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ABSTRACT: This study provides managerial insight to pursue Collaborative Planning Forecasting 
and Replenishment (CPFR) or Vendor Managed Inventory (VMI) strategy for both the retailer and 
manufacturer under different supply chain settings. Discrete event simulation is used to investigate the 
cost benefits of CPFR and VMI strategies over Traditional Supply Chain (TSC) in a variable demand 
environment. The conceptual model is a two-echelon production-inventory system with a manufac-
turer and a retailer. The results from this study suggest that when compared to TSC, both VMI and 
CPFR achieve cost benefits in inventory management for both the manufacturer and retailer. Under 
most supply chain settings, higher cost benefits are achieved in CPFR compared to VMI. Also, CPFR 
achieves higher cost benefits when demand variability is high, production capacity is low, backorder 
penalty cost is high and delivery lead time is long. However, when production capacity is high and 
delivery lead time is short, the cost benefits of CPFR and VMI are significantly lower.
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1. INTRODUCTION

To manage demand variability in supply chain, 
many manufacturers, distributors and retailers 
maintain high level of safety stock inventory which 
increases overall cost of inventory management. For 
example, in 1996, approximately $700 billion or al-
most 30% of the $2.3 trillion in retail supply chain 
was in safety stock inventory (Lewis, 1998). The re-
cent Annual State of Logistics Report, reports that 
over $1 trillion is spent annually on logistics, with 
33 percent being attributed to inventory holding 
cost (Wilson, 2006). In recent years, many academic 
researchers and practitioners have emphasized that 
information sharing between supply chain mem-
bers can significantly reduce inventory levels and 
improve service levels in the supply chain. Many 
research studies have shown the benefits of demand 
information sharing between a retailer and manu-
facturer (Gavirneni et al., 1999; Lee et al., 2000; Zhao 
et al., 2002). Most of these studies also show that the 
manufacturer gains more benefits of information 
sharing compared to the retailer. In this situation, 
the retailer has little incentive to share information 
with the manufacturer. In order to encourage re-
tailers to share information, different collaboration 
strategies have been developed and implemented 
in many industries with mixed results (Cooke, 1998; 
Baljko, 2003; Simchi-Levi et al., 2003; Seifert, 2003). 
Among them, Vendor Managed Inventory (VMI) 
and Collaborative Planning, Forecasting and Re-
plenishment (CPFR) are most popular, which are 
considered in this study. Generally, collaboration 
strategies such as CPFR and VMI require different 
types of information sharing which can impact the 
cost benefits of these collaboration strategies. Using 
simulation methodology, this study aims to investi-
gate and compare the cost benefits of CPFR and VMI 
over TSC for both the manufacturer and the retailer.

This paper is organized in the following order: Sec-
tion 1 provides a brief introduction to TSC, VMI and 
CPFR collaboration strategies. Section 2 provides a 
brief literature review, problem statement and the 
research questions. Section 3 describes the concep-
tual model, research methodology, the control vari-
ables and response variables used for this study. 
Section 4 provides results and discussion along with 
control variables which have a significant impact on 
VMI and CPFR collaboration strategies. Finally, Sec-
tion 5 provides the conclusions and recommenda-
tions for future research.

1.1 Traditional Supply Chain (TSC)

In a Traditional Supply Chain (TSC), with a supplier 
(e.g. manufacturer) and a customer (e.g. retailer), no 
information is shared, and only orders are placed by 
the customer. The customer is responsible to track 
their inventory levels and create a purchase order 
to make appropriate inventory replenishment deci-
sions (e.g. order quantity and/or order timing). The 
supplier has no information about future demand or 
inventory levels at their customer’s locations and so 
has no prior knowledge about the quantity and/or 
time of the purchase order from their customer. In 
this situation, the supplier maintains a higher level 
of safety stock inventory to meet their customer or-
ders. Additionally, the customer may also maintain 
a higher level of safety stock inventory, especially 
when production capacity is limited. However, this 
decentralized decision-making leads to demand 
distortion, also known as bullwhip effect. Demand 
distortion impacts supply chain members with in-
accurate forecasts, inefficient production planning, 
increased transportation costs, and increased over-
all cost of inventory management (Lee et al. 1997). 
Many authors have suggested that information 
sharing among supply chain members helps to re-
duce demand distortion, which in turn helps reduce 
cost of inventory management in the supply chain 
(Gavirneni et al., 1999; Lee et al., 2000).

1.2 Vendor Managed Inventory (VMI)

Vendor Managed Inventory (VMI) is a collaboration 
strategy where sales and inventory level informa-
tion are usually shared by the customer with the 
supplier. In a typical VMI agreement, the supplier 
is given the authority and responsibility to make in-
ventory replenishment decisions for their customer. 
Generally, the customer is not involved in decision 
making activities, but is responsible for sharing ac-
curate and timely sales and inventory level informa-
tion with the supplier. One of the earliest VMI agree-
ments was pioneered by Wal-Mart (retailer) with 
Procter & Gamble (manufacturer) in the late 1980s 
(Cooke 1998). This agreement, originally known as 
Continuous Replenishment Program (CRP), gave 
Procter & Gamble the authority and responsibility 
to make appropriate inventory replenishment deci-
sions for Wal-Mart. Based on the agreement, Wal-
Mart shared sales and inventory level information 
on a regular basis, and Procter & Gamble used this 
information to make efficient inventory replenish-
ment decisions for Wal-Mart.
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This agreement between Wal-Mart and Procter & 
Gamble helped improve service levels and reduce 
inventory management costs for both the supply 
chain partners. With the success of this VMI agree-
ment, several companies in many different industries 
implemented VMI partnerships with mixed results 
(Lapide, 2001; Baljko, 2003; Simchi-Levi et al., 2003). 
It is important to understand the reasons behind why 
some VMI implementations were successful, while 
others did not achieve the needed benefits. It is well 
understood that in a typical VMI agreement, the cus-
tomer rarely shares sales forecast or future demand 
requirements and usually is not involved in decision 
making activities such as demand forecasting, replen-
ishment planning, etc. So the supplier only gains par-
tial visibility of their customers’ demand which can 
impact production planning and cost of inventory 
management. However in a variable demand envi-
ronment with production capacity constraints, the 
availability of future demand requirements can be 
critical for both supply chain partners. So to gain full 
demand visibility, it is important for the customer to 
share demand forecast and also be involved in deci-
sion making activities. To remedy this shortcoming of 
VMI, a newer form of collaboration strategy known 
as CPFR was developed.

1.3 Collaborative Planning, Forecasting and Re-
plenishment (CPFR)

CPFR is considered to be the latest strategy in the 
evolution of supply chain collaboration. Some of the 
earlier collaboration strategies like CRP and VMI fo-
cused on inventory replenishment activities and did 
not consider the importance of demand forecasting 
and production planning activities. However, CPFR 
is a comprehensive collaboration strategy that pro-
vides an excellent opportunity for both the customer 
and the supplier to be involved in demand forecast-
ing and inventory replenishment planning activities.

CPFR also originated from a partnership between 
two companies and Wal-Mart can be credited in ini-
tiating the development of CPFR.  In 1995, the first 
CPFR project, originally known as Collaborative 
Forecasting and Replenishment (CFAR) was initi-
ated by Wal-Mart (retailer) with Warner-Lambert 
(manufacturer). Consulting company Benchmark-
ing Partners and the software companies SAP and 
Manugistics supported them in this project (Seifert, 
2003). Listerine mouthwash products were used 
to test this collaboration strategy during the pilot 
project. Wal-Mart and Warner-Lambert indepen-

dently developed their demand forecasts and com-
pared them on a weekly basis. Any discrepancies 
between their forecasts were resolved which helped 
both companies to work with a single forecast. Ad-
ditionally, both companies together made decisions 
on inventory replenishment activities. This initial 
project was considered a success and since then sev-
eral companies have been involved in implementing 
CPFR with their suppliers and/or their customers 
(Seifert, 2003; Esper & Williams, 2003).

2. LITERATURE REVIEW

As information sharing is the foundation for any col-
laboration strategies, the decisions on the level of col-
laboration are strongly correlated with decisions on 
the type of information shared between the supply 
chain partners. In a supplier-customer (e.g., manufac-
turer-retailer) supply chain setting, there are many 
analytical and simulation studies that compare the 
benefits of demand information sharing with no in-
formation sharing in a traditional supply chain (Bour-
land et al., 1996; Gavirneni et al., 1999; Lee et al. 2000; 
Chen et al., 2000; Xu et al., 2001; Zhao et al., 2002; Lau 
et al. 2004). Most of these studies show that demand 
information sharing helps to reduce cost of inventory 
management in the supply chain. However, there are 
very few analytical or simulation studies that com-
pare the benefits of VMI and CPFR over the traditional 
supply chain (TSC). For example; Boone et al., (2002), 
Disney et al., (2004), Cigolini & Rossi, (2006) and Sari 
(2008) are some studies that consider this situation. 
Boone et al., (2002) consider a four-level supply chain 
and use simulation modeling to show the benefits of 
CPFR compared to reorder point (ROP) method on 
the customer service level. Disney et al., (2004) use a 
four-level supply chain and utilize the beer game to 
determine the bullwhip effect of various supply chain 
strategies like VMI, EPOS (Electronic Point of Sales) 
over the traditional supply chain. Cigolini & Rossi, 
(2006) consider a four level supply chain and use sim-
ulation modeling to compare benefits of CPFR and 
VMI over LCA (Loosely Collaborative Approach) 
on service level and forecasting accuracy. Similarly, 
Sari, (2008) consider a four-level supply chain us-
ing simulation modeling to compare the benefits of 
CPFR and VMI over TSC on service level and total 
supply chain cost. Setamanit (2009) evaluate the effect 
of VMI in a four-echelon supply chain using simu-
lation modeling. The study compares the traditional 
supply chain (TSC) with three different VMI supply 
chain structure. The study concludes that VMI helps 
to reduce the total cost of the supply chain in all three 
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VMI supply chain structures when compared to tra-
ditional supply chain (TSC). Hall and Saygin (2011) 
study the effect of information sharing in a four-ech-
elon supply chain using simulation modeling. They 
consider three experimental factors namely; capacity 
tightness, delivery reliability and information sharing 
modes to determine the impact on the total cost in the 
supply chain. The three information sharing modes 
are inventory information sharing (INV), demand 
information sharing (CD) and reliability information 
(RI) sharing. The study concludes that all three infor-
mation sharing modes help in reducing the cost in the 
supply chain.

The studies comparing the benefits of collaboration 
strategies like VMI and CPFR over TSC mostly consid-
er a multi-echelon supply chain and focus on service 
level and/or cost savings achieved by the entire sup-
ply chain. These studies do provide valuable informa-
tion to pursue the appropriate collaboration strategy 
based on a multi-echelon supply chain setting. How-
ever, most collaboration strategies typically involve 
two trading partners (e.g. manufacturer and retailer) 
and the decision to pursue appropriate collaboration 
strategy is based on individual benefits gained by each 
supply chain partner under different supply chain set-
tings. Based on the literature review and to the best of 
our knowledge, there are no studies that compare the 
benefits of CPFR and VMI over TSC in a two-echelon 
supply chain consisting of a manufacturer and a retail-
er in a variable demand environment.

Since information is shared in VMI and CPFR col-
laboration strategies, it is expected that both CPFR 
and VMI will perform better than TSC in reducing 
inventory management cost for the manufacturer 
and the retailer. CPFR is generally considered a 
more advanced collaboration strategy and is expect-
ed to achieve higher benefits. However, the imple-
mentation and operational cost of CPFR can gener-
ally be higher for the supply chain partners. So the 
main motivation for this study is to investigate the 
cost benefits of CPFR and VMI compared to TSC for 
both the manufacturer and retailer under different 
supply chain settings. The following two research 
questions are investigated for this research study.

In a variable demand environment, does CPFR per-
form better than VMI and TSC to help reduce the 
cost of inventory management for both the manufac-
turer and the retailer?

In a variable demand environment, how do factors 
like production capacity, backorder penalty cost and 

delivery lead time impact the choice of CPFR or VMI 
for the manufacturer and retailer?

3. RESEARCH METHODOLOGY

This study uses discrete event simulation (Arena 
software from Rockwell Automation) to develop 
three different simulation models (TSC, VMI, CPFR) 
to determine their impact on inventory management 
cost for both retailer and manufacturer. Simulation 
is typically used when analytical model cannot ac-
curately describe the time varying behavior and sto-
chastic nature of the supply chain. According to Law 
and Kelton (2000), many real world systems with sto-
chastic elements cannot be described accurately using 
an analytical model. The dynamic nature of supply 
chains in a variable demand environment makes it 
necessary to use simulation methods for studying the 
time varying behavior of supply chain systems. Addi-
tionally, simulation helps to capture the interactions 
between the manufacturer’s decisions and the retail-
er’s decisions in a variable demand environment.

3.1 Simulation Modelling

This section describes conceptual model used to de-
velop the simulation models. The conceptual model 
is a two-echelon production-inventory system with 
a make-to-stock manufacturer (plant and ware-
house) and a retailer. The information shared and 
decisions made in the three supply chain strategies 
are shown in Figure 1, Figure 2 and Figure 3. All de-
cisions by the retailer and manufacturer are made 
beginning of each period, where review period is 
one week. Demand forecast for both the retailer and 
the manufacturer is developed using exponential 
smoothing forecast technique. The smoothing fac-
tor for the retailer and the manufacturer is selected 
based on minimizing forecast error at their loca-
tions. Periodic review order-up-to inventory policy 
(R, S) is used to determine the order quantity for 
retailer and production quantity for the manufac-
turer during each period. The order quantity and 
the production quantity during each period is the 
difference between order-up-to level and current 
inventory position at their respective locations. The 
safety stock for both the retailer and manufacturer is 
calculated using service level, standard deviation of 
forecast error and the lead time. The service level is 
determined based on inventory holding cost and the 
backorder penalty cost to minimize the inventory 
management costs.
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Customer demand for retailer during each period 
is generated in the three simulation models. Cus-
tomer demand, demand forecast, order-up to inven-
tory level, order quantity and production quantity 
are updated during each period of the simulation 
run. Customer demand, order quantity and produc-
tion quantity are non-negative. Manufacturer uses 
lot-for-lot production strategy and has production 
capacity constraints. Production lead time is one 
period and transportation lead time from plant to 
warehouse is assumed to be negligible. Both the re-
tailer and manufacturer fulfill their demands from 
their available inventory and any demand not met 
is backordered with a backorder penalty cost to be 
fulfilled during the next period.

3.2 Sequence of Events in Traditional Supply Chain

The retailer and manufacturer use traditional sup-
ply chain (TSC) before any collaboration agreement 
is reached between them. As shown in Figure 1, 
only orders are placed by retailer and no other in-
formation is shared with manufacturer. In this situ-
ation, the retailer and manufacturer make inventory 
replenishment decisions independently, with the 
manufacturer in a less favorable position regard-
ing demand information. The sequence of events 
is as follows. Beginning of each period, the retailer 
receives shipments (if any) from manufacturer, and 
customer demand (plus any backorder) is fulfilled 
from the available inventory. Similarly, the manu-
facturer’s warehouse receives shipments from the 
plant, and retailer order (plus any backorder) is ful-
filled from the available inventory. Any unfulfilled 
demand for both the retailer and the manufacturer 
is backordered with a backorder penalty cost. Next, 
both the retailer and the manufacturer forecast their 
lead time demand, calculate their order up-to inven-
tory level and determine order quantity (by retailer) 
and production quantity (by manufacturer) to bring 
inventory to their order up-to level. These actions 
are taken by the retailer and manufacturer simulta-
neously during each period. The manufacturer uses 
lot-for-lot production strategy, and if production 
quantity needed is more than available production 
capacity, only the maximum available quantity is 
produced. Finally, the retailer cost and the manufac-
turer cost per period are calculated based on inven-
tory level or backorder quantity at their respective 
locations at the end of each period.

3.3 Sequence of Events in VMI Supply Chain

In VMI supply chain, the retailer shares sales and in-
ventory level information with manufacturer during 
each period. The retailer is not involved in any de-
cision making and the manufacturer takes responsi-
bility to make inventory replenishment decisions for 
retailer. The sequence of events is as follows. Begin-
ning of each period, the retailer receives shipments (if 
any) from manufacturer, and the customer demand 
(plus any backorder) is fulfilled from available inven-
tory. Similarly, manufacturer’s warehouse receives 
shipments from the plant and the retailer order (plus 
any backorder) is fulfilled from the available inven-
tory. Any unfulfilled demand for the retailer and the 
manufacturer is backordered with a backorder pen-
alty cost. Next, manufacturer develop their demand 
forecast using retailers sales information, calculate 
retailers order up-to inventory level and determine 
retailer’s order quantity based on the inventory level 
at retailer location. Manufacturer follows an echelon-
based inventory policy in their production planning 
and inventory replenishment decisions. Under ech-
elon-based inventory policy, the manufacturer con-
siders their own inventory level plus inventory level 
of retailer, any backorder quantity and inventory in 
transit to determine their production quantity (Ax-
sater and Rosling, 1993). Manufacturer uses lot-for-
lot production strategy, and if production quantity 
needed is more than available production capacity, 
only the maximum available quantity is produced. 
Finally, the retailer cost and the manufacturer cost 
per period are calculated based on inventory level or 
backorder quantity at their respective locations at the 
end of each period.

3.4 Sequence of Events in CPFR Supply Chain
In CPFR supply chain, the retailer shares forecast, 
sales and inventory level information with the man-
ufacturer during each period. In this situation, the 
manufacturer does not forecast and uses the forecast 
information shared by the retailer. The sequence of 
events is as follows. Beginning of each period, the 
retailer receives shipments (if any) from manufac-
turer and customer demand (plus any backorder) is 
fulfilled from the available inventory. Similarly, the 
manufacturer’s warehouse receives shipments from 
the plant and the retailer order (plus any backorder) 
is fulfilled from available inventory. Any unfulfilled 
demand for the retailer and manufacturer is backor-
dered with a backorder penalty cost. Next, the retail-
er develops demand forecast from actual customer 
demand, and both the retailer and manufacturer 
calculate their order up-to inventory level and de-
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tion quantity (by manufacturer) to bring inventory 
to their order up-to level. Manufacturer follows an 
echelon-based inventory policy in their production 
planning and inventory replenishment decisions. 
Under echelon based inventory policy, the manu-
facturer considers their own inventory level plus in-
ventory level of retailer, any backorder quantity and 
inventory in transit to determine their production 
quantity (Axsater and Rosling, 1993). Manufacturer 
uses lot-for-lot production strategy, and if produc-
tion quantity needed is more than available produc-
tion capacity, only the maximum available quantity 
is produced. Finally, the retailer cost and the manu-
facturer cost per period are calculated based on in-
ventory level or backorder quantity at their respec-
tive locations at the end of each period.

3.5 Experimental Design

The purpose of an experimental design is to develop 
a methodology to track the changes in performance 
measures by varying factors under study during 
experimental runs. According to Law and Kelton 
(2000), “One of the principal goals of experimental 
design is to estimate how changes in input factors 
affect the results or responses of the experiment.” 
The main motivation for this research is to investi-
gate the benefits of collaboration strategies like VMI 
and CPFR over TSC in a variable demand environ-
ment. In this study, independent variables (control 
variables) are changed to study impact on depen-

dent variables (response variables) in the three dif-
ferent supply chain strategies (TSC, VMI and CPFR). 

Five control variables with three levels each are con-
sidered for this study as shown in Table 1. Demand 
variability can play an important role in determin-
ing the type of collaboration strategy to pursue in 
a supply chain. Similarly, most manufacturers have 
production capacity constraints, and also backorder 
penalty cost and delivery lead time are environmen-
tal factors that can have a significant impact on the 
cost of inventory management for both the retailer 
and the manufacturer.

Different types of demand patterns have been used 
in information sharing and supply chain collabora-
tion studies. Many studies in information sharing 
have used auto-correlated demand type. Lee et al. 
(2000) examined weekly sales data of 150 products 
at a major supermarket in United States over a two 
year period and found that sales pattern is signifi-
cantly auto-correlated. This study considers auto-
correlated demand type with three different levels 
of variable demand. Auto-correlated demand is gen-
erated using, Dt = d + ρDt-1 + εt, where, d = initial 
mean, ρ = correlation factor and εt = i.i.d. normally 
distributed with mean zero and standard deviation 
σ. The correlation factor of 0.5 is considered and 
three levels of variable demand are generated by 
varying σ in the above equation.

Table 1 - Control Variables Considered for this Research

Control Variables Details for Control Variables Other Details

Supply Chain Strategy
(SCS)

Traditional Supply Chain (TSC)
Vendor Managed Inventory (VMI)

Collaborative Planning, Forecasting  
and Replenishment (CPFR)

CPFR and VMI are com-
pared with TSC

Variable Demand
(VDR)

Low Demand Variability, σ = 10
Med Demand Variability, σ = 20
High Demand Variability, σ = 30

Average Demand is 
100 units per period

Production Capacity
(PCM)

Low Production Capacity, 1.20
Med Production Capacity, 1.35
High Production Capacity, 1.50

Production Capacity is 
factor of Avg. Demand

Backorder Penalty
(BOP)

Low Backorder Penalty Cost, 9
Med Backorder Penalty Cost, 19
High Backorder Penalty Cost, 32

Backorder Penalty is 
factor of Holding Cost

Delivery Lead Time
(DLT)

Low Delivery Lead Time, 1.0
Med Delivery Lead Time, 2.0
High Delivery Lead Time, 3.0

Delivery Lead Time is 
factor of Review Period
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during a given period. In this study, instead of changing both inventory holding cost and backorder penalty 

cost at the same time, the inventory holding cost is held steady and only backorder penalty cost is changed. 

The backorder penalty cost for retailer is assumed 1.5 times the backorder penalty cost for manufacturer. 

The retailer cost per period and manufacturer cost 
per period are used as performance measures (re-
sponse variables) as shown in Table 2. The retailer 
cost and manufacturer cost are calculated at the end 
of each period, based on the available inventory or 
backorder quantity at the retailer and manufacturer 
locations. The inventory holding cost per period 
for the retailer and the manufacturer is assumed to 
be $1.5 and $1.0 respectively. Both the retailer and 
manufacturer pay backorder penalty cost for any 
quantity not fulfilled during a given period. In this 
study, instead of changing both inventory holding 
cost and backorder penalty cost at the same time, 
the inventory holding cost is held steady and only 
backorder penalty cost is changed. The backorder 
penalty cost for retailer is assumed 1.5 times the 
backorder penalty cost for manufacturer. Also to 
facilitate valid comparison, the inventory replenish-
ment policy and the production policy remains the 
same for all three supply chain strategies.

The output data (i.e. retailer cost and manufacturer 
cost) from the three simulation models are analyzed 
to investigate cost benefits of CPFR and VMI over 
TSC. To make valid statistical inferences, it is impor-
tant to reduce variance of the output data. To simu-
late and compare different system configurations, 
a variety of variance reduction techniques are dis-
cussed in Law and Kelton (2000), including the use 
of common random numbers (CRN). For this study, 
the same common random number sequence is used 
to generate same customer demand data for all three 
simulation models. In addition, sample size (num-
ber of replications) for a certain level of precision 
is determined using confidence interval method, as 
stated by Law and Kelton (2000), wherein the level 
of precision is differentiated as ‘absolute precision’ 
and ‘relative precision’. The confidence interval (CI) 
is a measure of error and the confidence level (CL) 
is the level of significance (α). The confidence inter-
val quantifies, confidence (probability) that the true 

(but unknown) mean falls within an interval, whose 
boundaries are calculated using the point estimates 
and the margin of error. It is important to remember 
that the variance of the output data can be reduced; 
however it cannot be totally eliminated, as the input 
data (customer demand) is a random variable. Based 
on a relative precision of 5 percent and confidence 
level of 95%, a sample size of 60 replications is se-
lected for this study.

Generally, stochastic processes for most real systems 
do not have a steady state distributions, since the pa-
rameters of the system may continue to change over 
time. In this research, the customer demand for the 
retailer varies from period to period, and therefore 
the steady state parameters are not well defined or 
do not exist. In this situation, typically there will be 
a fixed amount of data describing how input param-
eters can be varied over some time duration. This 
in effect provides a terminating event for simulation 
and thus analysis techniques for terminating simu-
lations will be appropriate (Law and Kelton, 2000). 
To determine the performance measures for a ter-
minating simulation, the initial conditions should be 
representative of the actual system. In this research, 
all three simulation models are run for a total of 1144 
periods, with the first 104 periods used to initialize 
the system (warm up period), and the remaining 
1040 periods (equal to 20 years) is then used for the 
analysis. Increasing the warm up period will not 
have a significant impact, as the output values from 
all three simulation models are relatively stable for 
different warm-up periods. Initial inventory of 300 
units (3 times the average demand per period) is 
used for both the retailer and manufacturer at the 
start of the simulation run. To determine which 
control variables have a significant impact on cost 
benefits for both the retailer and the manufacturer in 
CPFR and VMI collaboration strategies, valid com-
parisons are made under different factor combina-
tions. Some of the main results from this study are 
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shown below. The statistical software ‘Minitab 16’ is 
used for the analysis.

4. RESULTS AND DISCUSSIONS

The retailer cost and the manufacturer cost from all 
three simulation models are analyzed to investigate 
the inventory management cost benefits of CPFR 
and VMI over TSC. To investigate research question 
1, the average retailer cost and the average manufac-
turer cost based on output data for all factor combi-
nations from the three simulation models is shown 
in Figure 4. It shows that on average, both CPFR and 
VMI perform better than TSC in reducing inventory 

management cost for the retailer and the manufac-
turer. For the retailer on average, VMI reduces cost 
by 16.7% while CPFR reduces cost by 24.1% when 
compared to TSC. Similarly, for the manufacturer 
on average, VMI reduces cost by 17.8% while CPFR 
reduces cost by 29.9% compared to TSC. So based on 
the supply chain setting considered in this study, it 
is shown that on average, CPFR performs better than 
VMI in reducing inventory management cost for 
both the retailer and the manufacturer. Other stud-
ies in multi-echelon supply chains (Cigolini & Rossi, 
2006, Sari, 2008) have made similar conclusions that 
CPFR achieves higher cost reduction when com-
pared to VMI and TSC.

4.1 Impact of Control Factors on Cost Benefits in 
CPFR and VMI Collaboration Strategies

For comparing alternative system configurations, 
appropriate statistical methods are essential to avoid 
making incorrect conclusions. In this study, further 
analysis is performed using ‘Pairwise Compari-
sons’ method to determine the impact of produc-
tion capacity, backorder penalty cost and delivery 
lead times on the cost of inventory management in 
a variable demand environment. Based on Law and 
Kelton (2000) for comparing alternative system con-
figurations, ‘Pairwise Comparisons’ method is used 
to compare CPFR and VMI with TSC using a 95% 
confidence level. Pairwise comparison method uses 
a paired-t confidence interval for difference between 
paired samples, and interpretation of any significant 
difference is based on whether the confidence inter-
val misses or contains zero. If the confidence interval 
does not contain zero, then the two systems being 
compared are statistically significantly different. In 
this study, TSC is used as base line for comparison, 
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4.2 Impact of Production Capacity (PCM) and Variable Demand (VDR) 

Production capacity of manufacturer can play a significant role in pursuing the appropriate collaboration 

strategy for both the manufacturer and the retailer. Manufacturer uses a lot-for-lot production strategy, so 

determining the optimal order quantity (by retailer) and optimal production quantity (by manufacturer) 

becomes important to minimize the inventory management cost. First, the average cost benefits of CPFR 

Figure 4 - Average Cost in the Three Supply Chain Strategies

and the results comparing CPFR with TSC and VMI 
with TSC in low variable demand and in high vari-
able demand environment are shown below.

4.2 Impact of Production Capacity (PCM) and Vari-
able Demand (VDR)

Production capacity of manufacturer can play a sig-
nificant role in pursuing the appropriate collabo-
ration strategy for both the manufacturer and the 
retailer. Manufacturer uses a lot-for-lot production 
strategy, so determining the optimal order quantity 
(by retailer) and optimal production quantity (by 
manufacturer) becomes important to minimize the 
inventory management cost. First, the average cost 
benefits of CPFR and VMI compared to TSC in low 
production capacity and in high production capac-
ity environment is tabulated as shown in Figure 5. It 
is shown from Figure 5, both VMI and CPFR help in 
reducing retailer cost and manufacturer cost in low 
production capacity as well as in high production 
capacity environment. Also, it is shown that CPFR 
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achieves higher cost reduction for the retailer and manufacturer in both low as well as in high production 
capacity environment.
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well as in high production capacity environment. 
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Next, to determine if these cost benefits are statistically significant, the confidence intervals comparing 

CPFR and VMI with TSC in low production and in high production capacity environment is tabulated as 

shown in Table 3. It is shown from Table 3, that when compared to TSC, there is a statistically significant 

difference in retailer cost and manufacturer cost for both CPFR and VMI supply chain strategies in low as 

well as in high production capacities. 
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Next, to determine if these cost benefits are statistically significant, the confidence intervals comparing CPFR 
and VMI with TSC in low production and in high production capacity environment is tabulated as shown in 
Table 3. It is shown from Table 3, that when compared to TSC, there is a statistically significant difference in 
retailer cost and manufacturer cost for both CPFR and VMI supply chain strategies in low as well as in high 
production capacities.

Table 3 - Confidence Intervals for different PCM and VDR

Manufacturer 
Cost

VDR = Low VDR = High

PCM = Low PCM = High PCM = Low PCM = High

TSC – VMI (23.35, 27.60) (19.07, 22.25) (66.87, 82.09) (52.48, 61.19)

TSC – CPFR (35.91, 41.88) (27.86, 32.31) (132.52, 153.52) (89.50, 102.97)

Retailer    
Cost

VDR = Low VDR = High

PCM = Low PCM = High PCM = Low PCM = High

TSC – VMI (25.14, 31.56) (18.53, 23.08) (108.26, 140.53) (16.76, 24.59)

TSC – CPFR (32.68, 40.78) (23.97, 29.71) (176.62, 219.45) (51.57, 64.88)

It is shown that when production capacity is high, the cost benefits of CPFR and VMI are generally lower, 
especially when demand variability is low. However, when production capacity is low and the demand vari-
ability is high, significantly higher cost benefits can be achieved in CPFR strategy for both the retailer and the 
manufacturer. This suggests that when production capacity is low, it is more beneficial for both supply chain 
partners to pursue CPFR collaboration strategy and specially gain significantly higher cost benefits in high vari-
able demand environment.
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6.5 Impact of Backorder Cost (BOP) and Variable De-
mand (VDR)

In a variable demand environment, backorder pen-
alty cost can have a significant impact in pursuing 
the appropriate collaboration strategy to reduce cost 
of inventory management for both the manufacturer 
and the retailer. The cost benefits of CPFR and VMI 
compared to TSC in low as well as in high backorder 
penalty costs and demand variability’s are tabulated 
and shown in Figure 6. It is shown that both VMI and 
CPFR help in reducing the retailer cost and manufac-
turer cost under different backorder penalty costs. The 
cost benefits of CPFR and VMI increases, as demand 

variability and the backorder penalty cost increases. 
Also, higher cost benefits are achieved in CPFR strat-
egy under all backorder penalty costs, both in low as 
well as in high variable demand environment. 

Next, to determine if these cost benefits are statisti-
cally significant, the confidence intervals comparing 
CPFR and VMI with TSC in low backorder penalty 
cost and in high backorder penalty cost are tabulat-
ed as shown in Table 4. It is shown from Table 4, that 
when compared to TSC, there is a statistically sig-
nificant difference in retailer cost and manufacturer 
cost for both CPFR and VMI supply chain strategies 
in low as well as in high backorder penalty costs.
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When backorder penalty costs are high, higher cost 
benefits are achieved for both the manufacturer and 
the retailer. It is shown that when backorder pen-
alty costs are high, information sharing in VMI and 
CPFR collaboration strategy has a significant benefit 
in reducing the cost of inventory management for 
both supply chain partners. In CPFR strategy, the 
availability of forecast, sales and inventory level in-
formation helps the manufacturer to improve their 
production planning and their service level to the 
retailer. This in turn reduces inventory management 
cost by reducing the backorder penalty cost for both 
the manufacturer and retailer. This suggests that 
there are significant cost benefits for both the manu-
facturer and retailer to pursue CPFR strategy in all 
backorder penalty cost situations, and specially gain 
higher cost benefits when demand variability and 
backorder penalty costs are high.

4.1 Impact of Delivery Lead Time (DLT) and Vari-
able Demand (VDR)

In a variable demand environment, delivery lead 
time can have a significant impact on the inven-
tory management cost for both the manufacturer 
and retailer. When delivery lead time is high (i.e. 
long), the cost of inventory usually increases, due 
to higher safety stock or higher backorder penalty 
costs. So pursuing appropriate collaboration strate-
gy can help in reducing inventory management cost 
for both the manufacturer and the retailer. In a vari-
able demand environment, the cost benefits of CPFR 
and VMI compared to TSC in low as well as in high 
delivery lead times are shown in Figure 7. Also, to 
determine if these cost benefits are statistically sig-
nificant, the confidence intervals comparing CPFR 
and VMI with TSC in low as well as in high delivery 
lead times are tabulated as shown in Table 5.
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Figure 7 - Cost benefits of CPFR and VMI for different DLT and VDR

As shown in Table 5, when delivery lead time is low 
(i.e. short) and demand variability is low, there is no 
significant difference in retailer cost between VMI 
and TSC and also has comparatively smaller cost 
benefits in CPFR strategy. Therefore there is less in-

centive for retailer to pursue VMI or CPFR strategy 
when delivery lead time and demand variability is 
low. However, it is interesting to see that the cost 
benefits for manufacturer are still significant, espe-
cially in CPFR strategy.
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Table 5 - Confidence Intervals for different DLT and VDR

Manufacturer 
Cost

VDR = Low VDR = High

DLT = Low DLT = High DLT = Low DLT = High

TSC – VMI (5.29, 5.75) (39.49, 42.71) (15.74, 18.94) (120.35, 132.12)

TSC – CPFR (9.17, 9.93) (56.39, 61.05) (48.48, 54.23) (189.77, 208.10)

Retailer 
Cost

VDR = Low VDR = High

DLT = Low DLT = High DLT = Low DLT = High

TSC – VMI (0.74, 0.95) (54.44, 58.09) (-2.11, 1.55) (141.86, 186.41)

TSC – CPFR (0.98, 1.25) (68.41, 74.98) (8.43, 12.08) (226.84, 270.96)

When demand variability is high and delivery 
lead time is high, significantly higher cost benefits 
are achieved in CPFR strategy for both the retailer 
and manufacturer. It is well understood that when 
demand variability is high and no information is 
shared among supply chain members, there is in-
creased variance (bullwhip effect) in order quantity 
for retailer and production quantity for manufac-
turer. In addition, when delivery lead time is high, 
increased variance in order quantity and production 
quantity will significantly increase the safety stock 
inventory or backorder penalty costs for both the 
manufacturer and retailer. In this situation, having 
forecast, sales and inventory level information avail-
able through CPFR strategy can minimize the vari-
ance to help improve service level and reduce inven-
tory cost for both the manufacturer and retailer. This 
suggests that when delivery lead time is low, there 
is less incentive to pursue VMI or CPFR collabora-
tion strategy, especially for the retailer. However, 
when delivery lead time is high, CPFR achieves sig-
nificantly higher cost benefits for both the retailer 
and the manufacturer, especially in high variable 
demand environment.

5. CONCLUSION

This study uses discrete event simulation to in-
vestigate the cost benefits of CPFR and VMI col-
laboration strategies over TSC, to provide valuable 
managerial insight for both the manufacturer and 
retailer. The conceptual model used in this study is 
a two-echelon production-inventory system with a 
manufacturer and a retailer. Supply chain strategy, 
demand variability, production capacity, backorder 
penalty cost, and delivery lead time are used as con-

trol variables. Manufacturer cost and retailer cost 
for inventory management are used as performance 
measures. Based on the supply chain setting consid-
ered in this research, it is shown that information 
sharing in VMI and CPFR does help in reducing in-
ventory management cost for both the manufacturer 
and retailer.  When compared to TSC, on average, 
VMI reduces cost by 17.8% while CPFR reduces cost 
by 29.9% for manufacturer. Similarly, on average, 
VMI reduces cost by 16.7% while CPFR reduces cost 
by 24.1% for retailer. It is shown that CPFR, which is 
considered the more advanced collaboration strate-
gy, achieves higher cost benefits for both the retailer 
and the manufacturer. Other studies in multi-eche-
lon supply chains (Cigolini & Rossi, 2006, Sari, 2008) 
have made similar conclusions that CPFR achieves 
higher cost reduction than VMI for the supply chain. 
All factors considered in this study have a signifi-
cant impact on cost of inventory management for 
both the manufacturer and retailer. CPFR achieves 
the highest cost benefits when demand variability is 
high, production capacity is low, backorder penalty 
cost is high and delivery lead time is long. When 
production capacity is high and delivery lead time 
is short, the cost benefits of VMI and CPFR are sig-
nificantly lower.

5.1 Recommendations for Future Research

Although valuable insights can be gained from this 
research study to help the retailer and manufac-
turer to pursue appropriate collaboration strategy 
to reduce inventory management costs, however it 
is recognized that the conclusions provided here 
is limited to the supply chain setting considered 
in this study. In this research, a single retailer and 
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a single manufacturer develop collaborative rela-
tionships with no incentive or conflicts with other 
supply chain partners. Periodic review order-up-to 
level policy is used to determine order quantity for 
retailer and production quantity for manufacturer 
during each period. Fixed production lead time for 
manufacturer and fixed delivery lead time to retail-
er are considered in this study. Also, only one set of 
inventory holding costs are considered for both the 
manufacturer and the retailer. So there are many 
opportunities to evaluate and strengthen these in-
sights by investigating more parameters and de-
veloping a more realistic supply chain simulation 
model for VMI and CPFR collaboration strategies. 
Future studies can investigate the impact on manu-
facturer cost and retailer cost by considering other 
inventory management policies like (s, S) and (R, 
Q) policies. Also, stochastic production lead times 
and stochastic delivery lead times can be used to 
expand this research study. In addition, it would 
be valuable to extend this study to investigate how 
different sets of inventory holding costs will have 
an impact on cost benefits achieved in VMI and 
CPFR collaboration strategies. Another area of fu-
ture research to consider is the cost of information 
sharing for supply chain partners. Generally, in-
formation sharing in collaboration strategies is not 
free, as there are implementation and operational 
costs involved for both supply chain partners. So 
this research can be further extended to include 
implementation and operational costs to determine 
cost benefits of VMI and CPFR strategies for both 
the manufacturer and the retailer.
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