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Abstract The Supply Chain (SC) members are dependent on each other for
resources and information, and this dependency has been increasing in recent
times due to outsourcing, globalization and rapid innovations in information
technologies. This increase in dependency brings some extent of risk and uncer-
tainty too along with benefits. To meet these challenges, SC members must work
towards a unified system and coordinate with each other. There is a need to identify
the coordination mechanisms which helps in addressing the uncertainty in supply
chain and achieving supply chain coordination.

A systematic literature review is presented in this paper to throw light on the
importance of SC coordination. The objectives of this paper are to: Report and
review various perspectives on SC coordination issues, understand and appreciate
various mechanisms available for coordination and managing SC uncertainty and
identify the gaps existing in the literature. Perspectives on various surrogate
measures of supply chain coordination have been discussed followed by the
scope for further research.
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1 Introduction

Supply chain has evolved very rapidly since 1990s showing an exponential growth
in papers in different journals of interest to academics and practitioners (Burgess
et al. 2006). The rise in papers on supply chain (SC) as well as the case studies in
different areas in different industries motivates to study SC issues further. Supply
chains are generally complex with numerous activities (logistics, inventory, pur-
chasing and procurement, production planning, intra-and inter-organizational
relationships and performance measures) usually spread over multiple functions
or organizations and sometimes over lengthy time horizons. Supply chains tend to
increase in complexity and the involvement of numerous suppliers, service
providers, and end consumers in a network of relationships causes risks and
vulnerability for everyone (Pfohl et al. 2010).

The continuous evolving dynamic structure of the supply chain poses many
interesting challenges for effective system coordination. Supply chain members
cannot compete as independent members. The product used by the end customer
passes through a number of entities contributed in the value addition of the
product before its consumption. Also, the practices like globalization, out-
sourcing and reduction in supply base have exacerbated the uncertainty and
risk exposure as well as more prone to supply chain disruption. Earlier literature
considers risks in relation to supply lead time reliability, price uncertainty, and
demand volatility which lead to the need for safety stock, inventory pooling
strategy, order split to suppliers, and various contract and hedging strategies
(Tang 2006). But today’s supply networks have become very complex and vul-
nerable to various supply chain risks hence these issues have pulled attention of
various academics and practitioners for the last few years (Oke and Gopalakrishnan
2009).

Uncertainty relates to the situation in which there is a total absence of infor-
mation or awareness of a potential event occurrence, irrespective of whether the
outcome is positive or negative. The terms risk and uncertainty are frequently used
interchangeably (Ritchie and Brindley 2007). As firms move to leaner operating
models and increasingly leverage global sourcing models, uncertainty in both
supply and demand is growing along with supply chain complexity.

To improve the overall performance of supply chain, the members of supply
chain may behave as a part of a unified system and coordinate with each other. Thus
“coordination” comes into focus.

There seems to be a general lack of managerial ability to integrate and coordi-
nate the intricate network of business relationships among supply chain members
(Lambert and Cooper 2000). Stank et al. (1999) studied inter-firm coordination
processes characterized by effective communication, information exchange, par-
tnering, and performance monitoring. Lee (2000) proposes supply chain coordina-
tion as a vehicle to redesign decision rights, workflow, and resources between chain
members to leverage better performance such as higher profit margins, improved
customer service performance, and faster response time.
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Though, there are efforts in literature regarding coordination of different func-
tions of the supply chain, the study of coordinating functions in isolation may not
help to coordinate the whole supply chain. It appears that the study of supply chain
coordination (SCC) is still in its infancy. Though, the need for coordination is
realized, a little effort has been reported in the literature to develop a holistic view
of coordination.

It is interesting to note the following perspectives on supply chain coordination
as reported in the literature:

» Collaborative working for joint planning, joint product development, mutual
exchange information and integrated information systems, cross coordination on
several levels in the companies on the network, long term cooperation and fair
sharing of risks and benefits (Larsen 2000).

e A collaborative supply chain simply means that two or more independent
companies work jointly to plan to execute supply chain operations with greater
success than when acting in isolation (Simatupang and Sridharan 2002).

¢ Kleindorfer and Saad (2005) asserted that continuous coordination, cooperation,
and coordination among supply chain partners are imperative for risk avoidance,
reduction, management and mitigation such that the value and benefits created
are maximized and shared fairly.

e Supply chain coordination is a strategic response to the challenges that arise
from the dependencies supply chain members (Xu and Beamon 2006).

* Supply chain coordination can be defined as identifying interdependent supply
chain activities between supply chain members and devise mechanisms for man-
age those interdependencies. It is the measure of extent of implementation of such
aggregated coordination mechanisms, which helps in improving the performance
of supply chain in the best interests of participating members (Arshinder 2008).

Various perspectives have been presented in the literature for coordinating
supply chain (discussed in Sect. 2). These perspectives and classification of coordi-
nation literature has been adopted from the review paper by Arshinder et al. (2008a),
however, the authors are motivated to revise the paper with view of incorporating
uncertainty in SCC and up gradation of coordination mechanisms. The following
developments have motivated the authors to upgrade the current review paper.

¢ Growth in reporting of coordination mechanisms in supply chain.

¢ Managing uncertainty has become more and more challenging, which can be
tackled with SCC.

» Information technology has been evolving and playing an important role in
making global supply chain seamless.

To develop a better understanding of the coordination issues in supply chain,
a systematic literature review is required to throw light on the importance of
SCC and specifically to address the objectives as: to understand and appreciate
SCC in different processes of supply chain, to explore various coordination
mechanisms to coordinate the supply chain, to understand the role of SCC in
managing SC uncertainty and to relate surrogate measures of SCC with supply
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chain performance. The last objective is to identify the gaps existing in the
literature followed by few research directions.

The terms like integration, collaboration, cooperation and coordination are
at times complementary and at times contradictory to each other and when used
in the context of supply chain can easily be considered as a part of SCC. This
assumption can be followed without loss of generality as the elements like integra-
tion (combining to an integral whole); collaboration (working jointly) and cooper-
ation (joint operation) are the elements of coordination.

2 Supply Chain Coordination Literature Classification
and Observations

The papers related to supply chain coordination were searched using library databases
covering a broad range of journals (Appendix). The papers were selected based on the
issues addressed by these papers: How to define supply chain coordination and the
imperatives of SCC? How to achieve supply chain coordination? Will coordinated
supply chain be beneficial to all the individual members of the supply chain? What is
the impact of SCC on the performance of various activities and processes of a supply
chain? How SCC can help in mitigating supply chain uncertainties?

The papers in response to the above mentioned questions were gathered and
classified in categories presented in the following sections. To capture each and every
aspect of SCC an attempt has been made to classify the literature on SCC as follows:

« Perspectives and conceptual models on supply chain coordination.

» Joint consideration of functions or processes by supply chain members at dif-
ferent levels to coordinate the supply chain.

* Various supply chain coordination mechanisms adopted in the supply chain.

¢ Supply chain coordination to manage uncertainties in the supply chain.

» Empirical case studies in supply chain coordination.

A schematic overview of hierarchical classification of literature is shown in
Fig. 1 which shows that how the different categories of coordination will help in
understanding the importance of SCC, utility of coordination mechanisms and the
application of SCC on real life problems.

2.1 Perspectives and Conceptual Models on Supply Chain
Coordination

2.1.1 Challenges in Coordinating the Supply Chain

In any system, the smooth functioning of entities is the result of well-coordinated
entities. It may be very difficult to define “coordination” precisely, but the lack of
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Fig. 1 Overview of the literature classification scheme

coordination can be easily articulated through a variety of surrogate measures. The
supply chain members have conflicting goals or objectives and disagreements over
domain of supply chain decisions and actions. It must be noted that a typical supply
chain also deals with human systems, and hence, which may pose following
challenges and difficulties in coordinating supply chain members.

The individual interest, local perspective and opportunistic behavior of supply
chain members results in mismatch of supply and demand (Fisher et al. 1994).
The traditional performance measures based on the individual performance may
be irrelevant to the maximization of supply chain profit in a coordinated manner.
Similarly, the traditional policies, particularly rules and procedures, may not be
relevant to the new conditions of inter organizational relationship. There has
been over reliance on technology in trying to implement IT (Lee et al. 1997,
McCarthy and Golocic 2002).

According to Piplani and Fu (2005), supply chain “plug and play” misalign-
ment is associated with the difficulties involved in dynamically interchanging
products (with short life cycle) and partners in the fast changing business
environment.

The organizations want to reach to the best suppliers regardless their location
globally, which brings many risks and uncertainties in managing cross border
supply chains.
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» The benefits accrued by the whole supply chain after joint determination of
supply chain performance indicators by supply chain members has no value in
the absence of fair share mechanisms.

There are multiple benefits accruing from effective SCC. Some of these include:
elimination of excess inventory, reduction of lead times, increased sales, improved
customer service, efficient product developments efforts, low manufacturing costs,
increased flexibility to cope with high demand uncertainty, increased customer
retention, and revenue enhancements (Fisher et al. 1994; Lee et al. 1997).

2.1.2 Various Perspectives and Conceptual Models on SCC

The literature reviewed by Burgess et al. (2006) showed that there is relative
paucity of strong multi-theoretic approaches in supply chain. By looking at the
problems of managing relationships between supply chain members, a need arises
to tackle this problem using coordination theory. The most commonly accepted
definition of coordination in the literature is “the act of managing dependencies
between entities and the joint effort of entities working together towards mutually
defined goals” (Malone and Crowston 1994). Coordination is perceived as
a prerequisite to integrate operations of supply chain entities to achieve common
goals. Various perspectives are reported in the literature regarding SCC. The
researchers have described SCC either in the context of the application of coor-
dination in different activities of supply chain or they are derived from other
disciplines, summarized in Table 1.

Several coordination strategies have been developed to align supply chain
processes and activities to ensure better supply chain performance. The papers
addressing various forms of coordination are Buyer—Vendor coordination by
coordinating Procurement—Inventory—Production—Distribution processes (Goyal
and Deshmukh 1992; Thomas and Griffin 1996; Sarmiento and Nagi 1999; Sarmah
et al. 20006).

Hoyt and Huq (2000) presented a literature review on the buyer-supplier rela-
tionship from the perspective of transaction cost theory, strategy structure theory
and resource-based theory of the firm. There is abundant literature on conceptual
based supply chain partnership but the testing of these concepts is required by
utilization of operations research in supply chain (Maloni and Benton 1997).
Various models have been discussed presenting various form of coordination
such as price changes, quantity discounts (Sharafali and Co 2000), and partial
deliveries and establishing their joint policies in context of manufacturing firms
(Sarmabh et al. 2007), information sharing and decision-making coordination (Sahin
and Robinson 2002). Some of the coordination forms can be seen in Table 2. Power
(2005) reviewed three principal elements of supply chain integration: information
systems, inventory management and supply chain relationships aiming at reducing
costs and improving customer service levels.

The emerging area of supply chain coordination is outsourcing practices in
case of insufficient production capacity of suppliers (Sinha and Sarmah 2007).
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Table 1 Various perspectives on supply chain coordination
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Author (year) Perspective Context
Narus and Anderson Cooperation among independent but Resource sharing
(1995) related firms to share resources and

capabilities to meet their customers’
most extraordinary needs

Lambert et al. (1999) A particular degree of relationship among
chain members as a means to share
risks and rewards that result in higher
business performance than would be
achieved by the firms individually

Larsen (2000) Collaborative working for joint planning,
joint product development, mutual
exchange information and integrated
information systems, cross
coordination on several levels in the
companies on the network, long term
cooperation and fair sharing of risks
and benefits

Lee (2000) Supply chain coordination as vehicle for
redesigning decision rights, workflow,
and resources between chain members
to leverage better performance

Simatupang et al. Given the nature of the interdependencies

(2002) between units, coordination is

necessary prerequisite to integrate
their operations to achieve the mutual
goal of the supply chain as a whole as
well as those of these units

Larsen et al. (2003) Where two or more parties in the supply
chain jointly plan a number of
promotional activities and work out
synchronized forecasts, on the basis of
which the production and
replenishment processes are

determined
Hill and Omar Coordination can be achieved when the
(2006) supply chain members jointly

minimize the operating costs and share
the benefits after jointly planning the
production and scheduling policies
Arshinder (2008) Identifying interdependent supply chain
activities between SC members and
devise mechanisms for manage those
interdependencies. It is the measure of
extent of implementation of such
aggregated coordination mechanisms,
which helps in improving the
performance of supply chain in the
best interests of participating members

Risk and reward sharing

Holistic view of
coordination

Workflow/resource
dependency

Mutuality

Joint promotional
activities,
forecasting

Joint decision-making,
benefit sharing

Linking coordination
mechanisms with SC
performance
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Table 2 Different forms of coordination viewed in supply chain

K. Arshinder et al.

S. No. Coordination Author (year) Issues in coordination
perspectives
1 Coordination of Goyal and Deshmukh (1992), Integrated procurement,
functions or process Thomas and Griffin production, distribution
across SC members (1996) Sarmiento and and inventory systems
Nagi (1999)
2 Coordination by Hoyt and Huq (2000), Sahin ~ Value of information sharing
information sharing and Robinson (2002), and sharing modes,
Huang et al. (2003), incentive alignment
Simatupang et al. (2002)
3 Supply chain Power (2005) Communication, Inventory
partnerships management and supply
chain partnerships
4 Coordination Lee et al. (1997) Channel coordination,
mechanisms and operational efficiency and
performance information sharing
5 Problems in Fawcett and Magnan (2002), Lack of information
coordinating SC Simatupang and Sridharan transparency, incentive
(2002) misalignment
6 Coordination by IT Li et al. (2002), Mc Laren Internet based integration of
et al. (2002) complex supply chain
processes, cost and
benefits of different
information systems
coordinating supply chain
7 Implementation issues ~ Barratt (2004) Cultural, strategic and

in coordination implementation elements
of supply chain

coordination

The other pragmatic initiatives such as Collaborative Planning, Forecasting and
Replenishment (CPFR) (Larsen et al. 2003) and Supply Chain Operations Refer-
ence (SCOR) (Huan et al. 2004) may have relevance from practitioner’s point
of view.

Even though coordination improves the performance of the supply chain, it may
not always be beneficial to coordinate the supply chain members. The high adoption
costs of joining inter-organizational information systems and information sharing
under different operational conditions of organizations may hurt some supply chain
members (Zhao and Wang 2002). Therefore, it is essential to investigate the
conditions under which supply chain coordination is beneficial, so that it should
not result in higher supply chain costs and imprecise information.

Observations and Gaps Regarding Various Perspectives and Conceptual Models

on SCC

(a) There seems to be no standard definition of SCC. Various perspectives on SCC
as reported in the literature are testimony to this. The differences in perceptions
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are there because of the different expectations of the various stakeholders and
the respective problem domain. Some of these perspectives present the inherent
capability or intangibles required to coordinate like responsibility, mutuality,
cooperation and trust. The other perspectives can be visualized, based on the
coordination effort required in achieving common goals in different activities
of supply chain. Since the activities are different, the coordination requirements
also vary with the complexity of the activity. The most challenging coordina-
tion perspective is to extend the concept of coordination from within an
organization to coordination between organizations.

(b) By looking at these different perspectives, the SCC can be viewed as a set of
following steps:

1. Identify why supply chain members want to coordinate and for which
activitylprocess they are interdependent? Different interdependencies among
supply chain members can be: ordering, procurement, inventory management,
production, design and development, replenishment, forecasting and
distribution.

2. Identify which activity or a set of activities needs to be coordinated, com-
plexities in the activity (activities) and degree of coordination required.

3. Identify the reason to coordinate. Is it the demand uncertainty and/or supply
uncertainty, double marginalization or other external risk in the supply
chain, which can be addressed by coordination?

4. Identify whether a single or a combination of coordination mechanism are
required to tackle the complexities in managing the interdependencies like
resource sharing, knowledge sharing, information sharing, joint working,
Jjoint decision making, joint design and development of product, joint
promotions, implementing information systems, designing risk sharing
contracts.

(c) Though there are attempts to focus on coordinating the different processes of
supply chain, most of the papers reviewed have discussed the work done on
analytical models with joint decision making of different process. The literature
seems to be lacking in developing empirical relationship between coordination
means and mechanisms (Information sharing, trust and IT) and SCC.

(d) There is a need to embrace a variety of perspectives on supply chain coordina-
tion, various coordination issues and the means and mechanisms to achieve
coordination in a holistic manner.
Various coordination mechanisms suggested in these models help in improving
the various performance measures of the supply chain. These mechanisms
include: joint decision-making, information sharing, resource sharing, imple-
menting information technology, joint promotional activities, etc. The other
motivation seems to be the ability of supply chain members to share the risks
and subsequently share the benefits.

(f) There is a need to monitor coordination in supply chain because of the adverse
effects of lack of coordination on supply chain performance. There seems to
be no measure to quantify coordination. Some models can be proposed to

(e

~
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quantify and assess the strength of coordination on the basis of coordination
mechanisms.

(g) More empirical studies are required regarding the proper implementation of
coordination mechanisms, so that combinations of different feasible coordina-
tion mechanisms can capture the impact of coordination on various supply
chain performance measures.

The above conceptual models on supply chain coordination have been presented
in a fragmented manner. It is important to understand various SC functions to be
coordinated. The complexity in coordinating various SC members may also depend
on the interface to which two supply chain members belong. The following section
presents the importance of SC coordination in various SC functions as well as in
different SC processes at various supply chain interfaces.

3 Joint Consideration of Functions or Processes by Supply
Chain Members at Different Levels to Coordinate
Supply Chain

Coordination can be visualized in different functions such as logistics, inventory
management, forecasting, transportation, etc. Similarly, various interface such
as supplier-manufacturer; manufacturer-retailer, etc. can be effectively managed
using coordination.

3.1 Coordinating Functions Across Supply Chain Members

The supply chain members perform different functions or activities like logistics,
inventory management, ordering, forecasting and product design involved in man-
agement of flow of goods, information and money. In traditional supply chain
individual members of supply chain have been performing these activities indepen-
dently. The supply chain members may earn benefits by coordinating various
activities as discussed in following subsections.

Logistics has traditionally been defined as the process of planning, imple-
menting, and controlling the efficient flow and storage of goods, services, and
related information as they travel from point of origin to point of consumption.
The uncertainty and complexity of decision making regarding logistics operations:
diversified customers and their different requirements, different resources required,
increasing rate of unanticipated change and level of goal difficulty among logistics
provider and the customer (supplier, manufacturer, distributor and retailer), geo-
graphically dispersed networks of multiple manufacturing sites lead to the need of
coordination in this process (Huiskonen and Pirttila 2002). The challenges lie in
managing the network complexities to collectively create value to the end customer
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(Stank et al. 1999; Stock et al. 2000) and integrating the logistics with whole supply
chain with the help of electronic communication.

The major decisions regarding inventory management include: determination of
the order quantity, the timing of order, reorder point and the replenishment of
inventory. The factors which are considered while deciding the inventory policy are
customer demand (deterministic and random), number of members in supply chain,
replenishment lead time, number of different products stored, length of the planning
horizon, service level requirements and costs comprised of cost of production,
transportation, taxes and insurance, maintenance, obsolescence opportunity cost,
stock out, etc. The changes even in one of the above factors affect the decisions
regarding inventory policy. The factors related to inventory policy are highly
dynamic because of changing market condition, supply uncertainty; different and
conflicting inventory policies among supply chain members, and unavailability of
inventory information of other members. To face the dynamic situation, the
members of supply chain have realized the importance of coordination in inventory
management. The supply chain members may coordinate by joint consideration of
the system wide costs (Huq et al. 2006; Wu and Ouyang 2003; Gurnani 2001;
Barron 2007), sharing cost and price information (Boyaci and Gallego 2002;
Piplani and Fu 2005), synchronizing order processing time (Zou et al. 2004; Lu
1995; Yao and Chiou 2004; Barron 2007) and networked inventory management
information systems (Verwijmeren et al. 1996). These policies may sometime hurt
one of the supply chain members. To compensate losses, different mechanisms
have been proposed as quantity discounts, revenue sharing contracts and incentive
alignment policies (Li et al. 1996; Moses and Seshadri 2000; Chen and Chen 2005).
The different models results in reduction in ordering cost, holding cost, purchasing
cost, and supply chain system wide costs and improvement in customer service
level and product availability and product variety.

The organization has perceived the need of reviving the traditional purchasing
function in view of degree of participation and expertise of suppliers to a new
evolving function called “strategic sourcing”(Gottfredson et al. 2005). The
suppliers can form strategic partnerships by having common goals and sharing
forecast information to have updated single forecasting process, which results in
substantial cost reduction in whole supply chain (Zsidisin and Ellram 2001;
Aviv 2001).

The increasing rate of changing technologies, innovation, customer
expectations, competition, and risk involved with new product entry and at the
same time keeping the product design process cost efficient, is a challenging job.
Kim and Oh (2005) presented systems dynamics approach to coordinate supplier
and manufacturer decisions regarding improvement in quality and the new product
development. Petersen et al. (2005) presented the findings from an empirical survey
about the capabilities of suppliers required in coordinating the product design
process with supplier. The coordination at design stage may result in better design
and improved financial performance if the supplier has sufficient knowledge
required to design the product.
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3.2 Coordinating Different Processes of the Supply Chain

A supply chain process consists of a set of activities taken together. Various
processes in supply chain are procurement, production and distribution. These
processes can be accomplished when some activities are performed like procure-
ment process comprised supplier management, ordering, acquisition, replenish-
ment, inspection activities, etc. Integration of different processes into a single
optimization model to simultaneously optimize decision variables of different
processes that have traditionally been optimized sequentially helps in improving
the performance of SC (Park 2005). These processes sometimes face conflicting
issues which are presented in Table 3. Isolated decision making in functionally
related supply chain processes might weaken the supply chain system wide com-
petitiveness. The different supply chain processes can be coordinated by imple-
menting joint production delivery policies, common cycle approach, identical
replenishment cycle (Yang and Wee 2002) and joint lot scheduling models
(Kim et al. 2006). The coordination problems and the related issues at the interfaces
of supply chain are presented in Table 4.

3.2.1 Production and Distribution Coordination

Integration of production and distribution processes may lead to a substantial
saving in global costs and to an improvement in relevant service by exploiting
scale economies of production and transportation, balancing production lots and
vehicle loads, and reducing total inventory and stockout. Chikan (2001) gave
a theoretical background of integrated production/logistics systems on the basis

Table 3 Conflicting issues in supply chain processes

SC processes Conflicting issues in supply chain processes

Production and distribution ~ The difference in performance metrics such as improvement in
coordination quality of production, reduction in cost and improvement in
service levels for distribution may also give rise to conflict
Production sub functions are usually concentrated in the
organization, while distribution sub functions are spread
over (Chikan 2001)
Production function is obsessed with low cost production, with
large batch sizes and efficient and smooth production schedules
(Pyke and Cohen 1993) and the distribution function is
concerned with customer service as first priority, small batch
sizes and frequent changeovers (Pyke and Cohen 1993)
Procurement and production Suppliers typically want manufacturers to commit themselves
coordination to purchasing large quantities in stable volumes with flexible
delivery dates
Manufacturers require just-in-time (JIT) supply in small batches
from their suppliers due to changing demand and their
unwillingness to hold inventories
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of institutional economics, discussed business issues regarding integration of these
two functions and how this connection is handled in education. Jayaraman and
Pirkul (2001) developed an integrated production distribution model comprised
fixed cost, purchasing cost, production cost and distribution cost, taken simulta-
neously. Pyke and Cohen (1993) presented an integrated production distribution
model and examined its performance characteristics (production cost and service
level). Hill (1997) determined the production and shipment schedule for an
integrated system to minimize average total cost per unit time.

Kim et al. (2006) developed a mathematical optimization problem in multiple
plants in parallel and single retailer supply chain system. The joint optimization of
costs was carried out to determine the production cycle length, ordering quantity
and frequency, and production allocation ratios for multiple plants. Dotoli et al.
(2005) proposed a three-level hierarchical methodology for a supply chain network
design at the planning management level. The network is so designed where the
members are selected based on the performance followed by optimizing the com-
munication and transportation links of supply chain. The performance measures
used were operating costs, cycle time, energy saving, product quality and environ-
mental impact.

3.2.2 Procurement and Production Coordination

Goyal and Deshmukh (1992) reviewed the literature on Integrated Procurement-
Production (IPP) systems. The different models of IPP were classified into the
categories based on number of products, planning horizon, solution method
employed, joint replenishment orders, and algorithmic issues in their study.
Munson and Rosenblatt (2001) presented a purchasing-production integrated
model and compared the cases of centralized SC and decentralized SC. It was
found that decentralized SC gives same results as that of centralized supply chain if
quantity discounts are considered at both upstream and downstream interfaces.

3.2.3 Production and Inventory Coordination

Lu (1995) considered heuristics approach for single vendor multi-buyer problem
based on equal sized shipments. With the coordination of the replenishments of
different items, the vendor can reduce his total annual cost by 30%. The buyers also
benefit from the multi-buyer model by reducing their costs. Hoque and Goyal
(2000) developed an optimal solution procedure for optimal production quantity
in single vendor single buyer production inventory system with unequal and equal
sized shipments from the vendor to the buyer and under the capacity constraint of
the transport equipment by using simple interval search approach. Arreola-Risa
(1996) considered the situation of multi-item production—inventory system with
stochastic demands and capacitated production under deterministic or exponen-
tially distributed unit manufacturing times. The observed results are that variation
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in the production environment increases the optimal inventory levels. The impact of
capacity utilization in optimal base stock level is non-linear function of demand
rate. Grubbstrom and Wang (2003) developed a multi-level capacity constrained
model with stochastic demand. The Laplace transform was used as tool to construct
the model and dynamic programming was used to solve and to find out the net
present value (NPV) as an objective function. It was observed that for higher levels
of capacity, the stochastic solution continues to improve performance of the system,
albeit at a very slow rate and then takes advantage of increasing availability of the
capacity resources. Kim et al. (2006) considered common production cycle length,
delivery frequency and quantity in three level supply chain in joint economic
procurement, production and delivery policy.

3.2.4 Distribution and Inventory Coordination

Jayaraman (1998) developed an integrated mathematical programming mixed-
integer model for minimization of the total distribution cost associated with all
three decision components i.e. facility locations, inventory parameters and trans-
portation alternative selection, all investigated jointly. The integrated model
permits a more comprehensive evaluation of the different trade-off that exists
among the three strategic issues. Yokoyama (2002) developed an integrated opti-
mization model of inventory-distribution system in which any consumer point
can be supplied by multiple distribution centers. The order-up-to-R, periodic review
inventory policies and transportation problem are considered simultaneously. Sim-
ulation and linear programming was used to calculate the expected costs and a
random local search method was developed to determine optimum target inventory,
which was then compared with genetic algorithm.

Haq et al. (1991) formulated a mixed integer programming for integrated
production—inventory-distribution model. The objective of the model was to deter-
mine optimal production and distribution quantities through various channels,
optimal levels of inventory at various production stages and at warehouses over
6-month planning periods considering set up time cost, lead time, production losses
and recycling of losses with backlogging.

Observations and Gaps in Different Activities and at the Interfaces of Supply Chain

(a) In the literature, different problems in coordinating the activities with various
approaches have been discussed. The main objective considered in coordinating
different problems in some activity is either minimizing the costs or maxi-
mizing profits. The coordination of same activities at different levels of supply
chain reduces the supply chain costs.

(b) The common problems addressed in literature are the joint consideration of
different costs in an activity. These costs are associated with the supply chain
coordination problems of joint ordering by buyers to some supplier, jointly
plan order quantity between supplier and buyer, jointly order delivery to the
buyers and joint replenishment activities in terms of coordinated lead times.
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The coordination problems have also been extended for coordinating different
processes to collectively consider the costs of different processes to minimize
the overall cost of supply chain.

The methodologies adopted to tackle the problem include: analytical, mathe-
matical and optimization tools. Most of the studies regarding SCC are con-
ducted on a two-level dimension because of the simple supply chain structure
(Ganeshan 1999; Hill 1997) and discussed production delivery policies and
joint stocking with discounts (Weng and Parlar 1999) at two level supply chain.
To effectively allocate the production requirement and capture supply chain
dynamics, various models have been dealt with joint purchasing policies in
multiple supplier environment (Zou et al. 2004) and considering total cost of
logistics. The investigations are required in supply chain encompassing multi-
ple levels that consider the complex interactions between the upstream and
downstream sites and gives a more real picture of supply chain.

(d) The following are some gaps, which if considered, may further enhance

coordination and performance of supply chain:

» The whole supply chain is required to coordinate, so models can be extended
to consider more than one activity.

* The only coordination mechanism used by most of the authors is joint
consideration of costs. From the literature regarding coordination models
it can be observed that a number of coordination mechanisms (information
sharing, roles integration, information technology) are possible to solve the
coordination problem. There can be situations where two mechanisms are
required to reduce the supply chain costs for example information sharing
and quantity discounts.

» The consideration of one performance measure may not justify the value of
coordination. So, a number of performance measures are required to capture
the impact of coordination in a holistic manner. Along with the measures
like costs and profits, the benefits of coordination may also be indicated with
the help of performance measures like: improving responsiveness by timely
information sharing in whole supply chain, reducing inventory delays and
information lead time by implementing good information systems and
evaluating risks and rewards due to coordination.

» The analytical and mathematical approaches used to coordinate activities
and processes of supply chain may not tackle the dynamics of supply chain.
Hence, simulation approach may be a good choice to view the overall
coordination scenario of the whole supply chain.

* Most of the studies on coordination are done for two level supply chains.
This assumption may restrict the usage of models, as these models may not
handle the ever-changing variables of supply chain.

e The assumption of integrated different functions and processes leads
to cost reduction, but models are required to evaluate or measure the
degree of coordination (which leads to improvement in the supply chain
performance).
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» The recent trend of outsourcing the logistics operations to third party
logistics provider (3PL) has reduced many discrepancies related to replen-
ishment of goods (Jayaram and Tan 2010). The studies are required how to
3PLs can be an information source to coordinate suppliers and buyers. The
knowledge and expertise of 3PLs on routes, fleet size and fleet type can be
leveraged in optimizing the procurement-production-distribution problems
and integrating with 3PLs.

* To gain the advantage of common logistics provider and information
systems, the supply chain members at same level may coordinate horizon-
tally. Very few papers have discussed horizontal collaboration (Arshinder
et al. 2006; Bahinipati et al. 2009) by using multi-criteria decision making
models. Some quantitative models can be proposed to quantify such kind of
coordination also.

In this section we can observe that how supply chain coordination is required in
each SC process. Various processes have been coordinated by adopting different
means mechanisms of coordination. By looking at the need of coordination in SC,
the researchers may like to know various existing coordination mechanisms, which
can be adopted to coordinate supply chain across different industries. The next
section presents various coordination mechanisms, which can be adopted as per the
suitable supply chain environment.

4 Various Supply Chain Coordination Mechanisms
Adopted in the Supply Chain

The dependencies between supply chain members can be managed by some means
and mechanisms of coordination. By utilizing coordination mechanisms, the per-
formance of supply chain may improve. There are different types of coordination
mechanisms as discussed in the following subsection.

4.1 Supply Chain Contracts

Supply chain members coordinate by using contracts for better management of
supplier buyer relationship and risk management. The contracts specify the
parameters (like quantity, price, time, and quality) within which a buyer places
orders and a supplier fulfills them. The objectives of supply chain contracts are: to
increase the total supply chain profit, to reduce overstock/understock costs and to
share the risks among the supply chain partners (Tsay 1999). The contracts counter
double marginalization that is by decreasing the costs of all supply chain members
and total supply chain costs when they coordinate as against the costs incurred
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when the SC members act independently. The problem of double marginalization
and risks like overstock and understock has been widely been observed single
period inventory models with less shelf life of product. Most of the contracts
have been proposed as single period models. Various contracts are defined in
Table 5.

Buyback contracts or returns policy has been widely used coordination contract
in textile and fashion industry. In buyback contracts a manufacturer offers retailer
either full credit for a partial return of goods a partial credit for all unsold goods. In
case of retail competition the manufacturer will be benefited from the returns policy
when the production costs are sufficiently low and demand uncertainty is not too
great (Padmanabhan and Png 1997). Krishnan et al. (2004) have analyzed that

Table 5 Definitions of supply chain contracts

S.  Supply chain Definition Author (year) Remarks
No. contract
1 Buy back The manufacturer (seller) agrees to ~ Mantrala and Improves the
buy back the unsold units from the Raman coordination,
retailer (buyer) for agreed upon (1999), Hau increases
prices at the end of the selling and Li (2008) sales, risk
season sharing
2 Revenue In a revenue sharing contract, the Yao et al. (2008), More flexible in
sharing buyer shares some of his revenues Zhou and terms in terms
with the seller, in return for a Wang (2009) of whole sale
discount on the whole sale price price
3 Sales rebate  The sales rebate provides a direct Wong et al. Provides direct
incentive to the retailer to increase (2009) incentives for
sales by means of a rebate paid by retailers to
the supplier for any item sold increase sales
above a certain quantity
4 Quantity It couples the customer’s Tsay (1999) Gives more
flexibility commitment to purchase no less flexibility in
than a certain percentage below order quantity

the forecast with the supplier’s
guarantee to deliver up to a certain
percentage above

6  Trade policy This policy deals with how the total Ding and Chen  Offers better
profit is shared among supply (2008) profit sharing
chain entities

7  Reservation This policy offers discounts to the Chen and Chen  Reduces the

policy products reserved and the (2009) uncertainty in

products which are not reserved demand
are sold at retail price

8  Markdown  After the selling season, the unsold  Lee (2001), Pan  Improves profit of

money units are sold at discounted price et al. (2009) the channel
(price
discount)

9 Quantity During the selling period, the seller ~ Weng (2004) Improves the
discount offers discounts based on quantity sales

of goods purchased
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buyback contract coupled with promotional cost sharing agreements between
manufacturer and retailer result in supply chain coordination.

The other consideration in buyback contract is the case of information sharing
and asymmetrical information between the supply chain members (Yao et al. 2005;
Yue and Raghunathan 2007). Bose and Anand (2007) proposed that by assuming
transfer price exogenous the buyback contract is Pareto efficient. Yao et al. (2008)
proposed an analytical model to analyse the impact of stochastic and price depen-
dent demand on returns policy between manufacturer and retailer. The other
variants of buyback contracts discussed in literature are: stochastic salvage capacity
in fashion industry (Lee and Rhee 2007); two period contract model in case of
decentralized assembly system (Zou et al. 2008); in case of updating of information
in supply chain (Chen et al. 2006) and by including the risk preferences of the SC
members (He et al. 2006).

In case of quantity flexibility contract, the buyer is allowed to modify the order
within limits agreed to the supplier as demand visibility increases closer to the point
of sale. The buyer modifies the order as he gains better idea of actual market
demand over time. Tsay and Lovejoy (1999) proposed quantity flexibility contracts
for two independent members of the supply chain model to design incentives for the
two parties to determine system wide optimal outcome. The efficiency can be
improved when buyer is ready to pay more to the supplier for increased flexibility.
Tsay and Lovejoy (1999) proposed a framework for the design of quantity flexibil-
ity in three level supply chains, behavioural models in response to quantity flexi-
bility contracts and the impact on the supply chain performance measures:
inventory levels and order variability. More output flexibility comes at the expense
of greater inventory cost, so inventory management has been viewed as the man-
agement of process flexibilities. It is observed that the quantity flexibility contracts
can dampen the transmission of order variability throughout the supply chain.

Milner and Rosenblatt (2002) analysed two period quantity flexibility contract in
which the buyer is allowed to adjust second order paying a per unit order adjustment
penalty. This contract can reduce the potentially negative effect of correlation of
demand between two periods, but the order quantity flexibility reduces the profits of
the buyer. Barnes-Schuster et al. (2002) proposed two period options contracts
where buyer has flexibility to respond to market changes in second period and
coordinate the supply chain channel. Sethi et al. (2004) developed a model to
analyze a quantity flexibility contract involving multiple periods, rolling horizon
demand and forecast updates including demand and price information updates.

In revenue sharing contract, the supplier charges the buyer a low wholesale price
and shares a fraction of the revenues generated by the buyer (Giannoccaro and
Pontrandolfo 2004; Cachon and Lariviere 2005; Koulamas 2006). The SC members
can design contracts based on discounts: lot size based or volume based. Yao et al.
(2008) developed a revenue sharing model in the case of retail competition by
considering price sensitivity. vander Rhee et al. (2010) has considered multi
echelon (more than two) supply chain members and simultaneously installed rev-
enue sharing contracts between all pairs of adjacent supply chain members to
coordinate the supply chain.
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A discount is lot size based if the pricing schedule offers discounts based on the
quantity ordered in a single lot. A discount is volume based if the discount is based
on the total quantity purchased over a given period regardless of the number of lots
purchased over that period (Rubin and Benton 2003; Weng 2004). Chauhan and
Proth (2005) proposed a profit sharing model under price dependent demand
proportional to their risks based on expected customer demand.

4.2 Role of Information Sharing and Information Technology

IT is used to improve inter-organizational coordination (McAfee 2002; Sanders
2008) and in turn, inter-organizational coordination has been shown to have a
positive impact on select firm performance measures, such as customer service,
lead-time, and production costs (Vickery et al. 2003).

Information technology helps to link the point of production seamlessly with the
point of delivery or purchase. It allows planning, tracking and estimating the lead
times based on the real time data. Advances in Information Technology [e.g.
internet, EDI (electronic data interchange), ERP (enterprise resource planning),
e-business and many more] enable firms to rapidly exchange products, information,
and funds and utilize collaborative methods to optimize supply chain operations.

Internet and web can enhance effective communication, which helps members of
supply chain review past performance, monitor current performance and predict
when and how much of certain products need to be produced and to manage
workflow system (Liu et al. 2005). Fin (2006) investigated the relation between
EDI in apparel industry and three performance levels: operational, financial and
strategic. This helped in reduction of lead time from several weeks to 3 days.

According to Soliman and Youssef (2001), e-business strategy refers to the
way internet tools are selected and used in relation to the needs of integration and
coherent with other organizational and managerial tools: e-commerce (Swaminathan
and Tayur 2003) can be used to support processes such as sales, distribution and
customer service processes, support to sourcing, procurement, tendering, and order
fulfillment processes, and e-manufacturing (Kehoe and Boughton 2001). Devaraj
et al. (2007) analyzed the relationship between supplier integration and customer
integration with supply chain performance when supported by e-business
technologies. E-business capability supporting supply chain technologies such as
customer orders, purchasing and collaboration between suppliers and customer
enhances the production information integration intensity, which in turn improves
the supply chain performance.

Skipper et al. (2008) proposed a conceptual model to link level of interdepen-
dence among supply chain with supply chain performance moderated by different
types of IT needed to achieve different levels of coordination. The framework is
supported by interdependence theory and coordination theory. The coordination
processes between globally dispersed and mobile supply chain members is becom-
ing more and more information intensive. The recent trends in intelligent wireless
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web services have proved enhancement in the mobile real time supply chain
coordination (Saroor et al. 2009).

The various coordination problems handled by information systems are: little
value to the supplier because of competitive bidding, forced implementation of IT,
incompatible information system at different levels of supply chain, greater lead
times, inefficient purchase order and misaligned e-business strategies and coor-
dination mechanisms (Porter 2001). Stank et al. (1999) report that the food firms
benefit from more accurate and timely information and IT or EDI improves
inventory management and helps in comprehension of the order cycle. Yusuf
et al. (2004) examined key dimensions of implementation of ERP system in Rolls
Royce. The implementation of latest information system only may not be sufficient
to integrate supply chain members, since at times; faulty implementation may result
in the poor performance of supply chain. Li et al. (2009) carried out an empirical
study to explore relationship between IT, supply chain integration and supply chain
performance of Chinese manufacturing organization. Supply chain integration
mediates the relationship between IT implementation and supply chain perfor-
mance. Hence, IT can be a good enabler to integrate supply chain. But it is
important to take into account the justification of IT in changing business environ-
ment. It must take into account the appropriate usage, investment justification and
align with business environment to achieve competitive advantage (Gunasekaran
et al. 2006).

The supply chain members coordinate by sharing information regarding demand,
orders, inventory, shipment quantity, POS data, etc. Timely demand information or
advanced commitments from downstream customers helps in reducing the inventory
costs by offering price discounts and this information can be a substitute for lead time
and inventory (Reddy and Rajendran 2005). The value of information sharing
increases as the service level at the supplier, supplier-holding costs, demand
variability and offset time increase, and as the length of the order cycle decrease
(Bourland et al. 1996; Chen et al. 2000). The higher the level of information sharing,
the more important the effective supply chain practice is to achieve superior perfor-
mance (Zhou and Benton 2007).

Some comparative studies have done in which no information sharing policy is
compared with full information sharing policy. Information sharing policy results in
inventory reductions and cost savings (Yu et al. 2001). Cachon and Fisher (2000)
presented a simulation-based comparative study, where the supply chain costs are
2.2% lower on average with full information sharing policy than with traditional
information policy and the maximum difference is 12.1%. Also, this results in faster
and cheaper order processing that leads to shorter lead times. The point of sales
(POS) data helps the supplier to better anticipate future orders of the retailers and
reduces the bullwhip effect (Dejonckheere et al. 2004). The supplier may take
advantage of the retailers’ inventory information in allocating the stock to retailers
optimally (Moinzadeh 2002).

Ding et al. (2011) has investigated the mechanism of providing incentive to
retailer by upstream partner for implementing demand information sharing in the
context of three-echelon supply chain system. A cooperative game approach is
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proposed to address the problem of profit allotment between partners to effectively
motivate the partners to be cooperative with each other.

4.3 Other Collaborative Initiatives

Joint consideration of replenishment (Yao and Chiou 2004; Chen and Chen 2005),
inventory holding costs with dynamic demand (Boctor et al. 2004), collaborative
planning (Aviv 2001), costs of different processes (Haq and Kannan 2006;
Jayaraman and Pirkul 2001; Ganeshan 1999), frequency of orders (Yang and Wee
2002; Barron 2007), batch size (Pyke and Cohen 1993; Boyaci and Gallego 2002),
product development (Kim and Oh 2005) to improve the performance of supply
chain. A supply chain member may design a scheme to share profits at the end of
period. The supply chain members share profit by determining optimal order
quantity of single supplier and multi-buyer supply chain and achieve coordination
(Jain et al. 2006). A coherent decision-making helps in resolving conflicts among
supply chain members and in exceptions handling in case of any future uncertainty.

There are many factors involved in achieving coordination like human, tech-
nology, strategies, relationship, rewards, sharing of knowledge, sharing benefits,
aligning goals, scheduling of frequent meetings of stakeholders for conflict resolu-
tion, understanding of nature of intermediates and knowledge of supply chain
concepts, status or power difference and resistance in following the instructions
of other organizations (Lu 1995; Gittell and Weiss 2004). Simatupang et al. (2004)
explored a fashion firm to see how coordination is driven by its responsibility
interdependence, uncertainty, and inter-functional conflict. By properly identifying
different points of coordination, the performance improvement was effected.

Vendor Managed Inventory (VMI) is a supply chain initiative whereby a sup-
plier assumes responsibility for maintaining inventory levels and determining order
quantities for its customers. A number of benefits from VMI adoption have
been reported in literature: reduction in inventories, shorter order intervals and
more frequent deliveries. A VMI program typically involves the use of a soft-
ware platform, the sharing of demand forecasts and/or cost information, timely
communications, set liability levels, and risk-sharing parameters and common goal
sharing between the buyer and the supplier. VMI can be particularly beneficial in
the products with high demand variance and high outsourcing costs (Cheung and
Lee 2002).

Collaborative Planning, Forecasting and Replenishment (CPFR) is a collabora-
tion initiative where two or more parties in the supply chain jointly plan a number of
promotional activities and work out synchronized forecasts, on the basis of which
the production and replenishment processes are determined (Larsen et al. 2003).
Some of the benefits of CPFR are increased sales, higher service levels, faster order
response time, lower product inventories, faster cycle times, reduced capacity
requirements, reduced number of stocking points, improved forecast accuracy and
lower system expenses. Danese et al. (2004) explored the relationship between the
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types of interdependencies (one way and two way communications) among the
units involved in the CPFR processes and the activated coordination mechanisms
(Liaison positions, meetings, task forces, standing committees and integrating
managers) in three case studies for all the steps of implementation of CPFR. The
case studies were considered from different industries: pharmaceutical, automotive
and mechanical. This relationship may help managers in the decision making
process to select the most appropriate action to perform to implement CPFR.

Quick response (QR) is another inventory management initiative which can be
undertaken to coordinate supply chain members by responding quickly to market
changes with reduced lead time. The response time is reduced as a retailer sends
POS data to its supplier. The supplier makes use of this information to improve the
demand forecast and production/distribution schedules (Iyer and Bergen 1997,
Simchi-Levi et al. 2007). Choi and Sethi (2010) have reviewed QR supply chains
from both supply and demand perspectives and classified the literature as sup-
ply information management, demand information management and supporting
technologies. It is concluded that there are challenges to implement QR in multiple
decision points, which needs to be met by continuously innovating new techno-
logies like Radio Frequency Identification Devices (RFID).

The Supply Chain Operations Reference (SCOR) model helps in evaluating and
improving enterprise wide supply chain performance and management. SCOR is
structured on four levels: plan, source, make and deliver. It brings order to the
diverse activities that make up the supply chain, and provides common terminology
and standard process descriptions. The model allows companies to: evaluate their
own processes effectively, compare their performance with other, companies both
within and outside their industry segment, pursue specific competitive advantages,
use benchmarking and best practice information to prioritize their activities, quan-
tify the benefits of implementing change and identify software tools best suited to
their specific process requirements (Huan et al. 2004).

Observations and Gaps in Coordination Mechanisms

(a) The supply chain contracts can be a useful mechanism to resolve the conflict
and risk related problems. The use of information technology in handling
transactions online between supply chain members reduces the response time.
The members can plan their operational activities by sharing or retrieving the
data from each other. It helps in streamlining the processes and reduces supply
chain costs.

(b) The members might have different technologies, skill and different type of
knowledge about market. To handle any future exceptions or uncertainties, the
members may jointly plan supply chain activities like ordering, replenishment,
and forecasting and product design.

(c) The following gaps regarding coordination mechanisms need attention to
enhance coordination:

¢ Since the role and utility of all coordination mechanisms is handling
different phases of supply chain. To coordinate supply chain as a whole,
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the consideration of all coordination mechanisms may give very good
performance.

e Most of the models describing coordination mechanisms are dealt in two
level supply chain, which can be extended to multi-level supply chain. The
relation between different coordination mechanisms and the performance
measures of supply chain need to be developed. The models handling the
problems of coordination have emphasized on single performance measures.
The supply chain dynamics may be captured by considering a number of
performance measures of supply chain.

* Supply chain contracts are designed to motivate the downstream member to
order more than his/her optimal order quantity. The downstream member
always faces uncertainty of overstock or under stock. The upstream member
always faces uncertainty that whether the downstream member will send the
order matching the upstream member’s capacity. The contracts like buyback
and revenue sharing contracts can enhance expected sales and reduces stock
outs. Quantity flexibility contracts can reduce the overstock problems of
downstream members. These performance indicators are equally important,
which needs more research attention.

e The contract decision variables at different interfaces of the supply chain
in multi echelon environment interact with each other. For example the
contract adopted by supplier and manufacturer is sometimes dependent on
the contract adopted by same manufacturer with his/her distributor in a same
supply chain. There is a need to explore such relationship and to explore
different combinations of contracts at different interfaces of supply chain.

The major driver of SCC is the conflict or uncertainty, which needs to be
addressed by selecting suitable coordination mechanism. But, it is important to
understand at the same time, to what extent SCC can help in mitigating supply chain
uncertainty (presented in the next section).

5 Supply Chain Coordination to Manage Uncertainty
in the Supply Chain

Supply chain uncertainty has been captured in various forms like supply uncer-
tainty, production or operational uncertainty and demand uncertainty. In the supply
chain coordination literature, various coordination mechanisms have been adopted
to manage supply chain uncertainty like uncertainty in capacity, demand, lead time,
quantity and production and supply disruptions (Tang and Musa 2011) as shown in
Fig. 2. Many papers have emphasized on supply chain contracts and information
exchange/sharing to manage supply chain uncertainties. Whereas, the other set of
papers discussed the joint consideration of costs and profits of all supply chain
members while taking decisions regarding ordering and replenishment. This joint
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Supply Chain Performance Improvement

Fig. 2 Managing supply chain uncertainty with supply chain coordination

consideration of costs or profits (centralized system) helps to improve the perfor-
mance of supply chain over a decentralized case (independent decision making).
Due to the increased technological innovations, the products’ lifecycle has
largely shortened. Seasonal and perishable goods can be attributed to this kind.
Such products have longer production and delivery lead time than their selling
season (Mantrala and Raman 1999). So the orders should be placed before the
selling season starts. Some of the important challenges in integrating the supply
chain are tackling issues such as managing complex supply chain structures,
demand uncertainty and leftover units after selling season. In a single period
inventory model, better coordination can be achieved by inducing the retailer/
buyer to order more in order to avoid their risk of under stocking through some
negotiations with the manufacturers/seller. The manufacturer offers integrated
decision making policies like returns policy, sales rebate policy, price discount/
volume discount policy, etc. to raise the order quantity and improves sales (Yao
et al. 2008). Past research has proved that introduction of various contracts improve
the performance of the supply chain as well of each entity in supply chain.
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The contracts have been discussed for single period inventory models with either
deterministic demand or uncertain demand or price dependent demand.

Apart from contracts there can be some incentive function to achieve flexible
cost allocation between supplier and buyer to coordinate the supply chain and to
manage uncertainty in supply (Zimmer 2004). Hou et al. (2010) have proposed a
model considering one manufacturer and two suppliers: the main supplier is
cheaper but prone to disruption risk and backup supplier is more reliable but an
expensive. The authors have developed a non-linear optimization model to deter-
mine the optimal values of buyer’s order quantity and optimal buyback price under
both supply and demand uncertainty. Early supply involvement reduces the likeli-
hood of supply disruptions and negative supply events (Zsidsin and Smith 2005).
The contracts like advanced purchase commitments can help mitigating supply
uncertainty, where unsatisfied demand can be backordered from risky supplier
(Serel 2007).

The other kind of uncertainty due to disruption can be observed as disruptions in
the production process at manufacturer’s facility. Qi et al. (2004) proposed a model
for short life cycle product with demand as decreasing function of retail price
considering disruptions. The model considered the two periods wherein the second
period demand change can lead to the disruption, which may affect the production
plan of supplier. The wholesale quantity discounts may coordinate the supply chain
in this scenario of disruption. The similar kind of disruption can be seen in terms
of production costs. Xiao and Qi (2008) developed two-period model for one-
manufacturer and two competing retailers supply chain under production costs
disruption. The authors have analyzed two mechanisms; an all unit quantity
discounts and incremental quantity discounts the under production disruptions for
possible coordination scenarios. A risk sharing contract is proposed where at the
end of period the retailer compensates manufacturer’s losses due to overproduction
or manufacturer compensates retailer’s losses due to over stock in case of supply
chain with two stage demand information updating (Chen et al. 2006).

There can be several benefits of splitting the single period order into multiple
ordering to update the demand information and revise the order in the subsequent
orderings. It has impact on production costs of the manufacturer due to slow
production and fast production as against the multiple different orders (Liu et al.
2004). The other effect of multiple ordering can be seen on holding cost, lead time,
backorders, varying wholesale and retail price and consideration of demand for
multiple periods. The methodology adopted for handling multiple ordering ranges
from newsboy problem to analytical models with simulation to the dynamic
programming. The decision variables have been the order quantities and/or the
varying wholesale prices, retail prices and buyback prices in multi-period situation
(Lee 2007; Zhou and Wang 2009; Pan et al. 2009).

Other aspect of capturing demand uncertainty is by using fuzzy demand. The
expected profits of coordinated supply chain outperform the expected profits in the
case of no coordination under fuzzy demand (Xu and Zhai 2010). Barbarosoglu
(2000) has proposed a decision support model for improving supplier—buyer coor-
dination by using supply contracts where the buyer’s commitment is considered as a
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function of time at the contract renewal time to reduce the supply chain nervousness.
A pricing model is formulated to address partnership expectations for a fair sharing of
savings of the supply chain members.

Observations and Gaps in Uncertainty and Supply Chain Coordination

(a) Most of the studies are restricted to two level serial supply chains. In reality,
supply chain can have divergent and convergent multi-echelon structures.
The literature seems lacking to address the uncertainty concerns in such
structures.

(b) The literature has emphasized more on demand uncertainty, whereas, supply
uncertainty can be of equal concern in the era of globalization and outsourcing.
Moreover, the quantitative models can be proposed to explore the impact of
supply uncertainty on supply chain performance.

(c) There are very few studies on splitting the single period order into multiple
orders. The supply chain members can take advantage of more accurate infor-
mation over a period of selling season and hence resolve supply chain
inefficiencies.

(d) The buyback contract is the only contract which has been discussed in multi
ordering models to manage the risk. There is a scope to explore combination of
other contracts in multiple ordering over single season.

6 Discussion

A number of difficulties in SCC are identified based on the literature. These
difficulties have been identified from different activities, interfaces and the number
of levels in the supply chain. It has been realized that the difficulties in SCC and
independent working of supply chain members lead to poor performance. The
coordination problems are solved by implementing some coordination mechanisms
in supply chain activities, which may result in the improvement of some perfor-
mance measures. The SC activities have been considered in isolation to solve their
respective coordination problem. The coordination problems may not be same in all
activities of supply chain. The requirements of coordinating whole SC may vary
with SC activity, with some interface of SC, with number of echelons in SC and
with process of SC. There are different activities and different coordination
problems in whole supply chain. Coordinating one activity may not help to improve
supply chain system wide performance.

6.1 Existing Models of Coordination and the Gaps in These
Models

There are some initiatives and models (such as CPFR and SCOR) which may help
in collaboration along the supply chain. These models consist of so many steps and
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the implementation of such processes takes time. Various guidelines are required
to implement these models in practice. It is difficult to link the guidelines directly
to the performance of supply chain. It may take a number of years to know the
performance improvement by implementing these models, as there is no set mea-
sure to quantify coordination which can be linked with practice (or which may
result due to implementation of these models) of these models. It is difficult to get
a quantitative measure after implementing models like CPFR and SCOR, which
may indicate about whether SC is coordinated or not.

The coordination models discussed have different performance measures at
single level and at interface of supply chain, which are not aligned with the whole
supply chain. To monitor coordination in supply chain, same performance
measures throughout will help in evaluating the value of coordination. There
are different mechanisms, which when applied, result in different trade-offs
of performance measures of coordinated supply chain because of different
characteristics of performance measures. The complexity of considering whole
supply chain and the performance trade-offs cannot be handled with the models
discussed in the literature. These difficulties can be easily tackled by approaches
like fuzzy logic (Ross 1997) and multi-objective genetic algorithms (Deb 2002).
Fuzzy logic is applied in the situation where understanding is quite judgmental
and the processes where human reasoning and human decision making is involved
like the complexities in supply chain. The optimum values of decision variables in
multi objective environment can be easily determined with the help of tools like
Genetic Algorithm.

6.2 Proposed Framework to Quantify Coordination

The controlling parameter of achieving coordination is the impact of application of
coordination mechanisms (CMs) on the performance measure. It can be observed
from the Decision-coordination mechanism matrix given in Table 6 that how
different coordination mechanisms can be used for various supply chain decisions.
The proper implementation and usage of coordination mechanisms improve the
performance of the supply chain (Arshinder 2008). It can be observed that the
problems and conflicts in coordinating the supply chain members can be resolved
through coordination mechanisms. The importance of coordination mechanism
may help in determining the value of coordination in supply chain.

6.2.1 Framework Using Various Coordination Mechanisms

A framework has been proposed based on the usage of coordination mechanisms
and their importance in managing uncertainty and resolving various kinds
of conflicting problems in coordination. The coordination mechanisms can be
classified as:
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* Supply chain contracts (M1)

» Information Technology (M2)
¢ Information sharing (M3)

« Joint decision making (M4)

This is not an exhaustive list of coordination mechanisms. These coordination
mechanisms can be different in number as per the requirements of supply chain
for example dependent on the type of industry and type of interdependencies
between SC members. In the present framework four coordination mechanisms
are considered because of their extensive discussion in literature.

It can be assumed without any loss of generality, that if the coordination
mechanism is applied properly, it will help in achieving SCC. Since, supply chain
involves certain members who are human beings and the human system is the most
complex system to be managed in organization study. There is bound to be conflicts
and problems in the traditional supply chain, which call for an urgent need to
implement coordination mechanisms in supply chain.

The coordination mechanisms are from different domains, require different
conditions and can operate in different situations. But, one thing common in all
mechanisms is that all mechanisms are implemented to improve the performance
of supply chain and to resolve confusion and uncertainty among SC members due to
independent decision making. To know more about the importance of coordination
mechanism, one way is to study all the activities in some process, identify the
dependent activities in that process and select the coordination mechanism to coordi-
nate all activities of a process (Arshinder et al. 2006). Since, whole supply chain
needs to be coordinated; the usage of all four coordination mechanisms and per-
formance improvement achieved by these mechanisms will help in evaluating SCC.

A better way to find some quantitative index of supply chain coordination is by
incorporating the strength of coordination mechanisms by following steps shown
in Fig. 3.

The quantitative index can be represented as Supply Chain Coordination Index
(SCCI) can be viewed as a function of implementation of coordination mechanisms.
SCCT for four coordination mechanisms can be represented as:

SCCI = f(M1, M2, M3, M4)

The above function is to be formulated in such a way that the combined impact
of performance improvement by using all mechanisms is considered. This formu-
lation poses two challenges:

1. It is required to represent all coordination mechanisms with a unique scale.
2. Itis required to evaluate improvement in performance measures qualitatively or
quantitatively by using coordination mechanisms.

The methodologies like AHP and Fuzzy logic may help to represent coor-
dination mechanisms with a unique scale. The performance improvement can be
captured either empirically with the help of judgments given by managers or
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Fig. 3 The proposed model to quantify supply chain coordination index (SCCI)

with the help of simulating the scenarios of using these coordination mechan-
isms to obtain same performance measures. The improvement in performance
measures will motivate supply chain members to implement coordination
mechanisms.
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One of the efforts has been proposed based on the implementation of all
coordination mechanisms with the help of graph theoretic approach (Kaur et al.
2006). This methodology is based on allocation of relative importance of these
coordination mechanisms given by the judgments of managers. These judgments
are based on the implementation of mechanisms and the importance of mechanisms
based on the performance improvement by these mechanisms.

6.2.2 Relation Between Coordination Mechanisms and Performance
Measures with Simulation

A simulation approach can also be a useful tool in capturing the different scenarios
of coordination mechanisms and their impact on selected performance measures.
Certain assumptions can be considered regarding the levels of supply chain, one
period or multiple period model and various operational variables like order
quantity, holding and shortage costs, etc.

The implementation of various coordination mechanisms can be simulated to
analyze same performance measures with same assumptions. Some constraints can
be included in the model which takes care of the fact that none of the supply chain
member will face losses by implementing coordination mechanisms. The improve-
ment in performance measures will give an idea about the capability of an organi-
zation to achieve coordination.

The model proposed in Fig. 3, helps in evaluating SCCI. The first few steps can
be used in simulation to determine the performance measures. Some input variables
may be selected like different costs, price, inventory policies, lead time, capacity
and type of coordination mechanisms at all levels of supply chain in a pre defined
structure of supply chain. The assumptions for demand (uncertain and price depen-
dent), lead time and time horizon can be set for the simulation and run the
simulation to obtain certain performance measures. The performance measures
are function of input variables. The problem may be multi objective based on the
selected performance measures of supply chain.

The results of simulation that is improvement in the performance measures by
applying different coordination mechanisms can be combined using again some
hybrid frameworks like: AHP, Fuzzy logic and/or Graph theoretic approach to
determine SCCI.

6.2.3 Hybrid Framework Using Various Coordination Mechanisms
and Simulation

The coordination mechanisms (M1, M2, M3 and M4) have different characteristics
and their impact on the performance measures may also be different. The simula-
tion can be carried out without implementing coordination mechanisms and then
the results are compared with the situation with considering the coordination
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mechanisms as shown in Fig. 3. A framework is required which can capture and
combine the values of performance improvements by coordination mechanisms and
their relative importance. To make the results consistent, the performance
improvements can be normalized in terms of percentages. This framework may
have capability to find the relative importance of respective coordination mech-
anisms by using AHP and/or Fuzzy logic (Arshinder et al. 2007). A scale can be
devised based on the difference in the percentage improvements by CMs. This scale
may help in determining the relative importance or weights of CMs. The linear
equation of SCCI can be derived from the proposed model to determine the value
of SCCI.

6.3 Insights Gained from Proposed Framework

The proposed framework helps in defining and measuring SCC.

Supply chain coordination can be used to enhance system wide performance
enabled due to the implementation of coordination mechanisms selected based on
the type of industry and the interdependencies between supply chain members
keeping in view mutual interests of all SC members.

Supply chains can be coordinated by identifying interdependent activities between
supply chain members required to accomplish SC objectives. Once interdependencies
are identified, some means of mechanism(s) are devised to manage the decision
variables pertaining to interdependent activity. The independent evaluation of deci-
sion variables of interdependent activities by SC members represents the case of
uncoordinated supply chains. Once, coordination mechanism is selected to manage
interdependencies, SC members can simulate and compare the scenarios: one with
using CM and other without coordination mechanisms. The expected values of
improvement in certain performance measures may help to realize the value of
coordination. Same steps can be used for all processes of supply chain.

Various functions can be explored for SCCI depending on the number and
implementation of CMs. Suitable techniques can be used such as Multi-Criteria-
Decision-Making (MCDM) models to quantify SCCI as a function of various
CMs.

6.4 Surrogate Measures of Supply Chain Coordination

To innovate continuously is the base line for all the organizations, which makes the
supply chain more dynamic in nature. It is important to capture the performance of
supply chain. The highly uncertain environment in supply chain brings in the
challenges to have fix kind of performance measures. Gunasekaran et al. (2001)
developed a framework for measuring supply chain performance for each activity
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of plan, source, make and deliver under strategic, tactical and operational decisions.
The literature on supply chain performance measures is lacking in presenting
standard performance metrics. The problem manifolds when the question comes
to measure supply chain coordination. There is scarcity of studies to evaluate
coordination in supply chain. The following performance measures can be good
indicators of supply chain coordination.

(a) Supply chain profitability. Joint consideration of order quantity, costs or profits
may lead to improvement in supply chain performance. Regardless of the
number of entities in supply chain, the joint consideration of order quantity in
supply chain for single period model improves the profitability of whole supply
chain (Arshinder et al. 2009a). Most of the contracts reported in literature have
expected profits as a performance indicator too.

(b) Supply chain flexibility. When the supply chain members coordinate with each
other by using contracts, it gives more flexibility to supply chain members to
change order quantity, price, cost and lead time. The lower and upper bound can
be set for decision variables of contracts (coordination mechanisms) to ensure
that the performance of each SC member in a centralized case (consideration of
all SC members to be a part of one system) with appropriate coordination
mechanism is better than decentralized case (individual supply chain member).
Various supply chain contracts present different kinds of supply chain flexibil-
ity (Arshinder et al. 2008a).

(c) Mitigating uncertainty or risk sharing. The recent issue in supply chain coordi-
nation is “How to allocate the total gain in the supply chain achieved due to
coordination after mitigating risk?” Many studies have recently developed
game theoretic models to fairly share the rewards among supply chain
members. The risk mitigation in the form of gain in whole supply chain can
be a surrogate measure of SCC. In similar way the extra share of profit allocated
out of total gain in SC due to coordination can also reflect the coordinated
supply chain. It has also been observed that as the demand variance is increased,
the coordinated supply chain due to contracts outperform the independent case
of supply chain (Arshinder et al. 2008b). The SC members can devise the
contracts in which supplier gives assurance to the buyer to supply emergency
orders in case of sudden surge in demand to share risk of losing a customer.
Whereas, the buyer can share the extra cost incurred by the supplier in produc-
ing emergency orders in view of uncertainty in demand. How well such kind of
contracts is designed can be a good indicator of coordination to share risks due
to uncertainty in supply chain (Serel 2007).

(d) Supply chain coordination index. As it has been discussed that various combi-
nation of coordination mechanisms can improve the performance of supply
chain. Many situations in supply chain need more than one coordination
mechanisms like VMI with quantity discounts, supply chain contracts with
information sharing, supply chain contracts with joint decision making (joint
consideration of costs). Such kind of index has been developed in Arshinder
et al. (2009b) (also mentioned in the proposed framework).
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7 Major Challenges and Future Research Directions

Coordinating the supply chain across organizational boundaries may be one of the
most difficult aspects of supply chain management. Many firms simply are unaware
of the fundamental dynamics of supply chains, but even those firms that are
enlightened enough to understand these dynamics are often unable to realize
inter-organizational coordination. Often the most effective supply chains have a
dominating organization that sees the benefits of SCC and forces the rest of
the supply chain to comply (i.e., global leader in retailing such as Wal-Mart).
Many supply chains, however, either do not have a dominant organization, or the
dominating organization is unenlightened. In these instances, coordinating the
supply chain is most difficult. Typically, it is observed that the SCC problems
could be due to the conflicting objectives that leads to a short time relationships
with SC members, hence the environment and expectations changes frequently with
dealing with new members.

On this background, it is essential that the SC members need to appreciate the
importance of coordination. This paper has attempted to deliberate on various
theoretical perspectives on SCC. The objective to achieve coordination is limited
only to the individual functions, to the single coordination mechanism at inter-
faces of supply chain and to achieve restricted performance measures. A holistic
approach towards coordination in whole supply chain is a big challenge, which
motivated to propose the issues of SCC in this paper.

The mechanisms for coordination need to be studied in detail. The coordination
mechanisms can further be of different sub types. To coordinate the whole supply
chain, the aggregation of the impact of all coordination mechanisms on the perfor-
mance of supply chain is required. Various combinations may be explored with the
help of simulation.

Supply chain contracts have proved to coordinate single period supply chains.
The research is required to explore the utility of contracts in multi-period cases. In
multi period model, the supply chain members are more expose to the uncertainty
as they are dealing with supply chain members frequently. How various coordina-
tion mechanisms can be allied in multi period problems as well as can we evaluate
coordination in such case?

Very few studies have been reported to quantify risk or uncertainty in supply
chain. The Bullwhip effect has extensively been discussed in the literature. Actu-
ally, there can be many variations seen in supply chain like supply uncertainty,
delay in delivery having cascading effect as we go downwards in the supply chain,
which is similar to the order variation in Bullwhip effect. How SCC can help in
mitigating such uncertainties is one of the important research issues?
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