimate consumer
premiums on those strawberries, and show that consumers are willing to pay (WTP) on average
10.3% more for strawberries grown on BDMs.
The second paper, Co-movement of the Biomaterial and Agricultural Commodity Markets,
investigates the relationship between agricultural and sustainable products in the biomaterial
market from the perspectives of the Energy Independence and Security Act (EISA) of 2007. I
tested hypotheses regarding the effect of EISA on the co-movement of lignin prices with corn and
soybean meal prices (which serve as proxies for starch and protein, respectively). Using two-stage
time series approaches, the findings suggest that lignin and agricultural commodities prices are
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linked in long-run equilibrium relationships and the effect of EISA on the U.S. bio-agricultural
markets is positive and insignificant.
In the third paper, Willingness to Pay for Attributes of Biodegradable Plastic Mulches in
the Agricultural Sector, studies agricultural plastic pollution from plastic mulches used to grow
strawberries and other crops, which incineration or dumping causes environmental damage and
reduces crop yield. I designed a choice experiment to assess the agricultural participants’ (e.g.
farmers, crop advisors, educators, and others) WTP for the adoption of BDMs in the agricultural
supply chain to attain soil agronomy; and how these participants value the different attributes of
BDMs. The results revealed that the respondents were willing to pay a price premium on healthier
soils and lower portion of plastic residue left in the field after the harvesting season. In this context,
regulators may consider subsidizing farmers to purchase BDMs to induce conservation efforts.
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CHAPTER ONE
INTRODUCTION

This dissertation consists of three papers that examine different aspects of environmental
and sustainable techniques from consumers, producers, and markets. It is dedicated to sustainable
food systems, which is agriculture production that use environmentally friendly practices to reduce
environmental harm and improve the quality of crops. My dissertation examines consumers’
perceptions and preferences for agricultural products grown on sustainable materials, which is
related to agricultural participants’ willingness to adopt new production technologies that can
improve profitability and environment. In addition to evaluate risk analysis of market interrelationships in biomaterial, energy, and agricultural markets, with implications on key
regulations/policies.
The first paper (Chapter Two) evaluates consumer preferences for an agricultural product
grown on biodegradable mulch film, which is an environmentally friendly soil cover that sustains
plant growth, but that avoids the environmental harm of plastic pollution from non-biodegradable
mulches in the field or upon disposal. Using a dichotomous-choice contingent valuation method,
we assessed the willingness to pay for strawberries grown on biodegradable mulch with a
randomized information treatment on 1,510 consumers across different regions of the United
States. On average, consumers are willing to pay 10.3% more for food --strawberries in our case- grown on biodegradable mulches. Consumers who are female, earn a higher income, have
stronger environment-friendly attitudes, or received the information treatment on the benefits of
biodegradable mulches, also expressed more willingness to pay a premium price for strawberries
grown on biodegradable mulches. The findings support that consumers are willing to internalize a
price premium for food products on biodegradable mulches, suggesting that agricultural producers
could realize private benefits from price premiums, which, by and large, can deliver social benefits
by increasing biodegradable mulch use that leads to a reduction of plastic pollution. By providing

2

empirical evidence on the potential adoption of biotechnology in the food production system, our
results allow agricultural crop producers to make more informed decisions on growing and pricing
strategies. This research will also facilitate agricultural scientists and policymakers to formulate
industry-supporting policies for sustainable development.
The second paper (Chapter Three) investigates the co-movement between agricultural and
sustainable products in the biomaterial market motivated by the Energy Independence and Security
Act (EISA) of 2007. The biomaterial market has expanded in the last decade, especially for
agricultural bio-products. Innovative biomaterials generated from lignin, starch, and protein
derived from corn and soybean meal have the potential to be used as the raw materials to make a
range of products that are less harmful to the environment than their traditional counterparts. EISA
mainly consists of provisions designed to increase energy efficiency and the availability of
renewable energy, and mandates an increase in renewable fuel production to 36 billion gallons by
2022. This law provides incentives for growers of corn and soybeans to contribute raw material to
the biomaterial market. I used two stage approaches to test hypotheses regarding the effect of EISA
on the co-movement of lignin prices with corn and soybean meal prices (which serve as proxies
for starch and protein, respectively) from January 1, 2002 to December 31, 2017. Using a vector
error correction model (VECM), the findings show that lignin and agricultural commodities prices
are linked in long run equilibrium relationships, although asymmetry exists across the markets. In
the next step, we conclude that the effect of EISA on the U.S. bio-agricultural markets is positive
and insignificant by applying a vector autoregressive (VAR) model with exogenous variables. This
may offer cross-hedging opportunities for lignin using corn and/or soybean meal futures contracts
and improve asset allocation across different commodities, enabling biomaterial producers and
users to mitigate the downside risk and expand market production.
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The third paper (Chapter Four) assess the agricultural participants’ WTP for the adoption
of biodegradable plastic mulches (BDM) in the agricultural supply chain; and how these
participants value the different attributes of BDM. To mitigate the environmental harm associated
with incineration or dumping of plastic mulches after the harvesting season, BDM are proposed as
an environmentally-friendly alternative because they degrade in the field and reduce
environmental harm in the process. In a study conducted in November 2018, we ran discrete choice
experiments to evaluate willingness to pay for the adoption of BDM on data collected from a focus
group of respondents from the agricultural sector (e.g., farmers, crop advisors, educators, and
others) in the Pacific Northwest region of the United States. Employing a mixed logit model, the
results show that the respondents were willing to assign the greatest value to BDM attributes that
would enhance their profitability and achieve environmental sustainability in production practice
through improving the quality of soil health, receiving a consumer premium for crops grown on
BDM, or reducing a field-borne residue. We find noticeable heterogeneity in preferences for the
attributes of plastic residue and soil health. Moreover, the cost attribute is more emphasized by
non-farmers and non-crop advisors, whereas the soil health attribute is more of a concern to crop
advisors. In addition, respondents who are less receptive to risk and with less sensitive to cost are
more willing to adopt BDM. Regulators could consider subsidizing farmers to purchase BDM as
a commercially feasible and sustainable alternative to the conventional mulches in land
conservation.
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CHAPTER TWO
BIOTECHNOLOGY TO SUSTAINABILITY: CONSUMER PREFERENCES FOR
FOOD PRODUCTS GROWN ON BIODEGRADABLE MULCHES

1. Introduction
Consumer preferences for environmentally friendly products support a sustainable food
chain from the producer to the retail market. Shifts in environmental attitudes underlie the
development of recycled products, innovative bio-technologies, and the proliferation of
environmentally friendly products (Mobley et al. 1995; Tsen et al. 2006). In particular, this trend
reflects consumer behavior for purchasing green products at a price premium, that is, at a price
above that the consumer would pay for conventional products (Laroche, Bergeron, and BarbaroForleo 2001; Straughan and Roberts 1999; Yue et al. 2010, 2016). In this paper, we focus on how
consumer preferences for biodegradable mulches as soil covers sends price signals to upstream
firms to make more sustainable decisions that reduce plastic pollution.
Plastic pollution in agricultural soils is an important environmental issue with uncertain
and complex policy solutions (Brodhagen et al 2017). Despite the advantages of conventional
plastic mulches, for instance, reducing weed growth, increasing crop yield, and improving wateruse efficiency; residual fragments from conventional plastic mulches may remain in the ground,
potentially contaminating the soil and suppressing crop growth. Scarascia-Mugnozza, Sica, and
Russo (2012) point out issues of plastic mulches due to residual fragments in the soil and with
plastic waste collected from the field. In agriculture the removal and disposal process of
conventional plastic mulches is labor-intensive and costly, and the cost of plastic disposal and
recycling is exacerbated by soil and agrochemical contamination. Steinmetz et al. (2016)
investigate the comparison between short-term agronomic benefits and long-term soil degradation
of using plastic mulches in agriculture, and found that mulch films could decrease soil quality in
the long-term due to non-biodegradability from plastic fragment residuals.
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Total use of plastics in the U.S. increased to a historic peak of $295.4 billion in 2015
(Barron 2016). Moreover, plastic use in agriculture is projected to increase to meet world food
demand. The agricultural films market is expected to surpass 9.2 million tons in production and
exceed $15.13 billion in value by 2024 due to expanding production of high-quality crops (Global
Market Insights Inc. 2016). As a result, conventional plastic use and its potential pollution will
likely continue to increase, accentuating the need for innovative biotechnologies.
Biodegradable mulches (BDM) are an innovative bio-technology intended to retain the
productive characteristics of conventional plastic mulches. ATSM International (2011) defines
BDM as a type of plastic material that degrades from the process of naturally occurring
microorganisms, such as bacteria, fungi, and algae. Field studies have compared BDM with
conventional plastic mulches in impacts on yield and crop quality (Arméndariz et al., 2006;
Candido et al., 2006; Martín-Closas et al., 2008; Miles et al., 2012; Moreno et al., 2009; Olsen and
Gounder, 2001; Rangarajan and Ingall, 2006), efficacy for weed suppression (Anzalone et al.,
2010; Jenni et al., 2004; Minuto et al., 2008), and functional performance and degradability
(Briassoulis, 2006; Cascone et al., 2008; Kapanen et al., 2008; Kijchavengkul et al., 2008;
Ngouajio et al., 2008; Scarascia-Mugnozza et al., 2006; Tocchetto et al., 2001). For example,
Anzalone et al. (2010) evaluate weed control and crop yield in processing tomatoes comparing
several biodegradable mulch materials and conventional plastic mulches. They found that paper
mulches outperform BDM in terms of weed control and tomato yield in Spain. DeVetter et al.
(2017) select strawberries as an experimental crop to measure mulch performance, weed
suppression, marketable yield, plant biomass, and fruit quality compared different commercial
plastic and paper biodegradable mulch products with conventional plastic mulches. They
suggested BDM products are sustainable for conventional strawberry production in the U.S.
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Pacific Northwest Region. Summarizing, BDM may be a viable alternative to conventional plastic
mulches because of the similarities in the two types of mulches in terms of color, texture, thickness,
elasticity, and installation time. Paper mulch will be difficult to place in the field especially in
raised beds due to the paper’s inelasticity (Coolong, 2010). Commercially, almost all strawberries
in the U.S. are produced using raised beds and covered with plastic mulch (Devetter et al. 2017;
UF IFAS, 2018). Some advantages of BDM are the mitigation of plastic pollution and
sustainability of specialty crop production (Brodhagen et al. 2017; Corbin et al. 2013). Brodhagen
et al. (2017) discuss the importance and use of standards to mitigate plastic pollution surrounding
BDM up the supply chain, but they do not address the role of consumers in the pollution policy
agenda down the supply chain. Our study shows how a price premium derived from consumers’
willingness to pay (WTP) could generate a higher revenue for growers. In turn, this may induce
producers to adopt BDM in their production processes, despite being more expensive (1.8 to 6
times) than conventional plastic mulches (Chen et al., 2018).
In the current study, BDM are proposed as an alternative to conventional petroleum-based
mulches. It is biodegradable in the field, which mitigates pollution and saves disposal costs from
combustion or disposal. It also saves time and the labor cost to remove mulch at the end of the
production season. Biodegradable polymers are an enhanced material from the sustainability and
industrial-ecology points of view due to the ease of disposal at the end of productive life. In
addition, biodegradable polymers lower cumulative energy use and greenhouse gas emissions
(Dornburg, Lewandowski, and Patel 2003). Other studies have compared bio-based products and
petroleum-based products, where the former is considered to be a sustainable substitute for the
latter (Hayes et al. 2012). For instance, Khoo, Tan, and Chng (2010) concluded that bio-bags are
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80% more environmentally friendly than plastic bags when clean and renewable energy is used
throughout their life-cycle production stages.
We chose to focus on strawberries because they are a high-value crop in the United States
that provide an ideal case study for several reasons. Strawberries are mostly grown with
conventional mulch covers. The United States is one of the largest strawberry producers in the
world, accounting for approximately 28 percent of total production (Wu, Guan, and Whidden
2012). Annual U.S. strawberry production averaged 1.26 million tons between 2000 and 2015, and
the production of strawberries in 2015 totaled 1.54 million tons, representing a 2 percent increase
from 2014 (USDA NASS 2016). Total harvested acres moderately varied in the past 15 years,
averaging 53,900 acres and an average yield of 23.17 tons per acre (USDA NASS 2016).
According to the Non-citrus Fruits and Nuts Summary report of the National Agricultural Statistics
Service (NASS 2016), the monthly average retail price per pound of strawberries was $3.42/pound
in 2015 compared to an average of $2.57/pound between 2000 and 2015. California and Florida
are the top two strawberry producing states, with California producing over 91 percent of
strawberries in the U.S. Over the last decade, the U.S. strawberry industry has experienced an
upward trend in per-person consumption, which is attributed to increased awareness of healthy
diet, expanded domestic supply driven by yield improvements, and year-round availability of
imports (USDA ERS 2014).
Using a dichotomous-choice contingent valuation methodology, the current study
identifies consumer preferences for food grown on BDM, as well as factors that determine their
WTP, and quantifies the WTP premiums for the new technology. Based on sample surveys of
1,510 randomly selected consumers, we found that consumers are willing to pay a premium of
8.6% - 12.6% to purchase strawberries grown on BDM, compared to those grown on conventional
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mulches. As farmers can command higher revenue from consumer preferences for
environmentally friendly production methods, it becomes feasible for farmers to use BDM despite
being 1.8 to 6 times more expensive than their conventional counterparts. In particular, higher
income, positive information, female indication, and environmental consciousness also make a
positive contribution to consumer WTP for strawberries grown on BDM. In summary, our study
informs industry stakeholders or policymakers on the important attributes that are valued by
environmentally conscious consumers.
The remainder of this article is organized as follows. Section 2 presents the empirical
methodology and Section 3 summarizes the data and the collection process. Section 4 analyzes the
results, followed by section 5 which concludes with policy implications.
2. Method
The consumer survey solicited information on respondents’ WTP for strawberries grown
on BDM, shopping habits, environment-friendly attitudes, and demographic characteristics. Prior
to fielding the survey, a pre-test sampling was completed and minor modifications were made. The
survey, consisting of 21 questions, was then disseminated online using QualtricsTM in August
2016. Participants were randomly selected across different regions of the United States, with each
participant receiving a cash incentive upon survey completion. On average, it took 10 to 15 minutes
for a participant to complete the survey.
WTP analysis is commonly adopted in estimating the value consumers place on
environmentally friendly products, such as apples, coffee, etc. (e.g., Laroche, Bergeron, and
Barbaro-Forleo 2001; Loureiro, McCluskey, and Mittelhammer 2001; Royne, Levy, and Martinez
2011; Sörqvist et al. 2013). The dichotomous-choice Contingent Valuation (CV) method was used
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in the analysis of the factors that affect consumers’ choices to estimate the WTP for strawberries
grown on BDM that use environmentally friendly production practices. A double-bounded logit
model is widely used in estimating individual WTP based on the responses to market-type
questions with dichotomous choices (Kanninen 1993; Venkatachalam 2004), and is asymptotically
more efficient than the single-bounded model (Hanemann, Loomis, and Kanninen 1991).
However, the double-bounded model might be biased due to a fixed initial bid proposed. This
starting-point bias is outweighed by the gain in efficiency (Flachaire and Hollard 2006; Hanemann,
Loomis, and Kanninen 1991). We used the current market price for strawberries as the initial bid,
and it likely served as a reference point that consumers would be aware of in a single-bounded
model.
In addition, previous studies emphasize that in decision making, consumers may adjust
their WTP when provided with more information regarding product characteristics or product
attributes (Chen, Anders, and An 2013; Hellyer, Fraser, and Haddock-Fraser 2012; Rousseau and
Vranken 2013; Vlaeminck, Jiang, and Vranken 2014). Consequently, respondents were randomly
assigned to either one of the two groups; the treatment group was provided with information on
the BDM, whereas the control group was not (please see the Appendix B for the specific
statement).
Responses to the dichotomous choice bid questions resulted in four possible outcomes in
the double-bounded model: (1) the respondent is not willing to purchase a 1-lb box of strawberries
grown on BDM at the initial price (B0) and does not want to buy it even at the discount price (BD)
(i.e., “no” to both bids); (2) the respondent is not willing to purchase a 1-lb box of strawberries
grown on BDM at the initial price (B0) but is willing to buy it at the discounted price (BD) (i.e.
“no” followed by “yes”); (3) the respondent is willing to purchase a 1-lb box of strawberries grown
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on BDM at the initial price (B0) but is not willing to buy it at the premium price (BP) (i.e. “yes”
followed by “no”); (4) the respondent is willing to purchase a 1-lb box of strawberries grown on
BDM at the initial price (B0) and also willing to purchase it at the premium price (BP) (i.e. “yes”
followed by “yes”). The individual’s true WTP for a 1-lb box of strawberries grown on BDM will
fit into one of the following four intervals: (-∞, BD), [BD, B0), [B0, BP), [BP, +∞). For each
respondent, three premium prices (increases of $0.50/lb, $0.75/lb, $1.00/lb) or discounted prices
(decreases of $0.50/lb, $0.75/lb, $1.00/lb) were randomly assigned. The discrete outcomes of the
bidding process are as follows:

WTP  BD
(No, No)
1
 2 B  WTP  B (No, Yes)

D
0
D=
 3 B0  WTP  BP (Yes, No)

BP  WTP
(Yes, Yes)
4

(1)

where WTP is the variable that denotes the individual’s WTP for a 1-lb box of strawberries grown
on BDM. The WTP function for individual i is represented as:

Yi =  −  Bi +  H i +  ' Zi +  i for i = 1,2,3,4

( 2)

where Yi is the individual’s WTP for strawberries grown on BDM, Bi is the ultimate bid amount
offered to each consumer i, Hi is the information treatment randomly provided to the consumer,
and Zi is a vector of observable characteristics of individual i, εi is the error term capturing the
unobservable characteristics, and α, ρ, δ, and λ are the unknown parameters to be estimated.
The probability for each discrete outcome in equation (1) is:
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(

)


F  −  BDi +  H i +  ' Z i

 F  −  B0 +  H i +  ' Z i − F  −  BD +  H i +  ' Z i
i
i

Pr (Yi = j ) = 
'
'
 F  −  BPi +  H i +  Z i − F  −  B0i +  H i +  Z i

1 − F  −  BPi +  H i +  ' Z i



(
(

)
)

(
(

(

)

)
)











( 3)

where F(g) is a cumulative distribution function characterizing the random components of utility.
Then, the log-likelihood function is shown as:

(

)



IYi =1 ln F  −  BDi +  H i +  ' Z i +


'
'
 I ln  F  −  B +  H +  Z − F  −  B +  H +  Z  + 
n
0i
i
i
Di
i
i 
 Yi = 2 

ln L =  

'
'


i =1  I
ln
F

−

B
+

H
+

Z
−
F

−

B
+

H
+

Z
Yi = 3
Pi
i
i
0i
i
i  



'




IYi = 4 ln 1 − F  −  BPi +  H i +  Z i 



(

)

(

(

)

(

where

I Yi = j

)
)

(

(4)

)

is the indicator for each j outcome ( j = 1,2,3,4) for the individual i . The function

2
2
F(g) is defined to be the standard logistic distribution with mean zero and variance  = ( / 3) .

3. Data
In total, 1,510 questionnaires were randomly delivered across the United States. The
sample included two information groups with 749 respondents in the treatment group and 761
respondents in the control group. Table A.1 in the appendix shows the summary statistics for
consumer socio-demographic backgrounds in this study. There were 51% male and 49% female
participants in the study sample, and most of the respondents (68%) did not have children under
18 years old living with them. The average age of individuals was around 40 years old, and the
median age was approximately 35 years old compared to the U.S. median age of 38 years old in
2015 (U.S. Census Bureau 2016). In the sample, 12% of the respondents had advanced or
13

professional degrees or above, 39% were bachelor’s degree holders, and 38% had some type of
college or associate degree. Household income ranged from less than $29,999 to greater than
$200,000, but the majority of respondents (69%) earned less than $70,000 annually. Half of the
respondents (50%) worked in the private sector, and the majority of the sample population (77%)
identified as White/Caucasian (non-Hispanic). Samples were geographically dispersed in each
state in approximately equal proportions. Most of the participants were from the southern region
(36%) and the western region (22%) of the U.S. Regions are defined as Northeast, Midwest, South,
and West in appendix table A.2.
Table 1 presents the comparison of census population and sample demographic statistics.
Our sample is similar to the national estimates (U.S. Census Bureau 2016) in terms of median age,
gender distribution, median household income, ethnic affiliations, and the percentage in
geographic regions. However, the education level of the respondents was higher than the Census
data with 99.6% holding a high school diploma and 50.6% with a college degree or above. The
proportion of respondents who are single (never married) was 50.9%, which was higher than the
national average of 32%; with the rest being married (39.1%) or separated/divorced/widowed
(9.3%). In consideration of the above, our sample was broadly representative but the educational
level and single respondents were slightly above compared with the national estimates.
Summary statistics for shopping characteristics are presented in Table 2. The respondents
paid an average price of $3.19 per pound for good quality fresh strawberries. 93% of the
respondents purchased strawberries at least every few months, and 7.1% respondents rarely
purchased strawberries. 75% often bought strawberries from a retail store or supermarket, and the
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primary grocery shopper made up a large proportion of the sample population (86%). Also, 71%1
of the survey sample was very likely or somewhat likely to purchase strawberries grown on BDM,
and 68% had below average or no knowledge about BDM.
Factors determining respondents’ strawberry purchases were measured by a five-point
Likert scale (from 1 = “extremely important” to 5 = “not at all important”). According to the mean
ratings, the factors that respondents perceived to be extremely or very important were, in
descending order: freshness, quality, appearance, nutrition/health, price, and produced without
chemicals. Environmentally friendly production practices and origin of production were perceived
to be moderately important by the respondents; brand was perceived as slightly important. All
details about driving factors of strawberry purchases are listed in appendix table A3.
Respondent perception of environmental friendliness was also measured by a five-point
Likert scale (from 1 = “strongly agree” to 5 = “strongly disagree”). Results show that, on average,
respondents strongly agreed that they have an opportunity to recycle products where they live.
However, the mean ratings show that the respondents are impartial to other statements about
recycling and environmentally friendly products. More details are presented in appendix table
A.4.
Another important variable is the WTP bid responses of the treatment group and control
group that represent the value they place on strawberries grown on BDM, a more environmentfriendly product than conventional mulches. The frequency of “yes” response to the initial bid
($3.50/lb) was higher in the treatment (69%) than control group (63%), while the frequency of
“no” response to the second bid increased with the premium price (see appendix table A5).

1

This indicates that 71% of the respondents will not be against buying strawberries grown on BDM.
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4. Results and Discussion
The estimated parameters based on equation 2 are presented in Table 3 together with the
estimated marginal effects of selected variables and 90% confidence intervals. The explanatory
variables used in the analysis are described in appendix table A.6. The ultimate bid had a negative
effect on WTP at a 1% significance level, implying that the probability of a consumer purchasing
strawberries grown on BDM decreased as the bid amount increased. Information had a
significantly positive effect on WTP at the 5% level, and additional information regarding BDM
influenced the decision process of consumers. The marginal effect shows that the provision of
information will increase WTP by $0.08/lb for strawberries grown on BDM.
Our results show that higher income, female respondents, and increasing age had
significantly positive effects on WTP at the 5% significance level. In particular, WTP will increase
by $0.08/lb due to a higher income or within the 18-35 age range, indicating that strawberries are
a normal good. Consistent with the previous studies, WTP increases by $0.11/lb for female. Gracia,
De Magistris, and Nayga (2012) and Laroche, Bergeron, and Barbaro-Forleo (2001) suggest that
females are more willing to pay a premium for sustainable or green products. Also, Loureiro,
McCluskey, and Mittelhammer (2001) reveal that female respondents have a higher chance of
purchasing eco-labeled apples, although respondents with children are less likely to purchase ecolabeled apples. In this context, female respondents with dependents under 18 years old had lower
WTP by a significant margin, decreasing by $0.17/lb. Intuitively, they need to make purchases for
necessities, such as food, kitchen items, school supplies, or health care expenses, such that the
residual income earmarked for purchasing the premium-priced strawberries grown on BDM would
be curtailed.
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More price-sensitive consumers are less likely to purchase strawberries grown on BDM, in
particular, and would pay $0.35 less per pound of strawberries; this effect is statistically significant
at a 1% level. Whereas, the more knowledgeable are consumers about BDM, the more likely they
are to purchase those strawberries. Specifically, consumers, who are more knowledgeable about
BDM, are willing to pay a $0.12/lb premium compared to those who identify themselves to be
non-knowledgeable about BDM; this positive effect is statistically significant at a 1% level.
Yue et al. (2016) quantify consumer WTP for plants labeled with “sustainable” to be $0.08
per plant above non-sustainably labeled counterparts. In Yue et al.’s example, consumers made
choices based on plant attributes and might pay a higher premium for other attributes in plants
(e.g., energy-saving or water-saving) rather than “sustainably produced”. In our study, the
corresponding figure is $0.20 per pound when environmentally friendly production practices, such
as biodegradable mulches, are deployed.
Environmentally conscious consumers, discussed in previous studies by McCluskey,
Durham, and Horn (2009), Laroche, Bergeron, and Barbaro-Forleo (2001), and Pickett-Baker and
Ozaki (2008), have a significantly positive effect on WTP when purchasing environmentally
friendly products. The marginal effect in our study shows that this type of consumer exhibits an
increase in WTP by $0.33/lb, which is similar to Loureiro, McCluskey, and Mittelhammer (2001)
who find that consumers with environmentally friendly attitudes are more likely to purchase ecolabeled apples.
Following Hanemann (1989), the estimated mean WTP was calculated as

WTP =

1
(ˆ + Zˆ X )
ˆ
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(5)

where

X denotes the vector of expected values of the explanatory variables. As shown in table 4,

the estimated mean WTP is $3.80 per pound for the control group and $3.94 per pound for the
treatment group. These estimates represent an 8.6% and 12.6% premium over the national average
market price of $3.50 per pound at a 1% significance level. The prices between treatment and
control groups are also different from each other at a 10% significance level. On average,
consumers are willing to pay $3.86 for a 1-lb box of strawberries grown on BDM, which represents
a 10.3% premium above the average market price of $3.50 per pound as of 2015, and the 95%
confidence interval for that premium falls in the range of $3.73/lb to $3.99/lb.
Strawberry producers could promote their product by providing information on BDM or
other marketing strategies to consumers. The WTP estimates are statistically different from the
average market price at the 1% significance level across groups. This result is consistent with the
findings of other studies. For instance, Belcher, Germann, and Schmutz (2007) revealed a 10% to
20% premium for environmentally produced beef products, while a 5% premium is identified for
eco-labeled products (Loureiro, McCluskey, and Mittelhammer 2001).
In addition, there are regional differences in WTP. The coefficients and marginal effects
of bids and consumer attributes on WTP vary across regions. For instance, female respondents in
the Northeast and Midwest regions exhibited they were more likely to pay a premium of $0.31 and
$0.21 per pound respectively (see appendix table A.6 for more details). The mean WTP estimates
across the four regions are significantly higher than the average market price of $3.50/lb; for
example, the Northeast region has a mean WTP estimate with $3.95/lb (see appendix table A.8).
A price premium can also be translated upstream to offset higher production costs and
incentivize sustainability by increasing use of BDM. For example, in Washington State, a partial
budget analysis using Galinato and Walters (2012) with a return to the grower of $3.25/pound [i.e.,
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8.6% premium added to $2.99/pound retail price in the Northwest region (Fresh Fruit Portal 2015)
minus marketing costs], material cost of BDM at $46 to $190 per 1,000 ft (Chen et al. 2018),
mulch removal and disposal cost savings, and cost of tilling BDM after the growing season (about
$180/acre considering 6 hours/worker times $15/hour for 2 workers), showed a net change in profit
of 40% to 75% relative to conventional plastic mulch. The increase in profits are mainly attributed
to the additional revenue from the price premium (95% of benefits) and to labor cost savings during
the post-harvest season, specifically plastic mulch removal and disposal (5% of benefits),
justifying the use of BDM which is at least 1.8 times more expensive than conventional plastic
mulch. There is a reduction in the cost of disposal to the grower, but perhaps more importantly a
reduction in plastic introduced into the waste stream that generally improves social welfare. The
above example demonstrates a scenario where a price premium can enable strawberry growers to
cover the additional input costs associated with BDM adoption that promotes sustainable
production practices.
5. Conclusion
The main objective of this study was to investigate the role of consumers in technology use
and plastic pollution in food production. To do so, we examined relationships between market
information, consumer preferences, and willingness to pay for an agricultural product grown on
BDM by using a dichotomous-choice CV survey. BDM are an environmentally friendly soil cover
that sustains plant growth but avoids the environmental harm of non-biodegradable mulches in the
field or upon disposal. We empirically quantified the factors influencing WTP and whether or not
consumers will pay premiums for strawberries grown on BDM, and estimated these premiums for
the U.S. and across regions.
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Our study shows that respondents who are earning a higher income, exhibiting stronger
environment-friendly attitudes, more knowledgeable about BDM, or female are more likely to pay
a premium of $0.08/lb, $0.33/lb, $0.12/lb, and $0.11/lb, respectively. In addition, dissemination
of positive information to the potential consumers will increase WTP by $0.08/lb. Furthermore,
in selected scenarios, our partial budget analysis suggests that in the right circumstances, growers
may benefit from using BDM in contrast to the less sustainable conventional plastic mulches.
Hence, BDM not only have a high likelihood of offering private incentives to growers to adopt
BDM and increase profitability, but also have social incentives to reduce externalities and improve
sustainability. The upshot is that labeling or marketing food as grown on biodegradable products
may provide opportunities for growers to increase revenues while they simultaneously practice
more sustainable production.
It is important to understand consumer preferences for food products grown in a more
environmentally sustainable manner with green technologies, and how market mechanisms
translate retail prices into more sustainable crop production that help mitigate environmental
damage. Characterizing consumer purchasing behavior enables us to identify the adoptability of
biotechnology by agricultural producers, which enables policymakers and agricultural scientists to
make more informed decisions on industry-supporting policies. From a broader perspective, other
more standard policy options could be explored. For example, a government may impose a
Pigouvian tax to discourage the use of conventional plastic mulches, wherein tax revenue could be
used to cross-subsidize the adoption of BDM by agricultural producers. Coupled with standards
and charges along the supply chain, there then may be a feasible bundle of actions (including final
consumers) that form a transformative policy solution to the plastic pollution problem in food
production.
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There are limitations in this study. To begin with, we consider the impact of plastic mulches
only on the WTP for strawberries, but contend this study is extendable into other crops. Moreover,
depending on research objectives, alternative or more specific information content could be
provided on biodegradable material. While our analysis is restricted to double-bounded contingent
valuation method, other non-hypothetical methods, such as choice experiments or auctions, could
be deployed to evaluate the WTP. Last but not least, it would be interesting to differentiate among
different consumer segments (e.g., income or education level) to identify the differences in
purchasing behavior, and hence, WTP for strawberries.
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Table 1: Comparison of national estimates and sample statistics (2015)
National estimates *
Sample statistics
Population
322,060,152
1,510
Median age (years)
38
35
Variables
Male
49.2%
51.3%
Female
50.8%
48.4%
Children under age 18 in household
40.0%
31.9%
Education
High school diploma
87.0%
99.6%
Bachelors' degree
30.0%
50.6%
Marital status
Single (never married)
32.0%
50.9%
Married
49.0%
39.1%
Separated/divorced/widowed
16.0%
9.3%
Median household income
$53,889
$53,758
Race
White/Caucasian
77.1%
77.1%
Hispanic/Latino/Spanish
17.6%
5.5%
American Indian
1.2%
0.7%
African-American
13.3%
7.2%
Asian
5.6%
8.3%
Others
2.0%
1.2%
Region
Northeast
17.5%
19.5%
Midwest
21.1%
21.5%
South
37.7%
35.8%
West
23.6%
21.6%
Source: * U.S. Census Bureau (2016): www.census.gov/quickfacts/table/PST045216/00.
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Table 2: Summary statistics of shopping characteristics (n=1,510)
Variable
The price paying for 1 pound box of strawberries

Mean per pound for strawberries purchased
The frequency of buying strawberries

The place of most often buying strawberries

Primary grocery shopper
How likely to purchase strawberries grown on BDM

Knowledge about BDM
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Description
Less than or about $2.00
$2.00 - $2.49
$2.50 - $2.99
$3.00 - $3.49
$3.50 - $3.99
$4.00 - $4.49
Above $4.50
$3.19
More than once a week
Once a week
More than once a month
Once a month
Every few months
Very few times
Retail store/supermarket
Wholesale store
Convenience store
Organic store
Farmer’s market
Others
Yes
No
Very likely
Somewhat likely
Neither likely nor
unlikely
Somewhat unlikely
Very unlikely
Not sure
Above average
Average
Below average
Nothing

Frequency (%)
6.29%
20.13%
32.45%
21.92%
10.99%
4.57%
3.64%
1.45%
19.56%
27.32%
22.02%
22.55%
7.10%
74.83%
6.57%
0.13%
6.77%
9.76%
1.93%
85.95%
14.05%
25.18%
45.86%
21.47%
4.04%
2.19%
1.26%
1.79%
30.13%
39.55%
28.53%

Table 3: Coefficient estimates and marginal effects of selected explanatory variables

Std.
Error
0.459
0.092
0.127
0.113
0.106
0.166
0.108
0.110
0.126
0.102
0.108
0.123
0.154

Marginal
Effect

Variable
Coefficient
Z-Stats.
Constant
10.503***
22.904
Bid
-3.004***
-32.717
Gender
0.329***
2.589 0.110***
Age
0.239**
2.118 0.075**
Education
0.078
0.730 0.026
Child
0.194
1.170 0.065
Income
0.228**
2.108 0.076**
Employment
0.063
0.575 0.021
White
-0.203
-1.611 -0.068
Information
0.241**
2.362 0.080**
Frequency
0.150
1.387 0.050
Location
-0.043
-0.352 -0.014
Shopper
0.019
0.121 0.006
Price
Importance
-1.041***
0.115
-9.085 -0.347***
Origin
importance
-0.101
0.145
-0.698 -0.034
Brand
importance
0.109
0.255
0.429 0.036
Chemical
importance
0.237*
0.143
1.653 0.079*
Eco-production
Importance
0.603***
0.154
3.924 0.201***
Appearance
importance
0.002
0.146
0.014 0.001
Freshness
importance
0.258
0.235
1.095 0.086
Nutrition
importance
0.225*
0.116
1.948 0.075*
Environmentalism 0.987***
0.124
7.935 0.328***
Knowledge
0.347***
0.114
3.029 0.115***
Northeast
0.245
0.158
1.546 0.081
Midwest
-0.128
0.152
-0.837 -0.042
South
0.107
0.137
0.779 0.035
Gender*Child
-0.522**
0.220
-2.374 -0.174**
Note: * p-value < 0.1 ** p-value < 0.05 *** p-value < 0.01
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90%
Confidence
interval
Lower Upper
bound bound

Std.
Error

T-values

0.042
0.035
0.035
0.055
0.036
0.037
0.042
0.034
0.036
0.041
0.051

2.594
2.128
0.730
1.170
2.111
0.575
-1.612
2.365
1.388
-0.352
0.121

0.040
0.017
-0.032
-0.026
0.017
-0.039
-0.136
0.025
-0.009
-0.082
-0.078

0.179
0.133
0.084
0.155
0.135
0.081
0.001
0.136
0.109
0.053
0.090

0.037

-9.244

-0.408

-0.285

0.048

-0.698

-0.113

0.045

0.085

0.429

-0.103

0.176

0.048

1.654

0.001

0.157

0.051

3.937

0.117

0.284

0.049

0.014

-0.079

0.080

0.078

1.095

-0.043

0.214

0.039
0.041
0.038
0.053
0.051
0.046
0.073

1.949
8.064
3.035
1.547
-0.837
0.779
-2.378

0.012
0.262
0.053
-0.005
-0.126
-0.039
-0.294

0.138
0.395
0.178
0.168
0.041
0.110
-0.054

Table 4: WTP estimates for strawberry grown on BDM ($/pound)
Segmented Market
All group (n=1,510)
Information
Control (n=761)
Treatment (n=749)
Note: *** p-value < 0.01

WTP
$3.86***

95% Confidence Interval
($3.73, $3.99)

$3.80***
$3.94***

($3.67, $3.93)
($3.81, $4.07)
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Appendix A
Table A.1: Summary statistics for demographic variables (n=1,510)
Variable
Gender
Age

Education

Children
Income

Marriage

Occupation

Race

Region

Description
Male
Female
18 to 25
26 to 35
36 to 45
46 to 55
56 to 65
66 or above
Some high school or lower
High school graduate
Some college/technical/vocational training
Associate degree
Bachelor degree
Advanced or profession degree
Ph.D. degree
None
One or more
Lower than $29,999
$30,000 - $49,999
$50,000 - $69,999
$70,000 - $89,999
$90,000 - $99,999
$100,000 - $149,999
$150,000 - $199,999
Greater than $200,000
Single (never married)
Married
Separated/divorced/widowed
Government employee
Private sector employee
Academic institution
Student
Retired
Unemployed
Self-employed
Others
White/Caucasian
Hispanic/Latino/Spanish
American Indian
Asian
African American
Others
Northeast
Midwest
South
West
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Frequency (%)
51.29%
48.38%
14.98%
44.60%
21.21%
10.74%
6.83%
1.33%
0.40%
10.68%
26.48%
11.81%
38.62%
10.48%
1.46%
68.08%
31.92%
23.99%
25.38%
19.42%
11.66%
6.56%
8.61%
1.79%
0.93%
50.94%
39.08%
9.25%
5.37%
49.57%
4.84%
5.30%
2.72%
10.14%
17.56%
4.51%
77.14%
5.50%
0.73%
8.28%
7.16%
1.20%
19.54%
21.45%
35.84%
21.58%

Table A.2: Census regional divisions by the United States Census Bureau (2016)
Region

States

Number of States

Northeast Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island,

9

Vermont, New Jersey, New York, Pennsylvania
Midwest Illinois, Indiana, Michigan, Ohio, Wisconsin, Iowa, Kansas, Minnesota,

12

Missouri, Nebraska, North Dakota, South Dakota
South

Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia,

17

District of Columbia, Delaware, West Virginia, Alabama, Kentucky,
Mississippi, Tennessee, Arkansas, Louisiana, Oklahoma, Texas
West

Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah,
Wyoming, Alaska, California, Hawaii, Oregon, Washington
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Table A.3: Important criteria when purchasing strawberries (n = 1,510)
Variable

Mean

Std. Dev.

Scale: 1 = Extremely important, 2 = Very important, 3 = Moderately important,
4 = Slightly important, 5 = Not at all important
Price
2.24
0.96
Origin of production
3.33
1.19
Brand
4.33
0.94
Produced without chemical
2.96
1.30
Environmentally friendly production practice
3.17
1.23
Appearance
1.72
0.96
Quality
1.50
0.79
Freshness
1.46
0.77
Nutrition/Health
2.20
1.10
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Table A.4: Consumers’ attitudes for environment (n = 1,510)
Variable

Mean
Std. Dev.
Scale: 1 = Strongly agree, 2 = Somewhat agree, 3 = Neither agree nor disagree,
4 = Somewhat disagree, 5 = Strongly disagree
I only buy products in packages that can be recycled
3.52
1.12
I have convinced my family or friends not to buy some
products that are harmful to the environment
3.45
1.25
I recycle every product
3.15
1.29
I buy ‘environmentally friendly’ products, even if they are
more expensive
3.17
1.18
I have an opportunity to recycle products where I live
1.99
1.24
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Table A.5: Distributions of the initial bid ($3.50/lb) responses for each group
Stage

Response

All Group

Control Group

Treatment Group

Initial Bid

No

33.84%

36.66%

30.97%

Yes

66.16%

63.34%

69.03%

No / $2.50

14.51%

12.62%

16.67%

No / $2.75

21.13%

13.16%

30.30%

No / $3.00

44.89%

47.00%

42.11%

No / $4.00

36.39%

42.18%

31.36%

No / $4.25

59.67%

64.86%

54.40%

No / $4.50

63.61%

69.33%

58.43%

Yes / $2.50

85.49%

87.38%

83.33%

Yes / $2.75

78.87%

86.84%

69.70%

Yes / $3.00

55.11%

53.00%

57.89%

Yes / $4.00

63.61%

57.82%

68.64%

Yes / $4.25

40.33%

35.14%

45.60%

Yes / $4.50

36.39%

30.67%

41.57%

Second Bid
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Table A.6: Descriptions of selected explanatory variables
Variable
Bid
Treatment
Knowledge
Demographics
Gender
Age
Education
Child
Income
Employment
White
Region
Northeast
Midwest
South
West
Shopping habit
Frequency
Location
Shopper
Important criteria
Price importance
Origin importance
Brand importance
Chemical importance
Eco-production importance
Appearance importance
Freshness importance
Nutrition importance
Consumers’ awareness
Environmentalism

Description
Random bid offered to each participant
1 = Information about BDM is provided, 0 = no information
1 = Knowledgeable about BDM, 0 = otherwise
1 = Female, 0 = otherwise
1 = Youth (age between 18 and 35), 0 = otherwise
1 = Bachelor’s degree or higher, 0 = otherwise
1 = Present of child under18 in the household, 0 = otherwise
1 = Last year household income more than $50,000, 0 =
otherwise
1 = Full-time employed, 0 = otherwise
1 = White/Caucasian, 0 = otherwise
1 = Survey conducted in Northeast, 0 = otherwise
1 = Survey conducted in Midwest, 0 = otherwise
1 = Survey conducted in South, 0 = otherwise
1 = Survey conducted in West, 0 = otherwise
1 = More than once a month or higher, 0 = otherwise
1 = Most often buying strawberries at retail store or
supermarket, 0 = otherwise
1 = Primary grocery shopper, 0 = otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Extremely or very important, 0 = Otherwise
1 = Strongly or somewhat agree, 0 = Otherwise
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Table A.7: Coefficient estimates and marginal effects of selected variables by region
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Northeast
Marginal
Coefficient
effect
Bid
-2.896***
Constant
11.374***
Information
0.577**
0.199**
Price importance
-0.848***
-0.293***
Origin importance
-0.272
-0.094
Brand importance
0.067
0.023
Chemical importance
0.197
0.068
Eco-production importance
0.080
0.028
Appearance importance
-0.474
-0.164
Freshness importance
-0.212
-0.073
Nutrition importance
0.146
0.050
Environmentalism
0.854***
0.295***
Knowledge
0.530*
0.183*
Frequency
-0.266
-0.092
Shopper
-0.012
-0.004
Location
0.050
0.017
Female
0.899***
0.310***
Youth
0.297
0.103
Children
0.494
0.170
Education
-0.531**
-0.183**
Employment
-0.029
-0.010
Income
0.294
0.101
White
-0.363
-0.125
Female*Child
-0.952*
-0.329*
Note: * p-value < 0.1 ** p-value < 0.05 *** p-value < 0.01

West
Marginal
Coefficient
effect
-3.503***
13.035***
0.059
0.017
-1.220***
-0.348***
0.099
0.028
-1.090**
-0.311**
0.152
0.043
0.884***
0.252***
0.216
0.062
-0.351
-0.100
0.816***
0.233***
1.110***
0.317***
0.116
0.033
-0.050
-0.014
-0.047
-0.013
-0.146
-0.042
0.198
0.056
0.174
0.050
0.110
0.031
-0.058
-0.017
-0.017
-0.005
0.599**
0.171**
-0.258
-0.073
-0.997**
-0.285**

South
Marginal
Coefficient
effect
-3.057***
10.691***
-0.004
-0.001
-1.046***
-0.342***
-0.258
-0.084
0.839*
0.275*
0.150
0.049
0.913***
0.299***
0.087
0.028
-0.055
-0.018
0.179
0.059
1.179***
0.386***
0.477**
0.156**
0.408**
0.134**
0.287
0.094
-0.031
-0.010
-0.135
-0.044
0.045
0.015
-0.231
-0.076
0.305*
0.100*
0.185
0.060
0.196
0.064
-0.063
-0.020
0.184
0.060

Midwest
Marginal
Coefficient
effect
-3.160***
10.377***
0.352
0.111
-1.251***
-0.396***
-0.206
-0.065
0.803
0.254
0.669**
0.212**
0.203
0.064
0.078
0.025
1.031**
0.326**
-0.026
-0.008
1.047***
0.331***
0.141
0.045
0.415*
0.131*
-0.056
-0.018
-0.130
-0.041
0.673**
0.213**
0.430*
0.136*
0.438
0.139
0.347
0.110
-0.024
-0.008
-0.148
-0.047
-0.218
-0.069
-0.520
-0.164

Table A.8: WTP estimates for strawberry grown on BDM across regions ($/pound)
Segmented Market
Region
Northeast (n=296)
Midwest (n=325)
South
(n=543)
West
(n=327)
Note: *** p-value < 0.01

WTP

95% Confidence Interval

$3.95***
$3.78***
$3.89***
$3.85***

($3.63, $4.26)
($3.53, $4.03)
($3.67, $4.11)
($3.57, $4.13)
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Appendix B
The following is the information presented to the treatment group immediately prior to the
WTP question:
“Biodegradable mulches are an alternative to conventional plastic mulches and are
intended to be tilled into the soil at the end of the season thereby reducing labor and disposal costs.
With biodegradable mulches, which are designed to decompose in the field, farmers can avoid
open field burning and landfilling of the conventional mulches. In addition, the use of
biodegradable mulches may increase sustainability of specialty crop production.”
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CHAPTER THREE
CO-MOVEMENT OF THE BIOMATERIAL AND AGRICULTURAL COMMODITY
MARKETS

1. Introduction
The biomaterial market has expanded in the last decade, especially with respect to
agricultural bio-products. Lignin, a plant fiber primarily derived from corn stove and soybean
straw, is an inexpensive and abundant source of natural polymer, and can be used to make green
products, such as bioethanol, bio-batteries, and biodegradable mulches (Limayem and Ricke, 2012;
Sanders et al. 2007; Zhao and Xia, 2010). Corn and soybean, which are the main crops in U.S.
agricultural production and are commonly used in processed foods and animal feed, also provide
sources of starch and protein as raw biomaterials for a wide range of products.
Innovative biomaterials produced from lignin, starch, and protein are used to create green
technologies which promote sustainability in the manufacturing sector (bio-batteries,
biodegradable mulches, etc.). Moreover, the environmentally friendly properties of lignin, starch,
and protein have the potential to reduce negative environmental externalities associated with the
use and disposal of petroleum products, and improve long-run sustainability. Indeed, Choi et al.
(2018) and Chen et al. (2018) found that consumers are willing to pay significant premiums for
products made with environmentally-friendly biomaterials.
Lignin is the third most abundant source of natural polymers existing in nature, after
cellulose and hemicelluloses (Zabed et al., 2016). It is an organic substance responsible for binding
fibers, cells, and wood vessels, and has various niche applications in the market. Globally, there
are approximately 50 million tons of lignin available from wood pulping processes, and the global
production of isolated lignin for lignosulphonate production is approximately 1.1 million tons per
year. In fact, the demand of lignosulphonate exhibited an annual growth of 1.4% in 2011 (Higson
and Smith, 2011). Lignocellulose, an abundant and relatively low cost biomass material, are more
attractive to be used as renewable resources to produce bio-products, and do not compete with
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food and animal feed (Limayem and Ricke, 2012; Sanders et al., 2007; Zabed et al., 2016).
Knudsen (1997) evaluated lignin use in animal feeding by studying the characteristics of
carbohydrate composition and lignin content of plant materials used in animal production.
Limayem & Ricke (2012) proposed that lignocellulosic biomass is the most promising feedstock
for the production of sustainable biofuels. Miao et al. (2013) investigated the preparation of
activated carbon from soybean straw, which is the fibrous residue of soybean production and an
abundant agricultural lignocellulosic by-product. Xu et al. (2007) noted that the large amount of
soybean straw produced has not been used efficiently, with only a fraction of it incorporated in
animal feeds.
Corn and soybean, which are the main crops in U.S. agricultural production, are often used
as sources of starch and protein, especially in food products and animal feeds (Meng & Slominski,
2005). Overall, corn and soybean meal provide relatively abundant sources of starch and protein
which, when combined with lignin, could be used to produce innovative biomaterials, and may
prove to be a positive pecuniary externality on the agricultural economy. According to the USDA’s
10-year projection for the food and agricultural sectors (Economic Research Services, 2018), corn
production will continue to grow in the next decade in tandem with increased feed usage by meat
production. Soybeans will also continue to be important in the food and agricultural sectors, and
will exceed corn production due to strong demand, both globally and domestically.
Corn and soybeans are excellent sources of starch and protein. McAloon et al. (2000) found
that corn comprises starch (approximately 70%), protein (10%), oil (4%), fiber (11%), and other
(5%). According to the National Oilseed Processors Association (NOPA, 2015), soybeans are high
in protein (36%) and also contain oil (19%), carbohydrates (28%), moisture (13%), and ash (4%).
After removal of the soybean oil (for human consumption or for use in biodiesel), the remaining
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material (approximately 68% of the soybean) can be processed into soybean meal. Since soybean
meal is a major protein source for animal feed (the high-protein meal is 48% protein) it is
commonly used by the agricultural sector to improve animal nutrition (Goldsmith, 2008).
Relationships among agricultural commodity markets have been well documented in the
literature. Malliaris, Urrutia, & others (1996) evaluated the interrelationships between agricultural
futures contracts (for example, corn, wheat, oats, soybeans, soybean meal, and soybean oil), and
concluded that the future contracts were correlated. Using a vector error correction model (VECM),
Saghaian (2010) and Zhang et al. (2009) found that movement in corn prices Granger caused
movement in soybean meal prices. Chen et al. (2010) used the autoregressive distributed lag
(ARDL) model to evaluate the relationship between the prices of corn and soybeans, and reported
that their price returns were significantly affected by crude oil returns.
Agricultural commodity prices have been influenced by energy prices of crude oil and
alternatives (Abbott et al., 2009; FAO, 2008; Mitchell et al., 2008; OCED, 2011; Piesse & Thirtle,
2009), especially after 2006, when rising biofuel production stimulated the emerging demand for
agricultural commodities (see, e.g., Chen et al., 2010). De Nicola et al. (2014) discovered stronger
co-movement between energy and agricultural commodity price returns in recent years, in
particular, soybean oil and corn that are used to produce biofuels. Campiche et al. (2007) found
that corn and soybean prices were cointegrated with the price of crude oil in 2006 and 2007 using
a VECM. Using a copula method, Koirala et al. (2015) reported that increases in the prices of
crude oil, natural gas, gasoline, diesel, and biodiesel led to increases in the prices of corn and
soybeans. Finally, Jiang et al. (2015) found that plastics and corn future prices covaried in the long
run, but that crude oil future prices were weakly exogenous to this system. They identified
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significant bidirectional volatility transmission between the corn and plastics markets, which poses
new challenges to stakeholders in both markets.
The Energy Independence and Security Act (EISA) was enacted in December 2007 to
improve overall energy performance and reduce dependence on imported oil. This law sets new
standards for renewable fuels and the renewable biomass used to produce them, and it requires
total production of 36 billion gallons from renewable and other alternative fuels by 2022. The use
of forest- and agriculture-derived biomass (e.g. crop residues as stover and straw) could provide a
clean and renewable source of energy (US Department of Energy, 2011). Passage of EISA
provides incentives for the evolution of sustainable and renewable technology in bioenergy and
bio-products markets (Jeffers, et al., 2013; Limayem and Ricke, 2012; Jiang et al., 2015).
Although previous literatures have examined the interconnection between corn and
soybean meal markets, to the best of our knowledge, we are the first to evaluate the relationships
among lignin, corn, and soybean meal markets as some of these demand centers began to overlap.
In this study, based on our literature review and a preliminary analysis of a wide set of alternative
price series, we chose number 2 yellow corn and high protein (48%) soybean meal to represent
the starch and protein markets. Overall, this study contributes to the literature in multiple ways.
First, we identify long-run relationships between the lignin-corn and lignin-soybean meal markets.
Second, we include indicator variables to evaluate the effects of energy policy and to control for
the financial crisis of 2008. In September, 2008, the subprime mortgages crisis escalated and
caused the meltdown of the global financial system. The world demand for energy and agricultural
commodities fell drastically due to this financial recession (Ivashina & Scharfstein, 2010; GarciaAppendini & Montoriol-Garriga, 2013; Creti et al., 2013; Mensah, 2014). Therefore, our findings
enable us to characterize the effect of EISA on the biomaterial and agricultural commodity markets.
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2. Data and Methods
Our analysis was based on monthly data that spans from January 1, 2002 to December 31,
2017. Monthly export lignin prices were obtained from the U.S. Census Bureau, and monthly
commodity spot prices for corn and soybean meal (which served as proxies for starch and protein,
respectively) were collected from the United States Department of Agriculture (USDA). We had
to use monthly data because it is the highest frequency available for lignin prices.
Following Jiang et al. (2015), our empirical analysis was comprised of two steps. The first
involves using a vector error correction model (VECM) to estimate the long-run equilibrium
relationships between biomaterial and agricultural markets. VECM models have been employed
to describe the cointegration relationships among various price series (Campiche et al., 2007; Jiang
et al., 2015; Saghaian, 2010; Zhang et al., 2009). Cointegration is a commonly used method for
analyzing non-stationary time series. If a set of non-stationary variables are cointegrated, the linear
combination of the variables generates a stationary series (Engle & Granger, 1987). Following
Johansen & Juselius (1990) and Hamilton (1994), the VECM can be expressed as:
𝑛

𝑛

∆y𝑡 = 𝛼 + ∑ 𝛽𝑖 ∆y𝑡−𝑖 + ∑ 𝛿𝑖 ∆x𝑡−𝑖 + 𝜑𝑧𝑡−1 + 𝜇𝑡
𝑖=1

(1)

𝑖=1

where 𝑦𝑡 is the vector of the commodity prices at time t; Δ is the difference operator; 𝛼 is the
constant term; n is the number of lags; 𝛽, 𝛿 are the estimators measuring the short-run adjustments
to changes in the endogenous variables; 𝜑 is the estimator containing information on the long-run
cointegrating relationship; and 𝜇𝑡 is a vector of error terms.
The long-run equilibrium cointegrating equation can be presented as:
𝑧𝑡−1 = 𝐸𝐶𝑇𝑡−1 = ϴ0 + ϴ1 𝐿𝑖𝑔𝑛𝑖𝑛𝑡−1 + ϴ2 𝐶𝑜𝑟𝑛𝑡−1
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= ϴ0 + ϴ1 𝐿𝑖𝑔𝑛𝑖𝑛𝑡−1 + ϴ2 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙𝑡−1

(2)

where 𝐸𝐶𝑇𝑡−1 is the vector of the lagged error correction terms representing the long-run
equilibrium relationship.
In our second step, we used a vector autoregressive (VAR) model with two dummies to
investigate the effect of EISA on the linkage of lignin, corn, and soybean meal markets. A VAR
model is applied to capture the linear interdependencies among multiple time series. A VAR model
is the most commonly used multivariate time series model in econometric literature. For a VAR
model, the least-squares estimates are asymptotically equivalent to the maximum likelihood
estimates. In addition, a VAR model describes the evolution of a set of variables (called
endogenous variables) over the same sample period as a linear function of only their past values.
The multivariate time series 𝑟𝑡 follows a VAR model of order p with k variables, VAR(p) if
𝑝

r𝑡 = 𝜇 + ∑ 𝜑𝑖 r𝑡−𝑖 + 𝜀𝑡

(3)

𝑖=1

where 𝑟𝑡 is the vector of the first differences in commodity prices at time t; μ is the k x 1 constant
vector; p is the number of lags; 𝜑 is the k x k matrix; and 𝜀𝑡 is a vector of error terms.
VAR model with dummies as exogenous variables has used for policy discussion
(Kristiansen, 2012; Weron and Misiorek, 2008; Fausti, 2015). We added two indicator variables,
one on January, 2008, the month after Congress passed EISA, to the VAR model in order to
discover the effect of EISA. The other indicator variable is added on September, 2008, the month
when Lehman Brothers bankruptcy took place, to remove the effect of financial crisis in the postEISA 2007 period. The empirical VAR(1) model with 2 dummy variables can be expressed as:
𝑟1,𝑡
𝜑1,1
𝜇1
[𝑟2,𝑡 ] = [𝜇2 ] + [𝜑2,1
𝑟3,𝑡
𝜑3,1
𝜇3

𝜑1,2
𝜑2,2
𝜑3,2

𝜑1,3 𝑟1,𝑡−1
𝜀1,𝑡
𝐷1
𝐸1
𝜑2,3 ] [𝑟2,𝑡−1 ] + [𝐷2 ] 𝕀 + [𝐸2 ] 𝕁 + [𝜀2,𝑡 ]
𝜑3,3 𝑟3,𝑡−1
𝜀3,𝑡
𝐷3
𝐸3
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(4)

where 𝑟𝑖,𝑡 is the first differences in prices of lignin, corn, and soybean meal; 𝜇 is vectors of
constants; 𝜑 is a k x k matrix; 𝑟𝑖,𝑡−1 is 𝑟𝑖,𝑡 at lag one; 𝐼 is the indicator variable where I = 1 refers
to the time period after December, 2007 and I = 0, otherwise; 𝐽 is the indicator variable where J =
1 refers to the time period after August, 2008 and J = 0, otherwise; 𝜀𝑡 is a vector of error terms,
satisfying E[𝜀𝑡 ] = 0, E[𝜀𝑡 𝜀𝑡 ′] = Σ, and E[𝜀𝑡 𝜀𝑡−𝑘 ′]=0.
3. Descriptive Analysis
Our monthly time-series data yielded a total of 192 observations for the domestic corn,
soybean meal, and lignin markets. As noted earlier, the main component of corn is starch (70%)
(McAloon et al., 2000), and 68% of crushed soybean becomes soybean meal (NOPA, 2015). Thus,
we chose soybean meal and corn as proxies for protein and starch. The corn price used in the
analysis is reflective of number 2 yellow corn market prices (U.S. - Central IL), and is expressed
in U.S. dollars per bushel. The soybean meal price is reflective of the high protein (48%) variety,
wholesale prices (U.S. - Central IL), and is expressed in U.S. dollars per ton. The lignin price is
the export price and is expressed in U.S. dollars per kilogram. Nominal prices are converted to real
prices through adjustments using the Producer Price Index (PPI) with a 1982 base of 100. Figures
1 and 2 present the price series for all three commodities and their first differences, respectively.
Table 1 reports the summary statistics of monthly prices for lignin, corn, and soybean meal,
as well as results from unit root tests in the period of pre- and post- EISA 2007. The average prices
of all commodities are higher in the post-EISA 2007 period than the pre-EISA 2007. In addition,
the prices of all commodities are more volatile after EISA 2007. We used the augmented DickeyFuller (ADF) and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) tests to examine stationarity for
each of the commodity price series (also reported in Table 1). The ADF test statistics indicated that
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the null hypothesis of a unit root cannot be rejected at the 5% significance level for each series,
which confirms non-stationarity (Dickey & Fuller, 1979, 1981); the KPSS test statistics showed
that the null hypothesis of stationarity is rejected at the 5% significance level for each series, which
confirms non-stationarity (Kwiatkowski et al., 1992). After taking the first differences, stationarity
was applied to all commodities.
Table 2 shows the correlation matrix of the three variables, indicating a high correlation of
80% between the series for corn and soybean meal prices. This correlation is expected because
corn and soybean meal are primary inputs in many feed rations, thus they serve many of the same
demand centers. In addition, corn and soybean meal are substitutes for each other as food for
humans and animals. Corn is mostly used as animal feed, competing with soybean meal and wheat.
In recent years, corn has also been used in the U.S. for producing ethanol and other alternative
fuels. As expected, the biomaterial price has a positive correlation with these agricultural
commodities.
4. Model Results
The results provide evidence of a cointegrating relationship between lignin and corn and
between lignin and soybean meal. We used Johansen cointegration tests to evaluate the relationship
between each pair of commodities (Johansen, 1991; Johansen & Juselius, 1990); results are shown
in Table 3. However, we could not reject the null hypothesis of no cointegration between corn and
soybean meal at the 5% significance level, which is consistent with the findings of Saghaian (2010)
and Zhang et al. (2009). These results are contingent upon the sample period for the study, time
unit, data frequency, and number of observations.
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Based on the results of cointegration analysis, we applied a VECM to determine the longrun equilibrium relationship for the lignin-corn and lignin-soybean meal markets. We evaluated
the lags of vector error correction terms ranging from zero up to a maximum lag of ten, with the
most suitable model selected according to the AIC values in Tables 4. We chose the second-order
error correction model with n = 2, and the coefficients of the error correction terms ECTi were
negative for lignin and corn and for lignin and soybean meal. The Ljung-Box Q test with 10 lags
was applied to examine each series for serial correlation in the model residuals (Hamilton, 1994;
Ljung & Box, 1978). The test statistics for all commodities indicated the null hypothesis could not
be rejected at the 5% significance level, supporting no serial correlation (Elyasiani et al., 2011).
The Jarque-Bera (J-B) test for the normality of residuals indicated that the null hypothesis can be
rejected at the 5% significance level, revealing that the price return series of all commodities were
not normally distributed. Table 4 shows that lignin’s value was impacted by lignin’s own lagged
value and the lagged values of corn. The results show that there is a stationary linear combination
which constitutes a long-run equilibrium of the price relationship between lignin and corn. This
relationship might exist because corn and lignin are primary raw materials for biofuel production
(McAloon et al., 2000; Wang et al., 2011). Normalizing the coefficient of lignin prices, the link
between lignin and corn prices can be shown as:
Lignin𝑡 = 0.42 + 0.14 × Corn𝑡

(5)

The estimates in the cointegrating equation (5) are at the 1% significance level, indicating
that lignin and corn prices are covarying in the long run: If the corn price increases (decreases) by
$1 per bushel, then the lignin price increases (decreases) by $0.14 per kilogram. Similarly, Table
4 shows a long-run equilibrium relationship between lignin and soybean meal prices and can be
described as:
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Lignin𝑡 = 0.12 + 0.01 × Soybean Meal𝑡

(6)

The estimates in the cointegrating equation (6) are at the 1% significance level, indicating
that lignin and soybean meal prices are linked in the long run: If the soybean meal price increases
(decreases) by $1 per ton, then the lignin price increases (decreases) by $0.01 per kilogram. This
relationship could exist because soybean meal is one of the main components in biodiesel
production, and soybean straw is an abundant agricultural lignocellulosic by-product (Wang et al.,
2011).
We applied a VAR(1) model with two dummies to estimate the effect of EISA and control
for the financial crisis of 2008 on the interlinage between lignin, corn, and soybean meal prices.
We chose the optimal lag with n = 1 for the VAR model according to the AIC values in Tables 5.
The effect of EISA was positive and insignificant for all commodities, consistent with results in
Fausti (2015), Jiang et al. (2015), and Wu et al. (2011). This identicates that passage of EISA
induced the evolution of bio-products and biotechnology. As expected, the financial crisis of 2018
had a negative effect on all commodities. The Ljung-Box Q test with 10 lags showed there is no
serial correlation in the model residuals, and the Jarque-Bera (J-B) test presented the price series
of all commodities were normally distributed in the model.
Granger Causality analysis is shown in Tables 6, and the optimal VAR lag length was
selected based on the Schwarz information criteria (SIC). The results indicate that corn prices
Granger caused soybean meal prices, but not vice versa. This result is consistent with the findings
by Saghaian (2010). In addition, lignin prices Granger caused soybean meal prices, implying that
lignin could be a substitute for soybean meal to be used as animal feed and biofuel (Knudsen, 1997;
Sanders et al., 2007).
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Using impulse response functions, we report three scenarios to evaluate how each
commodity reacts over time to the effect of exogenous shocks from the other two commodities.
We estimate the responses of the series of corn, soybean meal, and lignin prices to shocks in the
first, second, and third scenarios, respectively. The first scenario shows how corn prices are driven
by shocks in lignin prices (Figure 3) and by shocks in soybean meal prices (Figure 4). The second
scenario exhibits how soybean meal prices are driven by shocks in lignin prices (Figure 5) and
corn prices (Figure 6). The third scenario shows how lignin prices are driven by shocks in corn
prices (Figure 7) and in soybean meal prices (Figure 8).
In Figure 3, the response of corn prices escalate through third month after a lignin price
shock, then return to equilibrium at the sixth month. After a soybean meal price shock, the response
of corn prices plummet by the second month post-shock but revert to equilibrium at the fifth month
in Figure 4. As illustrated in Figures 5 and 6, the responsiveness of soybean meal prices is of
relatively short duration (5 months) duration after a corn price shock compare to the duration (11
months) after a lignin price shock. For the lignin market in Figures 7 and 8, the magnitude of
change from an impact of corn price shock on lignin prices is larger than that of soybean meal
price shock on lignin prices. In addition, the response of lignin prices to a corn price shock last
longer than a soybean meal price shock. Comparing Figures 3 and 7, we can see that the response
of lignin prices to a corn price shock is more persistent than the response of corn price to lignin
price shock. This implies corn prices drive lignin price discovery, suggesting that increased starch
production has potential of influencing short-run lignin prices.
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5. Conclusion
The purpose of this study is to assess the co-movement between the biomaterial and
agricultural markets under the influence of EISA in the U.S. bio-agricultural sector. Monthly lignin
prices were obtained from the U.S. Census Bureau, and monthly commodity prices for corn and
soybean meal were retrieved from the U.S. Department of Agriculture from 2002 – 2017. Using a
vector error correction model (VECM), our findings show that lignin and agricultural commodities
prices are linked in long-run equilibrium relationships, but that asymmetry exists across the
markets. Ideally, this may offer cross-hedging opportunities for lignin using corn and/or soybean
meal futures contracts, and improve asset allocation across different commodities, enabling
biomaterial producers and users to mitigate the downside risk and expand market production.
In addition, using a vector autoregression (VAR) model with exogenous variables, our
results indicate that EISA has had a positive but insignificant effect on the U.S. bio-agricultural
markets. This results should be interpreted with caution as the discrete variables specified to
identify the financial downturn and the EISA effect are highly correlated in our model. Other,
more sophisticated and complete specifications of the EISA effect should be tested in future
analysis.

The identification of covarying movement between biomaterial and agricultural

commodities enriches the markets’ understanding of agricultural lignin by-products, which extends
the established findings of other research on the price relationships between commodities that drive
the starch and protein markets.
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Figure 1: Lignin, corn, and soybean meal price series
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Figure 2: First differences of lignin, corn, and soybean meal price series
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Figure 3: Corn price response of a lignin price shock
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Figure 4: Corn price response of a soybean meal price shock
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Figure 5: Soybean meal price response of a lignin price shock
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Figure 6: Soybean meal price response of a corn price shock
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Figure 7: Lignin price response of a corn price shock
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Figure 8: Lignin price response of a soybean meal price shock
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Table 1: Summary statistics
Pre-EISA 2007

Mean
Std. Dev.
Skewness
Kurtosis
ADF test
KPSS test

Post-EISA 2007

Lignin

Corn

Soybean Meal

Lignin

Corn

Soybean Meal

0.76
0.20
1.39
4.62
-2.31
1.67***

2.92
0.95
1.29
3.40
-1.74
2.08***

237.05
58.99
1.12
4.10
-1.42
1.27***

1.46
0.49
0.29
2.88
-2.24
0.31*

7.06
2.54
0.74
2.02
-1.85
0.85***

557.22
134.87
0.82
2.58
-2.16
0.72**

Note: Pre-EISA 2007: 72 observations; Post-EISA 2007: 120 observations. * p<0.1 ** p<0.05 *** p<0.01
The stationarity test statistics ADF stands for Augmented Dickey-Fuller with null hypothesis: a unit root.
The stationarity test statistics KPSS stands for Kwiatkowski-Phillips-Schmidt-Shin with null hypothesis: stationary
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Table 2: Correlation matrix
Lignin

Corn

Lignin

1

Corn

0.67

1

Soybean Meal

0.64

0.80
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Soybean Meal

1

Table 3: Johansen cointegration tests

Lignin, Corn

Lignin, Soybean meal

Corn, Soybean meal

Ho

H1

Test

10% C.V.

5% C.V.

1% C.V.

R=0

R>=1

29.80***

15.66

17.95

23.52

R<=1

R>=2

3.35

6.50

8.18

11.65

R=0

R>=1

23.56***

15.66

17.95

23.52

R<=1

R>=2

3.01

6.50

8.18

11.65

R=0

R>=1

12.52

15.66

17.95

23.52

R<=1

R>=2

4.22

6.50

8.18

11.65

Note: C.V. stands for critical value. * p<0.1 ** p<0.05 *** p<0.01
The null hypothesis is there is no cointegration.
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Table 4: VECM estimates for lignin-corn and lignin-soybean meal markets
Dependent Variables

Lignin-Corn Market

Independent Vars

Lignin

𝛼

0.12 ***

∆𝑦𝑡−1

-0.63 ***

∆𝑥𝑡−1

-0.05

-0.09

-0.26 ***

0.07

𝑧𝑡−1

Corn
-0.02
0.31 ***

Lignin-Soybean Meal Market
Lignin
0.05 **

-2.58

-0.60 ***

-0.01

0.00
-0.21 ***

𝛳0

-0.42

-0.12

∆𝑦𝑡−1

1.00

1.00

∆𝑥𝑡−1

-0.14 ***

-0.01 ***

Note: 190 observations. * p<0.1 ** p<0.05 *** p<0.01. Lignin price is normalized as 1.
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Soybean Meal

-23.35**
21.08**

Table 5: VAR(1) with exogenous variables estimates for lignin, corn, and soybean meal markets
Dependent Variables
Independent Vars
𝜇

Lignin

Corn

0.015

0.043

𝐿𝑖𝑔𝑛𝑖𝑛𝑡−1

-0.496 ***

-0.110

𝐶𝑜𝑟𝑛𝑡−1

0.003

0.357 ***

Soybean Meal
3.713
-31.081 ***
27.791 ***

𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑀𝑒𝑎𝑙𝑡−1

-0.000

-0.002 *

-0.157 **

𝐼

0.104

0.102

3.795

𝐽

-0.122

-0.159

-7.257

Note: 190 observations. * p<0.1 ** p<0.05 *** p<0.01.
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Y
ΔLignin
ΔLignin
ΔCorn
ΔCorn
ΔSoybean Meal
ΔSoybean Meal

Table 6: Granger causality wald test
X
X Granger causes Y
ΔCorn
No
ΔSoybean Meal
No
ΔLignin
No
ΔSoybean Meal
No
ΔLignin
Yes
Δ Corn
Yes

Note: 190 observations. The null hypothesis is no Granger Causality.
Granger asymptotic equivalency F test.
The optimal lag length was selected using the Schwarz information criteria.
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P-value of Wald X2 test
0.944
0.546
0.291
0.077
0.000
0.000

CHAPTER FOUR
WILLINGNESS TO PAY FOR ATTRIBUTES OF BIODEGRADABLE PLASTIC
MULCHES IN THE AGRICULTURAL SECTOR

1. Introduction
Plastic pollution is a major global environmental issue; it leads to garbage contamination
on land and in rivers, canals, beaches, and oceans. Plastic represents an environmental hazard as
it is made from fossil fuel resources; it is non-degradable (Özkan et al., 2015). The amount of
single-use plastic waste increases by around 50 percent worldwide each year, and just 5 percent of
it is recoverable (D'Alessandro, 2014). Agricultural plastic pollution is a pervasive problem that
damages the environment and plastic mulches used to grow strawberries and other crops contribute
to the problem (Vox et al., 2016).
The use of plastic mulches in agriculture poses a major environmental problem due to high
molecular weight and hydrophobic properties of polyethylene, and such problem is widespread
due to leaching of high chemical that require more than 100 years for complete decomposition
(Rutiaga et al., 2005). More than 6 million tons of plastic materials are consumed in agriculture
annually (Scarascia-Mugnozza et al., 2011), and plastic pollution in agricultural soils is an
emerging environmental concern, requiring both science-based and strong policy interventions to
alleviate the problem (Brodhagen et al., 2017; De Souza Machado et al., 2018; Rillig et al., 2017;
Sintim and Flury, 2017).
In agricultural fields, farmers typically use polyethylene (PE) plastic mulches, which
provide a layer on top of the ground that provide a beneficial environment for certain crops, to
reduce weed growth, conserve water, increase crop yield, and alter soil temperature (Kyrikou and
Briassoulis, 2007; Steinmetz et al., 2016). The use of plastic mulches in agriculture has increased
dramatically worldwide in the past few years (Kasirajan and Ngouajio, 2012). PE mulches can
increase crop productivity, but their disposal or incineration causes severe environmental problems,
such as air, water, and soil pollution, in addition to food security issues such as food and soil
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contamination. Moreover, Steinmetz et al. (2016) found that PE mulches could decrease soil
quality in the long-term due to non-biodegradability of plastic fragment residuals.
Increases in plastic mulch consumption have led to serious waste issues and irreversible
soil pollution by non-biodegradable and non-recoverable PE fragments (Touchaleaume et al.,
2016). Given the pervasive nature of plastic pollution with uncertain and complex policy solutions
(Brodhagen et al 2017), innovative ways and new technologies to control pollution and preserve
soil quality are needed to create a solution. Biodegradable plastic mulches (BDM), produced from
biodegradable polymers (like starch or cellulose), have been proposed as a sustainable and
environmentally friendly alternative to conventional petroleum-based mulches to reduce disposal
efforts, as this innovative form of mulch degrades in the field (Brodhagen et al., 2017; Briassoulis,
2007; Corbin et al., 2013). At the end of the crop cycle, BDM have the advantage of being
incorporated directly into the soil, or into a composting system, where they undergo biodegradation
by soil microorganisms (Moreno and Moreno, 2008). Furthermore, in addition to mitigating the
associated pollution and environmental hazards at the end of their productive life, BDM may also
save time, labor, and disposal costs.
Despite its advantages, BDM is a more-costly option, which needs to be taken into account
when considering its economic feasibility. Understanding consumers’ willingness to pay more for
environmentally friendly and sustainable products is critical to the suppliers in the agricultural
sector who may consider adopting BDM. Chen et al. (2019) found that a 10% premium of
strawberries grown on BDM could be obtained from U.S. consumers. Loureiro et al. (2001)
determined that consumers are willing to pay a 5% premium for eco-labeled apples. Belcher et al.
(2007) estimated that consumers were willing to pay a premium of 10% to 20% for beef produced
using more environmentally management practices compared to conventional practice. The above
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examples show that consumers are willing to pay more for environment-friendly agricultural
commodities, but the way to grow those agricultural produce remains an open question, and we
seek to fill this gap with input from farmers, advisors, and other agricultural participants.
In this study, we investigate the preferences among agricultural participants (e.g., farmers,
crop advisors, educators, and others) about the adoption of BDM in six scenarios; each differing
in terms of soil conditions and their willingness to pay (WTP) for the adoption of BDM in the
agricultural supply chain. Using choice experiments, we study how agricultural participants value
the different attributes of BDM. Choice experiments are useful for data collection that observe
prevalence in use by studies on both consumer and producer preferences (Carroll et al., 2013;
Gallardo et al., 2015; Hoke et al., 2014; Onken et al., 2011; Shi et al., 2011; Yue and Tong, 2009;
Zhang et al., 2010).
In choice experiments in the current context, participants select among a group of
alternatives that present different combinations, or levels, of attributes. In view of the above
literature and according to discussions with field experts, we selected a set of attributes, or more
specifically, scenarios, of BDM including a premium for crops grown on BDM, soil health,
percentage of plastic residue left in the field after a harvesting season, and material costs. The
levels of attributes vary among different alternatives such that choice experiments replicate rational
decision-making process and can be used to derive the utilities for different attributes. Moreover,
a cost attribute is included in each choice set, which enables researchers to convert marginal
utilities into marginal valuations for each attribute.
The remainder of this article is organized as follows: section 2 presents the empirical
methods; section 3 summarizes the data and the collection process; section 4 analyzes the results;
and section 5 concludes with policy implications.
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2. Method
2.1 Experimental Design
The pre-test sampling was conducted in the state of Washington before November 1, 2018
by selected farmers and crop advisors. After revising the original survey, we distributed the revised
survey to focus groups in the agricultural sector at the Pacific Northwest Vegetable Conference
and Washington Small Fruit Conference in November 2018 using i-clickers. Previous studies have
highlighted the benefits of using audience survey technology in research, including the ability to
survey larger groups, elimination of data entry errors, ease of use, and decreased time when
compared with traditional survey methods (Powe et al., 2009). Also, the technology has been
shown to be a reliable method of data collection that increases audience engagement (Hall et al.,
2005; McCarter and Caza, 2009). Therefore, we used TurningPointTM (Youngstown, OH) polling
software to capture responses from the farmers, crop advisors, educators, and others in the
agricultural supply chain (hereafter referred to as “agricultural participants”). The participants
were selected in order to examine how preferences vary across major segments in the U.S.
agricultural industry. Each respondent submitted responses through an individual response card
keypad, hereafter referred to as an “i-clicker”. The TurningPointTM polling system allows a
multiple-choice response format with a maximum of 10 response alternatives. The technology
enables respondents to select only one response per question. Each question was left open for
answering until most respondents submitted their answers within 15 to 20 seconds. When the
survey for each question was complete, the system displayed a graphic representation of the
number of responses for each answer option immediately. The agricultural survey included six
discrete choice scenarios, ten questions about farm operations, experience with plastic mulches
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and BDM, risk, socio-demographic characteristics, and other factors that might influence their
BDM purchase decisions.
The discrete choice scenarios section presents selected scenarios depicting a situation for
adopting BDM. Each scenario is comprised two choice options (A and B), representing different
combinations of change in crop price, portion of plastic residue in the field at end of season (before
tilling into soil), soil health, and mulch cost per 1,000 feet of mulch. Respondents were asked to
choose one option from each choice set. If neither option is of interest, respondents could choose
a third option, which was “opt out” (labeled as C), presented as conventional plastic mulch. An
example of the choice experiment is presented as:
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Scenario 1. Please choose the option you prefer (Option A, B or C)
Biodegradable plastic mulches
Option A (BDMs)

Option B (BDMs)

No change

10% premium

5%

30%

Option C

attributes
Change in crop price
Portion of mulch residue in field
at end of season

Conventional
(before tilling into soil)
Plastic Mulch
Soil health

No effect

10% decrease

$120

$80

Mulch cost
(per 1000 ft of mulch)
Which option would you
choose?

Table 1 describes the attributes and levels associated with BDM, including two levels for consumer
price premium, plastic residue, and soil health. The three levels of mulch cost were selected in the
choice scenarios following the price range of BDM in Chen et al. (2018). Altogether, for a total of
23 * 3 = 24 possible combinations. Since it was not possible to include every combination of BDM
attributes, we developed the fractional factorial design for choice sets by following Louviere et al.
(2000) with SAS JMP® 8 software. We used the main effects BDM fractional factorial design to
randomly selected 12 choice options from the remaining set, including six choice scenarios, for
each consisting of 2 pairwise choices (option A and B).
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2.2 Empirical Model
We applied a discrete choice experiment method to estimate respondents’ willingness to
pay (WTP) for the adoption of BDM. Choice modeling is based on the premise that an underlying
rational decision process is used when making individual choices. In particular, the discrete choice
models used in this study are based on consumer random utility theory, which can easily be
extended to producers (Lusk & Hudson, 2004). The random utility for individual i in choosing a
choice set containing Z alternatives (j=1, 2,…, Z) to maximize its utility or profit. In addition, we
are also interested in individual characteristics that might have an influence in the decision making
on selecting a choice set. The utility function can be represented as:
𝑈𝑖𝑗 = 𝛽𝑖 𝑋𝑖𝑗 + 𝜀𝑖𝑗

(1)

where 𝑋𝑖𝑗 is the deterministic component of the utility function; 𝜀𝑖𝑗 , which is independently and
identically distributed Gumbel distribution (extreme value), is the random variable that capture
unsystematic and unobserved random element of individual i’s choice. The indirect utility 𝑋𝑖𝑗 is
an additive function of scheme features that can be written as:
𝑄

𝐾

𝑋𝑖𝑗 = 𝛿𝑖 𝐴𝑆𝐶𝑗 + ∑ 𝛼𝑘 𝑆𝑗𝑘 + ∑ 𝑟𝑞 𝑊𝑖𝑞 + 𝜀𝑖𝑗
𝑘=1

(2)

𝑞=1

where δ is the vector of costs for each alternative j; α is the vector of coefficients for k BDM
attributes; γ is the vector of coefficients for the individual characteristics; 𝐴𝑆𝐶𝑗 is the alternative
specific constant representing the utility provided by option j not explained by rating variations
(j= option A, or option B, etc.); 𝑆𝑗𝑝 represents the ratings for k attributes as presented in option j
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to individual i; 𝑊𝑖𝑞 presents the q individual characteristics such as the most important factor
affecting BDM purchasing decision, on-farm revenues, risk, etc.; and 𝜀𝑖𝑗 is the error term.
Lusk et al. (2003), Ouma et al. (2007), and Tonsor et al. (2009) indicate that it is important
to evaluate heterogeneity when applying a model since consumers often show heterogeneous
preferences that are unrelated to observable characteristics. Therefore, we employed a mixed logit
model to estimate producer WTP for the BDM attributes. In addition, the mixed logit model can
relax the independence of irrelevant alternatives (IIA) assumption by modeling heterogeneous
producer preferences to adopt BDM (Alfnes, 2004; Revelt & Train, 1998; Train, 2003; Zheng et
al., 2016). Following other studies, we are interested in how respondents value BDM attributes
differently across different segments which revealed preference heterogeneity on product attributes
by consumers and producers (Campbell et al., 2013; Costanigro et al., 2007; Straughan and Roberts,
1999; Wang et al., 2016). The empirical mixed logit model across different segments is as follows:
3

3

3

𝑃

𝑄

𝑈𝑙𝑖𝑗 = ∑ 𝛿𝑙𝑖 𝐴𝑆𝐶𝑗 + ∑ ∑ 𝛼𝑙𝑝 𝑆𝑗𝑝 + ∑ ∑ 𝑟𝑙𝑞 𝑊𝑖𝑞 + 𝜀𝑖𝑗
𝑙=1

𝑙=1 𝑝=1

(3)

𝑙=1 𝑞=1

where δ, α, γ are the vectors of coefficients for each alternative, BDM attributes, and individual
characteristics, respectively; 𝐴𝑆𝐶𝑗 is the alternative specific constant; 𝑆𝑗𝑝 is BDM attribute; 𝑊𝑖𝑞 is
the individual characteristic; segment l =1, 2, 3 represent the three different segments: farmers,
crop advisors, or non-farmers and non-crop advisors; and 𝜀𝑖𝑗 is the error term.
A change in a single BDM attribute is interpreted as the marginal willingness to pay
(MWTP) estimate. These are calculated from the estimated parameters of mixed logit models as
follows:
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𝑀𝑊𝑇𝑃𝑘 = −

𝛽𝑘
𝛽𝑝

(4)

where 𝑀𝑊𝑇𝑃𝑘 is the marginal willingness to pay for the kth BDM attribute, 𝛽𝑘 is a parameter
estimate for the kth attribute; and 𝛽𝑝 is a parameter estimate for the mulch cost from the mixed
logit estimation. The standard deviation for each MWTP was estimated by simulating 1,000
random observations from a multivariate normal distribution for each parameter estimate; for each
of these 1,000 observations, the MWTP was calculated following equation (4) generating an
empirical distribution (Krinsky & Robb, 1986).
3. Data
We collected a total of 81 respondents from the focus groups in the agricultural sector at
the Pacific Northwest Vegetable Conference on November 14, 2018 and Washington Small Fruit
Conference on November 29, 2018. However, 17 respondents were omitted due to missing
responses or lack of variation among the choice alternatives. Table 2 presents summary statistics
and descriptions of explanatory variables for 64 respondents with valid responses. The study
sample included 25% farmers and 30% crop advisors, and most respondents (69%) were familiar
with BDM. In the past 34% and 13% of the respondents have used polyethylene (PE) mulches and
BDM, respectively. Approximately one-third of respondents (33%) had been involved in crop
production as a farm owner, manager, or primary decision maker for more than five years, and
36% of participants generated gross on-farm revenue of at least $100,000 in 2018. When
considering the use of BDM in the field, 20% and 19% of respondents, respectively, indicated that
the cost of BDM material and improved soil health were the most important factors. We are also
interested in the respondents’ perception of risk-taking behavior in their business, which was
measured on a nine-point Likert scale (from 1 = “extremely unwilling to take risk” to
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9 = “extremely willing to take risk”) following Li and McCluskey (2017), and more than half
(56%) of the respondents in our sample indicated that they were willing to take risk. Table 3 lists
selected explanatory variables and abbreviations used with a short description in the model.
4. Results and Discussion
4.1 Pooling Model
For three attributes we used binary variables for each attribute: consumer premium, plastic
residue, and soil health. Dollar values (per 1,000 feet) for the cost of mulch were $80, $120, and
$160 within the price range of BDM following Chen et al. (2018). Additionally, we estimated the
probability of selecting a particular alternative as a function of choice-specific attributes and an
alternative specific constant (ASC). Since our choice experiment involves “conventional plastic
mulch” options, the ASC is not choice specific but is equal to “1” if either A or B is chosen, and
“0” if C is selected.
Table 4 presents the results from a mixed logit model with BDM attributes in model 1 and
with BDM attributes and characteristics in model 2. The log-likelihood ratio test statistics are 325.903 and -318.380 with a p-value of less than 0.01 in models 1 and 2, respectively, indicating
that both models fit the data well. According to the AIC value, model 2 with individual
characteristics fits better than model 1, inferring that respondents’ characteristics might influence
the choice set. ASC shows a significantly positive effect at the 10% level, implying that
participants exhibit a strong preference for BDM. In models 1 and 2, the cost parameter is negative
and significant at the 5% level, implying that when the cost of BDM product increases, the
respondent is less likely to purchase it. Consumer price premium is positive and statistically
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different at 1% significance level, revealing that respondents are willing to adopt BDM when the
crop commands a higher price premium from consumers.
In model 2 soil health has a positive effect on WTP at the 10% significance level, implying
participants are most likely to use BDM if there is no effect on soil health. This is consistent with
the findings about the positive effects of BDM on soil health by Sintim et al. (2019), Steinmetz et
al. (2016), and Touchaleaume et al., (2016). For plastic residue, there is a negative effect at the 1%
significance level, in that respondents are less likely to choose BDM when there is a higher portion
of plastic residue left in the field after the harvesting season than a lower portion. Furthermore, the
standard deviations for soil health and plastic residue are statistically different at the 1%
significance level, which reflects heterogeneous preferences for soil health and plastic residue.
For respondents’ characteristics variables in model 2, our results show that cost sensitive
respondents who placed cost of material as the most important factor when considering the use of
BDM are less likely to adopt BDM at the 1% significance level. Respondents who are risk-taking
are willing to pay more for BDM at the 1% significance level. This is consistent with other studies
in Bond and Wonder (1980), and Frankena, et al. (2014).
4.2 Segmented Models
Purchasing decisions of the respondents vary across farmers, crop advisors, and others.
Since we have 25% farmers and 30% crop advisors, accounting for 55% of respondents in this
study, we would like to compare the within group decisions across other groups. Thus, we run the
mixed logit model separately across three different segments. In Appendix Table A1, the cost
parameter shows negative and significant at the 5% level in others, but insignificant in farmers and
crop advisors. This implies that those who are neither farmers nor crop advisors would place more
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emphasis on the cost of the BDM material when they consider the use of BDM. Alexander et al.
(2005) pointed out the use of consultants by commercial crop and livestock producers had
significantly increased from 1998 to 2003. The upshot is that growers (and crop advisors) need to
include both revenue (including price premiums) and costs, or profit, into decision making. That
is, profit per unit of output is the defining decision making criteria, and not simply cost per acre.
The consumer premium coefficient presented is statistically significant across all segments,
indicating respondents are willing to select BDM when receiving a price premium for a crop grown
on BDM. Crop advisors are more sensitive, by a narrow margin, to soil health than the other
groups, given z and p values of 1.69 and 0.092 respectively. Furthermore, all participants have
heterogeneous preferences for plastic residue, but crop advisors and non-farmers and non-crop
advisors have heterogeneous preferences for soil health.
Considering individual characteristics across segments in Appendix Table A2, our findings
show that cost is significantly negative at the 1% level in crop advisors, implying crop advisors
are more cost sensitive than other groups. In addition, risk exhibits positive significance in farmer
and others, indicating that the participants who are more willing to take a risk are more likely to
choose BDM except the group of crop advisors.
4.3 Predicted Marginal Willingness To Pay
Applying the estimated coefficients from equation (4), we calculated MWTP values for
BDM attributes following Train (2003). The results indicate that respondents are willing to pay a
premium of $93.06 per 1000 ft of mulch when a 10% increase in consumer premium for cultivation
of crops on BDM is available. In addition, respondents indicate a diminished value of $87.36 per
1,000 ft of mulch to increase the portion of mulch residue left in the field after the end of season
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(before tilling into soil) from 5% to 30%. Furthermore, participants are willing to pay a premium
of $56.54 per 1,000 ft of mulch to improve soil health from a decrease of 10% to no effect. In sum,
the greatest WTP value was assigned to consumer premium, which indicates that consumer
premium should be factored into agricultural growers’ calculus.
As our results show that the cost attribute is significant to other participants but not
necessarily to farmers who make decisions on profit per unit of output. Chen et al. (2019)
concluded that consumers were willing to pay a 10% premium in average for strawberry grown on
BDM and that costwise the price premium is able to cover the higher procurement costs of BDM.
Using Washington State as an example, a partial budget analysis following Galinato and Walters
(2012) returns the following figures: (i) a price premium of $3.29/pound (i.e., a 10% premium
added to $2.99/pound retail price in the Northwest region according to the Fresh Fruit Portal
(2015), minus marketing costs), (ii) BDM cost of $46 to $190 per 1,000 ft (Chen et al. 2018), (iii)
cost elimination in mulch removal/disposal and additional cost of BDM tilling in the postharvesting season of about $180/acre (assuming 6 hours/worker times $15/hour for 2 workers).
Altogether, our results showed an increase in profit of 52% to 87% relative to conventional plastic
mulch, which, in other words, are mainly attributed to the additional revenue generated from the
price premium (95% benefit) and labor cost savings (5% benefit). By exemplifying the different
focal points between growers and other groups, this simple analysis helps interpret the empirical
results. It also demonstrates the economic feasibility of BDM, despite it being 100% more
expensive than conventional plastic mulches, agricultural growers’ also realize a reduced cost of
disposal and labor with a price premium. From a social perspective there is also a positive
externality as plastic leakage into the terrestrial and water ecosystems is reduced.
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5. Conclusion
The main purpose of this study is to assess U.S. agricultural participant’s WTP for the
adoption of BDM in the agricultural supply chain; and how these participants rank the relative
importance of different BDM attributes using discrete choice experiments. Employing a mixed
logit model, we assess the WTP for the adoption of BDM and its functional attributes, with 64
respondents from the focus groups in the two Pacific Northwest region conferences in November
2018. In this survey, we found that respondents are willing to pay a statistically significant
premium for healthy soil and a lower portion of plastic residue left in the field after the harvesting
season. Specifically, respondents who are more willing to take risk or have lower concerns about
material costs are more likely to adopt BDM. Respondents assigned the marginal WTP values of
$93 and $57 per 1,000 feet of mulch for a 10% consumer price premium of crops grown on BDM
and no change in soil health, respectively. On the contrary, respondents discounted the marginal
WTP value by $87 per 1,000 feet of mulch if the portion of mulch residue left in the field increased
from 5% to 30% after the end of season (before tilling into soil).
Respondents’ WTP differs in BDM attributes, but this should be expected as each
participant has his or her own objectives and preferences. Specifically, the cost attribute comes as
a greater concern to non-farmers and non-crop advisors, whereas the soil health attribute is more
crucial to crop advisors. Accordingly, crop advisors and others’ preferences for soil health are
mixed compared to farmers. Here, even the most sustainable minded farmers must focus on profit
per unit of output to stay in business, and must account for the combination of attributes that impact
their profitability.
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To conclude, it is important to identify how new agricultural biotechnology developments
will affect willingness to pay for the adoption of BDM in the agricultural sector. In a broad sense,
we seek to understand how green technologies with positive externalities affect agricultural
productions when they are introduced into the market. This study sheds light on the effect of
biotechnology on farming practices to stimulate innovative solutions for policymakers and
industry participants at large to promote sustainability in agricultural production.
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Table 1. BDM attributes, levels, and descriptions
Attribute

Levels

Description

Consumer Premium

no change, 10% premium

change in crop price when growing a crop on BDM

Plastic Residue

5%, 30%

% of plastic residue left in the field after harvesting

Soil Health

no effect, 10% decrease

referred as soil quality

Cost

$80, $120, $160

cost unit is dollars in per 1,000 feet of mulch
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Table 2. Summary statistics of explanatory variables (n = 64)
Variable
Description
Occupation
Farmer
Educator (Research, Extension)
Crop advisor
Other
Knowledge about BDM
Not at all familiar
Slightly familiar
Moderately familiar
Very familiar
Not sure
Have you ever used PE Mulch
Yes
Otherwise
Have you ever used BDM
Yes
Otherwise
Years of production
Less than 1
1–5
6 – 10
11 – 15
16 – 20
Greater than 20
Not applicable
Gross on-farm revenue in 2018
Less than $25,000
$25,000 – $49,999
$50,000 – $74,999
$75,000 – $99,999
$100,000 – $249,999
$250,000 – $499,999
$500,000 – $999,999
$1,000,000 – $2,499,999
More than $2,500,000
Not applicable
Most important factor for using BDM
Cost of BDM material
Labor cost savings
Increase in crop production
Potential price premium of crop
Benefits of tilling BDM into field
Visual appearance after harvest
Improved soil health
Others
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Frequency (%)
25.0
15.6
29.7
29.7
25.0
43.8
14.1
10.9
6.2
34.4
65.6
12.5
87.5
6.3
17.2
6.3
6.3
3.1
20.3
40.5
7.8
1.6
0.0
0.0
9.4
3.1
1.6
6.3
14.1
56.1
20.3
14.1
6.3
3.1
12.5
3.1
18.8
21.8

Table 3. Descriptions of selected explanatory variables
Variable

Description

Farmer

1 = respondents are farmer, 0 = otherwise

Advisor

1 = respondents are crop advisor, 0 = otherwise

Cost importance

1 = cost of BDM material is the most important factor, 0 = otherwise

Experience

1 = more than 5 years of experience, 0 = otherwise

Revenue

1 = revenue is no less than $100,000, 0 = otherwise

Risk

1 = risk-taking (level of risk: 5 or above), 0 = otherwise
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Table 4. Empirical estimates for pooling models
Model 1
Variable
Estimate
S.E.

Model 2
Estimate

S.E.

Mean
Cost

-0.013 **

0.007

-0.013 **

0.007

ASC

1.559 *

0.942

1.344

0.972

Consumer Premium

1.209 ***

0.248

1.203 ***

0.252

Plastic Residue

-1.147 ***

0.324

-1.129 ***

0.322

0.667

0.419

0.731 *

0.416

-1.095 ***

0.423

Soil Health
ASC * Cost Importance
ASC * Revenue
ASC * Risk

-0.407

0.380

1.012 ***

0.360

Standard Deviation
Consumer Premium

0.255

0.744

0.376

0.382

Plastic Residue

1.609 ***

0.291

1.620 ***

0.292

Soil Health

1.004 ***

0.330

0.838 ***

0.334

Log likelihood

-325.903

AIC

667.805

BIC

707.945

-318.380
658.761
713.953

Note: Single, double, and triple asterisks (*, **, ***) indicate significance at the 10%, 5%, and 1% level,
respectively. 1,116 observations.
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Appendix A
Table A1. Empirical estimates for model 1 across segments
Variable

Pooling

Farmer

Crop Advisor

Other

-0.013 **

-0.005

-0.015

-0.020 **

(0.007)

(0.012)

(0.016)

(0.009)

1.559 *

0.647

0.868

2.737 **

(0.942)

(1.800)

(2.187)

(1.367)

1.209 ***

1.067 **

2.044 ***

Mean
Cost

ASC
1.036 ***

Consumer Premium
(0.248)

(0.458)

(0.632)

(0.368)

-1.147 ***

-1.196 **

-1.492

-1.370 ***

(0.324)

(0.562)

(0.766)

(0.471)

0.667

0.596

1.696 *

0.319

(0.419)

(0.790)

(1.005)

(0.623)

Plastic Residue

Soil Health
Standard Deviation
0.255

0.602

0.354

-0.444

(0.744)

(0.588)

(0.915)

(0.366)

1.609 ***

1.098 **

2.685 ***

Consumer Premium
1.502 ***

Plastic Residue
(0.291)

(0.471)

(0.787)

(0.399)

1.004 ***

0.640

1.681 **

(0.330)

(0.564)

(0.772)

(0.475)

1.151 ***

Soil Health
Log likelihood

-325.903

-86.519

-81.393

-149.621

AIC

667.805

189.038

178.786

315.241

BIC

707.945

218.173

209.179

No. of Obs.

1116

282

330

349.022
504

Note: Standard errors are in parentheses. Single, double, and triple asterisks (*, **, ***) indicate statistical
significance at the 10%, 5%, and 1% level, respectively.
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Table A2. Empirical estimates for model 2 across segments
Variable

Pooling

Farmer

Crop Advisor

Other

-0.013 **
(0.007)
1.344
(0.972)
1.203 ***
(0.252)
-1.129 ***
(0.322)
0.731 *
(0.416)
-1.095 ***
(0.423)
-0.407
(0.380)
1.012 ***
(0.360)

-0.005
(0.012)
-0.903
(1.926)
1.063 ***
(0.426)
-1.130 **
(0.532)
0.639
(0.776)
1.261
(1.208)
0.365
(0.926)
1.948 ***
(0.663)

-0.009
(0.015)
0.947
(2.123)
1.745 ***
(0.576)
-0.718
(0.714)
1.709 **
(0.874)
-2.262 ***
(0.874)
0.017
(0.900)
-0.065
(0.808)

-0.019 **
(0.009)
2.415 *
(1.402)
1.024 ***
(0.367)
-1.344 ***
(0.461)
0.371
(0.614)
-1.010
(0.641)
-0.841
(0.706)
1.180 **
(0.539)

0.376
(0.382)
1.620 ***
(0.292)
0.838 ***
(0.334)
-318.380
658.761
713.953
1116

0.020
(0.948)
1.067 **
(0.459)
0.170
(0.752)
-81.879
185.759
225.820
282

0.043
(0.589)
2.324 ***
(0.701)
0.712
(0.555)
-78.112
178.224
220.014
330

0.456
(0.390)
1.428 ***
(0.390)
1.012 **
(0.469)
-150.686
314.678
361.126
504

Mean
Cost
ASC
Consumer Premium
Plastic Residue
Soil Health
ASC * Cost Importance
ASC * Revenue
ASC * Risk
Standard Deviation
Consumer Premium
Plastic Residue
Soil Health
Log likelihood
AIC
BIC
No. of Obs.

Note: Standard errors are in parentheses. Single, double, and triple asterisks (*, **, ***) indicate statistical
significance at the 10%, 5%, and 1% level, respectively.
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