Principles of Supply Chain Management for Disaster Relief Operations
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Abstract

Supply chain management has been widely researched and applied in business context. Recently, there is an increasing concern toward the management of logistics/supply chain for disaster relief operations (DRO). While some aspects of commercial logistics/supply chain, such as coordination, collaboration, and information visibility are applicable for disaster relief operations, many are not directly transferable. Based on review of current relevant literature, we propose a number of underlying principles of supply chain management for disaster relief operations. The principles will then be applied as a benchmark to evaluate the logistics/supply chain management of a disaster relief operations recently happening in one area of East Java, Indonesia. The results suggest that most of those principles are far from being well applied.
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Introduction

There has been an increasing demand for humanitarian relief operations in line with more and more disaster happening around us. The International Federation of Red Cross and Red Crescent Societies (2005) suggested that the number of disaster in the period of 1999 – 2003 has increased to about 707 and affected about 213 millions people annually. In 2004, we all witnessed the Tsunami, one of the most tragic natural disasters in the history of human life, which killed about 165,708 people, affected more than 530,000 people, and resulted in economic losses of about US$4,451,600,000. Unfortunately, due to environmental degradation, the spread of HIV/AIDS in the developing countries, and rapid urbanization, the number of disaster, both natural and man made, is expected to increase by five-fold in the next fifty years (Thomas, 2005). 
One of the most important issues in disaster relief operations has been the logistics / supply chain activities. In a DRO, supply chain / logistics activities are aimed at responsively and cost-effectively matching demand and supply of goods such as foods, shelter, tents, and medicine. Logistics in DRO context include such activities as assessing demand, procuring goods, receiving, sorting, storing, tracing and tracking deliveries, and determining priorities. In every relief operations, supplies came from everywhere, domestically and/or internationally. Generally, the main problem has not been in the amount of supplies available, but in the distribution of food, shelter, tents, and other goods quickly and in sufficient quantity to the people in need. After the Tsunami attacked several Asian regions in December 2004, the overwhelmed of goods arrived at the airports exceeded the capacity of the aid agencies in the field to sort, store, and deliver goods effectively (Thomas, 2005). 
In spite of the importance of its role in ensuring the smooth flow of goods from the origin to the destination, logistics / supply chain has always received insufficient attention during the disaster relief operations. The recognition of logistics profession among the aid agencies seems to be relatively low. On the academic side, the development of supply chain / logistics management concepts, theories, tools, and principles is still in the infancy stage, by far lagging behind those for commercial / business sectors. In this paper, we propose a number of principles for logistics / supply chain management of the disaster relief operations. Such principles are important as general guidelines for those handling logistic / supply chain operations for DRO. A case study will be presented and evaluated based on the proposed principles.  
Logistics / Supply Chain Management: Moving from Business to DRO
There is no doubt that Supply Chain Management has been the key for creating competitiveness in most commercial organizations. The roles of supply chain management in making companies like Wal-Mart, Dell, and P & G so competitive in the market is well acknowledged. With excellent supply chain management, commercial organizations are able to produce and deliver materials / products from the point of origin to the point of consumption in a cost effective way. The underlying principles behind supply chain management have been the integration among functions within each organization as well as collaboration and information sharing among organizations within the supply chain. Wal-Mart and P & G, for example, have long enjoyed the power of collaboration and information sharing between them. The relationship which was initially characterized by adversarial, fragmented processes, and obsessed by day-to-day transactions, has been transformed into more collaborative relationship which includes the use of joint scorecards and measurements, driving out costs through automation, and sharing data to better understand the consumers (Grean and Shaw, 2000). 
Both commercial and DRO supply chains are similar in a number of ways so that some of the underlying principles, approaches, and techniques developed for commercial / business supply chain management can be applied for disaster relief operations. In general, both DRO and commercial supply chain share the following common characteristics:

1. Both aims at effective delivery of goods from the source to the point of demand

2. In both cases, supply network could be very complex, involving multiple parties of both domestic as well as international organizations, structured in a multi-echelon or multi-tiered system. 

3. In both cases, demand is normally uncertain and effort is needed to predict the level of demand.

4. Visibility and coordination is required in both cases to improve the responsiveness and cost-effectiveness of the supply chain operations.

On the other hand, there exist many differences between the two. Such differences suggest that many of the concepts and techniques in commercial logistics / supply chain are not directly transferable to disaster relief operations. Adjustments of the existing concepts and techniques as well as developments of the new ones are necessary, hence challenges and opportunities for academic community. The differences span from the number of parties involved, the configuration of the supply network, the pattern and uncertainty of demand, and the pattern and uncertainty of supply, each of them is detailed below: 
1. Parties involved. In a commercial supply chain, those parties are relatively well linked each other. Many of the relationships are long-term, developed based on partnerships principles. In DRO, most of the relationships are developed instantaneously during the relief operations. The way parties involved are totally different. In a commercial supply chain, parties are engaged in supply chain activities following a proper assessment of each other’s values and formalized into contracts. For example, a vendor will be able to supply parts or materials after it is evaluated and approved by a manufacturer. In a DRO supply chain, many parties are unknown and voluntary, no evaluation is needed to enable them participating in a relief operations. Individuals, social, business, and government organizations could easily be engaged in the relief operations as a volunteer or a donor (supplier) of foods, shelters, tents, medicines, and other supplies.
2. Network configuration. In a commercial supply chain, a network is normally composed of multiple supply sources to cover demand in many different locations. The total demand is the aggregation of demands from regional markets. Configuration is relatively stable, although changes could happen through switching of suppliers, consolidation of manufacturing facilities, and changes in distribution networks. A DRO supply chain, in contrast, has only one demand point and fulfilled from multiple sources of supply. Configuration is unstable and many suppliers only supply once during the relief operations. Figure 1 illustrates the difference between network configuration of a commercial and a DRO supply chain.

3. Demand. A commercial supply chain exists because there is a sufficient demand to economically justify the supply chain existence. Although the demand for a particular product could be quite small and quickly disappear due to rapid development of new products, the whole demand is normally quite stable, large and sustainable for a relatively long time. In most situations, past data can be used to forecast the level of demand, although causal relationships are often needed on top of the sales history. Standard techniques to forecast demand are available. In DRO, demand is short-term in nature, very unstable with time, and no past data can be used to assess the level of demand. Knowledge from other disasters could be useful, but quick assessment at the field is more important to predict demand. No standard technique is available to forecast demand. 
4. Supply. Supply of materials, components, or products in a commercial supply chain comes from predetermined suppliers. The level of supply activity reflects the level of demand, although some discrepancies exist due to forecast errors. Suppliers normally react in response to customer orders. The performance of suppliers is maintained through proper selection and performance monitoring (vendor rating). On the other hand, there is no certified supplier in the DRO supply chain. Supplies come as a result of appeal from news media or aid agencies involved in relief operations. In most cases, the suppliers / donors perception and ability determines the types and quantity of items supplied by donors or aid agencies. 












Figure 1 Illustration of the difference in the supply – demand area for commercial and DRO supply chain
Principles of SCM for DRO
Differences in the characteristics of commercial and DRO supply chain require different ways and different focus of managing them. While logistics activities for commercial and business organizations are aimed at achieving competitive advantage in the market through one or a combination of advantages in cost, quality, speed, or responsiveness, the DRO supply chain is aimed at reducing fatality (loss of life) and alleviate suffering (Thomas, 2003; Beamon, 2004). Obviously, similarity exists between the two, and thus there are common principles that apply to both commercial and DRO supply chains, but the specificity of each general principle could be quite different for the two areas. In this section, the following principles for managing DRO supply chain are proposed. How they are adapted to DRO supply chain is discussed:

1. Information visibility

2. Coordination

3. Accountability

4. Professionalism

Visibility

Visibility has been one of the most important words in the field of supply chain management. Supply chain visibility is associated with an ability to see what is happening beyond the four walls of the organization. With greater visibility within the supply chain, a manufacturing company would be able to: trace the status of an order placed to its supplier, obtain real demand from the end customers through POS data, and monitor stock level of its products in the retailers and distributors. Such a visibility is attainable if partners within the supply chain are willing to share information and there are infrastructures or technology in place to quickly and accurately do so. Visibility has helped commercial supply chain to improve efficiency and service level as well as to speed up responses to customers. Likewise, in the defense sector, visibility is also a critical issue. In the Department of Defense (DOD) of the USA, visibility is achieved through automatic identification for each item in inventory (Engels, et al, 2004) so that it is possible to track the quantity available and the stock position for each item. For military purposes, it is extremely important to use such technology as automatic identification so that accurate movements of items from suppliers to the front line can be traced. With high visibility, a logistic officer, for instance, will be able to obtain detailed information about what is inside a container and when the container is expected to arrive in a port so that appropriate anticipation can be made related to unloading of the container.
Similar to commercial and military logistics / supply chain, visibility is vital to the effective operations of a disaster relief supply chain. Visibility in DRO means that critical information is accessible by interested parties. More specifically, logistics operators in the field know what items are available, the quantity on hand, the expected days of supply, and the location (where they are stored). Such information should be easily updated and accessible not only to logistics people in the field, but also to other interested parties, including aid agencies, major donors, and news media. Visibility also means that major supplies in transit from donors / aid agencies are known. With high visibility, logistics people in the field as well as prospective donors would be able to determine which types of items have sufficient supplies and which items are in shortage. In making procurement plans and appeals, high visibility enables logistics people to account for goods in transit from major donors / aid organizations.
Coordination 
In commercial context, a supply chain consists of a number of independent organizations whose primary objectives are often in conflict. Yet, those organizations should work together to achieve chain-wide competitiveness and thus, coordination among them is necessary. According to Xu and Beamon (2006), coordination exists as a strategic response to interdependencies between organizations within the chain. Coordination in a supply chain could be in terms of incentive alignment between conflicting parties (Cachon, 2003), synchronization between production and transportation or delivery schedules (Chandra & Fisher, 1994; Goyal & Nebebe, 2000; Pujawan & Kingsman, 2002), centralization of control such as inventory pooling into a central warehouse (Abdul-Jalbar, 2003); and coordination of production planning for multi-site plants (Bhatnagar and Chandra, 1993; Nigro et al, 2005).
Due to multiple parties involved in DRO supply chains, conflicting objectives are unavoidable. Although ideally all parties involved are directed toward single point of control, such a situation is often disturbed by the lack of trust among participating organizations. Quite often, international aid agencies are unwilling to let local authorities take control of the logistics supply chain activities due to lack of perceived transparency and accountability. Moreover, when competing organizations – such as national or local political parties - involve in the relief process, coordination between them could be very difficult. 
The costs of lack of coordination in DRO supply chain could be enormous. Excess of supply for some types of goods, shortages on other types, duplication of efforts, are examples of the outcomes from lack of coordination. Many people working for humanitarian logistics do not know what their counterparts are doing and hence, there was little collaboration and resource sharing. Duplication and low resource utilization could happen in many supply chain decisions, including warehousing, transportation, procurement decisions, etc. As summarized by Thomas and Kopczak (2005), “….. we found that several of them were thinking of deploying a regional warehouse structure for faster response. Coincidently, three were actually talking with warehouse providers in the same city. Similarly, two others had commissioned expensive analyses to select a fleet management system and three were wrestling with the idea of a training program for field logisticians. …….”. 
 Coordination in a DRO supply chain requires even stronger leadership than that for the commercial sector to bring participating organizations to move toward the same direction. In addition, visibility of information would be of much help in creating a better supply chain coordination. Misunderstanding and debates could be minimized if each of them looks at the same data / information.
Professionalism
Professionalism is related to availability of well trained people to perform the tasks and standard operating procedure to follow. In commercial supply chain, most people working in the logistics / supply chain field are equipped with appropriate trainings. Supply chain body of knowledge and operating procedures for commercial organizations has been developed for decades. In contrast, development of supply chain management for DRO is still in its infancy stage and as a result, very few people involve in the relief operations have appropriate logistics / supply chain management trainings. As Thomas and Kopczak (2005) suggest, people working in humanitarian relief operations came from various backgrounds and they improve their qualifications by experience. 
Lack of professionalism leads to lack of recognition and vice versa. To many aid organizations, logistics / supply chain management is just a support function. The difficulty in promoting professionalism in logistics / supply chain of DRO is also attributable to fact that the turnover rate of people working in relief projects is high. High turnover rate, coupled with lack of institutional learning, makes it difficult for aid organizations to deploy well-trained and experienced logisticians to the field. 

Professionalism also means that sufficient standard operating procedures are available and they were complied during the relief operations. Fairness principle is also an important element of professionalism. Aid agencies and government authorities must maintain the principles of equality and impartiality in delivering aides to people in need. Such a principle is less important for commercial supply chains.
Accountability
The number of parties directly involved in a DRO process could be very large, ranging from well established international aid agencies to local authority to individuals acting as volunteers. In addition, there are so many other organizations and individuals who indirectly involve as donors, contributing goods, money, facilities, etc. Obviously, those donors are in great interest to know that their contributions reach those in need appropriately and none is misused. Accountability is very important and significant effort is needed to ensure that every contribution is distributed properly and reported transparently. In a major DRO where hundreds of organizations involve in the field and ten of thousands of organizations and individuals contribute as donors, it is very difficult to trace how each of those contribution is used to alleviate sufferings. In commercial supply chains, accountability can be maintained more easily. In addition to annual financial audit, accountability is maintained through standard and controlled business processes. The use of ERP and web-based supply chain in commercial sectors make it easier to record and trace any transaction.  
Case Study
On the 31 December 2005, the happy mood of New Year celebration was disturbed by sad news from Jember, a district in East Java, Indonesia. A heavy landslide and flooding were causing massive destruction to local residential and agricultural area in the slope of Mount Argopuro. The deforestation and illegal lodging were blamed to be the major cause of the disaster. The disaster caused about 90 deaths and ruined thousands of homes, destroyed roads, schools, and other public facilities. Thousands of people were homeless and temporarily housed by the Government as refugees. Local authority, who was responsible for the relief operations, said that there were over 7600 refugees at the beginning. 
Soon after the disaster, news media, government agencies, political parties, NGOs, and other organizations were quickly involved in collecting foods, shelters, tents, and money to be delivered to people in need. In the first few days, we often heard from the news media about various logistical problems in field. The problem was not in the availability of foods and shelters, but in the way those goods were distributed. In Indonesia, there is a government authority that is responsible for the relief operations. Such an authority is tiered according to the hierarchy of the government organizations; called Bakornas at the national level, Satkorlak at the province level, and Satlak for each district. 

On the 2nd and 3rd February of 2006, we visited the suffered area and interviewed five of the organizations involved in the relief area. The five organizations were Satlak of the District of Jember, local military officers assigned to help with the relief operations, and three political parties. Our aim was to focus on how logistics operations were handled. Our findings are summarized in Table 1, following the four general principles proposed above. 
Table 1 Summary of results from the case study

	Aspect
	Our Observation

	Information visibility
	Very low information visibility. Most of the organizations involved in the relief operations were struggling to handle the logistics operations manually or at most using a simple spreadsheet application. Information on inventory level is not shared among organizations in the relief operations. Such information is also virtually inaccessible by the public / potential donors. As a consequence, donors deliver goods arbitrarily and this leads to imbalanced availability of goods in the field. For example, during our visit we found that there were a large excess of noodles and used clothes, while shortages on other types of goods. The relief organizations did not have any systematical way to make the inventory level more balanced, but they were passively recording inventory transactions.

	Coordination
	Coordination was very limited. The local authority responsible for the relief operations (Satlak), was unable to effectively act as a coordinator. We found over 20 posts for relief centers operated by political parties or independent organizations that did their own operations without proper coordination from Satlak. There was no coordination meeting involving all organizations in the field. As a consequence, there was much duplication of efforts. The interviewee suggested that it was very likely that some people received multiple aides, while others did not receive sufficient amount.

	Professionalism
	None of the organizations interviewed in the field had a logistician in their team. Logistics activities were managed by a team member with no prior training or experience on logistics management. There was virtually no procedure or rule applied to receiving, storing, and distributing goods. We also learned from the interview that there was no mechanism or standard operating procedure in place to identify who really were entitled to receive foods, shelter, etc and who were not. A number of organizations explained that it was difficult to distinguish between who really entitled to receive aides and who did not.  In some cases, ordinary residents, not affected by the disaster, falsely reported themselves being victims of the disaster and asked for food, shelter, etc.

	Accountability
	Transparency in the allocation of goods and money varies, depending on the organizations managed those processes. The Satlak provided us with the summary of goods received and distributed to the refugees as well as the general summary of the cash flow. They also have a web site where we can see the cash flow from January to Mid of March 2006. We did not have any of such figures from other organizations involved in the relief operations. 


Concluding Remarks
Unlike commercial supply chains, the body of knowledge for the disaster relief supply chains is still in the infancy stage. Much needs to be done to advance knowledge and practice of supply chain management for DRO. This paper contributes to the field DRO supply chain by presenting four necessary principles which include information visibility, coordination, professionalism, and accountability. A case study was also presented and discussed based on the above principles. We learned from the case study that much needs to be improved in the logistics aspect of the disaster relief operations. All of the principles did not seem to be well implemented by those involved in the relief operations.

There are a number of possible extensions to this study. First is the development of more detailed process audit, based on the principles proposed in this study, to evaluate logistics management of a DRO. Second, information visibility can be improved if appropriate logistics application for DRO is available and hence development of appropriate applications is necessary. Finally, these principles maybe extended to formulate best practices in supply chain management of disaster relief operations. Finally, we believe that comparison of this case with other cases would improve our understanding on the logistical / supply chain aspects of disaster relief operations. 
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