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ABSTRACT

Global supply chains are becoming increasingly 
complex with many players involved, reducing 
visibility and control of commodity flows. The 
majority of worldwide goods flows are distributed 
by sea, which means that ever greater vessels and 
ever greater ports play a central role in Supply Chain 
Management. Hence, increasingly large quantities of 
goods and hazardous substances accumulate stationary 
and mobile at these locations. The natural riskiness 
of maritime distribution is heightened since a large 
number of shipments are simultaneously determined by 
only one risk event. In this paper, the currently under-
researched phenomenon of accumulation risk (AR) is 
investigated, using a qualitative-explorative research 
approach. Based on the relevant scientific and practical 
literature, AR is first defined and characterized against 
the background of Supply Chain Risk Management 
(SCRM). Subsequently, 23 interviews with a total of 
34 experts from the insurance industry and various 
cargo-shipping industries were conducted and analyzed 
using qualitative content analysis (QCA). In this 
way, the current practices regarding AR handling of 
maritime insurers and cargo shippers were identified. 
Moreover, challenges hindering and opportunities 
enabling better risk identification, assessment, and 
management are explored. Lastly, an outline for future 
risk management and monitoring tool is established. 
Hereby, a theoretical contribution to research is 
made and grounded in the four phases of SCRM by 
adding a new perspective on maritime supply chain 
risk. Likewise, practitioners in the insurance industry 
and users of maritime distribution networks will find 
concrete recommendations on how to deal with AR.

KEYWORDS: Accumulation Risks · Supply Chain 
Risk Management · Global Supply Chains · Supply 
Chain Insurance
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1. INTRODUCTION

“If companies should be insured for only one risk, it 
should be accumulation” (Pascal Dubois, Director 
General Insurance – CESAM)

Globalization and constant pressure for improvement 
in recent years led to increased complexity in global 
supply chains (SC). Companies worldwide develop 
and implement measures to realize shorter lead times, 
punctual deliveries, or optimized inventory levels [1]. 
High dependence on key countries and key partners, 
complex value chains, and a focus on efficiency are 
not only leading to cost advantages but also to SC 
vulnerability. Companies and Politics need to be aware 
of this, as we are living in the era of so-called “fat-
tailed risks”. This means that situations with disastrous 
consequences – for instance wars, pandemics, floods, 
earthquakes, or blackouts – not only occur more 
frequently, but the situations themselves become also 
more extreme [2]. The combination of fragile SC with 
the increasing number and severity of extreme events 
is leading to increased risk for the global economy, as it 
depends on functioning SC. During the last few years, 
at least one out of 20 companies encountered a SC 
disruption of at least 100 million dollars [3]. Especially 
the corona crisis has revealed how vulnerable some SC 
are. The same applies to the war in Ukraine [4]. This 
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has been increasing continuously for years [31]. As a 
result, ever greater values of goods are accumulating at 
specific, stationary, and mobile geographical locations 
[32]. Maritime transport and the associated ports are 
particularly exposed to fat-tailed risks (e.g. earthquakes, 
tsunamis, floods, wars, etc.) while at the same time 
they are of central importance for the functionality 
of many up-and downstream supply chain segments 
[33]. Despite the relevance for the global economy and 
the susceptibility to risk, and while the consequences 
associated with accumulation risk have already been 
impressively revealed on several occasions in the past 
[3, 28–30, 32–34], accumulation control in the transport 
sector is still difficult to implement, although methods 
have steadily evolved, and complex probabilistic 
catastrophe models already exist to simulate numerous 
potential events [35]. 

In the first place, cargo owners are substantially 
affected in the event of supply chain disruptions. 
Concerning current inventory-reducing practices 
such as just-in-time (JIT) or just-in-sequence (JIS), a 
potential disruption within the SC significantly impacts 
downstream parties in terms of material shortages, 
leading to production delays or stops, causing severe 
financial losses [1]. Moreover, share price losses, loss 
of market share, or declines in investor confidence are 
potential consequences [36]. However, the insurance 
industry is considerably affected by such events, as they 
have to cover a large number of their policyholder’s 
losses [34]. For insurers, maritime transport is a 
particular concern, as it is often not clear to them what 
different insurance risks accumulate in one place. 
While stationary risks, e.g. at ports, can be localized 
and assessed quite precisely, mobile risk identification, 
assessment, management, and monitoring is difficult 
to achieve. Even though the marine transport routes 
are known in theory, the tracking accuracy regarding 
the vessels is often low in practice. The uncertainties 
due to constant movement also apply to ports due to 
the quick transshipment speed of goods. This lack of 
transparency and the specific requirements of marine 
insurance makes it almost impossible to properly 
model loss potentials. There is only a limited number 
of accumulation control products on the market. The 
association of german insurers (Gesamtverband der 
Deutschen Versicherungswirtschaft (GDV)) offers a 
so-called Kumul Informations Service (KIS), which 
insurers can use to geocode their worldwide risks, 
taking into account the geographical location, the risk 
sum, and the exposure to natural hazards [37]. An 
important factor when dealing with mobile risks is the 
use of technology, enabling companies to track and 
monitor shipments, which helps to prevent upcoming 
losses. While sensors can automatically monitor the 
status of the shipment in the containers, big data 
and analytics offer the ability to assess cargo ARs 
and enable the creation of data-based modeling [38]. 
This, however, requires collaboration between the SC 
partners.

indicates both an increasing importance and a new 
approach to supply chain risk management (SCRM) 
as a whole, as risks frequently influence a company’s 
business and need to be handled and understood to 
reduce their likelihood of occurrence and their potential 
impact [5, 6].

SCRM has been extensively addressed by academia 
[7–12]. Supply chain risk is defined as ”the likelihood 
and impact of unexpected macro and/or micro-
level events or conditions that adversely influence 
any part of a supply chain leading to operational, 
tactical, or strategic level failures or irregularities” 
[12]. SCRM, in terms of a phase model, deals with 
methods to identify these risks, evaluate their impact 
on SC, develop measures to deal with them, and 
establish end-to-end monitoring of potential sources 
and consequences of risk [13, 14]. The objectives of 
SCRM are, on the one hand, to reduce SC vulnerability, 
and on the other hand, to reduce the respective risk 
effect on SC functionality [15].  Extensively, but rarely 
uniformly, relevant SC risks have been identified and 
categorized in the literature [e.g. 7, 16–18], and risk 
identification methods have been proposed (e.g. AHP 
[19] or cause-and-effect diagrams [20]). Evidence on 
risk assessment methods is also available [e.g. 21, 22], 
often of an industry-specific nature. The management 
of risk through risk acceptance, risk avoidance, risk 
transfer, risk sharing, and risk mitigation is also a topic 
of research [e.g. 23–26]. Less explored is the issue of 
risk monitoring [11].

The risk of unforeseen events occurring is 
unavoidable, just as risk situations are piling up due to 
the development of global supply chains [27]. Despite 
approaches to identify, assess, manage and monitor 
risk, it is in the nature of complex systems, of which 
SC are a part, that it is almost impossible to eliminate 
all risks. Unforeseen situations will continue to occur 
in the future, making it increasingly important to 
establish resilient SC that will still function when such 
situations occur [3, 27]. These are often more costly 
than SC designed for efficiency, as additional capacity 
must be maintained, but such settings can increase 
supply chain performance [28]. Central to resilient 
SC is building capabilities to anticipate and overcome 
SC disruptions and reduce SC vulnerability [29]. This 
article will focus on a key risk of global SC that so 
far has received little attention: the accumulation risk 
in maritime transportation. We argue that the current 
marine SC configurations are inherently risky and the 
typical approaches of SCRM need to be reviewed and 
adjusted, especially against the background of their 
importance to the worlds’ economy and the occurrence 
of fat-tailed risks.      

Within the last 20 years, the value of transported 
goods tripled to over ten trillion dollars yearly, and 
over 90% of global trade volume is carried overseas, 
cumulating to over 11 billion tons in 2020 [1, 30]. The 
size of the ships used for this purpose, as well as the 
size of the ports entrusted with handling the goods, 
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managerial implications are derived. A brief conclusion 
including the limitations of this paper and further 
research possibilities is given. 

2. THEORETICAL BACKGROUND

2.1. Cargo Accumulation Situations
Accumulation situations occur in global SC whenever 
several consignments are concentrated at a common 
location for a certain period. This bundling of goods is 
one of the most important elements for efficient supply 
chain management, as it allows pooling effects to be 
exploited in all logistics processes. Compared with the 
individual processing of shipments, this significantly 
reduces logistics costs and at the same time permits 
high service levels. 

First, a distinction can be made between stationary 
and mobile accumulation situations. Stationary 
situations occur for instance in factories, warehouses, 
office buildings, oilrigs, or residential buildings. 
In contrast, mobile accumulation is not tied to one 
place, hence referring to goods in transit. However, 
this does not imply that goods are constantly moving 
since they are sometimes stored in one place for 30-
60 days or longer [39]. A characteristic that defines 
accumulation situations in maritime supply chains is 
a partial ignorance about what exactly is accumulated 
[34, 35], as such knowledge is not of high relevance 
for most supply chain partners. The consideration of 
the negative side effects of cargo accumulation is only 
important for those entities that also bear the negative 
consequences. Up to now, these have been insurance 
companies in particular, which, in the dynamic network 
of global supply chains, are losing transparency about 
the respective concentration points and the insurance 
sums allocated there. However, the disadvantages 
of cargo accumulation at a few key points have also 
become apparent for entire economies in recent years, 
when these structures failed and entire SC and the 
associated businesses collapsed downstream. More 
figuratively, the dangerous side effects of accumulation 
became apparent when explosive or flammable goods 

As shown, there is a wide range of literature 
concerning various SCRM approaches. Research 
specifically related to identifying and evaluating cargo- 
and value accumulation in maritime SC is scarce, 
despite the mentioned developments and possible 
consequences such events can cause. In the course of 
this paper, we aim to give theory and practice a deeper 
look into this matter. Based on the four-phase model 
of SCRM and a comprehensive exploratory study, 
the phenomenon of AR is defined, characterized, and 
inserted into the general framework of SCRM. The 
focus of this paper is particularly on the practices and 
methods used by SC partners to deal with the specific 
risk. Risk monitoring approaches, which are currently 
and will be of increasing relevance in the future, are 
also addressed. In particular, the following research 
questions are answered:

RQ I:  “How can ‘Accumulation Risk’ in marine SC 
be characterized against the background of 
SCRM?”

RQ II:  “How and why do different SC-Partners 
deal with the ‘Accumulation Risk’ in marine 
SC?”

RQ III:  “How can the risks of Accumulation in 
marine SC be managed in the future?” 

The findings developed here are of value to 
researchers and practitioners. The former can use them, 
for example, as a basis to substantiate current SCRM 
frameworks or to develop specific risk models for 
maritime SC. The latter can use the results to discuss 
the specific risk with their respective SC partners and, 
based on this, develop new methods for risk assessment, 
risk management, and risk monitoring.

The rest of this paper is structured as follows: The 
second chapter provides the theoretical background 
of cargo AR by characterizing cargo accumulation 
situations and the factors leading to them. Against 
the background of SCRM, the specifics of AR in 
marine SCs are outlined. In the subsequent chapter, 
the methodology of the research approach, as well as 
the data collection and data analysis procedure are 
explained. The evaluation of these results takes place 
in the following fourth Chapter. In Chapter five a 
discussion of the results takes place. Theoretical and 

Figure 1: Research questions in connection to the four phases of SCRM, Source: Own figure
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container ship. As a result, numerous container 
ships are jammed, waiting to pass the canal or have 
to take the longer route around Africa. Besides 
devastating consequences such as the disruption 
of global SC and impacts on oil prices and shipping 
rates [44], this scenario also poses an enormous AR 
since cargo’s spatial and temporal concentration by 
waiting ships is exceptionally high. In the event of 
a storm or heavy sea, the effects could be severe 
due to the large volume of goods.

 – National holidays: In addition, national holidays 
like the Chinese New Year (CNY) also have an 
impact on the accumulation of goods. Even though 
CNY only lasts about one week, many factories 
close several days in advance and afterward to 
ensure that workers have enough time to get home 
to their families. Thus, approximately two to four 
weeks, manufacturers, suppliers, and partners 
cease their operations. Besides, ports and customs 
only operate with a limited number of workers 
to ensure the handling of critical and perishable 
cargo [45]. As a result, public holidays lead at 
specific periods of the year to a disruption of port 
operations. Either vessels are waiting to enter the 
port, or berthing operations persist, the movement 
of cargo slows down and significantly increases the 
probability of an AR since larger volumes of goods 
converge on one spot over a longer period [46].

2.2.  Characterizing and Defining AR  
in the context of SCRM

In practice and academia, the need for adequate SCRM 
methods is unanimously emphasized, especially against 
the background of global value chains, increasing 
cost pressure, higher customer demands on logistics 
performance, and growing competition [6]. Hauser 
states that SCRM enables companies to manage their 
SC more effectively and gain a strategic advantage in 
a competitive marketplace [47]. The Process of SCRM 
can be divided into four interconnected steps: a) risk 
identification, b) risk analysis and assessment, c) risk 
management and mitigation, and d) risk monitoring 
and evaluation [48]. In summary, SCRM is about 
identifying all potential risks that can determine a 
SC and specifying their probability of occurrence and 
their impact. If necessary, measures are then derived 
from this and implemented, as well as continuous 
monitoring is to be established. Traditionally, SCRM 
is a company-based approach that relates to the SC of 
a single company. So-called “Joint SCRM” approaches 
also refer to a single supply chain, although all partners 
involved in this chain operate joint risk management 
through information exchange and risk-sharing 
mechanisms [49, 50]. 

Cargo accumulation risks are different, as they result 
from the temporary combination of SC sections of 
one or several companies. An AR indexation consists 
of three dimensions: a) the accumulation severity, 
indicating the strength of accumulated consignments 

were involved, such as in the Tianjin disaster [34]. 
We argue in this article that the aspect of cargo 
accumulation in maritime SCRM has so far been 
given too little importance against the background of 
increasing accumulation intensity in some places that 
are particularly affected by increasing risk situations 
of a “fat-tailed risk” world.   

In this study, cargo accumulation is understood as 
the spatial and temporary aggregation or concentration 
of shipped cargo. Especially four major causes lead to 
them:

– Increasing transport capacities: The steadily 
growing container vessels pose a significant threat 
in terms of cargo AR. Besides the increasing 
volume of trade, particularly the growing demand 
for more efficient transportation is responsible for 
the development of container ships. The HMM 
Algeciras is currently the largest container ship 
globally, with a capacity of 23,964 TEU (20-
foot standard container) [40]. In comparison, the 
largest container vessel’s capacity in 1968 was 
approximately 1,500 TEU, in 2002 almost 9,000 
TEU, and in 2013 about 18,000 TEU. 

 – Scheduling: Particularly in the seaport industry, 
several schedule changes occur in terms of 
vessel arrival time due to numerous factors such 
as weather, delays caused by previous stops, or 
capacity utilization. Operations within the seaport 
depend on vessels’ arrival time and need to be 
planned a few weeks in advance. Depending on 
the customer’s pickup or onward transportation, 
the containers are either temporarily stored or 
stowed in the yard. As stated in a report published 
by McKinsey, 48% of container ship enters the 
port with a delay of more than 12 hours, increasing 
fuel consumption and unbalanced port capacities 
[41]. Beyond that, schedule changes complicate 
terminal operations concerning the allocation of 
berths, quay cranes, yard storage plans as well as 
the disposition of internal tractors. Particularly, the 
Covid-19 pandemic led to a significant increase in 
cargo accumulation in port terminals, warehouses, 
or distribution centers as supply and demand 
fluctuated widely worldwide. The container 
ships’ berthing process took extensively longer 
than planned, leading to canceled sailings and 
re-routing of vessels, accompanied by shipping 
container shortage [42]. Generally, the duration of 
container vessels remaining in ports has doubled 
since 2019, increasing the risk of a potential cargo 
accumulation since cargo converges on one spot 
over a longer period [43]

 – Bottlenecks: Another aspect, linked to the 
scheduling topic, are bottlenecks in global SC. 
If they are blocked, huge amounts of cargo are 
waiting to be further processed. A severe example 
is the Suez Canal blockade early in 2021, one of the 
most important trade routes, handling at least ten 
percent of global seaborne trade due to a grounded 
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stage is to obtain sufficient information about the 
identified risks, their risk drivers as well as key 
vulnerabilities within the SC. Available models 
typically focus on analyzing specific risks such 
as macro risks from natural disasters [e.g. 60], 
demand risks [e.g. 61, 62], or supply risks [e.g. 63, 
64] [see 12 for a comprehensive overview]. From an 
AR perspective, the question to be evaluated within 
this process stage is how high the probability of 
a risk occurrence is at the geographical location 
at which a high accumulation severity also arises 
at the same time. This accumulation severity is 
entity-specific, so different results can emerge for 
different stakeholders. This also determines the 
analysis of the individual impact. Hence, the result 
of this phase is a three-dimensional AR indication 
based on the dimensions “risk probability”, 
“accumulation severity” and “impact”, which 
indicates a different AR result, depending on the 
perspective taken.

 – Risk management and mitigation: This stage 
aims to use the previously gathered data and 
experiences to develop and implement measures to 
reduce or eliminate the probability of occurrence 
and potential risk impacts. On the one hand, it 
requires mitigation strategies in advance to avoid 
the occurrence of risk events. On the other hand, 
contingency plans need to be executed after an 
event [51]. The “traditional” SCRM literature 
indicates, in addition to risk type-specific 
approaches [e.g. 65, 66], some general approaches 
to risk avoidance, such as building resilient SC 
[15, 67], better information sharing among SC 
partners [68], and overall stronger collaboration 
with partners [69]. For AR, other measures are 
needed both to prevent potentially dangerous 
accumulation situations in advance and, if an 
accumulation situation has already materialized, 
to resolve it quickly before risk can arise at the site.

 – Risk monitoring and evaluation: Once adequate 
measures have been implemented to reduce or 
eliminate risks, the next step is to monitor and 
evaluate the actions taken to achieve continuous 
improvement. Regardless of whether the 
implementations taken were successful or not, 
the risks still need to be examined to check the 
effectiveness of developed measures and modify 
them if necessary. After all, constant changes 
within the environment occur frequently and 
require companies’ dynamic and flexibility to 
comply with new situations [51]. These changes can 
occur within the network, customer requirements, 
technology, competitors, or partner strategies and 
require continuous monitoring and updating [70]. 
Risk monitoring and evaluation apply analogously 
to AR-specific SCRM.

What has been outlined so far highlights the benefits, 
but also the issues, of cargo accumulation situations and 

for the respective party, b) the likelihood of occurrence 
of a risk situation and c) the potential impact on the 
respective party, in case the risk situation emerges 
at a location with accumulated consignments. This 
characterization is deliberately broad to be applicable 
to different use cases. It includes individual companies 
whose relevant shipments are accumulated in one place 
– often without their knowledge – as well as shipping 
companies, insurance companies, or governments. It 
indicates that an adjusted view of SCRM in the four 
phases mentioned is required. However, since one entity 
must ultimately be responsible for risk identification 
and assessment, as well as for coordinating necessary 
measures between the various companies and supply 
chain partners, the first step is to determine the 
perspective from which such an approach is to be 
defined. Since the actual financial consequences are 
bundled with insurers, they have a special interest in 
establishing risk management. Moreover, they have a 
holistic perspective on this phenomenon, as they are 
often the only entity with – more or less – complete 
transparency about the goods accumulated in one 
location. Accordingly, the remainder of the study will 
primarily take their perspective. The specifics of AR 
in the context of SCRM are characterized based on the 
four phases mentioned above:

 – Risk identification: Within the first step of the 
SCRM process, the objective is to identify all 
relevant risks which could potentially affect 
a SC in order to be able to decide whether a 
further assessment of risk is recommendable 
or not. The identification of potential threats 
and vulnerabilities within the SC and the 
environment depends on a regular examination 
of early indicators and requires a comprehensive 
approach [51]. The literature lists a variety of 
such risk types, just as many different structuring 
grids have been established [7, 52–58]. A typical 
delineation is into operational and disruptive 
factors, the former resulting from planning and 
processes (e.g. uncertain customer demands, 
uncertain supply, equipment malfunctions, 
etc.) and the latter from natural or man-made 
disasters (e.g. earthquakes, wars, floods, etc.) [7, 
56]. This identification of potential risk factors is 
retained as the first dimension when considering 
AR but is complemented by the identification of 
accumulation situations. The goal must be the 
precise indication of accumulation severity for 
different entities. If there is no accumulation, there 
is no need for AR-specific risk management and 
a traditional SCRM approach is sufficient for the 
respective entity.  

 – Risk analysis and assessment: Risk assessment 
in traditional SCRM includes two main issues 
according to several authors, the determination 
of the probability of occurrence as well as the 
estimation of potential consequences and losses 
[51–53, 56, 59]. Thus, the main objective in this 
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requires that the expert interviews do not serve to 
obtain confirmation of one’s existing assumptions [77]. 
This criterion was fulfilled in this study since semi-
structured interviews were developed that enable the 
respondents to speak freely as the topic is covered 
rather limited in academic literature, and no specific 
assumptions were made [78].

Specifically related to the execution of a QCA, 
there are further quality criteria taken into account. 
According to Mayring and Fenzl, an excerpt-based 
review is sufficient since the objective is not to achieve 
a complete agreement, especially in terms of an 
inductive category development and its interpretative 
components [79]. Therefore, they mention intracoder 
agreement and intercoder agreement as the main 
quality criteria. Intracoder agreement describes the 
re-evaluation of the results after the analysis has been 
completed without looking at the previously assigned 
categorizations. Thus, the stability of a procedure and 
hence the reliability can be examined. This criterion 
was accomplished in this study by revisiting and 
analyzing the interview transcripts and ensuring 
consistency with the first review results. To achieve 
Intercoder agreement, two researchers coded the data 
material independent of each other.  Deviations from 
each other were discussed in the research group [79].

3.1. Data collection
Using interviews is a common method to collect 
data and get an overview of experts’ understanding 
and interests concerning the respective topic [71]. 
Therefore, 23 interviews with a total of 34 experts 
were held. Among the interviewees were experts from 
the manufacturing industry owning and shipping cargo 
(=cargo owners), the transport insurance sector, and 
independent SC or marine insurance experts. Among 
the cargo owners are experts from different industries, 
reaching from multinational industrial engineering 
conglomerates to globally operating companies that 
manufacture automobiles, industrial gases, chocolate, 
precision machinery, tobacco, and medical technology 
equipment. The insurance experts are experienced in 
the industrial insurance sector and are either active 
in marine underwriting or risk management. Cargo 
owners and insurance experts account for the majority 
of the interviews. The third group of experts are either 
active in the SC sector or belong to insurance industry 
associations. 

An overview is presented in Table 1. All 23 interviews 
were conducted digitally via video conference. Due 
to the scarcely explored insights concerning cargo 
accumulation, semi-structured interviews were adopted 
in order to allow the interviewee to talk freely and 
receive more in-depth information [78]. The interview 
guide was based on open and closed questions, and 
the Likert-scale was considered as a scale instrument. 
While open questions serve as a good opportunity to 
explore rather limited reviewed topics, rating questions 
help to obtain more specifications on a particular 
subject area [77].

the key drivers of increasing accumulation in maritime 
SC. Against this background, we define AR as ‘the 
likelihood and impact of a specific risk situation, 
in which one or more supply chain entities are 
severely affected by the emergence of a risk situation 
due to their direct or indirect responsibility for or 
dependency of several consignments concentrated 
at one location’. Based on theoretical derivations, the 
first research question can thus be considered answered 
by defining and characterizing AR in the context of 
SCRM. AR is different from typical SCR and requires 
adaptation of the typical SCRM process in all four 
phases. However, the current state of the literature does 
not provide an answer as to how and why AR-specific 
SCRM is carried out in practice. An explorative study 
should provide initial insights.

3. METHODOLOGY

Since the research topic of AR in maritime SC has 
received little attention in the academic literature, an 
exploratory qualitative research design is adopted. 
Data collection and data analysis are qualitative 
and interpretive, which is particularly useful when 
the research field is open so far and corresponding 
hypotheses and theories have to be built up first, not 
tested [71, 72]. Since the relevant literature has so far 
not provided sufficient answers as to how different SC 
entities deal with the AR and why they act the way they 
do, an explorative qualitative approach is particularly 
useful. Empirical data was collected and structured 
interpretatively to gain insight into the reality of the 
research object [73]. For this purpose, experts acting in 
this field were interviewed regarding their experiences 
and insights into the field. Interviewing experts is an 
appropriate method of data collection in Logistics 
and Supply Chain Research, as this can provide deep 
insights into the reality of practice [74, 75].   

To ensure the quality of the research, specific 
quality criteria need to be accomplished. Whereas the 
quality criteria of quantitative research are in general 
objectivity, reliability, and validity, the quality criteria 
in qualitative research are not clearly defined [72, 
73, 76]. One criterion is the theory-driven approach, 
meaning that the own analysis is linked to the existing 
theoretical knowledge about the research object [77]. 
By providing the theoretical background in chapter 
two, which was taken into account by setting up the 
interview guideline and interpreting the results, this 
criterion is met in this paper. 

A second quality criterion is the researcher’s 
neutrality and openness to new findings, which means 
that in terms of conducting expert interviews, the 
researcher always has to be open to information and 
evaluations that do not correspond to the previously 
collected perceptions related to the topic examined. 
Thus, the interviewee must also have the opportunity 
to contribute to these evaluations. Besides, neutrality 
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The increasing transport volumes and the orientation 
of transport operators towards efficiency inevitably 
lead to the concentration of goods on ships, ports, 
terminals, etc. This factor itself cannot be avoided and 
is not initially severe. However, previous events such as 
Yantian, Tianjin, Beirut, or Apus One have shown the 
dimensions that a single event can cause. Accordingly, 
the SC responsible must be aware of their specific 
flow of goods and the associated cargo accumulation 
to make appropriate decisions and take appropriate 
actions. In preparation for the individual interviews, 
the interviewees were given information in which 
the researchers understanding of risks, as outlined in 
chapter two, was explained. 

The interview questionnaire contains 15 questions 
and was created and pre-tested in association with three 
persons from the field. An abbreviated version of the 
interview guideline is provided in Appendix I. The 
questions were designed to gain further insights into the 
topic of cargo accumulation. Three questionnaires were 
created, all with the same content. However, due to 
the three different industry sectors of the respondents, 
some questions were slightly adapted. In general, the 
questionnaire is structured in four main parts: a) the 
current situation in handling AR, b) the challenges that 
arise in this context, c) the evaluation of specific risk 
factors, and d) the required measures and solutions for 
a successful accumulation control. 

Industry Role Interview number
Insurance Marine Underwriting 2, 4, 5, 8, 11, 13, 14
Insurance Risk Management 7, 9, 10
Cargo owner/Shipper Risk Management/Insurance 3, 12, 15, 21, 23
Cargo owner/Shipper Supply Chain/Logistics Management 16, 17, 18, 19, 22
Experts Supply Chain Consultant 1
Experts Marine Insurance 6, 20

Table 1: Categorization of interview partners, Source: Own table

Figure 2: First order concepts, second order themes and aggregated dimensions; Source: Own figure
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cargo owners range from very important (3,12,18) to 
unimportant (17). For the insurers, it is essential to be 
aware of their policyholders’ flow of goods and the 
respective accumulations occurring during the transport 
of their shipments. In this regard, they receive none or 
only limited information (2,4,5,7,8,9,10,11,13,14). Cargo 
owners partially have some uncertainties about the term 
“accumulation”. Moreover, they indicate that AR has 
not been an issue yet in their respective supply chains 
(17,22). Others, however, even though the concept of 
cargo AR was also new, have rated the importance of its 
management as important after receiving the definition 
of cargo AR (16,18). Regarding the measures that should 
be implemented in case of cargo accumulation without 
risk exposure and with risk exposure, two different 
main perspectives could be identified. Most insurers 
make no distinction concerning the risk exposure in 
case of an accumulation, meaning that every cargo 
accumulation itself is already perceived as risk exposed 
without other influences (6,9,10,11,20). Cargo Owners 
differentiate measures for risk exposure, saying that an 
accumulation without risk exposure does not represent 
a risk and does not require any action (3,15,17,23). 

Against the backdrop of the three-dimensional 
framework concept of AR, which was presented in 
chapter 2, there are clear differences regarding the 
company-specific risk definition. While insurers focus 
on the accumulation severity, cargo owners concentrate 
more on the likelihood of a risk situation occurring. 
This is particularly the case because the impact on the 
party is considered different in each case.   

4.1.2. Lack of transparency between insurer and 
policyholder

Marine insurers state that they receive limited 
information from the policyholder and criticize 
the lack of transparency about cargo flows and 
potential accumulations. They predominantly receive 
information on stationary risks. The quality of the 
received information concerning cargo transport 
partially depends on the policyholder’s profile or the 
product (1,2,4,5,6,7,8,9,10,11,13,14). Once the goods 
start moving, most insurers claim to be completely 
blind about the transport routes and vessels utilized, 
destinations, ports, involved service providers, or 
the actual cargo and its current location (2,8,9,13). 
Accordingly, the insurance experts state that the 
collection of possible transport information is 
sometimes very vague, and therefore the determination 
of premiums and loss ratios is often based on 
assumptions (5,7,13,20). 

In turn, some of the cargo owners claim to have very 
precise knowledge concerning the end-to-end transport 
process from initial departure to final delivery. They 
know the routes, the number of shipments per ship, the 
ports, the service provider involved, destinations, and 
in some cases, arrival times (3,17,19,21,23). In some 
cases, certain contracts have been settled with service 
providers to know about the logistics (sub-) service 

3.2. Data analysis 
An interpretative research approach, inspired by 
Qualitative Content Analysis (QCA) [73, 77] was 
conducted for data analysis. We therefore first 
transcribed the interviews and cleaned the data 
from unnecessary text passages. Then the interview 
material was paraphrased and summarized to the 
core statements. The QCA software MAXQDA was 
utilized to code the paraphrases and further aggregate 
the findings into interconnected first-order concepts 
[74, 80]. The researchers then had the task to formulate 
more theoretical and conceptual second-order themes, 
further generalizing and heightening the level of 
abstraction. In a third step, the concepts were grouped 
into three aggregated dimensions. 

A total of 25 similarities were created from the 
interviews, representing the first level of abstraction. 
Searching for further connections led to the 
development of a higher level of abstraction, including 
six second-order themes. These connections finally 
resulted in the creation of three dimensions that build 
the framework structure. While the contents of the 
first two dimensions are suitable to answer the second 
research question, the contents of the third dimension 
provide answers to the third research question. Figure 
2 represents the created category system, which forms 
the basis for presenting the empirical findings gathered 
[80]. 

4. EMPIRICAL FINDINGS

The developed category system, which emerged 
from the QCA, forms the guideline for describing the 
results in the following chapter. First, a description 
of the current situation is given, specifically how the 
different actors see and evaluate the phenomenon of 
AR. The second part highlights the main challenges 
and opportunities in dealing with AR. Finally, a first 
approach to implement an AR management system is 
presented.

4.1. Current situation concerning the handling 
of accumulation risk

In the analysis conducted, it became clear that 
two aspects, in particular, determine the current 
management of AR: First, a different view of the 
phenomenon of AR among the SC partners involved, 
and second, a low degree of transparency between 
insurers and the policyholders.

4.1.1. Different awareness concerning cargo 
accumulation

The knowledge about cargo accumulation situations 
partially varies among the respondents, just as the 
perception of the associated risks. While the importance 
of knowing about accumulation situations was rated 
as very important (2,4,5,7,8,9,11,13) and important 
(10,14) by the insurers, the statements on behalf of the 
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A cargo owner, for instance, who operates an active 
accumulation control and tries to spread the risk by 
splitting his shipments and using several carriers does 
not profit from risk reduction if the carrier loads the 
shipments on the same aircraft to heighten transport 
efficiency (7). Thus, it was mentioned as critical to 
sensitize LSP like carriers, freight forwarders, shipping 
companies, or port operators regarding AR. Insurers, 
for their part of managing AR, need to adjust the 
policy structure to claim more transparency on behalf 
of the cargo-owning company (5,6,11). The insurance 
experts also consider it their responsibility to provide 
more support to policyholders regarding the issue of 
accumulation and to drive awareness (2,4,5,6,8,9,10).

Another challenge to tackle on both sides is a 
comprehensive knowledge of business continuity 
(BC) and cargo vulnerability in terms of AR. Almost 
all respondents rated the knowledge about a products’ 
vulnerability in case of an accumulation as important 
or very important, hence vulnerability is evaluated as a 
severe risk. The views regarding BC in the event of AR 
differ. Insurers’ opinions range from very important to 
unimportant, depending on the type of coverage. If only 
the cargo is insured, BC is not important in the event of 
a loss (2,8,13,14), while it becomes important or very 
important, if the business interruption is also insured in 
addition to a marine policy (6,7,9,11). For cargo owners, 
on the other hand, BC is a critical factor. Depending 
on the company’s size and the product, whether it is a 
finished and/or turnkey product or materials that are 
necessary for production, most of the respondents are 
likely to find that an accumulation loss will also affect 
a company’s BC (6,12,15,18,19,21,22,23). As products 
are often delivered JIT, any accumulated losses have a 
significant impact on BC. Further, companies are forced 
to reduce their safety stocks, so in most cases, the 
affected materials have to be reordered (12,15,22,23). 
Due to some companies’ size and diversity, it is unlikely 
that an accumulation loss will affect the BC of the entire 
company, but rather individual business lines. The issue 
of BC is particularly critical when several key products 
for different business segments are accumulated, as the 
continuity of different divisions is determined (16,18).  

Another challenge for transport insurers is the 
complexity of integrating and visualizing their entire 
portfolio when monitoring cargo accumulations of their 
clients. Given the number of policyholders, it is hardly 
possible to provide a comprehensive accumulation 
control over their entire portfolio (2,5,8,9,10,13). One 
suggestion is to focus initially on a limited number of 
customers, ideally those that generate the most revenue 
(1,5). Another problem is continuously maintaining and 
updating data in a potential accumulation control tool. 
The required data should ideally update automatically 
utilizing a central system since implementing data 
manually could evolve the aspect of human error and 
may lead to incorrect results (3,4,12,20,21).

providers used, and a regular exchange of information 
takes place in this regard (3,19,21,22). In contrast, the 
companies’ insurance solutions, specifically concerning 
event limits, are only known in a few cases by those in 
charge of handling the transport and bookings. While 
some are very familiar with the insurance solution and 
have a recurring exchange with insurers and insurance 
brokers (3,12,22), others have hardly any information 
about it at hand (17,18,23). Four cargo owner experts 
indicate that their company has a general or global 
policy or All-Risk insurance coverage (15,16,19,22). 

Regarding the current situation of cargo AR 
understanding, it becomes clear that there are large 
differences between the marine SC partners. Insurers 
consider this risk to be very relevant but receive little 
information about the mobile risk points within the 
supply chain. Policyholders, on the other hand, consider 
this risk less relevant but in many cases have relevant 
data to reveal the AR. However, this data is rarely 
shared with insurers.

4.2. Necessary precautions to handle cargo 
accumulation risks

Having outlined the different views of the marine SC 
partners towards AR, it is necessary to consider how 
the management of these risks is conducted by the 
respective partners. The analysis of the qualitative data 
indicates two overarching concepts in this regard. First, 
there is a strong need to address specific challenges to 
reduce AR. Second, based on this, specific measures 
can be implemented to avoid AR, establish fitting 
SCRM and gain advantages from such procedures. 

4.2.1. Challenges of accumulation control
The challenge most frequently mentioned by insurers 
and insurance experts in dealing with AR is the 
increase of awareness on behalf of the cargo owners. 
The respondents argue that too little attention is given 
to AR. Dealing with AR requires consideration in 
strategic risk management decisions and needs to be 
implemented and considered as a severe risk within a 
companies’ SC environment (1,2,6,7,8,9,10,11,14,20). 
However, raising awareness within a company’s SC is 
also seen as necessary by the cargo owners themselves 
(3,16,18,19). In this context, due to the size of some 
companies and their diverse product portfolio, cargo 
owners face the challenge of internal transparency. 
While individual divisions are aware of their respective 
cargo flows, there is a lack of transparency about 
whether other divisions within the same company have 
goods in the same port or on the same ship at the same 
time (3,12,15,23). 

Moreover, the awareness of LSP towards cargo AR 
needs to be addressed. Carriers have the booking data, 
and besides knowing who ordered something on a ship, 
they have information about the type, number, and 
value of shipments. Hence, they are ultimately the SC 
partners with the highest data access and are therefore 
a key party for reducing accumulations (2,7,11,13,). 
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Here, goods were stored longer within a warehouse 
rather than having to be stored on a transport mean 
at the border crossings and the ferries, as the goods 
are more likely to be exposed to hazards there than 
in the warehouse (10).  If an increase in working 
capital is generally met with criticism, the situation 
after Covid has changed slightly. Thus, increasing 
inventory is not always perceived as unfavorable 
(16). 

 – Accelerating cargo flow: The problem with 
accelerating the cargo flow is that subsequent 
processes are not always designed to be accelerated, 
which can lead to further difficulties. As soon as 
transport is speeded up, for example, cargo is 
ordered onto a ship earlier than initially planned, 
the responsible LSPs in the port of destination or 
the end consumer need to adapt their processes 
to avoid complications (6,8,10,12,15,17,19,23). 
Conversely, acceleration has already been actively 
practiced by taking goods out of ports or hubs 
earlier than planned in the event of potential 
hazards. Another example is the acceleration in 
the context of Covid to maintain production by 
moving out more items in a short period due to a 
potential lockdown (1,3,5,6,13,21).

 – Deviating Routing: Deviating routing also has 
advantages as well as disadvantages. A frequently 
mentioned cause for deviation from the route or 
port is congestion. Congestion in the ports has 
the consequence that goods remain longer than 
planned on berthing ships or ports and significantly 
increases the risk of accumulation (5,21,22). The 
risk of theft on specific routes is also a reason to 
change the route (6,17). 

All measures have their advantages and 
disadvantages, and the most appropriate measure 
depends on the situation (6,11). Ultimately, concerning 
AR, it must be understood that the biggest incentive 
factor for joint risk management by all parties is SC 
costs. Thus, this is also where the greatest opportunity 
for joint implementation lies. Insurers can achieve an 
improved premium calculation based on actual and 
predictable risk exposures, and cargo owners can 
reduce potential interruptions within the SC and thus 
save costs.

At this point, the second research question can be 
evaluated as answered. There is a difference in the 
assessment of AR between insurers and policyholders, 
which strongly depends on the individual impact on the 
company. Insurers typically bear the higher risk in this 
regard, as they are more often financially responsible 
for accumulated consignments. Hence, they concentrate 
on accumulation severity from a financial perspective, 
independent of the respective probability of a risk event 
occurring. In the case of the cargo owners, they assess 
the risk as not more relevant as “normal” risk cases, 
since they only bear their share of the accumulated 
risk. This view changes, when cargo owners understand 

4.2.2. Chances of accumulation control
The most commonly mentioned aspect in addressing 
the management of AR is transparency (1,2,3,4,5,6,7, 
9,11,12,14,16,20,23). While the increase of transparency 
towards the cargo flow is a critical challenge for both 
cargo owners and insurers, it simultaneously creates 
the opportunity to gain insights into the flow of goods 
for both parties. This facilitates the identification and 
evaluation of risk exposures and consequently states 
chances to derive profound decisions and actions (1,2, 
3,4,5,6,7,9,11,12,16,20,23). By tackling the challenge 
of awareness among the SC partners, transparency 
may increase, as the partners start to share more 
information about the flow of goods. This may state 
an opportunity to implement a common cargo AR 
management approach, engaging risk prevention 
and mitigation, hence leading to heightened BC and 
delivery capabilities. 

Concerning dealing with AR, the focus must be on 
preventing risk situations. If the bundling of goods has 
already occurred, it is difficult to unbundle it again, 
since the bundling point is often mobile. In addition, 
the redistribution of stationary accumulation is costly 
and time-consuming. If such a case has occurred, 
the insurance company should be contacted, as well 
as the event limit should be checked and, if possible 
and necessary, adjusted (2,4,7,12). Predictive measures 
to avoid AR at an early stage are the most relevant 
approach for insurers and policyholders. Several are 
stated by the interviewees:

 – Splitting of shipments: Among the measures 
presented to avoid or reduce cargo accumulation, 
the splitting of shipments is, despite the additional 
costs this implies, the most appropriate measure 
perceived by both insurers and cargo owners and 
is most likely to be implemented (2, 3, 5, 6, 8, 
9, 10, 11, 12, 13, 14, 15, 17, 18, 20, 21, 22). This 
has already been recommended by insurers and 
actively implemented in case of a limit exceedance 
(4,8,9,10,11,17,20,21). On the other hand, this 
method depends on the goods being transported 
and is therefore not practicable for all companies.

 – Redundant SC-setting: Another factor perceived 
as important is the redundant SC set-up, i.e., using 
multiple sources, routes, or service providers. 
Although this concept is not feasible for all cargo 
owners at once and must be planned thoroughly in 
advance, it is an essential factor for the respondents 
in avoiding AR (1,4,6,9,11,13,14,15,17,19,20).

 – Delaying cargo flows: Experts are divided on the 
issue of speeding up or slowing down the flow of 
goods. For the majority of cargo owners slowing 
down the flow of goods is not an option, as goods 
have to be stored longer than planned, which 
in turn creates accumulation, and companies 
that produce JIT cannot accept any delays 
(2,4,6,8,12,13,15,19,23). In contrast, one insurer 
stated that delaying goods’ flow was already 
actively recommended and ultimately carried out. 
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Opinions differ on tracking the flow of goods in real-
time. While some respondents from both parties argue 
that real-time is not essential for them (11,15), others 
are convinced that real-time data would add significant 
value, as it is critical to know where potential cargo 
accumulations are at any given moment to act promptly. 
This would essentially contribute to the company’s 
SCRM (11,14,18,20).

4.3.2. Risk factors, impacts, and measures
In addition to the visualization of the cargo flows, the 
prediction of risks and the risk exposures related to 
the cargo is an often-mentioned aspect on behalf of 
both parties (2,3,4,6,7,8,9,11,16,18,20). Rating the risk 
complexes that pose the greatest threat to respondents 
in terms of cargo accumulations, natural hazards 
and weather rank first for almost all interviewees 
(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,23). The 
next most frequently mentioned risks are geopolitical 
developments such as strikes in Chile or border 
closures (1,2,4,8,12,14,15,16,17,18,19,21,), the condition 
of transport means due to the increasing shipment 
volume and partly outdated ships or unrestored 
containers (3,5,6,7,8,9,10,11,12,16,20,22). A further 
aspect is the influences on the schedule, which are 
of importance for perishable or time-critical goods 
(2,4,5,8,9,12,13,17,21,22,23).

Apart from only indicating the flow of goods, 
the degree of cargo accumulations and potential 
risk factors, illustrating the impacts of a possible 
accumulation loss is essential to the respondents 
(1,2,4,5,7,9,16,17,19,21,23). On the one hand, indicating 
the effects on time and order, and on the other hand, 
highlighting the impacts on specific factories and 
corresponding markets if a factory cannot run regularly 
(17). In case of a cargo accumulation, it is not only 
important to receive a notification about the occurrence, 
but also to depict scenarios and indicate possible 
recommendations for actions, as many are not aware 
of what measures need to be taken and do not have any 
risk management in place (4,7,9,16,17). 

With regard to a common approach to dealing with 
AR in the future, the experts are still not very specific 
in their statements. Both insurers and policyholders 
require a risk management tool. Such a tool should 
first visualize the flow of goods and accumulation 
points worldwide, and also show the intensity of the 
accumulation points over time. An alarm function is 
also proposed so that measures can be discussed and 
initiated at an early stage. In addition, such a tool should 
indicate the risk factors at the respective accumulation 
locations concerning their probability of occurrence, 
present the consequences of a risk occurrence, and 
automatically suggest possible measures to deal with 
the risk. This also answers the third research question.

the potential impact on BC, especially against the 
backdrop that several individual risks of the cargo 
owners can be accumulated without them noticing. 
Accumulation severity in the view of cargo owners 
is hence measured in terms of how important the 
accumulated consignments as a whole are for BC. Just 
a few accumulated turnkey products may interrupt 
the business, while not being expensive in financial 
terms. This underlines the different perspectives on AR 
and the necessity of a broad definition and a holistic 
understanding of the phenomenon. The linchpin of 
dealing with AR is increased attention to the issue by 
all SC partners and, as a result, greater implementation 
of cross-actor transparency. In addition, especially 
predictive measures may be used to avoid AR in the 
first place. Particular interests shape AR and must be 
overcome so that all SC partners benefit from lower 
risks. Ultimately, this must be worthwhile in terms of 
costs.

4.3.  First approaches for implementing a cargo 
risk management service

It became clear that a joint approach by all SC partners 
is needed to deal with AR. The experts outlined the 
possibility of establishing a risk management service 
for dealing with AR in the future. The cornerstones of 
such a service are, on the one hand, the visualization 
of the flow of goods to indicate potential risks. On 
the other hand the presentation of the respective risk 
consequences.

4.3.1. Visualization of cargo flows and potential 
risk exposures

According to insurers and policyholders, the most 
important aspect of a risk management service is the 
visualization of the flow of goods, for which they are 
having responsibility or from which their businesses 
are dependent. This should be carried out by showing 
the flows on a world map (2,3,5,9,12,13,15,17,21,22). 
Besides tracking shipments and vessels’ locations, 
such a service needs to display company-specific 
accumulation severity (2,3,6,7,11,18). In this context, 
the temporal accumulation development was addressed, 
i.e., how differently intense or weak accumulations 
are over time and when the concentration begins to 
decrease again. Aside from tracking shipments, a 
risk management tool should include geocoding of 
stationary risks such as warehouses (8,14,15). Many 
respondents consider it important to have an alarm 
function in case of cargo accumulations or limit 
exceedances so that the user has the opportunity to 
take action at an early stage (1,5,6,9,19,20,23). Insurers 
are interested in visualizing their customer portfolio 
with the help of the tool to be able to track the flow of 
goods and to consult with customers at an early stage 
to develop strategies to mitigate (5,8,11,13). Therefore, 
the knowledge about the sum insured is also relevant 
for them.   
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respective measure for accumulation severity. This 
is different for cargo owners, as the pure financial 
sum of accumulated consignments is comparably 
low. However, an accumulated loss can significantly 
determine BC, if several turnkey products are jointly 
affected. In this context, the problem of silo mentality 
[82, 83] within larger companies emerged since 
individual business segments are usually very well 
informed about their respective cargo flow but might 
not be aware of cargo from other business segments 
within the same company. Consequently, this lack 
of awareness increases the danger of accumulation 
if several business segments of the same company 
book their cargo on one ship without considering that 
other units may have cargo on the same vessel. That is 
what is special about AR – under the broad definition; 
different perspectives can and must be combined. By 
adding the dimension “Accumulation Severity” to the 
understanding of SCR, exactly this is made possible 
and offers further studies a basis to also integrate other 
actor viewpoints.

The main causes of AR are particular interests of 
individual supply chain actors and a lack of information 
sharing among them, as has been frequently pointed 
out in the relevant literature on SCRM [49, 84]. This 
leads to a focus on individual shipments rather than the 
overall system of all commodity flows. There is simply 
a lack of transparency when goods are starting to move. 
In this context, several insurers stated that they lack 
information about goods in transit and can only make 
assumptions regarding their location. Due to the lack of 
transparency, the shipments and corresponding cargo 
values a policyholder ultimately has on one transport 
mean are unknown to the insurer. Considering the 
large number of policyholders in an insurer’s portfolio, 
several of them may be transporting goods on one 
vessel at the same time. Even if they comply with the 
maximum per means of transport, the large number 
of insured risks on a ship poses a significant threat 
for primary transport insurers and reinsurers, as in 
the event of a damage/loss, high costs arise. In this 
regard, insurers were very surprised about how many 
policyholders ended up transporting goods on the 
same ship. A severe scenario would be the sinking of 
a container ship or the collision of two mega-ships. In 
this case, many of the large transport insurers would 
be severely affected, as they insure both the goods and 
the ship. Although this has not happened yet, such a 
scenario may occur in the future. 

Considering these facts against the background of 
the mentioned SCRM steps, the identification and the 
assessment of AR need severe adjustments, taking 
into account the risk of accumulated cargo. Moreover, 
practical risk management approaches are needed. 
This requires a player who takes a holistic view of 
the flow of goods. Insurance companies, in particular, 
seem to be suited to establish and operate a holistic 
AR management system. For doing so, they are 
dependent on detailed and updated information about 

5. DISCUSSION

5.1. General discussion of the results
While trends such as rising trade volumes, increasing 
transport capacities, or the growing accumulation 
potential in ports underline the importance of AR, 
this topic is only marginally addressed in academic 
literature. A few reports have been published from 
the insurance industry concerning the threat of 
accumulations risks [1, 32, 81]. Nevertheless, to date, 
none of the research examining SC risks refers to AR 
in specific. In order to obtain more insights into this 
topic, AR as a concept was first theoretically defined 
and characterized against the backdrop of the four-
stage framework of SCRM. Moreover, interviews with 
experts from the insurance and cargo shipping industry 
were carried out. Thereby, valuable information about 
the identification, assessment, management, and 
evaluation of cargo AR were gathered. Accordingly, this 
paper states a contribution to the academic literature 
on SCRM by introducing the risk of accumulation 
in global maritime freight and examining it from the 
perspective of cargo owners and insurance companies.

Although the number of articles written specifically 
about cargo AR is limited to consultancy and sector-
specific reports [1, 3, 36, 41], the interviews revealed 
its significance. However, there a strong differences 
between insurers and cargo owners in terms of 
knowledge, understanding, and risk assessment. While 
insurers see any form of accumulated consignments 
in their responsibility as a potentially risky situation, 
most cargo owners are not even aware of it, do not 
consider it as a significant risk, or have problems with 
the terminology. This lack of awareness by cargo 
owners also becomes evident in the elaboration of the 
conceptual framework, as this risk is not considered 
within the context of SCRM until now. One of the 
apparent reasons why the importance of AR is 
rated higher on the side of insurers is that they are 
significantly affected by paying for their policyholders’ 
incurred losses in the event of an accumulation loss. 
Another possible reason for the lack of awareness on 
behalf of cargo owners results from the policy structure. 
According to several insurers, the policy structure is set 
up too generically and requires barely any reporting 
obligations from policyholders. Although cargo owners 
have to accept a limit per loss or means of transport, 
further precautions when creating the policies are 
required. Insurers are already partially addressing this 
problem by attempting to determine the risk exposures 
in their policyholders’ SC to be able to consider these 
when calculating premiums. 

We were able to show that cargo owners should also 
have an increased interest in the issue of AR. Insurers 
assess AR predominantly from a financial perspective – 
they bear the financial responsibility for a large number 
of consignments accumulated at certain locations. The 
potential financial loss of the consignments is their 
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In terms of risk analysis, our findings first indicate 
that the overall risk of global supply chains is increasing 
and that risk assessment requires a more comprehensive, 
multi-actor perspective [48, 51, 56]. This is particularly 
important for insurance companies, as they bear the 
majority of the financial risk. Such companies, in 
particular, must increasingly seek to obtain more 
comprehensive information on the commodity flows 
of their policyholders to assess the risk exposure. 
Nevertheless, cargo owners must also become aware 
of the AR and therefore adopt a cross-company 
perspective. The potential for several key products from 
multiple divisions to accumulate unnoticed is real and 
can greatly determine the company’s BC. With this 
in mind, information sharing between both parties is 
relevant as ultimately the information is available that 
allows for better risk analysis. If these are used, both 
parties can benefit not only from risk reduction but also 
from cost reduction. 

In general, risk management builds on the data 
gathered in the risk analysis phase to develop and 
implement strategies for risk avoidance or reduction 
[48]. We were able to show that, with regard to 
AR, preventive measures are necessary to avoid 
accumulation. Subsequent unbundling rarely makes 
sense against the background of operational and cost 
consequences. The linchpin of measures regarding 
AR is awareness of accumulation, especially among 
policyholders, as well as data transparency concerning 
the flow of goods between insurers and insured parties 
[67, 68, 70]. Based on this, tailor-made risk avoidance 
measures can be implemented. Of particular relevance 
is the splitting of shipments and the establishment of 
redundant supply chain segments [3, 15]. However, this 
is only feasible if downstream service providers are also 
informed about these practices, as otherwise there is a 
danger that separated shipments will be accumulated 
again after all. Other measures can include accelerating 
or decelerating the flow of goods, or using alternative 
routes. However, these three measures must always be 
examined for their usefulness against the background 
of the respective situation, as they can also lead to 
accumulation.

Finally, concerning risk monitoring, we have made 
a prospective proposal on how a continuous risk-
monitoring tool for AR could look like. This should 
be operated by one actor, due to the highest impact we 
suggest insurance companies to share the tool with their 
policyholders. First, a visualization of commodity flows 
and bundling points should be shown, the latter also 
including the time component of bundling intensity. 
The tool should also have an alarm function that warns 
of risks at an early stage so that adequate measures 
to avoid risks can be initiated in time. Furthermore, 
such an instrument shall show the most important 
risk factors and their probability of occurrence at the 
respective accumulation nodes of the supply chain, as 
well as the potential financial and continuity-related 
consequences in the event of a risk occurrence.  

their policyholder‘s transports such as route, time, 
type of cargo, or parties involved. What is surprising 
is that this information is already available. Most cargo 
owners have very precise knowledge about their flow of 
goods, including the routes, the departure and arrival 
times, as well as the service providers. Regarding the 
service providers, several cargo owners have concluded 
framework agreements and have therefore known 
their service providers for several years. In contrast, 
the results from the interviews revealed that logistics 
and supply chain managers or those who are ultimately 
responsible for the number of shipments booked onto 
a transport mean have only limited knowledge about 
the potential risk accumulation can state in general, as 
well as their company’s event limit in particular. As 
a result, they might tend to concentrate cargo volume 
on one carrier in case of sufficient transport capacity 
without considering the potential consequences of 
an accumulation or the allowed event limit. These 
information deficits on both sides give rise to high 
risks for each party, which can be offset by greater 
transparency. In this way, risks, as well as costs, can 
be reduced for both sides.

5.2.  Theoretical contribution 
This paper offers four theoretical contributions to the 
literature, which can be structured and explicated into 
the aspects of risk identification, risk analysis, risk 
management, and risk monitoring using the phase 
model of SCRM [48, 57]. 

Regarding risk identification, the term and concept of 
AR are defined and its novelty in relation to the general 
SCRM literature was highlighted. The latter initially 
focuses on the identification of external, disruptive 
risk factors that can determine an individual SC [7, 
17, 56, 85]. These include, among others, earthquakes 
or flood disasters. The literature shows that marine 
supply chains, in particular, can be determined by 
these factors, as they are often geographically located 
in areas, typically affected by natural disasters. The 
importance of ports for global supply chains is also 
emphasized [33, 86, 87]. Furthermore, the general 
SCRM literature indicates the operational, endogenous 
risks in supply chain management, which can occur, for 
example, due to supply and demand uncertainties [10, 
16, 51]. This paper extends the SCR identification with 
the new perspective of Accumulation Severity, which 
allows a more precise, AR-encompassing indication 
of the respective impact on different SC entities. The 
identified AR is rooted in the supply chain itself and 
describes the problem when larger quantities of goods 
are bundled at a stationary or mobile location over a 
longer period. These cases have increased in recent 
years due to ever-larger ships, increasing global trade, 
shipment schedules, national holidays, and bottlenecks 
in the supply chain. Accumulation situations increase 
on the one hand, as do external risks, which then 
encounter the AR. We showed in general, that the 
overall risk of global supply chains is increasing for 
both insurers and cargo owners.
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premiums. An important aspect is the adjustment of 
the current policy structures, as they are too broadly 
designed and thus specify no obligation to report on 
behalf of the policyholder. Consequently, the comfort 
level should be lowered, and relatively strict limits 
should be applied to the policy, meaning defining 
certain limits per event per year. To increase this limit, 
the policyholder needs to be more transparent with the 
insurer.

Set up preventive measures to avoid cargo AR: Since 
retrospective measures to dissolve AR are difficult 
to realize operationally and are cost-intensive, the 
focus must be on preventive risk avoidance strategies. 
Concerning transportation design and the reduction 
of cargo concentration, the splitting of shipments 
and a redundant SC setup are the most important 
and feasible actions. A redundant SC setup cannot be 
implemented short term, but the idea behind it is to 
introduce a certain degree of diversification into the 
design of routes, service providers, or sources to reduce 
the development of cargo accumulations. Splitting 
shipments and the resulting additional costs are also an 
imaginable solution for many cargo owners. However, 
this measure would only be feasible if the affected 
party is informed about an accumulation at an early 
stage and can contact the responsible service providers. 
Accordingly, this would also be advantageous for 
insurers due to the lower concentration of values per 
transport mean. Nonetheless, an implementation also 
depends on the LSPs. Consequently, it is also essential 
to sensitize them in terms of AR and to work out 
appropriate solutions to ensure profit for all parties. 

Develop holistic risk management and monitoring 
tool: The visualization of the commodity flows using 
a world map proves to be an essential instrument for 
risk monitoring and risk management in the future. 
Especially the mapping of routes as well as the tracking 
of vessels and shipments add value. Considering BC and 
cargo vulnerability, the number of shipments per vessel, 
the product type, and the condition during transport 
is also of relevance when making decisions. However, 
a successful implementation is only possible if the 
parties involved are willing to make their transport 
details available on a common platform. Beyond 
simply tracking the flow of goods to identify potential 
accumulations, the respondents need to indicate the risk 
exposures they could face. Due to a large number of 
various risks, an initial approach would be to consider 
only the risk complexes rated as most severe. Here, it 
requires the implementation of historical and current 
events, which have to be geocoded and linked with 
the current locations of shipments. As soon as AR or 
a limit exceedance is indicated, an alarm appears to 
be an important function to take measures at an early 
stage. Specific measures depend on the individual 
situation, hence, possible scenarios and measures to 
avoid or reduce the impact have to be presented, which 
need to be individually adapted to the respective user. 
As this requires additional information to determine 

5.3. Managerial Implications
In this section, the focus is on the actions required to 
manage AR in the future considering the identification, 
assessment, mitigation, and control of AR. Parts of the 
recommendations for action have already been briefly 
addressed throughout this paper but will be emphasized 
more comprehensively in the following. 

Raise awareness and establish a common risk 
understanding: The most important recommendation 
that can be made for both insurers and policyholders 
is that there must be a common understanding of the 
relevance of AR. Insurers need to actively approach 
cargo owners and enlighten them about the importance 
of AR. Cargo owners should be educated about the 
misleading idea of being insured against any damage. 
Considering the mentioned consequences of an 
accumulation loss and the consequential financial loss 
aspect, this type of risk should be taken seriously. Cargo 
owners are not covered against all consequences such 
as share price losses or declines in investor confidence 
and often enough not against business continuity 
disruptions. Given the current circumstances, such as 
the increasing competitive pressure, decreasing stock 
levels, growing demand for efficiency, and increasing 
natural hazards, the awareness of all involved SC 
parties should be raised since one defect within a SC 
could affect several parties. Accordingly, the cargo 
owner’s suppliers have to be sensitized as well in terms 
of AR. Therefore, the idea of transporting as many 
goods as possible at once to exploit capacity and be 
efficient in this regard must be thoroughly considered 
and restricted against the background of the risks 
associated with accumulation. Therefore, a common 
understanding of AR needs to be created among the 
involved parties, as well as this needs to be integrated 
into risk management systems.

Increase transparency and collaboration between 
the SC partners: Although the AR is recognizable and 
has often led to high losses in the past, it is surprising 
that little is being done about it. Especially since the 
necessary data to assess and manage the risk are 
available. Accordingly, it is urgently recommended 
to increase data transparency and collaboration 
between SC partners. As indicated in the literature 
[67, 68, 70], a close exchange between insurers and 
cargo owners is required. Cargo owners need to share 
crucial shipment data with their insurers. Specifically, 
insurers need to know the types of products the cargo 
owner distributes and their respective values, the 
number of products usually shipped to determine the 
maximum, the transport times, the routes, and the 
service providers. The exchange of such information 
would enable the insurer to get a comprehensive picture 
of the policyholders’ SC structure and thus to identify, 
assess and manage the risks in general and the AR in 
specific. As this allows insurers to adequately calculate 
the premiums in a transparent and comprehensible way, 
awareness on this behalf is raised, and policyholders 
benefit from better risk coverage and/or cheaper 
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management approach to assess cargo AR. Further, this 
research does not consider other involved stakeholders’ 
insights than the insurance industry and cargo shipping 
companies. In the course of our investigation, it 
became apparent that LSPs in particular have access 
to comprehensive information. The extent to which this 
information can be integrated and the potential it offers 
seems worthy of investigation. Finally, it appears that a 
holistic risk management tool has a high benefit for both 
insurance companies and cargo owners. Although we 
were able to show some elements of a possible tool, the 
concrete conceptualization remains open. This seems 
to be a very interesting area not only for research but 
especially in terms of a business model for insurers.
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Evaluation of specific risk factors
– Which tree risk complexes do you see as the 

biggest threats to a cargo-/value accumulation and 
how would you prioritize them?

– How important is the vulnerability of cargo in case 
of an accumulation risk in your opinion?

– How important is the business-continuity relevance 
of cargo in case of an accumulation risk in your 
opinion?

– How likely do you think it is that an accumulation 
loss can affect the business continuity of your 
company?

APPENDIX I – ABBREVIATED VERSION  
OF THE INTERVIEW GUIDELINE

Current situation
– How important is it for you to be aware of 

accumulation and potential or actual risk 
exposures?

– What do you know about cargo accumulations in 
the flow of goods in the company’s/policyholder’s 
value chain?

– Have you already implemented measures to 
prevent cargo-/value accumulation?

Challenges / Chances & required measures
– What should change in your opinion concerning 

handling / approaching cargo accumulation risks? 
– What actions would you take if you get notified of a 

possible accumulation with/without risk exposure?
– Which measures would you adopt/prefer in order 

to prevent accumulation/exposure?


