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A B S T R A C T

Supply chains in general and last‐mile logistics in particular, have been disrupted due to COVID‐19. Though

several innovative last‐mile logistics solutions have been proposed in the past, they possess certain limitations,

especially during COVID‐19 motivating the need for an alternative last‐mile logistics solution. We present a

review of literature related to last‐mile logistics and supply chain disruptions to identify the limitations of exist-

ing last‐mile delivery practices during COVID‐19. Using a stylized analytical model, we then propose that “mo-

bile warehouse” can be an effective solution to last‐mile logistics issues faced during COVID‐19 and beyond

under certain conditions. A mobile warehouse is a truck dedicated to a particular geographical location and

carries the inventory of various products based on the estimated demand requirements for these products in

that geographical location. We provide the condition under which the B2C e‐commerce providers find it prof-

itable to adopt a truck as a mobile warehouse to sell high demand items quickly.

Introduction

Supply chains that play an essential role in the distribution of goods

are prone to disruptions (Peck, 2005). In particular, supply chains

focusing on product variety and outsourcing are more vulnerable to

disruptions (Tang, 2006). Management of such supply chain risks is

critical since it affects the operating performance (Hendricks and

Singhal, 2003, 2005). Past studies have focused on managing and

recovering supply chains from risks and disruptions (Lavastre et al.,

2012; Chen et al., 2013; Ivanov et al., 2017). It is observed that supply

chains recover the most when the supply chain members adopt a rad-

ical and expensive strategy (Chen et al., 2015). COVID‐19 has affected

the logistics and supply chains of various companies across the globe

(Choi, 2020; Ivanov, 2020; Loske, 2020; Paul and Chowdhury,

2020b; Queiroz et al., 2020; Xu et al., 2020; Ishida, 2020). As a result,

there have been disruptions on: (1) the supply side, (2) the demand

side, and (3) the transportation and distribution of goods (Ivanov,

2020; Linton and Vakil, 2020; Paul and Chowdhury, 2020b). While

the demand for sanitizers, food items and medicines has increased dur-

ing COVID‐19, the demand for garments and sports items has

decreased (Paul and Chowdhury, 2020b). In fact, strategies have been

proposed to improve the service level for high demand products like

toilet paper during COVID‐19 (Paul and Chowdhury, 2020a). It is

well‐known that transportation is an essential factor affecting supply

chain resilience during an epidemic outbreak (Queiroz et al., 2020).

With respect to B2C e‐commerce, there has been a significant

increase in the total online sales during COVID‐19 as consumers feel

safe shopping from home; for example, the total online sales in the

United States reached $73.2 billion in June year over year, up from

$41.5 billion last year. This surge in e‐commerce has resulted in

increased pressure on last‐mile logistics (Banker, 2020; Budd and

Ison, 2020; Kim, 2020). In this context, we first review the last‐mile

logistics strategies adopted by the B2C e‐commerce providers in the

past (i.e., in the absence of COVID‐19) and propose that “mobile ware-

house” can be an effective solution to the last‐mile logistics problems

during COVID‐19 using a stylized analytical model. In the past, various

innovative solutions to solve the last‐mile delivery problem of B2C e‐

commerce providers have been discussed, ranging from reception

boxes to robots (Mangiaracina et al., 2019). In this context, we suggest

that mobile warehouses can act as an effective last‐mile delivery

option, even post COVID‐19.

Mobile warehouses, which are essentially dedicated trucks carrying

various products near the consumer location, aid the B2C e‐commerce

providers in delivering the products to the consumers quickly and

effectively. While the high real estate cost of maintaining warehouses

near the consumer location is avoided for the B2C e‐commerce
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provider, the consumer benefits by getting the product delivered to

home quickly without having to travel to a particular outside location

to obtain the product. Further, since the delivery time is expected to be

short (usually in hours), consumers can conveniently collect the order

on demand, and costs associated with the absence of consumers are

avoided. In this paper, we present a framework on the logistics and dis-

tribution operations of a B2C e‐commerce provider in the presence of a

mobile warehouse. Using a stylized analytical model, we provide the

condition under which the B2C e‐commerce provider finds the mobile

warehouse as a last‐mile logistics option profitable. We also highlight

the operational benefits of deploying this novel last‐mile delivery

option over alternative last‐mile delivery options.

A review of the last-mile logistics strategies before COVID-19

Researchers in the past have looked at the design of distribution

networks, which play an essential role in delivering products to the

consumer (Mangiaracina et al., 2015; He, 2020). Last‐mile represents

the final leg of product distribution where the product is delivered

to the end consumer and is considered the most crucial step in the dis-

tribution process (Lim et al., 2018; Mangiaracina et al., 2019; Perboli

and Rosano, 2019). The traditional method of last‐mile delivery

involves using plenty of human operated delivery vehicles due to the

ever‐increasing dispersed demand, small order dimensions and deliv-

ery time expectations of the consumers; the result is that last‐mile

delivery is the most expensive part of the delivery process (Chou

and Lu, 2009; Macioszek, 2017; Schwerdfeger and Boysen, 2020).

To overcome this last‐mile challenge, several innovative solutions

have been analyzed by researchers (Mangiaracina et al., 2019).

Self‐collection of the ordered items by consumers at pre‐destined

pick‐up points within their vicinity has been in practice for some time

(Wang et al., 2014). The ordered items can be self‐picked by con-

sumers from stationary or mobile locations (Weltevreden, 2008;

Wang et al., 2018; Yuen et al., 2018). Parcel lockers are pick‐up points

located in public places where the consumer orders are stored in dis-

tinct lockers. The consumers can receive the ordered product after

their identity is verified. Parcel lockers are of two types – stationary

(Deutsch and Golany, 2018; Yuen et al., 2019) and mobile

(Schwerdfeger and Boysen, 2020). While the consumers need to travel

to a pick‐up point in case of stationary parcel lockers, the ordered

products are brought within walkable distance for the consumer to

pick up in case of mobile parcel lockers. Mobile parcel lockers are flex-

ible because the consumers don't need to pick up an order at a pre‐

destined location (for example, home and office); they can pick it up

whenever the mobile parcel lockers are within walking range. More-

over, mobile parcel lockers also help e‐commerce providers avoid high

real estate costs associated with stationary parcel lockers (Joerss et al.,

2016). Delivering to the trunk of the car by tracking the consumer’s

location is another last‐mile delivery option (Reyes et al., 2017). Over-

all, self‐collection reduces logistics costs associated with missed deliv-

eries due to the consumer's absence at the delivery location and allows

the consumer to pick up orders conveniently.

Another mode of delivery is via the reception box, which is kept in

the consumer’s home (for example, garage). Orders are delivered in

this box. The advantage of this mode of delivery is that consumers

are not required to stay at home when the order is delivered

(Punakivi et al., 2001; McKinnon and Tallam, 2003; Wang et al.,

2014).

Crowdsourcing the delivery of ordered products has marked a sig-

nificant turnaround in last‐mile logistics (Carbone et al., 2017; Akeb

et al., 2018; Castillo et al., 2018; Seghezzi et al., 2020). Crowdsourcing

logistics uses crowd workers to deliver the ordered item to the con-

sumer as the cost of e‐commerce providers themselves, providing

last‐mile delivery is exceptionally high (Wang et al., 2016). Usually,

crowd workers are a group of local and non‐professional drivers who

are willing to temporarily work for delivery companies and provide

their assets (for example, the vehicle) to perform the parcel delivery

(Arslan et al., 2019). Crowdsourcing as a last‐mile delivery concept

is borrowed from sharing economy models like ride‐hailing taxis (Uber

and Lyft). Moving further, the notion of social commerce has been

introduced wherein the e‐commerce provider leverages on the friends

and relatives of the consumer to deliver the ordered items (Devari

et al., 2017). Through crowdsourced shared mobility, researchers are

also looking at the coming together of ride‐hailing services (for exam-

ple, Uber and Lyft) and e‐commerce (for example, Amazon). While

crowdsourcing shared mobility is not as efficient as a traditional truck

system when scaled up, it can reduce truck fleet size and provide other

economic benefits (Qi et al., 2018).

Advanced technologies such as drones (Murray and Chu, 2015) and

autonomous robots (Boysen et al., 2018) to execute last‐mile delivery

have also been explored in the literature. Drones or autonomous robots

are launched to deliver the ordered items from the truck, which carries

freight associated with a set of consumers.

Collaborative business models based on multimodal (De Sousa and

Mendes‐Moreira, 2015) and intermodal (Crainic et al., 2018) trans-

portation modes have received significant attention in recent times.

Specifically, business models have focused on integrated last‐mile

logistics solutions involving all stakeholders (Cagliano et al., 2015;

De Marco et al., 2017; Brotcorne et al., 2019). Arriving at an appropri-

ate traditional and low emission vehicle fleet mix has become essential

to achieve cost‐effective and environment‐friendly last‐mile logistics

solutions (Cagliano et al., 2015; Brotcorne et al., 2019). Relying on

the existing infrastructure in cities, last‐mile delivery involving the

usage of freight tricycles from urban micro‐consolidation centers is

another novel last‐mile delivery solution (Conway et al., 2012).

While all these innovative modes of last‐mile delivery are aimed at

minimizing logistics costs and reducing delivery times, attaining both

the objectives is found to be difficult in practice. It is particularly

important to note that consumers expect the delivery times to be extre-

mely low in practice; for example, while Amazon Prime members

expect next day delivery for many products, Amazon Prime Now mem-

bers expect grocery items to be delivered within two hours. The result

is that Amazon relies on large regional distribution units and multiple

small warehouses in urban areas for fast delivery. These small ware-

houses play a critical role as the consumer orders are sorted and

loaded onto trucks to meet the delivery time expectations. Since deliv-

ery times decrease with increase in the number of large regional distri-

bution units and small warehouses in urban areas, we can attain lower

delivery times only at the expense of high rental costs for warehouses

(Banker, 2020). We are interested in establishing a novel last‐mile

delivery solution that can deliver products quickly and safely at mini-

mum logistics costs during COVID‐19. Further, given that the different

types of existing innovative last‐mile logistics practices do not guaran-

tee reduced delivery times at minimum logistics costs in general,

understanding the sustainability of this novel last‐mile delivery option

in the long run in the absence of COVID‐19 is essential. In this regard,

we suggest that a mobile warehouse is an effective last‐mile delivery

solution during COVID‐19 and beyond under certain conditions.

Is “mobile warehouse” a viable last-mile logistics option during

COVID-19?

As discussed earlier, the arrival of COVID‐19 has disrupted several

supply chains across the globe. Therefore, innovative last‐mile logistics

strategies discussed in the literature have also become difficult to

implement during COVID‐19. Since people are psychologically wor-

ried about getting infected, especially when traveling outside (Choi,

2020; Hensher, 2020; Gkiotsalitis and Cats, 2020), last‐mile delivery

options such as self‐collection via parcel lockers and crowd logistics

are challenging to implement. Traditional delivery to consumers’
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homes is thus the norm in this scenario; in particular, reception boxes

can be useful as the consumers do not come in contact with the deliv-

ery person when the order is fulfilled.

Crisis arising due to a pandemic such as COVID‐19, can lead to

innovation and change at different levels (Barragán‐Quintero et al.,

2020). Motivated by the need to identify an innovative last‐mile deliv-

ery method that is cost‐effective and meets consumers' delivery time

requirements during COVID‐19 and beyond, we come up with the idea

of a “mobile warehouse”. The mobile warehouse is inspired by the age‐

old vending cart (Lucan et al., 2013; Sharma, 2015), which are

brought by vegetable and fruit sellers to different streets in a geograph-

ical location for sales. During COVID‐19, we find evidence of even

mobile music classes where classes are being organized in a moving

vehicle near the participant’s home (Choi, 2020).

It is well‐known that warehouses form the backbone of product dis-

tribution in B2C e‐commerce (Hu and Chang, 2010). We define the

mobile warehouse as a warehouse (possibly a large truck) dedicated

to a particular geographical location and carries the inventory of a

variety of products based on the estimated demand requirements for

these products in that geographical location. In particular, the mobile

warehouse picks up inventory for the day from a traditional stationary

warehouse located outside the city. The mobile warehouse then moves

in the city throughout the day and enables delivering ordered items

within an hour of the order being placed. Fig. 1 depicts the operations

of a B2C e‐commerce provider in the presence of a mobile warehouse.

Once the consumer orders a product online, the mobile warehouse

responds to the order quickly if it is available; otherwise, the mobile

warehouse connects with neighboring mobile warehouses or the distri-

bution unit to get the product and deliver it to the consumer. We sug-

gest that the mobile warehouse can deliver the product to the

consumer within a few hours, even if the product is not available at

its location in the first place.

We develop a stylized analytical model based on the framework of

Choi (2020) to provide the condition under which the mobile ware-

house is a feasible alternative to the existing last‐mile logistics prac-

tices. We use the subscript e to denote the existing last‐mile logistics

practice and the subscript m to denote the proposed mobile ware-

house. Let pe be the delivery price, se be the service speed, he be the

hygiene level and E be the fixed cost of operations in the existing

last‐mile logistics option. The consumer’s valuation for the service is

x and follows a density function f ðxÞ. In line with the existing litera-

ture, we assume that the market is normalized to 1 and f ðxÞ follows

uniform distribution between 0 and 1. The demand level of the B2C

e‐commerce provider using the existing last‐mile logistics option is

given by:

Z 1

pe�se�he

f xð Þdx ¼ 1� pe þ se þ he

The profit function in the existing last‐mile logistics option is given

by:

πe ¼ pe 1� pe þ se þ heð Þ � E

The consumer surplus in the existing last‐mile logistics option is

given by:

CSe ¼

Z 1

pe�se�he

ðx � ðpe � se � heÞÞf xð Þdx ¼
1

2
ð1� pe þ se þ heÞ

2

We find that the profit function is concave with respect to pe since
d2πe
dp2e

¼ �2 < 0. We then find the optimal delivery price by equating

dπe
dpe

¼ 0 and solving for pe.

p�e ¼
1

2
ð1þ se þ heÞ

Substituting p�e in πe and CSe, we then obtain:

π
�
e ¼

1

4
ð1þ se þ heÞ

2 � E

CS�e ¼
1

8
ð1þ se þ heÞ

2

Let pm be the delivery price, sm be the service speed, hm be the

hygiene level and M be the fixed cost of establishing the infrastructure

in the mobile warehouse option. The demand level of the B2C e‐

commerce provider using the mobile warehouse is given by:

Z 1

pm�sm�hm

f xð Þdx ¼ 1� pm þ sm þ hm

The profit function in the mobile warehouse case is given by:

πm ¼ pm 1� pm þ sm þ hmð Þ �M

The consumer surplus in the mobile warehouse case is given by:

CSm ¼

Z 1

pm�sm�hm

ðx � ðpm � sm � hmÞÞf xð Þdx ¼
1

2
ð1� pm þ sm þ hmÞ

2

We find that the profit function is concave with respect to pm since
d2πm
dp2m

¼ �2 < 0. We then find the optimal delivery price by equating

dπm
dpm

¼ 0 and solving for pm.

Substituting p�m in πm and CSm, we then obtain:

π
�
m ¼

1

4
ð1þ sm þ hmÞ

2 �M

CS�m ¼
1

8
ð1þ sm þ hmÞ

2

Fig. 1. B2C e-commerce provider’s operations in the presence of a mobile

warehouse.
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We then provide the condition under which the B2C e‐commerce

provider benefits by investing in the infrastructure for a mobile ware-

house. In Remark 1, we show that the B2C e‐commerce provider finds

it profitable to shift to the mobile warehouse as the last‐mile logistics

option if the fixed cost is less than a certain threshold.

Remark 1. The B2C e‐commerce provider benefits by adopting the

last‐mile logistics option if M <
1
4
ð1þ sm þ hmÞ

2 � 1
4
1þ se þ heð Þ2 þ E.

We observe that the consumer surplus is a function of the service

speed and the hygiene level. Practically, it is apparent that the service

speed using a mobile warehouse is greater than other existing last‐mile

delivery options since the primary objective of a mobile warehouse is

to reduce delivery times. The products are also delivered to the con-

sumers’ homes directly in the mobile warehouse option, implying that

the hygiene level using a mobile warehouse is at least as good as other

last‐mile delivery options. Overall, the consumer surplus with a mobile

warehouse is greater than other alternatives. However, there is a fixed

cost associated with establishing the mobile warehouse. Therefore,

based on Remark 1, the B2C e‐commerce provider finds the mobile

warehouse option attractive if the fixed cost is below the given

threshold.

The mobile warehouse offers several benefits to the consumers and

the e‐commerce provider during COVID‐19. While orders are

responded to quickly, it also does not require the consumer to travel

to a pick‐up point to get the product. Thus, it is safe for consumers.

By storing a variety of products in a localized mobile warehouse to

cater to the demand in that location, the immediate negative effect

of disruptions at the upper echelon of the supply chain is also reduced.

Before the effect of disruption at the upper echelon reaches the mobile

warehouse, e‐commerce provider can replenish the inventory by sour-

cing products from alternate providers. Also, high real estate costs

associated with maintaining small warehouses in the locality are also

avoided (Joerss et al., 2016; Banker, 2020).

Discussion – mobile warehouse beyond COVID-19

We argue that a mobile warehouse can be an effective last‐mile

logistics strategy, even post COVID‐19. In general, a mobile warehouse

is a truck that carries a variety of products depending on the estimated

demand profile for different items in that particular geographical loca-

tion. As mentioned earlier, products that are not available in the

mobile warehouse can be replenished from the nearest distribution

unit/mobile warehouse, which takes a slightly higher time. To over-

come this challenge, we suggest that the e‐commerce providers can

focus on segmenting consumers based on their willingness to pay for

quick delivery. Empirical studies have suggested that consumers who

prefer free, next day delivery are willing to wait longer for the prod-

ucts to arrive under this delivery option (Rai et al., 2019). Thus, the

e‐commerce providers can leverage dynamic strategies and set appro-

priate delivery time expectations for the consumer (Asdemir et al.,

2009). For example, there are Regular, Prime, and Prime Now con-

sumers in Amazon who have different delivery time expectations

(Banker, 2020). Accordingly, mobile warehouses can first stock items

of consumers who expect quick delivery based on their demand for dif-

ferent items in the available space. The remaining space in the mobile

warehouse can be allotted to high demand items of other consumers.

As the success of the mobile warehouse depends on the ability to

fulfill orders based on inventory available in the truck, a strong analyt-

ics engine that can precisely predict the demand in a geographic loca-

tion becomes necessary. Unlike mobile parcel lockers which receive

the parcels from other delivery vehicles or distribution units based

on consumer orders (Schwerdfeger and Boysen, 2020), mobile ware-

houses by themselves stock a variety of products based on the esti-

mated demand profile in that area and respond to consumer orders

in real time. Thus, accurate demand forecasting is critical for the

success of mobile warehouses. Recently, Amazon patented a method

referred to as anticipatory shipping which ships the items to a geo-

graphical location before an order is placed and completely specifies

the delivery address for the order during transit (Spiegel et al.,

2011; Kopalle, 2014). Mobile warehouses require such anticipatory

shipping technologies for estimating the demand in a particular geo-

graphical location.

Mobile warehouses can be considered a mobile version of small

warehouses used by Amazon in urban areas for quick delivery to Ama-

zon Prime Now members within the two‐hour window (Banker, 2020).

However, an important distinction concerning delivery time window is

that mobile warehouses can deliver all types of products even faster

(possibly within an hour); it is pertinent to note that our focus is not

necessarily restricted to grocery items and includes all types of prod-

ucts. Further, there is no cost associated with renting a warehouse as

mobile warehouses can continue to move throughout the day or be

parked in the distribution unit where they are replenished. This allows

the e‐commerce service providers to save on the high costs associated

with operating small warehouses in urban areas.

Technological improvements can significantly improve the perfor-

mance of logistics operations (Taniguchi et al., 2020). Similar to the

expected transformation of mobile parcel lockers to autonomous

mobile parcel lockers in the near future (Schwerdfeger and Boysen,

2020), autonomous versions of mobile warehouses without human dri-

vers can be introduced. The application of advanced technologies to

mobile warehouses can further aid the e‐commerce providers in

improving their last‐mile logistics performance.

E‐commerce consumers face the split delivery problem wherein

multiple items in an order are delivered to them multiple times

(Zhang et al., 2019). Mobile warehouses can help overcome this prob-

lem as they carry an inventory of items based on the estimated demand

profile in that area. If there are multiple items in an order, mobile

warehouses can cooperate with other mobile warehouses/distribution

units to deliver ordered items quickly. While the absence of consumers

during the delivery process results in significant logistics costs (Pan

et al., 2017; Mangiaracina et al., 2019), quick delivery of products

by mobile warehouses also ensures that these costs are avoided.

Implementing mobile warehouses for last‐mile delivery comes with

certain challenges. Firstly, accurate demand forecasting is essential

since online consumers expect the ordered items quickly with an

expected timeframe (Mangiaracina et al., 2019). Secondly, there is a

need to focus on route and location optimization similar to mobile par-

cel lockers for efficient last‐mile distribution (Schwerdfeger and

Boysen, 2020). The dynamic route and parking location optimization

of the mobile warehouse ensure that the truck stays closer to the

potential consumers for quick delivery.

CRediT authorship contribution statement

S. Srivatsa Srinivas: Conceptualization, Methodology, Formal

analysis, Writing ‐ original draft, Visualization. Rahul R. Marathe:

Conceptualization, Supervision, Writing ‐ review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influ-

ence the work reported in this paper.

Acknowledgments

The authors are grateful to Prof. Bhaskar Ramamurthi, Indian Insti-

tute of Technology Madras, India for several insightful conversations

on this topic.

S. Srivatsa Srinivas, R.R. Marathe Transportation Research Interdisciplinary Perspectives 10 (2021) 100339

4



References

Akeb, H., Moncef, B., Durand, B., 2018. Building a collaborative solution in dense urban

city settings to enhance parcel delivery: an effective crowd model in Paris. Transp.

Res. E Logist. Transp. Rev. 119, 223–233.

Arslan, A.M., Agatz, N., Kroon, L., Zuidwijk, R., 2019. Crowdsourced delivery—aa

dynamic pickup and delivery problem with ad hoc drivers. Transp. Sci. 53 (1),

222–235.

Asdemir, K., Jacob, V.S., Krishnan, R., 2009. Dynamic pricing of multiple home delivery

options. Eur. J. Oper. Res. 196 (1), 246–257.

Banker, S., 2020. What Will Last Mile Delivery Look Like Post-Coronavirus? Forbes, July

24, 2020, https://www.forbes.com/sites/stevebanker/2020/07/24/what-will-last-

mile-delivery-look-like-post-coronavirus/?sh=1a18b32f3b22.

Barragán-Quintero, R.V., Barragán-Quintero, F., Ahumada-Tello, E., 2020. The impact of

COVID-19 on innovation: old projections or new expectations after the pandemic?.

IEEE Eng. Manage. Rev. 48 (3), 197–201.

Boysen, N., Schwerdfeger, S., Weidinger, F., 2018. Scheduling last-mile deliveries with

truck-based autonomous robots. Eur. J. Oper. Res. 271 (3), 1085–1099.

Brotcorne, L., Perboli, G., Rosano, M., Wei, Q., 2019. A managerial analysis of urban

parcel delivery: a lean business approach. Sustainability 11 (12), 3439.

Budd, L., Ison, S., 2020. Responsible transport: a post-COVID agenda for transport policy

and practice. Transp. Res. Interdisc. Perspect. 6. https://doi.org/10.1016/j.

trip.2020.100151.

Cagliano, A.C., Carlin, A., Mangano, G., Zenezini, G., 2015. System dynamics modelling

for electric and hybrid commercial vehicles adoption. Proceedings of the 6th

International Conference on Theoretical and Applied Mechanics (TAM’15), pp.

27–29.

Carbone, V., Rouquet, A., Roussat, C., 2017. The rise of crowd logistics: a new way to co-

create logistics value. J. Business Logist. 38 (4), 238–252.

Castillo, V.E., Bell, J.E., Rose, W.J., Rodrigues, A.M., 2018. Crowdsourcing last mile

delivery: strategic implications and future research directions. J. Business Logist. 39

(1), 7–25.

Chen, J., Sohal, A.S., Prajogo, D.I., 2013. Supply chain operational risk mitigation: a

collaborative approach. Int. J. Prod. Res. 51 (7), 2186–2199.

Chen, L.M., Liu, Y.E., Yang, S.J.S., 2015. Robust supply chain strategies for recovering

from unanticipated disasters. Transp. Res. E Logist. Transp. Rev. 77, 198–214,

https://doi.org/10.1016/j.tre.2015.02.015.

Choi, T.M., 2020. Innovative “Bring-Service-Near-Your-Home” operations under corona-

virus (COVID-19/SARS-CoV-2) outbreak: can logistics become the messiah?.

Transp. Res. E Logist. Transp. Rev. 140. https://doi.org/10.1016/j.

tre.2020.101961.

Chou, P.F., Lu, C.S., 2009. Assessing service quality, switching costs and customer

loyalty in home-delivery services in Taiwan. Transp. Rev. 29 (6), 741–758.

Crainic, T.G., Perboli, G., Rosano, M., 2018. Simulation of intermodal freight

transportation systems: a taxonomy. Eur. J. Oper. Res. 270 (2), 401–418.

Conway, A., Fatisson, P.E., Eickemeyer, P., Cheng, J., Peters, D., 2012. Urban micro-

consolidation and last mile goods delivery by freight-tricycle in Manhattan:

opportunities and challenges. Transportation Research Board 91st Annual

Meeting, https://trid.trb.org/view/1129890.

De Marco, A., Mangano, G., Zenezini, G., Cagliano, A.C., Perboli, G., Rosano, M., Musso,

S., 2017. Business modeling of a city logistics ICT platform. 2017 IEEE 41st Annual

Computer Software and Applications Conference (COMPSAC), vol. 2, pp. 783–789,

https://doi.org/10.1109/COMPSAC.2017.76.

De Sousa, J.F., Mendes-Moreira, J., 2015. Urban logistics integrated in a multimodal

mobility system. IEEE 18th International Conference on Intelligent Transportation

Systems, pp. 89–94, https://doi.org/10.1109/ITSC.2015.23

Deutsch, Y., Golany, B., 2018. A parcel locker network as a solution to the logistics last

mile problem. Int. J. Prod. Res. 56 (1–2), 251–261.

Devari, A., Nikolaev, A.G., He, Q., 2017. Crowdsourcing the last mile delivery of online

orders by exploiting the social networks of retail store customers. Transp. Res. E

Logist. Transp. Rev. 105, 105–122.

Gkiotsalitis, K., Cats, O., 2020. Public transport planning adaption under the COVID-19

pandemic crisis: literature review of research needs and directions. Transp. Rev..

https://doi.org/10.1080/01441647.2020.1857886.

He, Z., 2020. The challenges in sustainability of urban freight network design and

distribution innovations: a systematic literature review. Int. J. Phys. Distrib. Logist.

Manage. 50 (6), 601–640. https://doi.org/10.1108/IJPDLM-05-2019-0154.

Hendricks, K.B., Singhal, V.R., 2003. The effect of supply chain glitches on shareholder

wealth. J. Oper. Manage. 21 (5), 501–522.

Hendricks, K.B., Singhal, V.R., 2005. Association between supply chain glitches and

operating performance. Manage. Sci. 51 (5), 695–711.

Hensher, D.A., 2020. What might Covid-19 mean for mobility as a service (MaaS)?.

Transp. Rev. 40 (5), 551–556. https://doi.org/10.1080/01441647.2020.1770487.

Hu, K.Y., Chang, T.S., 2010. An innovative automated storage and retrieval system for

B2C e-commerce logistics. Int. J. Adv. Manuf. Technol. 48(1–4), 297–305,

https://doi.org/10.1007/s00170-009-2292-4.

Ishida, S., 2020. Perspectives on supply chain management in a pandemic and the post-

COVID-19 era. IEEE Eng. Manage. Rev. 48 (3), 146–152.

Ivanov, D., Dolgui, A., Sokolov, B., Ivanova, M., 2017. Literature review on disruption

recovery in the supply chain. Int. J. Prod. Res. 55 (20), 6158–6174.

Ivanov, D., 2020. Viable supply chain model: integrating agility, resilience and

sustainability perspectives—lessons from and thinking beyond the COVID-19

pandemic. Ann. Oper. Res.. https://doi.org/10.1007/s10479-020-03640-6.

Joerss, M., Schröder, J., Neuhaus, F., Klink, C., Mann, F., 2016. Parcel delivery: The

future of last mile. McKinsey & Company.

Kim, R.Y., 2020. The impact of COVID-19 on consumers: preparing for digital sales. IEEE

Eng. Manage. Rev. 48 (3), 212–218.

Kopalle, P., 2014. Why Amazon's anticipatory shipping is pure genius. Forbes. January

28, 2014.

Lavastre, O., Gunasekaran, A., Spalanzani, A., 2012. Supply chain risk management in

French companies. Decis. Support Syst. 52 (4), 828–838.

Lim, S. F. W., Jin, X., Srai, J.S., 2018. Consumer-driven e-commerce: a literature review,

design framework, and research agenda on last-mile logistics models. Int. J. Phys.

Distrib. Logist. Manag. 48 (3), 308–332, https://doi.org/10.1108/IJPDLM-02-2017-

0081.

Linton, T., Vakil, B., 2020. Coronavirus is proving we need more resilient supply chains.

Harvard Business Rev.

Loske, D., 2020. The impact of COVID-19 on transport volume and freight capacity

dynamics: An empirical analysis in German food retail logistics. Transp. Res.

Interdisc. Perspect. 6. https://doi.org/10.1016/j.trip.2020.100165.

Lucan, S.C., Varona, M., Maroko, A.R., Bumol, J., Torrens, L., Wylie-Rosett, J., 2013.

Assessing mobile food vendors (aka street food vendors)—methods, challenges, and

lessons learned for future food-environment research. Public Health 127 (8),

766–776.

Macioszek, E., 2017. First and last mile delivery-problems and issues. In: Scientific and

Technical Conference Transport Systems Theory and Practice. Springer, Cham,

Katowice, pp. 147–154. https://doi.org/10.1007/978-3-319-62316-0_12.

Mangiaracina, R., Song, G., Perego, A., 2015. Distribution network design: a literature

review and a research agenda. Int. J. Phys. Distrib. Logist. Manag. 45 (5), 506–531.

https://doi.org/10.1108/IJPDLM-02-2014-0035.

Mangiaracina, R., Perego, A., Seghezzi, A., Tumino, A., 2019. Innovative solutions to

increase last-mile delivery efficiency in B2C e-commerce: a literature review. Int. J.

Phys. Distrib. Logist. Manag. 49 (9), 901–920.

McKinnon, A.C., Tallam, D., 2003. Unattended delivery to the home: an assessment of

the security implications. Int. J. Retail Distrib. Manag. 31 (1), 30–41. https://doi.

org/10.1108/09590550310457827.

Murray, C.C., Chu, A.G., 2015. The flying sidekick traveling salesman problem:

optimization of drone-assisted parcel delivery. Transp. Res. C Emerg. Technol. 54,

86–109, https://doi.org/10.1016/j.trc.2015.03.005.

Pan, S., Giannikas, V., Han, Y., Grover-Silva, E., Qiao, B., 2017. Using customer-related

data to enhance e-grocery home delivery. Ind. Manag. Data Syst. 117 (9),

1917–1933. https://doi.org/10.1108/IMDS-10-2016-0432.

Paul, S.K., Chowdhury, P., 2020a. Strategies for managing the impacts of disruptions

during COVID-19: an example of toilet paper. Global J. Flexible Syst. Manag. 21,

283–293.

Paul, S.K., Chowdhury, P., 2020b. A production recovery plan in ma nufacturing supply

chains for a high-dema nd item during CO VID-19. Int. J. Phys. Distrib. Logist.

Manag. 51 (2), 104-125, https://doi.org/10.1108/IJPDLM-04-2020-0127..

Peck, H., 2005. Drivers of supply chain vulnerability: an integrated framework. Int. J.

Phys. Distrib. Logist. Manag. 35 (4), 210–232.

Perboli, G., Rosano, M., 2019. Parcel delivery in urban areas: opportunities and threats

for the mix of traditional and green business models. Transp. Res. C Emerg. Technol.

99, 19–36.

Punakivi, M., Yrjölä, H., Holmström, J., 2001. Solving the last mile issue: reception box

or delivery box?. Int. J. Phys. Distrib. Logist. Manag. 31 (6), 427–439. https://doi.

org/10.1108/09600030110399423.

Sharma, N.C., 2015. Solar cart developed to keep veggies fresh for 5 days. India Today,

June 28, 2015, https://www.indiatoday.in/mail-today/story/solar-powered-cart-

vegetables-fruits-ministry-of-food-processing-260019-2015-06-28.

Qi, W., Li, L., Liu, S., Shen, Z.J.M., 2018. Shared mobility for last-mile delivery: design,

operational prescriptions, and environmental impact. Manuf. Serv. Oper. Manag. 20

(4), 737–751, https://doi.org/10.1287/msom.2017.0683.

Queiroz, M.M., Ivanov, D., Dolgui, A., Wamba, S.F., 2020. Impacts of epidemic

outbreaks on supply chains: mapping a research agenda amid the COVID-19

pandemic through a structured literature review. Ann. Oper. Res.. https://doi.org/

10.1007/s10479-020-03685-7.

Rai, H.B., Verlinde, S., Macharis, C., 2019. The “next day, free delivery” myth

unravelled: Possibilities for sustainable last mile transport in an omnichannel

environment. Int. J. Retail Distrib. Manag. 47 (1), 39–54. https://doi.org/10.1108/

IJRDM-06-2018-0104.

Reyes, D., Savelsbergh, M., Toriello, A., 2017. Vehicle routing with roaming delivery

locations. Transp. Res. C Emerg. Technol. 80, 71–91.

Schwerdfeger, S., Boysen, N., 2020. Optimizing the changing locations of mobile parcel

lockers in last-mile distribution. Eur. J. Oper. Res. 285 (3), 1077–1094.

Seghezzi, A., Mangiaracina, R., Tumino, A., Perego, A., 2020. ‘Pony express’

crowdsourcing logistics for last-mile delivery in B2C e-commerce: an economic

analysis. Int. J. Logist. Res. Appl.. https://doi.org/10.1080/

13675567.2020.1766428.

Spiegel, J.R., Mckenna, M.T., Lakshman, G.S., Nordstrom, P.G., 2011. Method and

system for anticipatory package shipping. Amazon Technologies, Inc., U.S. Patent

8,086,546 B2, https://patents.google.com/patent/US8615473B2/en.

Tang, C.S., 2006. Perspectives in supply chain risk management. Int. J. Prod. Econ. 103

(2), 451–488.

Taniguchi, E., Thompson, R.G., Qureshi, A.G., 2020. Modelling city logistics using recent

innovative technologies. Transp. Res. Procedia 46, 3–12.

Wang, X., Zhan, L., Ruan, J., Zhang, J., 2014. How to choose “last mile” delivery modes

for E-fulfillment. Math. Probl. Eng., 417129. https://doi.org/10.1155/2014/

417129.

Wang, Y., Zhang, D., Liu, Q., Shen, F., Lee, L.H., 2016. Towards enhancing the last-mile

delivery: An effective crowd-tasking model with scalable solution. Transp. Res. E

Logist. Transp. Rev. 93, 279–293.

S. Srivatsa Srinivas, R.R. Marathe Transportation Research Interdisciplinary Perspectives 10 (2021) 100339

5



Wang, X., Yuen, K.F., Wong, Y.D., Teo, C.C., 2018. An innovation diffusion perspective

of e-consumers’ initial adoption of self-collection service via automated parcel

station. Int. J. Logist. Manag. 29 (1), 237–260.

Weltevreden, J.W., 2008. B2c e-commerce logistics: the rise of collection-and-delivery

points in The Netherlands. Int. J. Retail Distrib. Manag. 36 (8), 638–660.

Xu, Z., Elomri, A., Kerbache, L., El Omri, A., 2020. Impacts of COVID-19 on global supply

chains: facts and perspectives. IEEE Eng. Manage. Rev. 48 (3), 153–166.

Yuen, K.F., Wang, X., Ng, L.T.W., Wong, Y.D., 2018. An investigation of customers’

intention to use self-collection services for last-mile delivery. Transp. Policy 66, 1–8.

Yuen, K.F., Wang, X., Ma, F., Wong, Y.D., 2019. The determinants of customers’

intention to use smart lockers for last-mile deliveries. J. Retail. nd Consumer Serv.

49, 316–326.

Zhang, Y., Sun, L., Hu, X., Zhao, C., 2019. Order consolidation for the last-mile split

delivery in online retailing. Transp. Res. E Logist. Transp. Rev. 122, 309–327.

S. Srivatsa Srinivas, R.R. Marathe Transportation Research Interdisciplinary Perspectives 10 (2021) 100339

6


	Moving towards “mobile warehouse”: Last-mile logistics during COVID-19 and beyond
	Introduction
	A review of the last-mile logistics strategies before COVID-19
	Is “mobile warehouse” a viable last-mile logistics option during COVID-19?
	Discussion – mobile warehouse beyond COVID-19
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


