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Abstract—Supply chain collaboration contributes to
improving overall performance through increasing sales,
refining forecasts, reducing inventory costs, and improving
customer service. In order to be efficient and cost effective, total
costs have to be minimized across the entire supply chain.
Collaboration efforts run into many practical challenges, both
internal and external among small retailers. This paper
proposes a framework of retailer supply chain collaboration to
identify better understanding of collaboration benefit. A system
dynamics simulation modelling approach is used to represent
the collaboration effect on the dynamics of this complex system
that helps retailer supply chains to obtain maximum benefit of
collaborative relationships and reduce the bullwhip effect. This
work helps researchers to use supply chain collaboration
dynamic modelling to examine how information sharing across
a supply chain can result in the identification and prioritization
of better order decisions that can be aligned with the retail
supply chain’s value proposition for further supply chain
integration.

Index Terms—Supply chain collaboration, retailer supply
chains, system dynamics modelling, ordering policy and
decisions.

|I. INTRODUCTION

In today’s unpredictable and competitive business
environment, changes to sales volumes, forecasting
improvements, cost and inventory reduction, information
accuracy and customer services improvements are not
usually attributable to the stand-alone effort of any single
supply chain (SC) member. The success of many businesses
lies in having efficient and effective SCs, made possible
through collaboration among SC partners [1], [2].
Collaboration is defined as two or more companies sharing
common planning, management, execution, and performance
measurement information [3], [4]. Hence, market demand
and customer dynamic needs can create more opportunities
for SC players. At the same time, to cope with continuous
uncertainty, all SC members need to be innovative and
productive, with collaboration between SC partners being
present at different SCs levels [5], [6]. SC collaboration
activities help to improve the performance of involved
members in a structured framework with the aim of
maximizing profit through improved logistical services [7].
Despite the promise of collaboration, few retailers have
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succeeded in creating such partnerships with their suppliers.
In order to cope with global and dynamically changing
challenges, small retailers should pay more attention to
enhancing their SC through collaboration [8]. Sharing
up-to-date information leads to reduced lead times and
provides high quality products to meet customers’ needs [9],
[10]. Few research studies have investigated the link between
collaboration, supply chain performance, and information
sharing among SC partners especially in retail industry.
Indeed, published studies that have investigated the more
general theme of supply chain performance dimensions are
widely reported [11]. The lack of small retail supply chain
collaborations has a significant impact on their retailer supply
chain overall performance. It has been estimated that
approximately three percentage points can be cut from the
profit margins of all supply chain partners as a consequence
[12]. Moreover, most empirical studies lack a theoretical
framework for considering the effects of order policies and
collaboration simultaneously on small retail supply chain
performance.

This paper proposes a framework of retailer supply chain
collaboration (RSCC) to identify better order policies. Order
data from 12 US retailers and their distributor have been
collected and summarized as a basis for simulation modelling
future scenarios surrounding decision options across a RSCC.
A system dynamics model is proposed to represent data
graphically, and to clarify the collaboration effect on the
dynamics of this complex system to help actors within
retailer supply chains to maximize the benefits of
collaborative relationships and reduce any possible bullwhip
effects along the SC. A key contribution of this work is that it
advances understanding of the impact of RSCC efforts on
performance. This work seeks to help researchers use
dynamic simulation models of supply chain collaborations to
examine the effect of information sharing on the
identification and prioritization of better order decisions, so
collaboration strategies and activities can be better aligned
with the retail supply chain’s value proposition for further
supply chain integration. The remainder of this paper is
organized as follows: Section Il reviews existing literature on
supply chain collaboration (SCC). Secondly, Section Il
describes the characteristics of system dynamics simulation
modelling approach. Section IV discusses the retailer supply
chain collaboration dynamic modelling. Section V identifies
the need for SC collaboration among small retailers. Finally,
Section VI concludes the paper with key findings, managerial
implications, limitations and future work.
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Il. LITERATURE REVIEW

A. Supply Chain Management (SCM)

SCM s being practiced by many businesses around the
world to improve their performance efficiencies, and it has a
great wealth of literature and definitions. SCM can be defined
as a collaborative effort and a combination of
cross-functional teams to provide value-added to customers
within various manufacturing, storage, transportation, and

retail systems that integrate business function costs [13], [14].

As competition in international markets becomes
progressively more dependent upon the quality of goods,
information sharing and coordination and collaboration
between retailers and distributors has become a key
characteristic of supply chain performance [15], [16].
Furthermore, Koha et al. [17] illustrated that shared
information between partners need to be effective and
meaningful to achieve the win-win situations that appear to
be crucial for establishing closed relationships among supply
chain partners for both business survival and to differentiate
customers offerings by providing more valuable products or
services than competitors [15]-[18]. Supply chain
collaboration assumes that decision-making quality depends
on accurate, transparent and timely information, and reduced
costs, inventory and demand uncertainty, which ultimately
improve the overall supply chain performance [19], [20].
Unpredictable or non-transparent demand patterns have been
found to cause artificial demand amplification in a range of
settings (also referred to as the ‘bullwhip effect’) which
means that a retailer’s orders to their suppliers tend to have a
larger variance than the consumer demand that triggered the
orders. This leads to poor service levels, high inventories and
frequent stock-outs amongst participants in a small retailers
SC. Therefore, it is necessary to extend the coordination,
collaboration and sharing of up-to-date orders among supply
chain members by managing the whole supply chain as an
integrated system [21], [22].

B. Supply Chain Collaboration

Supply chain collaboration (SCC) is defined as synergy
among SC partners through joint planning and real-time
information [23], [24]. Collaboration takes many different
forms, including strategic alliances, joint ventures, third party
logistics, short- and long-term contracts, partnership
sourcing, and retailer-supplier partnerships. Collaboration at
the strategic level is concerned with decisions that influence
the future direction of the collaborative supply chain
performance [25]. In order to facilitate effective
collaboration, supply chain partners must understand their
role as parts in the system. They must be ready to interact
with the other partners in a systemic manner. The SCC efforts
can be described as comprising of three different types,
namely: collaborative replenishment, collaborative planning
and forecasting efforts. Quick Response (QR), Continuous
Replenishment (CR) and Vendor-Managed Inventory (VMI)
can be categorized as ‘replenishment’, a Collaborative
Forecasting and Replenishment Model (CFAR) as
‘forecasting’ and Collaborative Planning, Forecasting, and
Replenishment (CPFR) as ‘planning’ effort [4], [26]. CR,
inventory replenishment takes place not through orders
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placed by the retailer, but through automatic orders based on
the data of actual or forecasted demand received through
Electronic Data Exchange (EDI) [26]. If the CR is
vendor-managed, it is called VMI, wherein the supplier
determines the time and volume of product delivery while
ensuring the full availability of products [20]-[27]. CPFR,
proposed in 1998, has been adopted by more than 20% and
considered by more than 40% of 120 manufacturers
interviewed with retail outlets in Taiwan sell computers,
communication equipment [4]. Estimates suggest that those
who use the CPFR model will see significant improvements
in sales (2-25%), accuracy of forecasting (10-15%), and
customer service (0.5-2%). In the retail grocery industry, it is
estimated that 30% of the players are simply too small to be
considered efficient collaboration targets for the suppliers [4].
It is hypothesized that an overemphasis on expensive
collaborative efforts is responsible for overlooking the
possibility that small changes in the retail and supplier
ordering policy can have a substantial impact on the
efficiency of retail grocery supply chains [19], [26], [28],
[29]. However, collaboration can be costly, time consuming,
and often falls short of achieving performance objectives
[29], [30]. In response to these sub-optimal conditions,
several other researchers have highlighted the importance of
transparent information sharing, joint efforts and investments
to improve trust and commitments within SCCs. Moreover,
any SC can improve visibility using five important factors
namely responsiveness, planning, shared targets, trust and
common forecast [26]. The real benefit of information
sharing among SC partners it could be argued lies in its
effective and efficient use [17], [26], [31]-[34]. Also, due to
availability of wider variety of technology and tools,
selecting suitable technology to support this becomes a
complicated task for collaborating partners.

C. Retail Supply Chains

The retail grocery supply chain differs from other retail
supply chains in that many of the products sold are perishable,
subject to high prices and demand variability, and require
high safety standards [35]. These differences make managing
the retail grocery supply chains more difficult. The products
in the retail grocery supply chain can be split into two types:
perishable and non-perishable. Perishable products include
fruits and vegetables with a shelf life depending on the order
of the day while non-perishable products include those with
longer shelf-lives [35]. Grocery stores make up almost 90%
of this number. The 20 largest US grocery retailers account
for almost 65% of sales, with their share growing as industry
consolidation increases [23]-[26]. Intrinsically, retailers seek
to increase sales and market share, to better service their
customer base, to hedge against the uncertainties of the
market environment, and to obtain economies of scale in
advertising and distribution.

D. Models of Supply Chain Collaboration

The growth in numbers of supply chain collaborative
models comes from the increasing SC dependencies and
complexity at various levels. SCC requires different
combination of tasks and resources [26], [28], [29]. Aviv [26]
developed a forecasting model focused on the benefits of
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collaborative forecasting through testing the effect of
centralized and decentralized information. Models
emphasizing the value of information sharing in demand
forecasting accuracy have also been developed [26]-[31].
Within the SCM literature, many conceptual frameworks
have been developed to explain the organizational and
functional aspects of SCC; whereas, actual mathematical or
simulation models have focused mainly on aspects of
performance evaluation. Despite these wide ranging efforts,
collaboration frameworks have only had limited success at
creating more efficient supply chains especially within small
retailers [37]. Only a few simulation based studies exist in the
literature on the performance analysis of SCC and its benefit
to small retail industry. Kim and Oh [20] used system
dynamics modelling for instance, to identify the performance
of collaborative SCs under three different scenarios: the
manufacturer controls the SC, the supplier controls the SC,
and in balanced decision making between manufacturer and
supplier. A number of other studies have presented system
dynamics models to evaluate the performance of supply
chain management [2], [19], [26], [28], [35], [38]. Even
though the supply chain literature frequently emphasizes the
virtues and benefits of collaboration, the issue of
collaboration in retail supply chains has not been vyet
thoroughly addressed for small retailers. Theoretical
contributions and empirical studies on collaboration in the
small retail industry still have been presented as the main
contributions up to now.

I1l. RESEARCH METHODOLOGY

System Dynamics is a simulation method that can be used
to model complex systemic problems using a combination of
quantitative and qualitative techniques. It is based on
feedback control theory, using computer simulation
technology as its measure [32], [33], [35], [36]. System
dynamics modelling can simulate an object system
dynamically in order to study and plan future action and
corresponding decision-making within an object system. The
dynamic system has a certain internal structure and is
affected by external conditions. The supply chain being the
“‘extended enterprise’’ that encompasses vendors,
manufacturers/producers, distributors and retailers s
characterized within system dynamics by a stock and flow
structure for the acquisition, storage, and conversion of
inputs into outputs and the decision rules governing these
flows [32], [33], [36]. The flows often create important
feedbacks among the partners of the extended SC; thus
making System Dynamics well-suited as a modelling and
analysis tool for strategic supply chain management policy
and decision making.

A. Case Study Used in This Research
This research evaluates the impact on performance and

efficiency of SCC among small retailers and their distributors.

The research attempts to clarify the benefits of retail SCCs
through modelling decision making rules within a case study
SC. A dynamic model is developed based on actual data
collected from case participants. The study was conducted in
United State of America. Supply chain managers, store

managers, dairy managers, category managers, and executive
marketing managers were consulted and interviewed to help
build up the structure, parameters and decision rules for an
integrated and collaborative SC. Order data from 12 retailers
in the 10 different States around USA and their distributor are
collected and summarized as a basis for modelling alternative
decision rules for collaboration in RSCCs using system
dynamics. The selection criteria for the case participants were
based on the following: (1) Small retailers need to provide a
highly value added products and service to end customer by
increasing profit; (2) They had to be diversely located to
eliminate geographical specific characteristics. Different
states and different cities were used to represent different
demographics, educational level, business sophistication and
economical attributes; (3) Small order quantities from
distributor based on sales forecasting; (4) They had to be
financially solvent meaning the selection of retailers with the
reasonable credit risk and a viable business; (5) They had to
be working in the same market environment; (6) The retailers
needed to be similar in size in terms of volume, demand and
sales volume; (7) They had to have ease of availability to data;
(8) Moreover, they had to stock Chobani yogurt because it is
the best-selling yogurt in USA; (9) The yogurt product has
sustainable growth from increasing shelf space at retail,
geographic expansion and increased in-store promotion
activity; (10) Seasonality of product availability,
perishability and shelf life.

B. Data Collection Method

Semi-structured interviews have been selected for
collecting data from 12 retailers in 10 different states in USA.
The interviews allowed the respondent to tell stories, give
examples and clarify the problem definition. An initial
system dynamics model was built to characterize the problem
through discussion with the client teams. This information
was supplemented by archival research. Interview questions
were designed to focus on the SC participants’ levels of
understanding about the real meaning of collaboration with
their supply chain partners, through asking them to share any
information relating to the aspects of their involvement with
other suppliers and distributors of Chobani Blueberry yogurt
(6 0z.) in their SC (such as order quantities, sales forecasting,
customer demand, inventory management, stock level and
promotional strategies, etc.). Moreover, they were asked
about how they assess their business relationship with
distributors and how they measure the effect of collaboration
from their perspective on their level of market share.
Specifically, they were asked about the relationships between
sharing order information with distributors and competitive
advantage, and the collaboration conditions and barriers from
retailer’s point of view. From the previous questions during
interviews, the research found that most of 12 retailers have
the same conceptual understanding of collaboration as a
means to contacting their supplier and distributors through
just sharing current daily orders. It was noted that they didn’t
share any other information about previous orders, future
orders, sales forecasting, stock, and inventory management,
nor did these small retailers retain historical data for all their
ordering. They merely depended on making decisions based
on the historical data provided by their distributors.
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IV. MODEL STUDY

A. Model Boundary and Description

The model represented has been developed based on
previously reported supply chain models in the literature, but
has been modified and refined to fit the case study in this
paper. Also, relevant variables, parameters and feedback
loops related to the effect of collaboration have been added to
the refined model from the interview findings to provide a
fully validated and calibrated case study simulation model.
The decision rules are related to the degree of collaboration
which is impacted by three variables: number of partners
collaborating, average duration they have been collaborating
in and their level of involvement measured by relative
investment in collaboration-supporting activities. Fig. 1
characterizes the stock-flow structure of this particular
supply chain. At the bottom of the figure, there is a stock
named Purchase Rate Forecast with a flow named Change in
Purchase Forecast. This flow is impacted mainly by
Customers Purchase Rate, current level of the Purchase Rate
Forecast, and the degree of Collaboration. It also shows the
change in the accuracy of the orders forecast on the retailer

side based on the sales rate and the customers’ demands sides.

The key stocks in the model are the distributor inventory, the
retailer inventory, and the retailers order forecast. The
distributor inventory increases by ordering more units from

the manufacturer which is not within the boundaries of this
model, and the inventory decreases by fulfilling retailer's
orders. The retailer's inventory increases by receiving
fulfilled orders from the distributor, and it decreases by
selling units to consumers. The retailer's orders forecast stock
is mainly dependent on the customers’ orders and the
depletion of the retailer inventory in relation to the desired
minimum levels of retailer inventory. The loops and different
variables represent the complex and dynamic interrelations
between customer demands, desired inventory levels, orders
fulfillment rates, distributor's orders fulfillment ability,
distributor own desired inventory levels, and the time to
fulfill this desired inventory levels. Three main variables
contribute to the effect of collaboration variable: numbers of
collaboration  partners, duration of collaboration,
commitment to collaboration through investment in training
and tools. The extent of partner collaboration directly
impacts on unit cost, as more retailers collaborate together,
more discounted prices can be negotiated as their purchasing
power increases. The Retailers orders forecast also get
impacted by the effects of collaboration, as it improves the
quality of the forecast from the collective intelligence and
experience of the different collaborating partners. Revenues
are calculated from the sales rate and the unit price, and from
revenues and costs, the profits are calculated.
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Fig. 1. Flow diagram of supply chain management system before collaboration.

B. Simulation and Analysis of the Model

Fig. 2-Fig. 4 are the simulation results of supply chain
management system model before collaboration. Fig. 2
shows that the demand information is enlarged from
customer to manufacturer, indicating that a bullwhip effect
obviously exists in the supply chain system. In early stages of
the system simulation running period, the demand volume of
each enterprise in supply chain is gradually increased.

In Fig. 2 Distributor Inventory drops after the first month
as it has an initial value of 100 units. Due to the high demand
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from the retailer, the distributor inventory is optimized as it
doesn’t accumulate a large volume of units due to the high
outflow. Purchase (Retailer) Rate Forecast grows from its
initial value and oscillates upwards before exhibiting
asymptotic behavior. Retailer Inventory has a cyclic behavior
with an overall slight increasing trend. Regards the Customer
Purchase Rate, the input is modeled as a sin wave to represent
the market seasonality. Sales Rate follows the Customer
Purchase Rate behavior, but in the beginning there is a delay
or a different in magnitude as the actual sales try to catch up
with the customer demand.
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Fig. 2. Simulation result of supply chain management system model before
collaboration (1).

If collaboration is incorporated then this can help to
improve the performance of a collaborative SC. Fig. 5
incorporates additional notation to represent the (number of)
Partners, degree of collaboration by partners through the
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Fig. 3 Simulation result of supply chain management system model before
collaboration (I1).

Fig. 3 shows that the effect on desired:
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Fig. 4. Stock-flow diagram of supply chain management system before collaboration.

C. Simulation and Analysis of the Model
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Fig. 5. Simulation result of supply chain management system model after
collaboration.

In the figure, Distributor Inventory drops after the first
month as it has an initial value of 100 units. Due to the high
demand from the retailer, the distributor inventory is
optimized as it doesn’t accumulate a large volume of units
due to the high outflow. Purchase (Retailer) Rate Forecast
increases in a classical decreasing rate with an approximate
step function over 2 month. Retailer Inventory has a cyclic
behaviour with an overall slight increasing trend. Regards the
Customer Purchase Rate, the input is modelled as a sin wave
to represent the market seasonality. Sales Rate follows the
Customer Purchase Rate behaviour, but in the beginning
there is a delay or a difference in magnitude, as the actual
sales try to catch up with the customer demand. There is no
major change to the inventory held across the supply chain
between Fig. 5 (after collaboration) and Fig. 2 (before
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collaboration) as these dynamics are more related to market
demand and supply dynamics. The effect of collaboration is
very evident though on the month-by-month profitability
when comparing Fig. 6 (before collaboration) to Fig. 3 (after
collaboration).

B 1 Profit

Page

dEs ? Untitled

Fig. 6. Simulation result of supply chain management system model after
collaboration.

V. CONCLUSION AND FURTHER RESEARCH

Collaborative supply chains can cut costs, risks and
inventory problems for retailers and their trading partners
alike. Small retail supply chain collaboration (SRSCC)
reputation blemished by exorbitant costs, complex
integration efforts and failure to deliver on its promises. But
today, new computing models have dramatically changed
understanding of supply chain dynamics. Retailers and their
suppliers are increasingly reliant on more touch points
domestically and globally to meet their end consumer needs.
Consequently, the demand for collaboration across the
supply chain has grown. Increasing the flow of better
information exchange improves supply chain performance
and value.

Present conceptual framework tries to focus on several
areas that have not been touched by past research studies.
First, past research lacks evidence of positive relationships
among small retailers and distributors with collaboration
competence and system dynamics modelling success.
Therefore, with this framework, it tries to generalize above
relationships for other small retailers in the United States in
order to meet consumer needs and maximize shelf value. The
framework provides the ability to have visibility and
collaboration across a grid of connected trading partners
which is a critical factor for efficient collaboration between
trading partners. The only way they can continue to improve
profitability is by increasing their information sharing and
synchronization rather than wasting time in excess inventory
as the only thing worse than being overstocked is being out of
stock. The typical way to avoid out-of-stock situations was to
stock up surplus inventory through managing orders across
all retail stores. Second, the main determinant of small
retailer’s collaboration was found through literature and it
has not been validated through any empirical work. Further,
there might be other factors for collaboration. Therefore, this
framework extended existing research to find out above
through empirical research. Finally, small retailer’s
collaboration and performance are severely lacking research
efforts. Therefore, this conceptual framework extended
existing work to discover determinants for above two
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concepts of the collaboration with respect to system
dynamics modelling and system implementations.

Though this conceptual system dynamics framework
contributes to the existing knowledge in a number of ways, it
has limitations too, which require future work. There might
be difficulties in using one research approach across the
framework i.e. quantitative or qualitative. Moreover, there
might be difficulties in testing and generalising the
framework to all small retailers available in the market and all
industry sectors.

In conclusion, this paper mainly discussed the need of
supply chain collaboration and system dynamics modelling.
The importance of fulfilling research gaps on small retail
collaboration is identified through literature review. The
significant contribution of the proposed conceptual
framework on small retailers supply chain collaboration and
its limitations are presented. The study believes that the
proposed conceptual framework on SRSCC would guide
system dynamics modelling toward business success as a
decision support tool with regard to supply chain
collaboration.
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