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Digitization in Air Cargo
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1 – Hochschule RheinMain

2 – Frankfurt University of Applied Sciences

The air cargo supply chain consists of several parties: the forwarders collect air
cargo shipments and consolidate these shipments in regional warehouses all
over the continent. They decide upon the export airport and bring it there to
consolidate all shipments in their air cargo hub - warehouse according to the
chosen flight. Using local truckers, the shipments, consolidated by airline, are
forwarded to the handling agents to load air cargo containers or to build up air
cargo pallets. The containers or pallets are brought to the apron and loaded
into the planes. There is not a single chain existing; the parties involved are
part of a dynamic n * m * o network which is fixed with every single shipment.
The problem addressed in this paper is to document the waiting times at the
level of the handling agents. Own, long time research at Frankfurt International
Airport shows, that the waiting time for the trucker in front of handling agents
warehouses significantly influence the lead-time for shipments. We identify the
barriers to a faster adaption of digitization, which is currently around 30% in
Frankfurt. Quantifying the impact of waiting times and requiredwarehouse space
due to long lead-times allows for a cost estimate.

Keywords: Air Cargo; Lead-Time Reduction; Digitization; Air Cargo Supply Chain
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Lead-time Optimization Potential of Digitization in Air Cargo

1 Introduction

1.1 Problem description

In this paper, we address the optimization potential in air cargo handling by using
electronic data exchange and the barriers that hinder a faster development of
digitization. Digitization is expected to be an important enabler to optimize the
physical shipment flow between forwarder and cargo handling agent and reduce
existing waiting times.

As waiting time costs accumulate to millions of euros per year and the existing IT
systems provide interfaces to exchange information between the participants of
the supply chain and other solutions like cargo community systems exist, we try
to identify the reasons for the slow adaption of digitization in the air cargo supply
chain, mainly for forwarders and cargo handling agents.

Based on a survey within the members of the air cargo community of a major
hub airport we can show that the benefits of electronic data exchange in the
air cargo supply chain are well understood, but other barriers hinder further
development.

1.2 Air Cargo Supply Chain

Air cargo is the fastest mode of transport, but also the most expensive one. It is
therefore used in emergencies or in the global supply chain of high value goods.
General air cargo has to be differentiated from express and parcel services – e.g.
fromDHLorUPS–as these companiesmostly usededicatedair and road transport
networks and facilities. The air cargo supply chain on the other hand consists
of several parties: the forwarders collect the shipments from the shipper and
consolidate these shipments in regional warehouses all over the continent. They
decide upon the export airport and bring it there to consolidate in their air cargo
hub-warehouse all shipments according to the chosen flight. Using local truckers,
the shipments by airline are forwarded to the handling agents to load air cargo
containers or to build up air cargo pallets. The containers or pallets are brought
to the apron and loaded into the planes (see figure 1).
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1 Introduction

Figure 1: Air Cargo Supply Chain at Frankfurt Airport (here: export process)

1.3 Legal Situation between Forwarder und Handling Agent

The transportation is based on a contract between shipper and consignee where
the respective party – according to the chosen INCOTERMS – orders the forwarder
to organize the transportation. Besides of having outsourced various steps in the
ground transportation. The forwarder is responsible for contractinganairline. The
airline has their own contracts with handling agents at the respective airports (see
figure 1). This leads to common supply chain management problem that at the
handlingagent’swarehouse topartiesmeetwhichdonothaveadirect contractual
relationship and therefor show only limited interest in mutual optimized solution.
In difference to many production or distribution supply chains, a leading partner
that forces its partners into a hierarchical supply chain management is missing.
With many partners of various sizes and a volatile setup, also a consensus based
supply chain approach is difficult to realize.

1.4 Digitalization in Air Cargo

The air cargo shipment has to be accompanied by many shipment papers, which
are necessary for e.g. declaration or description of the content. This paperwork
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Figure 2: Contracts in the air cargo supply chain

78



1 Introduction

Figure 3: IATA eAWB development (International Air Transport Association, 2017)

could be done electronically. The respective factors (papers transmitted electron-
ically/papers in total) in Frankfurt differs from airline to airline, from forwarder to
forwarder, but does not exceed 30% so far. Penetration rate of electronic airway
bills (eAWB) just reached the global 50%mark and is lagging behind the expected
development. Several activities have been conducted, e.g. by the International
Air Transport Association (IATA), or the local collaboration platform fair@link to
increase the digitalization share, but did not show fundamental success by now
(see figure 3).

1.5 Weekend Peak

Around half of all cargo is transported on passenger planes, which often offer
a daily (or better) service to major destinations. Nevertheless, cargo volume
typically peaks on weekends. As most businesses (shippers and consignees) do
not operate on weekends the shipments arrive on Friday or Saturday latest for
export and the incoming shipments will be picked up Monday morning. The
weekend peak is especially challenging for the handling agents, as air cargo
shipments are typically booked on short notice (see figure 4).

1.6 Key Performance Indicators in Air Cargo

In air cargo handling, competitiveness can be defined by lead-times and related
costs. Lead-times directly influence the related costs as shorter lead-times re-
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Figure 4: Weekly cargo volume distribution (n = 102,793 Airway Bills of March 2015
= 40% of Volume of Frankfurt Airport)

duce the number of stored shipments in the warehouse and – besides being less
complex – allow for an increase in efficiency.

The lead-time concerning this paper is defined to be the difference between the
arrival time of the truck at the office of the handling agent (landside) and the
transportation of the shipments to the plane (airside) for the export process. The
lead-time in imports is measured between the arrival of the shipments at the
handling agent’s warehouse on the airside and the pickup by the forwarder.

1.7 Structure of the paper

This paper is organized as follows: The related literature from the areas of air
cargo, supply chainmanagement and operational logistics is presented in section
2. A detailedproblemdescription follows in section 3. It is basedonother research
about truck waiting times and average lead-times in handling agent warehouses
before detailing the theoretical benefits of digitization and potential barriers or
risks.
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2 Related Literature

Section 4 contains the relevant information about the setup and structure of the
survey, which is followed by the presentation of the most important results in
section 5. These are transformed into a benefits-barriers-model. Section 5 ends
with a critical appraisal of survey andmodel. The last section contains a summary
and directions for further research.

2 Related Literature

2.1 Aviation and Air cargo

Research in the Aviation industry is mostly focused on the passenger transport
(Wittmer, Bieger and Müller, 2013).

Specifically in air cargo networks only few current research papers are found
(Sieke, 2010; Vancroonenburg, et al., 2014; Feng, Li and Shen, 2015a; Zhang, et al.,
2017) which contain mostly pure theoretical considerations without containing
real data.

Chen et al consider the choice of optimal transshipment-hubs (e.g. that of the
export port or the airport) from the shippers and forwarders perspective (Chen, et
al., 2017). Besides quantitative factors such as costs and transportation distance,
location-specific qualitative elements are taken into account as well. Feng (Feng,
Li and Shen, 2015b) gives an up-to-date overview of the air cargo operation.
The examined questions are about the optimization of the layout or seperate
processes (Frye, 2003; Chan, et al., 2006; Yan, Shih and Shiao, 2008; Bierwirth,
2009; Lau, et al., 2009; Selinka, Franz and Stolletz, 2016). Other authors examine
the Revenue Management in air cargo (Hellermann, 2006; Pfeffer, 2015; Chao and
Li, 2017).

There are some, partially unpublished, preparatory works by the authors that
talk about the investigation of the processes at Frankfurt Airport (Wagschal and
Schocke, 2012; Schocke, 2013; Hertelendy, et al., 2015; Wegener and Schocke,
2015; Bierwirth, Höhl and Winning, 2016; Schocke and Koch, 2017).
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2.2 Supply Chain Management

Beside Air cargo specific processes research and publications regarding the ben-
efits of information exchange in supply chain management is relevant for the
deduction of digitization benefits.

The majority of the publications focuses on a classic Supply Chain and the coop-
eration of supplier, producer, distributor and examines the effects of fluctuations
in demand and the resulting costs (Schulze, 2009; Barros, et al., 2015; Marinagi,
Trivellas and Reklitis, 2015; Rached, Bahroun and Campagne, 2015). Walter (Wal-
ter, 2015) examines the “Exchange of information in the maritime transport chain
– investigation of process performance in the data flow of capacity utilization” in
very similar and comparable aspects. Aspects of empirical investigations were
transferred to air cargo based on this publication.

Only in Walter (Walter, 2015), the relations of associates inside the transport
chain (forwarders, carriers, other logistics service providers) were object of a
publication. The quantification of use mostly occurred over simulationmodels
and calculations and was only seldom linked to empirical analyses.

Consisting approaches from the SCM-theory prove that a corporate planning pol-
icy such as e.g. a mutual optimal order- and production policy can be determined
in ways of minimizing the sum of total costs from costumer and producer (Sucky,
2004).

2.3 Operational bottlenecks

In theory and practice, loading ramps are known to be a bottleneck of transport
logistics. Many practice-oriented publications of the recent years in this context
make it clear that friction losses occur in the interfaces of processing (Semmann,
2012). The site operating companies, here Handling Agents, aim for maximal
capacity of their ramps and a continuous flow of cargo (Semmann, 2012). Ramp
management concepts aim for an optimization of the use of the ramps. In practice,
the active management is often not transcribed in consideration of all boundary
conditions, which leads to efficiency losses. There losses can affect the daily
planning substantially of the site operating and cargo carrying companies and are
not only complained about in practice but also talked about in a special report of
the federal office for freight transport (Semmann, 2012).
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3 Problem Description

3 Problem Description

Firstly, we describe results of the research about the status, which give an indica-
tion about the optimization potential. Afterwards the benefits of digitization and
electronic data exchange will be detailed and potential risks discussed.

3.1 Current status and deficits

According to proven supply chain management theory, the exchange of informa-
tion between supply chain partners – in our case the forwarder, the airline and the
handling agent – could accelerate handling as all parties can prepare in advance
and optimize their use of resources. Theminimum improvement would be the
time saving of entering shipment or airway bill data and avoidance of printing and
paper costs. Beyond these simple references, amore detailed approach regarding
the benefits of electronic data exchange is missing. Besides formulating, the
urgent need for digitization related risks as well as needed competencies and
capabilities necessary for successful digitization are unknown.

Earlier researchshowed that theparties involved (handlingagentsand forwarders)
use IT systems, which are capable of exchanging information in various formats
and to a centralized platform as well as over bilateral interfaces.

An on-site observation of the truck docks of several handling agent warehouses
over a period of 36 hours at 1st and 2nd of June, 2017, led to the calculation of
average truck lead-times.

The overall lead-time for handling agent 1 is 186minutes, for handling agent 2 209
minutes and for handling agent 3 is 164 minutes. Supposing an identical mix of
shipments and defining the shortest length per segment as a benchmark (e.g. 39
minutes for handling agent 2 companyarrival - office entrance), thebenchmarking
lead-time is 88mins. Consequently, significant waiting times can be calculated:
at least 50% of the overall lead-time is waiting time (see figure 5).

As part of the observation, the truck drivers have been asked, if they announced
their arrival (e.g. using a truck dock scheduling system) or if they have been
informed about the current operating grade at the ramp. Just 25% of the truck
driver use existing ramp scheduling systems and 25% are informed about current
operating grade. This happens although 80% of the truck drivers are equipped
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Figure 5: Truck waiting times as part of lead-time

with a smart phone. Exchange of information does not happen and leads to long
waiting times.

Beside the cost of waiting times, the missing information about the shipments
loaded onto each truck some shipments miss their booked flights which causes
extra costs. Expectation of several partners of the air cargo supply chain is that
with electronic data exchange and a truck slot timemanagement system these
backlogs (see chapter 5).

Apart from observing truck drivers, we collected a set of data from four handling
agents and Fraport fromMarch 2015, which covers 40% of the overall tonnage.
With this set of data, we are able to calculate the lead-time from office entrance
at handling agent until off block (plane leaves its parking position).

The analysis of the lead-times of these 102,793 shipments show that while the
mean is almost a day (from delivery to airside departure and airside arrival to
pick up) most cargo is delivered or picked up shortly before latest acceptance
time (LAT) or after time of availability (TOA). It can be logically deducted that
shipments which arrive early or stay long in the handling agents warehouse add
to the complexity and may block resources which are needed for time critical
shipments. As with the timemanagement system the expectation is the increase
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3 Problem Description

the efficiency of the use of resources and faster processes at this external interface
with digitization (import: see figure 6; export see figure 7).

Figure 6: Import lead-times

Figure 7: Export lead-times
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3.2 Benefits of digitization

As mentioned in the beginning, the overall expectation would be cost saving.
However, beside this and the above-mentioned expected increase in resource
efficiency further aspects have to be considered as benefits (see figure 8).

Based on a better planning which is made possible by information transmitted
prior to truck arrival processes can be aligned and thereby reducingwaiting times,
so a faster process can be achieved (time). At the same time, the amount of time
for re-entering the data can be eliminated. The planning leads to a more efficient
use of staff and less waiting times or buffers between various process steps and
thereby accelerates the handling.

Reduced lead-times increase the use of truck docks and storage area, so overall
capacity of the facility can be increased. The resources involved are usedmore
efficiently at the same time and thereby the marginal costs are reduced.

The benefits regarding the cost perspective is threefold: As alreadymentioned the
cost for re-entering data can be eliminated. This also eliminates possiblemistakes
and the related effort to correct those. Less mistakes than lead to less effort for
searching and/or questions by customers. Additionally the more efficient use of
staff leads to reduced costs.

Not only less mistakes are made, but alsomistakes could be identified earlier (e.g.
if number of packages differ with documentation).

Last factor to be considered should be a positive effect on the image of a handling
agent as less mistakes may lead to higher customer satisfaction.

3.3 Risks and required competencies

As the benefits are easy to deduct, although not quantifiable, additional barriers
or other missing elements are hindering a faster adoption.

Based on several expert interviews and students’ thesis as well as the authors
experience over the years, the authors identified risks and competencies that
might be crucial for a successful digitization.

A very important aspect is trust in the partners and service providers or fear
about the misuse of information provided electronically. This mainly defines
the willingness of exchanging data. This aspect than is of course the ability to
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3 Problem Description

Figure 8: Detailing the benefits of digitization in air cargo

exchangedata,which requires technical andmanagement skills – fromconnecting
the systems to explanation of the transformation to the employees.
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4 Survey

The survey within the air cargo community was designed to firstly verify the
understanding of the formulated benefits of digitization. The second part deals
with the other aspects, the risks and competencies such as the digital readiness
of partners in the air cargo supply chain and their supply chain thinking.

As electronic data exchange requires at least two parties (sender and receiver),
the survey should be relevant for all parties in the air cargo supply chain, and not
specified for one group.

The survey consisted of 40 questions which were sent to members and interested
parties of Air Cargo Community Frankfurt (ACCF). In total 136 persons were ad-
dressed. Prior to that, the questionnaire was pre-testedwithin in the project team
and with selected members of the community. A return rate of 26% could be
achieved. The returning questionnaires cover the entire air cargo supply chain
(see figure 9)

In the beginning, the participant had to select the company size and its role in the
supply chain.

To evaluate the importance of model sub-elements the participants were re-
quested to give their consent or opposition to statements on a scale from 1 to
10 where 1 was defined and indicated as “I totally disagree” and 10 as “I totally
agree”. Additionally we integrated open questions andmulti-selection questions,
e.g. for the type of electronic data exchange that is currently used.
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4 Survey

Figure 9: Position in air cargo supply chain of respondent (n=50)
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5 Results

5.1 Benefits of digitalization

In part one of the survey, the respondents have been asked for their view on the
benefits of digitalization.

Concerning the digital exchange of information, 85% of the respondents reported
to already use digital data exchange (see figure 10).

In most cases IT-systems are connected via electronic data interchange (EDI),
however, 24% of respondents said they mainly use e-mails with attachments.
The tools being used are separated into one third each between the local cargo
community system fair@link, bidirectional interfaces as well as other media (here
especially e-mail clients)

The advantages of electronic data exchange are clear to the respondents. Digi-
tal data exchange improves resource utilization (mean 8,96; STD 1,33), reduces
costs (mean 8,55; STD 1,64), improves data quality (mean ,67; STD 1,99) and
makes it possible to increase capacity (mean 7,70; STD 2,03). Data exchange also
strengthens the image of the company (mean 7.98; SRD 1,58).

5.2 Maturity of Supply Chain Thinking

The importance of general thinking as well as cooperation is being recognized
cleary by the companies: The up- and downstream companies in the supply chain
are seen as part of the own network (mean 7,58; STD 2,45; see figure 11)

As mentioned before companies see big advantages in electronic data exchange.
But there is an obvious gap between desire and reality: Although practically all
companies use electronic data exchange not all partner companies are attached
(mean 7,58; STD 2,45; see figure 12).

5.3 Data quality

Reasons for the poor penetration of electronic cooperation are widely varied (see
table 1).
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5 Results

Figure 10: Usage of digital data exchange (n = 40)

Figure 11: Downstream and upstream companies are part of companies supply
chain
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Figure 12: Direct connections between the IT systems of all our partners do exist

Table 1: Reasons for poor electronic penetration

Information we get is … Mean STD Median

In time 5,61 2,38 5,00
Complete 5,74 2,41 6,00
Reliable 5,91 2,31 6,00
Clear and easy to understand 6,14 2,26 6,00
Up to date 6,19 2,32 7,00
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5 Results

The information that is transmitted to the partners is unsatisfactory in several
dimensions. Respondents see immense improvement potential in both punctual
delivery and completeness and currency. Especially the aspect of reliability of
data is seen critically. In addition, the rework of electronically transmitted data
needs to be corrected by 26% of the companies.

The advantage of electronic transmission to avoid system breakdowns cannot
be verified for sure; IT processes need to be checkedmanually which can lead to
additional costs.

5.4 Risks

The contradiction betweenwanted and implemented electronic exchange of data
can be shown by the means of two additional dimensions. On the one hand,
digitization leads to transparency, on the other hand digitization is seen critically
due to stronger dependence on IT.

Theoperativeprocesses in theair cargo industrynowadaysaremarkedby random-
ness and lack of transparency. The decision which airline sends a consignment
is a case-by-case decision, which e.g. contains extensive requests for different
airlines (see chapter 2). Through electronic linking of IT systems cargo data can
be retrieved directly. At the same time, inefficiencies on individual value levels
become visible to the costumer. The companies however becomemore transpar-
ent and therefore better comparable in terms of the temporal component of the
processes (see figure 13).

Therefore market transparency will increase, whichmost of the companies sug-
gest (mean 7,24; STD 1,79). This transparency is seen more as a threat than a
chance (mean 4,76; STD 2,74).

These statements are influenced by the thought that many IT projects are obvi-
ously unpredictable (mean 5,59; STD 2,58), the confidentiality of data can only be
ensured conditionally (mean 5,76; STD 2,76) and one becomes dependent on one
service provider due to linkage (mean 6,03; STD 2,78) or the connection is very
complex.

In conclusion, a very heterogeneous picture is shown regarding the realization of
digitization in the air cargo industry.
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Figure 13: The market becomes more transparent

5.5 Benefits-Barrier-Model for digitization in air cargo

Based on the results of the survey a benefits-barriers-model was developed to
reflect the potential benefits of exchanging data and the barriers themight hinder
the successful implementation. Therefore, an inverted triangle was chosen to
reflect the three perspectives: The five types of benefits can only be realized if
the four competencies are present with a basic knowledge and the risk side can
be calculated against the benefit (see figure 14).

Asmentioned in section 3.3, the risk perspectivemainly influences thewillingness
of a participant to share information. Related to the exchange or distribution of
information on an exchange platform additional risks arise:

— The business might becomemore transparent

— The confidentiality of the information has to be ensured

— The partner may become dependent of the platform and the information
provided

The (IT) project risk involves the uncertainty and lacking experience with projects
– esp. of smaller partners. This could be solved with external partners providing
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5 Results

Figure 14: Benefit-Barriers-Model

this experience or by the exchange service provider who includes the project
management.

On the competence perspective, a partner has to possess steering and process
competencies. The information acquired earlier in the process has to be used
to improve planning for example; otherwise, no benefits can be realized. The
partners have tounderstand their IT systemand theplatformandhow it integrates
into the overall process and for example, which mobile equipment is needed.
This is meant with IT competence. As commonly known digitization changes the
working environment so an accompanying change management is essential for a
successful installation.

5.6 Critical Appraisal

Themodel was developed based on a limited sample size of answers from just
one airport community. The maturity of competencies is hard to measure and
themodel so far does not indicate whichmaturity level has to be achieved to take
the competence barrier.
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Quantified calculations of the benefits, e.g. from a best practice, are necessary
to calculate a business case which is necessary in most companies to justify
investments and projects.

6 Conclusion

The air cargo supply chain consists of many partners with individual goals, inter-
ests and perspectives. The grade of digitalization in information exchange is poor
compared to other industries. We presented lead-time calculations as well as
waiting time considerations which show the inefficiency of todays processes. We
describe the discrepancy between these inefficiencies and the expectations of
the protagonists of the air cargo supply chain.

Weconducteda surveywhich shows that thebenefits of digitizationandelectronic
data exchange are understood and agreed upon by all participants in the air cargo
supply chain. A positive impact on image and quality can be expected as well as
reductions in cost and lead times. Resources can be usedmore efficiently.

The survey revealed a maturity in supply chain thinking although there is a huge
gap between the perception of supply chain thinking and the existing electronic
data exchange between the partners.

Beside predicting benefits from digitization and having a supply chain thinking
other barriers hinder the development of electronic data exchange. Managers
mostly fear the transparency of a digitized supply chain and lack some competen-
cies for making the digital transition.

The results of the survey led to the development of the benefits-barriers-model.
The benefits of digitization can only be realized if risks are low and other compe-
tencies exist.

Acknowledgements

The authors would like to thank the Air Cargo Community Frankfurt e.V., which
coordinated the contact to and the communication with the companies involved
into this research.

96



References

Financial Disclosure

The present study was financially supported by the research-funding program
”HOLM Innovationsfonds” of Hesse’s Ministry of Higher Education, Research, and
Arts (HO 2014/40).

References

Barros, A. P. d., C. S. Ishikiriyama, R. C. Peres, and C. F. S. Gomes (2015). “Processes and Benefits of
the Application of Information Technology in Supply Chain Management: An Analysis of the
Literature”. In: Procedia Computer Science 55, pp. 698–705.

Bierwirth, B. (2009). Optimierung der Sicherheitskontrolle in der Luftfrachttransportkette aus logis-
tischer Sicht: Vortrag gehalten auf dem Kolloquium Luftfracht und Luftsicherheit, 13. November
2009 Frankfurt/Main. Praxiswissen.

Bierwirth, B., S. Höhl, and J. v. Winning (2016). Electronic Air Cargo Supply Chain. Frankfurt.
Chan, F. T., R. Bhagwat, N. Kumar, M. K. Tiwari, and P. Lam (2006). “Development of a decision

support system for air-cargo pallets loading problem: A case study”. In: Expert Systems with
Applications 31.3, pp. 472–485.

Chao, C.-C. andR.-G. Li (2017). “Effects of cargo types and load efficiency on airline cargo revenues”.
In: Journal of Air Transport Management 61, pp. 26–33.

Chen, G., W. Cheung, S.-C. Chu, and L. Xu (2017). “Transshipment hub selection from a shipper’s
and freight forwarder’s perspective”. In: Expert Systems with Applications 83, pp. 396–404.

Feng, B., Y. Li, and H. Shen (2015). “Tying mechanism for airlines’ air cargo capacity allocation”. In:
European Journal of Operational Research 244.1, pp. 322–330.

Feng, B., Y. Li, and Z.-J. M. Shen (2015). “Air cargo operations: Literature review and comparison
with practices”. In: Transportation Research Part C: Emerging Technologies 56, pp. 263–280.

Frye, H. (2003). FlächenbezogeneOptimierung von Luftfrachtterminals: Zugl.: Dortmund, Univ., Diss.,
2002. Logistik für die Praxis. Dortmund: Verl. Praxiswissen.

Hellermann, R. (2006). Capacity options for revenuemanagement: Theory and applications in the
air cargo industry ; with 17 tables. Vol. Vol. 575. Lecture notes in economics andmathematical
systems. Berlin, Heidelberg, and New York: Springer.

Hertelendy, T., T. Gerhardt, H. Frye, and K.-O. Schocke (2015). Datenmodell für Monitoring und
Benchmarking der Cargo City Frankfurt.

International Air Transport Association (2017). e-AWB international monthly report May 2017.
Lau, H., T. M. Chan, W. T. Tsui, G. Ho, and K. L. Choy (2009). “An AI approach for optimizing multi-

pallet loading operations”. In: Expert Systems with Applications 36.3, pp. 4296–4312.
Marinagi, C., P. Trivellas, andP. Reklitis (2015). “InformationQuality andSupplyChainPerformance:

The Mediating Role of Information Sharing”. In: Procedia - Social and Behavioral Sciences 175,
pp. 473–479.

Pfeffer, S. (2015). “Revenue Management in der Luftfracht”. Dissertation. Stuttgart: Universität
Stuttgart.

97



Lead-time Optimization Potential of Digitization in Air Cargo

Rached, M., Z. Bahroun, and J.-P. Campagne (2015). “Assessing the value of information sharing
and its impact on the performance of the various partners in supply chains”. In: Computers &
Industrial Engineering 88, pp. 237–253.

Schocke, K.-O. (2013). Cargo City 2020. Frankfurt.
Schocke, K.-O. and S. Koch (2017). Analyse der Verkehrssituation in der CargoCity unter spezieller

Berücksichtigung der Tor 26/31/32. Frankfurt.
Schulze, U. (2009). Informationstechnologieeinsatz im Supply-chain-Management: Eine konzep-

tionelle und empirische Untersuchung zuNutzenwirkungen undNutzenmessung: Zugl.: Vallendar,
WHU - Otto Beisheim School of Management, Diss., 2009. 1. Aufl. Vol. Bd. 10. Gabler Research.
Wiesbaden: Gabler.

Selinka, G., A. Franz, and R. Stolletz (2016). “Time-dependent performance approximation of truck
handling operations at an air cargo terminal”. In: Computers & operations research : and their
applications to problems of world concern : an international journal 65 (2016), pp. 164–173.

Semmann, C. (2012). “Eiszeit an der Rampe”. In: DVZ, pp. 1–2.
Sieke, H. (2010). Ressourcenallokation im Luftfrachttransportnetz mit Hilfe einer standortüber-

greifenden Frachtflusssteuerung: Zugl.: Diss., Technische Universität Dortmund, 2010. Luftfahrt.
München: Verlag Dr. Hut.

Sucky, E. (2004).Koordination in Supply Chains: SpieltheoretischeAnsätze zur Ermittlung integrierter
Bestell- und Produktionspolitiken. Produktion und Logistik. Wiesbaden: Dt. Univ.-Verl.

Vancroonenburg, W., J. Verstichel, K. Tavernier, and G. Vanden Berghe (2014). “Automatic air cargo
selection and weight balancing: A mixed integer programming approach”. In: Transportation
research / E 65 (2014), pp. 70–83.

Wagschal,H. andK.-O.Schocke (2012).LogistischeVerkehrsstrukturanalyseamFrankfurter Flughafen.
Frankfurt.

Walter, F. (2015). Informationsaustausch indermaritimenTransportkette:UntersuchungderProzessleis-
tung im Datenfluss und der Kapazitätsauslastung. Wiesbaden Germany: Springer Gabler.

Wegener, K. and K.-O. Schocke (2015). Verkehrsanalyse Cargo City Süd. Frankfurt.
Wittmer, A., T. Bieger, and R. Müller, eds. (2013). Aviation Systems: Management of the Integrated

Aviation Value Chain. Springer Texts in Business and Economics. Berlin: Springer Berlin.
Yan, S., Y.-L. Shih, and F.-Y. Shiao (2008). “Optimal cargo container loading plans under stochastic

demands for air express carriers”. In: Transportation Research Part E: Logistics and Transporta-
tion Review 44.3, pp. 555–575.

Zhang, C., F. Xie, K. Huang, T. Wu, and Z. Liang (2017). “MIP models and a hybrid method for the
capacitated air-cargo network planning and scheduling problems”. In: Transportation Research
Part E: Logistics and Transportation Review 103, pp. 158–173.

98


	Lead-time Optimization Potential ofDigitization in Air Cargo



