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The Optimal Level of Time Sale Discount:
The Case of Fresh Foods at Discount Stores

Kun A Kim" - Seung Ryong Yang™

ABSTRACT

Time sale is a frequently used marketing tool for food retailers. The goal of time sale is twofold: optimal
inventory control and increase in sales volume. The purpose of the time sale as a tool of inventory control can
decrease the inventory cost. On the other hand, time sale promotes sales by setting the different discount rate at
each point of time a stimulating impulse shopping of consumers. Retailers can maximize profit through price
differentiation strategy over time.

However, an excessive discount rate can also result in negative effects. It may detract the image of the goods
and it also triggers the customers to doubt on the quality of the goods. Therefore, one must determine the optimal
price discount rate for the time that reflects the consumer’s willingness to pay. It is very important not only to help
maximize the profit of retailers but also to increase consumers’ utility.

In this study, we conduct an interview with the supervisor and professionals of hypermarket on the target
product that is used for the time sale marketing in order to grasp the time sale operation status. Based on the
results of the consumer survey, we estimate demand functions and optimal price discount rates. The result of the
study can provide useful information to retailers in finding the optimal price differentiation strategies for each
time interval.

There are many kinds of researches done previously on finding the optimal price discount rate, but it is hard to
find the research suggesting the optimal price discount rate reflecting customers’ willingness to pay on their
purchasing point of time. This study derives the demand function by the purchasing point of time and presents the
optimal price discount rate through the research result.

This study tries to determine the optimal price discount rate by time from two optimization models, 1)
Revenues Maximization 2) Profit Maximization, by using the demand function of purchasing point of time. Let P
be the normal price without time sale discount. When the price discount rate of a specific purchase time at t is r,,
the sales quantity @, of the product is determined by equation (1). At this point, «, is the intercept term of demand

function by purchasing point of time and 3, is the coefficient value of the price.
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Q) =a,+p,0-r)P formula (1)

Revenues maximization was measured by using the demand function reflecting purchasing point of time. In the
case of cost minimization, it is assumed that all remaining items after the time sale are discarded. Therefore
retailers’ cost can be divided into sales loss of unsold fresh food and disposal cost. Finally, profit maximization
function takes both revenue and cost into consideration. However, the cost minimization function is not presented

separately in the paper, but it is used to calculate profit maximization function.

<Table 1> Mathematical Models for Optimal Time Sale Prices

Models
Revenues maximize S = Y, [(1—7,)Pxa,+5,(1—r,)P] = Y lo, +(1+8,)(1—7,) P]
Maximization . .
(r)
I,)ro,ﬁt . maximize 7= §— 7C = | Z (1—7,) Px{a,+8,(1—r,) P} — [(P+ VO x (I- Z Q)
Maximization =1 ‘ =1
. 37 @ < I(Stock Constraints), r, < 0.95 (Upper Limit Constraints of Price Discount Rate),
Constraints =1 )
r, = 0 (Non-negative Constraints)
Variable P = Market Price, o, = Intercept Term of Demand-Function per Purchasing Time,
Descriptions 3, = Coefficient of Price, r, = Discount Rate per Time, TC = Total amount of Disposal,
P VC = Disposal Expenses per Unit, [=Total Amount of the Stock

The results show that consumers are less sensitive to the quality of fresh foods sold through time sale than the
quality of fresh foods without time sale. In table 2, the result says that most of the consumers are insensitive to the
quality of fresh foods on time sale. On the other hand, there are some 37% of consumers who are sensitive to the
quality of the products. The purpose of this article is to investigate the optimal discount rates which attract both
consumer groups who are sensitive or insensitive to the quality of the products on time sale. Therefore, finding
out the optimal discount rate of time sale product enables retailers to take into consideration consumer’s

preference in the pricing policy.

<Table 2> Consumers Recognition on the Quality of Time Sale Products

Agriculturall Fishery |Livestock| Total Agriculturall Fishery |Livestock| Total
Quality Decreased 35 46 42 123 Brand Value 21 18 23 62
(26.1%) | (33.6%) | (28.4%) | (29.4%) Decreased (15.8%) | (13.0%) | (15.5%) | (14.8%)
Quality Not 46 53 56 155 Brand Value Not 80 93 83 256
Decreased (34.3%) | (38.7%) | (37.8%) | (37.0%) Decreased (60.2%) | (67.4%) | (56.1%) | (61.1%)
I don’t know 53 38 50 141 [ don’t know 32 27 42 101
(39.6%) | (27.7%) | (33.8%) | (33.7%) (24.1%) | (19.6%) | (28.4%) | (24.1%)
Total 134 137 148 419 Total 133 138 148 419
(100.0%) | (100.0%) | (100.0%) | (100.0%) (100.0%) | (100.0%) | (100.0%) | (100.0%)
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The results in Table 3 imply that the consumer’s intertemporal preference has an influence on the willingness to

pay for the time sale products. The analysis shows that as the store closing time approaches, the required discount

rate increases.

<Table 3> Average Discount Rate Required by Purchasing Time

Time Agricultural Fishery Livestock Total

6 hrs. before Closing 27.2% 20.1% 24.2% 23.8%
5 hrs. before Closing 30.8% 24.0% 28.2% 27.7%
4 hrs. before Closing 35.5% 29.6% 33.0% 32.7%
3 hrs. before Closing 41.1% 34.3% 38.6% 38.0%
2 hrs. before Closing 46.7% 39.9% 44.3% 43.6%
1 hrs. before Closing 52.6% 45.1% 49.9% 49.2%

Just before Closing 59.1% 53.8% 56.6% 56.5%

Based on the required discount rate by time, we estimate the price elasticity and demand function in response to
different purchasing time which reflects consumer willingness to pay. The results show that the demand becomes
price inelastic as the closing time approaches. Even though the discount rate drops rapidly, consumption
responding to the time sale increases at the speed slower than the reduction of price due to time sale. The reason
why the price of time sale products being inelastic seems that utility from price reduction is smaller than the one
from quality reduction as the closing time approaches. The econometric analysis the result reveals that consumers

consider both price and quality of time sale products in purchasing which is in line with the result from the

consumer survey.

<Table 4> Estimated Demand Functions by Purchasing Time

Demanded-Function of Agricultural Demanded-Function of Fishery | Demanded-Function of Livestock

Purchasing Time

Product

Product

Product

6 hrs. before
Closing

Q=208.5-0.065P(1.290)

Q=222.1 - 0.080 P(1.347)

Q=211.9-0.127 P(1.187)

5 hrs. before
Closing

Q=234.1-0.079P(2.039)

Q=205.8-0.076 P(1.160)

Q=229.7-0.150 P(1.618)

4 hrs. before
Closing

Q=214.7-0.076P(1.572)

Q=191.4-0.075P(1.015)

Q=218.8-0.150 P(1.469)

3 hrs. before
Closing

Q=188.3 - 0.068P(1.226)

Q= 181.3 - 0.074 P(0.950)

Q=194.7 - 0.138 P(1.181)

2 hrs. before
Closing

Q= 171.4 - 0.066P(0.868)

Q= 172.6 - 0.075 P(0.849)

Q=172.8-0.127 P(0.909)

1 hrs. before
Closing

Q= 166.0 - 0.069P(0.954)

Q=161.2 - 0.073 P(0.762)

Q=159.7 - 0.122 P(0.799)

Just before Closing

Q=143.8 - 0.059P(0.832)

Q=157.4-0.081 P(0.790)

Q=154.9-0.131 P(0.807)

Notel. Number in () stands for the elasticity of each demanded function

Using the estimated demand functions, we estimate the optimal discount rate of the three categories of
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agricultural products. The calculation result is presented in Table 5. The difference between price policy that is
implemented by the hypermarkets and the optimal discount rate under the revenue maximization falls into the
range of 22.8% to 28.6%. Regarding the optimal discount rate under the profit maximization, the difference in the
range becomes larger from 22.8% to 52.2%. The difference between the optimal discount rate under profit and
revenue maximization is that profit maximization considers the minimizing waste disposal cost. The current price
policy does not optimize time sale discount rate. Thus, the result suggests retailers present higher time sale
discount rate in order to maximize the profit. If the optimal discount rate by the profit maximization function is

applied, the profit increases by 136.2% to 227.2% than the current discount rate.

<Table 5> Optimal Discount Rates by Purchasing Time

. . . . Revenue Maximization Profit Maximization
Purchasing Time Price Policy 5 : 5 : - :
Agricultural |  Fishery Livestock | Agricultural | Fishery Livestock

6 hrs. before Closing 0.0% 46.5% 41.1% 44.4% 70.2% 41.1% 66.0%
5 hrs. before Closing 20.0% 50.6% 42.5% 49.0% 74.2% 42.5% 70.5%
4 hrs. before Closing 20.0% 52.9% 45.7% 51.4% 76.5% 45.7% 73.0%
3 hrs. before Closing 30.0% 53.8% 47.9% 53.0% 77.5% 47.9% 74.6%
2 hrs. before Closing 30.0% 56.7% 51.0% 54.6% 80.3% 51.0% 76.2%
1 hrs. before Closing 40.0% 59.9% 52.9% 56.0% 83.5% 52.9% 77.6%
Just before Closing 40.0% 59.4% 58.4% 60.6% 83.0% 58.4% 82.2%
Average Discount Rate 25.7% 54.3% 48.5% 52.7% 77.9% 48.5% 74.3%

The main results of this study are as follows. First, we investigate consumers' preference of time sale products.
According to the result of the consumer survey, the most important thing to consider is the price when purchasing
a time sale product, but the importance of quality is also highlighted. Second, we estimate the demand functions
of purchasing point in time for three categories. Using econometric analysis, the closer the deadline was, the more
inelastic the price was. Finally, we used the mathematical optimization model to measure the optimal price
discount rate for maximizing revenue and maximizing profits. The result implies that the higher discount rates
compared to the one in current price policy need to be applied in order to maximize the profit and revenue.

Research results suggest that time-sales representatives need to determine the optimal price discount rate to
reflect consumers' willingness to pay for the profit maximization as a way for effective time-sale marketing.

There are various constraints and limitations of our research. However, it is the first attempt to derive the
optimal price discount rate reflecting consumers' willingness to pay by purchasing time. And this result will be
beneficial to all retailers of hypermarkets and consumers. In the future, our research will further develop the

present model.
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