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Abstract

This paper describes a price setting problem for a perishable product to maximize
the expected revenue. The problem is apparent in sales of fresh vegetables. We
introduce Farmers’ market as a research object, where farmers set the price by
themselves. Alarge size famer, who ships large number of agricultural products,
tends to set lower price because of surplus stocks risk. To increase revenue of
small size farmer, he needs available price difference to the competitor. For the
problem, we present a consumer behavior model characterized by a joint proba-
bility distribution in which the price and demand are initially random variables.
Secondly, we present a consumer—product matching model designed for computer
simulation. The model represents a certain condition of our consumer behavior
model in which the demand distribution is fixed. According to computer simula-
tions comparing outcomes with various parameter settings, effects of a consum-

er’s expected price distribution are strongest.
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1. Introduction

The value of fresh foods as represented by green vegetables and fresh fruits is expected to decrease as time
progresses after they are harvested. The value also changes dynamically according to the demand and supply bal-
ance, depending on the harvested amount. We confront the difficulty of having a large amount of unsold goods if
we set a high price for fresh foods. However, if we set a lower price for fresh foods, we will obtain insufficient
revenue. Our research has emphasized a rational means of determining the price of fresh foods under given condi-
tions. This dilemma is apparent in price setting problems related to used cars and second-hand smartphones. These
items have similar characteristics: conditions of the items mutually differ. Moreover, their current value is expected
to decline.

Many studies have investigated decisions related to perishable products. The Newsvendor problem (Hiller &
Lieberman, 2011) is a representative one. Under a given demand probability distribution, it determines a prepared
stock level of goods sold at a fixed price. The sold price is previously determined is a characteristic of the News-
vendor problem. The relation between price and sales amount in elasticity of price has also been discussed. There-
fore, not only the amount of stock but also the price should be regarded as a decision variable. Ishii (2019) dis-
cussed a combination sale problem for the perishable product with a fuzzy unit shortage cost. In the model, price of
the product depends on inventory time. Liu and Sun (2021) analyzed Bullwhip effect in Supply Chain by mathe-
matical model using System Dynamics. By the model, Bullwhip effects are presented according to diversity and
variety of customers’ demand. Duran Pena, Ortiz Bas, and Reyes Maldonado (2021) presented a literature review to
determine the causes of the bullwhip effect and supply chain’s quality factors of this phenomenon’s perishable
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product. Above literatures pointed out that price is one of the important decision-making for perishable products.

Takeno, Horikawa, Sugawara, and Ohba (2013) presented an investigation of the price setting problem at a far-
mer’s market where a farmer sells his products directly to consumers. In that problem, the farmer’s revenue de-
pended on their strategy of price setting, which differs according to the shipping volume. Takeno, Sugawara, and
Ohba (2015) presented a model for the price setting problem as an extension of the Newsvendor problem. In the
model, customer demand is represented and explained with a joint probability distribution in which price and sales
amounts are employed as stochastic variables.

As described in this paper, we extend a consumer behavior model using a joint probability distribution proposed
by Takeno, Sugawara, and Ohba (2015). We assessed the relation among price, demand, and sales to ascertain the
probability of selling out. Secondly, we specifically examined the matching process between a consumer and a
product. We extend a computersimulation model of Takeno, Sugawara, and Ohba (2015) by considering details of
consumer behavior, which is represented as a consumer search process in the market.

We first explain a Farmers’ Market, which is our research field, and the fundamental problems they must con-
front. Secondly, we present a consumer behavior model that incorporates relations among price, demand, and sales.
Next, we show a computer simulation model incorporating consumer behaviors and outcomes. Finally, we con-
clude this paper and describe remaining work.

2. Farmers’ Market

Farmers’ markets have become an important distribution channel for fresh agricultural products in Japan during
the last two decades. Farmers sell their products directly to consumers at a store. The person who produced the
product might be well known or identifiable. Therefore, the products satisfy consumer demands related to food
safety. In Japan, such stores are called Sanchoku: direct sales at production sites.

Farmers’ markets require the participation of customers, farmers, and a manager who is a representative of far-
mers and the shop. Shelves inside the shop are assigned to farmers. Farmers prepare and manage their products on
these shelves. Consumers come to the shop and select products from these shelves. They settle payments with a
cashier, as in a supermarket, while farmers are able to work and spend time performing farming tasks. Occasionally,
farmers visit the store to confirm the inventory. Farmers can replenish the products if the stock level dips below a
certain level. After closing the store, the manager calculates the total sales for the day and informs each farmer of
the total sales. Figure 1 shows an example of Farmers’.

Figure 1. Inside a Farmers’ Market.

Farmers must choose their own production, shipment, sales, and other operation parameters. However, the core
competency of farmers is agricultural production, especially for medium-scale and small-scale farmers. Therefore,
they have insufficient knowledge and methods to manage their businesses at farmers” markets. A certain amount of
support for their store business is necessary to manage and run the store. Utilization of an information system can
be a beneficial solution.

Takeno, Horikawa, Sugawara, and Ohba (2013) conducted a questionnaire investigation and presented some
analyses of farmers’ decision-making processes. Through that investigation, they clarified that farmers can be ca-
tegorized into three groups according to their production size. Price setting of medium-scale farmers is almost iden-
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tical to the average price of the market. Those of large-scale farmers and small-scale farmers are, respectively, low-
er than average and higher than average because large-scale farmers prevent themselves from holding dead stock of
perishable products. We have specifically examined the strategy of small-scale farmers. Because of quantitative
limits on products they have on hand, they must set a higher unit price to achieve a higher income. However, a high
unit price is unfavorable and unacceptable by consumers. Therefore, as the market strategy for small-scale farmers,
it is important to seek the highest unit price that is favored and accepted by consumers.

3. Single Period Price-Demand Model for Perishable Product

A price-setting problem for perishable products such as fresh green vegetables can be considered. A product size,
weight, and appearance all vary. The product is sold in units as a piece, bag, box, etc. The product prices differ ac-
cording to the unit value. However, the market price is given from past data. In general, we are inclined to believe
that a lower price is more attractive. For the product, the lower price might be attributable to lower quality of the
unit of the product, such as smaller contents or inferior appearance. Here we expect to determine the optimal price
of the product under the effects of the stock level and competitive products’ prices.

Presuming a random variable X which corresponds to amount of customers’ demand, one can define a probabil-
ity density function g(x), where P(X < x) corresponds to the probability of being sold out when the inventory
level of the good is set to x Also, g(x) represents almost identical meaning to the News Vendor Problem in
which a random variable X is a continuous value. In the model, the price of the good is assumed as a constant
value. After presuming a random variable Y that corresponds to the good price, one can define a probability densi-

ty function h(y), where P(Y < y) corresponds to the probability of being sold out when the price of the good is
setas y.
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Figure 2. An Example of Joint Probability Density Distribution f(X,Y).
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Figure 3. Characteristics of distribution derived from parameter settings.
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Assuming a Joint Probability Density Function f(X,Y) where X and Y are defined as shown above, then
Figure 2 presents an example of the Joint Probability Density Function. As the figure shows, the distribution shape
might differ by combinations of parameter settings. Figure 3 shows typical characteristics represented with the
proposed joint probability density function. A normal distribution is not assumed for these examples. Horizontal
and vertical axes show demand x and price y. Ellipses show higher probability density areas, i.e. potentially sold
out. Type A represents a situation in which a low price and high demand occur. Such a situation is often seen for
many goods. Type B represents an item for which many people want to buy a newer model, e.g. recent smart-
phones.

4. Small-Scale Farmer’s Price Setting Model

More concretely, we discuss the price setting problem that confronts small-scale farmers. To maximize their in-
come, farmers must set the price of their product higher than that of a large-scale farmer. Here, we assume that a
consumer will pay for product A up to his expected price, i.e., the upper limit price. Because the upper limit price
varies on each customer, we present a series of numerical experiments to show effects of variance of the upper limit
price.

Presuming a farmers’ market at which customers buy product Awith two farmers participating in the market, one
farmer is Farmer F;, a large-scale farmer, whereas the other is Farmer F,, a small-scale farmer. Consumer C;,
i=1,2,..,n, has upper limit U; on the price at which he buys product A. U; is a random variable that has a
normal distribution with parameters u. and o,. Let P;and P, respectively denote a price of A produced by
large-scale farmer F; and F,. According to Takeno, Horikawa, Sugawara, and Ohba (2013), the large-scale far-
mer tends to set a price lower than the other. Therefore, P; < u; < P,. Let S; and S, respectively represent
the shipping volume of product by farmers F; and F,. From the definition, S, is much smaller than S;,
S, « S;.Let p be aratio of production amount of F, tothat of F;, p = |F,|/|F;|. Wehave 0 < p<1.Inan
actual farmers’ market, p is expected to be about 0.01.

Figure 4 presents the relation among P;, ., and P,. The horizontal axis and vertical axis respectively show the
price and probability density of P(U; < u). Upper limit price U; is distributed as shown by the blue line, partially
covered with a red line. At P,, the price of product a by farmer F,, is larger than u.. Probabilities of sales on F,
are limited to the area enclosed by red lines. In other words, the probability indicated with the enclosed area cor-
responds to the opportunity to sell for farmer F,.

The model presents a relation between U; and P,. If P, gets larger, then the price of each product gets higher.
However, the number of the sold product becomes smaller as the area enclosed with red line gets smaller. If P,
gets smaller, then the price of each product decreases. Furthermore, the number sold will increase. The problem is
to seek a suitable price P, to obtain the highest sales for farmer F,. Because p is set as a small value, P, will
not affect the sales of farmer F;. The problem is apparently a Newsboy problem, as explained by Hiller and Lie-
berman (2010) and others. However, the product A price is given as a random variable in the problem, whereas the
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number demanded is given in the Newsboy problem.
5. Consumer-Product Matching

Takeno, Sugawara, and Ohba (2015) presented a series of numerical experiments related to consumer—product
matching. The model consists of a consumer, denoted as X, of agricultural product A. Consumer X has the upper
limit price Uy for product A, where Uy is generated randomly with normal distribution N(uc,0.?). Let P; and
P, be prices of product A produced respectively by Large-scale farmer F; and Small-scale farmer F,.

First, Consumer X is assigned randomly to products F; or F, according to the ratio of production amount p.
Then the consumer decides to buy the product if P; < Uy, otherwise not, as shown in Figure 5. The model
presents the possibility of selling Small-scale farm products. Nevertheless, it does not consider the consumer X
purchase process sufficiently.

We extend the Takeno, Sugawara, and Ohba (2015) simulation model considering consumer behavior by which a
consumer compares another product. A consumer tries another product with probability g if a consumer’s ex-
pected price Uy is greater than P;, where 0 < g < 1. Wheng = 0, the simulation model behavior is identical to
that described by Takeno, Sugawara, and Ohba (2015), as shown in Figure 6.
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Figure 5. Consumer—product matching model of Takeno et al. (2015).
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Figure 6. Consumer—product matching model considering the comparison process.
6. Numerical Experiment

We conducted a numerical experiment for a model with the situation that the number of consumers and inventory
at the market is identical. In other words, number of consumers n = (S; + S,) = 10000. We also have assumed
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that P; = uc = 1000. First, we prepared 10000 consumers with upper limit price U;. Here, each U; is generated
using Box—Muller methods. Second, we prepared 10000 products of which prices are selected randomly from P;
or P, according to p. Table 1 presents a description of the experimental environment. We have varied several
combinations of p, o, and q. The calculation time for the combinations is less than 1 min.

Figures 7 and 8 show the outcomes. The horizontal axis shows the standard deviation of consumer’s price o.
The vertical axis shows the sold-out data for small-scale farmer F,. No product A is sold if it is 0%, where 100%
corresponds to selling out. Each line corresponds to a difference of the ratio of production amount p. The try-again
probability g is prepared with four variations: 0.00, 0.25, 0.50, and 0.75. Outcomes of g =0.00 were referred
from Takeno et al. (2015). Furthermore, two mean prices of small-scale farmers were adopted: 1100 and 1200.
They were set higher than the mean market price u.

As shown in the tables, for 1100, some outliers are apparent, although the value is the mean of 10,000 trials. For
cases greater than 100, o, becomes larger if the try-again probability g increases. According to results of our
numerical experiment, the try-again probability g has somewhat stronger effects than the ratio of production
amount p. The case of g =1200 shows the same tendency as that for outcomes of g = 1100. However, the proba-
bility of being sold out is much smaller than for g = 1100, meaning that the price has much stronger effects on
this problem.

Table 1. Experiment Environment

CPU Memory Calculation Time Operating System Coding Language
Intel Core i7-3930K 16.0GB < 1min. Windows 10 pro Visual Basic 2015
40% —e—o001 40% —e—0.01
35% ——0.02 35% —e— 00
30% 0.03 30% 0.03
25% —e—0.04 25% —e—0.04
20% —— 0.05 20% —i—0.05
15% 0.06 15% 0.06
10% { o 10% ,
5% 3.35 5% —— 3.35
0% ' 0% '
—_—— 0.0% —— .05
25 50 75 100125150175200 oa 25 50 75 100125150175200 04
(P, =1100,q = 0.00)* (P, =1100,q = 0.50)
40% —e—0.01 402/0 oo
35% o0 35% ——02
30% 003 30% 0.03
- 25% .
25% - D° — —e—o002
20% 20/6 ——0.05
5% ——0.05 15% e
10% - - 10% o
5% —e—0.07 5o, ’
’ —— (.08 0 008
0% 0% oo
o 25 50 75 100125150175200 -~
25 50 75 100125150175200 o —a—01
(P, =1100,q = 0.25) (P, = 1100,q = 0.75)

*: referred from (Takeno, Sugawara, &0Ohba, 2015)
Figure 7. Effects of consumer behavior in case of P, = 1100.
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40% —e—001 40% —e— 001
35% —e—02 35% —e— 002
30% 0.02 30% 0.02
25% e 25% o
20% o 005 20% —e— 0.5
15% 008 15% 0.06
10% . 10% —e—0
o - o
2% —— (.08 o% —p— .08
0% 0%
—e— 009 —— 003
25 50 75 100125150175 200 0 25 50 75 100125150175200 -
(P, = 1200,g = 0.00)* (P, = 1200,q = 0.50)
40% —— 001 40% —e—001
35% —a— 002 35% —e—1002
30% 0.03 30% 0.03
25% —— 004 25% o004
20% — 005 20% 005
15% 0.06 15% 0.06
Q, a,
10% —e— 007 10% —a— 007
5% b0 5%
0% —0—3.:l 0% —e—008
—e— 009 —e—009
25 50 75 100125150175200 s 25 50 75 100125150175200 -
(P, = 1200,q = 0.25) (P, = 1200,q = 0.75)

*: referred from (Takeno, Sugawara, &Ohba, 2015)
Figure 8. Effects of consumer behavior in case of P2=1200.

7. Conclusion

As described in this paper, we specifically examined the price setting problem of a small-scale trader. We have
therefore reported the practical problem of a farmer’s market. We proposed a single period price-demand model for
a perishable product. The model is characterized with integration of a traditional newsvendor problem and a price
setting problem of Takeno, Horikawa, Sugawara, and Ohba (2013), where a joint probability distribution is for ex-
planation. The model is expected to be useful to explain the relation between a customer’s demand and the sold
price. We also presented a couple of related utilization examples.

We conducted a numerical experiment. The adopted model was extended from Takeno, Sugawara, and Ohba
(2015) to elucidate consumer behavior by introducing try-again probability q. Through the experiment, we demon-
strated that the possibility of selling out of inventory of a small-scale farmer depends strongly on the variance of
consumer behavior, i.e. the upper limit price. By increasing the try-again probability g, the sold-out probability is
also increased. However, the effect of q is not strong. This tendency is independent of the mean price of the
small-scale farmer.

Future studies will be conducted to establish a mathematical model to calculate the most profitable price setting
for small-scale farmers under conditions of a given customer’s behavior represented in o.. For numerical experi-
ments, matching processes should be improved and be more varied. We must consider additional situations and
matching processes between consumers and products. Furthermore, price setting methodologies addressed in this
paper are expected to be useful for price setting with another niche product. Investigations of such products are an-
ticipated as an important avenue for future work.
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