IMPROVING SOCIAL WELFARE CHAIN USING OPTIMAL PLANNING MODEL
Purpose- The aim of this study is to introduce the concept of social welfare chain and address the challenges in
decision making through the development of an optimal planning model for a nongovernmental organization.
The distinctive properties of the social welfare chain and its relationship with the humanitarian relief chain in
the context of supply chain management are also discussed. We present a real decision problem and analyze the
managerial impacts of the proposed solution.
Design/methodology/approach- The study of social welfare policy and the review of the humanitarian
literature has necessitated the introduction of the social welfare chain. Based on its definition, an optimal facility
location distribution model that consolidates the non-integrated style of logistics functions with a cost
minimizing approach is developed. The General Algebraic Modeling System (GAMS) is used in order to
optimize the coal distribution model of an NGO. Data is obtained from an NGO that aims to help vulnerable
people through distributing coal and basic food such as rice and sugar.
Findings- Besides laying the foundations of social welfare chain, an analytical tool for decision support systems
of the NGOs can be considered as the major finding of our research. Despite the increased number of stages in
the proposed network configuration, the optimal solution resulted in significant cost reduction and distribution
efficiency due to the availability of temporary distribution center locations at no extra cost. Furthermore, this
study brings out the advantages of using intermodal transportation in the distribution process of cost-sensitive
networks.
Practical implications- This paper provides a detailed analysis that contributes to the efficiency and the
effectiveness of social welfare chains. Moreover, it represents a cooperation established between university and
NGOs.
Originality/value- The planning efforts of nongovernmental organizations targeting at the periodical aids to
improve the social welfare level have received little attention in the literature. This paper is the first to propose
the concept of ‘Social Welfare Chain’ at the same time addressing the distribution planning for the NGO.
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1. Introduction
Social welfare is defined as a state of human well-being that exists when social problems are managed, when
human needs are met and when social opportunities are maximized (Midgley, 1997). By definition, social
welfare depends on the satisfaction of three conditions: the meeting of needs, the management of the social
problems and the enhancement of opportunities. Midgley (1995) argues that community or society achieves a
satisfactory level of social welfare when all three conditions, presented in Figure 1, are satisfied.
Although, social welfare has been an established research field in social sciences and economics, research from
the operations research and management science perspective is unattended (Arrow, 1950; Blau, 1957;
Chiappori, 1992; Midgley 1995, 1997; Kenworthy, 1998). From the management science perspective, we can
establish a close correspondence between the three elements of social welfare and the operations research. Note
that the meeting of the needs involves flow of physical goods and associated information from different sources
to people in need. The connection between social welfare and supply chain management becomes more apparent
when the supply chain is considered as “a set of activities associated with the flow and transformation of goods
from raw materials stage, through to the end user, as well as the associated information flows” (Handfield and
Ernest, 1999, p.36). Also, management of social problems mainly involves fight against poverty,
unemployment, homelessness, hunger, crime and violence, which are all relevant to effective resource use and
thus to management science. Finally, the enhancement of opportunities for society involves improvement of
education, healthcare and social security systems as well as maximizing job opportunities.
Social welfare activities are generally determined by social welfare programs carried by state and local
governments, or by non-profit human services or non-governmental organizations. Invoking voluntarism, civic
dependability, and neighbor-helping-neighbor images, nonprofit and nongovernmental organizations (NGOs)
plays a dominant role in providing residence, training, education, counseling, in-kind and cash support (Lipsky
and Smith, 1989). Prior to the formation of a social consciousness to enhance social welfare, NGOs mostly
concentrated on the reconstruction in the wake of natural disasters or post war periods, such as the role of nongovernmental organizations in Vietnam or Iraq War (Herring, 2002; Petzet and Perot, 2003). Therefore, in

performing emergency logistics activities, NGOs are important parts of established humanitarian relief efforts
worldwide.

Figure 1. Elements of social welfare
To better define the boundary of this research, we need to examine several terms and definitions used for
humanitarian assistance and relief operations literature. The terms disaster relief, emergency logistics,
humanitarian logistics, and humanitarian relief chain can be used interchangeably (Kovacs and Spens, 2007). In
the study of Barbarosoğlu et al., (2002, p. 118), disaster relief operations are defined as “the transportation of
first aid material, food, equipment, and rescue personnel from supply points to a large number of destination
nodes geographically scattered over the disaster region and the evacuation and transfer of people affected by the
disaster to the health care centers safely and very rapidly”. Sheu (2007, p. 655) gives the definition of
emergency logistics as “a process of planning, managing and controlling the efficient flows of relief,
information, and services from the points of origin to the points of destination to meet the urgent needs of the
affected people under emergency conditions”. Humanitarian logistics is defined as “the processes and systems
involved in mobilizing people, resources, skill and knowledge to help vulnerable people affected by disaster”
(Van Wassenhove, 2006, p. 476). Disasters include natural and man-made disasters, which are further
categorized as sudden and slow-onset disasters. While earthquakes, hurricanes and tornados are sudden-onset
natural disasters, famine, drought and poverty are slow-onset natural disasters (Van Wassenhove, 2006).
Many humanitarian logistics operations inherently face the challenges of minimizing the delivery time of
required goods and services to the beneficiaries and maximizing the accuracy of the quantities of the mostneeded items, a process that entails time for the comprehensive assessment on the disaster area (Davidson,
2006). Therefore, the substantial portion of humanitarian relief supply chain research focuses on managing or
optimizing the supply of goods and services derived from sudden-onset disasters or global emergencies such as
earthquakes, floods, volcano eruptions or political crises (Oloruntoba and Gray, 2006; Beamon and Balcik,
2008). In the light of this, the main stages of humanitarian relief operations have been discussed from several
different perspectives. From a sociological perspective, Fothergill and Peek (2004) consider risk perception,
preparedness, warning communication and response, physical impacts, psychological impacts, emergency
response, recovery and reconstruction as the stages of a disaster event. Russel (2005) provides an in depth
analysis of humanitarian supply chain process, originally developed by Thomas in 2004, which includes
planning and preparedness, assessment, resource mobilization, procurement, transport, tracking and tracing
stock asses management, extended point of delivery and relief to beneficiaries stages. In terms of logistics
functions, Perry (2007) categorizes the stages of disaster management and planning activity as preparedness,
response and aftermath. From a public administration perspective, Kapucu (2008) considers an emergency
model consisting of mitigation, preparedness, response and recovery stages. In a more recent study, Maon et al.
(2009) integrate several perspectives within a supply chain management context and propose a dual-cycle model
of disaster relief that includes an emergency stage of reaction and recovery operations followed by long-term
operational actions of a rehabilitation and reconstruction stage on one hand, and a strategic planning and
prevention stage consisting of mitigation and preparedness actions on the other hand.
In humanitarian literature, activities described as development, aftermath, or recovery and reconstruction are
performed in years after disaster in order to improve the life standards of the victims and reestablish the social
welfare. Considering this, Kovacs and Spens (2007) extend the coverage of humanitarian logistics and describe
it as an umbrella term for a mixed array of operations including disaster relief as well as continuous support for
developing regions. Similarly, Beamon and Balcik (2008) classify humanitarian activities as relief and
development activities. According to the authors of this study, while relief activities are short-term and
organized for recovery from large-scale emergency situations, development activities are long term actions

embracing permanent healthcare, housing and food aid, usually performed by voluntary and non-profit, nongovernmental organizations. Although humanitarian logistics has received considerable interest, this field has
extended into different streams, continuous aid and disaster relief, and thus necessitates further researches
(Kovacs and Spens, 2008). In contrast to the existing literature, this study is based on the continuous aid support
in the context of social welfare for providing sustainability and improving welfare. The concept of social
welfare chain is introduced and its challenges are addressed, with regard to a real decision problem involving
coal distribution to low-income population.
The outline of this article is as follows. In the next Section, social welfare chain concept is established as a new
domain of the supply chain management and its similarities to and differences from humanitarian relief chain
are discussed. In the third Section, role of NGOs in social welfare chain is described and their challenges are
listed. The fourth Section presents operations research applications, which overcome some of the challenges in
the humanitarian context. In Section five, planning problem of an NGO’s social welfare chain is described,
followed by a mathematical programming model and computational results. Finally, the last Section summarizes
the contribution of the study and states future work.
2.

Social Welfare Chain

We define ‘Social Welfare Chain’ as the processes of designing, planning and implementing a wide range of
social development and improvement programs involving all the logistics activities in meeting the needs,
managing social problems and maximizing the opportunities for the purpose of improved social welfare. With
limited social and financial resources, all social welfare chain activities require efficient and effective logistics
and supply chain operations. Therefore, the social welfare chain, like the humanitarian relief chain, constitutes
an important domain for supply chain management (Beamon and Balcik, 2008). In this section, we provide
comparisons of social welfare chain, humanitarian chain and supply chain in terms of deriving notions, network
structure, business processes, functional drivers, and managerial perspective.

Figure 2. Relationship between the notions of social welfare and humanitarian relief
The concepts of social welfare and humanitarian relief chain can be perceived as similar due to common notions
that derive the need for their existence. These similarities and some differences are mapped out in Figure 2.
As it is seen, both concepts share the aim of reaching mainly low income people to satisfy needs derived from
poverty. The slow-onset disasters such as drought, famine and poverty create such circumstances that adversely
affect communities’ social welfare and require development programs against malnutrition, inadequate
healthcare and shortage of safe drinking water. However, sudden-onset manmade disasters such as political and
refugee crisis, and terrorist attacks explicitly distinguish the application domains of humanitarian relief and
social welfare chain. The latter differentiates itself from the former by providing continuous measures to prevent
crime and violence, malnutrition, inadequate education and social insecurity.

Figure 3. Flows in social welfare chain
A typical supply chain consists of a network of suppliers, manufacturers, distribution centers, retailers,
customers and three types of flow: information, financial and materials flow (Chopra and Meindl, 2007). In
terms of this network structure, the social welfare chain consists of donors and government as origins of the
financial flow, suppliers as origin of the materials flow, and beneficiaries as the recipient or destination of
materials flow as illustrated in Figure 3. Although social welfare and humanitarian chains show a simpler
network structure, they are considered to be more difficult to manage and coordinate (Gustavsson, 2003; Van
Wassenhove, 2006).
Business processes in supply chains are defined as supplier and customer relationship management, demand
management, order fulfillment, manufacturing flow management, product development & commercialization
and returns management (Lambert et al., 1998). In Figure 4, we present the business processes analysis for
social welfare chain (SWC), commercial supply chain (SC) and humanitarian relief chain (HRC). It should be
noted that product development, manufacturing and returns management processes are not likely to be relevant
to either humanitarian or social welfare chains. On the other hand, business processes such as order fulfillment,
demand management and supplier relationship management are just recently emerging for both chains.
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Figure 4. Business Processes in Social Welfare Chain, Supply Chain and Humanitarian Relief Chain
For the analysis of supply chain management, Chopra and Meindl (2007) considers logistical and cross
functional drivers of the supply chain as inventory, facility, transportation and information, sourcing and
pricing, respectively. We use this categorization as a basis to examine the characteristics of the social welfare
chain and compare them with that of commercial supply chains (e.g., Chopra and Meindl, 2007; Lambert et al.,
2008; Van Wassenhove, 2006) and humanitarian relief chains (e.g., Beamon and Balcik, 2008; Oloruntoba and
Gray, 2006; Van Wassenhove, 2006) in Table 1. As represented in Table 1, the social welfare chain differs from
the commercial supply chains and humanitarian relief chains in terms of these six drivers. The amount of
seasonal and safety inventory retained can be a key factor for increasing the efficiency of periodical social aid.
Unlike humanitarian relief chain operations, in social welfare chains, transportation planning and mode selection
can create efficiency in distribution activities. As is the case in commercial supply chains, coordination and

information flow enhance the visibility and operational excellence. Whereas the notion of profit is a salient
feature of commercial supply chains, humanitarian organizations seek instead a balance between speed and cost
in execution of supply chain operations (Tomasini and Van Wassenhove, 2009). Similarly, in the social welfare
chain, aid is provided free of charge. For this reason, the purchase price is considered as a significant component
in enabling the continuity of the periodical aids.
TABLE 1. Comparison of supply chain drivers in commercial, humanitarian and social welfare chains
Driver

Commercial Supply Chain

Social Welfare Chain

Humanitarian Relief Chain

Facilities

-Location and capacity is a
critical strategic decision
-Important to balance
efficiency and responsiveness
(Chopra and Meindl, 2007)

-Location and capacity
are tactical decisions
-Moderately affect
efficiency

Inventory

-Determines throughput
-Inventory (safety, seasonal)
increases responsiveness
(Lambert et al., 2008)
-Transportation network
design is a strategic decision
-Well established and reliable
-Choice of transportation
mode creates competitive
advantage (Chopra and
Meindl, 2007)

-Safety and seasonal
inventory increases
efficiency

- Location and capacity are
operational decisions and
local distribution centers are
instantaneous upon disaster
(Beamon and Balcik, 2008)
- Severely affect
responsiveness
-Safety inventory is kept in
terms of prepositioning
(Van Wassenhove, 2006)

Transportation

Information

Sourcing

Pricing

-Integrates supply chain
stages to maximize
profitability
-Increases visibility
-Provides coordination
(Christopher, 1998)
-Provides competitive
advantage
-Procurement is a strategic
decision
-Chain can tolerate lead times
-Purchase prices are low
(Chopra and Meindl, 2007)
-Pricing defines profit margin
-Used for charging customers
for goods and services (Van
Wassenhove, 2006)

-Transportation
network is a tactical
decision
-Can be established,
reliable
-Choice of
transportation mode
creates efficiency
-Provides coordination
-Increases planning
efficiency
-Increases visibility
-Procurement is a
tactical decision
-Chain can tolerate
longer lead times for
efficiency
-Purchase price of the
supplies are significant
for efficiency
-There is no profit

-Transportation network
design is not possible and
unreliable (Oloruntoba and
Gray, 2006)
-Often very limited choice of
transportation mode
-Available only after
assessment (Beamon and
Balcik, 2008)
-Initiates deployment
-Limited visibility
-Procurement is an immediate
operational decision (Beamon
and Balcik, 2008)
-Chain cannot tolerate lead
times, requires zero lead time
-Purchase prices can be high
-There is no profit and pricing
-Aids are given for free (Van
Wassenhove, 2006)

We extend the previous comparison of commercial supply chains and humanitarian relief chains by adding the
Social Welfare Chain concept. In order to explain the differences between the social welfare, commercial
supply and humanitarian relief chains from a broader managerial perspective, Table 2 compares one chain of
each type according to their strategic goals, objectives, demand characteristics, distribution network
configuration, inventory control, performance measurements (Beamon, 2004; Beamon and Balcik, 2008;
Beamon and Kotleba, 2006; Midgley, 1995; Whybark, 2007; Wisner et al. 2005), agility (Christopler and
Towill, 2000; Goldsby et al., 2006; Oloruntoba and Gray, 2006), players (Beamon and Balcik, 2008; Van
Wassenhove, 2006) and revenue sources (Moore, 2000; Thomas and Fritz, 2006; Tomasini and Van
Wassenhove, 2009).

TABLE 2. Comparison of the three types of chains
Commercial Supply Chain

Social Welfare Chain

Humanitarian Relief Chain

Strategic
goals and
objectives

-To produce high quality
products at low cost to
maximize profitability and
achieve high customer
satisfaction (Beamon, 2004)
-Maximizing profit or
minimizing costs

-Minimize loss of life and
alleviate suffering in disasters
(Beamon, 2004)
-Minimizing the time required
to respond, maximizing the
ability to meet the needs of
the disaster

Agility

-Lean-Agile (Goldsby,
Stanley, Roath, 2006)

-To be fair (equitable); to be
responsive; to protect the
interests of sponsors in
minimizing costs (efficient);
to be accountable; and to
maintain fiscal integrity
(Midgley, 1995)
-Increase the level of social
welfare
-Lean

Players

-Cooperations

-NGOs
-Donors
-Public sector
-Government

Demand
characteristics

-Relatively stable,
predictable demand
patterns. Demands occur
from fixed locations in set
quantities (Beamon and
Balcik, 2008)
-Well-defined with
predetermined number of
locations for distribution
(Beamon, 2004)

-Demand derives from the
needs of people with lowincome, predictable in terms
of time, location, type and
size.

Inventory
control
Revenue
sources

-Relatively less challenging
(Beamon, 2004)

-Challenging

-UN, international
organizations such as the Red
Cross and Red Crescent,
Government, NGOs (Beamon
and Balcik, 2008; Van
Wassenhove, 2006)
-Demand is generated from
random events, unpredictable
in terms of time, location,
type and size. (Beamon and
Balcik, 2008; Beamon and
Kotleba, 2006)
-Undefined because of the
nature of the unknowns
(locations, type and size of the
events, politics and culture)
(Beamon, 2004)
-Extremely challenging
(Beamon, 2004)

-Revenue from sales
(Moore, 2000)

-Donations
-Government funding

Performance
measurement

-Reliability (fill rates,
delivery performance, order
fulfillment)
-Responsiveness (lead
times)
-Flexibility (supply chain
response times, production
flexibility)
-Cost (total cost, costs of
goods sold, value-added
productivity, warranty costs
or returns processing cost)
-Assets (cash-to-cash cycle
time, inventory turnouts)
(Wisner et al. 2005)

- Cost (distribution cost,
inbound-outbound freight
costs, overhead cost,
procurement cost)
-Responsiveness (delivery
performance, fill rate,
number of beneficiaries
reached)
- Flexibility (variety of aids
provided)
-Output (increase in the
social welfare)

Distribution
network
configuration

-Well-defined subject to
change

-Agile (Oloruntoba and Gray,
2006)

-Charitable donations from
individuals and cooperations
(Thomas and Fritz, 2006;
Tomasini and Van
Wassenhove, 2009)
-Government funding
-In-kind donations (Moore,
2000)
-Resource (total cost,
distribution cost, cost of
supplies, number of relief
workers, $ spent per aid
recipient, donor $ received
per time period)
-Output (total amount of
disaster supplies, target fill
rate achievement average
response time, minimum
response time)
-Flexibility (units of supply
provided, number of different
types of items provided)
(Beamon and Balcik, 2008)

The strategic goals in social welfare chains are fairness and responsiveness to the needs and wants of
beneficiaries, protection of the interests of donors by minimizing costs, accountability and the maintenance of
fiscal integrity. Therefore, unlike commercial supply and humanitarian relief chains, the main objective of social
welfare chains is to increase the level of social welfare. The demands of beneficiaries, derived from the needs
associated with having low-income, are predictable in terms of time, location, type and size. Consequently, the
number and locations of distribution centers are well-defined but also subject to change. By employing a lean
supply chain, non-value stops across the chain are eliminated, thus enabling responsiveness to beneficiaries’
requirements while minimizing costs (Wang et al., 2004). Inventory control is less challenging relative to
humanitarian supply chain due to less variations in lead times, demands and demand locations (Beamon, 2004).
Since overall aim of social welfare chain is to enhance the well-being of society and the revenue needed for this
purpose is generated from donations and government funding, its performance measures are based on cost,
responsiveness, flexibility and output variables. These performance measurements are highly challenging tasks
for the NGOs (Beamon and Balcik, 2008) managing operations in social welfare chains. With regard to this, the
next section focuses on the roles and challenges of NGOs in social welfare activities.
3. NGOs and Social Welfare Chain
NGOs have been involved in anti-poverty initiatives providing a range of social services to vulnerable people.
There are many social welfare programs conducted by NGOs providing basic services, such as food and
medicine aids, child welfare, old age benefits and sanitation projects for poor communities (Beausejour, 2009;
Bowen, 2007; Kumar et al., 2009). NGOs focusing their core functions on fighting poverty desire to minimize
cost, and thus make most effective use of limited resources in their social welfare improvement programs
(Edwards, 1999). According to research performed by Fothergill and Peek (2004), poverty and its alleviation
have psychological and sociological aspects which require an inter-disciplinary approach in the context of
disaster management. To fill this gap, we are interested in the NGOs which aim at enhancing social welfare by
delivering aid and services as a direct response to the needs of the beneficiaries.
TABLE 3. Differences between commercial organizations and NGOs
Factor

Commercial Organizations

NGOs

Purpose

Economic profit

Collaboration

Other companies (e.g., joint-ventures,
mergers)
Accurate information is generally
available with advanced information
technology.
Structured and oriented to the value
chain
Cost-based, commercial procurement
through predetermined sourcing
High variation in products and
services
Being economically efficient and
effective

Free social and humanitarian attention and
increase of social welfare
Public sector, government, corporations,
volunteers
Information is often unreliable, incomplete
or non-existent with inadequate use of
technology
Structured by projects and continuous
welfare programs
Donation-based, uncertain procurement
through random sourcing
Social and humanitarian help by delivering
limited products and services
Being socially efficient and effective

Information

Process
characteristics
Input
Output variability
Performance
criteria

Although NGOs have many similarities to commercial organizations, their missions, strategies and goals differ
from organizations simply looking for profits. Therefore, we extend the comparison between commercial
organizations and NGOs presented in Gil-Estallo et al. (2006), by adding comparative factors of information,
process characteristics, input, output variability and performance measurement. Table 3 displays the main
factors that distinguish the commercial organizations and NGOs. It can be seen that the main aim of an NGO is
to create value in society, and as a result, to increase the social welfare of the whole community, rather than to
achieve commercial interests. Due to significant structural differences between commercial organizations and
NGOs, their activities such as procurement, transport, storage and handling require a different approach and a
novel analysis.
As the main players of the social welfare chain, NGOs are in need of continuous funding by external donors and
effective utilization of resources. Although many concepts in traditional supply chains are applicable to
humanitarian relief and social welfare chains, NGOs face challenges specific to social welfare organizations.
We explain some of these major challenges below.

• Lack of recognition of the importance of logistics: In relief and social welfare activities, logistics is
generally thought to have a lower priority function (Howden, 2009; Van Wassenhove, 2006). Therefore,
logistics and other support activities such as information technologies, decision support systems and human
resources tend to be given inadequate funding (Thomas and Kopczak, 2005). This situation generally
continues until a negative situation associated with this lack of funding forces precautions to be taken.
• Shortage of professional staff: Beyond the classical supply chain performance measurements such as cost,
quality, delivery and flexibility, human resource activities such as staffing broad-ranging, social-capital or
knowledge-focused skilled labor are believed to be another significant variable contributing to the
performance of successful supply chains (Shub and Stonebraker, 2009). Specifically, it is becoming more and
more important to have a sufficient number of skilled and educated staff who can successfully manage social
welfare activities, and thus can efficiently and effectively supervise humanitarian efforts and resources
(Kumar et al., 2009). If the role of logistics, supply chain management and integrated decision support
systems were more highly valued by NGOs, a significant improvement on return on investment could be
made. However, due to the fact that many NGO administrators have no career backgrounds in logistics and
supply chain management, they face difficulties in organizing and overseeing even conventional logistics
requirements (Thomas and Kopczak, 2005, 2007). Many NGO administrators have career backgrounds in the
social sciences, development studies or law. They tend to be valued activists; however, few have a corporate
point of view or corporate experience in logistics management (Gustavsson, 2003; Russel, 2005).
• Limited collaboration and coordination: The concept of collaboration and its importance on sharing
limited resource, reducing costs and improving the level of service and value has been mentioned many times
in the supply chain management research domain (Singh and Power, 2009). In social welfare chains, a
competitive environment emerges among many relief organizations due to the difficulties in attaining
funding, and makes coordination and collaboration impossible (Thomas and Kopczak, 2005, 2007). Likewise,
although many NGOs face the same challenges and have the same objectives, they rarely cooperate and there
is little collaboration or resource sharing among them (Beamon and Kotleba, 2006). Since the costs are
critical for NGOs, they could definitely benefit from mutual operations such as sharing regional warehouses
both for their social welfare organizations and relief projects. Furthermore, through collaboration, knowledge
and experience sharing, NGOs can disseminate and even advance the results of their aid projects to other
NGOs or to the follow-up projects leading to more sustainable humanitarian services (Beausejour, 2009).
• Inadequate usage of information technology: Information and communication technology is a very
important strategic factor that acts as a disseminator for process and the flow along with the reducing
paperwork and lead times (Tummala et al., 2006). However, the use of inadequate technology is a major
challenge for humanitarian supply chain management (Blecken and Hellingrath, 2008). Relatively high
investment requirements of information technology are not generally justified by NGO budgets. Therefore,
NGOs’ social welfare chain planning processes, tracking and tracing of shipments, and inventory controls are
often performed manually using spreadsheets (Gustavsson, 2003; Thomas and Kopczak, 2005). Data has to
be written out onto multiple forms and keyed into multiple spreadsheets with no central and structured
database or historical data on prices paid, transit times or quantities received/purchased (Thomas and
Kopczak, 2007). As understood, manual, non-standardized, error-prone processes are still dominant in NGOs.
However, as suggested by Howden (2009), decision making and humanitarian logistics information systems,
which enable NGOs to integrate logistics activities into the humanitarian supply chains in a broader sense,
may improve the effectiveness of humanitarian operations in each phase.
The work presented in the remaining part is intended to address these challenges by developing a decision
making tool in cooperation with an experienced NGO team who actually implements the decisions. Also, by
raising awareness of the importance of logistics, this study emphasizes the real practicalities and difficulties in
managing a social welfare chain.
4. Applications of Operations Research in Humanitarian Literature
Operations research (OR) is defined as using analytical skills to develop and apply tools and techniques to real
life problems. OR represents a perfect fit in the field of humanitarian logistics, where the aim is to provide aid as
quickly as possible. Therefore, OR tools are very applicable to the cases of disasters, thus contributing to a
better and more sustainable world (Van Wassenhove, 2006).
Many researchers have utilized OR tools in order to deal with problems encountered in humanitarian relief
operations. Altay and Green (2006) provide a comprehensive OR/MS literature review in disaster operations
management without limiting their focus to any definite type of events, and address the need for further OR/MS
research for dynamic, real-time, effective and cost efficient solutions to disaster issues. Yi et al. (2007) propose
an ant colony optimization-based heuristic for the multi-commodity and vehicle dispatching problem arising in
disaster relief activities, while Tzeng et al.(2007) formulate the relief distribution problem with a fuzzy multiobjective programming method in order to avoid unfair relief distribution. Considering the dynamics and

uncertainties of relief demands in the crucial rescue period of a large-scale disaster, Sheu (2007) proposes a
novel emergency logistics co-distribution approach with a dynamic relief demand forecast model to address the
issue of forecasting time-varying urgent relief demand associated with each affected area. In contrast, Chiu et al.
(2007) address the issue of dynamically assigning multiple emergency responses and evacuation traffic flows
outbound from the affected areas. Balcik et al. (2008) propose a mixed integer programming model that
determines delivery schedules for vehicles and equitably allocates resources, based on supply, vehicle capacity,
and delivery time restrictions with the objectives of minimizing transportation costs and maximizing benefits to
aid recipients. However, all of these studies focus on optimizing relief operations for sudden-onset disasters,
especially earthquakes. Very little, if any, research focuses on optimizing relief efforts for slow-onset disasters
or social welfare chain operations. The optimization model for humanitarian relief volunteer management
proposed by Falasca et al. (2009) assists the decision maker in the assignment of volunteers to tasks. Also,
Blecken and Hellingrath (2008), report that distribution issues such as route planning and scheduling, and
resource planning for humanitarian operations are not addressed by software tools.
This study contributes to the literature by building an optimal transportation distribution planning model that
consolidates and standardizes the non-integrated style of logistics functions in a cost minimizing approach that
every NGO can benefit from. We propose an approach to optimally design the logistics distribution network for
the maximum efficiency of the NGO and we aim to justify its benefits.
5. Problem Definition: Social Welfare Chain of an NGO
As implied by the definition of poverty, one of most the essential needs is protection from cold. With increasing
energy prices worldwide, heating can be considered as the first requirement in reducing the detrimental effects
of poverty. With an average low winter temperature of -12°C, heating constitutes one of the most important
needs in Turkey. A non-profit, nongovernmental organization headquartered in Izmir, Turkey is helping over
five thousand low-income people by distributing coal.
The NGO was established in 2002, immediately following Turkey’s 2001 financial crises, with the purpose of
distributing basic necessities to families of retired workers in need, with the backup of government,
municipalities and other contributors. However, it does not operate in connection or in coordination with other
NGOs or participate in any NGO network. In the first two years its operations were relatively small, distributing
mainly sugar and rice in small quantities to immediate surroundings. With the introduction of coal, demand had
grown enormously while supply had been made possible with the existence of various new suppliers. NGO
faced a growth challenge limited only by their capacity to organize and coordinate. This growth in demand
brought some difficulties to the NGO management. Supply chain problems began making some areas and
districts prohibitively expensive to reach thus establishing an invisible barrier and more seriously, management
faced difficult decisions on serving some districts at the expense of others. After the initial circumstantial
encounters, researchers of this paper conducted a few tentative meetings with the management of the NGO,
who, due to extreme organizational difficulties, welcomed the possibility of research team’s contribution to the
more efficient and effective use of resources. Their methods of organizing and operating basically consisted of
extending the previous years operations in accordance with the new requests and change was applied, if ever, in
rather an unscientific fashion.
The basic challenges confronted by this NGO in this study are as follows:
•
•
•
•
•
•

streamlining the logistics network,
manual collection, digitizing data and proper reporting,
employing multi-mode transportation possibilities,
assigning demand points to city branches in accordance with official district borders, rather than in
accordance to efficient and optimal distribution output,
coordinating multi point transfers whenever necessary, and,
increasing awareness of redistribution process and corresponding costs.

In order to overcome these challenges, details of research steps including data collection, network configuration
and building the mathematical model are explained in the following subsections. The objective of the
mathematical model is set to minimize social welfare chain costs and to make recommendations that would help
the NGO to determine the optimal number and location of new storage facilities, to identify common
distribution locations for people close to multiple locations, and to find out which office should serve which
group of beneficiaries.

Figure 5. Coal Transportation Rate (TRL1)/ton (TKI, 2008)
Data Collection
Subsequent to the identification of the problem, the meticulous tasks of obtaining demand data for each group of
beneficiary started. Much of the data was in analog form, written and kept in note-books, and was not readily
available. Collecting the notebooks from branches, transferring data to computers, and getting re-confirmation
against any possible errors was a demanding task. To keep any possible errors at a negligible level, the manual
collection of data was backed up with official request forms at the branches.
Collecting and updating the transportation rates (Figure 5), as well as updating the purchasing prices of the basic
supplies took additional time. The data has been collected and recorded for 2007-2008 period. The entire
network had to be based on demand, and this fact made it clear that the program should be re-prepared and rerun for each year according to updated current data.

Figure 6. The current social welfare network configuration
Network Configuration
The current network configuration of the NGO is illustrated in Figure 6. This configuration involves serious
drawbacks from the integrated supply chain management perspective. The distribution centers are not given the
supplier selection capability; the supplier-distribution center assignment is fixed regardless of proximity and the
purchase cost. However, selecting the best supplier-distribution center assignment by evaluating all possible
combinations could result in significant reductions in procurement costs. Also, in their current operations, NGOs
consider only road transportation to transport coal from mines to beneficiaries. However, Turkey has a total of
10.991 km of railway and 63.899 km of motorway (TCDD, 2007) and is a country that is making progress in its
aim to improve its intermodal capabilities with new linking projects such as conventional block train operations.
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TRL: Turkish Lira

Figure 7. Proposed social welfare network configuration2
Therefore, we propose a three-echelon network configuration as illustrated in Figure 7, which is also displayed
on the map of Turkey in Figure 8. The first stage consists of coal suppliers, who charge different prices per ton
of coal. The second stage includes the potential facilities or warehouses at mode transfer points with both rail
and road connections. These strategic points involve transfer of large quantities of coal from rail freight to fulltruck load, which requires considerable amount of land space. There is a fixed charge for using any of these
locations. The third stage represents the temporary distribution centers to be used as cross docking facilities that
will be provided free of charge by the local municipalities. Currently, NGO city branch offices are being used as
coordinating offices for distribution. We propose temporary use of open municipality areas under the approval
of local governments. Finally, the last stage consists of beneficiaries’ locations with aggregated street demand.
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FTL: Full-Truck-Load and LTL: Less-than-Truck-Load

6. The Mathematical Model and Numerical Results
Based on the social welfare network configuration in Figure 7, we develop a linear mixed integer programming
model for a single-product, single-period facility location and distribution problem. We build the mathematical
model so as to minimize the total cost including purchasing, inbound, outbound, distribution, redistribution and
mode transfer costs. The constraints are demand satisfaction, flow conservation, minimum and maximum
volume usage, and capacity constraints for the intermodal warehouses.
The purchasing cost of the coal is based on a special reserved price, which is tax-exempt and significantly lower
than the regular market price. With a zero-profit margin, this price is not economically attractive for the
suppliers. Therefore, there is a limited supply quantity of the coal at the reserved price. In the model, we
consider this limitation as a capacity constraint at each coal mine.
Transporting coal from mines to intermodal warehouses is considered as inbound and from there to temporary
distribution centers is considered as outbound transportation. Note that there are two transportation modes
available for inbound transportation: road and rail. As illustrated with the actual rates in Figure 5, the variable
transportation cost for rail is cheaper than the road option. However, use of mode transfer warehouses is subject
to a fixed charge. In the model, our objective is to optimally choose from ten potential mode transfer facilities
located at strategic positions in terms of the NGO’s operation area. These locations are in Izmir, Aydin, Denizli,
Usak, Balikesir, Eskisehir, Afyon, Konya, Kirsehir and Kayseri, depicted as “Mode Transfer Facilities” in
Figure 8. With growing demand for rail transportation and inadequate railway infrastructure in Turkey,
intermodal facility usage is made available only for high volumes of freight transportation. There is, therefore, a
lower bound limitation on the inbound freight which is to be transported through these facilities. The outbound
freight from intermodal facilities to temporary distribution centers is transported through the road network as a
full-truck-load.
The distribution costs are incurred at the distribution centers for delivering coal to streets with given demand.
Having distribution centers operating only for a temporary time period and a high cost of truck delivery, a
significant reprocessing cost occurs when the coal fails to be delivered to the demand point at the first visit. In
such instances, the coal is returned to the distribution center and delivery is attempted again while the temporary
distribution center is still in operation. Therefore, the cost of unsuccessful delivery is included in the model as
redistribution cost and its computation is based on a ratio of undelivered coal. For building the model, we
define the following indices, input parameters and decision variables.
Indices
•
•
•
•

i : index for coal mines
j : index for potential mode transfer or intermodal facilities
k: index for temporary distribution centers
l : index for demand streets

Input parameters
•
pi : reserved unit price of coal at supplier mine i
•

F j : fixed cost of opening mode transfer facility j

•

o jk : outbound transportation cost from facility j to distribution center k (per ton, km)

•

Cij ( Dij ) : inbound transportation cost from mine i to mode transfer facility j (per ton, km)

•

skl : delivery cost from distribution center k to demand street l (per ton, km)
rk : redistribution cost of undelivered coal at distribution center k (per ton, km)
dl : demand arising in street l
Rk : average percentage of undeliverable coal that needs to be reprocessed at distribution center k
Qi : supply capacity of mine i at the reserved price pi
U : upperbound on the transportation volume
L j : lowerbound on the volume usage of mode transfer facility j
K : maximum number of intermodal facilities to be used

•
•
•
•
•
•
•

Decision variables
•
xij : amount of coal (in tons) supplied from mine i to mode transfer facility j

•

y jk : amount of coal (in tons) shipped from mode transfer facility j to distribution center k

•

zkl : amount of coal (in tons) shipped from distribution center k to demand street l
w j : binary variable taking value 1 if the mode transfer facility j is chosen, 0 otherwise.

•
•
Model

Minimize

∑∑
i

j

pi xij + ∑ i ∑ j Cij ( Dij ) xij + ∑ j ∑ k o jk y jk +

∑

j

F j w j + ∑ k ∑ l skl zkl + ∑ j ∑ k rk Rk y jk (0)

subject to

∑ z ≤d
∑ y −∑ z
∑ x −∑ y
∑ x ≤Q
∑ x ≥Lw
k

kl

l

∀l

(1)

=0

∀k

(2)

kl

=0

∀j

(3)

jk

∀j

(4)

∀j

(5)

xij ≤ Uw j

∀i,j

(6)

y jk ≤ Uw j

∀j,k

(7)

j

∑

jk

l

i

ij

i

ij

i

i

ij

j

j

k

j

(8)

wj ≤ K

xij , y jk , zkl ≥ 0

∀i,j,k,l

(9)

w j ∈ {0,1}

∀j

(10)

The objective function given in Equation (0) expresses the total cost including procurement, inbound, outbound,
fixed cost of intermodal facilities, distribution and redistribution costs. The first constraint ensures that demand is
satisfied for all streets containing beneficiaries. The flow conservation is provided by constraints (2) and (3) ensuring
no inventory build-up at either mode transfer facilities or temporary distribution centers. The limited supply of coal
at the reserved price is expressed in constraint (4) and the lower bound on the usage of each mode transfer facility is
taken into consideration in inequality (5). Depending on the activity level at the intermodal facility j, the upper limits
on the inbound and outbound freight on each link is stated in constraints (6) and (7), respectively. The constraint (8)
limits the number of selected mode transfer facilities by a pre-determined amount K. Finally, nonnegativity of the
continuous variables and integrality of the mode transfer facility selection variables are given in constraints (9) and
(10).
TABLE 4. Structural Parameters
Suppliers
# coal mines
Price range (TRL)
Mode Transfer Facilities
# potential facilities
Fixed charge range (TRL)
Usage volume range (tons)
DCs
# of temporary DCs
Return ratio
Redistribution cost range (TRL /ton)
Beneficiaries
# of demand streets
Total demand (tons)
Demand range (tons/street)

4
150-234
10
8000-10000
400-1200
42
5%
10-20
716
7378
5-20

We analyze the social welfare chain of an NGO and construct two mathematical models based on the network
configuration given in Figure 7. In order to measure the cost savings due to railway usage in inbound
transportation, the first model considered both road and rail alternatives, and is thus named “intermodal”, the
second, considering only road transportation for inbound, is named “unimodal”. The corresponding network data
that were provided by the NGO are summarized in Table 4. In addition to structural parameters, unit sales price
for the year 2008 and available supply quantities are presented in Table 5.
TABLE 5. Procurement costs and limitations
Supplier
Unit sales price3(TRL/ton)
Min. sales volume (tons)
Max. sales volume (tons)

Coal Mine
#2
#3
180
234
1000
1000
2000
1500

#1
170
1000
2000

#4
150
1000
2000

According to the prices standardized by the government, the coal transportation rates used in the model are listed
in Table 6. Note that the values in Table 6 are based on the rates illustrated in Figure 5.
TABLE 6. Coal Transportation Rates (2008)
Coal Transportation Cost
Inbound freight cost (TRL / ton-km)

Road
0.20

Rail
0.05

Outbound freight cost (TRL / ton-km)

0.25

-

Distribution cost (TRL / ton-km)

1.25

-

The numerical solution for the mathematical programming model is obtained by using optimizer CPLEX 10.2
through a high level modeling language GAMS 22.5. The computations are performed on a personal computer
with 1400 MHz processor and 768 MB RAM. The resulting mixed integer linear programming model consisting
of 30,583 continuous variables, 10 binary variables, and 1,284 constraints can be optimally solved in less than 5
seconds.
TABLE 7. Optimal procurement and inbound shipment plan
From/to

BALIKESIR

SOMA
ALIAGA

17

YARIMCA

700

TAVSANLI
Total
Received(tons)
% Rail

ESKISEHIR

DENIZLI

54

865

KIRSEHIR

USAK

KONYA

IZMIR

KAYSERI

959
1983

800
600

594

141

665

717

854

865

600

959

594

2124

665

100%

100%

100%

100%

100%

100%

7%

100%

We provide several reports and analysis of the solution by presenting the optimal procurement plan, inbound
and outbound shipment plans, total cost breakdown, cost activities at warehouse level, and transportation cost
breakdown. Given the location of the coal demand, the proposed model considers the location alternatives with
respect to cost and available capacity. According to the model, total minimum cost is achieved by eliminating
two of the potential mode transfer facilities, namely Aydin and Afyon. The remaining eight facilities and
optimal inbound and outbound shipment quantities are illustrated in Figure 10 and presented in Tables 7-8. Due
to the piecewise concave linear cost function, almost all the inbound shipments with the notable exception of
93% of Izmir shipments are made by rail. The coal shipments from Aliaga to Izmir are made by road because
the proximity does not exceed the breakeven point of 140 km.
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TABLE 8. Optimal outbound shipment plan (see Figure 10)
BALIKESIR
BalikesirMerkez

309

Susurluk

92

Kepsut

132

Dursunbey

90

Manyas

94

ESKISEHIR

Eskisehirmerkez

527

Bozhoyuk

96

Sogut

71

Inonu

58

DENIZLI

KIRSEHIR

Afyonmerkez

USAK

KONYA

IZMIR

KAYSERI

115

Sinanpasa

37

Bayat

121

Emirdag

102

Ihsaniye

59

Denizlimerkez

272

Honaz

98

Tavas

140

Kirsehirmerkez

222

Boztepe

124

Kaman

141

Akpinar

73

Aydinmerkez

123

Kocarli

72

Sultanhisar

126

Nazilli

106

Usakmerkez

168

Kula

158

Hocalar

84

Banaz

99

Selendi

155

Konyamerkez

343

Karapinar

99

Cumra

88

Akoren

64

Izmirmerkez

1406

Torbali

287

Bayindir

173

Kemalpasa

186

Kayserimerkez

328

Talas

121

Bunyan

130

Felahiye
Total

3
717

854

865

600

86
959

594

2124

665

With the optimal solution presented in Table 7, sourcing from a single mine is not an effective solution,
compared to the current network configuration in Figure 6. In the optimal solution, it can be observed that Izmir
city branch receives coal from both Aliaga and Tavsanli mines. This flexibility is a natural consequence of the
suggested network configuration and the corresponding model, which considers coal prices and transportation
costs simultaneously. Another feature of the optimal solution can be stated as the flexibility provided in the
NGO’s coal delivery operations from mode transfer facilities to the city branch’s temporary distribution centers

as displayed in Table 8. For instance, although Sinanpasa is located within the boundary of Afyon, its demand is
served by Kirsehir facility. This is mainly because the beneficiaries in these regions are in fact much closer and
more easily accessible to an alternative distribution center, located in a neighboring city. In the previous
network configuration, this implementation was prohibitively expensive because of the long distances entailed
in both directions.

Figure 9. Major cost breakdown for intermodal and unimodal models
As shown in Figure 9, considerable savings in the total cost are provided with the introduction of intermodal
transportation. Despite the small increase in fixed charges, unimodal alternative results in 52% reduction in the
total transportation costs and 11% reduction in the total cost. The coal is purchased from the same mine in both
unimodal and intermodal alternatives; therefore the savings in the purchasing cost is zero.
TABLE 9. Inbound and outbound freight cost (TRL) at the new facilities
Inbound Freight Cost

Outbound Freight Cost

BALIKESIR

10,539

5,741

ESKISEHIR

9,969

5,977

DENIZLI

11,159

12,855

KIRSEHIR

14,340

5,667

USAK

11,124

17,927

KONYA

10,989

4,325

IZMIR

19,084

9,758

KAYSERI

20,283

4,425

As an important performance measure for the NGO, we are asked to provide a comparative analysis of the
inbound and outbound transportation costs at the intermodal facilities that are to be opened. In order to assess the
utilization rates of the suggested eight new facilities, the inbound and outbound shipments costs are compared.
According to the comparison in Table 9, the highest inbound cost is incurred by the Kayseri facility, where as the
highest outbound cost is incurred in Usak.
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Figure 10. Optimal shipment plan illustration on the map of Turkey
In order to convey the main findings of our research clearly, the optimal assignments of coal mines to mode
transfer facilities and the assignments of temporary distribution centers to corresponding facility are visually
depicted in Figure 10.
7. Conclusion and Future work
The contribution of this study is two-fold: providing practical benefits to the NGO and extending the literature
in new and important directions. It provides an operations research based methodology to overcome the
challenges arising from the social welfare of an NGO that is suffering from lack of technical support for
productivity and efficiency analysis. With the proposed approach, the NGO’s problem has been effectively
described and an optimization model has been run with real life data for the years 2007-2008. Despite initial
doubts of the NGO management, the outcome can be regarded as a successful fulfillment of the study’s aims.
With the inputs from academics, the effectiveness of the NGO was greatly enhanced, bringing remote districts
within its reach. Findings have already led to a considerable increase in the overall efficiency of the NGO,
especially by the appropriate documentation and reporting mechanisms. Furthermore, the NGO administration
has achieved a much greater degree of centralization and streamlining in its social welfare chain. Thus, the main
challenges of streamlined logistics network, organized data processing, multi-mode transportation possibilities
for optimum efficiency have been overcome by providing a new network configuration, digitizing data and
optimal distribution plan between mines, regional warehouses and city branches. Based on the proposed cost
savings, the management of the NGO was able to make very optimistic forecasts in the volume of goods to be
distributed and the number of households reached. An additional benefit can be considered as reduced
redistribution efforts. However, the most profound change was the inclusion of remote areas previously
considered totally unreachable within the existing cost restrictions of the operations budget.
The contribution of this study to the existing literature lies in several key aspects. First of all, it introduces a new
concept of social welfare chain, which is of significance to researchers involved with social issues. By
emphasizing the importance of logistics and raising awareness about the current lack of collaboration between
academicians and NGOs (Thomas and Kopczak, 2005; Van Wassenhove, 2006), this paper addresses resource
planning, storage and distribution issues that are reported to be neglected (Altay and Green, 2006; Blecken and
Hellingrath, 2008; Whybark, 2007). Although seemingly a typical facility location and distribution problem, this
study differs from the usual disaster framework of the NGOs. In terms of operations research applications,
proposed study also differs from the studies of Yi et al. (2007), Sheu (2007), Tzeng et al. (2007) and Chiu et al.
(2007), which aim either to minimize the response time or maximize the number of rescued people in relief
operations for sudden-onset natural disasters such as earthquakes. In contrast to disaster relief efforts, the social
welfare efforts are regular and more amenable to strategic planning. This study provides a real-time and cost
efficient solution to a social welfare issue by an efficient distribution model.
Further contribution of this study is possible through the extension to multi-product and multi-period case. A
comprehensive sensitivity analysis using the duality concept in linear programming can provide additional

insight on marginal costs and marginal utilities of the aid distribution. The lack of availability of statistically
reliable data in multi-product, multi-period case can be overcome by using fuzzy demand and fuzzy supply
parameters. Thus, a new application area for fuzzy optimization in social welfare chain can be developed.
Finally, design and development of a web-based decision support system with forecasting and optimization
modules are among the possible future work.
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