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Introduction and research questions

One of the particularities of humanitarian logistics is the level of uncertainty they have to cope with. Every day, in many parts of the world, humanitarian workers are confronted with various forms of uncertainty. Given that beneficiaries' needs evolve over time and are really difficult to forecast, demand and supply vary on a daily basis. Also, there are many cause-and-effect interactions that affect operations. For example, an earthquake can provoke a flood if a brimming lake is formed by landslides from the earthquake. Local infrastructure may also be damaged to the extent that the supply chain network has to be continuously rethought, along with the reconstruction of roads, airports and other key elements of the network. Humanitarian logisticians have, therefore developed tools and methods to respond quickly to short-term changes, thereby improving the agility of their supply chain.

This high level of agility is more and more required in the private sector [START_REF] Kleindorfer | Managing risk in the global supply chain[END_REF]. Many examples can be used to illustrate the low responsiveness of most commercial supply chains. After the earthquake in Taiwan in 1999, the prices of global semiconductor were almost doubled, and of the 62 companies based in Asia, only 21 percent had full business contingency plans to protect themselves against business interruption (World Economic Forum, 2008). Demand volatility is also becoming higher in the private sector. Owing to market turbulence, demand in almost every industrial sector seems to be more volatile than it used to be in the past [START_REF] Christopher | Mitigating supply chain risk through improved confidence[END_REF]. Consequently, being able to react quickly to changes is an essential capability for commercial supply chains (Kisperska-Moron and Swierczek, 2009).

Cross-learning opportunities between business and humanitarian sectors have been listed by many authors (Van Wassenhove, 2006; [START_REF] Oloruntoba | Humanitarian aid: an agile supply chain?[END_REF]. Recently, disaster relief is becoming a testing ground for many researchers in logistics. More often, they propose methods for implementing in the humanitarian sector the tools that they initially designed for the business sector. Yet, to date, no work seems to have been done the other way round. In other words, no one has explicitly identified the best practices that the business sector can borrow and adapt from humanitarian experts. This paper aims to fill this gap in line with our belief that the business and humanitarian sectors can both learn from each other.

From an academic point of view, supply chain agility is becoming a major field of research. It is highlighted as one of the fundamental characteristics of the best supply chains [START_REF] Lee | The triple -a supply chain[END_REF]. Given the complexity that is linked to a high level of constraints and uncertainty, the humanitarian sector is an interesting field to study. Moreover, they present a potential added value for both the humanitarian and the private sectors. It is very important for humanitarian organizations to explicitly establish the best practices found in relief chains, and by so doing, they clarify their achievements and facilitate the ramification of these best practices. The business sector could then learn from them in order to improve the agility level of their supply chain. It would enable them to deal with supply, demand and environment uncertainties, and this capability is becoming an order winner for many commercial supply chains.

Many supply chain managers are, therefore in search of methods that would enable them to better assess the level of agility of their supply chain. Unfortunately, in the literature, there is no unanimously accepted framework and consistent system for defining and measuring supply chain agility.

We can therefore formulate two research questions (RQ) as follows:

RQ1. How should supply chain agility be defined?

RQ2. How should supply chain agility be assessed?

Based on the review of literature, we will, in Section 2, address the RQ1 and present our framework in the form of a house that we will refer to as the "house of supply chain agility". The RQ2 will be studied in Section 3. By analyzing the capabilities of the major existing approaches, this study evaluates the different ways of assessing supply chain agility. A comparative analysis of the main features of both the humanitarian and the commercial supply chains is done in order to ensure that our assessment is valid for both sectors. An application of the model in the humanitarian sector is used to illustrate the logic of our approach. Finally, in Section 4, we will present our analysis, conclusions, limitations and perspectives for further research. Figure 1 shows a step by step view of our approach.

2. How should supply chain agility be defined?

In the last decade, agility has been one of the key concepts discussed by many authors.

We have, therefore reviewed the literature in order to gather its various definitions and dimensions as it applies to supply chains. In this paper, we do not intend to provide an exhaustive literature review but simply a quick scan that is elaborate enough to enable clarify the notion of supply chain agility and to build a consistent assessment model. The conclusions of our literature review are presented in the following paragraph. Supply chain agility is usually defined as the ability to respond to unanticipated changes [START_REF] Sheffi | Demand variability and supply chain flexibility[END_REF]. The focus on agility from the supply chain perspective emerged in the year 2001 and was first initiated by [START_REF] Van Hoek | Measuring agile capabilities in the supply chain[END_REF]. According to [START_REF] Lee | The triple -a supply chain[END_REF], the main objectives of an agile supply chain are responding quickly to short-term changes in demand (or supply) and handling external disruptions smoothly. Sometimes agility could be mistaken for other similar but different concepts such as adaptability and resilience. While agility is being able to deal with and take advantage of uncertainty and volatility, adaptability is rather used for more profound medium-term changes. Adaptable supply chains adjust their design to meet structural shifts in markets and, modify and adapt the supply network to strategies, products and technologies [START_REF] Lee | The triple -a supply chain[END_REF]. Figure 2 shows an illustrated difference between agility and adaptability. As for resilience, it aims to mitigate identifiable risks and ensure continuity in the firm's business. [START_REF] Christopher | Building the resilient supply chain[END_REF] defined resilience as the ability of a system to return to its original state or move to a new and more desirable state after being disturbed. Differences between agility and resilience are depicted in Table I. To achieve a high level of agility, a supply chain has to acquire some key capabilities. Many authors have already listed one or more elements associated with agility. Table II shows the definitions and details of these capabilities. The aim of this section is to illustrate all the facets of agility that have to be worked on. The house of supply chain agility (Figure 3) summarizes the main components, which enable the supply chain to be agile. We developed it based on a thorough literature review on agility.

Our approach step by step

According to [START_REF] Christopher | Supply chain migration from lean and functional to agile and customised[END_REF], a key characteristic of an agile organization is flexibility. In other words, supply chain agility is an externally focused capability that is derived from flexibilities in the supply chain processes [START_REF] Swafford | The antecedents of supply chain agility of a firm: scale development and model testing[END_REF]. They thus assert that "procurement/sourcing flexibility", "manufacturing flexibility" and "distribution/logistics flexibility positively impact supply chain agility". Manufacturing flexibility is broken down into four competences (machine, labor, material handling and routing flexibilities) and two capabilities (volume and mix flexibility) [START_REF] Zhang | Manufacturing flexibility: defining and analyzing relationships among competence, capability, and customer satisfaction[END_REF]. Knowing that internal manufacturing flexibility competencies are neither relevant to our focus on supply chains nor appropriate for service providers such as humanitarians, we will restrict our study to capabilities as pertained to flexibility. We will, therefore adopt and study four flexibility capabilities (product, mix, volume and delivery flexibility) as they are defined and classified by [START_REF] Slack | The flexibility of manufacturing systems[END_REF], and summarized in Table II. There is abundant literature on the notion of agile manufacturing [START_REF] Yusuf | Agile manufacturing: the drivers, concepts and attributes[END_REF][START_REF] Sharifi | A methodology for achieving agility in manufacturing organisations: an introduction[END_REF][START_REF] Giachetti | Analysis of the structural measures of flexibility and agility using a measurement theoretical framework[END_REF].

Consequently, flexibility is a requirement that is necessary to achieve supply chain agility. It is, therefore represented as the foundation of the house of agility. Though a key component, it is not the only capability needed to achieve supply chain agility. Enhanced responsiveness is also a major capability of an agile supply chain [START_REF] Stevenson | Flexibility from a supply chain perspective: definition and review[END_REF]. Two other key ingredients of agility are visibility and velocity [START_REF] Christopher | Building the resilient supply chain[END_REF]. A complementary capability is mentioned by [START_REF] Okongwu | Trade-offs in order management: a multi-criteria advanced ATP approach[END_REF], for whom agility in a supply chain is the combination of effectiveness and responsiveness in a flexible environment. As shown in Table II, our framework will be organized in the following order and manner: flexibility is broken down into four capabilities II. Supply chain agility capabilities: definitions and assessments (volume, delivery, mix and product flexibilities), responsiveness into three capabilities (reactivity, velocity and visibility) and effectiveness is composed of completeness and reliability. All these enable to provide a quick and adequate response to short-term changes. The definitions of these capabilities are given in Table II.

Based on this discussion, we can define supply chain agility as the ability to respond quickly and adequately to short-term changes in demand, supply or the environment. It is derived from the flexibility, responsiveness and effectiveness of the supply chain.

How should supply chain agility be assessed?

If we presume that agility is the future business system that will replace the mass production businesses of today [START_REF] Kidd | Agile manufacturing: a strategy for the 21st century[END_REF], then it will be of prime importance to have a logical, consistent, robust and reproducible model that will be used to assess supply chain agility. This is true for the business, as well as for the humanitarian sector where a high level of agility is needed. The use of a model to assess supply chain agility should:

. emphasize the vital need of humanitarians for preparedness, and this would constitute an additional argument to motivate their donors to increase funds for disaster preparedness actions;

. provide supply chain managers with effective ways of collaborating with other stakeholders in order not only to enhance benchmarking and cross-organizational learning, but also to mutually improve the agility capabilities of their supply chains; and enable to measure performance, better manage skills and abilities and facilitate knowledge management, which constitutes a path toward self-improvement.

In this section, we will start by studying existing methods of assessing agility capabilities. Then, we will explain the reasons why we propose a benchmark for humanitarian supply chains and also discuss the consequences of this study of cross-organizational learning on the scope of our work. To carry out this benchmark, we have designed a case study. Indeed:

[. . .] the case study method allows investigators to retain the holistic and meaningful characteristics of real life events such as individual life cycles, organizational and managerial processes, changes in the neighborhood, international relations and the maturation of industries [START_REF] Yin | Case Study Research: Design and Methods[END_REF]. This fits our purpose to assess the agility of supply chains. For this study, we gathered documents, archival records and 12 semi-directive interviews of practitioners working in various regions (Europe, Middle-East or Africa) and at different organizational levels (headquarters, regional logistics centers or field workers). This paper summarizes the evidence collected from the International Federation of the Red Cross (IFRC) and Red Crescent Societies, "Medecins Sans Frontie `res" (MSF) and the French Red Cross. Other organizations such as Oxfam and the World Food Program (WFP) were also approached but with more informal interviews.

Finally, we will present our model for assessing supply chain agility, its construction and its implementation using a real-life case study. To build the assessment model, we used a symbolic modeling approach. A symbolic model is a representation of the performance measure of a system in terms of its variables. This means that the attributes of the system are linked by an equation [START_REF] Panneerselvam | Research Methodology, PHI Learning[END_REF]. In Section 2, we presented a list of attributes of supply chain agility and in Sections 3.3 we will present a list of metrics associated to these capabilities, as well as a consistent method to evaluate and aggregate them.

Existing approaches for assessing the capability level of a system

There are two main approaches for assessing the capability level of a system: maturity assessment and performance evaluation. We have looked at the capability maturity model (CMMI w ) used for assessing the maturity level of organizations, the European Quality Award of the European Foundation for Quality Management (EFQM) used for auditing the quality competencies of companies and the supply chain operations reference (SCOR) model used for measuring the performance of supply chains. The EFQM model is not suitable for humanitarian organizations or for industrial sectors that are faced with frequent short-term changes. In both cases, the emphasis on strict procedures and their documentation may particularly go against agility. For these reasons, EFQM cannot be used in our specific case.

CMMI w cannot readily be used either. The design of a specific model for agility capabilities is necessary as CMMI w has more than 500 pages. This leaves little room for interpretation and makes it a time-consuming process, and therefore not usable in humanitarian organizations. Moreover, the emphasis on strict procedures and their documentation could lead to a bureaucratic behaviour. It also aims to have stabilized processes, which is not a fundamental characteristic of agile processes. Supply chain performance measurement systems, such as the SCOR model, use a language of common metrics with associated benchmarks and provide a platform for best-in-class comparison and inspiration [START_REF] Huan | A review and analysis of supply chain operations reference (SCOR) model[END_REF]. Some of the performance dimensions in the SCOR model are required to achieve supply chain agility but the model cannot be used to assess agility either, for it focuses on transactional efficiency rather than on the relationship with customers and suppliers [START_REF] Lambert | An evaluation of process-oriented supply chain management frameworks[END_REF].

Finally, we believe that our quest to define a specific model for assessing agility represents a real need that neither quality awards nor actual maturity models (or performance measurement systems) can satisfy. Our proposition follows a similar approach as maturity models but the assessment is done on performance dimensions rather than on the completeness of the process implementation. This is because first, stabilized processes are not a fundamental characteristic of agile processes and second, processes are only one of the various areas to work on. People, products and partners are also elements that impact the capability levels (Figure 4). Actually, to be able to react quickly and adequately to short-term changes, specific processes are needed, but these processes should be able to move quickly from one stabilized state to another. Having them stabilized may help, for example, in terms of visibility, but it is not enough to achieve agility.

Humanitarian supply chains: the experience of uncertainties

The notions of change and uncertainty that we have previously discussed are closely connected to that of agility. There are four sources of uncertainty: foreseeable uncertainties, residual risks ("what is left over after planning for foreseeable uncertainty"), complexities and unknown unknowns: [. . .] those that do not have a definite formulation, have no stopping rule that allows one to determine when the problem is solved, where solutions cannot be fully tested and the problem cannot be generalized, and where there is ambiguity on the causes of the problem [START_REF] Loch | Managing the Unknown: A New Approach to Managing High Uncertainty and Risk in Projects[END_REF].

Agility would then mean to be able to respond quickly when confronted with any of these uncertainties. All these sources exist in the humanitarian world. There are many occasions where humanitarian supply chains have to develop their agility capabilities and they often do that successfully. One has to pay close attention to the elements that distinguish humanitarian supply chains from commercial supply chains in order to transfer the best practices of the former to the latter. Because of the differences, studies of the agility capabilities of humanitarian supply chains need to be filtered and adapted before they can be used in the business sector (Table III). First, our study will focus on the whole supply chain, except the manufacturing part, since it is irrelevant both from a humanitarian point of view and from an academic perspective (see Section 2).

The choice of adequate semantics also needs to be considered. Within humanitarian organizations, there is actually no consensus on the acceptance and the definition of the notion of customer. In a commercial supply chain, a customer pays for the product or service he uses. In the humanitarian world, the end-user (or beneficiary) is an entity different from the buyer or donor. Similar comments can be made upstream of the supply chain, where there are two kinds of suppliers: those who give products or money (donors), and those who are paid by the organization for the supply of the necessary items. Given these elements, we can, therefore say that the notion of supply chain (and hence the notion of supply chain agility) varies slightly from one sector to another. As a result, a clear statement on the scope of the study is required in order to clarify the other areas. In this paper, we focused on suppliers and end-users, but not on donors. We also did not consider the manufacturing part, thereby focusing on the elements that are common to most supply chains.

Another major difference lies in the lifecycle of each supply chain. Relief chains are project oriented. They have a short lifecycle and are set up in specific conditions, thus facing more uncertainties. They, therefore require a high level of agility. Not all commercial supply chains require such agility capabilities. Consequently, a preliminary assessment of the most appropriate level of agility for a given commercial supply chain is needed prior to any cross-learning implementation. Such a study may be inspired from Weber, who proposes a tool for measuring an organization's need for agility [START_REF] Weber | Measuring supply chain agility in the virtual organization[END_REF].

A last comparative element is the nature and size of flows in each supply chain. Regarding information flows, the role played by the media is incredibly high in humanitarian supply chains. It directly impacts the size and the complexity of the relief operations. With no media coverage, the number and commitment of donors, and, therefore the number of items transiting the supply chain, tends to diminish. On the contrary, over exposition leads to over reaction of donors and this creates some imbalance between the amount of items received and the amount of resources available to manage them. Also, it often leads to a higher number of unsolicited items that get in the way of relief operations and hinder the actual delivery of aid. Moreover, local means of communication are often reduced at the end of a disaster; scarce internet access is an example. Visibility is, therefore much more difficult to achieve for humanitarian supply chains. The next step in the development of our assessment model entails creating explicit humanitarian methods that enable to achieve supply chain agility. David Kaatrud, former Chief of Logistics for the United Nations WFP, explains that in comparison to the business sector, their: [. . .] operational settings are typically very different and difficult, and to get supplies to the most remote areas, we may have to resort to a range of imaginative and unconventional delivery systems, from air-dropping to using elephants for transport [START_REF] Tomasini | Humanitarian Logistics[END_REF].

They also developed specific tools to better monitor their supply chains and enable a quicker response to changes. The humanitarian logistics software (HLS), for example, enables the IFRC to increase its supply chain visibility. Similar logistics software, such as HELIOS, the second generation of HLS or SUpply MAnagement (SUMA) is in use or under deployment in other agencies, namely Oxfam and World Vision International for HELIOS and the World Health Organization for SUMA. Specific platforms for sharing information have also been developed. ReliefWeb, the web site of United Nations Joint Logistics Center or Humanitarian Information Centers allow various stakeholders to use the information given to build their knowledge of the situation and, with it, take effective action in the field [START_REF] Tomasini | Managing Information in Humanitarian Crises: the UNJLC Website[END_REF].

Short-term changes are thus humanitarians' daily routine. To cope with uncertainties, they have developed quite a good number of methods. Whereas most of them are widespread in many organizations, others are not so commonly used. To help humanitarians formalize those practices and enable the business sector to draw from them, we have designed and conducted a case study research as earlier explained. The methods used by the IFRC to quickly respond to changes are shown in the Appendix. A reference to the corresponding methods that are listed in the literature is added. It is inspired from [START_REF] Lee | The triple -a supply chain[END_REF] Surprisingly (or perhaps not), majority of the methods found in the literature are applied in the humanitarian sector. Those that cannot be found have no application for humanitarian supply chains since they concern agile manufacturing.

Supply chain agility assessment model

As we mentioned earlier, humanitarian and commercial supply chains differ on many points. Therefore, for the transfer of best practices to be relevant, we need to focus on the agility metrics that are relevant for both supply chains. This leads to a fundamental question: how can agility capabilities be assessed in a consistent manner?

With reference to Section 2, the agility capability of a supply chain is measured by its reactivity to changes. Some agility metrics can be found in the literature ( [START_REF] Sethi | Flexibility in manufacturing: a survey[END_REF]; Kisperska-Moron and Swierczek, 2009). Unfortunately, most of the metrics listed are not relevant for humanitarians since they usually deal with the production of goods. We have thus refined the tables such as to list only agility indicators that are relevant for both sectors, hence dropping the metrics that are used to assess manufacturing agility (Figure 4).

From these metrics, an assessment of the agility capabilities of the supply chain has to be deduced. For this specific purpose, we used a symbolic modeling approach. The idea is to use the above metrics to measure each capability. They will enable to qualify the supply chain to a given level for each capability, using evaluation grids such as the one shown in Figure 5. As we can see in figure, supply chain agility metrics are linked by equations in order to enable a consistent assessment of each capability. Supply chain agility can then be deduced from the previous scores on the basis of the model shown in Figure 6. The method used to build these equations is similar to the one used to build the CMMI w maturity model: brainstorming and validation by practitioners. To conduct an overall assessment of supply chain agility, each capability (flexibility, responsiveness and effectiveness) has to be evaluated through its evaluation grid. Special care has been taken to keep it as robust and reproducible as possible.

To illustrate how to use the model, we conducted an assessment of the agility of IFRC's relief chain during its response to the 2006 Yogyakarta earthquake. The detailed scores of the responsiveness of IFRC's supply chain correspond to the darker cells in Figure 5. The overall assessment is summarized in the radar graph, as shown in Figure 7. On the 0-3 scale for the capability levels, we can see that IFRC scored 3 on velocity, 2 on reactivity and 1 on visibility. Indonesia being used to natural disasters, its National Society has developed contingency plans and the local delegation fosters a Regional Disaster Response Team, a trained team of experts with pre-prepared field equipment, including computers and telecommunications. These teams are deployed from the region and are, therefore more likely to point out local specificities and adequately evaluate the needs of beneficiaries. They helped increase reactivity. IFRC has also developed units to respond to specific needs, for example, IT and telecommunications, and referral hospital or logistics. Dispatching these units definitively contributed to increasing velocity and reactivity levels. Consequently, IFRC's velocity and reactivity levels are quite high. Regarding visibility, IFRC scored only 1 for this specific operation. Actually, following their decentralization process, they had a system in place to track the location and status of goods at the regional level. Since it was their first operation with such an organization, the information flow was not optimal. During the first days of the operation, there was no tracking system in place. They had parallel pipelines, which hindered visibility and reporting lines were not clearly defined.

Proceeding method of our model for assessing supply chain agility

The aim of the evaluation grid shown in Figure 5 is to assess the responsiveness of supply chains. Other similar tables have been built to assess the overall agility level. To make the best out of it, it should not be used without a method that should provide organizations with instructions on how to use it, as well as improvement paths that would enable to achieve higher levels in the grid. The assessment of supply chain agility starts with the preparation phase, where the person in charge of the audit selects the participants to be interviewed, selects and prepares the assessment team and develops the assessment plan. The second phase consists in conducting the assessment. To do this, interviews, records and documentation are used to gather relevant information and generate results. Once the results are validated, the final report can be delivered and documented. The final step consists then in developing the improvement plan, with the aim of achieving the desired levels for all capabilities.

To design the improvement plan, two options are open to the organization. Either it focuses on the capabilities with the lowest score or it focuses on sets of pre-defined capabilities depending on its current and desired agility level. The first option enables an organization to implement process improvement in different process areas at different rates. The capabilities that the organization want to focus on are evaluated independently using their specific evaluation grid, for example, Figure 5 for the assessment of responsiveness. The second option is shown in Figure 6. To use it, each capability has to be assessed with its evaluation grid. The results are then aggregated to qualify the supply chain to a given level of agility. There are five levels of overall agility (ad hoc, repeatable, defined, managed and optimized) and four levels for each capability that can be assessed thanks to the metrics defined in the previous section. A rough correspondence between agility maturity and capability levels is shown in Figure 6. The improvement path may be either increasing a given capability (depending on the organization's strategy) or increasing the overall agility level by targeting a given profile. For example, an organization that has achieved a capability level of 2 on all dimensions (flexibility, reactivity and velocity) may want to increase its agility level by working on its reliability and completeness.

Let us now go back to our previous application -the IFRC solution to the 2006 Yogyakarta earthquake. Figure 7 shows the summarized results of this example.

As we can see in the figure, IFRC achieved capability levels of 2 for flexibility, reactivity and reliability, 3 for velocity and completeness and 1 for visibility. Consequently, its agility level is ranked 4 (managed) for this relief operation. A realistic improvement plan should first be discussed with the IFRC management team in order to validate the desired level. One recommendation that ensues from these results could be to start by improving the flexibility of the supply chain before improving reliability and finally visibility. This is the first application of our model. Further research is underway to use this tool in other situations. In the case of project-oriented supply chains, as is the case for the humanitarian and some industrial sectors, the study can be carried out in two ways:

(1) For a single organization, assess the agility of the supply chain in multiple projects in order to evaluate the consistency, evolution, min, max and average level of their supply chain agility. (2) For a given type of project, assess the agility of the supply chain of various organizations. For example, how well did various organizations perform during the 2009 hurricane season in the Caribbean?

Such a study will enable to identify best practices and gaps, first steps toward self-improvement and opportunities for the transfer of best practices.

Conclusion and perspectives

As we have shown is this paper, humanitarians have developed tools and methods to quickly respond to changes. Yet, especially in the humanitarian context, it is hard, if not impossible, to extensively develop some of the agility capabilities enumerated in Section 2. Total visibility, for example, is not easily achievable by humanitarians, for not only there is usually no single entity responsible for the whole supply chain, but also there are few systems in place to share information between all the actors of the end-to-end supply chain. On the other side, given the highly competitive and uncertain business environments in which they operate, commercial supply chains constantly search for new ways of developing their agility capabilities in order to improve their competitiveness and profitability. Thus, supply chain agility is a strategically important capability in many sectors, including the humanitarian. The contributions of this paper are twofold. First, it provides a framework (represented in the form of a house of supply chain agility) that enables to understand the notion of supply chain agility. Second, it develops a model for assessing the agility of a supply chain. The expertise of humanitarians in the field of supply chain agility is used to suggest some systematic methods used to achieve a high level of agility. We also propose some metrics and a proceeding method that can be used to evaluate supply chain agility. All this will constitute a basis for future field research, with the aim of identifying and transferring best practices in supply chain agility. Further work to finalize the maturity model is in progress. This will be followed by field applications for various humanitarian relief operations as well as for some commercial supply chains.
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