A STUDY ON BULLWHIP EFFECT ON VARIOUS STAGES OF SUPPLY
CHAIN

ABSTRACT

The purpose of the present study was to investigate bullwhip effect on various stages of supply
chain and changing inventory control parameters. The results were investigated step by step. To
this end, four variants of the main supply chain model were explored and the obtained results
were put in bullwhip effect. In the study, we employed a combination of Arena high-level
simulation tool and Java programming language to simulate the model. As we observed,
bullwhip effect and lead time, periodic review and safety time were directly 58.19%, 120.7% and
1498.57%, respectively. Forecast window was the only variation which had a good effect
(14.98%, reversely). Regulating these parameters can lead to promising results regarding
bullwhip effect and identify the best combination of parameters which lead to the least change in
order.

1. INTRODUCTION
Gradually, supply chains have been changed into a dominant paradigm in business world.
Forrester (1985), the founder of supply chains discussion, claimed that management is exposed
to a change which makes organizations’ success dependent on effective interaction of
information flow, materials, capital, human resources, and equipments. He established an idea
which is, today, an undeniable theory in various businesses domain [24]. Perhaps, nowadays, no
organization can be imagined without considering its place in a supply change. Developing the
concept of supply chain 1s in sug av that some scholars believe currently, competition has
as. In fact, supply chain concept has been mainly

from it gradually [20]. Chopr: 1 ) consider supply chain as all members who are
' r’s need. Usually, a supply chain includes five
stages of customers, retat wsiadWtor, producers, and ingredients suppliers [17].
i involves wide managerial efforts and adopting various
treams of each chain including materials, capital and
orecast 1s highly important in supply chains management.
ly chain, the main purpose of each chain is to meet
knowing about future needs is necessary for supply chains.
for supply chain planning. In a common classification, there are

e important management issues in supply chain management is bullwhip
effect. Briefly, ip effect refers that demand fluctuations of the last level of customers in
supply chain is inCreased as moving along supply chain stages [28]. For the first time, this effect
was proposed by Forrester in the book of “industrial dynamicity”. Forrester introduced this effect
due to the change in organizations’ behavior [18]. Such effect causes improper planning, the
increase of inventory level, the decrease of benefit, the decrease of service level, and other
harmful consequences for organizations. Accordingly, many studies have been performed on this
issue. Researchers have introduced various factors leading to this effect including demand
forecasting, cluster orders, price fluctuations, rationing decisions, time lags, and incongruity in
chain structure. Lee and Padmanabham (1997) have introduced four basic factors to create



bullwhip effect including demand forecasting, cluster order, price fluctuations, rationing, and
shortage [22]. Also, Paik and Baghchi (2005) have considered updating demand forecasting,
cluster order, ingredients lags, information lag, purchasing lag, and the number of chain levels as
the effective factors in bullwhip effect [26]. In Iran, a wide range of studies have been performed
on supply chain management as well as the effect of bullwhip. For example, we can refer to the
article by Movahedi et al. (2011) in which the role of financial factors in bullwhip effect was
investigated in a two-level supply chain [2]. Yousefi Zanvar and Menhaj (2011) also studied the
effect of turbulent demand forecasting system on bullwhip effect in supply chain [6]. Further,
Nazari and Aghayi (2012) evaluated bullwhip effect phenomenon in three-level supply chain
with more than one product [5].

As observed, one of the factors influencing bullwhip effect creation is demand forecasting. The
reason of such impact can be found in beer game established b rman (1989). This game,

independently from other level. Principally, decision make i levels regulate their
ordering policy without considering other levels. Acco 1sPQEsddil of orders is always
increased from the lowest level of chain to its highest in fact, confirms the
effect of forecasting methods due to bullwhip eff O

due to bullwhip effect causes to conduct various s@lifli Resti s eff@@t. The purpose of
the paper is to investigate and compare various fi i @hods ombullwhip effect in a 3-
leve chain.

2. RELATED WORKS
Increasing growth of supply chausSi i siness domaifis has been faced with different
challenges and considered by S angers. One of the issues considered by

researchers in supply chai 1 its influencing factors. Battcharya and
Bandyopadhyay (2011) revi [ 1 cing b®llwhip effect [10]. Chtfield et al. (2004)
investigated the effect s, information sharing and shared information
quality on bullwhip effe g hjas (2004) investigated the effect of electronic

exchange of data on the mp effect as well as inventory average cost using
internet simu . uris et al. (2008) analyzed the way of influencing

studied the eff ici this effect [19]. Aqrawal et al. (2009) evaluated the effect
of pr policies of this effect [8]. Bray and Mendelson (2012) investigated
the &E jon excllange between supply chain levels due to bullwhip effect [12]. One
of the hi 1gh fluence bullwhip effect, as scholars believe, is to use various
forecastin by supply chain rigs. In this regard, many studies have been conducted on
the effect O ting methods on bullwhip effect. For example, Chen et al. (2000)

investigated an8 pared the effect of exponential smoothing and moving average methods on
bullwhip effect in'¥ simple two-level supply chain including a retailer and a producer [15]. Chen
et al. (2000) also studied the effect of demand forecasting and order providing time on bullwhip
effect in a two-level supply chain and generalized its results to multi-level chains [16]. Zhang
(2004) explored the effect of forecasting methods on bullwhip effect in a simple inventory
supply system. He concluded that forecasting methods influences bullwhip effect [29].
Carbonneau et al. (2006) investigated the effect of learning methods such as neural networks,
regressive neural networks and backup vector machines for forecasting due to bullwhip effect.
They, then, compared them with traditional methods such as moving average and linear



regression [13]. Bayraktar et al. (2008) studied the effect of exponential smoothing method due
to bullwhip effect in electronic supply chain management. They developed a simulation program
to select the best exponential smoothing parameters in the chain [11]. Barlas and Cunduz (2011)
introduced one of the structural roots of bullwhip effect in supply chain as incongruous use of
various chain levels of forecasting methods [9]. Najafi and Farahani (2007) also studied and
compared the effect of moving average forecasting methods, exponential smoothing and linear
regression due to bullwhip effect in a four-level chain in two states of constant and linear [3].
They assumed that all the members of the chain use similar methods to forecast their demand.
Nakhaei et al. (2007) investigated the effect of X+Y ordering pattern on thg decrease of bullwhip
effect in supply chain [4]. Yousefi Zanvar and Manhaj (2011) desig@ed a combinational
framework of turbulent demand forecasting and predictive pattern ¢
effect [7]. Esmaeili et al. (2012) compared the effect of various fosEmast ods on bullwhip
effect in supply chain [1]. They primarily investigated th&g
exponential smoothing methods to create or intensify bullwhip ef ;
supply chain including a supplier and four retailers. Q
retailers” demand, they computed the value of bullwhi orecasting methods in
various periods through various correlation coefficj

1 two-level

3. THE PROPOSED MODEL
This study attempted to investigate the e
explain the effects of changing inven
variance and order increase were inv
main supply chain model were e
we stated earlier, 1nventory CO
Inventory control can dete
the process of order, bullw
forecasting is based o

e obtalned results including
rdingly, four variants of the
were put in bullwhip effect. As
ortant role in supply chain management.
order. When forecasting is entered into
chain. It is only due to the fact that
k-to-demand policy creates better results on
policy. Regardless of the fact that whether
customer has shared dem 1 ation or not, stock-to-demand model will have
always better ' is the best choice to allow inventory management in
central modeli§ mand policy. This policy is a type of periodic review model
in which:

oeneral form of the central model is discussed. Since there are many
variations of supply chain models, the main model is considered as the central model and its
other variations are allocated name and number to be identified. The research model includes a
four-stage supply chain with a structure similar to Beer Distribution game. This model entails a
retailer, wholesaler, distributor, and factory (shown in Figure 1). This structure is widely used
placed in the middle of simple two-stage supply chains and complex supply networks.



Bullwhip Effect
All the inventories in the four st3
policy, order of each stage is p
order is the difference betw

review period for supplier. The extent of
effective inventory level in review time.
on order extent minus backorder cargos
2. here, is the interval between ordering and
of weeks between two reviews. Safety time

dered level - (inventory + on order — backorder)

orecasting™ (lead time + periodic review + safety time)

Bullwhip = order variance/demand variance

If the value 8 ip equals 1, the variance of order equals the variance of demand; in other
words, there 1s ease in variance. If the value of bullwhip is higher than 1, there is bullwhip
effect. If bullwhip effect is less than 1, it is known as smoothing scenario.

Research Hypotheses
The research hypotheses can be presented as following:
e [t is assumed that customers are highly patient and loyal. In other words, they wait for
their considered order if it is not available at a time and won’t provide their order from
another story;



e Four-stage supply chain works based on decentralized information sharing policy in
which each stage computes its demand forecasting not based on real user demand but
based on orders taken from lower stage;

e No capacity limitation has been assumed for inventories;

e Customer’s orders from retailer follow a normal distribution with the mean of 100 and
variance of 30;

o Fulfilling orders in each stage takes time (lead time); therefore, orders cannot be fulfilled
immediately;

e Backorders are allowed; therefore, if one of inventories cannot su
shortage is maintained as backorder to supply the order it as so
goods;

e Periodic review has been determined one week;

e Lead time has been definitely considered two days;

e Safety time has been determined one week and hal§

e In the model, the basic time unit is one week;

¢ Simulation is started with the primary valui

e To compute order, if stock is higher than 1% als zero. That is,
no order has been fulfilled in this week;

e The simulated model is run for wee arm up period is also
specified such that the primary v. i idered tqucompute mean statistics.

entire the order, its
as receiving new

THE MODEL ALGORITHM
Customer-retailer interaction: g m, it can be seen how customer and retailer
interact. In this algorithm, custo R 1 ed every week. Retailer tries to supply all

Retailer-wholesaler in porithm, the process of the relation between
retailer and wholesaler in described. Such a relation occurs in the form of
sending an orgdeilite weekly review in which retailer’s inventory occurs.

a backorder occurs. Retailer receives new goods after
e can be considered as the time of preparing order and

hing remains, retailer adds it to his/her inventory.

interaction: a similar process also occurs between both
¥ chain (wholesaler-distributor and distributor-factory). At the last
. b process 1s a bit different since here is the end of the chain. Therefore,
production shoWl ore emphasized than order from the previous stage.

Setting Variables
W= Week
RI= RetailerInventory
D= Demand
RB= RetailerBackorder
O= Order
Wi= WholesalerInventory



RO= RetailerOrder

WB= WholesalerBackorder
LT= LeadTime

RP= ReviewPeriod

ST= SafetyTime

OH= OnHand

0O0= OnOrder

BO= Backorder

T= Target

ICustomer and Retailer ()|

Forn=1 to W

D= New Demand ()
IF (RI>=D) Then

RI=RI-D
Else
RB=RB + (D-RI)
RI=0
W=W-+1

Wholesaler and Distributer and Factory ()

LT.Set()
RP.Set()
ST.Set()
OH.Set()
00.Set()

S



BO.Set()
O.Forcast(Last(10))
T= 0 * (LT+RP+ST)
O=T-(OH +00-BO)

Figure 2. Simulation algorithm

4. RESULTS
The Effect of Bullwhip without Applying Change Parameters
The central model has been run with a reiteration and the variances
wholesaler, distributor, and factory have been obtained. These val
Figure 3. As shown in the figure, demand variance is increased creasing supply
chain stages (other than factory production). Such a phenomen i
amount of this increase is variable in each stage. It has r n increase
depends on many factors such as lead time, safety time, 1 !

f demand, retailer,

Customer’s Retailer’s Wholesaler’s Distributor’s Factory
demand demand demand demand productions

Ay
. N\

e -retaile@8 demand-wholesaler’s demand-distributor’s demand-factory productions
igure 3. Variance increase in supply chain

factory productioN@are compared with each other. Note that the value of orders may be zero; in
other words, no order has been fulfilled in this week. Zero orders have been omitted for visual
cause and only orders with positive values have been depicted.



Figure 4. The amount of order in supply chain: bullwhip effect with8 M varia ameters

Variant Parameters effects
Supply chains are controlled by many parameters and S tors directly influence
bullwhip effect. In this section, we clarify these ' Q. stem behavior and
reaction of bullwhip during their change. The pu 1 inimize bullwhip effect

mathematical formula employed in the
Lead Time and Bullwhip Effect
This is the first change in the ce 8] ing lead time has a direct effect on bullwhip
effect, leading to increase it_Doull i 2 days to 4 days- and considering orders’
variance at various stages, ariance is more than what it was in the
central model. It indic increased. Figure 5 shows orders during lead
time increase. Current pproximately reaches to 6000 items while it
previously was at most 2 , we can state that lead time is a component of
equation comg herefore, increasing lead time causes the increase of

to the increase of costs due to high volume of warehouse goods.



Customer’s Retailer's Wholesaler’s Distributor’s Factory
demand demand demand demand productions

6Bl he increase of order amount due to lead time increase

Periodic ety Time and Bullwhip Effect

It is expected same thing occurred due to lead time increase occurs regarding periodic
review and safe® e. These three parameters have identical properties and all the three are the
components of an” equation computing the considered level. An increase in each of the three
parameters causes to an increase in the considered level. Accordingly, it leads to orders with
fewer times but high volume. Notably, the amount of order increase is measured to allow
comparing the effect of such change in each parameter. In the following, this observation will be
proved through simulation. In type 2, periodic review has been increased from one week to two
weeks. In type 3, safety time has been also changed from one and half week to three weeks.
Now, let know about the change in order variance and amount. Clearly, variance is significantly
increased, particularly regarding type 3, when safety time is increased. Consider that demand



distribution in the central model and all changes of the variations has remained identical: a
normal distribution with the mean of 100 and variance of 30.

S

a
Customer’s Retailer’s Wholesaler’s Distributor’s Factory
demand demand demand demand productions

Varia# due to periodic review increase

Figure@QC
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Figure 8. Changes 1ations due crease

%
\Thc amount of order due to periodic review increase




Figure 10. The amount of order due to safety time increase

Forecast Window and Bullwhip Effect
We employed moving window average, as a forecasting technique, in the model. Moving
window average allows forecasting another parameter called forecast window. In the central
model, the window of the last 10 orders has been used. In the model, type 4 is used to increase
forecast window to reach the last 20 orders. As shown in Figure 11, type 4, particularly at the last
3 stages, was improved. According to Figure 8 and comparing it with Figure 4, a lower order
variance can be visually identified. Such a behavior leads to the incred§g of bullwhip effect.
Therefore, the increase of moving window average causes to foster effect. Such a fact
is due to the creation of more reliable forecasts.

Customer’s Retziler’s  Wholeszler’s Distributor’s Factory
demand demand demand demand productions

T’ dehwholesaler’s demand-distributor’s demand-factory productions
11. Changes of type due to forecast window increase

Figure 12. The amount of order due to forecast window increase



Case Study

In the study, we worked on a simulated model of a four-stage supply chain which used stock-
demand policy in its all stages. The results obtained from the model parameters change have
been grouped in Figure 13 in terms of order changes between sequential stages.

Customer’s demand-retailer’s demand-w, aler’s dem istributorfg demand-factory productions

As shown in the previous fig
indicating that the change of so

and monitoring its effect on variation of
orders at all four stages of '

tion of orders was also shown after the

change of lead time, perjodic regu im@hand forecast window.

Figure 12 presents the acreaseMin percent) of bullwhip effect compared to the
amount of change in para been measured relative to the central model).
All four parag efore, we have an identical measurement unit for
parameter ing ‘ cus on increase percentage in variation of orders and



Figure 14. The percentage of bullwh

. The average of bullwhip effect change percentage

According ¥ S, we can clearly observe that bullwhip effect has been increased due to
doubling lead Y riodic review and safety time. However, doubling forecast window has led
to the decrease ON@UlIwhip effect. Another important point is that sometimes, bullwhip effect is
decreased at the beginning of supply chain but it is increased at the nest stages. According to
these observations, we can state that global analysis regarding supply chain is very important. If
each stage makes decision based on local analysis, a highly bad management can be created in
the entire the supply chain. This bad management, accordingly, will influence all stages in

supply chain.

5. CONCLUSION



The factors influencing bullwhip effect are complex which cause more challenges to investigate
them. In the present study, we discussed the reaction of bullwhip effect in response to variable
parameters of the system. Most of our focused parameters directly rely on the type of stock-to-
demand policy at each stage of supply chain. Therefore, we can consider this study as a
description of bullwhip effect using stock-to-demand policy as well as the way of regulating this
policy’s parameters to minimize bullwhip effect. Simulating the central model and its variations
indicates that changing the model parameters directly influences bullwhip effect in the entire
supply chain. As we observed, doubling lead time led to the increase of bullwhip effect
(58.19%), doubling periodic review (120.7%) and doubling safety time (1498.57%). Forecast
window was the only variation which had a good effect. In fact, forecast window caused to a
decrease of 14.98%, on bullwhip effect. Regulating these parameters can lead to promising
results regarding bullwhip effect and identify the best combination of parameters which lead to
the least change in order.
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