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Executive Summary
Currently industry partners face various severe challenges in their logistics
operations. Fierce competition, demanding customer requirements and increasing
environmental concerns have driven companies to intensify collaboration with their
supply chain partners in order to be more efficient in their logistics operations and
thus become more competitive. As the pressure continues, companies seek to even
collaborate with partners at the same stage of the supply chain, i.e. horizontal
collaboration. Collaboration among logistics partners has been promoted as an
efficient means to increasing vehicle loading factors and reducing empty mileage. The
benefit is expected to have a reduction in transport costs and environmental
externalities while preserving service levels. A number of case studies on horizontal
collaboration in logistics operations have shown a 5-15% reduction in transport costs
and a significant benefit to asset utilization and environment while improving service
level. Adding horizontal components to logistics collaboration is promising. However,
one key question left is how can horizontal collaboration be implemented and
sustained. To tackle this issue, it is imperative to have a properly designed
mechanism to share the synergies fairly among contributors, which is what we refer
to as compensation rule.
As part of the deliverable for structuring an operational framework for logistics
collaboration, the position paper on compensation rule is set as a general guidance for
practitioners to better allocate synergies from collaboration. There are three key
issues that need to be answered: i) what are the elements that need compensation;
ii) How to compensate; and iii) what are the criteria to pre-evaluate a compensation
rule. We start with an understanding of key components in logistics collaboration and
pinpoint important factors, such as number of partners, level of trust and
collaboration structure etc., that impact the design of compensation rules. With an
explicit understanding of how different factors may influence the form of
compensation rule, we propose a procedure to design a proper compensation rule.
Key players in logistics collaboration
The shipper and the LSP are two key players in logistics collaboration. Shippers
collaborate to reduce transportation costs and externalities while preserving service
levels. The LSPs collaborate in a number of areas i.e., to reduce operating costs,
improve on time delivery to their customers or to expand coverage area of service.
The more complicated collaboration structure is network collaboration, where both
shippers and LSPs actively participate in synergy creation and are involved in the
actual decision making process in the collaboration. In collaboration among
horizontally connected partners, one main issue is the presence of conflict. To resolve
the conflict and reduce the risk, system-wide controlling and monitoring is necessary
for sustaining collaboration. We refer to such a controlling, monitoring function as a
trustee (Cruijssen 2012). The CO3 project focuses on network collaborations with an
independent orchestrator – trustee. This offers the best potential for generating
synergies in logistics collaboration and provides the most stable organization in which
all involved partners have a clear and important role.
Factors impacting the design of compensation rules
Compensation rules are applied in operational level collaborative activities, which are
bounded by the strategic level decision that defines the structure and scope of the
collaboration. To understand the complex factors to the design of compensation rules,
we need first to understand how the underlying collaboration structure will be
impacted. We follow the discussion of Contractor and Lorange (1988) on key
influencing factors to organizational complexity with our translation to the context of
logistics collaboration. Those influencing factors are then mapped with design
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parameters for designing a compensation rule. We propose a phase-by-phase
procedure to design a compensation rule.
Compensation rule
Compensate for trustee
To reduce the risk that a low level of trust may bring to the collaboration, we
introduce the role of a trustee who will coordinate all partners, control and safeguard
the sharing of resources in the coalition and take care of the division of synergies
generated from collaboration activities. Efforts by the trustee may need to be
compensated and there are several alternatives for this. The beneficiary, shippers or
LSPs, can be charged a fixed service fee, or share a fixed percentage of surplus value
or cost savings achieved depending on the value that the trustee achieves. The
trustee can also be compensated based on the degree to which they contribute to the
synergy creation in the logistics collaboration. In the CO3 framework, the trustee will
be compensated with a lump sum amount, fixed service fee per transaction/transport,
and an additional mark-up, a pre-negotiated percentage of cost saving/resulting
benefit, as a one-time bonus. In this way, the trustee is guaranteed to cover some
fixed expenses in coordinating the collaboration, while also be provided with
incentives to pay more effort to the group level synergy creation.
Compensation rule in horizontal collaboration
We propose a general framework to design compensation rules for horizontal
collaboration in a logistics setting. The first issue is to define clearly what needs to be
compensated and this should be made absolutely clear to all members in the
collaboration consortium. We propose to set a benchmark scenario and use
cooperative game solution methods, in particular the Shapley Value solution to find
the desirable compensation amount in theory. As there are contributions that are not
easily quantifiable but may be important to some members in the collaboration, we
give the alternative to include weighting factors to adjust the compensation amount.
Finally, we suggest important criteria to pre-evaluate the performance of
compensation method.
Compensation rule in Co-modality setting
Extensive logistics collaboration makes it possible to have enough scale to consolidate
goods for co-modality operations. The involvement of more than one mode of
transport, however, raises two major issues in terms of compensation, i.e.,
cost/benefit justification and risk allocation. Unlike most horizontal collaborations that
usually involve partners obtaining similar skill sets or resources, co-modality deals
with partners who have different networks, different cost structures, and different
efficiency levels. The wide range of differences demands for fair gain sharing and
clear identification of contributions to synergy creation among collaborating parties.
Risks related to co-modality add more complexities mainly due to the asymmetric
operating method between different modes. To deal with the significant differences
among different modes, we suggest having a collaboration consortium within each
mode first and integrating as each consortium becomes stable.
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1

Introduction

1.1

Background

The EU-funded project CO3 (Collaboration Concepts for Co-modality) aims to develop,
professionalise and disseminate information on the business strategy of logistics
collaboration in Europe. The goal of the project is to deliver a concrete contribution to
increasing vehicle load factors, reducing empty movements and stimulate comodality, through collaboration between industry partners, thereby reducing cost and
transport externalities such as congestion and greenhouse gas emissions without
compromising the service level. The project will coordinate studies and expert group
exchanges and build on existing methodologies to develop legal and operational
frameworks for collaboration via freight flow bundling in Europe.
Furthermore, the project consortium of knowledge institutes and specialised industry
partners will develop new business models for logistics collaboration. The developed
tools, technologies and business models will be applied and validated in the market
via pilot studies. Finally, the CO3 consortium will promote and facilitate matchmaking
and knowledge-sharing through conferences and practical workshops to transfer
knowledge and increase the market acceptance of collaboration.
The core of the CO3 project is what is referred to as the applied research cycle. This
cycle has been set up as a continuous learning and feedback loop between the models
and tools needed for supporting collaborations, the most suitable business models for
groups of companies wanting to collaborate and finally the actual test cases for
collaboration. These elements are developed under individual work packages as
shown below.

Toolbox

Pilot projects

Business
models

Figure 1.1: The CO3 Applied Research Cycle
1.2

Scope of the deliverable, aim and objectives

Currently industry partners face a number of severe challenges in their logistics
operations. Fierce competition, demanding customer requirements, and increasing
environmental concern have driven companies to intensify collaboration with their
supply chain partners in order to be more efficient in their logistics operations and
become more competitive. As the pressure continues, companies seek to collaborate
even further with partners at the same stage of the supply chain. Companies no
longer merely focus on vertical collaboration along the supply chain but extend to
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networks that add horizontal components. Some case studies on horizontal
collaboration in logistics operations have shown a 10-15% reduction in transport costs
and significant benefits to the environment, while preserving the same service level
can also improve. It is promising to add horizontal components to logistics
collaboration. However, to date, the real implementation of such intensive logistics
collaboration is limited.
One key issue to practitioners is how to implement and sustain horizontal
collaboration in logistics operations. To tackle this issue, it is imperative to have a
proper design of mechanisms to share the synergies fairly among contributors. There
are many methods that have been proposed to divide the costs or benefits of
collaborative outcome. Most of the existing literature focuses on the compensation
mechanism in a buyer-seller relationship which fits well with collaboration in a vertical
direction. However, these may not be directly applicable to logistics collaboration
settings that constitute horizontal components.
As part of the deliverable for structuring an operational framework for logistics
collaboration, the position paper on compensation rule is set as a general guidance for
practitioners to design a proper compensation rule in different forms of logistics
collaboration. There are three key issues that need to be answered in designing
compensation rule: i) what are the elements that need compensation; ii) how to
compensate; and iii) how to evaluate a compensation rule. We start with an
understanding of key components in logistics collaboration and pinpoint the important
factors, such as number of partners, level of trust, collaboration structure etc. that
need to be considered in the design of the compensation rule. In chapter 2, we will
review existing compensation methods and derive a general problem formulation for
logistics collaboration. Having a clear understanding of how different factors may
influence the compensation rule selection, we propose a procedure to design a proper
compensation mechanism in Chapter 3. Finally, we take existing cases to demonstrate
how our proposed procedure can be applied to design a valid compensation rule,
which is highly relevant to the validation of proposed methodologies in WP4.
1.3

Key players in logistics collaboration

Collaboration in logistics activities covers the partnership opportunities in the whole
delivery cycle, from picking up goods, to their storage and then their arrival at a final
destination. Companies can collaborate on warehouse operations, consolidation of
goods, redesign of distribution structure etc. There are many different ways of
characterizing logistics collaboration. One way is to describe a generic setup that
characterizes collaboration by active players, as shown in Figure 1.2 (Cruijssen 2012).
There are two key traditional players in logistics operations, that is, the shipper and
the Logistics Service Provider (LSP). The shipper refers to the company that initiates a
shipment. Shippers have to afford the freight cost so have an incentive to improve
efficiency in logistics operations in order to reduce cost and environmental
externalities. LSPs, in our setting, refer to a company that would be responsible for
carrying out the physical flow of delivery goods and related facilitating services.
Shipper collaboration

LSP collaboration

Network collaboration

LSP 1

LSP 2

LSP N

LSP 1

LSP 2

LSP N

LSP 1

LSP 2

LSP N

SHP 1

SHP 2

SHP 3

SHP 1

SHP 2

SHP 3

SHP 1

SHP 2

SHP 3

Figure 1.2 Collaboration between shippers and/or LSPs (Cruijssen 2012)
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Shipper collaboration
Shipper collaboration refers to the case where the shipper actively collaborates with
other shippers in a logistics network. The purpose to collaborate may be to reduce
empty truckloads and cross utilize dedicated fleets so that transportation costs can be
reduced. The shippers may also find service level improvements from more frequent
shipments enabled by aggregated shipment volume. Some shippers improve on their
brand image by reducing CO2 emissions and other environmental externalities become
important drivers for collaboration as well. The compensation issue for shippers will
focus on how to allocate any transportation costs fairly among each other, given that
the shippers are contracting with the same LSP or group of LSPs, following the same
cost structure.
LSP collaboration
In LSP collaboration, the LSPs will collaborate with each other so that the group
achieve better asset utilization, which results in reduction in operating costs after
collaboration. The LSPs may also collaborate to improve on time delivery to their
customers or to extend service area coverage. The compensation problem for the
LSPs is to make sure that the operating cost of each individual LSP is not worse after
collaboration, which requires that the synergy from the LSP collaboration should be
allocated fairly among each other.
Network collaboration
The more complicated structure is network collaboration, where both shippers and
LSPs actively participate in synergy creation and are involved in the actual decision
making in the collaboration. On one hand, the shipper and LSPs are involved in a
buyer-seller type of relationship. On the other hand, shippers and LSPs can work
together to improve the utilization of assets and service levels for both parties, for
example through flow synchronization by shippers to enable joint distribution by LSPs.
Network collaboration with trustee
To improve the stability of collaboration consortium, system-wide controlling and
monitoring is necessary for sustaining collaboration. Frisk et al (2010) suggest an
independent organization to carry out and control wood bartering in a case concerning
wood supply Audy et al. (2011) use computer applications to analyse information
collection, collaborative planning and control among shippers. We refer to such a
controlling, monitoring function as a trustee. Its responsibility includes legal
mechanisms for coordinating the partners, control mechanism to safeguard resource
contribution of each member in the coalition, administrative responsibilities, and
division of rewards from the synergies generated from the collaboration activities etc.
The activities that a trustee carries out can be further characterized by offline and
online functions (Cruijssen 2012). Offline activities, in which the trustee plays an
external and supporting role, include conflict resolution, confidentiality, and legal
compliance etc. Online activities, that involve daily operations, include load
consolidation, prioritization, and matching etc. Figure 1.3 shows the collaboration
structure with the involvement of trustee and facilitators. The CO3 project focuses on
network collaboration coordinated by the trustee, since that offers the best potential
in generating synergies in logistics collaboration and provides the most stable
organization in which all involved partners have a clear role. It is the strong belief of
the CO3 consortium that network collaboration is not possible in the long run without
the involvement of a trustee. We will discuss how the inclusion of a trustee will
facilitate fair compensation and how trustee could be compensated in later sections.
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Facilitators

SHP2
SHP 1

4PL

Knowledge
institutes

SHP N

Industry
organizations

Contractual relation
Transport execution

Governments
Facilitation

Trustee
LSP 1

LSP 2

LSP 3

Online
function

Offline
function

Figure 1.3 The various roles in a horizontal collaboration (Cruijssen 2012)
The logistics collaboration setup is set as a basic building block for later discussion on
whom to compensate to and what to compensate for in a logistics collaboration
context. We also need to understand the factors that would impact the formation of
collaboration, thus how compensate rule should be set.

Page 10 of 36

2

Factors that impact the design of the compensation rule
Whipple and Frankel (2000) identified factors that clearly defined goals and the ability
to meet performance expectations as key success factors for sustaining collaboration.
We take those factors as prerequisite in order to design a compensation rule. There
are other factors, such as collaboration intensity etc, which could affect how
compensation rules should be set.
Compensation rules are applied in operational level collaborative activities, which are
bounded by strategic level decisions that define the structure and scope of the
collaboration. To understand the factors that would impact on the design of a
compensation rule, we first need to understand the factors influencing the
collaboration formation. We extend key factors that contribute to organizational
complexity from Contractor and Lorange (1988) and structure the discussion on
factors affecting the design of compensation rule in a logistics collaboration context,
as shown in Figure 1.4. Factors such as numbers of players, roles of players, levels of
trust, collaboration intensity and modality all impact the nature of interaction and
frequency of interaction. It is those interactions in daily operations that create
synergy and bring the importance of fair compensation among collaborating partners.

Figure 2.1 Factors affecting the design of compensation rule
2.1 Role of partners
Distribution of power plays an important role in the formation of the collaboration
model. There are two extreme networks in horizontal collaboration, that is, Equal
partner networks and Dominated networks (SPIRIT 2006). Equal partner networks,
where partners in the network have similar control power, are very flexible to build.
However, fully democratic networks may bring challenges to coordination in business
processes and depend highly on trust and fair play among participants. Dominated
networks are led by one or more partners in the collaboration. They are considered to
be more suitable for long-term partnerships (SPIRIT 2006), which require substantial
investment and long-term stability. However, partners in the network need to be
aware of two types of risk i.e., collaboration relational risk and performance risk in
operational level collaboration. This is due to strong internal cohesion and direction.
With a dominant partner in the network, the risk of early termination of the
collaboration may be alleviated and the risk of opportunism is much lower. To take
advantage of the flexibility in equal partner network while reduce the risk and
uncertainties that lack of trust and control, CO3 propose to introduce trustee into
network collaboration.
Audy, et al. (2010) further examined dominant networks and identified six different
forms of leadership in collaboration in the area of transportation (Table 1.1). From the
different models, we can see that the objective of the coalition could be quite different
depending on who the leading firm is. With difference in negotiation power, the
objective of the leading firm will influence the direction of collaboration and the way
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to justify contributions and divide rewards. However, the objective for all partners
should be aligned so as to have clear direction towards success. In a shipper-led
collaboration, for example, when the objective of the shipper is to minimize the
transportation cost, the corresponding compensation rule for the shippers should be
based on the cost that each firm brings to the coalition. There are also other
objectives such as improved service levels, environmental sustainability, market
penetration etc., which will result in a different set of functional areas for collaboration
and the degree to which consortium members share information, resources and
ultimately control.
Model
1

Description of the leadership
A shipper leads the collaboration

2

A carrier/3PL leads the collaboration

3

A coalition of shipper shares the leadership
of the collaboration
A coalition of carriers/3PLs shares the
leadership of the collaboration
A
coalition
of
carrier(s)/3PL(s)
and
shipper(s) shares the leadership of the
collaboration
A 4PL leads the collaboration

4
5
6

Objective
Minimize its transport costs by finding
other shippers that can provide a good
equilibrium (geographical, volume and
time) between supply and demand
Maximize its profit by a better usage of
carrying capacity
Minimize their transportation costs
Maximize their profit by a better usage
of their joint carrying capacity
Minimize their transportation costs by
using the carrying capacity of the
carriers
Minimize/maximize the cost/profit of its
partners

Table 2.1 leadership model in logistics collaboration (Audy, et al. 2010)

2.2 Collaboration Intensity
Todeva and Knoke (2005) identified 13 varieties of inter-organizational relationships,
from the spot transaction based market relationship, that requires no obligation for
coordination and collaboration among anonymous exchanging parties, to acquisition &
merger type of hierarchical relationship, that takes full control of another’s assets and
coordinates actions. In between the two extremes lie several types of interorganizational relationships that require different levels of control and sharing of
resources. The intensity of the collaboration will influence the amount of coordination
required to carry out the collaborative activity.
Lambert et al (1999) categorizes vertical collaboration into three types according to
their level of integration. Cruijssen (2012) extended the discussion to horizontal
collaboration context, as shown in Table 1.2. Type I integration involves the
coordination of a limited scope of activities. The members may only need to share a
limited amount of information and resources. The administrative cost or
communication cost could be low, compared to more intensive integration. However,
if the integration remains limited, the collaborative partners may not be able to obtain
large enough benefit to compensate for both communication and administrative costs
of each individual contributor. A type II partnership usually has a long-term
expectation. The functions in collaboration may include centralized planning, more
complex coordination or other activities that may need some sort of centralized
decision making. For this type of integration, a fixed cost for installing the centralized
decision entity may incur requiring consortium members to share the cost. A type III
partnership has stronger ties with other firms and considers other firms as an
extension of their own. On the one hand, with partners collaborating in many different
areas, the consortium is likely to gain more synergies. On the other hand, as the
degree of collaboration increases, additional costs may arise as the complexity in
coordinating and managing the collaboration increases.
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Relationship

Description

Example

Type I

The organizations involved recognize each
other as partners and, on a limited basis,
coordinate activities and planning. The
partnership usually has a short-term focus
and involves one division or functional area
within each organization.

Data exchange
Joint distribution or line haul
Back loading
Purchasing/tendering group
Maintenance group

Type II

Type III

The organizations involved progress beyond
coordination of activities to integration of
activities. Although not expected to last
“forever,” the partnership has a long-term
horizon. Multiple divisions and functions
within the firm are involved in the
partnership.

Synchronized planning

The organizations share a significant level of
integration. Each party views the other as
an extension of their own firm. Typically no
“end date” for the partnership exists.

Network integration

Multimodal collaboration
Warehouse/cross dock sharing

Joint investments

Table 2.2 types of relationships in horizontal collaboration (Cruijssen 2012)
2.3 Number of partners
The impact of the number of partners to the design of a compensation rule is mainly
on coordination effort. If the coordination cost increased fast as the number of
partners in the collaboration expands, the synergy brought by the adding newcomer
may diminish. Therefore, there is a trade-off between synergy creation and
coordination effort when determining the optimum number of partners.
Entry and exit clauses play an important role in building long term relationships. As
the number of partners increases, how the compensation amount may vary would
impact on the sustainability of the collaboration. If some partners quit the
collaboration earlier, remaining members could require a fair amount of compensation
to justify the expected but not yet realized synergies from the collaboration. Biermasz
(2012) gives details on how entry and exit clauses should be set to incorporate both
legal issues and the above mentioned practical concerns to ensure long term and
stable relationships.
2.4 Level of trust
In collaboration, it is often the case that many unnecessary interactions occur simply
because companies do not trust each other. For example, companies require a great
deal of information from other partner(s) in order to justify the collaborative effort of
their partners, which incurs additional activities that do not have a positive
contribution to the collaboration. Trust is very important in an equal partner structure
because no single partner can be seen to be playing a dominant role. On the contrary,
the level of trust between partners in a dominant network is likely to be less
important (SPIRIT 2006).
To overcome the instability that a lack of trust may bring to the collaboration, it is
suggested to introduce a trustee who would not only help build a level of trust among
collaborative partners but also share the controlling and monitoring role in order to
reduce the unnecessary complexity.
2.5 Co-modality
The European Commission started to drive the modal shift in logistics as a means to
reduce greenhouse gas emissions while reinforcing the economic competitiveness of
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the EU. Although there are different aliases to the term Co-modality, such as multimodality synchro-modality, or inter-modality, they all obtain some key technical
aspects (Rossi 2012):
 The use of more than one mode of transport for seamless logistics
 The use of the Inter-modal Transport Unit (ITU – a container that is standard
and can be moved from one mode to the other)
 Efficiency optimisation of the modes of transport (i.e. truck fill)
Apart from the fair gain sharing, information visibility and governance mechanism,
the involvement of more than one mode of transport raises two major issues in terms
of compensation, cost/benefit justification and risk allocation. Unlike most horizontal
collaborations involving partners with similar skill sets or resources, co-modality
focuses on those partners who use different networks, cost structures and efficiency
levels. The wide range of differences demands for fair gain sharing and clear risk
allocation among collaborating parties. Risks related to co-modality add more
complications due to the asymmetric operating methods between different modes. For
example, a container of goods is delivered using a road-rail-road mode. When it gets
delayed for one day or the customer finds that the goods are damaged, this issue will
focus on who will be responsible for the delay or damage. In most of the literature,
the risk related to co-modality is attributed to carriers that consolidate different flows
(Rossi 2012). However, allocating all the risk to a specific partner may not be fair in a
co-modality operation. Clear agreement on performance indicator or appropriate legal
solutions must be developed to align all the partners in multi-modal collaboration.
In this chapter, we discuss some key factors that need to be considered in the design
of a compensation rule. In the following chapter, existing compensation methods in
various cases and literature relating to cooperative agreements will be reviewed in
order to provide background knowledge of the possible choices for compensation
rules.
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3

Compensation Method
Companies collaborate to improve asset utilization, technology exchanges, risk
reductions or other objectives that one single firm alone would find it hard to achieve.
No matter what form of collaboration companies adopt, a proper compensation
method should be defined in order to reward effort that each partner contributes to.
In between the spot transaction based market relationship and acquisition & merger
kind of hierarchical relationship, there are different varieties of inter-organizational
relationship that would require different formulas in terms of compensating each
partner. We summarize typical compensation methods that have been proposed or
seen in cooperative arrangements to have the build the knowledge for the later
discussion on what methods should be chosen in logistics collaboration context.

3.1

Desirable Properties

The main purpose of compensating is to ensure that the collaboration can be stable
and the synergy is fairly allocated. It is desirable that an allocation should be
considered as acceptable from any subgroup point of view, so that no subgroup would
be willing to leave the current coalition and form new ones. Fairness is an important
factor in determining a compensation method to divide the synergies after their joint
effort. Although individuals may perceive fairness in different ways, some basic
axioms, such as symmetry, could ensure that the compensation amount is positively
related to the contribution that is made by each individual or group. We translate the
requirements of stability and fairness to a design compensation rule as desirable
properties so that the practitioner can justify what properties are needed in a specific
case setting.
Stability
Stability requires that the allocation to the overall group will be invariant to subgroup
of players. Take an individual LSP for example, if it costs them $10 to ship an order
using their own truck, it will not pay more than $10 to collaborate with other LSPs, for
acting on their own is more profitable. The particular LSP have the incentive to break
the collaboration group, which will change the structure of original synergy allocation
game.
Additivity, Symmetry and Dummy
Suppose that an allocation problem can be decomposed into sub problems, Additivity
means that the sum of payoff in sub problems should be equal to the payoff in the
original game. Symmetry expresses that if participant and have the same marginal
cost with respect to all coalitions not containing and , the payoffs allocated to the
two players are equal. Dummy property states that if the participant does not incur
cost or make contribution to any coalition it joins, the cost allocated to him should be
zero.
Monotonicity
Monotonicity guarantees that if the marginal contribution, i.e., the difference in the
total synergy before and after a particular partner joins, of all partners increases, the
amount of compensation to each partner should also increase. A compensation
method that exhibits this property is likely to give incentive for partners to pay more
attention to synergy creation.
3.2

Compensation methods in vertical collaboration
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Vertical collaboration refers to forms in which partner collaboration, with either
upstream or downstream in the supply chain, creates synergies. It could involve
collaboration with a customer, supplier, or internal across function collaboration
(Barratt 2004). Regarding collaboration towards the downstream customers, there are
relevant topics such as Customer Relationship Management (CRM), Collaborative
Planning, Forecasting and Replenishment (CPFR). Vendor Managed Inventory (VMI)
and Continuous Replenishment Program (CRP) are existing forms of vertical
collaboration. The generic setups in logistics collaboration involve vertical
components, particularly in network collaboration with a trustee. We have contractual
relationships among shippers and LSPs or between shippers and trustees. Therefore,
we need to consider compensation methods in vertical collaboration to make a
comprehensive discussion on the alternative compensation methods in logistics
collaboration.
3.2.1 Lump sum
The lump sum compensation method pays a lump sum fee for a service, licensing or
start-up agreement. Negotiation on the amount usually depends on a number of
factors such as unquantifiable cost, power asymmetry, environmental risks, and
relational risks in the collaboration.
3.2.2 Mark-up
Mark-up can be defined as compensation based on some pre-negotiated percentage
on revenue or excess generated. Such kinds of compensation are normally seen in
contracts for production, assembly, buyback or franchising agreements.
3.2.3 Royalty
Royalty is also one form of compensation method that usually takes a percentage of
profit or revenue. One commonly seen setting is franchising, where many
independently operating companies share the brand name and some resources.
3.2.4 Equity share
This form of compensation method is commonly seen in joint ventures, where a
cooperative partner obtains a fraction of shares/dividends from the creation of a
separate corporation.
3.3

Compensation methods in horizontal collaboration

Horizontal collaboration describes the scenario where partners at the same stage of
the supply chain collaborate to create synergies. It is often the case that collaborative
partners are competitors in certain market segments or within certain regions, but
they collaborate on a specific area to achieve a mutually beneficial outcome. For
example, in France, 4 leaders in personal and oral care products combine flows to the
Distribution Centres of the same retailer. They compete on the shelf, but collaborate
in distribution of goods to save logistics costs. Horizontal collaboration is the main
focus of the CO3 project, for it obtains more synergy potentials compared to
collaboration only in the chain direction. When collaboration forms, one challenge is to
allocate the savings among the partners (in a fair way). The body of literature that
specifically focuses on horizontal collaboration is limited. We sourced two main
streams of proposals on how partners in horizontal collaboration can be compensated,
namely the proportional rule and game theoretical rules.
3.3.1 Proportional Rule Approach
One group of methods allocates the total cost in proportion to one or more rules of
thumb criterion. For example, when a shipper collaborates to take advantage of an
economic of scale (e.g., by consolidating shipment), the total transportation cost may
be reduced for the shippers as one group. The shipper then needs to share the
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transportation cost among the group. There are several alternatives for sharing the
cost. For example, the transportation cost can be allocated (Cruijssen 2012):
 Proportional to the total load shipped;
 Proportional to the transportation costs before collaboration;
 Proportional to the distance travelled;
 Proportional to the number of orders;
 Proportional to distance travelled for each shipper’s orders;
 Proportional to a predefined fixed number, for instance equal split etc.
In current practice in truckload transportation markets, allocating joint costs
proportionally to the cost of servicing the participating shipper's lanes before
collaboration is mostly applied (Agarwal, et al. 2006). These simple rules of thumb
are transparent and easy to implement. Such methods fit the budget balanced
properties. However, they tend to favour one particular or a particular type of partner,
which can raise the problem of unfairness among shippers. For instance, if the
method is to allocate the cost proportional to the number of orders, the shippers with
more orders but traveling shorter distances may be allocated with a cost that is
higher than without collaboration. In the simple rule of thumb criterion, it is likely that
the cost allocated by the simple method to some participants exceeds their
standalone cost, the amount they pay when not joining the collaboration. In such
cases, there is little incentive for a specific party to enter the collaboration if they
could do better when acting on their own. Agarwal et al. (year) show that proportional
allocation methods used in practice have several drawbacks, particularly in terms of
stability (Agarwal, et al. 2006), which means that applying proportional rule is likely
to expose to high risks of instability in terms of collaboration structure.
3.3.2 Game Theoretical Approach
In game theory, cooperative game is characterized by the cooperative behaviour that
players in subgroups may enforce in order to maximize their utility. For example, if
player A can realise an advantage by collaborating with players B and C rather than
collaborating with player D, they will have an incentive to form a coalition with players
B and C. Cooperative game naturally models the negotiation process among partners
in horizontal collaborations. Apart from simple rule of thumb methods to allocate
synergies, there are solution methods derived from cooperative game, which fit well
to compensation problem in horizontal collaboration. Suppose we have a total of
players. Each player can choose to collaborate or not. We have a
coalition of player
that is a subset of players from total the
players. The
characteristic function
describes the value of coalition . The cost/gain allocation
problem is to find
the amount allocated to participant according to a solution
method defined in the function .
An important concept that ensures the stability of a solution in a cooperative game
setting is the ‘core’ concept. Any solution method that is budget balanced and
coalitional rational are said to be in the core. In mathematical form, the core is
expressed by having two constraints: i)  xi  v( N ) to ensure budget
iN

balanced/efficiency, ii)

 xi  v(S ) for individual/coalitional rationality.
iS

Many cooperative game solution methods have been proposed to find , readers are
referred to appendix I for the details. What we would like to highlight here is the
comparison between proportional methods and four of the cooperative game solution
methods in terms of properties they exhibits. Cooperative game solutions generally
exhibit more desirable properties than proportional rules, as compared in table 3.1.
Cooperative game solutions are more favourable to our context, for the group-wise
rationality is critical to the stability and sustainability of the collaboration in long term.
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Among the four cooperative game solutions, the Shapley Value method has most
other desirable properties that are associated with fairness.

Proportional

Shapley

Nucleolus

SNS1

EPM2

Monotonicity











Dummy











Efficiency











Individual rationality











Ease of implementation



/







Table 3.1 PROPERTIES OF GAIN SHARING MECHANISMS (Cruijssen 2012)
The above discussion and review on the compensation method can be applied to a
general collaboration setting. What has not been discussed is how these methods can
be applied to a logistics collaboration setting, particularly when horizontal
collaboration is the main focus. There are issues on how the compensation problem
can be formulated, how different factors that impacting the design of compensation
rule can be incorporated, when to compensate etc., that contributes to the design of
compensation rule, and should be understood and tackled. In the following Chapter,
we focus on a thorough examination of the compensation rule in a logistics
collaboration setting by incorporating all these practical factors.

1
2

Separate Non Separate (SNS) Method, please refer to Appendix I
Equal Profit Method (EQM), please refer to Appendix I
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4

Compensation rule
The different forms of compensation methods described in Chapter 2 serve as a
knowledge base for the practitioner on the available different alternatives. However,
issues such as how to decide which form of compensation method to use, how to
determine the formulas to allocate the exact amount of compensation are still left
unanswered. This chapter provides a general guidance in defining compensation rule
in a logistics collaboration setting.
Recall that we have three key players involved in logistics collaboration, i.e., the
shippers, the LSPs and a trustee. The contractual agreements in vertical collaboration
are needed between a shipper and an LSP or between trustees and shippers, as
illustrated in Figure 3.1. The rest are mainly horizontal collaboration that should be
compensated among partners at the same stage of the supply chain. The main focus
of this paper is on proper compensation rules that can be applied to horizontal
collaboration. Thus, we will give a brief discussion on the vertical components in
Section 3.1, and the later discussion will be dedicated to issues in horizontal
collaboration.

Figure 4.1 Form of compensation in logistics collaboration
4.1

Compensation Rule in Vertical Collaboration

Compensate for Trustee



To reduce the risk that low level of trust may bring to the collaboration, we introduce
the role of a trustee whose role is to coordinate the partners, control and safeguard
sharing of resources in the coalition and take care of the division of synergies
generated from the collaboration activities. The effort of a trustee may need to be
compensated based on the degree to which that trustee contributes to the synergy
creation in the logistics collaboration. There are several alternatives ways to
compensate a trustee. The beneficiary, shippers or LSPs, can be charged for a fixed
service fee, or share a fixed percentage of surplus value or cost savings achieved
depending on the actual value it achieves for the consortium. In the CO3 framework,
the trustee is defined to provide the following services to shipper, if appropriate
(Biermasz 2012):




collecting information about the transport of cargo from the individual Shippers;
combining information and bundle freight flows;
contacting LSP’s;
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keeping records of management information;
keeping the accounts of the collaboration;
collecting information from LSP’s with respect to the total freight costs;
calculation of the gross and net gain (or costs savings) achieved by the collaboration;
applying Shapley Value, providing LSP’s with information to enable them to issue the
freight invoices to the individual Shippers;
reporting on the result of the collaboration;
calculation of the value added by the Shippers;
calculation of possible initial costs in case of entry and adjusting compensation in case
of exit of a Shipper;

By the agreement, the trustee will be compensated by a lump sum amount, fixed
service fee per transaction/transport, potentially with an additional mark-up, a prenegotiated percentage of cost saving/resulting benefit, as bonus. In this way, the
trustee is guaranteed to cover some fixed expenses in coordinating the collaboration,
while also be provided with an incentive to pay more effort to the group level synergy
creation.
Compensation between Shipper and LSP
Shippers will need to pay the transportation cost resulting from collaborating with
other shippers. The detailed discussion will be formed in the next session. In legal
terms, we do need a contractual agreement between the shipper and the LSP so as to
define the liabilities and rights in providing and receiving a particular service. The
position paper on the legal framework (Biermasz 2012) has a detailed discussion on
the carriage contract that is proposed to bond the legal relationship between each
shipper and LSP.
4.2 Compensation Rule in Horizontal Collaboration
We propose a general procedure to design compensation rules for horizontal
collaboration in a logistics setting (Figure 3.2). The first issue is to define clearly what
needs to be compensated and this should be made clear to all members in the
collaboration consortium. We propose to use cooperative game solution methods,
particular the Shapley Value solution to build a benchmark case to show the ‘fair’
allocation in theory. As there are factors that are not easily quantifiable but may be
important to partners in collaboration, we offer flexibility to include weight factors to
adjust the compensation amount from the benchmark solution. Finally, we suggest
important criteria to pre-evaluate the performance of a compensation rule.

Figure 4.2 Procedure to design a compensation rule in a horizontal collaboration
4.2.1 Define characteristics function
In order to design a compensation method, the focus should be on what needs to be
compensated. The cost/benefit sharing problem can be naturally formulated in a
cooperative game setting. The main differentiation on the formulation is how the
characteristic function V ( S ) is defined. Based on the discussion and review on existing
papers, we adopt the general formulation for logistics collaboration from (Xu, Pan and
Ballot 2012).
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Characteristics Function:

V ( S )  B( S )  M ( S )  CC( S )

Transportation cost, in our setting, generally covers the cost associated with the
physical flow of delivery of goods. Transportation cost before and after the
collaboration are denoted by B( S ) and M ( S ) respectively. In the situation where
coordination cost is not negligible, we need to include CC ( S ) that captures the
coordination cost for a given coalition of size S . The characteristic function captures
the main benefits that logistics collaboration normally contributes to i.e., savings on
transportation and coordination costs, as well as the additional cost that is associated
with managing the collaboration. In the following session, we discuss the different
kind of savings and cost that may be considered in defining what need to be
compensated.
Transportation cost
Companies seek collaboration opportunities with partners who obtain complementary
and/or similar resources. Competitors that are active in the same market usually have
a large degree of similarity in competency. In terms of value creation, the potential in
generating synergy is usually higher. For example, they could share warehouse
operations, transportation of goods, information platforms etc. Therefore, companies
with a large degree of similarity in resources are likely to form collaborations. This is
supported by (Schmoltzi and Wallenburg 2011) in their survey of 226 cases of
horizontal collaboration between various LSPs. They found that most collaboration
between LSPs had strong similarity in resources or obtained similar market
competence.
Schmoltzi and Wallenburg (2011) lists seven functional areas in logistics collaboration,
which are production, marketing and sale, procurement, human resources, research
and development, IT and administration, and finance and accounting. Four clusters
have been identified based upon a ranking by practitioners on the importance of the
above mentioned seven areas. The most common cluster is identified for its broad
scope of integration, followed by clusters that focus on production, clusters that focus
on marketing and sales and a small percentage of companies that collaborate mainly
on procurement. Depending on the area of collaboration, there are different types of
cost and benefit that need to be allocated. For instance, if partners focus on
production where savings on production or externality, such as CO2 emission, is the
main goal, then cost of carrying out delivery activities, warehousing etc., need to be
clarified and agreed in terms of what need to be compensated. There are also cases
where partners collaborate to improve service, doing risk pooling that may require
different measure on different KPIs.
 Collaborate for economic of scope
Shippers and LSPs could find collaboration opportunities that take advantage of
economics of scope. For example, shippers could find a partner that could
complement the flow of distribution, so that there are savings resulted from reduced
empty mileage, benefits from expanded network or market. In these cases, the joint
cost or cost savings could be quite different if any of the partners left the coalition.
 Collaborate for economies of scale
In logistics collaboration, both shippers and LSPs would collaborate with other
shippers or LSPs to consolidate the delivery so that they could take advantage of
economies of scale in order to better utilize assets and achieve reduction in operation
cost on logistics activities.
For instance, a less-than-truckload operation that
combines a small volume shipment in one route; joint warehouse management;
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several shippers combine delivery of goods into one trip etc. In those scenarios, the
fixed cost of providing certain services does not change much as the scale increases.
 Cost incurred by special requirement
There are many costs that are incurred by special requirements or activities. For
instance, two companies would like to transfer the goods at a certain point. If they
share the same cross docking practice, the handling operation may only require a
short amount of time. However, if they are using a different practice, there will be
additional activities, such as unloading and loading that would incur extra waiting time.
There are several alternatives in selecting compensation methods. A mark-up on
transfer operations could serve the purpose of compensating for the additional cost or
a fixed amount charged on the additional activities for each transaction.
 Cost incurred by initial investment
Initial investment is common in any form of collaboration. Recall the cross docking
example, if the partners decided to use the same cross docking practice to reduce
handling time during transition, some members will need to invest in facilities,
equipment and labour specific to the collaboration. Since the cost is not necessarily
applicable to all members and the investment cost is not directly associated with a
particular collaboration activity, either the partner needs to ensure that those costs
will be compensated from future gains, or the consortium should provide more
incentive for members to make such an investment.
Coordination Cost
Coordination cost is highly relevant to the number of partners in the collaboration,
collaboration intensity and the level of trust that resides among partners. The impact
of the number of partners can become significant when the coordination cost
increases much faster than the savings as new partners join the collaboration. Xu et
al. (2012) model the coordination cost CC ( S ) that grows linearly with size S . When
the linear coefficient is large enough, the coalition group that obtains long term
stability becomes quite different from the solution where is CC ( S ) negligible.
Therefore, when CC ( S ) is not negligible, we need to carefully examine the impact of
the number of partners to the stability of the coalition.
The level to which the integration and formalization of governance required in
collaboration, or equivalently the degree that a trustee gets involved, depends very
much on the intensity of collaboration and the level of trust partners obtain in the
collaboration. In the CO3 framework, we proposed a lump sum fee plus a reward
based on the level of saving trustee achieved, which can be describe as
K   ( B( S )  M ( S )) , where K is the lump sum fee and  is the pre-determined
percentage of savings trustee will be rewarded.

4.2.2 Benchmark solutions
As discussed above, there are many costs that can be considered in the formulation of
characteristics function. To simplify the implementation, we suggest including the
most relevant cost and savings in a benchmark case. . With a clearly defined
benchmark case, practitioners can start to identify the best solution method for the
group. We suggest using the Shapley Value method as an indicator on what allocation
can be expected in order to ensure stability and fairness. The Shapley Value solution
allocated to each individual partner is defined as
.
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The discussion in the characteristics focuses on values that can be quantified. In real
implementation, companies may consider their market position, brand reputation etc
that brings benefit to the collaboration, but is hard to quantify. The following section
discusses the possible unquantifiable factors and those factors can be incorporated in
designing the compensation rule.
4.2.3 Incorporate weighting factors
In real life implementation, distribution of power, exposure to risks and level of trust
are often not evenly distributed among partners of collaboration. Therefore, we also
need to take into account the potential synergies and hidden cost those heterogeneity
among players could bring in.
In the previous section, we have discussed a number of factors that would impact the
structure and scope of the collaboration. The different leadership role of the various
partners is one important factor. A collaboration that has dominant partners is likely
to be less vulnerable to the level of trust that the collaboration obtain. There are
potential savings on administrative costs or coordination costs that a powerful partner
may bring to the collaboration. However, those savings are hard to justify as they are
usually not quantifiable.
Heterogeneity among collaboration parties adds more complexity in justifying the
contribution of each individual. For example, one shipper has the goal to reduce
transportation while the other shipper wants to improve service quality. The two
different goals may result in a totally different allocation of resources, and thus
impact on the cost or benefit sharing. One way to accommodate the misalignment in
objective is to benchmark on the service level and time window so that they could
separate the cost of satisfying standard requirements and the cost to fulfil special
requirements. Although there are ways to alleviate the complexity in cost or benefit
sharing under such a setting, the risks such as service quality and performance are
much higher than collaborations that share the same goal or other resources. In order
to have a sustainable collaboration, it would make more sense to have a consortium
of partners sharing the same goal or obtaining similar resources or cost structures.
Another aspect to consider in building a compensation rule is that the firms in the
coalition evolve; the external market could also change over time. How flexible the
compensation rule is to the uncertainties in the collaboration also needs to be
considered. In Biermasz (2012), volume variation is one kind of uncertainty impacting
on the synergy potential in the operational level. Thus the compensation method may
need to consider volume variation as one kind of variable when justifying contribution
and resulting cost saving of individual partners.
Assigning different weighting factors on one or more criteria is one common method
used to deal with heterogeneity. We adopt the idea to the design of a compensation
mechanism by putting weight on benchmark solutions that only consider quantifiable
factors. In the formula, we have si being the benchmark solution. Based on the
benchmark solution, we could assign a weighting factor to a particular partner and xi
will be the final solution that considers individual difference. For example, if partner i
is expected to have lower exposure to risks, it expects to bring more benefit to the
consortium in general. We could assign a larger weight to a partner so that the
corresponding xi can be larger than benchmark solution si
.
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4.2.4 Evaluation
We list out several desirable properties that a stable collaboration consortium should
obtain in Chapter 2. In the evaluation phase, these properties will be used to evaluate
how good compensation rule in terms of obtaining long term stability to the
collaboration. There are two main procedures to check those properties, i) whether
stability and fairness can hold, ii) whether the allocation is vulnerable to uncertainties
in parameters that determine the compensation amount.
Solution in the core
We mentioned that balancing a budget and individual/group rationality are desirable
characteristics to ensure stability of the collaboration. If the solution can be obtained
with both properties, in a cooperative game setting, we say that the solution is in the
core. The core concept guarantees that none of the partners will have a more
advantageous choice other than the stable coalition they currently enjoy.
Sensitivity Analysis
We suggested assigning some weighting factors to benchmark solutions in order to
incorporate unquantifiable contributions. Since the final allocation may no longer
obtain the stability and fairness properties that the benchmark solution had, we need
to justify the impact of different weighting factors on the stability of the final solution.
Therefore, we need to carry out a sensitivity analysis under different levels of
uncertainties so that practitioners can evaluate the robustness of a particular
compensation rule.
4.3

Frequency of compensation

Besides the issue of the compensation method, the frequency of compensation should
also reach a consensus. There are several alternatives. Compensation could be based
on transactions, or over a fixed period of time. Transaction based monetary transfer
could reduce the financial risk. However, too many transactions may incur large
administration costs and coordination effort. Compensating collaboration members in
monthly based or quarterly based frequency would be suitable for long term
collaboration; however this requires strong inherent cohesion among members and
equally high levels of mutual trust.
Relationship

Description

Compensation Frequency

Type I

The organizations involved recognize each
other as partners and, on a limited basis,
coordinate activities and planning. The

Transaction based
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Daily to Weekly based

partnership usually has a short-term focus
and involves one division or functional area
within each organization.
Type II

The organizations involved progress beyond
coordination of activities to integration of
activities. Although not expected to last
“forever,” the partnership has a long-term
horizon. Multiple divisions and functions
within the firm are involved in the
partnership.

Bi-Weekly to monthly

Type III

The organizations share a significant level of
integration. Each party views the other as an
extension of their own firm. Typically no
“end date” for the partnership exists.

Monthly to quarterly

Table 4.1 Compensation Frequency by collaboration intensity
For the scenario that requires little sharing of resources and effort from the
collaborating parties, the transaction based method would be a better option, for the
payoff are easier to justify and realize. However, in a situation that requires a greater
sharing of resources and effort, e.g., joined planning, the synergy generated over a
period of time may be more visible to the participant and thus needs a longer time to
justify. A monthly or quarterly meeting would be more suitable. We refer back to
collaboration intensity proposed by Lambert et al (1999); we suggested the
compensation frequency in Table 3.1. As the collaboration intensifies, we would
suggest that the compensation frequency can be lower because the coordination cost
may be too high to afford a more frequent compensation.
4.4 Entry and Exit
From the cooperative game setting, the sequence of entering could impact the
synergy generated over time, and the rate of success in forming the coalition
(Cruijssen, Borm, et al. 2010). The implication to compensation rules is that when
newcomers join a collaboration consortium, the synergy potential may be different,
which could impact on existing members of the consortium. Fair justification for the
impact should be evaluated beforehand so as to ensure the sustainability of the
collaboration. If the characteristics function of the compensation problem exhibits
super-additivity, the larger the coalition group, the more synergies and cost savings
will be allocated to individual partners.
In the case of exit, there could be two scenarios: one is that partners exit by the end
of a specified contractual period; the other is that partners exit before the agreed
time. For the second case, the exit of a partner may influence the remaining partners
on the synergy potentials and return of initial investment. The amount of
compensation with respect to the impact to the other partners should be determined.
The compensation may be a one-to-one contractual agreement or multi-lateral
agreement. Or in the case of trustee, the trustee may follow pre-determined
percentage or rule to allocate the penal sum.
4.5

Compensation Rule in Co-modality Collaboration

Recall we have two major issues in terms of compensation in co-modality
collaboration, cost/benefit justification and risk allocation. Unlike most horizontal
collaborations that usually involve partners obtaining similar skill sets or resources, in
co-modality scenarios, they deal with partners that acquire different networks,
different cost structures, and different efficiency levels. The wide range of differences
demands for fair gain sharing and clear risk allocation among collaborating parties.
Risks related to co-modality added more complicated mainly due to the difference in
operating method between different modes.
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In the previous discussion, we propose a general framework to compensate in
horizontal collaboration. The important assumption with this is that we assume
partners in horizontal collaboration share similar resources so that the contributions
to the savings or synergies are in the same scale level. It is not always the case in comodality mode, where multiple transportation modes adopt different cost structures
and ways of operating. The LSP role can be further clarified in warehousing, terminal,
road transport, train service etc. To deal with the variation among different modes,
we suggest initially having a collaboration consortium within each mode and then
integrating as each consortium becomes stable and would like to expand the scope in
collaboration opportunities. The readers are referred to the position paper on comodality (Rossi 2012) for the details on the business models that could fit to logistics
collaboration that involves more than one mode.
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5

Logistics Collaboration Cases
We have discussed different factors that need to be considered in designing a
compensation rule, particularly for collaborations with horizontal components. We also
proposed a general procedure to incorporate the most important elements in the
design stage. In order to demonstrate how our proposed procedure can facilitate
practitioners in selecting compensation rules, we use two real cases in logistics
collaboration as examples.

5.1 Wood Supply Collaboration
Frisk et al (2010) studied a group of eight forest companies in Sweden who joined
together to source saving potentials for collaborative planning in their logistics
operation. One special collaboration opportunity for forest companies is enabled by
the wood bartering practice, in which forest companies can exchange orders with their
competitors so that the required distance for transportation can be reduced and better
utilization of distribution network can be realized.
Define characteristics function
Three different roles are involved in the collaboration. The collaboration is led by a
third-party (the Forest Research Institute of Sweden). 8 forest companies are actively
collaborating in order to save costs in a logistics operation. They are contracted with
the same LSP to carry out delivery activity in the case study period. The objective for
the shippers is to minimize the total transportation cost, given that order flow can be
exchanged. The potential saving was 14.2%, which is a considerable amount for
forest companies whose transportation cost usually amounts to one third of the raw
material cost. After identifying the savings, one key question is to agree on the
allocation of transportation cost. In the first phase, they assume that everyone will
accept optimal solution so that they do not expose any constraint on conditions for
exchanging orders. They do not consider the coordination cost in their formulation of
the compensation rule.
Benchmark solution
Initially, the proportional rule based on total volume is proposed. However, the
relative savings, the percentage of savings compared to stand alone cost, ranges from
0.2%-20%, which gives no incentive for collaborators who receive a very small
amount of relative savings. Other sharing methods based on the Shapley Value,
nucleolus and separable and non-separable methods are also studied in the case.
However, there was reluctance in accepting those methods specifically by those group
members who perceived a large difference in relative savings. Instead, the Equal
Profit Method (EPM) has been proposed to find an allocation that obtains as equal
relative profits as possible. The EPM allocation is stable and provides solutions that
are more acceptable in this specific setting.
Some practical constraints were then added on in order to revise the central solution
model for calculating transportation costs. Firstly, they required that each company
must be the main supplier for its own mills. Secondly, the amount to be exchanged
among companies should be balanced in order to avoid financial exchange.
Evaluation
In the solution with no constraints on the amount of wood can be exchanged among
partners, the EPM method provides a solution in the core. In the problem setting with
constraints on balanced flow and maximum flow, the stability property no longer
holds for allocations calculated from EPM method.
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5.2 Outbound logistics collaboration
Four furniture manufactures (A, B, C, and D) in Canada took the initiative to
collaborate in their logistics operation. Company A have the facility to provide
consolidation and warehousing services for the group. The collaboration opportunities
reside in three areas, transportation upstream to the terminal, consolidation and
warehousing at the terminal, and transportation downstream from the terminal.
Define characteristics function
There are three main types of cost that need to be shared among the companies. The
transportation cost from upstream to the terminal, the service cost for consolidation
and warehousing at the terminal, and the transportation cost from terminal to
downstream. Depending on who would be responsible for providing the service at
different stage, Audy et al. (2011) evaluated five scenarios (Figure 4.1). The major
difference between #3 and #4 is that the location of the consolidation and
warehousing terminal is different. The result shows that scenario #2-4 results in more
savings than #1 in terms of cost. However, increased delivery time has been
observed for two out of the four companies in #2-4, which is not the case in #1. In
scenario #1, company A does not have savings from collaboration. This result would
lead to the exclusion of company A in the coalition, which implies that the coalition
will not be stable. To overcome the short coming in #1-4, scenario #5 that combines
the cost saving opportunities in scenario #2 and delivery time liability in scenario #1
is proposed. All the routing decisions are made by computer applications that is not
influenced by company A’s self-interest.

Figure 5.1 Logistics Scenario (Audy, D’Amours and Rousseau 2011)
Cost allocation is more complicated as in this example for several non-transferable
costs are involved and must be allocated fairly among furniture companies. The first
non-transferable cost is the consolidation and warehousing service provided by
company A. The second element is the cost incurred when a specific company has
special requirement, such as tighter delivery time, that would lead to change to LTL
carrier and increase the transportation cost.
Benchmark solution
They consider the #5 collaboration model without satisfying special requirement as
the proposed solution. They use the revised EPM method to allocate cost among the
four companies.

Page 28 of 36

Incorporate weighting factor
From their study, a cost saving of 21% was observed if there were no special
requirements. However, with some special requirements from group members, an
additional cost of 8% is needed, which results in 12% of the total cost savings. The
compensation rule for implementation is then set in two stages. First, they allocate
the cost incurred without satisfying any special requirements using a modified EPM.
Second, they allocate the remaining cost, which is incurred by satisfying special
requirements, by putting different weighting factors to individual partners according
to additional costs they incur in satisfying their special requirements.
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6

Conclusion
Collaboration among logistics partners has been promoted as an efficient means to
increasing vehicle loading factors and reducing empty mileage. The benefit is
expected to have a reduction in transport costs and environmental externalities while
preserving service levels. One key question to the sustainability of this kind of
horizontal collaboration is to design mechanisms to share the synergies fairly among
contributors. As part of the deliverable for structuring operational framework for
logistics collaboration, the position paper on compensation rule is set as a general
guidance for practitioners to select a proper compensation method in different form of
logistics collaboration.
There are three key questions we address in this position paper so as to guide
practitioners in the selection of compensation methods: i) what are the elements that
need compensation; ii) how to compensate; and iii) how to evaluate a compensation
rule. We start with an understanding of key components in logistics collaboration and
pinpoint the important factors, such as number of partners, level of trust,
collaboration structure etc. that need to be considered in the design of compensation
rule. Having a clear understanding of how different factors may influence the form of
compensation rule, we propose a procedure to design proper compensation
mechanism in horizontal collaboration.

Figure 6.1 General framework to design compensation rule in horizontal collaboration
6.1

Summary of compensation rule

Compensation rule for Trustee



Apply annual fee or fixed service charge scheme to cover operating expense of
trustee
Pre-negotiated mark-up based on performance would give incentive for trustee
to exert to synergy potentials, thus is preferred to incorporate it to
compensate trustee

Compensation rule in horizontal collaboration



Separate the compensation issue for easy-to-quantify elements, i.e. in
monetary terms, and hard-to- quantify elements.
Apply Shapley value to benchmark compensation to collaboration parties in
horizontal collaboration
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6.2

Apply weighing factor to incorporate heterogeneities among players in term of
perceived contribution to the collaboration
Evaluate the collaboration intensity to find a proper compensation frequency
It is desirable to have fairness and stability check on compensation methods
before implementation

Contribution

The main contribution of this paper can be summarized as follows:
1. This paper has identified and discussed how different factors would impact the
design of a compensation rule
2. We justify the important role of a trustee in the stability of collaboration
formation and how a trustee should be compensated
3. We offer a general formulation for compensation problems in logistics
collaboration setting
4. A general framework has been proposed to guide practitioners to incorporate
different practical considerations into the design of a compensation rule.
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Appendix I

G AME THEORETICAL RULES (C RUIJSSEN 2012)
Shapley value
The Shapley value ( (Shapley 1953)) is a well-known solution concept that constructs
a vector

( N , v ) 

N

that allocates the value

vN 

of the grand coalition based on

the values v( S ) of all coalitions S . The Shapley value can be explained as follows.
Consider the creation of a coalition S to which i does not belong. First, a set size S





is chosen at random out of 0,1,2,..., N 1 , each having a probability

1
to be drawn.
N

Then a subset of N \ i of size S is chosen, each with a probability

S ! N  1  S !

 N  1!

.

After S has been drawn, shipper i is allocated his so-called marginal contribution

v  S  i  v  S  . Then, the Shapley value is the expected payoff for shipper i in this

random procedure, as indicated in the following formula:

i  N , v 

=



S  N :iS

S ! N  1  S !
N!

v  S  i  v  S   , for all i  N .



The Shapley value possesses a number of important and objective fairness properties.
Below we will briefly discuss five of these properties that are useful in the context of
horizontal logistics collaboration:
1) Efficiency. This property value ensures that the total value of the grand coalition
is distributed among the players, i.e., no value is lost.
2) Symmetry. Two players that create the same additional value to any coalition
receive the same share of the total value.
3) Dummy. Players that do not contribute anything to any coalition except their
individual value indeed receive exactly their individual value as a final share of
the total value.
4) Strong monotonicity. This guarantees that if all of the player’s marginal
contributions increase, his payoff will increase.
5) Individual rationality. A player will be better off in the collaboration than alone.
It has been proven that the Shapley value is the unique solution concept that satisfies
all these five properties (Shapley 1953). Since these properties make perfect sense
from a practical perspective, this renders the Shapley value a very attractive
mechanism in practice.
Nucleolus
The Nucleolus was developed by Schmeidler (1969). It is based on the goal to
minimize the maximum dissatisfaction over all coalitions S . For every coalition S it
calculates its dissatisfaction, which is defined v( S ) minus the final allocations to the
individual players via the allocation rule, in this case the nucleolus. These
dissatisfaction values for every coalition S are put into a so-called excess vector. The
nucleolus is exactly that allocation rule that lexicographically minimizes the
dissatisfactions in the excess vector.
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The nucleolus satisfies the properties of efficiency, individually rationality, symmetry
and dummy. Moreover, if a stable allocation exists (i.e., no coalition has an incentive
to leave the grand coalition), the nucleolus will give a stable allocation. This is not
necessarily true for the Shapley value.
The nucleolus is more difficult to compute than the Shapley value. In fact, the first
step of finding the nucleolus is to find a vector that minimizes the maximum of the
excesses over all S in such a way that the efficiency property is satisfied. This
problem of minimizing the maximum of a collection of linear functions subject to a
linear constraint can be converted to a linear programming problem and can thus be
solved by dedicated software. For larger groups of collaborators though, this
calculation becomes very time-intensive.
Separable and non-separable costs (SNS)
In Tijs and Driessen (1986), cost allocation methods are presented, based on the
notion that the total cost to be allocated is divided into two parts: the separable and
the non-separable costs.
Methods based on this idea first allocate to each participant his separable cost, then
distribute the non-separable cost among the participants according to given weights.
The separable cost of player i is equal to cost level of the whole group minus the cost
level of the whole group, excluding player i . This is sometimes also referred to as the
marginal cost of player i . The non-separable cost that remains to be distributed is
then the cost of whole group minus the sum of all separable costs of the individual
participants (Frisk et al., 2010). The distribution of the non-separable cost can take
place in various ways using different weights for the participants.
This rule will satisfy the efficiency and symmetry property. If carefully chosen, the
allocation rule will also satisfy the individual rationality and dummy property. As such,
it is a useful approximation of the Shapley value with the virtue that it is can be
calculated much easier: it doesn’t suffer from the combinatorial explosion of the
number coalitional values that need to be calculated for determining the Shapley
value allocation.
Equal profit method (EPM)
The equal profit method is developed by Frisk et al. (2010) to cover for some
disadvantages in the allocation models discussed above that are based on their
experience with the acceptance of these rules by companies in practice. They found
that companies were mostly interested in the relative savings they incurred
individually compared to their baseline cost, i.e. without collaboration. The developed
Equal Profit Method aims to minimize the maximum difference in pairwise relative
savings. These differences are calculated for each of the
distinct pairs of
participants, and minimized by choosing the most suitable allocation, while satisfying
also the stability constraint if possible.
The relative savings is expressed as
, or simply
. They add the stable
constraints for the cost allocation problem. The allocation is thus formulated by the
following linear program:
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This rule will work quite well for groups of comparable players, but it is very sensible
to free-riding. A dummy player will get assigned the same relative savings as the
player that brings in the most synergetic flows.
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