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Abstract. This paper provides a mathematical model in which the decision maker
should decide whether or not to buy a sequentially appearing agricultural product un-
der the uncertainty of government’s intervention over the too high or low price. In the
model, if the price of the agricultural product is too high (or low), the government might
interfere with the market to lower (higher) the price to a certain level, so the market
would be stabilized to some extent. Since the model is formulated from the customer’s
point of view, the probability of the intervention is assumed to be uncertain. Based on
the mathematical model, some numerical experiments are conducted to investigate the
optimal decision (purchasing) rules to minimize the expected total payments over the to-
tal planning horizon. In addition, the verification of the model provided in the paper is
given as well based on the real data for the last 20 years.
Keywords: Optimal purchasing time, Agricultural products, Optimal stopping strategy

1. Introduction. In every Kimchi-making season in Korea, the abruptly changing prices
of agricultural products become hot news to not only the Korean people but the govern-
ment itself. The price of agricultural products depends closely on the climate changes or
the production amounts. For instance, in 2016 the price of Chinese cabbage has skyrock-
eted with over 200% comparing to the price at the same time of the last year due to the
heat wave and the heavy rain, while in 2014 the price of agricultural products such as
onion and garlic has plunged due to the large amounts of excess production. In case of
excessive price changes, the government intervenes in the agricultural market and adjusts
the price for the sake of market stability, which makes the current price higher (or lower).
Although the government’s intervention in market has a significant impact on the price
as mentioned above, the critical price on which the government decides whether or not
to intervene in market has not known. This kind of uncertainty makes the customer’s
decision harder on when to make Kimchi at low prices.

This paper formulates mathematically the decision problem on whether or not to buy
sequentially changing agricultural products under the uncertainty of government’s inter-
vention until the predetermined deadline from the customer’s point of view. The objective
is to find out the optimal purchasing strategy in order to minimize the expected total cost
over the planning horizon.

The related research can be largely categorized as the following two phases: statistical
[1-4] or probabilistic approach [5-9]. The statistical researches have been done to exam-
ine/estimate the price fluctuation and its related governmental policy with the existing
data using the diverse statistical methodology such as time series analysis, ARIMA, and
trend analysis. Since our research mainly focuses on the decision under the price uncer-
tainty of the agricultural product, the latter literature can be said to have closer relation.
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Hu et al. [5] proposed the optimal purchase strategy with respect to the optimal amount
under stochastic price from the retailer’s point of view. Han et al. [6] formulated and
analyzed the nonlinear supply chain profit model to derive the optimal order price and
quantity maximizing retailer’s profit. Zhang and Xu [7] studied the optimal stopping
time to invest under the situation with high volatility in order to maximize the decision
maker’s profit. From the point of view of optimal stopping strategy, Son provided the op-
timal asset buying time under the budget constraints [8] and optimal admission strategy
with respect to state-dependent arrivals [9]. With the similar approach with Son’s [8,9]
we offer the optimal stopping strategy minimizing the agricultural products purchasing
price under a newly introduced observation value, government’s intervention, which has
not been dealt with in the previous researches as far as authors know.

The rest of the paper is organized as follows. In Section 2, we formulate a mathematical
model with respect to the problem dealt with in the paper. In Section 3, we describe
how to design the experiment and explain the optimal purchasing strategy. In Section
4, we present the results from the empirical analysis to verify our mathematical model.
Conclusions and future studies are given in Section 5.

2. Model Formulation. Consider a situation that the decision maker has to make a
decision on purchasing agricultural products changing sequentially, the prices of which
are denoted by x1, x2, . . . , i.i.d random variables from a known distribution function f(x)
with expectation µ, until a certain point of time called deadline. By t (≥ 0) let us
denote the remaining discrete-time to the deadline. At each point of time the decision
maker decides whether or not to buy the agricultural product seeing its changing price.
However, the price of agricultural product is influenced by the government’s intervention
in the market. In this paper, we assume two types of government’s intervention: If the
price of agricultural product goes up over a predetermined level called upper bound b,
then the government intervenes in the market and lowers the price to β (< b), while if
the price goes down below the lower bound a, the government then makes the price to
be higher than α (> a). The possibility of government’s intervention is not known, so we
assume it to be p for the both two cases above. Figure 1 shows the distribution function of
an agricultural product, the lower (upper) critical price based on which the governmental
intervention may happen with a probability p, and the adjusted price by the government’s
intervention.

Figure 1. The distribution function, the upper (lower) bound of price,
and the adjusted price by the governments intervention

Now, by Vt we define the total expected minimum payment for the remaining time t.
Then the optimal equation can be expressed as follows.

Vt =

∫ b

a

min {x, Vt−1}f(x)dx +

∫ a

0

min {pα + (1 − p)x, Vt−1}f(x)dx

+

∫ ∞

b

min {pβ + (1 − p)x, Vt−1}f(x)dx, t ≥ 2,

(1)
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and

V1 =

∫ b

a

xf(x)dx +

∫ a

0

(pα + (1 − p)x)f(x)dx +

∫ ∞

b

(pβ + (1 − p)x)f(x)dx (2)

In Equation (1) the decisions at time t would vary according to the following two cases.
1) When the price is on the range of a < x < b where the intervention never happens, the
decision maker might buy the product by paying the price x, or decline to buy it with
the expectation that the better one would appear next point of time. So the expected
minimum payment will be the minimum of x and Vt−1. 2) When the price is higher the
upper (lower) bound b(a), if the government intervenes and controls the price with the
probability p, then the decision maker should pay the price β(α), otherwise, he should
pay x. Therefore, the expected payment will be the minimum of pβ(α) + (1 − p)x and
Vt−1. In Equation (2) with t = 1, at the deadline t = 0 the decision maker must buy the
product, however, the price might be extremely high, so we assume V0 = ∞ without loss
of generalization.

Equation (1) can be rearranged as follows.

Vt =

∫ b

a

min {x − Vt−1, 0}f(x)dx +

∫ a

0

min {pα + (1 − p)x − Vt−1, 0}f(x)dx

+

∫ ∞

b

min {pβ + (1 − p)x − Vt−1, 0}f(x)dx + Vt−1, t ≥ 2.

(3)

The objective of this paper is to clarify the optimal decision rules to minimize the total
expected payment to buy an agricultural product over the whole horizontal periods.

3. Numerical Experiments. In this section we investigate the properties of the thresh-
old, Vt, on which the decision is made. In other words, we examine the behavior of Vt as
to the time t (≥ 0) by changing the related parameters, b(a), β(α), and p. Note that the
optima decision for a given time t (≥ 0) can be described as follows: If the appearing price
of the agricultural product is greater than Vt, the optimal decision would be not to buy
the product and wait for the better one to appear in the next point in time; otherwise, it
would be optimal to buy that one immediately. Throughout this section the price of the
agricultural products is assumed to follow the uniform distribution i.e., x ∼ Uni [1, 2].

3.1. Behavior of Vt related to the lower bound of the price. In order to investigate
the behavior of the decision threshold as to the lower bound of the agricultural product,
we fix the upper bound and the adjusted upper price as b = 1.9 and β = 1.8, respectively.
The both figures in Figure 2 show that the decision threshold Vt decreases over time t,
which implies that the more time remains, the more aggressive strategy should be taken
by lowering the threshold. In other words, the decision maker would better try to take a
cheaper one when he/she has sufficiently enough time until the deadline; however, he/she
might have to choose a little higher one as the deadline comes near. In addition, we
can see that the decision threshold Vt is increasing in p as well, although the degree of
increment is different between the two cases of a = 1.2, α = 1.3 (left) and a = 1.3, α = 1.4
(right). This means that if the product price is already sufficiently low and the possibility
of government’s intervention gets higher, which might make the price go up, hence the
decision maker should purchase the product at a higher price that may be influenced by
the government’s intervention; so it is natural that the decision threshold should increase
more severely in case that the lower bound is set higher (like the right side of Figure 2)
than the other (left side) as the probability of government’s interference gets high.
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Figure 2. The behavior of Vt with respect to the government’s intervention
probability for both cases of a = 1.2, α = 1.3 (left) and a = 1.3, α = 1.4
(right)

Figure 3. The behavior of Vt with respect to the government’s intervention
probability for both cases of b = 1.8, β = 1.7 (left) and b = 1.7, β = 1.6
(right). The big circle represents magnification of each figure.

3.2. Behavior of Vt related to the upper bound of the price. In order to investigate
the behavior of the decision threshold as to the upper bound of the agricultural product,
we fix the lower bound and the adjusted lower price as a = 1.1 and α = 1.2, respectively.

At a glance, Figure 3 is similar to Figure 2 in a sense that Vt decreases over time t in
both figures. However, there exists in Figure 3 such t∗ that Vt decreases in p for t < t∗,
but increases for t∗ ≤ t, which is the mostly different point from Figure 2. This means
the followings. When there remains sufficiently enough time until the deadline, it would
be strategically good to lower the decision threshold to get a cheaper one. In this case
the increasing probability p implies that the chances to get the lower price of product
gets slim so the product price goes up, and hence the threshold should be set higher as
a result. However, if the possibility of the government’s intervention is high when the
deadline is near, the decision maker might buy the product at a relatively lower price,
so he/she would be better to lower the decision threshold, implying that the threshold
decreases as the intervening probability increases. This trend might be more prominent
as the upper bound decreases (compare the left side of figure to the right one).

4. Empirical Analysis. In this section, we verify the mathematical model formulated
in this paper by the empirical experiment with the real data from KAMIS (Korea Agri-
cultural Marketing Information Service). We collected Chinese cabbage price data of the
last 20 years (1996 ∼ 2015) on the Kimchi-making season that is conducted usually from
Nov. 15th to Dec. 5th in every year. The total number of data is 420, which are corrected
in view of the inflation rate (see Table 1).
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Table 1. Adjusted Chinese cabbage prices in Kimchi-making season (Nov.
15th ∼ Dec. 5th) from 1996 to 2015

Year
Products price for 20 days from Nov. 15th to Dec. 5th

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

19961,6641,6501,7391,7391,7471,7001,7001,7001,7081,6821,7451,7611,7771,7971,9712,4022,6562,6562,6562,6792,778

19972,0262,0722,0342,0162,0342,0482,0262,0341,9991,9991,9871,9871,9871,9872,1182,1762,2122,2122,2302,2602,312

19982,1932,1422,1632,1722,1632,1632,1822,1722,2122,2222,2412,2602,2602,2602,2602,2222,2012,1932,1822,1822,153

19992,4042,3502,2712,2192,2012,1652,1482,1302,1302,1302,0252,0252,0252,0772,0772,1302,1482,1482,1652,1652,165

20002,4462,3222,2392,2392,1982,1772,1562,1352,1352,1352,0942,0942,0942,0942,0942,0942,0942,0942,0732,0732,073

20012,1152,0532,0532,0772,0772,0402,0641,9441,9441,8961,8461,8461,8461,8961,8961,9202,1392,1392,3572,3572,357

20021,6911,6911,6841,7141,6291,6781,7041,7041,8401,9461,9692,0172,0172,0301,9812,0172,0582,1052,2092,2442,399

20032,6202,5372,5382,4182,3922,4202,4202,3862,3342,3342,2762,2862,2862,2312,1692,1062,0252,0292,0261,9961,961

20042,5722,4722,4522,4222,3542,3202,2602,2402,1882,1362,0572,0072,0091,9812,0172,0672,0882,0672,0882,0352,025

20052,2622,2462,0981,9771,8821,7891,7791,7851,7621,7961,7441,7241,7331,8201,9162,0102,1532,2152,2152,2882,295

20061,9371,8481,8711,8471,7791,7581,7661,8981,8851,9642,0072,0762,0972,1112,1032,1792,3192,3962,4122,3842,384

20072,5122,4822,4112,3642,3732,1962,1322,1992,1792,1602,1812,2022,2532,1872,1932,1552,1552,1282,0982,0602,080

20081,9622,0292,0091,9142,0142,0952,1032,0662,0192,2032,2502,2502,1962,1742,1142,1412,1872,1872,2302,2082,225

20091,9652,0492,0491,9991,9721,9762,2572,3612,2142,2142,1102,0762,0762,1262,1762,1602,1602,1602,1602,1602,160

20101,9832,0462,1212,2762,2542,3582,3402,2912,1512,1862,1792,1132,0322,0612,1422,1342,1162,1162,2102,1922,164

20112,5522,4202,1592,1062,0672,0402,0472,0232,0361,9861,9711,9951,9952,1442,1302,1302,0582,0422,0722,0432,043

20121,9952,0131,9961,9961,9571,8951,8891,8931,9051,8851,9181,8641,8401,8401,8401,9182,0702,1822,2802,3632,358

20131,7081,7551,7671,7951,8401,8401,8521,9361,8992,0082,0582,0922,1332,1092,2152,2512,2772,2552,2622,3642,327

20142,0852,0752,0792,1202,1442,1192,1032,1492,1982,1982,1982,1982,0992,0222,0712,0872,0942,1132,1132,1552,133

20151,9491,9912,0422,0202,0202,0582,1642,1742,1342,2132,2322,2112,1832,2402,2212,2212,2212,2472,2022,1752,178

*source: KAMIS (Korea Agricultural Marketing Information Service), unit: won

(a) (b)

Figure 4. (a) The estimated distribution function from the real price data
of the last 20 years from 2015, and (b) the plots of products price data
during the Kimchi-making season for the last 5 yers. The star denotes the
optimal purchasing price based on the optimal decision policy, while the
circle stands for the minimum price among the data of each year.

The estimated distribution of the price is shown in Figure 4(a) where the normal distri-
bution with mean 2,100 won is mostly well-fitted. And Figure 4(b) shows the five year’s
price data (from 2011 to 2015) as well as the decision threshold Vt that is obtained based
on the following assumption; the lower bound and the upper bound are, respectively,
1,800 won and 2,400 won, and that the government’s intervention probability is 0.2. In
Figure 4(b) we can see that Vt decreases as the planning time increases, which is the quite
same result as the numerical experiment in the previous section. Table 1 represents the
optimal purchasing prices and the minimum price of the data: the former is represented
by a circle, and the latter are by star in Figure 4(b). Note that the optimal prices are
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Table 2. Summary of the empirical analysis

Year 2011 2012 2013 2014 2015 Average
The optimal purchasing price (y) 1,986 1,957 1,708 2,022 2,178 1,970

The minimum price of the data (z) 1,971 1,840 1,708 2,022 1,949 1,898
Ratio: (y − z) ∗ 100/z 0.76% 6.35% 0% 0% 11.7% 3.79%

the first price going down the threshold Vt starting from t = 20. Table 2 shows how
the mathematical model finds out the best price: Although the biggest difference is seen
in 2015, the optimal price is 11.7% higher than the minimum price. The average error
between the two prices is 3.79%, i.e., it shows that the mathematical model has 96.2% of
accuracy.

5. Conclusions. In this paper we presented a mathematical model about the optimal
purchasing strategy of agricultural product under the government’s intervention from the
customer’s prospective. Based on this model, we investigated the behavior of the optimal
decision strategies over time with respect to the related parameters, especially focusing on
the governmental intervention factors. In addition, we showed the validation of our new
model through empirical analysis with the real data. We expect that this research can be
utilized as a basic purchasing model providing the purchasing strategy in wholesale and
retail trade.

In order to make our model more realistic one, we can consider the following topics. 1)
The decision maker can buy the products in several times instead of buying at once as in
our model. 2) We can consider a model with infinite and continuous planning horizon. 3)
The price of the products may depend on the time.
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