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ABSTRACT

Purpose: This research examines whether an autopoietic cybernetic model can assist in achieving greater effectiveness and efficiency in the humanitarian supply chain paradigm. It examines the extent to which a holistic view is taken during humanitarian supply operations and whether a new approach could be taken to resolve the issues and challenges arising due to the complexity of humanitarian supply networks. 

Research Approach: This research establishes the complexity of the humanitarian supply chain in terms of ownership, control and information flow, and how several theoretical models from commerce have been used to try to resolve humanitarian supply chain issues. These models have proven largely unsuccessful when applied to a supply network operating in highly volatile, austere situations with often-conflicting agendas. Without adaption, they contribute little to the humanitarian environment. Presently, there is no single framework that encompasses the humanitarian supply chain as a bespoke and separate entity, reflecting its own unique complexity, challenges and issues. And as a result, a theoretical problem exists. 

Findings and Originality: By taking a holistic approach, this research takes a new perspective in the critique of existing frameworks and discuss the relevance and implications of each. By identifying the roles and challenges presented within the horizontal and vertical information flows of humanitarian organisations, and by taking a systems thinking approach to the humanitarian supply chain paradigm, the Viable Systems Model (VSM) is considered as the conceptual basis of a supply network system in steady state, augmented by an adapted Soft Systems Methodology (SSM) concept model to bring it back into alignment when it loses equilibrium as a result of uncoordinated decision-making and unforeseen challenges. COVID restrictions in global travel resulted in an inability to collect ethnographic data; but this issue has been resolved by creating a methodological process whereby ‘abstract’ primary data in the form of ‘most likely case scenario’ is derived from existing secondary sources to produce a theoretical case. It is a form of reverse Grounded Theory which takes its academic rigour from the principles of Grounded Theory.

Research Impact: For the first time, systems thinking has been applied across the whole humanitarian supply chain paradigm. It has uncovered the lack of bespoke supply chain theory and posits that no model exists which gives a holistic understanding of the humanitarian supply chain where vertical and horizontal information flows, stakeholder engagement and business processes are captured together. Furthermore, this process to derive abstract primary data could be further developed as a methodological concept.

Practical Impact: By combining VSM and SSM into a single conceptual framework, not only could humanitarian supply networks function as a single system, but the combination of these two systems concepts allows the system to cybernetically self-regulate: humanitarian supply chain management as an autopoietic social system. 
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Introduction
This research looks at behaviour in a stakeholder environment and how processes within the environment create effectiveness in delivering humanitarian aid to where it is needed and making the stakeholder organisations more efficient in doing so. It examines how individual organisations’ supply chains exist within a complex logistic network and how decision-making in one stakeholder organisation can have major, but often unintended effects on other stakeholders. This arises because stakeholders can demonstrate marked differences in their aims, ethos and attitude towards resources.

Only by taking a holistic view of this network of humanitarian supply chains and encouraging more collaborative working, can stakeholder organisations become more efficient and provide more effective aid to those in need. This paper builds on previous work and contends that by mapping the humanitarian supply network to a systems concept, conflicts that arise in the network can be resolved and normal operations resumed quickly and effectively. However, friction between stakeholders is inevitable in such an unstable, often austere and fast-moving environment, and where this coopetition exists, attempting to position some form of authority over a disaster relief operation would be futile. Therefore, to achieve better cohesion through a cybernetic concept, the system would have to be mutually owned and controlled, mutually beneficial and effectively self-maintaining and self-policing.

This paper forms part of ongoing work which explores whether treating multiple, complex supply chains of a disaster relief operation as a network system would better facilitate stakeholder engagement and the resolution of supply challenges and issues. This has relevance in developing academic understanding of humanitarian supply networks, promoting greater cohesion among practitioner stakeholders and even further developing the mandate of the Logistics Cluster.

Literature Review
The primary focus of this paper is the complexity of humanitarian supply chains, exacerbated by these chains combining, overlapping and diverging to form the supply networks that support disaster relief operations. In terminology, it also takes the Larson and Halldorsson (2004) ‘Re-labelling’ stance that the terms logistics and supply chain management are interchangeable. Much has been discussed in literature as to the relationship between humanitarian logistics and its commercial counterpart, and clearly, over the years, the way humanitarian logistics has evolved has been in no small part down to the mapping of practices and procedures from commercial supply chain management (Howden, 2004; Oloruntoba and Gray, 2006; Kovacs and Spens, 2009; Overstreet, et al, 2011; Christopher and Tatham, 2018). However, Azmat and Kummer (2019) suggest that it is the degree of complexity which defines humanitarian logistics. It is without question that some commercial supply chains can be exceedingly complex, as Sarpong (2014) describes at length in his research into the food supply chain at the heart of the UK horse meat scandal of 2013. He notes that ‘the food industry has become so sophisticated and supply chains so complex and global that it is often much harder to monitor’ (p.272). However, one could argue that even with their level of complexity, commercial supply chains are more controllable because of the business need to be transparent and accountable, where a loss of either can have a detrimental effect on a company’s bottom line and reputation. The complexities both induced and inherent in humanitarian supply chains are more pronounced as well as more nuanced (Eriksson and Karlsson, 2017; Raillini, et al, 2020); meanwhile, Altay and LaBonte (2014) associate complexity with the chaotic nature of the damage caused in disasters. It is usual for each humanitarian organisation to introduce a separate, distinct supply chain tailored to its specific goals and needs. For example, a cold chain is most likely to be operated as part of a WHO supply chain because of the need to store medicines at a cool temperature. A supply chain involving helicopter airlifts is likely to be operated as part of a WFP supply chain because the UN Humanitarian Air Service is part of the logistic component coordinated by the Logistic Cluster centred on WFP.

With multiple supply chains supporting one operation, a supply network arises, and Ergun, et al (2014) make the connection between this additional complexity and the need for robust coordination. Van Wassenhove and Pedraza Martinez (2012) discern that the operating conditions faced by humanitarian logistics are distinctly complex and include supply and demand uncertainty and a high degree of decentralization. Further challenges such as security and political situations in high-risk environments, complex organisational relationships, and supply chain disruption due to the inherent unstable environment are all identified as added complexities in the humanitarian context (Bharosa, et al, 2010; Akhtar, et al, 2012; Goshorn and Usswald, 2014; Jahre, et al, 2016; Olorundoba and Kovacs, 2016; Larson and Foropon, 2018; O’Sullivan, 2019; Besiou and Van Wassenhove, 2020).

In a previous LRN Conference paper, Duddy, et al (2019) discuss academic frameworks and theoretical gaps in knowledge and suggest taking a Systems Thinking approach to provide ‘holistic illumination’ (p.7). According to Dubey, et al (2020), the main contention to be addressed is the coordination of decision-making through the passage of information to ensure optimal functionality because ‘unlike commercial supply chains, disaster relief teams typically do not have all the necessary information to ensure the humanitarian supply chain works effectively and efficiently’. In research conducted by Cherkesly and Maizi (2020), their scenario simulations refer to the humanitarian supply ‘network’ and their scenario models as ‘systems’ (p.1365). The literature shows that only by taking a holistic approach can the humanitarian supply network be fully understood and the justification for taking a system approach to the humanitarian supply network is because, as Jackson (2000) states, ‘all systems approaches are committed to holism’ (p.18). 

The literature reveals that despite Sweeney, et al (2011) suggesting that taking a systems approach should be inherent to SCM, until recently, only Maull, et al (2012) had actually applied systems thinking to a supply chain, albeit in a simple form within a commercial context. Preece, et al (2013) demonstrate how VSM could be applied in humanitarian operations, but only in the context of 999 calls in India. It is yet to be applied to a a whole humanitarian supply network. The benefit of taking a systems approach is gathering momentum (Gralla and Goentzel, 2018; Hanafizadeh and Ghamkhari, 2018; Harping, et al, 2021). Yanez-Sandivari, et al (2021) go as far as to consider the humanitarian paradigm as a ‘socio-technical system’. Although Yuste, et al (2019) use the term ‘humanitarian logistic system’, the term is used to describe the paradigm or conceptual model rather than a cybernetic application. Schiffling, et al (2020b), on the other hand, review the current literature pertaining to systems and complex adaptive systems theory, but this research recognises its own limitations in para 7.3 of the article. Adapted from Checkland (2000), this research seeks to take the next step along the conceptual pathway from what Midgley (2013) describes as ‘distinct complexities’ to a stable and predictable system using VSM supported by SSM. 

As with so many walks of life, the ongoing work behind this paper was significantly affected by the travel constrains imposed by the spread of COVID-19. The ethnographic aspects of data collection could not be conducted and therefore an alternative method of generating academically robust data had to be found. Guided by research methodology contributors such as Beech (2005), Robson and McCartin (2016) and Denzin and Lincoln (2018), it became apparent that the construction of a Theoretical Case could provide a basis.
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Figure 1.		‘Distinct Complexities’ Conceptual Pathway. (Adapted from Checkland, 2000).

Given that Cabrera, et al (2008) iterate that systems thinking is a formal, abstract and structured cognitive endeavour which ‘balances the focus between the whole and its parts and takes multiple perspectives into account’ (p.301), it seemed appropriate to take a systems thinking approach to this real-life challenge by applying an abstract conceptual process to obtain a robust data set. By exposing the theoretical case to the theoretical framework of Grounded Theory (Glaser and Strauss, 1967; Charmaz, 2014; Corbin and Strauss, 2015), a process has been designed to derive ‘abstract’ primary data from existing post-operational reports and other secondary sources: in essence, reverse grounded theory. This paper refers to this process by its working title: Applied Abstract Reasoning.

The Challenge
Hingley, et al (2011) consider how commercial supply chain ownership and the balance of power affects the horizontal flow of information and this is an aspect of interest for Altay and LaBonte (2014) in their list of factors that contribute to humanitarian supply chain complexity. Sarpong (2014) describes the highly complex network of stakeholders that existed in the ‘horse meat’ supply chain, so it would be naïve to suggest that humanitarian supply chains are merely ‘more complex’ that their commercial counterparts, but the degree tends to be greater in humanitarian operations and they tend to be characterised by levels of instability which one would not expect in the commercial world. Besiou and Van Wassenhove (2020) explain that where multiple stakeholders are operating multiple supply chains, the resultant network is inherently complex. Ergun, et al (2014) note how ‘organizations operate according to their own systems and objectives while at the same time working to contribute to the overall humanitarian cause’ (p.1002). This leads to distinct and often disparate supply chains focused on individual organisational needs and aspirations, where the knock-on effects of isolated decision-making can in turn lead to distrust and power struggles. Examples of this include the 2015 Nepal Earthquake and probably more infamously, Haiti 2010 (The Lancet, 2010; Ramsden, 2014) where the degree of stakeholder competition manifested itself in critical hard-standing real estate being denied to emergency aircraft operators by ‘NGOs trying to gain exposure by flying the flag’ in Port-au-Prince. This power struggle between humanitarian actors in conjunction with the hastily formed networks and swift trust created amongst stakeholders has resulted in what Schiffling, et al (2020a) refer to as coopetition.  

Ongoing research behind this paper is uncovering the power dynamics of NGOs, UN agencies, IGOs and the agencies they employ to operate their supply chains. Overarching to this is the WFP-led Logistics Cluster, whose members are drawn from all areas of the disaster relief operation’s supply network. Even within this forum, there are apparent power struggles and traces of dissent. Added to this, the sheer volume of available information from technical management systems, information and communications systems and social media can today be overwhelming; over a decade ago, Bharosa, et al (2010) commented that, contrary to a dearth of available information, ‘such a complex, intense and information-rich environment can easily result in cognitive overload at an individual level’ (p.51). A suggested way of overcoming these stakeholder challenges is through incentivising collaborative working practices by applying a complex adaptive systems (CAS) perspective. CAS has matured significantly since Watts and Strogatz (1998) and its applications are identified by Shan and Yang (2008), including commercial supply networks (Wycisk, et al 2008), healthcare (Jordan, et al, 2010) and sustainable food production (Jagustovic, et al, 2019). Schiffling, et al (2020b) applies it to the humanitarian supply chain, but being theoretically focused, it lacks the empirical data that would map it to a HSCM model. Several humanitarian supply chain models are available (Blecken, 2010; Akhtar, et al, 2012; Van Wassenhove and Pedraza Martinez, 2012) but this research develops the Duddy, et al (2017) model which was presented at LRN 2017. The challenge now is to address is how the issues which arise from power struggles, isolated decision-making and disparate supply chains can be resolved cybernetically through the application of a holistic system which can be mapped to the humanitarian supply network. One that can maintain a level of mutual investment to create a system co-owned and co-controlled by its stakeholders, thereby uniting them in their actions to the same degree they are already united in their goal of delivering aid.

The Research
Arguably, the first steps towards viewing humanitarian logistics through a systems lens was by Besiou, et al (2011): ‘we suggest that SD methodology is aligned with the needs of humanitarian decision makers’ (p.79). That suggestion has been developed by Besiou and Van Wassenhove (2021), who offer a ‘suggested system dynamics methodology’ for the resolution of stakeholder issues and challenges. The methodology relies on resolution from first principles of an issue arising in a humanitarian supply chain, where a bespoke causal-loop conceptual model is built, data collected and analysed and a simulation model build, validated and studied. There is no clear indication of what form the conceptual model, or the simulation model would take, nor how they would be integrated. The Distinct Complexities conceptual pathway in Fig 1 does achieve this integration, but it also follows the general flow of the Besiou and Van Wassenhove (2021) System Dynamics (SD) model in terms of the Soft Systems Methodology (SSM) workings. The difference is in the perception of the initial state of the supply chain (or supply network). Besiou and Van Wassenhove (2021) recognise the many characteristics that are present in a complex humanitarian operation and acknowledge the need for a holistic approach, but their solution appears to take the view that it is applied to a single stakeholder in relative isolation, if and wherever a problem arises. This research takes the view that all stakeholders are already members of a system working to a common goal and when any one organisation experiences a problem, it is a problem not just for that organisation to resolve, but for the system to resolve collectively. Therefore, the start point is the Viable System Model (VSM) where each stakeholder’s supply chain operations are represented as an S1 component. The reaction to a systemic problem comes by the application of SSM in much the same way that is described in the SD model. However, there is no need to build and validate a conceptual or simulation model from first principles: the application of CATWOE and analysis against the root definition would provide the solution to the problem.

The ongoing research behind this paper is producing valuable data in the form of themes and single perspectives through semi-structured interviews. In the absence of ethnographic primary data, but in the presence of empirical secondary data drawn from case studies, independent reports and evaluations of past operations, ‘known-knowns’ and researcher intuition can be used to interpolate the most likely reason for the end state described in the secondary data.  This ‘abstract reasoning’ allows a most likely case scenario to be constructed, thereby creating a set of ‘abstract primary data’: data which underpins the most likely case scenario. This new data is then further critiqued using iterative triangulation. Intuition plays a significant role in abstracting this type of data because many actions or reactions may have occurred to result in an end state, but the most plausible action is traced by logical reasoning: knowing what actually occurs in practice. This logical reasoning is underpinned by the literature review and interview data. Before this data set is accepted for analysis, it must first be applied to the empirical end states to ensure that the logic used in the abstraction process is academically robust: ‘applied abstract primary data’. 

To achieve a holistic foundation to the theoretical case, input data must be sought from the broad spectrum of instances which lead to humanitarian events.
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Figure 2.		Humanitarian Spectrum of Causality.

Analysis
By applying the research interview question set to each of these 8 areas of causality, a rich source of data is created which can be analysed to identify common themes and link common likely causes to known results across the spectrum. 

[image: Graphical user interface

Description automatically generated]
Figure 3.		Applied Abstract Reasoning.

Following on from this abstract primary data analysis process and the coding of the primary data collected from the semi-structured interviews, analysis of the combined primary data can commence. Critical Systems Heuristics (CSH) is used because CSH is capable of considering problem definitions, solution proposals and the evaluation of outcomes as being of particular relevance which, as Ulrich (2005) describes, are ‘dependent upon prior judgements about the relevant “whole system” to be looked at’ (p.1). Ulrich (2005) and Midgley (2013) refer to these judgements as ‘boundary judgements’ because they define the boundaries of the reference system that is constitutive of the meaning of a proposition and for which it is valid. Boundary judgements determine which empirical observations and value considerations from data that count as relevant and how these judgements condition ‘facts’ and ‘values’ as an essential role when assessing the meaning and merits of meaningful assertions and suggestions in the data. 
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Figure 4.		The ‘Eternal Triangle’ of Boundary Judgements, Facts and Values. (Ulrich, 2005).

Discussion
When the various supply chains of humanitarian organisations participating in a disaster relief operation are viewed holistically, a network of stakeholder supply chains becomes evident. In simple terms, a donor will donate to an organisation and that organisation will channel the donation from strategic level programme management to a specific project and then to the in-country supply chain managers, usually in quite a stove piped manner.   
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Figure 5.		Simplified Humanitarian Supply Chain. (Duddy, et al, 2017).

In country, commodities are either received and channelled through the organisation’s in-country supply chain or moved to a central storage facility for onward transportation and final distribution to beneficiaries. Coordination is facilitated by the Logistics Cluster and commodities are often redirected to where they are needed most; and not necessarily to where the donor had initially intended. When the co-existing supply chains operate in harmony, the paradigm can be described as being in ‘steady state’. However, scarce resources, together with organisations’ strategic or regional aims, often result in competition and decision-making which impacts other stakeholders. Such friction resulting from supply network complexities will often knock the paradigm out of steady state; and this is when resolution is required. 

Fig. 1 shows how each of the stakeholder stovepipes can be considered as S1 components in VSM (the central portion of Fig.1), with the Logistics Cluster playing a role not dissimilar to the S2 component. Issues could arise with the VSM model in terms of the authority of the S3 to S5 components. S3 is concerned with the management and control of stakeholder organisations and the implementation of internal policy but this could be conducted by each organisation if they operate to a mutually agreed set of Standing Operating Procedures (SOPs). This already occurs in many organisations because over time, aid agencies have learned from each other and best practice has emerged, particularly among the main players. The S4 component is primarily outward- and future-facing; it provides information about the environment and external stakeholders and supports the system in adapting to external and future pressures. This is a function which could be developed by the Logistics Cluster, not least because its membership, which is drawn from across the stakeholder base, will have access to planning and intelligence from within their own organisations, and through cooperation or collaboration this information could be shared. S5 is responsible for system policy and governance; it defines the system’s mission, objectives, goals, values and culture and it represents the system to the outside world. Largely speaking, whether a Dunantist, Wilsonian or faith-based organisation, humanitarian organisations already share these elements, and if each stakeholder recognises the values and culture of their partner organisation and buys-in to the concept of collaborative working as s system, the benefits of working this way can be realised.  

Operational issues in such a complex environment will be inevitable, and when they occur, SSM can provide a solution through transformation. In SSM, Checkland (1991) defines transformation as ‘the core process of a human activity system which can be expressed as the conversion of some input into some output’ (p.319) and is a tool with which a problem situation occurring in a system can be defined, expressed and resolved through an understanding of the human activity system. He explains that this understanding is achieved by giving the system ‘a concise, tightly constructed description which states what the system is; what it does is then elaborated in a conceptual model which is built on the basis of the definition, where every element in the definition must be reflected in the model derived from it’ (p.317). He states that a well-formulated root definition will comprise six crucial characteristics, captured by the mnemonic CATWOE.
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Table 1.		CATWOE. (Checkland, 1991).

As Weaver, et al (2019) demonstrate, SSM can be used to resolve a conflict within a humanitarian supply network by understanding the crucial characteristics of the system when it has been thrown out of steady state by using a version of CATWOE adapted as appropriate.  

Organisational power struggles in the humanitarian logistic paradigm, where donor retention, reputation, strategic aims and cultural differences are all legitimate obstacles to a single authority being established, therefore the system needs to be autopoietic; founded on basic, accepted principles; transparent and nonbiased; and non-binding. Stakeholders need to perceive a benefit in participating in it. Unlike the SD model, stakeholder buy-in is therefore essential to make this holistic concept work, but research already undertaken indicates that by applying data collected from interviews and data derived from applied abstract reasoning, in principle this cybernetic approach can be validated.

Conclusion
Many supply chains that support disaster relief operations are owned and controlled by individual organisations; even UN agencies operate their own bespoke supply chains, although there is considerable coordination and cooperation between them. As such, the presence of humanitarian supply chains on the ground can be considered as forming a stakeholder logistics network but not one which is fully integrated or effectively controlled. Instead, often the only effective coordination of the network is carried out at the Logistics Cluster, an information brokerage and assistance forum hosted by WFP. As a result, the frictions between organisations that arise as a result of isolated decision-making, power struggles and divergent aims and organisational culture can be difficult to identify, let alone resolve.

By taking a holistic view of the humanitarian supply network, it is possible to identify many of these issues and by promoting collaborative working, the humanitarian logistics paradigm can take on a more cybernetic form: work as a single system rather than disparate operations with little linkage. By understanding and taking on the characteristics of S1 operations in VSM and standardising operating practices and procedures, VSM could act as a framework for operations in the steady state. It could function without installing an overarching authoritative body and therefore would function in an autopoietic manner. Where friction is imminent, the S4 component of the system would act as a mitigation tool for other stakeholders, thereby dealing with risk across the network. Where frictions materialise, issues would be resolved using the Systems Domain of SSM following an appropriately adapted CATWOE concept.

If such a cybernetic concept were to be adopted, risk of network disruption would be greatly reduced, and stakeholders could realise greater efficiencies in their individual operations while achieving greater effectiveness on behalf of those in need. 
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