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Existence and Causes of Bullwhip Effect: | <o
An Empirical Study on a Designer

Footwear Supply Chain

Hau-Ling Chan, Tsan-Ming Choi, Shuyun Ren, Bin Shen and Wing-Yee Wong

1 Introduction

Bullwhip effect relates to “demand amplification” and “variance amplification” in
which the order variance to the supplier is larger than that of the buyer and the
distortion is amplified from the downstream to the upstream in the supply chain
context (Lee et al. 1997). This phenomenon has been identified in many different
supply chains, such as Procter and Gamble’s Pampers, Campbell’s chicken noodle
soup, and Barilla’s pasta which create operational instability (Wang and Disney
2016). The existence of Bullwhip effect increases supply chain costs and reduces
supply chain efficiency (Bray and Mendelson 2012).

It is well-known that bullwhip effect exists, particularly in the high demand vari-
ance industry such as fashion. Fashion industry is very important in terms of its high
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volume and sales figures. Demand and variance amplification plays an important role
as lead time, order batch, and product types are critical in the fashion industry. In the
designer fashion industry, lead time of time-to-market is about four months (Kuksov
and Wang 2013). The question is whether the lead time influences the demand ampli-
fication in the supply chain context. In addition, order batching is another practical
rule in the fashion supply chain. The suppliers usually require a minimum order
quantity to guarantee that the buyer will order a quantity that can ensure its mini-
mum profit. This order batch may influence demand amplification. Last but not the
least, fashionable products have a higher degree of demand uncertainty (Fisher 1997),
which leads to a higher chance of demand amplification. High heel shoes are one
kind of fashionable products in the fashion industry (Guéguen 2015). The higher-
height shoes are usually more fashionable. A natural question is raised: Whether the
heights of shoes affect the demand amplification. In this paper, we aim to evaluate
the impact of lead time, order batch, and product types on the bullwhip effect in the
fashion industry.

Motivated by the fact that the bullwhip effect may exist in different markets
and the fashion company may overlook this problem, this paper is developed to
statistically identify the existence of this effect and the internal causes of bullwhip
effect by changing the inventory classification decision. To be specific, this paper
examines the existence and the causes of the bullwhip effect in the designer fashion
supply chain. The real POS data was collected from a famous real designer footwear
brand, artificially named as Brand Z. To the best of our knowledge, it is the first
paper to investigate the bullwhip effect in fashion industry. Our major findings are
as follows. First, we find that in the designer fashion supply chain, minimum order
quantity is not significantly related to the bullwhip effect. Second, the statistical result
shows that a longer lead time implies a larger degree of bullwhip effect (i.e. larger
variance of demand variability). Third, the heights of shoes are positively related to
bullwhip effect between the manufacturer and the Brand Z only. This implies that
more fashionable products have a higher degree of bullwhip effect.

This paper is organized as follows. In Sect. 1, we introduce our study. We then
review the relevant literature and develop the corresponding hypotheses in Sect. 2.
In Sect. 3, we indicate the sampling process and present the data analysis. In Sect. 4,
we reveal our findings and statistical testing results. Finally, we draw the conclusion
and highlight the implication in Sect. 5.

2 Literature Review and Hypotheses Development

Bullwhip effect is no longer a new phenomenon. It has been well explored in the
existing literature. The prior literature includes the existence, causes, and mitigation
of the bullwhip effects. Sterman (1989) conducts an experiment called “Beer Dis-
tribution Game” to test the bullwhip effect phenomenon. The experiment is used to
measure the change of order variances when it moves up in the supply chain. The
result shows that the order variances are amplified when it moves up in the supply
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chain which is caused by the irrational decision making of the player. Another early
article about the bullwhip effect is Lee et al. (1997). They use an analytical approach
to identify that demand signaling, order batching, fluctuating prices, and shortage
game are the four major causes of bullwhip effect. Wang and Disney (2016) conducta
comprehensive review in the bullwhip effect in supply chain. The bullwhip effect has
been examined by empirical, analytical, and experimental approaches. In this paper,
we use the empirical approach to identify the existence and causes of bullwhip effect
in the designer shoe brand.

This effect affects a company’s profitability since demand fluctuations could hin-
der demand forecasting and inventory management of the upstream supplier. In
addition, it also jeopardizes the inventory service level in which the designer brand
should maintain a high level to satisfy the customer. Therefore, supply chain members
will try to increase the inventory quantity by keeping more safety stocks to ensure
there is sufficient supply to deal with the customer demand. Higher manufacturing
cost, storage cost, and delivery cost are then incurred (Zotteri 2013). As a result,
identifying bullwhip effect is critically important.

2.1 Effect of Order Lead Time

Lead time is defined as the duration between the time an order is placed and the time
the order is available for satisfying customer demands (Stevenson 2017). It consists
of different components such as order preparation time, order transiting time to
supplier, supplier lead time (i.e., length of time when the supplier receives the order
and ready for shipping the products), items transiting time from the supplier, and
preparation time for availability. However, lead time is an uncontrollable factor and
it requires the firm to pay additional costs to shorten it (Hua et al. 2015).

Chen et al. (2000) find that lead time is directly related to variability amplification,
which means that a longer lead time will induce a bigger bullwhip effect. Therefore,
shortening the lead time could reduce the variability amplification as well as the
quantity of safety stock needed. By reviewing the historical demand data, a more
accurate demand forecast could be generated. Order decision could be made by
considering the lead time required to produce and to deliver the merchandise so as
to support the forecasted sales. On the other hand, Li and O’brien (1999) study the
bullwhip effect on a multi-stage supply chain and propose that a long lead time at the
upstream activities can increase bullwhip effect at the next stage. Oppositely, a long
lead time at the downstream activities can alleviate the bullwhip effect. Chatfield
et al. (2004) further study the effect of lead times under different information sharing
policies on bullwhip effect. Based on the reviewed literature related to lead time and
bullwhip effect, we present a hypothesis as below:

Hypothesis 1 A longer order lead time yield a higher level of bullwhip effect.
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2.2 Effect of Minimum Order Quantity

Apart from lead time, order batching is another major cause of bullwhip effect (Lee
et al. 1997). It refers to the situation that the downstream supply chain member
places orders to upstream member in batches (Hussain and Drake 2011). Because
of the high inventory holding costs and high backlog costs, companies prefer to
place orders at a specific time point rather than when needed. In addition, Hussain
and Drake (2011) also comment that order batching can help achieve economic
order quantity and transportation economies. Economic order quantity refers to the
production of a larger batch of merchandise where the manufacturer can enjoy the
benefits of facility set-up cost reduction and manufacturing efficiency improvement.
Transportation economies represent the optimization of transportation costs by fully
utilizing the capacity in transportation. For example, retailers can attain a quantity
discount from wholesaler and enjoy a full truck-load rate when they place in bigger
lot sizes. From inventory managers’ point of view, the order batching strategy can
help meet the forecasted demand with minimal inventory, which in turns help them
to achieve the sales target and gain profit.

Minimum order quantity (MOQ) is a policy derived from the order batching
practice, which is adopted due to the concern of economies of scale in the fashion
industry (Chow et al. 2012). Most of the fashion companies use minimum order
quantity policy to achieve the economies of scale in production and distribution.
It has been proved that a small batch size could reduce the operational cost and
enhance order stability (Wangphanich et al. 2010). The constraint of minimum order
quantity could be applied to a particular item or a group of items, such as all colors
of a particular style. The minimum order quantity may be contributed to the demand
variation since it affects the accuracy of demand forecasting. Based on the above
review related to order batching and bullwhip effect, a hypothesis is formulated
below:

Hypothesis 2 A larger minimum order quantity leads to a higher level of bullwhip
effect.

2.3 Effect of Product Types

The prior literature has examined the effects of product types on bullwhip effect
in supply chains. Pastore et al. (2018) examine the bullwhip effect in automotive
spare parts supply chain with more than 30,000 products, characterized by different
technical characteristics, demand classes, and planning parameters. They find that
bullwhip effect is more significant for fast moving products than slow movers. Duan
et al. (2015) use daily and product level data to test the existence of bullwhip effect
among substitutable products in supply chain. They find that the bullwhip effect is
not only from the individual product, but also the substitutable ones. Raghunathan
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etal. (2017) analyze the bullwhip effect in multi-products by the analytical approach.
They find that the various product types have different level of bullwhip effect.

In this paper, we use the data of a designer fashion brand’s high heel shoes. The
height of shoe heel can refer to the various product types. For example, 10 cm is high
heel shoes, 65 mm is so-called middle heel shoes, and 10 mm is flat shoes. From the
psychology perspective, high heel shoes increase women'’s attractiveness (Guéguen
2015). Because of the difficulty and the appearance of wearing, it is believed that high
heel shoes are more fashionable products than flat ones (Graff et al. 2013; Johnson
etal. 2014). Fashionable products have a higher degree of demand uncertainty (Fisher
1997; Selldin and Olhager 2007), which may lead to demand amplification because
of enlarged demand variance. In this paper, we use product level data from designer
shoe brand and evaluate the relationship between product types (i.e., different height
of shoes) and bullwhip effect.

Hypothesis 3 Shoes with a higher height lead to a higher level of bullwhip effect.

3 Sampling and Data Analysis

3.1 Background of Brand Z

Brand Z is a British designer footwear brand selling luxury shoes, bags, and acces-
sories all over the world. Apart from having direct sales to the final customers in
the market, Brand Z is also a wholesaler selling products to various fashion retailers
(e.g., department store). In this study, we consider the role of Brand Z as a wholesaler
and focus on the shoe products to evaluate its bullwhip effect. The shoe products can
be divided into two different types; they are flats and pumps. To be specific, the heel
height of the flats is 10 mm while the heel height of the pumps ranges from 65 to
100 mm. On the other hand, the production time (as a result of the lead time) of each
shoe type is different. It ranges from 4 to 8 months depending on the design com-
plexity and the raw material availability. In real-world practice, minimum ordering
quantity (MOQ) requirement is well observed in which the manufacturers impose
the order quantity constraint on the downstream wholesaler. It is also the case in
Brand Z in which some manufacturers have the MOQ requirement of 50, 75, 100, or
even 200 units so as to guarantee their profits.

In this study, we consider a three-echelon supply chain which consists of a group
of manufacturers, a wholesaler (Brand Z), and a retailer. Figure 1 presents the supply
chain structure of Brand Z in Hong Kong. To be specific, the echelon at the down-
stream supply chain represents the Hong Kong fashion retailer who sells the shoe
products to the final customers in the Hong Kong market. They can place an order
to the wholesaler every month based on their market demand information. The mid-
dle echelon represents the Hong Kong wholesaler who receives and processes the
orders from the fashion retailer and then makes an order request to the manufacturers
according to the fashion retailer’s order quantity as well as the manufacturer’s MOQ
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Fig. 1 Supply chain structure in this study

requirements. Finally, the echelon at the upstream supply chain is the manufacturers.
There are totally four manufacturers and all of them are located in Italy. Each of them
is responsible to produce the shoes with different styles and materials.

3.2 Methodology

3.2.1 Data Sets and Sampling

In this study, we collected the real order quantity data of each supply chain member
in the period from June 2015-March 2016. To be specific, we collected (i) the order
quantity of the retailer, (ii) the order quantity of the wholesaler (Brand Z), (iii) the
production quantity of the manufacturers toward each shoe product. There are 25
shoe products in total. In addition, we also collected and specified the (iv) MOQ
requirement, (v) lead time, and (vi) heel heights toward each shoe product. Over-
all, 825 data were collected. To provide a better explanation on various important
parameters clearly, we have the following definition:

1.

3.

Coefficient of variation (CV): Measured by the ratio of standard deviation of
demand s to mean demand x (Fransoo and Wouters 2000; McCullen and Towill
2002),i.e.,CV = 2.

Bullwhip effect (BE): Determines the demand amplification level between two
supply chain members and is quantified by the ratio of coefficient of variation of
upstream echelon to downstream echelon. Specifically, BE at Link A, Link B,

. . CVitanufacturer
and Link C is denoted as BE, = #, BEg = CCV‘”,’;—III, and BE. =
olesaler etailer

CViganufacturer .
— Y, I ively.
CVRetaiter, esPeCt ve y

Link A: Consists of the manufacturer and the wholesaler.
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4. Link B: Consists of the wholesaler and the fashion retailer.
5. Link C: Consists of the manufacturer and the fashion retailer.

3.3 Data Analysis

We first analyze the existence of the bullwhip effect of each shoe product according
to the definitions. In addition, not all the manufacturers have imposed the MOQ
requirement and we code the MOQ as “1”” when there is no MOQ constraint imposed
by the manufacturer. In other words, the manufacturer is willing to trade with the
wholesaler when it orders at least one unit. Next, we conduct the statistical analysis
using the SPSS software. A correlation test was employed to test the developed
hypotheses.

4 Results

4.1 Analysis of the Bullwhip Effect

To determine the existence of bullwhip effect of each shoe product, we first measure
the bullwhip effect at each link and of each shoe product. Table 1 summarizes the
bullwhip effect, the MOQ requirement, the lead time and the heel heights of each
shoe product.

4.2 Statistical Analysis of the Causes of Bullwhip Effect

Table 2 presents the correlation between MOQ, lead time, heel heights, and bullwhip
effect at each link of each shoe product. First, we find that lead time is positively
correlated with the heel heights with the p value <0.01. In addition, lead time is also
positively correlated with the bullwhip effect with p value <0.05 with the Link A, p
value <0.01 with the Link B and Link C. Therefore, H1 is supported and a longer
order lead time yields a higher level of bullwhip effect.

On the other hand, the statistical correlation analysis demonstrates that the MOQ
does not have a significant correlation with the bullwhip effect at the 0.05 significance
level. Therefore, H2 is rejected and we cannot reveal that a larger minimum order
quantity leads to a higher level of bullwhip effect.
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Table 1 Summary of the bullwhip effect, MOQ, lead time, and heel heights of each shoe product

Product BE at Link | BE at Link | BE at Link | MOQ Lead time | Heel
A B C (units) (months) heights
(mm)
1 1.1567 1.3273 1.5352 1 8 100
2 1.3901 1.4713 2.0452 1 8 85
3 0.8108 0.7568 0.6136 1 6 65
4 1.0417 1.0254 1.0682 150 8 85
5 1.0277 1.0023 1.0301 250 8 85
6 0.9226 0.9058 0.8357 100 4 65
7 1.0803 0.6026 0.6510 100 4 65
8 1.1199 1.0043 1.1247 100 6 85
9 0.9670 0.9183 0.8881 1 4 10
10 1.1459 1.0403 1.1921 100 6 85
11 0.9758 0.9184 0.8962 75 4 10
12 0.9652 0.9639 0.9304 200 4 10
13 0.9868 0.9726 0.9598 200 4 65
14 1.1247 1.1496 1.2930 1 6 85
15 1.0087 0.9993 1.0081 75 4 10
16 1.0279 1.0260 1.0547 1 6 100
17 0.9676 1.0417 1.0079 1 6 85
18 1.0591 0.9781 1.0358 1 6 85
19 0.9860 0.9741 0.9604 75 4 10
20 0.9706 0.9694 0.9408 50 4 10
21 1.0038 1.0184 1.0223 75 8 85
22 0.9988 0.9999 0.9988 100 4 10
23 0.7569 1.4201 1.0749 50 6 10
24 0.8981 0.9060 0.8137 1 4 10
25 1.0644 1.0928 1.1631 1 8 10

Finally, we find that the heel height and the bullwhip effect are positively correlated
at Link A only with p value <0.05. However, there is no significant correlation
between the MOQ and the bullwhip effect at Link B and at Link C. Therefore, H3
is partially supported and the shoes with a higher height lead to a higher level of
bullwhip effect between the manufacturers and the wholesaler only.

Table 3 summarizes the statistical results for the proposed hypotheses.
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Table 2 Correlation between MOQ, lead time, heel heights, and bullwhip effect at each link of
each shoe product

MOQ Lead time | Heel height | BE at Link | BE at Link | BE at Link

A B C

MOQ 1 —0.110 0.001 —0.076 —0.233 —0.224

Lead time | —0.110 1 0.608%* 0.427* 0.537%* 0.586%**

Heel height | 0.001 0.608** 1 0.484* 0.149 0.358

BE at Link | —0.076 0.427* 0.484* 1 0.366 0.784%*

A

BE at Link | —0.233 0.537%%* 0.149 0.366 1 0.855%%*

B

BE at Link | —0.224 0.586%* 0.358 0.784%* 0.855%* 1

C

*Correlation is significant at the 0.05 level (two-tailed)
**Correlation is significant at the 0.01 level (two-tailed)

Table 3 Summary of the statistical test result

Hypothesis Result

Hypothesis 1: A longer order lead time yields | Supported
a higher level of bullwhip effect

Hypothesis 2: A larger minimum order Rejected
quantity leads to a higher level of bullwhip
effect

Hypothesis 3: Shoes with a higher height lead | Partially supported
to a higher level of bullwhip effect

5 Discussion

5.1 Causes of Bullwhip Effect

In this paper, we find that the order lead time and the height of the shoes have a
significantly positive correlation with the bullwhip effect at all links and at Link A,
respectively. Therefore, lead time and heel heights are critical causes of the bullwhip
effect in the Brand Z supply chain.

5.1.1 Lead Time

According to the statistical result of H1, it shows that a longer order lead time leads
to a higher level of bullwhip effect. Lead time, therefore, is a crucial factor which will
affect the operations efficiency in a supply chain context because the upstream supply
chain members are not able to keep track of the real demand at the downstream side
with a long lead time (Liao and Shyu 1991).
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5.1.2 Heel Heights

From the statistical result of H3, it reveals that the shoes with a higher height lead to
a higher level of bullwhip effect between the manufacturers and the wholesaler only.
Our results show that the bullwhip effect due to the heel height exists in the linkage
between the manufacturer and the wholesaler only. From Table 1, it indicates that
a type of high heel shoes has a longer lead time between the manufacturer and the
wholesaler. In addition, the high heel shoes are perceived as fashionable products
with higher level of demand uncertainty (Fisher 1997; Selldin and Olhager 2007).
Since the brand Z has its own physical stores in which it can also collect the demand
information, this demand uncertainty of the fashionable shoe products can be reduced
between downstream retailer and the wholesaler (brand Z).

5.2 Mitigate the Bullwhip Effect

5.2.1 Information Sharing

Information sharing between the downstream retailer and upstream supply chain
members is an effective measure to mitigate the bullwhip effect in the supply chain
context (Yang et al. 2011). According to Lee et al. (1997), information sharing
includes sharing of inventory status, sales data, sales forecast, production quantity or
even delivery schedule. For example, the downstream retailer possesess the market
demand information in which it should be shared with the upstream manufactures for
the production planning. Lee et al. (1997), Raghunathan (2001), Gaur et al. (2005)
find that no one particular information sharing policy is perfect in all situations and
they suggest to apply the hybrid policy for the information sharing. Despite the
bullwhip effect cannot be fully eliminated through information sharing, it can help
avoid the variance amplification at the upstream supply chain (Dejonckheere et al.
2004). In the exiting literature, it is stated that information sharing can significantly
improve the supply chain efficiency as well as reduce the excess quantity of inventory
(Bourland et al. 1996; Lee et al. 1997; Cachon 1999; Barut et al. 2002). By sharing
the true demand information along the supply chain, it helps the retailer establish a
relationship with upstream manufacturer. As Brand Z is a designer fashion brand in
which they are famous for its craftsmanship, Brand Z should develop a long term
strategic partnership with its manufacturers. In addition, it can help the supply chain
members improve their operations management with a better inventory planning.

5.2.2 Quick Response Strategy
As suggested by Disney and Towill (2003), reducing the lead time can help mitigate

the bullwhip effect in the supply chains. In fashion industry, quick response (QR)
is a strategy that can shorten the lead time for the replenishment in response to the
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market changes (Choi and Sethi 2010). Under the QR strategy, the retailer can adjust
the initial forecast quantity and then postpone the order decision closer to the selling
season (Iyer and Bergen 1997). On the other hand, the retailer will conduct infor-
mation updating by collecting the demand information of the correlated products to
improve the forecasting accuracy (Choi et al. 2003, 2006, 2017, 2015). In the existing
literature, it is found that both the supplier and the retailer are better off if an appro-
priate contract is adopted. To implement the QR strategy, Brand Z has to consider
the degree of supplier and buyer relationship. This is because the supplier and buyer
relationship will affect the quality of the information shared, the forecasting policy,
the supply chain contract adopted, and the technology being used (Choi and Sethi
2010). Recently, many fashion retailers have adopted the radio frequency identifica-
tion (RFID) technology for inventory management (Chan 2016; Chow et al. 2010). It
can enhance the transparency of the inventory and achieve a quicker replenishment.
It is an effective technology to handling the short shelf-life products (Karkkainen
2003) such as trendy fashionable products.

6 Conclusion Remarks

This study focuses on a targeted designer footwear brand and statistically examines
the existence and the causes of the bullwhip effect in the designer fashion supply
chain. We collected 825 data including the real order quantity of each supply chain
member, MOQ requirement, lead time, and heel heights, and conducted the empirical
tests. Our findings show that the degree of bullwhip effect in our targeted brand
is significantly correlated with the lead time and the shoe height only but not the
minimum order quantity requested by the manufacturers. In addition, we discuss the
measures to mitigate the bullwhip effect in the Brand Z supply chain.
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