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Abstract

The market structure and recipes for beer has been rapidly changing with craft beers attracting
more consumers. Perceived hops quality (hoppiness) is one of the main attributes that micro-
brewers alter to differentiate their products to satisfy consumers’ changing tastes and prefer-
ences. We hypothesize that, in addition to manipulating beer-processing conditions, the
conditions under which the hops are grown may also influence the final sensory properties
of the beer. Using hops from a field experiment coupled with sensory attributes and sociode-
mographic characteristics from a contingent valuation survey, we analyzed the impact of
under-fertilized hop treatments during the growing season on consumers’ willingness to pay
for beer. The results indicate that uninformed consumers in a blind tasting could identify
the differences in beer made from hops across the fertilization treatments and, thus, implying
that all else equal sufficient fertilizer is required to achieve satisfactory hoppiness for which
consumers are willing to pay. (JEL Classifications: C91, D12, L66, Q11)

Keywords: beer, hoppiness, willingness to pay, fertilizer.

I. Introduction

The craft brew revolution has been transforming the beer industry. Although mass-
produced brews still account for the vast majority of beer sales, sales of craft beers
have also grown steadily for many years. Total U.S. beer sales reached $107.6
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billion in 2016 which represented a 12.7% increase from total sales in 2011 (Brewers
Association, 2012, 2017a). Although total beer sales have experienced only a small
growth in recent years, there have been significant changes in the composition of the
industry. The craft beer market has been rapidly growing in the U.S. accounting for
nearly 12.3% of the total U.S. beer market by volume and 21.8% of U.S. retail dollar
value in 2016. That is a large increase of 156.3% in retail value in dollars for the same
five-year period (Brewers Association, 2012, 2017a).

The growth of the craft beer market also positively impacted demand for U.S.
hops. Currently, the United States is the second biggest producer of hops in the
world (Barth-Haas Group, 2016). U.S. hop acreage has increased from 30,000 to
51,000 acres or by 77.7% from 2011 to 2016 (Hop Growers of America, 2012;
United States Department of Agriculture: National Agricultural Statistics Service,
2016). While more states have recently entered into the hops market, most of the pro-
duction still comes from Washington, Oregon, and Idaho, with a respective share of
73.63%, 15.27%, and 11.11% in terms of harvested area (United States Department
of Agriculture: National Agricultural Statistics Service, 2016).

Fertilizer application is used in hops production, and increased fertilizer usage is
associated with higher production costs and concerns regarding environmentally
friendly production (Davidson, 2009; Tilman et al., 2011; Vitousek et al., 1997).
Hop producers are motivated to maximize profits, which depend on both the
quality of the hops and the costs. Therefore, the ramifications of fertilized regimes
for hops on consumer preferences of beer are unknown and are still important empir-
ical questions to investigate.

The primary objectives of this study are: (1) to analyze the impact of under-fertil-
ized treatments on perceived hops quality of beer and its impact on consumers’ will-
ingness to pay (WTP) for beer; (2) to evaluate the impact of different intrinsic
characteristics, including taste, hoppiness,! aroma, and appearance, on the WTP
for beer; and (3) to examine the relationship between sociodemographic variables,
beer purchase habits, and beer consumption variables and WTP for beer. We
employ the double-bounded contingent valuation (CV) method together with the
sensory analysis. We analyze the impact of the nitrogen fertilizer treatments on the
perceived quality of hops and the impact of hoppiness and other sensory attributes
on the WPT of consumers for beer by employing a double-bounded CV method.

II. Background

The number of craft brewers has increased from two in 1970 to 5,234 in 2016
(Brewers Association, 2017b; Tremblay and Tremblay, 2005). This number includes

"Hoppiness is a bouquet that identifies the bitterness, aroma, and flavor of the beer that depends on the
variety and intensity of the hops used to brew the beer (Alworth, 2015; Hieronymus, 2013).
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1,916 brewpubs, 3,132 microbreweries, and 186 regional craft breweries. Changes in
the beer market should be attributed to changes in supply and demand (Poelmans
and Swinnen, 2011). The demand for craft beers has been increasing in recent
years, mainly due to the changes in consumer preferences (Donadini and Porretta,
2017; Gémez-Corona et al., 2016; Reid, McLaughlin, and Moore, 2014). The evi-
dence also suggests that consumers’ WTP is higher for craft beer if there is a
harmony between consumer preferences and the taste of beer. Gabrielyan et al.
(2014) estimated that consumers are willing to pay 44 and 11 cents more for the
six-pack of beer (given an average price of $6.99) that they liked the most based
on the overall taste/flavor and hoppiness, respectively.

The supply side of the market has also undergone changes. The large number of
varieties of craft beers allows consumers to choose the beer that best suits their
tastes and preferences. The ability to change old varieties and introduce new prod-
ucts is one of the main drivers for producers to enter the market (Murray and
O’Neill, 2012). Others argued that market concentration facilitated the growth of
the craft beer market (Carroll and Swaminathan, 2000; Swaminathan, 1998). The
availability of funds to start a new business was another reason for the revival of
the craft beer market (Kleban and Nickerson, 2011). Similarly, market structure
and the availability and accessibility of capital equipment also made it easier for
new players to enter the market without the need for extensive technical knowledge
(Elzinga, 2011; Elzinga, Tremblay, and Tremblay, 2015).

Numerous extrinsic and intrinsic characteristics play a role in consumers’ liking of
craft beers. Gabrielyan et al. (2014) suggest targeting consumers who drink beer rel-
atively frequently and socially, and influence the consumption habits of their peers in
order to introduce new beers to the market. In addition, Aquilani et al. (2015) argue
that frequent beer drinkers represent the most frequent consumers of craft beer.
After being exposed to a new beer, sensory attributes can play an important role
in formation of quality expectations that can trigger a repeat purchase by the
same consumers (Grunert, 2002). However, there might be other extrinsic attributes
that impact consumer preferences without being directly related to taste, including
factors such as being organic or having environmentally-friendly production.

One of the commonly used tools by craft beer producers to differentiate their
product is the use of various types and levels of hops in their products. Hops are
one of the four main ingredients (along with yeast, malt, and water) used to
produce beer. Hop oil (within the lupulin gland) provides the main flavor and
aroma associated with hops. Then, the variety and intensity of the hops gives the
beers the specific flavor and aroma.

However, there is no specific methodology to define the type or concentration of
hops to use during the production of beer to produce a specific type of beer. Other
substances and technologies, such as Sierra Nevada’s “Hop Torpedo”™—a dry-
hopping device, used during the brewing process also have an impact on the final
product (Sierra Nevada Brewing Co., 2016). According to Schonberger and
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Kostelecky (2011), many brewers use sensory evaluation to select specific hops to
make a beer with the specific characteristics they want. Similarly, when consumers
taste a beer, they experience the perception of hoppiness.

Previous literature shows that consumers can identify and differentiate hoppy
flavor from other flavor ingredients (Reinbach et al., 2014). However, consumers per-
ceive various attributes differently. As a result, each individual subjectively tastes and
appreciates the same beer in a different way, making perceived hoppiness a horizon-
tal attribute. We hypothesize that perceived hoppiness is an attribute that is observed
by consumers and affects their WTP.

Hop growers use nitrogen fertilizer to provide sufficient nutrients for optimal plant
growth. Different fertilizer regimes have an impact on the growth of plants, as well as
on the chemical composition of the plants. Therefore, it can be expected that differ-
ent regimes will affect the quality of hop and, subsequently, the perception of the
quality of the hops and the consumers’ WTP for the beer that was produced with
the hops. In fact, research shows that different fertilizer levels affect growth of
trees, fruit, and vegetable quality (Aminifard et al., 2012; Huijuan, Hirano, and
Okamoto, 1999; Kuscu et al., 2014).

Although it has been shown that the style of irrigation and the amount of fertilizer
affects the quality and yield of hops (Takle and Cochran, 2017; Wample and Farrar,
1983), there is limited research on consumers’ assessment of the final product —
beer. The costs of fertilizer are some of the main variable costs associated with
hop production (Galinato and Tozer, 2016). Therefore, decreasing the amount of
applied fertilizer will reduce the production costs. We hypothesize that different fer-
tilizer treatments affect the hop essential oil composition, and consequently, affect
the consumers’ perception of these sensory attributes. Nitrogen is the main fertilizer
applied to hop plants together with phosphorus, potassium, and other chemicals
(Gingrich, Hart, and Christensen, 1994; Post et al., 2015).

As a method of product differentiation, producers may consider the use of hops
that were produced using environmentally friendly-methods. While decreasing the
amount of nitrogen fertilizer does not necessarily mean organic production, a
lower application of nitrogen could give the hop growers some advantages.
Caporale and Monteleone (2004) show that manufacturing technology (GMO,
organic, and traditional) impacts consumers’ perceived quality. This could give
farmers the opportunity to charge higher prices, which will compensate for the dif-
ference in yield as a result of incorporating environmentally friendly practices.
However, others did not find a strong relationship between organic label of beer
and the consumers” WTP (Poelmans and Rousseau, 2017). The practice of applying
less nitrogen fertilizer also reduces the damage to the environment by reducing the
nitrogen leakage to water system (Randall and Mulla, 2001).

Fertilizer application rates can also be used to manipulate crop yields (Lipecki and
Berbet, 1997; Tilman et al., 2002). In this instance, parallels can be drawn between
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wine and beer. It has been argued for a long time that controlling yield targets
through various techniques (e.g., cluster thinning) can improve grape and wine
quality (Petrie and Clingeleffer, 2006; Reynolds et al., 1994; Wolf et al., 2003).
The long-standing theory, however, has received significant criticism in recent
years (Franson, 2016; Matthews, 2015; Reeve et al., 2018; Uzes and Skinkis, 2016;
for more detailed information see Chapter 1 of Matthews, 2015).

In this study, we focus on the effect that different nitrogen regimes have on the
perceived quality of hops and its impact on WTP. The model allows us to identify
the relationships among sensory characteristics, various sociodemographic char-
acteristics and beer consumption habits on WTP for beer. The findings help us to
understand the impact that nitrogen fertilizer treatments have on the quantity and
quality of hops, the consumers’ acceptance and valuation of these attributes and
their WTP for different beer samples. The findings also help hop growers identify
the optimal amount of nitrogen fertilizer regimen and brewers to identify the poten-
tial impacts of sensory attributes in consumers’ WTP and the premium amount they
can charge for the final quality of their product. The methodology of the models,
data description, results/discussions, and conclusions follow.

III. Methodology

While the hedonic price analysis studies the effect of extrinsic and demographic char-
acteristics on equilibrium prices in a market, WTP analyzes the value consumers
place on characteristics expressed as the maximum amount. When analyzing the
sensory characteristics, the objective is to examine the WTP for the product in ques-
tion and identify how its sensory properties influence that amount. The CV method-
ology is commonly used to estimate consumers’” WTP (Hanemann, Loomis, and
Kanninen, 1991).

CV is a stated preference (SP) approach. The main criticism of SP techniques is the
hypothetical nature of the approach, which can lead to a hypothetical bias (HB). HB
refers to situations in which the WTP elicited from hypothetical formats diverge from
the WTP elicited from non-hypothetical formats. It is recognized in the SP literature
that it is difficult to construct incentive compatible valuation surveys even for private
goods, such as beer, for value estimates and potentially for marginal value estimates
(Carson and Groves, 2007).

Some researchers try to avoid HB in the assessment of SP through the inclusion of
“cheap talk” scripts (Cummings and Taylor, 1999). However, as Vossler (2016) dis-
cusses, the use of cheap-talk scripts can actually exacerbate the problem of HB.
The argument is that a cheap talk script can “emphasize excessively that choices
and policies are simply hypothetical, [which] dampens the already weak incentives
for truthfulness with likely undesirable effects” (Vossler, 2016, p. 39). Therefore, we
do not use a cheap-talk script for the current article.
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There are typically two types of CV models: the single-bounded model and the
double-bounded model. In the single-bounded model, the consumer is asked one
question about whether he or she would be paying to pay a specific price (bid) for
the item in question. While the double-bounded CV model asks consumers to
respond to a second bid that is contingent on the response to the first bid. There
is disagreement about the best number of iterations to include in the bidding proce-
dures in the CV method. The double-bounded model is more efficient, but may
exhibit an anchoring bias based on the first bid. Hanemann, Loomis, and
Kanninen (1991) conclude that the gain in efficiency largely prevails over the loss
by bias, which tends to be moderate.

Watson and Ryan (2007) argue that follow-up questions in double-bounded CV
alter the true preferences of the respondents. Others argue that the starting point
might bias consumers’ response in valuating health benefits of environmental inter-
ventions (Chien, Huang, and Shaw, 2005). SP choice experiments offer a timely and
low-cost method to obtain information on consumer preferences for food products.
We emphasize that no single valuation method is perfect; CV can provide useful
information for decision makers.

In our survey, we included a double-bounded question sequence. In a double-
bounded approach, each participant is presented with the two bids. The amount
of the second bid is contingent on the participant’s response to the first bid. If the
individual is willing to pay the amount of the initial bid (Bj;), the second bid
presented is a “premium” (higher) bid (Bp). If the individual is not willing to pay
the amount of the initial bid, the second amount presented is a discounted (lower)
bid (Bp).

Since WTP is a latent variable, the sequential questions serve to place upper and
lower bounds in the participant’s true WTP. The variable WTP can then be divided
into four intervals depending on the answers to the double-bounded bidding ques-
tions: (1) (oo, Bp)—the respondent’s WTP is less than the offered discounted
price, Bp, when both bids are rejected; (2) [Bp, B;)—the respondent’s WTP is
between the low bid, Bp, and the initial bid, B;, when the initial bid is rejected
and the lower bid is accepted; (3) [B;, Bp)—the respondent’s WTP exceeds the
initial bid but is less than the high bid, Bp when the initial bid is accepted and
the higher bid is rejected; and (4) [Bp, +o0)—the respondent’s WTP exceeds the
premium price when both bids are accepted.

Let WTP; denote individual i’s true WTP. The discrete outcomes of the bidding
process are

| if WTP, < Bp

y_ )2 By < WTP,<B 0
3 if By < WTP;<Bp"’
4 if WTP, > Bp
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The bid function for individual i is specified as
Yi=a—pB+Nzi+¢g, fori=1,..n,

where B; is the initial bid presented to an individual i and z; is a vector of explanatory
variables that includes sociodemographic variables, beer purchases, beer consump-
tion, drinking behavior, and the intensity of hops. The coefficients «, p, and A are
parameters to be estimated. The error term, g, captures potential unobservable
factors and characteristics that could affect the decision. The distribution of the
error term is assumed to follow a cumulative logistic distribution with a mean of
zero and variance of ¢ in other words, € ~ G(0, o). In implementing the model
empirically, we define G(-) as having a standard logistic distribution having a
mean of zero and standard deviation of o = 7/+/3.

The dependent variable in equation (1) can be expressed as the choice probability
for individual 7

+1y,—3 In[G(a — pBp + A'z;) — G(a — pBr + A'z;))]
+IY,:4 In[1 — G((X - pBP + /VZ,')}

Pr(Yi =)
= PI'(WTP < BD) = G(OC 7PBD +)L/Zi)
eaprDJr)L’Z;
= 1 + eocprDJr/\’zl
=Pr(Bp < WIP< B;) = G(a— pB; +1'z)) 1
, e(xpr,Jr)Vz, eaprDJr)»/:,'
- —G(a—pBp+A'z) = QR e ok S e o 2
Y =Pr(B; < WTP< Bp) = G(a— pBp + N'z)) ",
, eaprer/\’z[ E(X*f)B[#»)L/Z,’
—G(a—pBr+1'z) = TR e s Srp— 4
= PI‘(WTP > BP) =1- G((X —po +A,Zi)
% PBptN'z;
- 1+ ea—PBP-HUZi
(3)
The log-likelihood function is
Iy[zl lnG(a - pBD + /VZ,')
+1y_> In[G(a — pB; + A'z;) — G(a — pBp + XN z;
L:Zi Yi=2 { ( pPby l) ( pPLp ,)]’ (4)
[

where Iy,—; is an indicator function for individual i choosing the jth alternative. We
use maximum likelihood to estimate the model.
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IV. Data

In the present study, various fertilizer regimes were applied to Cascade hops during
the growing season at the Prosser, Washington research and extension facility of
Washington State University to evaluate the impact of the regime on the plant
growth, as well as on the chemical composition of the plants. Three different
batches of American India Pale Ale (IPA) beer were brewed from hops that had
three different fertilization treatments.? Table 1 presents the information on the nitro-
gen treatments, yields per acre, and cutoff days of the treatments. Treatment 3 had
the standard amount of nitrogen (240 pounds per acre) used by the industry.
Treatments 1 and 2 were under-fertilized with 50 and 25% nitrogen deficiencies,
respectively (120 and 180 pounds N/acre). Thus, treatments 1 and 2 were deficient
in nitrogen, that is, they were under-fertilized. Nitrogen was applied by chemigation,
a fertilizer-application technique by injection of nitrogen into irrigation water.

In May 2014, a consumer panel was held with blind tastings at the Washington
State University sensory evaluation facility. One hundred and fifty untrained partic-
ipants were recruited for the project and received a small non-monetary compensa-
tion.? Each panelist signed an informed consent form, and the project was approved
for the participation of a human subject by an institutional review board of the uni-
versity. All the panelists were 21 years old or older. The beers were kept at 4 to 7 °C
during storage. The panelists were presented all three samples of beer in random
order served in tulip-shaped glasses of the International Standards Organization
(ISO), covered with a petri dish at ambient temperature (approximately 23 °C).
The glasses had 3-digit codes for differentiation purposes. Each panelist evaluated
the samples with a mandatory 45-second break between the samples. They were
given unsalted crackers and water for cleansing and rinsing their palates between
each sample.

The panelists were asked about their demographic, socioeconomic characteristics,
and beer consumption and drinking behavior after completing the tastings. The
summary statistics for the demographic variables are presented in Table 2. Thirty-
eight percent of the panelists reported being married, and the mode response for
age was between 26 and 30 years old. Fifty-five percent of them were male. The
mode response for income was in the range of $20,000 to $29,999. The majority
(more than 80%) of consumers had at least a bachelor’s degree. These statistics
are not surprising given that the data collection was done at the university. Thirty-
six percent of the panelists were students. Therefore, the results cannot be extrapo-
lated to the general population. There are many factors that can alter the results.

2Researchers from the Viticulture and Enology Program at Washington State University were able to
produce beers with minimal changes in other ingredients and beer production.

3 Participants received a coupon of $1.99 for a local dairy store. The amount was enough to purchase a
large scoop of ice cream.
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Table 1
Nitrogen Treatment Information
Treatment Total Nitrogen Per Acre Used Yield
Treatment 1 120 1493 +/- 205**
Treatment 2 180 1522 +/- 210
Treatment 3* 240 1976 +/—298**

* — This fertilizer regime is considered the standard treatment among all the fertilizer treatments detailed above.

** _ treatment mean is less than standard treatment at p <0.01.

Table 2
Definitions and Summary Statistics of Demographic Variables
Variable Description Frequency (%)
Gender 1 if male 0 if female 54.67
45.33
Age 1if 21-25 40.67
2 if 26-30 22.00
3if 31-40 18.00
4 if 41-50 8.67
5if 51-60 8.67
6 if 61-70 2.00
Student 1 if student 36.00
0 otherwise 64.00
Income 1 if <$19,999 40.00
2 if $20,000-$29,999 21.33
3 if $30,000-$39,999 9.33
4 if $40,000-$49,999 9.33
5 if $50,000-$59,999 3.33
6 if $60,000-$69,999 2.67
7 if $70,000-$79,999 3.33
8 if $80,000-$89,999 3.33
9 if $90,000-$99,999 0.00
10 if $100,000-$149,999 1.33
11 if >$150,999 1.33
Prefer not to answer 4.67
Race 1 if white 66.67
0 otherwise 33.33
Married 1 if married 38.51
0 otherwise 61.49
Education 1 if some high school 0.00
2 if high school graduate 0.67
3 if some college 18.67
4 if bachelor’s degree 41.33
5 if advanced degree 39.33

We collected data on consumer preferences and perceptions of sensory attributes
of the sampled beers through blind tastings. The panelists were asked questions
about five different sensory attributes after tasting each sample. The sensory

ssaud Aissaaun abpuquied Aq suluo paysliand 9z°gL0z'aml/2101°01/610"10p//:sdny


https://doi.org/10.1017/jwe.2018.26

Gnel Gabrielyan et al. 169

attributes were appearance, aroma, taste/flavor, hoppiness,* and overall liking. They
were given a scale that ranged from 1 (strongly disliked) to 9 (strongly liked). The
results of the tasting are provided in Table 3. Treatment 3 (with the standard nitrogen
level) was the most liked sample among all the categories except for aroma. In that
category, treatment 1 was the most liked sample.

Consumers were also asked about their beer purchasing behavior, drinking behav-
ior, and consumption habits (Table 4). On average, panelists drank beer at least once
a week (68%), with 47.33% drinking a beer more than a few times a week. The pan-
elists, on average, had at least two servings each time. These numbers are comparable
to the U.S. per capita consumption levels of three to four pints per week (Beer
Institute, 2011).3

The most common place to drink beer was at home. Half of the panelists preferred
microbrew or craft beers to macro or imported beers. The most liked style of beer
was amber followed by pale ale, lager/pilsner, and dark/stout. Engaging with
friends was the most important factor while consuming beer and this was followed
by mood and weather. The question that captured the importance of extrinsic char-
acteristics for beer consumption identified that the taste was the most important
factor, followed by price and brand. The mode reported price for a six-pack of
beer paid for by the panelists was in the range of $7 to $7.99.

Panelists were also asked about their level of agreement with several statements
related to their beer consumption. The questions were categorical Likert scale vari-
ables of 9 points ranging from “1” to “9” if the panelist strongly disagrees with the
statement to if the panelist strongly agrees with the statement, respectively. On
average, the panelists were eager to try local beers when they were in a new place.
However, the data showed that the panelists neither agree nor disagree that friends
had any influence on their beer choice and that they usually consumed only a few
beers. Descriptive statistics are presented in Tables 2 to 4.

After answering the sensory questions about each sample, the panelists were next
asked CV questions. They were asked if they would be willing to buy a six-pack
of the beer in question for $6.99, which was the average market price at the time
of the study. If the panelist was willing to pay the initial amount, a second offer of
the same beer was made for a higher price. If the panelist rejected the initial price,
a second offer of the same beer was made for a discounted price.

To cover the distribution of consumers’ WTP, the premium offer was one of the
four amounts randomly assigned to the participant: $7.49, $7.99, $8.49, or $8.99.
Similarly, each participant who rejected the initial price was offered a randomly
chosen discount price of $6.49, $5.99, $5.49, or $4.99. Therefore, each panelist
received a second offer of a discounted or premium price based on his or her

4The panelists were not given a definition of hoppiness.
5The value is derived from the average frequency and the average amount of consumption per occasions.
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Table 3
Summary Statistics of Sensory Attributes

Variable Description Overall Sample 1 Sample 2 Sample 3

Appearance Liking based on  6.167 (1.442)  6.113 (1.456)  6.200 (1.456)  6.213 (1.445)
appearance

Aroma Liking based on  5.351 (1.938)  5.420 (1.951)  5.240 (1.951)  5.393 (1.886)
beer aroma

Taste Liking based on  4.278 (2.127)  4.053 (2.156)  4.360 (2.156)  4.420 (2.168)
flavor/taste

Hoppiness Liking based on ~ 4.274 (1.830)  4.660 (1.794)  4.687 (1.821)  4.827 (1.882)
hoppiness level
Overall liking ~ Overall liking 4.380 (2.025)  4.247 (2.006)  4.353 (2.024)  4.540 (2.049)

Note: All variables are based on a 9-point Likert Scale, where “1” is extremely dislike to “9” is extremely like. Means are presented with
standard deviations in parentheses.

initial response. The price range was calibrated by a pre-test of the questionnaire
with people who did not participate in the main data collection study.

V. Results/Discussions

A. Treatment Effects Model

The estimates of the parameters of double-bounded CV analysis and the marginal
effects of the variables with a 95% confidence interval are presented in Table 5. It
is important to note that our study captures the impact of different fertilizer treat-
ments on the WTP. Hop treatments are dummy variables representing the nitrogen
fertilizer treatment in the analysis. We include the second and the third treatments in
the model using the first treatment as a reference point. We note that the third treat-
ment (the standard fertilization practice) has a positive and a significant impact on
consumers’ WTP. Based on these results, we can conclude that under-fertilization of
hops has a negative and statistically significant effect on consumers’ WTP.

The model captures the impact of the variation of specific variables in consumers’
WTP. Three out of four intrinsic characteristics have a positive and significant
impact on WTP at the 1% level. If the panelists like the taste of a specific sample
beer and rate it one unit higher on the nine-point Likert scale, then they are
willing to pay 28.4 cents more for a six-pack of the sample beer. Hence, the
premium taste of a specific beer that consumers like positively impacts the WTP.

Microbrewers also differentiate their products through aroma and appearance of a
beer. The aroma characteristic of beer has a positive and significant impact on the
WTP at the 1% level. However, the effect is less than the effects of taste and hoppi-
ness characteristics. If consumers like the aroma of a given sample by one unit on the
nine-point scale, they are willing to pay 11 cents more for a six-pack of that beer. The
appearance has no significant impact on the estimated WTP. Since all the samples
were similar in terms of the style and color, it is possible that consumers did not
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Table 4
Beer Consumption and Preferences
Variable Description Scaled Valuesl Frequencies (%) Mean St. Dev.
Frequency Frequency of beer consumption
1 if occasionally 16.67
2 if once or twice a month 15.33
3 if once a week 20.67 3087 1.261
4 if a few times a week 37.33
5 if every day 10.00
Home Frequency of home beer
consumption
1 if least often 16.00
2 if less often 15.33 3040 1134
3 if more often 17.33
4 is most often 51.33
Micro 1 if micro brewed beer 50.67
0 otherwise 49.33 0.507 0501
Lite Rankings of the Lite style 4.247 2444
Lager/pilsner Rankings of the lager/pilsner 4.700 1.812
style Equals to 1 if it is the least favorite
Amber Rankings of the amber style to 9 if the most favorite style for 5.767 1.360
Pale ale Rankings of the pale ale style panelists 5.693 1.614
Dark/stout Rankings of the dark/stout style 4.667 2.325
IPA Rankings of the IPA style 4.253 2.295
Weather 1 if the weather is the deciding 15.33
factor for beer consumption 0.153 0.361
0 otherwise 84.67
Mood 1 if the mood is the deciding  28.00
factor for beer consumption 0.280 0.450
0 otherwise 72.00
Drinking 1 if the drinking environment is 40.67
environment the dec1dlpg factor for beer 0407 0492
consumption
0 otherwise 59.33
Price importance Importance of the price as a 2.640 0.760
factor for beer consumption Eauals to 1if it is the least impor-
Taste importance Importance of taste as a factor quais to & § the feast IMpor- 4 766,515
. tant to 4 if the most important
for beer consumption factor for panelists
Brand importance Importance of brand as factor 2.380 0.661
for beer consumption
Pay (per six-pack) Actual amount paid for beer ~ 4.00
1 if less than or about $5
2 if $6-$6.99 18.00
3 if $7-$7.99 39.33 3.253 1.048
4 if $8-$8.99 28.67
5 if $9-$9.99 7.33
6 if above $10 2.67
Friends “I am Wllllng to drink w.hat.ever 5327 2133
beer my friends are drinking” Equals to 1 if panclists stronel
New place “When in a new place, I am duals to PANCUSES SWONEY ¢ 413 1 078
willing to try local beers” d1§agree to 9 if strongly agree
Same beer “There are only a few beers I with the statement 5.547 2.328

always order”
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Table 5
Marginal Effects of the Model with Hop Treatments on WTP for Beer

90% Confidence

Interval
Marginal Low. Up.

Variable Coefficient St. Error  Effect  St. Error Z-stats. Bound Bound
Constant —2.955%*%*  (.234

Bid 5.740 3.708

Gender (male) 0.063 0.324 0.021 0.110 0.193  —0.159 0.201
Age —-0.086 0.194 —-0.029 0.065 —0.445  -0.137 0.078
Student —-0.103 0.347 —-0.035 0.117  -=0.297  -0.227 0.158
White/Caucasian 0.289 0.354 0.098 0.120 0.817  —0.098 0.294
Married —0.456 0.512 —0.154 0.173  —-0.892  —0.438 0.129
Education —-0.061 0.225 —-0.021 0.076  -0.272  —0.145 0.104
Appearance 0.123 0.124 0.042 0.042 0996  —0.027 0.110
Aroma 0.330*%**  0.101 0.112 0.034 3.305 0.056 0.167
Taste/flavor 0.840***  0.117 0.284 0.038 7.481 0.222 0.347
Frequency 0.085 0.347 0.029 0.117 0.245  —0.164 0.221
Home —0.228* 0.141 -0.077 0.048 -1.618  —0.155 0.001
Micro beer -0.116 0.392 —-0.039 0.132  -0.296  —-0.256 0.178
Lite 0.104 0.105 0.035 0.036 0985  —0.023 0.093
Lager/pilsner —0.066 0.107 —-0.022 0.036  —0.617  —0.082 0.037
Amber 0.311%** 0.142 0.105 0.047 2.219 0.027 0.183
Pale ale —-0.072 0.102 —-0.024 0.034 -0.706  —0.081 0.032
Dark/stout 0.040 0.087 0.014 0.029 0.462  —0.035 0.062
IPA 0.038 0.086 0.013 0.029 0.445  —0.035 0.061
Price importance 0.611%* 0.268 0.207 0.090 2.292 0.059 0.355
Taste importance 0.099 0.319 0.033 0.108 0310 —0.144 0.210
Brand importance 0.658%* 0.272 0.223 0.091 2.448 0.073 0.372
Pay 0.311%* 0.149 0.105 0.050 2.089 0.023 0.188
Friends influence —0.084 0.078 —-0.028 0.026 —-1.068 —0.072 0.015
New place 0.099 0.177 0.034 0.060 0.560  —0.065 0.132
Income [$0-$29,999] —-0.477 0.605 —-0.161 0.204 -0.789  —0.496 0.174
Income —1.219%* 0.545 —-0.413 0.183  -2.258 -0.712 -0.113

[$30,000-$59,999]

Drinking environment ~ —0.211 0.455 —0.071 0.154 -0.465 -0.324 0.181
Mood —-0.616 0.486 —-0.209 0.164 -1.273  -0.477 0.060
Weather —0.285 0.564 —0.096 0.191  -0.504  -0.410 0.217
Hop treatment 2 0.473 0.294 0.160 0.098 1.632  —0.001 0.321
Hop treatment 3 0.541%**  0.132 0.183 0.043 4.233 0.112 0.254

* significant at 10% level, ** significant at 5% level, *** significant at 1% level.

perceive differences across the samples based on the appearance. The results could
have been different if there had been a greater variation in appearance.

Consumers with an annual income ranging from $30,000 to $59,999 were willing
to pay less by 41 cents for a six-pack of a beer compared to consumers with more
than $60,000 annual income (at 5% significance level). Our data could not capture
any significant difference between low income ($0-$29,999) and high income
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(more than $60,000) consumers. One possible explanation is that the relationship
between income and WTP is not linear similar to other alcoholic beverages
(Gustavsen and Rickertsen, 2018; Tozer et al., 2015).

There could also be other demographic factors that influence this outcome.
Students who generally have a lower income while in college may already have
beer and WTP preferences from higher-income families. Younger people may also
be more open to new types of beer compared to older participants who already
have built in preferences. Similarly, regional factors can also differentiate consumer
preferences. For example, this study is conducted in the Pacific Northwest region,
which is famous for the abundance of craft breweries (Brewers Association, 2018).

Drinking habits and consumers’ beer preferences also influence their WTP.
Consumers who drink beer mainly at home are willing to pay less. This observation
was not surprising since the beer for home consumption is purchased at a store where
the prices are lower compared to the other relevant places where the beer can be con-
sumed, for example, bars and restaurants. There is a positive and significant relation-
ship (at the 5% level) among consumers who prefer amber styles and the WTP
estimate. Consumers who prefer amber styles are willing to pay 10 cents more for a
six-pack of the beers sampled. One possible explanation for this result is that there
is a similarity of taste or appearance between sampled beers and amber-style beers.

There is also a positive and significant relationship (at the 5% significance level)
between the variables of importance of the price and brand and the WTP. If the
importance of a price or brand for beer consumption increases by one unit in a
four-unit scale, then the WTP increases by 21 and 22 cents, respectively, for a six-
pack of a beer. These results show that if a price or a brand are more important
for a consumer while purchasing a beer, then they are willing to pay more compared
to consumers who buy beer because of the other factors.

The variable that represents how much respondents usually pay for beer has a pos-
itive effect on the WTP and is significant at the 5% level. This result suggests that
participants who generally pay higher prices for a six-pack of beer at a grocery
store are willing to pay higher prices for the sampled beers.

The bid coefficient is positive but not significant at 10% level of significance.
Figure 1 shows the probability of saying “yes” to the offer to purchase beer with dif-
ferent bids.® We can see that the distribution of the probability of positive response is
not normally distributed and it is skewed towards the lowest of the bids. This phe-
nomenon is further demonstrated in the value of a mean WTP. We calculated

1 A .
overall mean WTP as 7(&+)LIE,') (Hanemann, 1984) and a confidence interval
p

using the delta method.

SThis includes offers in the second stage with discounted and premium prices.
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Figure 1
Probability of WTP as Bid Varies
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The mean WTP for a six-pack of beer is $6.46 with a 95% confidence interval of
$5.94 to $6.97. The point estimate is 53 cents lower than the initial price offered to
consumers of $6.99 (based on the market price at the time). This result suggests that
consumers, on average, are willing to a pay a lower price for the three beers offered in
the study compared with what they would buy in stores. However, the same consum-
ers are willing to pay higher premiums for the sampled beers when they like the
intrinsic characteristics of the beers.

These results highlight the importance of providing a sufficient amount of fertil-
izer to hops to elicit high consumer likings. However, these results do not necessarily
imply a linear relationship between fertilizer amounts and consumers’ perceived
quality, that is, additional increases in fertilizer amounts will generate higher con-
sumer liking of perceived quality. It is important to mention that standard fertilizer
treatments are based on previous knowledge and experiments that provide the best
results, in terms of quantity and quality. Other factors (e.g., environmental, agricul-
tural) also have a significant impact on the optimum amount of fertilizer application
that is accepted by the industry.
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A similar point can be made about the yields in each treatment group (Table 1).
The standard fertilizer application provides the best yield among all treatment
groups. Under-fertilized treatments with a deficient nitrogen application of 25%
and 50% on average generated 23% and 24.4% lower yields, respectively. Here, we
used under-fertilization as a treatment effect compared to the standard amount.
However, it is not clear, and we do not address, what would happen if the hops
were grown with amounts higher than the standard rates of nitrogen fertilizer.

It is also important to note that the type of the beer and hops used in the analysis
also affect the results. As noted earlier, we sampled American IPA using Cascade
hops. Beers are brewed using different hops with varying intensities. This makes
the process of explaining the relationship between hop varieties and their subsequent
qualities on the final product that individuals consume challenging. It is possible that
we could observe varying results with different styles of beer (e.g., stout, ale, lager).

B. Perceived Hoppiness Model

Different hop varieties and different levels of hop intensities give beer a specific taste
that brewers use to differentiate their products from other producers. Hoppiness is
assumed to be a “horizontal quality attribute.” This means that the hoppiness pref-
erences vary across consumers and an individual consumer prefers the level of that
attribute that is closest to his or her ideal.

As a robustness check and further investigation of “hoppiness,” we estimate a
model with the hoppiness variable instead of hop treatments. The results of this
model are presented in Table 6. The marginal effect of 17 cents for the third treat-
ment is very close to the marginal effect of hoppiness of 18 cents in the first
model. The results show that if consumers increase the ranking of a sample based
on their perception of hoppiness by one unit on the nine-point scale, they are
willing to pay 17 cents more for a six- pack of that beer. The hoppiness variable in
our study is a perceived quality of hops in beer instead of the actual hops quality
and intensity. Therefore, our results do not imply that the hoppier the beer, the
more consumers are willing to pay.

The statistical results also indicate that the fertilizer treatment impacts the level of
hoppiness perceived by consumers. The paired t-tests compare the mean levels of
hoppiness likings of three treatments and are presented in Table 7. We note that
there is no significant difference between samples 1 and 2 at 10% level of significance,
which are deficient in nitrogen. Treatment 3 has the standard nitrogen level.
However, there is a significant difference between treatments 1 and 3 and treatments
2 and 3 at 1% level of significance. This underscores the importance of fertilizer treat-
ment in hops quality perceived by consumers. We also noticed that the standard
treatment with nitrogen fertilizer results in the highest yield among the three treat-
ments (Table 1). Therefore, we conclude that a significant fertilizer treatment plays
a vital role in both hops quantity (yield) and perceived quality (hoppiness).
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Table 6
Marginal Effects of the Explanatory Variables on Mean WTP for Beer

90% Confidence

Interval
Marginal Low. Up.

Variable Coefficient  St. Error Effect St. Error  Z-stats.  Bound Bound
Constant —2.910%** 0.228

Bid 5.866 3.716

Gender (male) 0.065 0.328 0.022 0.113 0.197  -0.163 0.207
Age —0.091 0.192 —0.031 0.066 -0.474  -0.139 0.077
Student -0.112 0.348 —-0.038 0.119 -0.322 -0.234 0.157
White/Caucasian 0.269 0.353 0.092 0.121 0.761  —0.107 0.291
Married —0.415 0.510 —-0.143 0.175 -0.815  —0.429 0.144
Education —0.055 0.227 -0.019 0.078 -0.241 -0.147 0.109
Appearance 0.136 0.124 0.047 0.043 1.103  —-0.023 0.117
Aroma 0.311%** 0.100 0.107 0.034 3.118 0.051 0.163
Taste/flavor 0.848%** 0.117 0.291 0.038 7.584 0.228 0.354
Hoppiness 0.515%** 0.130 0.177 0.044 4.047 0.105 0.249
Frequency 0.086 0.346 0.030 0.119 0.249  -0.166 0.225
Home —-0.230%* 0.142 -0.079 0.049 -1.626  —0.159 0.001
Micro beer —-0.124 0.391 —0.043 0.134 -0.317  -0.263 0.177
Lite 0.089 0.104 0.031 0.036 0.855  —0.028 0.089
Lager/pilsner —0.064 0.107 —-0.022 0.037 -0.599  —0.082 0.038
Amber 0.291%* 0.140 0.100 0.048 2.084 0.021 0.178
Pale ale —0.068 0.101 —-0.024 0.035 -0.675  —0.081 0.034
Dark/stout 0.043 0.086 0.015 0.030 0.496  —-0.034 0.063
IPA 0.033 0.086 0.011 0.030 0.377  —0.037 0.060
Price importance 0.628%* 0.270 0.216 0.092 2.345 0.065 0.367
Taste importance 0.115 0.322 0.039 0.111 0.356  -0.142 0.221
Brand importance 0.666** 0.273 0.229 0.093 2.474 0.077 0.381
Pay 0.311%* 0.149 0.107 0.051 2.092 0.023 0.191
Friends influence —-0.082 0.079 —-0.028 0.027 -1.043  -0.072 0.016
New place 0.079 0.177 0.027 0.061 0.444  -0.073 0.127
Income [$0-$29,999] —0.483 0.601 —0.166 0.206 —-0.807  —0.504 0.171
Income —1.194** 0.545 -0.410 0.186 -2.210 -0.715 -0.106

[$30,000-$59,999]
Drinking -0.217 0.451 —-0.075 0.155 -0.481 —0.329 0.180
environment

Mood —-0.622 0.483 -0.214 0.166 -1.291  -0.485 0.058
Weather -0.320 0.565 —-0.110 0.195 -0.565  —0.429 0.209

* significant at 10% level, ** significant at 5% level, *** significant at 1% level.

VI. Study Limitations

While the results show that a standard fertilizer application is required to obtain the
best outcome in terms of consumer liking and WTP, it is important to note that there
are some limitations in the study. One of the most important factors that affect the
results is using a different hop variety or brewing a different style of beer that might
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Table 7
Paired t-test Results

Test Null Hypothesis Alternative Hypothesis P-value

Sample 1 and sample 2 There is no significant difference. There is a significant difference. ~ 0.25
Sample 1 and sample 3 There is no significant difference. There is a significant difference. ~ 0.00
Sample 2 and sample 3 There is no significant difference. There is a significant difference.  0.00

change our results. It is also unclear how much hop variety and intensity is used to
brew beer and the style of the beer affects the perceived quality of the beer.

The socioeconomic characteristics of consumers also play an important role in
identifying the relationship between fertilizer applications and consumer WTP.
The study is conducted on a college campus. For example, 36% of respondents
were students and the income modes were $20,000-$29,999. Therefore, the sample
data cannot be viewed as representative of all consumers in the country.

The study was done through blind tasting. In this sample, the panelists did not
know details of beers and hops. Telling consumers about nitrogen fertilizer deficien-
cies in some of the treatments and highlighting positive environmental aspects of it
can have a different impact on the consumers’ perception and the WTP of the
samples presented.

VII. Conclusions

The beer market is the largest market for alcoholic beverages in the world, but few
studies have analyzed the impact of sensory attributes and demographic character-
istics on consumers WTP for beer. Our results show that consumers in a blind
tasting can identify differences in beer made with hops grown with limited and com-
plete fertilizer treatments. The findings indicate that beers brewed with under-fertil-
ized hops negatively impact perceived hops quality. As a result, sufficient application
of nitrogen fertilizer is required to deliver higher consumer liking and WTP. The
taste and aroma also have a positive and significant impact on WTP. With limited
sample variation on appearance, the appearance does not have a significant
impact on the WTP.

The results also show that middle-income consumers are willing to pay less for
sampled beers compared to consumers with higher income. Similarly, consumers
who drink beer mainly at home are willing to pay less for a six-pack compared
to consumers who mainly drink at bars, restaurants, and social gatherings.
Consumers for whom the price or the brand are the deciding factors for beer con-
sumption are willing to pay higher prices for a six-pack of beer. Likewise, consumers
who prefer amber style are willing to pay more for sampled beers.
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In the future it would be interesting to assess how consumer evaluations would
change across different types of beers. In addition, depending on how information
is presented on beer and hop production, consumer response could be different.
That is, if a beer low in fertilizers is presented as being grown in more sustainable
conditions.

The use of different varieties of hops and hop intensities gives microbreweries the
opportunity to differentiate the taste of their products. Therefore, they can create a
unique product that is different in the market and can charge a premium for their
product. The findings give sufficient amount of evidence that hops need enough
nitrogen nutrients to provide an optimum amount of yield for producers and a sat-
isfactory taste for consumers.
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