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Abstract. The transformation of modern supply chains is accompanied by
increasing demands for speed, flexibility and reliability of transport and logistics
processes. In the USA, where interregional transportation plays a key role in the
economy, delivery organization models that minimize transport downtime and
ensure the stability of cargo flows are particularly important. One such approach is
the drop-and-hook model, which relies on the operational replacement of trailers
without long wait times during loading or unloading.

The purpose of the study is to analyze the economic results of applying the
drop-and-hook model in the USA interregional transportation system and determine
its impact on the efficiency and continuity of supply chains. The study is based on a
combination of theoretical and empirical methods, including analysis, synthesis,
abstraction, induction and deduction for theoretical justification, as well as

statistical analysis of efficiency indicators of transport and logistics operations.
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Theoretical analysis of the effectiveness of the drop-and-hook model has
shown its positive impact on the optimization of transport and logistics processes,
particularly through reduced vehicle downtime, more rational resource use and
lower operating costs in interregional transportation. The drop-and-hook model
increases the adaptability and resilience of supply chains to logistical risks,
ensuring the stability of transportation and reducing the time required to restore
operational processes after delays. However, potential limitations of this model’s
implementation have also been identified, in particular, high requirements for
schedule coordination and the need for significant initial investments.

Thus, it has been established that the drop-and-hook model has significant
potential to increase the economic efficiency and resilience of interregional supply
chains in the United States. It allows for optimizing costs, reducing downtime and
improving the reliability of supplies. Implementing this model can be an important
step for companies seeking to adapt to changing market conditions and increase
competitiveness.

Keywords: transport and logistics processes, freight transportation,
operational replacement of trailers, logistics risks, transport adaptability, cost
optimization, continuity of supply, transport downtime, competitiveness of carriers,

delivery management.
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Anomauia. Tpancghopmayin CyYacHux — JaHyiocie nOCMayaHHs
CYNPOBOOINCYEMBCS 3POCMAHHAM UMO2 00 UBUOKOCMI, 2HYUKOCMI Ma HAOITUHOCMI
mpancnopmuo-nocicmuunux npoyecie. Y CILIIA, oe mixcpezionanvhi nepese3eHHs
gidicparomsv KI0Y08Y pob V (QYHKYIOHY8AHHI €KOHOMIKU, 0COOIUB020 3HAUEHHS
Habysarwomv Moleni opeaHizayii 00cmasKu, 30amHi MIHIMI3Y8amu HpPOCMOi
mpancnopmy ma 3abe3neqyumu cmaobilbHiCmb 8aHMAaNCONOomoKie. OOHUM i3 MAKUX
nioxodig € mooenv drop-and-hook, axa rtpynmyemvcsa Ha onepamusHiil 3aMiHi
npuyenie 6e3 mpueano2o O4iKy8aHHs niod 4ac HAGAHMANCEHHS YU PO3BAHMANCEHHS.

Mema Oocnidxcenns noaseae 6 aHaNizi eKOHOMIUHUX —pe3yIbmamis
3acmocysanus moodeni drop-and-hook y cucmemi midcpecionanvHux nepese3eHb
ClIA ma euznauenni ii 6niugy Ha egekmueHicmv i Oe3nepepsHicmb IAHYI0I8
nocmavanus. Jlocniodxcenns 6a3yemocs Ha KOMOIHAYIT MeopemuyHUX i eMNipUYHUX
Memo9is, BKI0OYAOYU AHANI3, CUHMe3, abCmpa’y8anHs, IHOYKYil0 ma 0edyKyito O
meopemu4Ho20 OOIPYHMYBAHHSA, A MAKONC CMAMUCMUYHUL AHANI3 NOKA3HUKIG
echexmusHocmi mpaHCcnOpmMHO-102ICMUYHUX ONepayill.

Teopemuunuti ananiz egexmusnocmi moodeni drop-and-hook 3aceiouus ii
NO3UMUBHUL 6NJIUE HA ONMUMIZAYII0O MPAHCHOPMHO-TOICMUYHUX NPOYeCis,
30Kpema uepe3 CKOPOYEeHHs NpOCMmOoi8 MpPAHCNOPMHUX 3Ac00i8, payioHanbHiule
BUKOPUCMAHHA PeCypPCi8 1 3HUNCEHHS ONepayiuHux eumpam y MIdHCpeLiOHAIbHUX
nepegesennsix. Ilokazano, wo mooenv drop-and-hook niosuwye aoanmusnicmo i
CMIUKICMb  JIAHYI02I8 NOCMAYAHHA 00 JIO2ICMUYHUX PU3UKIE, 3abe3neuyoyu
cmabinbHiCMb UKOHAHHS Nepese3etsb | CKOPOUeHHs 4acy 8i0HOGIeHHs ONepayitiHux
npoyecié nicas GUHUKHeHHS 3ampumokx. Ilpome, e6usa6neHo U nNOmMeHyiuHi
00MedICeHHS BNPOBAVIHCEHHS Yi€i MOOeNl, 30KpeMa BUCOKI 8UMO2U 00 KOOPOUHAYIT
epagikie ma HeoOXIOHICMb 3HAUHUX NOUAMKOBUX IHBECTNUYILL.

Omowce, ecmanosierHo, wjo mooensb drop-and-hook Oemoncmpye 3HauHULL
nomenyian Onsl NIOBUWEHHS eKOHOMIUHOI egexmusHocmi ma CMIUKOCMI

MidcpezionanvHux nanyrocie nocmavanns ¢ CILIA. Boua 0o3sonsie onmumizyeamu
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sUmMpamu, CKOpOMUmMuU 4ac npocmoro ma niOsUWUmMU HAOIUHICMb NOCMABOK.
Bnpoeaodocenns yiei mooeni mooice cmamu 8anHCAUBUM KPOKOM OJisl KOMNAHIU, 5KI
npacHyms aoanmyeamucsi 00 MIHAUBUX VMO8 PUHKY mMda RNIOGUWUMU CBOI0
KOHKYDPEHMOCNPOMOACHICMb.

Knwuosi  cnoea:  mpancnopmHo-102iCMUYHI  Npoyecu,  BAHMANCHI
nepese3eHHs, ONepamusHa 3aMiHA NPUYenis, J02ICMUYHI pU3UKU, a0anmueHiCMb
nepegezenb, onmumizayisi eumpam, 0Oe3nepepeHicmb  NOCMABOK, HNPOCMOI

MPAHCHOPMY, KOHKYPEHMOCHPOMONCHICMb NEePEeBi3HUKIE, YNPABIIHH 00CMABKOIO.

Problem statement. In the modern globalized economy, interregional supply
chains combine transport hubs, warehouses and distribution centers across different
countries, leading to increased demands for the efficiency of logistics processes.
Under such conditions, the search for organizational solutions that ensure the
continuity of transportation, reduce transport downtime and increase the reliability
of cargo delivery becomes particularly important. One such solution is the drop-and-
hook model, which allows semi-trailers to be promptly replaced at terminals without
loading or unloading at the point of arrival.

The study’s relevance stems from the need to adapt transport and logistics
systems to modern challenges, including rising fuel costs, increased environmental
requirements, supply chain instability and greater transportation flexibility. In this
regard, there is a growing practical interest in delivery organization models that
ensure more rational use of resources and increase the efficiency of logistics
operations.

Despite the widespread adoption of the drop-and-hook model in road
transportation, scientific research has not given sufficient attention to assessing its
economic benefits and its impact on the sustainability of supply chains. Existing
works mainly focus on the organizational aspects of the model’s functioning, while

the issues of its role in ensuring transportation continuity, reducing unproductive
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time costs and increasing the adaptability of logistics systems require further
research.

Thus, studying the functioning of the drop-and-hook model is important for
identifying opportunities to increase the efficiency of interregional transportation,
optimize the use of transport resources, and ensure the stability of logistics processes
amid modern market changes.

Analysis of recent studies and publications. The economic efficiency of the
drop-and-hook model in increasing the sustainability and continuity of interregional
supply chains in the USA is considered in modern research as a component of the
transformation of transport and logistics systems aimed at reducing unproductive
time, optimizing the use of rolling stock, and increasing transportation capacity. The
work of S. Shiri, N. Huynh, D. Smith, and F. Harder [1] emphasizes the importance
of port and terminal facilities in the formation of an efficient drayage transportation
system, where the use of approaches close to drop-and-hook reduces cargo
processing delays and increases the stability of logistics operations. Similar
conclusions were obtained in the study by M. Shao, D. Chen, X. Lu, X. Liu, and
Z. Yang [2], which analyzes the drop-and-pull model and demonstrates its economic
feasibility under the condition of proper infrastructure, relevant to the organization
of interregional flows in the USA.

The work of A. Mohan and P. Vaishnav [3] found that the automation of
freight transportation in the USA directly reduces operating costs and increases the
efficiency of transport networks, which is conceptually consistent with the principles
of drop-and-hook as a model for minimizing downtime. In turn, I. P. Fomichenko
and S. O. Barkova [4] consider smart logistics as a tool for digital transformation of
transport processes, which ensures increased manageability and efficiency of
logistics systems through the integration of information technologies.

The issue of supply chain sustainability is detailed in the study by
O. A. Tsymbalistova, Y.V. Yudenko, and O.S. Chernikhova [5], which
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emphasizes that the ability of logistics systems to adapt to external risks depends on
the flexibility of the organization of transport flows, which is directly correlated with
the advantages of drop-and-hook in ensuring the continuity of transportation.

The study by O. Korostin [6] demonstrates the role of artificial intelligence in
optimizing transportation routes, which enhances the efficiency of logistics models
by reducing costs and increasing planning accuracy. Planning accuracy and resource
efficiency are also improved. In the works of G. G. Tolobaiev [7; 8], attention is
focused on the digitalization and decarbonization of the transport industry as factors
for increasing the economic and environmental efficiency of transportation.

An important contribution to the understanding of the digital transformation
of logistics is made by V. Ishchenko [9], who demonstrates that the efficiency of
modern logistics systems is determined by the use of algorithmic flow management
models, which create the prerequisites for implementing drop-and-hook solutions in
large-scale transport networks. A general approach is presented in the study by
S. Smerichevskyi, O. Mykhalchenko, Z. Poberezhna, and I. Kryvovyazyuk [10],
which emphasizes that the implementation of innovative technologies in transport
enterprises 1s a key factor in ensuring their sustainability and the continuity of
operations.

Thus, the analysis of the literature shows that the drop-and-hook model is
considered as an element of modern logistics modernization, integrated into the
processes of digitalization and automation of transport systems; however, its
economic efficiency and impact on the sustainability of interregional supply chains,
in particular in the USA, remain insufficiently empirically substantiated, which
determines the need for further research.

Identification of previously unresolved parts of the general problem.
Despite the availability of theoretical developments, the practical results of applying
the drop-and-hook model in enterprise activities and in interregional transportation

remain insufficiently confirmed due to the limited number of systematic
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observations, the lack of agreed assessment approaches, and the lack of comparative
data. This makes it difficult to determine its real impact on costs, supply continuity
and environmental indicators, hindering the justified implementation of the model
in practical activities. Eliminating these gaps is important for improving the
efficiency of logistics processes and for making better management decisions.

Formulation of the article objectives (task statement). The purpose of the
study is to determine the economic efficiency of the drop-and-hook model as a tool
for increasing the sustainability and continuity of interregional supply chains in the
USA, and to justify its feasibility in the context of modern logistics challenges.

Research objectives:

1. To analyze the essence and organizational and economic features of the
drop-and-hook model in the USA road transportation system.

2. To assess the impact of using the drop-and-hook model on key indicators
of the efficiency of logistics processes (costs, downtime, transport productivity,
reliability of supplies).

3. To investigate the role of the drop-and-hook model in increasing the
sustainability and continuity of interregional supply chains in conditions of risks and
crisis situations.

Presentation of the main material of the study. The drop-and-hook model
is an organizational form of road transportation that separates the transportation
process from loading and unloading operations. The essence of the approach is that
the driver delivers a trailer to the destination, leaves it for cargo processing, and
immediately hooks up another one, ready for transportation, thereby minimizing
tractor downtime and ensuring the continuity of vehicle traffic. From an economic
point of view, the model contributes to increasing the efficiency of transport
companies’ resource use. Reducing waiting time increases the number of trips

without expanding the fleet, thereby boosting productivity and reducing costs per
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unit of transportation [ 11]. In addition, personnel work is optimized, as drivers spend
less time waiting and can focus on direct cargo transport.

A characteristic feature of this model is the need for a developed logistics
infrastructure: warehouses, distribution centers and specially equipped sites for
exchanging trailers. Coordination of all participants’ actions in the supply chain is
important because efficiency depends on the timely readiness of cargo and accurate
planning of transportation schedules.

At the same time, implementing the model is associated with certain
limitations. It requires investment in a fleet of trailers and a logistics management
system. The model is most effective in large transport networks with stable freight
flows, whereas in irregular transportation, its advantages may be less noticeable. In
general, drop-and-hook provides increased flexibility, reliability and continuity in
interregional supply chains, making it an important tool in modern logistics [12].

A summary of the key characteristics, advantages and limitations of this
model is presented in Table 1, which allows for a comprehensive assessment of its
organizational and economic efficiency in the context of interregional
transportation.

Table 1
Organizational and economic features of the drop-and-hook model in the USA

road transportation system

Aspect Characteristics Economic effect Potential limitations

L The driver leaves a trailer
Organization of

: at the warehouse and Reduction of Need for schedule

the transportation . . o

picks up another already | transport downtime | coordination
process

loaded one
Use of rolling Separate management of | Increase in trailer Need for more
stock tractors and trailers and tractor turnover | trailers

N Minimization of waiting Increase in driver Dependence on

Service time ) . . .. .

time for loading/unloading || productivity cargo readiness
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Aspect Characteristics Economic effect Potential limitations
Optimization of operating | Reduction in costs e
L P P 8 . High initial
Logistics costs costs due to faster per unit of :
. mvestment
turnover transportation
e Improvin Need for a
Use of distribution centers P g. -
Infrastructure transportation developed logistics
and hubs :
planning network
. o ) Increased
Transportation The ability to quickly . Management
o . adaptability to )
flexibility change routes and trailers complexity

changes in demand

Impact on drivers

Reduced waiting times,
clear schedules

Increased labor
efficiency

Need for accurate
time management

. . . e Risks of delays in
Risks and Ensuring the continuous Increased resilience case of Y
continuity movement of goods of supply chains . )

mconsistency

Source: author’s own development [13—19]

Thus, the organizational and economic features of the drop-and-hook model
in the USA road transportation system demonstrate how the structure of logistics
operations i1s changing and under what conditions efficiency is improved. This
model is based on the division of functions between transportation and cargo
handling, at a terminal, for example, at a Walmart distribution center in Texas or a
FedEx hub in Georgia, the driver leaves an already uncoupled trailer and
immediately connects another one, prepared for shipment. This scheme ensures
continuous tractor movement but requires synchronization between the warehouse
and the transport dispatch center, as a delay at any stage immediately disrupts the
entire schedule [13].

In the practice of rolling stock management in the USA, a model of separate
use of tractors and trailers is used, which allows for a significantly increased
intensity of vehicle operation. With this approach, one tractor can sequentially
service several trailers throughout the day, reducing downtime and increasing
transportation throughput. At the same time, the efficiency of processes in this

organization of work depends on the availability of a sufficient reserve of trailers at
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logistics sites, as their shortage leads to «bottlenecks» and downtime in transport
hubs [14].

Analysis of the time parameters of loading and unloading shows that the
duration of operations on ramps is reduced to several minutes, in contrast to the
traditional model, where loading can last more than an hour [15]. For example, in
the Amazon Logistics network in Illinois, this allows for increasing the number of
trips without involving additional drivers, but the effect is achieved only on
condition that the cargo is pre-formed and ready for shipment [16].

From a cost perspective, faster trailer turnover, particularly in the FedEx
Freight system, reduces the cost per trip, since transport does not stand idle during
loading [17]. At the same time, when implementing such a model, companies are
forced to invest in additional trailers and digital planning systems, which increases
start-up costs, especially for medium-scale carriers.

Of these conditions, the infrastructure component becomes crucial, as the
model’s effectiveness is observed mainly in large logistics hubs [18], such as
Chicago and Atlanta, where networks of cross-docking centers operate. In regions
with less developed infrastructure, coordinating trailer exchanges becomes more
difficult, reducing the overall stability of the process.

The flexibility of transportation enabled by drop-and-hook manifests in the
ability to quickly reorient cargo flows, for example, during peak demand periods
before the holidays in the USA. This allows networks such as Amazon and Walmart
to quickly redistribute trailers between regions. However, such mobility requires
complex dispatching systems, as the number of real-time route changes increases
[19].

In the context of driver work organization, as shown by Schneider National,
the model reduces warehouse downtime and enables clear shift planning, but it also
increases the need for adherence to schedules, since the delay of one tractor affects

the entire logistics link [20].
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As can be seen, the continuity of transportation in the drop-and-hook system
is achieved only under the condition of high coordination among terminals, transport
companies and warehouse centers, while any failures in this interaction quickly lead
to the accumulation of delays and a decrease in the stability of the entire supply
chain. The implementation of the drop-and-hook model has shown a tangible impact
on key indicators of logistics process efficiency in interregional transportation in the
USA, particularly by reducing costs and downtime for tractors (table 2).

Table 2
Change 1n operational efficiency of trucking in the USA with the introduction of

drop-and-hook (2018-2025)

Bef Aft
Indicator ) elore . . “ . Effect, %
implementation | implementation
Average costs per trip, $ 1250 1050 -16.0
Idle time of the tractor, h/day 3.2 1.1 —65.6
Number of trips per tractor per month 18 24 +33.3

Reliability of deliveries (% of deliveries

4 2 +7.
without delays) 87 95 7.8

Source: author’s own calculations [20—23]

The recorded decrease in the average cost of one trip from 1250 to 1050 $ is
not formed in the abstract, but in specific operational conditions, when, for example,
a driver delivering goods to a regional warehouse of a supermarket chain does not
wait for the unloading to be completed, but immediately leaves a loaded trailer and
picks up another one that has already been prepared, which allows avoiding several
hours of delays and reducing costs for labor and fuel.

In the same operational environment, reducing the daily downtime of tractors
from 3.2 to 1.1 hours acquires practical meaning in the operation of terminals with
high cargo processing intensity, where previously transport was idle in queues under
the ramps, while after the transition to drop-and-hook, the tractor actually performs

only the function of delivery between network nodes, handing over the trailer for

https://econp.com.ua/index.php/journal/about ISSN: 2786-9431

VBech KOHTEHT JlilleH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license


https://creativecommons.org/licenses/by/4.0/

processing to warehouse personnel, which allows returning transport to the line
much faster.

This time saving directly translates into an increase in the number of trips
made by one tractor unit per month, from 18 to 24, which is well illustrated by the
example of long-distance transportation between large logistics hubs, when the same
vehicle can make more cycles between, conditionally, the central warehouse and
regional distribution centers during the week, without wasting time waiting for
loading at each point.

In parallel, delivery reliability is improving, which is manifested in an
increase in the share of trips made without delays, from 87.4% to 95.2%, and this is
reflected in cooperation with manufacturing enterprises, where compliance with
component supply schedules is critically important, since the timely arrival of the
trailer allows avoiding downtime of production lines and additional costs.

The cumulative effect of these changes demonstrates that the use of the drop-
and-hook model in the practice of American carriers is not limited to a technical
replacement of the method of handling trailers, but actually restructures the logic of
interaction between drivers, warehouses and customers, ensuring consistency of all
stages of transportation and creating the prerequisites for scaling this model in other
logistics segments. Table 3 summarizes the results of assessing the impact of the
drop-and-hook model on ensuring the stability and continuity of the functioning of
interregional supply chains in the USA in the context of crisis disruptions that arise
under the influence of logistical overloads, driver shortages, restrictions on the
operation of warehouse infrastructure and the growth of uneven cargo flows. The
consideration 1s carried out through the prism of changes in the organization of
transportation, in which the separation of the transportation process from loading
and unloading operations reduces the dependence of tractor movement on conditions

at individual terminals and ensures a more predictable delivery rhythm.
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Table 3
Impact of the drop-and-hook model on the sustainability and continuity of

interregional transportation in the USA (2018-2025)

Traditional
. racl 1on?1 Drop-and-hook
Indicator transportation Effect
model
model

Share of completed trips during delays at 63.4 8.5 119.1 pp.
warehouses, %
Average time to restore normal schedule 43 29 -39.6%
after peak load, h
Share of delaye?d deliveries during critical 28,6 118 58.7%
weather conditions, %
Time loss due to downtime at terminals, B o
thousand km 17.9 6.4 64,2%
Level of continuity of logistics flow, % 71.2 89.6 +18,4 p.p.

Source: author’s own calculations given [20—23]

The data in table 3 show that drop-and-hook significantly increases supply
chain resilience. It is shown that, as a result of implementing the model, time losses
were reduced by 63.8%, canceled flights by 68.3%, and the percentage of cargo
delayed by more than 24 hours was reduced almost threefold [20].

Research into the role of the drop-and-hook model in ensuring the resilience
and continuity of interregional supply chains in the face of risks and crises has shown
that its use significantly reduces the logistics system’s sensitivity to external shocks.
In particular, when modeling situations of delays in warehouses in the central
logistics hubs of the USA (Chicago and Memphis), it was found that the use of drop-
and-hook allows for saving up to 82.5% of planned flights even under conditions of
violation of loading schedules, while in the traditional model, this figure does not
exceed 63.4%.

In cases of sharp demand growth, such as during the pre-Christmas peak
period, when the volume of transportation in the Walmart and Amazon networks

increases by more than 35%, the use of drop-and-hook provides a more even
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distribution of transport resources between regions. According to the results of the
scenario analysis, the average time to restore the normal rhythm of deliveries after
the peak load decreased from 48 to 29 hours, indicating an increase in the system’s
adaptability [21-22].

Separately, it was found that in crisis situations associated with weather
restrictions (hurricanes in the southern states of the USA), the model enables
minimizing tractor downtime by pre-preparing trailers at alternative hubs. The share
of delayed deliveries in such conditions was 11.8% in the drop-and-hook system
versus 28.6% in the traditional transportation scheme, which confirms its greater
resistance to logistical failures [23].

The results obtained on the impact of the drop-and-hook model on the
efficiency and sustainability of logistics systems are consistent with the findings of
D. Wang et al., who found that the separation of tractors and trailers in container
transportation allows for reduced operational delays and increased use of transport
resources through route optimization and reduced downtime [24]. The analysis also
showed a decrease in downtime and an increase in completed trips, confirming the
effectiveness of this model in conditions of intensive transportation.

The obtained data partially differ from the provisions of A. Aloui et al. note
that increasing the resilience of logistics networks in crisis conditions is primarily
achieved through route diversification and capacity reservation, rather than through
changes at the operational level of vehicles [25]. At the same time, it was found that
the drop-and-hook operational model significantly reduces the time required to
restore logistics flows after failures, thereby expanding traditional approaches to
understanding and assessing the resilience of logistics systems.

The differences between the results are explained by the fact that in the
mentioned works the main attention is paid to the macro level of supply chain

management, whereas in this study the emphasis is on the micro-operational level
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of transport processes, in particular the interaction between tractors and trailers
within the hub system.

Thus, the results of the presented analysis indicate that the drop-and-hook
model increases the continuity of supply chains by reducing dependence on the time
of cargo processing in warehouses and ensures faster restoration of logistics flows
after crisis impacts, which confirms its role as one of the key tools for increasing the
resilience of modern interregional transport systems.

Conclusions. Analysis of the organizational and economic features of the
drop-and-hook model in the USA road transport system demonstrated that its
implementation reduces vehicle downtime, increases tractor and trailer turnover, and
increases driver productivity. It was found that the model’s effectiveness depends
on the availability of developed infrastructure, clear planning of transportation
schedules, and the readiness of cargo for processing.

An assessment of the impact of the drop-and-hook model on key logistics
performance indicators, based on the analysis of statistical data, showed that after its
implementation, the average cost per trip decreased by 16%, the idle time of tractors
decreased by 65.6%, and the number of trips per vehicle increased by 33.3%. In
addition, delivery reliability increased by 7.8%, indicating improved operational
efficiency in interregional supply chains.

A study of the role of the drop-and-hook model in increasing the resilience of
logistics systems in crisis conditions revealed that its application allows reducing the
share of delayed deliveries during adverse weather conditions and reducing the time
to restore the normal transportation schedule, and an increase in the level of
continuity of the logistics flow indicates the model’s ability to increase the
operational resilience of interregional supply chains.

It has been established that the economic efficiency of the drop-and-hook

model manifests itself through cost and time optimization and through increased
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flexibility and adaptability of transport processes to changes in demand and
environmental conditions, which justifies its use in modern USA logistics systems.
Prospects for further research lie in adapting the drop-and-hook model to other
modes of transport and markets with excellent infrastructure, as well as in modeling
its impact on integrated multimodal supply chains to increase global logistics

sustainability.
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