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ABSTRACT
Supply chain operations and management practices can provide us an insight into the dynamics of
financial problems in enterprises. This serves as the premise for the recently emerging interdisciplinary research subject of supply chain and financial management. In this thesis, a novel
supply chain cash flow model is developed, which captures the cash flow dynamics based on
supply chain operations. Based on that, the amplifications of cash flow variations among the
supply chain members are discovered. It is called cash flow bullwhip effect due to its similarity to
the bullwhip effect of product orders in supply chain. The cash bullwhip effect may have similar
impacts on enterprise financial operations as the bullwhip effect of product orders does on supply
chain operations. It is further discovered from this work that the causes for bullwhip of product
orders will further cause cash flow bullwhip, and reducing the product order bullwhip level can
significantly mitigate the cash flow bullwhip.
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Nomenclature
!: Time
!! : Order made at time !
! ! : Order up to level at time !
!: Lead time
!: Demand over the lead time !
!: Standard deviation of !
!: Constant chosen to meet a certain service level
!: Unit lead time demand mean
! ! : Collection ratio at time !
! ! : Forecast of collection ratio at time !
!"# ! : Payment made at time !
!"#! : Payment made by member !
!"! : Unit price offered by member !
!! : Order placed by member !
!! : Forecast of collection ratio by member !
!!! : Order made by member ! at time !
!"#$: Forecasted net cash inflows
!"#: Total purchase value
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Chapter 1

Introduction
1.1 Background and Motivation
According to the Federal Reserve, the total cash balances of US non-financial
corporations were close to US$2 trillion dollars as of June 2011, a 36% increase since
2009 (Federal Reserve, 2011). This shows the growing importance of cash reserve for
corporations at a time of uncertain economic prospects. Cash availability is the lifeblood
of an organization. A company needs cash to pay for raw materials, services, facilities
and labor costs for maintaining their business. It also needs cash to pay for other
liabilities such as loans, tax, as well as for investments. A well-managed cash flow
process with synchronized incoming and outgoing cash will ensure the efficient and
effective operations for a company. On the other hand, a company not being able to
maintain its liquidity can hardly sustain its business. Thus from the operational
prospective, companies need sophisticated solutions for cash flow management. In
industry, treasurers, controllers and other financial professions are actively refining
processes and developing tools to better forecast cash flows, make payment and credit
policies and determine appropriate cash reserve levels. In the academia, however, there is
not much work done on discussing the cash flow management from the operational
prospective.
On the other hand, supply chain management has been a key focus and well
studied topic in both industry and academics in the recent decades (Hoffman 2006).
Besides, progresses in information technology made it possible for companies to integrate
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information across different functions within themselves and between each other
(Camerinelli 2009). This sets the basis for Integrated Business Planning, which aims at
connecting the planning function across the enterprise to improve organizational
alignment and financial performance (http://en.wikipedia.org/wiki/Integrated_business_
planning). Based on this idea, researchers and practitioners developed interests in the
joint research area of supply chain and finance. Traditionally, financial issues are only
used as measures for evaluating supply chain performances. Currently, practices in
supply chain finance are actively leveraging finance resources to sustain supply chain
operations. On the other hand, progresses in supply chain optimization freed up vast
liquidity locked in supply chain and contribute to relieve corporation financial burdens.
Thus, integrated thinking and decision making in supply chain and finance becomes a
promising topic for researchers and practitioners in both areas. By surveying literatures,
little work can be found in this topic by the time of this research. Hofmann (2006) raised
the issue of collaborative supply chain and working capital management, and a
conceptual model is presented. Tsai (2007) made one step forward by modeling the
financial flows in a supply chain the studied cash flow risks. Based on these works, a
more detailed and general model can be formulated, as a platform of studying the
interactions of supply chain and financial activities.
One of the most well-known phenomenon in the supply chain is the bullwhip
effect. It is the amplification of order sizes by supply chain players going up the supply
chain. It is caused by uncertainties in end-customers’ demands, lack of information
sharing among supply chain members, and supply chain members’ ordering policies. The
outcomes of the bullwhip effect are disordered demand and supply, excessive inventory,
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stock-outs and further, high supply chain operation costs and poor service levels.
Researchers have developed sophisticated solutions for measuring and taming this
phenomenon. At this point, one topic of interests is whether this similar phenomenon
exists in the cash flow, and especially cash flow of the supply chain. Are there any
amplification phenomena with the financial figures when going up or down stream the
supply chain? If there are, are they caused by the supply chain factors or the finance
factors? And how to measure and avoid them? These issues can be potentially studied
by the integrated supply chain and finance model discussed earlier.
Thus, the focus of this paper is setting up the integrated supply chain and finance
model, and based on that trying to discover the bullwhip effect with supply chain cash
flow.

1.2 Methodology
First, a supply chain model should be set up as the basis for the supply chain cash flow
model. The beer game is widely used in demonstrating and studying the bullwhip effect
in product and order flows (Sterman, 1989). For the studying cash flow, we use a similar
simulation model made of supply chain members in different echelons. The detailed
operation process, policies and parameters for this basis model are chose to conform to
well established models in literature allowing more attentions to be put in studying the
cash flow issues. Based on that, the cash flows can be introduced into the model by
letting the supply chain members pay for their orders. For product order flow, the demand
uncertainties and inventory replenish policy are key in causing bullwhip effect. For cash
flow, the uncertainties in payment and payment policies are also vital in causing similar
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effect. However the uncertainties and payment policies should be introduced and set up in
a practical manner that reflect the basic logic in liquidity management in practice, rather
than artificially trying to make up bullwhip effect. By using the similar approach with
bullwhip effect in product orders, the bullwhip effect with cash flow can be defined and
measured, then observed. Further, the causes of the bullwhip should be explored.
Different from traditional bullwhip effect, the causes for the cash flow bullwhip may
come from two aspects, the supply chain operation, i.e. lead time, inventory replenishing,
etc. and finance operations, i.e. payment terms, payment rules, etc. The influences from
these two aspects on cash flow bullwhip should both be examined.
In Chapter 2, we will review literature in supply chain finance, cash flow models,
cash flow studied in supply chain and bullwhip effect in supply chain. In Chapter 3, we
first present the supply chain model serving as the basis for later discussions in this work.
Then a simple cash flow model with simple payment rule is introduced. The definition
and measurement of cash flow bullwhip is discussed. And further, the influence from
supply chain and finance operations on bullwhip for the simple model is discussed. In
Chapter 4, an extended cash flow model which has a better resemblance of practical
financial process is developed. We will also observe the bullwhip effect for the extended
model and study the influence of supply chain replenish policy and payment rules on the
level of cash flow bullwhip. In Chapter 5, we will discuss the conclusion and future work.
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Chapter 2

Literature Review
2.1 Supply Chain and Finance
Supply chain management has been commonly viewed as the management of flows of
products, information, and funds. It is proven that the flows of products and information
have been thoroughly studied in both practice and academics, while the flow of funds and
its relationship with the other two flows have not drawn enough attention in either realworld supply management or academic research. There is a fundamental reason for this,
the supply chain management and financial management are two separated domains in
corporate management and are managed by different corporate functions. The former one
focuses on fulfilling customer orders accurately and timely with minimal logistics,
manufacturing and sourcing cost. The latter one focuses on corporate controlling,
budgeting, treasure management and investment. So far, there has not been an industry
benchmark process linking the two business domains. Thus, decisions in one field are
often made without considerations of the other one. This industry separation also created
the gap in academic research, between research on supply chain and on finance issues.
However, in recent years, the integrated thinking on management of supply chain and
finance has been raised by managements in industry and draws attentions of researchers
in academics. According to Camerinelli (2009), managing the supply chain is becoming
the role for CFO and financial service providers. Researchers proposed framework of
collaborative finance and supply chain management (Hofmann 2006), studied financial
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issues based on supply chain (Tsai 2007), or used financial figures in setting supply chain
management policies (Naim et al. 2007).

2.2 Supply Chain and Cash Flow
Among the emerging works discussing financial issues in supply chain, cash flow is the
most commonly mentioned and studied financial topic. Farris II, M.T. and Hutchison
(2002) proposed cash-to-cash cycle as the metric for supply chain management. In
Hofmann (2005), a conceptual model of collaborative working capital model was
established aiming to optimize the cash-to-cash cycle for all members in the supply chain.
Tsai (2007) discussed measuring and managing cash flow risk based on the supply chain
operation. There are two reasons why cash flow is the most active topic among financial
issues in supply chain research. First, it is one of the three basic flows come in nature
with a supply chain, and is most directly affected financial figure by supply chain
operations. Second, cash flow is the most fundamental aspect in corporate finance
management and vital to the robustness of a business. Here the difference between
profitability and liquidity should be emphasized. The profitability refers to the ratio of
positive net profit over the total cost for making the profit. Liquidity refers to
synchronization of collections for sales and disperses for purchases and other
expenditures. To be profitable only means return is higher than total cost, and does not
necessarily mean one will have usable asset. Only when being liquid, one will have
adequate usable asset (cash) for business activities. A good case in point is the success of
Dell computer, who is able to maintain strong position in getting cash on hands before
paying their suppliers. On the other hand, the failures of many companies are not due to
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lack of orders and sales revenues, but because of inability to have enough liquidity to
support their operations. Thus, the appropriate cash level becomes a topic of interests. By
survey the literatures, the models for theoretical discussions on the optimal cash level
were developed decades ago, and not much was done recently. Early models in
determining cash flow level include the works by Baumol (1952) and Miller and
Orr(1966), which interestingly applied ideas from inventory management for cash flow
management. In Baumol paper, two types of assets are considered, an earning asset such
as savings deposit or bonds, and a non-interest balance of cash. The author found the
optimal period and amount of funds transfer between the two type of assets, given both
the transfer cost and idle cash opportunity cost. However, this work did not discuss
demand for cash and assumed constant cash flow. Miller and Orr (1966) based on work
of Baumol, considered the case where the cash flows are stochastic. They also considered
the upper and lower boundary for cash balance, and found the optimal upper level and the
optimal 'change to' level when the cash balance hits a boundary. This idea is very similar
to current policies in inventory management. The drawback of this model is that it
assumed 0 as the lower boundary which is not realistic considering the operations need
for cash.

2.3 Cash Flow Processes
The payment/collection processes in cash flow management as well as some metrics in
corporate finance are important in this study, including account receivables (AR),
account payables (AP), and Cash Conversion Cycle (also called Cash-to-Cash Cycle).
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Accounts Receivable and Accounts Payable
Accounts receivable represents money owed by entities to the firm on the sale of
products or services on credit. In most business entities, accounts receivable is typically
executed by generating an invoice and either mailing or electronically delivering it to the
customer, who, in turn, must pay it within an established timeframe, called credit terms
or payment terms (http://en.wikipedia.org/wiki/Accounts_receivable). Accounts
payable is a file or account sub-ledger that records amounts that a person or company
owes to suppliers, but has not paid yet (a form of debt), sometimes referred as trade
payables (http://en.wikipedia.org/wiki/Accounts_payable). Thus, a payable of a company
owned by its supplier is the corresponding account receivable for this supplier. The
fulfillment and collection process for an order is shown in Figure 2-1.

Figure 2-1: Fulfillment and Collection Processes

In the figure, the time period for Supply Process is exactly the lead time including time
for manufacturing, distribution, information process delay. And the time period for the
Collection Process in the figure is the credit term mentioned above, within which the AR
should be paid. Besides, many companies will grant early payment incentives (EPI) to
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their customers, if the customer pays for an order immediately when they get billed and
before the collection process begins. Usually, the EPI is in the form of a discount for the
corresponding account payable.

Cash Conversion Cycle
Cash Conversion Cycle (CCC) measures how long a firm will be deprived of cash if it
increases its investment in resources in order to expand customer sales. It is thus a
measure of the liquidity risk entailed by growth. It can be calculated by
!!! =

!"#
!"
!"
+
−
!"#$ !"#$% !"#$
365
365
365

where !"# is the average inventory over the period (365 days), !"#$ is the average cost
of goods sold during the period, !" and !" are the average account receivable and
account payable over the period respectively.

2.4 Bullwhip Effect in Supply Chain
One of the topics regarding the coordination among supply chain members on flow of
products and information is the bullwhip effect. It is the amplification phenomenon of
product order sizes going upstream the supply chain. Researchers have discovered and
studied this phenomenon long before the norm ‘supply chain’ came into being. The
reason for this phenomenon is the lack of cooperation, especially on information sharing
among the supply chain members. The amplified order variance may cause disordered
procurement, manufacturing and supply activities for supply chain members, leading to
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high inventories, large stock-out, and further, poor service level and high operations cost.
In the last two decades, researchers developed fruitful results in measuring and coping

Figure 2-2: Bullwhip Effect in Supply Chain

this phenomenon. Most noticeable works include Lee et al. (1997a and 1997b), Chen et
al. (2000a and 2000b), Metters (1997), Dejonckheere et al. (2003 and 2004), Chatfield et
al. (2004). The approach for measuring the supply chain bullwhip generally falls into
three categories. The first type is by analytical models employed by Lee et al. (1997a and
1997b), Chen et al. (2000a and 2000b). The second type is by simulation (Chatfield et al.,
2004). And the third type is by control engineering approach (Dejonckheere et al. 2001a,
2001b, 2003 and 2004). In the control engineering approach, the supply chain was
mapped into a control system with input, output and a transfer function. And the input of
the systems is the demand, the output is the generated order made based the demand, the
transfer function is the replenish rule. For different replenish rules, corresponding transfer
functions can be derived. Based on the transfer function, the frequency response plot can
be used to depict the amplification ratio of the output over a sinusoidal input. This
amplification ratio happens to be exactly the ratio of the variance of the order (input) over
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the demand (input). Thus the amplification ratio and the frequency response plot can be
used to show if and to what extent does the bullwhip effect exist.
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Chapter 3

Bullwhip Effect in Supply Chain Cash Flow
In this chapter, a supply chain model with cash flows between supply chain members is
presented. And we are especially interested in whether the financial factors can generate
bullwhip effects for cash flow as what happens to supply chain for product orders. For
product orders, the bullwhip is caused by the uncertainties in end customer demand and
lack of information sharing among supply chain members. Their order replenish polices
further amplify the uncertainties along the chain. In the case of cash flow, the supply
chain members make payment decisions based on the collections of sales from their
downstream members, just as the ordering decisions made at each stage by each member
in the supply chain. Thus the payments and collections for the cash flow are the
counterparties of orders and demands for the goods flow respectively. The principle for
setting up the payment policy is also similar to inventory replenish policy. And in this
case, the supply chain members aim at maintaining their liquidity by neither paying too
much nor too little. And in this chapter we will introduce a simple payment rule, in which
supply chain members will always collect money first then make payments. This sets the
basis for observing cash flow bullwhip, and in this case the area of interests is
amplification of payments variations of members when going up the supply chain. Figure
3-1 shows the flow of order information and flow of cash. On the other hand, the
difference between the order/product flow and cash flow should be noticed. One
fundamental difference between is the orders going along the supply chain have the same
mean values, but the payments don’t. Thus the way of defining and measuring the cash
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flow bullwhip should be different from those for product orders. Besides, the cause for
product orders bullwhip has one fold, which comes solely from the supply chain
operations including uncertain demand, lack of information sharing and inventory
replenish policies. But the cause for cash flow bullwhip has two folds. One comes from
financial factors including uncertain cash inflows, payment policy, credit terms and lack
of information sharing. And the other one comes from supply chain supply operations, i.e.
the causes for bullwhip effect of product orders. Thus when observing and analyzing cash
flow bullwhip, both the finance and supply chain factors should be considered.

Figure 3-1: Order Flow and Cash Flow in Supply Chain

In 3.1, the supply chain model with cash flow is introduced. It will work as the
basis for the supply cash flow study throughout this work. In 3.2, a simple payment rule
is developed, based on which the supply chain members decide how much they will pay
for the orders they made. In 3.3 the definition and measurement of the cash flow bullwhip
effect are discussed by comparison and contrast with product orders bullwhip effect. In
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3.4, we observe the cash flow bullwhip. And in 3.5, we discuss the influences of payment
rules and inventory replenish policies on the level of cash flow bullwhip.

3.1 The Basis Supply Chain Model
Supply Chain Structure and Flows
The supply chain in this research has four echelons namely Supplier, Factory, Distributor
and Retailer, running the supply chain on discrete time units. The orders flow upstream
the supply chain and the goods flow downstream the supply chain. Besides there is also
cash flow going downstream the supply chain And the Retailer fulfills external demands
from end customers and gets cash payments. The supply chain structure and flows are
shown in Figure 3-2.

Figure 3-2: Supply Chain Model with Cash Flow

Customer demand and Inventory Replenish Policy
The demand from the customers to the Retailer follows a normal distribution. The
ordering policy of each member is the same order-up-to policy, i.e. the order size for a
given member at time ! is
!! = ! ! − !"#$"%&'(  !"#$%$"&  !"  !"#$  !
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where, the inventory position is given by
!"#$"%&'(  !"#$%$"& = !"#$"%&'(  !"  ℎ!"# + !"#$"%&'(  !"  !"#$" − !"#$%&'(&
And the order-up-to level !! , is determined by
! ! = ! + !"
! is the demand over the lead time !, ! is the standard deviation of !, and ! is the
constant chosen to meet a certain service level. In the model,  ! is set to 0. As in Chatfield
et al. (2004) and Dejonckheere et al. (2004), the lead time ! includes the 1 time unit
ordering delay, i.e. once an order is placed by a member, it is received by its upstream
member in the next time unit. Besides, ! also include the production and distribution time.
Then ! is given by
! = !!
Here ! is the unit lead time demand mean, which is updated by forecasting based on the
order information up to time !. In the model, the moving average methods are used for
forecasting !.
Model Verification
The basis model is set up using exactly same process and policies as the supply chain
model in Chatfield et al. (2004), which generates same levels of bullwhip effect as
previous works including the works of Dejonckheere et al. (2004) and Chen (2000a). The
reason for using an existing model is that by using a well established and studied supply
chain model, we can focus more on the cash flow issue that is the focus of this research.
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To verify the resemblance of the basis model with previous works, let ! = 4 + 1 = 5,
and the demand from external customer follow !(100,10) and use a 19-step moving
average for as the forecasting method in the order-up-to policy. Running the supply chain
for 5200 time periods, the bullwhip effect can be observed. A comparison of the results
with Chatfield et al. (2004) and Dejonckheere et al. (2004) is given in Table 3-1.
Table 3-1: Basis Model vs. Chatfield et al. (2004) and Dejonckheere et al. (2004): Standard Deviation
Customer

Retailer

Distributor

Factory

Supplier

Dejonckheere et al. (2004)

10.0

12.90

17.30

23.91

33.81

Chatfield et al. (2004)

10.02

12.93

17.33

23.96

33.88

Basis Model

10.59

13.41

17.77

24.39

34.30

3.2 Payment Rule and Cash Flow
Partial Payment and Payment Rule
Based on the supply chain model set up, the cash flow can be introduced into the supply
chain by assigning unit price to the product goods and have the members make payment
for their orders. In this research, partial payment is allowed for supply chain members, i.e.
their orders can be paid either completely or partially, or not paid at all. In practice,
partial payment has different forms including installment and pay the creditor in less than
the full amount. And in either case, it is a way to maintain liquidity for either the creditor,
or debtor, or both of them. Thus the payment rule in this work refers to the policy for
supply chain members to decide the portion of their payments. And this decision is made
by considering their liquidity conditions. In this chapter, we consider a simple rule for

17

payment decisions, under which members made the decisions by forecasting the portion
of incoming collection, and the more they expect to receive, the more they will pay and
vice versa. In specific, in each time unit, each member calculates the ratio of collection
from its downstream member, which is paid for its corresponding order, and in the simple
model, there is a two unit time payment delay, thus
!"##$%&'"(  !"#  !"#$%  !"  (! − 2)
,
! =
!"#$%  !"  (! − 2)
0                                                ,
!

!"  !"#$!  !!  (! − 2) ≠ 0
!"  !"#$!  !"  (! − 2) = 0

Forecast of Collection and Payment Decision
Then, they forecast the ratio of collection in the next time unit by an exponential
smoothing:
! !!! = !! ! + (1 − !)! !
In the simple payment rule, a supply chain member uses its forecasted collection ratio as
the ratio of payment in the same time unit. Thus, the payment decision for their own
orders is:
!"# !!! = ! !!! ∗ !!!!
The unpaid portion should be realized in future periods in practice, however we do not
consider it in the simple model. The rule presented above conforms to the basic logic for
enterprise liquidity management: if a company in a supply chain is to receive more cash,
they will tend to make early payment to their supplier to get early payment bonus, or
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invest the money elsewhere and free up the liquidity. On the other hand, if the company
foresees to have less collection, they will tend to tighten their budget and delay payments
to their supplier to maintain liquidity.
Sequence of Activities and Information Sharing
As in other supply chain models, the supply chain members take same actions
simultaneously. And they are not aware of the actions (order and payment) for their
downstream member until the next time unit. For each member, they will first receive
goods from their upstream member. Then they receive the orders from the downstream
member made at the last time unit and fulfill the demand with available inventory. Then
they calculate the order-up-to level using the order information including the order
received during current time unit. Then based on inventory on hand and inventory on
order, they will make the ordering decisions and place orders to their upper members.
Meanwhile, they receive the payment made by the downstream player. For the simple
model, each member makes the payment one time unit after they place the corresponding
order. Thus, at time t, the members receive the payment for the order they received at t-1.
They will use the payment received in the current time unit along with previous
collection information to forecast the collection ratio in the next time unit make their
payment decision for the next time unit.

19

3.3 Defining and Measuring Cash Flow Bullwhip
When studying the bullwhip effect on product orders, the standard measurement of
bullwhip level is the standard deviation of order sizes by different supply chain members.
The standard deviation can be compared directly between the supply chain members
based on the fact that the mean of the order sizes are the same across all members of the
supply chain. However, for cash flow, the payment of any supply chain member is given
by
!"#! = !! ∙ !"!!! ∙ !!
And in the simple model, the payment decision !, price

!!!! and order size !! are

independent of each other, thus the expected value of a payment by member j is given by
!(!"#! ) = ! !! ∙ !"!!! ∙ !! = !"!!! ! !! !(!! )
Since the price for different members are different, the mean value of payment made by
different members are different. So to measure the variance payment made, we will use
the ratio of standard deviation over the mean value, which is the coefficient of variation:

!"(!"#! ) =

!"#(!"#! )
!"#$(!"#! )

3.4 Observing Cash Flow Bullwhip
Based on the introduced cash flow and payment rule of the basis supply chain, the
bullwhip effect can be observed. Plotted in Figure 3-3 is the time vs. normalized
payments for all members of the supply chain when running the systems for 220 steps.
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The payments in the plot are normalized with each member’s mean payment value
because of the inequality of mean values of payments in the supply chain and we are only
interested in the variations of the payments. From the plot, we can see the variances of
normalized payment sizes for upper stream supply chain members are higher than that of
the lower stream members.

Figure 3-3: Normalized Payments for Supply Chain Member vs.Time,

The coefficient of variance for all supply chain members is given in Table 3-2 by
running the system for 5200 times.
Table 3-2: Coefficient of Variance for Supply Chain Members

CV

Customer

Retailer

Distributor

Factory

Supplier

0.791

0.842

1.487

2.201

2.825
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From the table, the coefficient of variance increases when going upstream the supply
chain. The observations above indicate the existence of bullwhip effect in cash flow
according to the definition in section 3.3.

3.5 Factors Influencing Cash Flow Bullwhip
Next, we will discuss how the payment rule and inventory replenish policy will affect the
level of the cash flow bullwhip. For the simple model, the focus is on the influences by
the forecasting methods in the payment rule and inventory replenish policy, the
influences by other supply chain/finance factors will be discussed with the extended
model in Chapter 4. For inventory replenish policy and payment rule, the simple moving
average and exponential smoothing are used respectively for forecasting. It is known that
the number of observations used in moving average will influence the smoothing effect,
i.e. the more observations used, the better a forecast is smoothed. And the smoothing
effect in exponential smoothing is determined by the smoothing factor !, i.e. the smaller
! is, the better a forecast is smoothed. In this work, the term ‘smoothing level’ is used to
refer to how well a forecast is smoothed. In specific, using more observation in moving
average will increase the smoothing level for and vice versa. And using a smaller ! in
exponential smoothing will increase the smoothing level of the forecast and vice versa.
Payment Rule
In this section, we will examine the payment policy’s influence on the cash bullwhip
level. In specific, we will compare the cash flow bullwhip levels by different smoothing
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levels of the exponential smoothing forecast. The results are given in Table 3-3.
Table 3-3: Coefficient of Variance by Different Payment Forecast Smoothing Levels

!

Customer

Retailer

Distributor

Factory

Supplier

0.1

0.739

1.020

1.966

3.389

5.641

0.5

0.736

1.102

2.025

3.440

5.706

0.9

0.737

1.245

2.210

3.621

5.775

Customer demand rate ~ N(50,400), payment ratio ~ U(0,1); lead time = 5, MA(3) for demand forecasting.
The result was average of 20 replications of 5200 periods.

From the plot in Figure 3-4, it seems that by increasing smoothing parameter, the
coefficient of variance for each member (excluding Customer) will increase. To verify it,
the Paired T-test was conducted to compare the mean coefficient of variance under
different smoothing levels. The test result is given in Table 3-4.
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Figure 3-4: Impact of Payment Forecast Smoothing Level on Cash Flow Bullwhip
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Table 3-4: T-test Result Comparing Mean CV by Different Payment Forecast Smoothing Level
Paired T-test of Mean

‘CV by 0.1’ < ‘CV by 0.5’

‘CV by 0.5’ < ‘CV by 0.9’

‘CV by 0.1’ < ‘CV by 0.9’

P-value

0.001

0.006

0.002

95% CI

(-0.085,-0043)

(-0.231, -0.059)

(-0.289, -0.128)

The test results are all significant at 95% confidence level, thus we conclude that
by increasing smoothing parameter will increase the coefficient of variance for each
member. The 95% confidence interval for ‘CV by 0.1’ < ‘CV by 0.5’ is (-0.085,-0043)
indicating that the average difference between mean CV value for whole supply chain
under 0.1 forecast smoothing level and the mean CV value under 0.5 smoothing level is
within (-0.085,-0043). The 95% confidence interval for ‘CV by 0.5’ < ‘CV by 0.9’ is (0.231, -0.059), indicating that the average difference between mean CV value for whole
supply chain under 0.1 forecast smoothing level and the CV value under 0.5 smoothing
level is within (-0.231, -0.059).

Inventory Replenish Policy
The order-up-to inventory replenish policy is based on the moving average forecast. To
examine its influence on cash flow bullwhip, we will compare the cash flow bullwhip
level by different smoothing level of the moving average forecast. The test cases and
results are given in Table 3-5 and plotted in Figure 3-5.
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Table 3-5: Coefficient of Variance by Different Order Replenish Forecast Smoothing Levels
Replenish Policy

Customer

Retailer

Distributor

Factory

Supplier

MA(3)

0.737

1.287

2.201

3.733

5.822

MA(8)

0.736

0.729

1.133

1.586

2.211

MA(15)

0.737

0.573

0.784

0.995

1.263

Customer demand rate ~ N(50,400), payment ratio ~ U(0,1); lead time = 5, MA(3) for payments
forecasting. The result was average of 20 replications of 5200 periods.
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Figure 3-5: Impact of Inventory Replenish Forecast on Cash Flow Bullwhip

It is apparent from the above result that increasing the smoothing level in the
inventory replenish forecast, the CV value for each supply chain member will decrease.
To verify it we perform the same T-test comparing mean value of CV under different
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forecast smoothing level. The result is given in Table 3-6.
Table 3-6: T-test Result Comparing Mean CV by Different Inventory Replenish Forecast Smoothing Levels
‘CV by MA(15)’ < ‘CV by

‘CV by MA(8) < ‘CV by

‘CV by MA(15)’ < ‘CV by

MA(8)’

MA(3)’

MA(3)’

P-value

0.029

0.036

0.03

95% CI

(-0.154, 0.032)

(-0.3.995, 0.303)

(-5.048, 0.334)

Paired T-test of Mean

The test results are significant at 95% level, thus we can conclude that that
increasing the smoothing level in the inventory replenish forecast, will decrease the CV
value for each supply chain members. The test results are all significant at 95%
confidence level, thus we conclude that by increasing smoothing parameter will increase
the coefficient of variance for each member. The 95% confidence interval for CV by
‘MA(15)’ < ‘CV by MA(8)’ is (-0.154, 0.032) indicating that the average difference
between mean CV value for whole supply chain under 15-step forecast smoothing level
and the CV value under 8-step smoothing level is within (-0.154, 0.032). The 95%
confidence interval for CV by ‘MA(15)’ < ‘CV by MA(8)’ is (-0.3.995, 0.303),
indicating that the average difference between mean CV value for whole supply chain
under 8-step forecast smoothing level and the CV value under 3-step smoothing level is
within (-0.3.995, 0.303).
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Model Analysis
According to the discussion in section 3.3, the cash flow bullwhip is measured by

!"(!"#! ) =

!"#(!"#! )
!"#$(!"#! )

thus,
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=
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Since for the same supply chain member, the mean value for order sizes will be
unchanged when forecasting smoothing level for inventory replenish increases, but the
variance of the order sizes will decrease, thus the coefficient of variance of payment will
decrease. And for the same reason, increasing the payment forecast smoothing level will
not change the mean value of payment forecast ratio, but will decrease its variance, thus
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coefficient of variance of payment will also decrease. This is in accordance with the
observations of inventory replenish policy and payment rule’s influences on the cash flow
bullwhip as discussed earlier.
Besides, when going up the supply chain the mean order sizes for supply chain
members remain the same, but the variance of order sizes will increase, which is
!"# !! < !"# !!!!
Furthermore, based on the definition,
!"##$%&'"(  !"#  !"#$%  !"  (! − 2)
,
!! =
!"#$%  !"  (! − 2)
0                                                ,

!"  !"#$!  !"  (! − 2) ≠ 0
!"  !"#$!  !"  (! − 2) = 0

Thus,
!"# !!
! !!

!
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! !! ! − ! !!
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! !!
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Since reverse logistics is not involved in the supply chain model, thus according to the
‘order-up-to’ policy, supply chain members will not place an order if their forecasted net
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inventory is higher than the order-up-to level. And when going up the supply chain, the
mean for supply chain members’ order sizes remain unchanged but the variance increases,
thus an upstream member will have a higher probability to place a ‘zero order’ than the
downstream member, which is
! !!!! ≠ 0 < ! !! ≠ 0
Thus, when going up the supply chain,
!"# !!
! !!

!

<

!"# !!!!
! !!!!

!

Thus, the coefficient of variance for payment sizes will increase going up the supply
chain, which is
!"(!!!! ) < !"(!"#!!! )
This indicates the existence of bullwhip on payment sizes when going up the supply
chain.
Conclusions and Insights
According to the observations and analysis it can be inferred that in a supply chain where
order replenishments are made based on an order-up-to policy, and payment decision is
based on the simple rule as presented, the bullwhip effect in cash flow exist. Both the
forecast smoothing level in the payment rule and the forecast smoothing level in
inventory replenish policy will have influences on the level of the cash flow bullwhip. In
specific, the level of cash flow bullwhip will be increased if the forecasting smoothing
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levels in both the order replenish policy and payment rule decrease. Thus, under the
simple payment rule, the causes for bullwhip effect in product orders will also cause the
bullwhip effect in cash flow.
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Chapter 4

Extended Supply Chain Cash Flow Model
The cash flow model presented in Chapter 3 reflects the basic logic for corporate liquidity
management and leads to the cash flow bullwhip effect. However, the simple cash flow
model lacks many of the important features and processes of the real world supply chain
and finance practices. And its payment policy can not reflect the complexities of practical
credit/cash management in industry. In this chapter, an extended cash flow model is
presented based on the basis supply chain model with cash flow used in Chapter 3. The
major change is on the payment/collection processes, where the credit terms and early
payment incentives will be introduced to the model. This will lead to the change of
supply members’ payment policy. By having the credit term and incentives of payment,
they will need to choose between the option of leveraging the credit term by delaying
payments to get more liquidity and the option of getting the EPI by paying. And the
payment rule is still based on the partial payment policy and collection ratio forecast, but
this time the dynamics will be more complicated. In 4.1, the extended cash model will be
introduced. In section 4.2, we will further study how the supply chain factors and finance
factors will affect the cash flow bullwhip level.

4.1 Extended Cash Flow Model
Credit Terms
To extend the payment policy, let each member gives its downstream member credit
terms, i.e., the downstream member can either pay for an order early (1 time unit after the
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order) with getting a discount, or pay the full amount within the credit period. Besides,
the orders can be paid partially, with the early portion getting discounted. In Tsai (2007),
the proportion of early payment is random, representing market uncertainties. In our case,
this uncertainty can be generated by the payment rule discussed below.

Figure 4-1: Means of Cash Flow in Extended Cash Model

Payment Rule
The proportion of early collections for the Retailer from the customer is normally
distributed ranging from 0 to 1. For each order placed, the member will decide the
proportion to be paid early. This decision is made by considering their due collection
amount and due payment amount in the next time unit, as well as the forecasted early
collection from its downstream member. To make the payment decision:
First, the player forecasts the proportion of early collection of their sales using a simple
method. In the extended model, moving average is used for forecasting collection ratio as
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apposed to exponential smoothing used in the simple model. The difference of
forecasting models does not influence our analysis since the focus is on comparing
different smoothing levels within one model rather than between different models. Thus,

!"#$%&'($)  !"#$%  !"##$!%&"' = !"#$%&'($)  !"#$%  !"##$!%&"'  !"#$%×!"#$%  !"#$%&

Then, the forecasted net cash inflow (FNCI) is calculated by

                                                                !"#$%&'($)  !"#  !"#ℎ  !"#$%&
= !"#$%&'($)  !"#$%  !"##$!%&"' + !"#  !"##$!%&"'  !"#$%&
− !"#  !"#$%&'  !"#$%&

Then, their early payment amount is given by

!"#,
!"#$%  !"#$%&'  !"#$% = !"#$,
0,

!!"# ≥ !"#
0 < !"#$ < !"#
!"#$ ≤ 0

Besides, the unpaid portion will be paid in the due time period without any
conditions. The logic flow of the extended payment process is shown in Figure 4-2.
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Figure 4-2: Logic Flow for Extended Cash Flow Model

Measuring Cash Flow Bullwhip
The mean values of payment for different members are still different under the extended
payment policy. Thus we still use the coefficient of variance defined used in Chapter 3.
However, the payment in the extended model consists of two parts, the early payment and
the due payment. And the early payment is exactly the ‘payment’ studied in Chapter 3.
Thus, to measure the bullwhip of cash flow, we will use the early payment ratio and
examine its coefficient of variance. And in this Chapter, ‘payment’ refers to ‘early
payment’.
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Remarks
The payment rule for the extended model did not consider the cash accumulation and
cash level but still conforms to some real-world cases. Assume that a company would not
want to use their cash reserve for early payment, as they are for other higher priority
purposes. Besides it is not economical to finance for early payment. In this case, a
company would prefer to use the credit term by paying late to get liquidity. However, if
they are able to pay fully or partially with their incoming collections, they will tend to
pay early to get the discount. To summarize, if they are able to pay their orders fully or
partially with incoming collections, they will pay with the incoming collections as much
as possible to benefit from the early payment discount. If their orders can not be fully
paid with the incoming collections, they would rather leave the unpaid portion until the
due date with future collections or cash reserve.
To observe if cash flow bullwhip exists in this case, we still examine the variance
of early payment the ratio. Plotted in Figure 4-3 is the payments normalized by mean
value for each supply chain member vs. time. It can be seen from the plot that the upper
stream members have larger variance in normalized payment then lower members, which
indicate the existence of bullwhip with the extended cash model. It could also be seen
from Table 4-1, which is the coefficient of variance for each member.

Table 4-1: Coefficient of Variance for Supply Chain Members in Extended Model

cv

Customer

Retailer

Distributor

Factory

Supplier

0.734

1.331

2.328

3.720

6.051
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Figure 4-3: Normalized Payments for Supply Chain Members vs. Time in Extended Cash Model

4.2 Factors Influencing Cash Flow Bullwhip
Forecast in Payment Rule
In this section we will examine how the payment rule will affect the cash bullwhip. The
payment rule is composed of two parts: the forecast method, and the rule to decide the
payment portion. We will focus on the forecast method, especially how the forecasting
smoothing level will influence the bullwhip effect. We will compare the cash flow
bullwhip levels of MA(3), MA(5) and MA(15). The result is given in Table 4-2.
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Table 4-2: Coefficient of Variance under Different Payment forecasting Policy in Extended Model
Customer

Retailer

Distributor

Factory

Supplier

MA(3)

0.738

1.376

2.461

5.320

13.252

MA(8)

0.740

1.369

2.472

5.708

14.832

MA(15)

0.738

1.370

2.452

5.669

14.992

Customer demand rate ~ N(50,400), payment ratio ~ U(0,1); lead time = 5, MA(3) for demand forecasting.
5 periods payment term. The result was average of 20 replications of 5200 periods.
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Figure 4-4: Impact of Payment Forecast Smoothing Level on Cash Flow Bullwhip in Extended Model

Figure 4-4 is the plot for Table 4-2. From the results, it the influence of payment
forecasting smoothing level on the cash flow bullwhip does not seem to be significant. To
verify it, we perform the Paired T-test for the mean CV under different payment
forecasting methods. The result is given in Table 4-3.
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Table 4-3: T-test Result Comparing Mean CV by Different Payment Forecast Smoothing Levels
‘CV by MA(3)’ <> ‘CV by

‘CV by MA(8) <> ‘CV by

‘CV by MA(8) <> ‘CV by

MA(8)’

MA(15)’

MA(15)’

P-value

0.279

0.615

0.301

95% CI

(-1.682, 0.696)

(-0.120, 0.171)

(-0.805, 1.842)

Paired T-test of Mean

The test results are not significant at 95% level and can not conclude that the
mean value of CV under different smoothing levels are different. Thus, the influence of
payments ratio forecast smoothing level on mean CV values of supply chain members is
not significant. The 95% confidence interval for CV by ‘MA(3)’ <> ‘CV by MA(8)’ is (1.682, 0.696) indicating that the average difference between mean CV value for whole
supply chain under 3-step forecast smoothing level and the CV value under 8-step
smoothing level is within (-1.682, 0.696). The 95% confidence interval for CV by
‘MA(15)’ < ‘CV by MA(8)’ is (-0.120, 0.171), indicating that the average difference
between mean CV value for whole supply chain under 8-step forecast smoothing level
and the CV value under 15-step smoothing level is within (-0.120, 0.171).

Credit Terms
The credit terms refers to the length of time period granted by a member to its
downstream for late payments. We will compare the unified credit terms of 5, 10, 15 of
all members to see if it affects the cash bullwhip, the result is given in Table 4-4 and
Figure 4-5.
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Table 4-4: Coefficient of Variance by Different Credit Terms (CT)
Credit Terms

Customer

Retailer

Distributor

Factory

Supplier

CT(5)

0.739

1.373

2.454

5.266

12.805

CT(10)

0.740

1.389

2.500

5.162

10.964

CT(15)

0.740

1.378

2.503

5.032

11.069

Customer demand rate ~ N(50,400), payment ratio ~ U(0,1); lead time = 5, MA(3) for demand forecasting.
MA(3) for payment ratio forecasting. The result was average of 20 replications of 5200 periods.
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Figure 4-5: Impact of Credit Terms on Cash Flow Bullwhip in Extended Model

From the results, the credit terms do not seem to affect the cash flow bullwhip.
The result of T-test is given is Table 4-5.
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Table 4-5: T-test Result Comparing Mean CV by Different Credit Terms (CT)
‘CV by CT(5)’ <> ‘CV by

‘CV by CT (10) <> ‘CV

‘CV by CT(15)’ <> ‘CV by

CT(10)’

by CT(15)’

CT(5)’

P-value

0.279

0.615

0.301

95% CI

(-1.682, 0.696)

(-0.120.0.171)

(-0.805, 1.842)

Paired T-test of Mean

The T-test results are not significant at 95% level, thus we can not conclude that
the mean CV value under different credit terms are different. This indicates that the cash
flow bullwhip level of supply chain members are not affected by credit terms. The 95%
confidence interval for ‘CV by CT(5)’ <> ‘CV by CT(10)’ is (-1.682, 0.696) indicating
that the average difference between mean CV value for whole supply chain under 5periods credit term and the CV value under 10-periods credit term is within (-1.682,
0.696). The 95% confidence interval for ‘CV by CT (10) <> ‘CV by CT(15)’ is (0.120.0.171), indicating that the average difference between mean CV value for whole
supply chain under 5-periods credit term and the CV value under 10-periods credit term
is within (-0.120.0.171).

Forecast in Inventory Replenish Policy
We will examine the influence of the cash flow bullwhip caused by the level of
smoothing level in the inventory replenish forecasting methods. The test cases and results
are given in Table 4-6, and the plot of same data is given in Figure 4-6.
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Table 4-6: Coefficient of Variance by Different Replenish Forecast Smoothing Levels in Extended Model
Replenish Policy

Customer

Retailer

Distributor

Factory

Supplier

MA(3)

0.739

1.511

2.630

5.692

12.783

MA(8)

0.739

1.103

1.531

1.998

2.589

MA(15)

0.738

0.926

1.125

1.387

1.801

Customer demand rate ~ N(50,400), payment ratio ~ U(0,1); lead time = 5, MA(3) for payment ratio
forecasting. 5 periods payment term. The result was average of 20 replications of 5200 periods.

According to the results, the demand forecast smoothing level of the inventory replenish
seem to significantly affect the cash flow bullwhip level.
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Figure 4-6: Impact of Inventory Replenish Forecast Methods on Cash Flow Bullwhip in Extended Model

The result is further verified by the T-test with results in Table 4-7.
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Table 4-7: T-test Result Comparing Mean CV by Different Inventory Replenish Forecast Smoothing Levels
‘CV by MA(15)’ < ‘CV by

‘CV by MA(8) < ‘CV by

‘CV by MA(15)’ < ‘CV by

MA(8)’

MA(3)’

MA(3)’

P-value

0.016

0.081

0.091

95% CI

(-11.822, 3.133)

(-10.946, 3.249)

(-0.915, -0.076)

Paired T-test of Mean

The T-test results are not all significant at 95%, but are significant at 90% level. We can
still conclude that smoothing level for demand forecasting has impact on the cash flow
bullwhip level. The 95% confidence interval for ‘CV by MA(15)’ < ‘CV by MA(8)’ is (11.822, 3.133) indicating that the average difference between mean CV value for whole
supply chain under 15-step forecast smoothing level and the CV value under 8-step
smoothing level is within (-11.822, 3.133). The 95% confidence interval for ‘CV by
MA(15)’ < ‘CV by MA(8)’ is (-10.946, 3.249), indicating that the average difference
between mean CV value for whole supply chain under 8-step forecast smoothing level
and the CV value under 3-step smoothing level is within (-10.946, 3.249).

Lead Time
Lastly, we will see how the lead time of the order fulfillment will affect the cash flow
bullwhip. We will compare the bullwhip levels when order fulfillment lead time is 3, 5
and 10 time periods respectively. The result is given in Table 4-8, and plotted in Figure 47.

42

Table 4-8: Coefficient of Variance by Different Inventory Replenish Lead Time in Extended Model
Lead Time

Customer

Retailer

Distributor

Factory

Supplier

3

0.738

1.251

1.706

2.880

5.385

5

0.738

1.423

2.602

5.348

13.732

10

0.738

1.592

4.421

13.112

21.521

Customer demand rate ~ N(50,400), Payment ratio ~ U(0,1); MA(3) for payment ratio forecasting; MA(3)
for demand forecasting. 5 periods payment term. The result was average of 20 replications of 5200 periods.

From the table we can see that the lead time for order fulfillment also affects the cash
flow bullwhip significantly, the T-test result is given in Table 4-9.
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Figure 4-7: Impact of Inventory Replenish Lead Time on Cash Flow Bullwhip in Extended Model
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Table 4-9: T-test Result Comparing Mean CV by Different Inventory Replenish Lead Time (LT)
‘CV by LT(3)’ < ‘CV by

‘CV by LT(5) < ‘CV by

‘CV by LT(3)’ < ‘CV by

LT(5)’

LT(10)’

LT(10)’

P-value

0.104

0.057

0.067

95% CI

(-8.874, 2.933)

(-10.708, 1.937)

(-18.835, 4.122)

Paired T-test of Mean

The test results are all close to significant at 90% level. We can still conclude that the
order fulfillment lead time has impact on the cash flow bullwhip level. The 95%
confidence interval for ‘CV by LT(3)’ < ‘CV by LT(5)’ is (-8.874, 2.933) indicating that
the average difference between mean CV value for whole supply chain under 3-period
lead time and the CV value under 5-period lead time is within (-8.874, 2.933). The 95%
confidence interval for ‘CV by LT(5) < ‘CV by LT(10)’ is (-10.708, 1.937), indicating
that the average difference between mean CV value for whole supply chain under 5period lead time and the CV value under 10-period lead time is within (-10.708, 1.937).

Design of Experiment
To further find how the cash flow bullwhip is affected by payment rules and order
replenish policy, we conducted DOE with the four factors we studied in this section. The
factors are Pay Forecast, Credit Term, Demand Forecast, Lead Time, and the response is
the mean CV value over the 4 supply chain members. The mean CV value for each
design is average of 20 replicates of 5200 periods. The experiments design is given in
Table 4-10. The test results are given in Table 4-11 and Table 4-12. By results in Table 411, the effects of Demand Forecasting and Lead Time are much more significant than
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other factors. This is consistent with the observations and test results in previous sections,
indicating that lead time and demand forecasting method are the two most significant
factors affecting cash flow bullwhip.

Table 4-10: Experiments Design for Factors Influencing CV

Std
Order
2
14
4
3
1
16
11
7
6
8
5
9
12
10
15
13

Run
Order
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Center
Pt
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Blocks
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Pay
Forecast
MA(8)
MA(8)
MA(8)
MA(3)
MA(3)
MA(8)
MA(3)
MA(3)
MA(8)
MA(8)
MA(3)
MA(3)
MA(8)
MA(8)
MA(3)
MA(3)

Credit
Term
CT(5)
CT(5)
CT(10)
CT(10)
CT(5)
CT(10)
CT(10)
CT(10)
CT(5)
CT(10)
CT(5)
CT(5)
CT(10)
CT(5)
CT(10)
CT(5)

Demand
Forecast
MA(3)
MA(8)
MA(3)
MA(3)
MA(3)
MA(8)
MA(3)
MA(8)
MA(8)
MA(8)
MA(8)
MA(3)
MA(3)
MA(3)
MA(8)
MA(8)

Lead
Time
LT(3)
LT(5)
LT(3)
LT(3)
LT(3)
LT(5)
LT(5)
LT(3)
LT(3)
LT(3)
LT(3)
LT(5)
LT(5)
LT(5)
LT(5)
LT(5)

Mean
CV
2.831
1.802
2.873
2.692
2.746
1.872
4.753
1.337
1.303
1.352
1.324
5.520
5.452
6.124
1.863
1.768

Table 4-11: Estimated Effects and Coefficients for Mean CV (coded units)

Term
Constant
Pay Forecast
Credit Term
Demand Forecast
Lead Time
Pay Forecast*Credit Term
Pay Forecast*Demand Forecast
Pay Forecast*Lead Time
Credit Term*Demand Forecast
Credit Term*Lead Time

Effect

0.201
-0.153
-2.546
1.587
0.025
-0.191
0.136
0.210
-0.166

Coef
2.851

0.100
-0.076
-1.273
0.794
0.012
-0.096
0.068
0.105
-0.083

SE Coef
0.003787
0.003787
0.003787
0.003787
0.003787
0.003787
0.003787
0.003787
0.003787
0.003787

T

P

752.93
26.51

0.001

-20.18
-336.20
209.55
3.29
-25.24
17.92
27.69
-21.87

0.024
0.032
0.002
0.003
0.188
0.025
0.035
0.023
0.029
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Demand Forecast*Lead Time
Pay Forecast*Credit Term*
Demand Forecast
Pay Forecast*Credit Term*Lead
Time
Pay Forecast*Demand Forecast*
Lead Time

-1.090
-0.022

-0.545
-0.011

0.003787
0.003787

-143.89
-2.95

0.004
0.208

-0.008

-0.004

0.003787

-1.01

0.496

-0.123

-0.062

0.003787

-16.26

0.039

Credit Term*Demand Forecast*
Lead Time

0.191

0.096

0.003787

25.24

0.025

S = 0.0151471 R-Sq = 100.00% R-Sq(adj) = 99.99%

Table 4-12: Analysis of Variance for Mean CV (coded units)

Source
Main Effects
2-Way Interactions
3-Way Interactions
Residual Error
Total

DF
4
6
4
1
15

Seq SS
36.2623
5.5284
0.2091
0.0002
41.7301

Adj SS
36.2623
5.5284
0.2091
0.0002

Adj MS
9.06559
0.87639
0.05229
0.00023

F
39512.63
3819.79
227.89

P
0.004
0.012
0.050

Remarks
From Table 4-11, two of the four main effects, i.e. the Demand forecast and Lead Time
are significant in the model. Their interaction effect is also significant. This verified the
observations made in Chapter 3 and Chapter 4, that supply chain factors have significant
impact on cash flow bullwhip effect. And according to the DOE results, the financial
factors i.e., payment terms and payment forecasting method do not affect the cash flow
bullwhip. Thus, it can be inferred that the product orders bullwhip will further cause cash
flow bullwhip. And based on the experiments results, removing or reducing the factors
causing product orders bullwhip will be significant in mitigating cash flow bullwhip.
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Model Analysis
To analyze how the cash flow bullwhip is caused and influenced by the order replenish
and payment policies, we still analyze the coefficient of variance for the payment size, in
this case for the extended model,
!"(!"#! ) =

=

!"# !"#!
!"#$ !"#!

=

!"#(!"#! )
=
!(!"#! )

! !! ! − [! !! ]!
[! !! ]!

! !! !
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[! !! ]!

−1

! !"#$ > !"# ! !! ! !"#$ > !"# + ! !"#$ < !"# ! !! ! !"#$ < !"#
[! !"#$ > !"# ! !! !"#$ > !"# + ! !"#$ < !"# ! !! !"#$ < !"# ]!

−1

Let
! !"#$ > !"# = !1, ! !"#$ < !"# = !2
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and
! !!!! = ! !!
Thus,
!"(!"#!!! ) < !"(!"#! )
This indicates the existence of the bullwhip effect for the cash flow. Besides, when
increasing the fulfillment lead time and decreasing the demand forecasting smoothing
level will increase variance of order sizes, and thus, by above result, will increase the
coefficient of variance of payments.

Conclusions and Insights
Based on the observations and analysis, the bullwhip effect on cash flow exists in a
supply chain where the inventory is replenished by an order-up-to policy and the payment
decisions are made based on the extended model which involves payment terms. The
order replenishes policy and factors including forecasting smoothing level and lead time
have impact on the level of the cash flow bullwhip. Thus the causes for the bullwhip
effect in product orders will further cause the bullwhip effect in cash flow.
To think one step forward, the amplified payment variance along the supply chain
will increase the level of uncertainty in collections for supply chain members, lead to the
situation of ‘being out of cash’ of ‘holding too much cash’, thus either waste the cash
resources or increasing financial costs. Thus, to mitigate the bullwhip effect with product
orders not only has significance with lowering the supply chain cost and improving
supply chain efficiency, but also has similar but more profound effect with a company’s
financial performances.

48

The findings made in this research exemplified the close relationship and
intriguing interactions between supply chain issues and corporate finance issues.
Specially, it is indicated that not only the financial stability affect the performance of the
supply chain, but on the other hand, the supply chain will also counteract to finance
operations, either positively or negatively. Thus, an integrated approach in enterprise
planning and decision-making becomes necessary. The methodology and model
developed through this research of cash flow bullwhip can be further enhanced and serve
as the basis for implementing Integrated Business Planning systems and building up the
framework for collaborative supply chain and finance management.

49
Chapter 5

Conclusions
The integrated thinking/decision making in enterprises between supply chain and finance
functions are drawing more and more attentions in both industry and academics. This
work provides an attempt to build up a framework linking supply chain operations and
financial activities on an operational basis. Based on that, the research focused on a new
topic, which is the bullwhip effect in supply chain cash flow. An amplification
phenomenon is observed with the variance of payment sizes for supply chain members
when going upstream the chain. It is similar to the bullwhip effect for product orders,
thus it is called cash flow bullwhip effect. The causes for the cash flow bullwhip effect
come from two folds, the inventory replenish policies and parameters and the payment
policies and terms. In this research, a simple model and an extended model are introduced
to model the enterprise liquidity management process. And under both models, the
inventory replenish policies and parameters were proven to cause the cash flow bullwhip
and have impact on the bullwhip levels. Thus it is concluded that, the bullwhip effect
with product orders will further lead to the bullwhip effect with cash flow. The
consequence of cash flow bullwhip effect is similar to that in product orders, but the
impact is more profound. The amplified collection sizes will lead to disordered cash
inflows and outflows, causing either excessive cash holding which wastes the operation
and investment opportunities, or lack of operational cash, which affect business
operations and increase financing costs.
As extensions for this research, the cash flow bullwhip effect as well as other
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problems regarding the supply chain and finance can be discussed. For cash flow
bullwhip, more refined and realistic payment models can be developed. Based on that,
other supply chain and finance factors can be further examined on their influences to cash
flow bullwhip. Besides, the bullwhip effect in this research is defined based on the
payment sizes, other financial figures can be potentially used for defining the cash flow
bullwhip. And then more detailed solutions for mitigating and avoiding cash flow
bullwhip and be developed. These efforts may bring more realistic significances for the
topic of cash flow bullwhip. Moreover, the cash levels for supply chain members are not
considered in this research, however it is a topic of great importance in practice. The
models and methodologies used in the research can be further extended to study the
appropriate cash reserve polices for supply chain operations. This will set basis for
another area of research, which is on the influences of financial operations on the supply
chain.
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Appendix

Program Code for Supply Chain Cash Flow Models
Simple Model
%----------------------Initialization---------------------% Number of total time periods in the simulation
N=121;
clear inv d o onorder bo f
clear nn index rand1
clear rec recratio fratio cv
% Assigning initial values
% inv: inventory level
% bo: backorder amount
% onorder: inventory on order
% d: demand to a SC member from its downstream member
% o: order placed by a SC member to its upstream member
% f: order-up-to level
% rec: collection of sales
% recratio: collection ratio
% fratio: forecasted collection ratio
for j=1:5
for n=1:20
inv(n,j)=100;
bo(n,j)=0;
onorder(n,j)=0;
d(n,j)=0;
f(n,j)=0;
o(n,j)=0;
rec(n,j)=0;
recratio(n,j)=0;
fratio(n,j)=0;
end
end
% Prices
p(1)=2;
p(2)=1.75;
p(3)=1.5;
p(4)=1.25;
p(5)=1;
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% Lead time
for j=1:5
t(j)=5;
end
% Generate normally distributed customer demand
a = 0; b = 1000; c =100; nn = N*2;mm = 50;
x = randn(1,nn);
x = x/std(x)*sqrt(c);
x = x -mean(x)+mm;
index = find(x>=a & x<=b);
rand1= fix(x(index));
%----------------------- Simulation-----------------------while n<N
for j=1:4
% Receive products and update inventory level
inv(n,j)=inv(n-1,j)-bo(n-1,j)+o(n-t(j+1),j)
-d(n-1,j);
if inv(n,j)<0
bo(n,j)=0-inv(n,j);
inv(n,j)=0;
else
bo(n,j)=0;
end
end
% Forecast demand by moving average
for j=1:4
s(n,j)=0;
for i=1:9
s(n,j)=s(n,j)+d(n-i,j);
end
f(n,j)=s(n,j)/9;
end
% Calculate inventory on order
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for j=1:4
onorder(n,j)=0;
for i=1:t(j+1)-1
onorder(n,j)=onorder(n,j)+o(n-i,j);
end
end
% Decide order size by order-up-to policy
for j=1:4
if inv(n-1,j)-d(n-1,j)-bo(n-1,j)+
o(n-t(j+1),j)+onorder(n,j)<t(j+1)*f(n,j)
o(n,j)=t(j+1)*f(n,j)-(inv(n-1,j)-d(n-1,j)
-bo(n-1,j)+o(n-t(j+1),j)+onorder(n,j));
else
o(n,j)=0;
end
end
% Generate place orders to upstream member
% Demand to the Retailer
d(n,1)=rand1(n);
% Demand to each member is exactly the orders placed by
% its downstream member
for j=2:5
d(n,j)=o(n,j-1);
end
% Calculate the collection ratio at current time unit
for j=1:5
if d(n-2,j)==0
recratio(n,j)=0;
else
recratio(n,j)=rec(n,j)/(d(n-2,j)*p(j));
end
end
% Payment ratio to Retailer by customer follow U(0,1)
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rec(n+1,1)=rand(1,1)*d(n-1,1)*p(1);
% Smoothing parameter for exponential smoothing in
% collection ratio forecast
al=0.1;
% Forecast collection ratio in the next time unit,
% and decide payment sizes
for j=1:4
fratio(n,j)=0;
fratio(n,j)=al*recratio(n,j)+(1-al)*fratio(n-1,j);
rec(n+1,j+1)=fratio(n,j)*o(n-1,j)*p(j+1);
end
n=n+1;
end
%-------------------- Output Results ---------------------% Caculate coefficient of variance
stdrec=std(rec);
meanrec=mean(rec);
for j=1:5
cv(j)=stdrec(j)/meanrec(j);
end

Extended Model
%----------------------Initialization---------------------% Number of total time periods in the simulation
N=5221;
clear inv d o onorder bo f
clear nn index rand1
clear rec freceive recratio fratio cv
% Assigning initial values
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% inv: inventory level
% bo: backorder amount
% onorder: inventory on order
% d: demand to a SC member from its downstream member
% o: order placed by a SC member to its upstream member
% f: order-up-to level
% rec: collection of sales
% recratio: collection ratio
% freceive: forecasted net cash inflow
% fratio: forecasted collection ratio
for j=1:5
for n=1:20
inv(n,j)=100;
bo(n,j)=0;
d(n,j)=0;
f(n,j)=0;
s(n,j)=0;
o(n,j)=0;
rec(n,j)=0;
freceive(n,j)=0;
onorder(n,j)=0;
recratio(n,j)=0;
fratio(n,j)=0;
end
end
% Prices
p(1)=2;
p(2)=1.75;
p(3)=1.5;
p(4)=1.25;
p(5)=1;
% Payable time frame
for j=1:5
ap(j)=5;
end
% Lead time
for j=1:5
t(j)=5;
end
%
a
x
x

Generate normally distributed customer demand
= 0; b = 1000; c =400; nn = N*2;mm = 50;
= randn(1,nn);
= x/std(x)*sqrt(c);
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x = x -mean(x)+mm;
index = find(x>=a & x<=b);
rand1= fix(x(index));
%----------------------- Simulation-----------------------while n<N
for j=1:4
% Receive products and update inventory level
inv(n,j)=inv(n-1,j)-bo(n-1,j)+o(n-t(j+1),j)
-d(n-1,j);
if inv(n,j)<0
bo(n,j)=0-inv(n,j);
inv(n,j)=0;
else
bo(n,j)=0;
end
end
% Forecast demand by moving average
for j=1:4
s(n,j)=0;
for i=1:9
s(n,j)=s(n,j)+d(n-i,j);
end
f(n,j)=s(n,j)/9;
end
% Calculate inventory on order
for j=1:4
onorder(n,j)=0;
for i=1:t(j+1)-1
onorder(n,j)=onorder(n,j)+o(n-i,j);
end
end
% Decide order size by order-up-to policy
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for j=1:4
if inv(n-1,j)-d(n-1,j)-bo(n-1,j)+
o(n-t(j+1),j)+onorder(n,j)<t(j+1)*f(n,j)
o(n,j)=t(j+1)*f(n,j)-(inv(n-1,j)-d(n-1,j)
-bo(n-1,j)+o(n-t(j+1),j)+onorder(n,j));
else
o(n,j)=0;
end
end
% Generate place orders to upstream member
% Demand to the Retailer
d(n,1)=rand1(n);
% Demand to each member is exactly the orders placed by
% its downstream member
for j=2:5
d(n,j)=o(n,j-1);
end
% Calculate the collection ratio at current time unit
for j=1:5
if d(n-2,j)==0
recratio(n,j)=0;
else
recratio(n,j)=rec(n,j)/(d(n-2,j)*p(j));
end
end
% Forecast collection ratio and expected early
% collection
for j=1:5
fratio(n,j)=0;
for i=0:2
fratio(n,j)=fratio(n,j)+recratio(n-i,j);
end
fratio(n,j)=fratio(n,j)/(2+1);
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freceive(n,j)=fratio(n,j)*d(n-1,j)*p(j);
end
% Generate cash inflow forecast
for j=1:4
fcash(n,j)=freceive(n,j)-(o(n-ap(j+1)-1,j)*p(j+1)rec(n-ap(j+1),j+1))+(d(n-ap(j)-1,j)*p(j)rec(n-ap(j),j));
end
% Payment ratio to Retailer by customer follow U(0,1)
rec(n+1,1)=rand(1,1)*d(n-1,1)*p(1);
% Make payment decision for the next time unit
for j=1:4
if fcash(n,j)-o(n-1,j)*p(j+1)>=0
rec(n+1,j+1)=o(n-1,j)*p(j+1);
elseif fcash(n,j)>0
rec(n+1,j+1)=fcash(n,j);
else
rec(n+1,j+1)=0;
end
end
n=n+1;
end
%-------------------- Output Results ---------------------% Caculate coefficient of variance
stdrec=std(rec);
meanrec=mean(rec);
for j=1:5
cv(j)=stdrec(j)/meanrec(j);
end

