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Abstract Over the several decades, China became attractive to many multi-national enterprises (MNEs) to relocate their
manufacturing facilities for several reasons: the average hourly compensation costs of China was less than 10 percent of the
costs of the United States (U.S.) in the early 2000s. However, the advantage of lower labor costs in China is gradually
decreasing as labor costs are rapidly increasing, which will eventually negate the saving for companies that chose to
offshore their manufacturing. Moreover, the issue of quality is becoming more important to consumers in the U.S., and
federal and state governments have initiated tax benefits for MNEs to encourage returning manufacturing to the U.S. as
well as keeping or expanding their current facilities. Due to these reasons, many MNE:s started returning or expanding their
manufacturing facilities in the U.S. These economic activities are referred to as ‘Reshoring’. According to the Reshoring
Initiative, more than 50,000 jobs and approximately 300 companies already have been reshored. In addition, the reshoring
activities in the U.S. are expected to increase in the near future. Therefore, this study aims to analyze the impact of the
reshoring activities to the transportation system in the near future. This study examines the expected commodities and
locations of manufacturing facilities which will be reshored, and estimates the freight flow which will be reallocated in the
U.S.
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1. Introduction

U.S. Examples include Apple Corporation that has one of
their computer production lines being produced in the U.S.
[7], and General Electric which has expanded their
manufacturing in Kentucky in response to customers
demanding higher quality products made in U.S. [8].

These economic activities are referred to as ‘Reshoring’.
According to the Reshoring Initiative, more than 50,000 jobs
and approximately 300 companies already have been
reshored [9]. In addition, the reshoring activities in the U.S.
are expected to increase in the near future [10]. Therefore, in
order to establish a future freight plan, it is necessary to
predict the changes of freight flow due to reshoring. This
study aims to analyse the impact of the reshoring activities
on the transportation system in the near future. However, it is
not easy to predict new manufacturing facility location
because it depends on various factors. Therefore, this study
selects 10 potential new locations where manufacturing
facilities based on the current reshoring statistics collected
by Reshoring Initiative. This study is divided into two parts:
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Over the several decades, China became attractive to
many multi-national enterprises (MNEs) to relocate their
manufacturing facilities for several reasons: the average
hourly compensation costs of China was less than 10 percent
of costs of the United States (U.S.) in the early 2000s [1];
China has a large educated work force [2]; the overall
combination of lower labor costs offset the higher logistics
costs and resulted in overall saving for the MNEs [3].
However, the advantage of lower labor costs in China is
gradually decreasing as labor costs are rapidly increasing,
which will eventually negate the saving for companies that
chose to offshore their manufacturing [4]. Moreover, the
issue of quality is becoming more important to consumers in
the U.S., and federal and state governments have initiated tax
benefits for MNEs to encourage returning manufacturing to
the U.S. as well as keeping or expanding their current
facilities [5, 6]. Due to these reasons, many MNEs started
returning or expanding their manufacturing facilities in the
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2. Literature Review

The term of ‘Reshoring’ is defined as “The practice of
transferring a business operation that was moved overseas
back to the country from which is originally relocated” by
Oxford Dictionaries [11]. Moreover, many scholars also
define the term of reshoring through the literature. Fratocchi
et al. define the reshoring as the decision of relocating the
offshored manufacturing in company’s home country or
other countries depending on the strategy of the firm [12].
According to Kinkel and Maloca, the term reshoring refers to
“activities of once offshored manufacturing capacities from
foreign locations back to the domestic location” and
“re-concentration of parts of production from own foreign
locations as well as from foreign suppliers to the domestic
production site of the company” [13]. Tate et al also defines
the reshoring as “the relocation of manufacturing facilities
from traditional offshore locations to more attractive
offshore locations or even home to the United States™ [14].
In this study, ‘Reshoring’ is defined as relocating and/or
bringing back once-offshored manufacturing facilities to the
home countries of the business firms including the activity of
the re-concentration of parts of production and the activity of
creating of production.

The one of the most important motives for offshoring
activities was the cost saving due to the lower average labor
costs of the developing countries, such as China or India. In
contrast to the labor costs saving, the logistics costs and
hidden costs had to be increased because of the longer
transport distance. However, the labor costs saving is much
greater than the increased logistics costs, therefore, MNEs
have kept bringing their manufacturing facilities out of their
home countries [2]. According to Holz, for example, the
labor costs of Czech Republic are approximately one third of
the labor costs of Germany. Even though the hidden costs
such as rebate, higher logistics costs, and quality assurance
have to be required, the total cost of productions is 7.7
percent cheaper than domestic production cost made in
Germany [15]. According to the report of Boston Consulting
Group, the proportion of labor saving costs was 65 percent,
and the proportion of total saving costs before considering
transportation, duties and other costs was 16 percent
comparing with U.S.-based productivity in 2000 [16].
However, they forecasted the expected labor costs saving
proportion of offshoring would be 39 percent, and the total
cost saving would be only 10 percent in 2015 [16]. Besides,
higher quality assurance is being demanded by domestic
customers, and federal and state governments announced the
policies of tax benefits for the MNEs which will bring back,
keep, or expand their manufacturing plants to the U.S. to
promote economic growth [5, 6].

3. Data Preparation

The Freight Analysis Framework (FAF) database is the
publicly released freight database developed by BTS and
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FHWA. The FAF data integrates various database such as
Commodity Flow Survey (CFS), International trade data
from U.S. Census, USDA agriculture, forest service data,
state reports, and Census report, to present a comprehensive
freight movement within, out of, and into the U.S. [17] The
FAF4, which is the latest version, was released in 2015. The
FAF4 consists of 8 international trade regions and 132
domestic zones based on the CFS regions [18]. The FAF4
also includes modes of transportation, commodity types by
Standard Classification of Transported Goods (SCTG) code,
freight tonnage and value by each origin-destination pair.
One of the strength of the FAF data is that the FAF is the
only public data which includes commodity-based
Origin-Destination (O/D) data, international freight flow,
and major transportation mode share.

The FAF4 is used in order to estimate new freight
distribution after the reshoring. In addition, for this study,
researchers have to consider international trade volume and
foreign transportation mode. Therefore, the FAF4 is
disaggregated as import, export, and domestic flow.
Secondly, the reshoring freight volume is extracted from the
imported freight volume from the East Asia, and then the
extracted volume is redistributed on the domestic zones.

3.1. Select Commodities

The FAF4 consists of the freight flows of 43 commodities
classified by SCTG code. It is necessary to select
commodities which will be reallocated. This study focuses
on only manufactured commodities because the definition of
reshoring in this study is relocating and/or bringing back
once-offshored manufacturing facilities to the home
countries of the business firms including the activity of the
re-concentration of parts of production and the activity of
creating of production. Thus, the manufacturing
commodities are selected out of 43 SCTG commodities.

To develop a list of potentially reshoring commodities, a
series of steps was undertaken. First, raw materials such as
grains, live animals, crude petroleum, or coal were excluded
from the possible reshoring commodities. Only
manufacturing product commodities are targeted for this
study. As a result, 27 commodities are remained as shown
below table (see Table 1). Secondly, the top 10 highest
volume of the imported freight and highest value of the
imported freight were identified (see Table 2). It is assumed
that highest volume and highest value commodities
preferentially will be reshored because these commodities
tend to increase logistics costs. Increased cargo volume
causes more trips, and more delivery trips increase the total
travel distance, total fuel consumption, and other variable
costs [19]. High value commodities also increase shipping
costs. For example, insurance costs commonly are
estimated by a function of the commodity value to weight
ratio [20]. Therefore, it can be assumed that these high
volume or high value commodities are reshored to reduce
total logistics costs.
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Table 1. Manufacturing Commodities

SCTG* Commodity SCTG Commodity SCTG Commodity
3 Other ag prods. 23 Chemical prods. 33 Articles -base metal
4 Animal feed 24 Plastics/rubber 34 Machinery
6 Milled grain prods. 26 Wood prods. 35 Electronics
7 Other foodstuffs 27 Newsprint/paper 36 Motorized vehicles
8 Alcoholic beverages 28 Paper articles 37 Transport equip.
9 Tobacco prods. 29 Printed prods. 38 Precision instruments
20 Basic chemicals 30 Textiles/leather 39 Furniture
21 Pharmaceutic-als 31 Nonmetal min. prods. 40 Misc. mfg. prods.
22 Fertilizers 32 Base metals 43 Mixed freight

* SCTG: Standard Classification of Transported Goods

Lastly, this study also refers to reshoring data collected
by Reshoring Initiative. Reshoring Initiative reported
reshoring commodities with number of new job positions
and number of establishments [9]. In this study, top 10
reshoring commodities are selected based on the number of
jobs which newly increased due to the reshoring activities.
The result is shown in the table 3.

Based on the commodities on the table 1, we select the
commodities overlapped with table 2. There are total 13
commodities, which are basic chemicals, chemical products,
plastic and rubber, textiles and leather, non-metal mineral
products, articles-base metal, machinery, -electronics,
motorized vehicles, precision instruments, furniture,
miscellaneous projects, commonly included in the both of
tables.

Table 2. Top 10 High Volume and High Value of FAF Commodities

SCTG Commodity Volume (kilo tons)

35 Electronics 738.3645

30 Textiles/leather 238.4514

34 Machinery 126.9870

40 Misc. mfg. prods 75.1732

38 Precision instrument 65.3190

24 Plastic/rubber 64.5182

36 Motorized vehicles 60.4785

33 Articles-base metal 42.9283

39 Furniture 23.5605

31 Nonmetal min. prods. 19.8424
SCTG Commodity Value (Thousand dollar)

35 Electronics 133,767.7136

38 Precision instrument 9,338.9908

34 Machinery 9,163.7389

40 Misc. mfg. prods 7,415.5474

30 Textiles/leather 6,425.5229

36 Motorized vehicles 3,105.8881

23 Chemical prods. 1,767.8810

20 Basic chemicals 1,548.9620

24 Plastics/rubber 1,421.0461

33 Articles-base metal 1,391.7202

Table 3. Top 10 Reshoring Industries

Industry SCTG Jobs Cases
Transportation Equipment 37 19,046 30
Applanses Componenss | 35| 12120 |47
Computer/Electronic Products 35 6,783 24
Food 3 2,938 9
Machinery 34 2,795 16
Apparel/Textiles 30 1,954 37
Fabricated Metal Products 32,33 1,749 25
‘Wood Products 26 1,028 17
Medical Equipment 38 628 13
Hobbies 40 581 22

Table 4. Target Reshoring Commodities

SCTG Context
3 Other ag prods.
20 Basic chemicals
21 Pharmaceuticals
23 Chemical prods.
24 Plastics/rubber
26 Wood prods.
30 Textiles/leather
31 Nonmetal min. prods.
32 Base metals
33 Articles-base metal
34 Machinery
35 Electronics
36 Motorized vehicles
37 Transport equip.
38 Precision instruments
39 Furniture
40 Misc. mfg. prods.

This study also selects common commodities on the table
1 and table 3. In this selection, total 8 commodities are
selected. Of these, 4 commodities are included in common
with the first selection, and 4 new commodities are selected
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through the second selection.

These 17 commodities out of 43 commodities are
selected through the two selection stages, and this study
focuses on these commodities as main reshoring
commodities using for the next analysis. The selected
commodities are shown in the table 4.

3.2. Select Reshoring Regions

The next step is to identify the target regions where the
already offshored manufacturing will be relocated.
According to the Reshoring Initiative, more than 280
companies brought back their off-shored manufacturing to
U.S. or expand their manufacturing, and it generated new
more than 50,000 jobs at 39 states [9]. For the first option to
build the reshoring scenarios, current reshoring trends were
used. 12 states where the number of jobs created was more
than 1,000 are selected as the regions where the reshoring
manufacturing activities are to be performed [9].

Another option to build the scenarios is that the reshoring
manufacturing facilities will be located to the areas of the
East of Mississippi river regions including all of Gulf coast
regions. Therefore, 10 target states, which are SC, TX, KY,
GA, TN, OH, MI, NY, NC, and KS, are selected. As
mentioned before, this study uses FAF4 commodity data,
and FAF 4 consists of CFS level zones. This study assumes
the reshoring manufacturing facilities will be relocated in
one of FAF zones in each state which has the highest
number of employment. The FAF zones of 10 selected
states are listed on the table shown below.

Table 5. Reshoring Cases and Produced Jobs by State

State Jobs Cases Jobs/Facility FAF zone
SC 7,780 7 1,111 Rest of SC (459)
X | 3712 | 12 300 Dauasg;)?)Wonh
KY 4,612 5 922 Rest of KY (209)
GA 3,005 7 429 Atlanta (131)
TN 2,490 11 226 Rest of TN (479)
OH 3,611 18 201 Cleveland (392)
MI 6,721 13 517 Detroit (261)
NY 1,089 17 64 New York (363)
Greensboro-Winst
NC 1,020 14 73 on-Salem-High
Point (372)
KS 1,000 2 500 Rest of KS (209)

4. Sensitivity Analysis

It is not easy to estimate how much manufacturing
activities will be brought back to U.S. In this study,
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therefore, a sensitivity analysis is conducted on the
assumption of the various reshoring proportion of the 17
manufacturing commodities. The assumed proportions are
taken to be from 5 percent up to 20 percent incrementally
by 5 percent. The sensitivity analysis with these four
scenarios will show changes in the international freight flow,
specifically imported freight flow, and changes in reshoring
volumes of the target regions.

- Scenario 1: 5% of the imported manufacturing
commodity volume will be reallocated to the U.S.

- Scenario 2: 10% of the imported manufacturing
commodity volume will be reallocated to the U.S.

- Scenario 3: 15% of the imported manufacturing
commodity volume will be reallocated to the U.S.

- Scenario 4: 20% of the imported manufacturing
commodity volume will be reallocated to the U.S.

5. Estimation of the Reshoring Freight
OD Matrices

For the last step, the estimation methodologies of the
freight flow matrices were selected. It was assumed that
consumers will select suppliers with lowest transportation
costs, and develop a transportation optimization model to
estimate the expected O/D matrix after the reshoring.

A transportation optimization model is developed to
estimate the minimum total transportation costs. Consider a
directed graph, G(N,A) comprised of a set N of nodes and a
set of directed arcs connecting a pair of nodes. The set of
nodes N consists of four categories of the nodes; 1) the set
of international ports i, 2) the set of reshoring target nodes j,
3) the set of final destination nodes k and international trade
partner Asia A. The OceanCost denotes shipment
costs from Asia to port i, and is calculated using the
shipping distance and the unit cost of freight in this
study. The distance is referred to the webpage of
‘SEA-DISTANCE.ORG’ and the unit cost dollar/ton/mile is
referred to the literature [21]. The InlandCost represents
truck cost from i" origin to k™ destination or from j origin
k™ destination. The inland costs consists of the nationwide
U.S interstate network developed in the previous research
and unit cost of inland transportation referred to the
literature [21, 22]. The imported volume via i™ port to k™
destination is denoted as Xj, the reshored freight volume
from j™ origin to k™ destination is represented as Yik. The
both imported and reshoring volume includes all of 17
commodities volume. The objective function and the
constraints for the linear optimization procedure are
described as below.
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(Objective Function)

Min Z OceanCosty;xy; + Z Z InlandCost; x;, + Z Z InlandCosty, yji
Al ik 7k

(Constraint 1)

Z xy; = Total Freight Volume of 17 commodities from East Asia

i

(Constraint 2)

ZxAi_Zink =0
i ik

(Constraint 3)

Z Z Yjx = Total Expected Reshoring Freight volume
J ok

(Constraint 4)

i
(Constraint 5)
x4; < Capacity of port i

(Constraint 6)

Z Xy + Z Yjx = Total Freight Volueme of Destination k
J

Z x4; < Capacity of the Panama Canal (i = East & Gulf coast ports)

i

Constraint 1 specifies the total imported freight volume
from East Asia to port i. Constraint 2 ensures that all of the
imported volume must be distributed to destination k.
Constraint 3 specifies the total reshored commodity volume
on the 10 target regions. Constraint 4 ensure the total
consumption of the destination k. Constraint 5 guarantee
that the imported volume via port i should not exceed its
capacity. Constraint 6 specifies that the total imported
volume of East & Gulf Coast ports should not exceed the
Panama Canal capacity. The port capacities are referred to
MARAD data. The biggest import metric tons are selected
from 2000 to 2015 of the MARAD statistics [23], then the
metric tons are converted to short tons. The calculated
results are used as the port capacities. The Panama Canal
capacity is referred to the literature, and the capacity is
doubled because of the Panama Canal expansion [21, 24].
According to the FAF4, the imported freight volume from
East Asia and major international trade ports are listed in
Table 6. The ports selected for this study are highlighted.
Top 16 ports receive more than 95% of the imported
volume and the top 15 ports, excluding Chicago because of
lack of port capacity data, were selected. The regions
highlighted in blue in Figure 1 show the geography of FAF
zones that present the selected trade ports. The regions
highlighted in red in Figure 1 represent the location of FAF
zones that present the selected reshoring target regions.

(1

2

A3)

“4)

)

(6)

@)
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Table 6. Imported Volume at the Ports in 2012

Port Kilo Ton Value Cumulative %
LA 30,961.0863 192,361.0809 36.7
Houston 10,633.4711 25,617.4693 49.4
NY (NJ) 8,083.9842 44,034.8503 58.9
Savannah 5,506.2950 28,016.8391 65.5
San Fran 4,921.4855 23,412.1456 71.3
Seattle 4,282.5861 27,056.8818 76.4
Portland 2,491.8232 9,901.9556 79.4
Norfolk 2,184.6046 10,639.8051 81.9
Baltimore 1,856.3566 8,325.3168 84.2
Chicago 1,770.1859 11,904.8114 86.3
Charleston 1,764.9452 7,656.4365 88.3
Miami 1,422.3752 5,982.1673 90.0
Philadelphia 1,384.4131 4,799.8860 91.5
New Orleans 1,327.1229 2,121.7207 93.2
Mobile 1,172.1642 2,591.4640 94.6
(\lizfls:nﬁg}tﬁ) 751.0942 2,669.6502 95.5
Jacksonville 709.5616 5,013.2464 96.4
Boston 607.2599 3,443.7053 97.1
Honolulu 458.5264 562.1499 97.6
Rest of GA 420.4475 4,390.2163 98.1
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This problem is implemented in MATLAB R2015b
because MATLAB provides efficient linear programming
solution process [25]. The “linprog” function with generic
algorithm within MATLAB is implemented to estimate
minimum transportation costs.

6. Results

The results of the optimization are summarized in the
Table 7 and 8. The scenarios prepared before are analyzed
by the developed optimization model. The Table 7 denotes
changes of imported volume at port i and the Table 8
represents the target reshoring regions. These analyses
focus 17 target reshoring commodities, and other imported
commodities are not considered in this optimization.
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6.1. Changes of Imported Volume via the Ports

As shown in Table 7, some of ports will be significantly
affected by reshoring. For example, the imported target
commodities through the port of Savannah of scenario 4
will be decreased almost 70 percent compared to scenario 1,
and the imported volume through New Orleans, Baltimore,
and New York ports will be decreased more than 30 percent
comparing scenario 1 with scenario 4. On the other hand, it
is estimated that no changes of imported volume through
the port of Mobile, San Francisco, Miami, Portland,
Philadelphia, and Norfolk will be in 2020 after the
reshoring. It is also expected that import volume via LA/LB
port and Seattle/Tacoma port will be slightly decreased after
the reshoring.

Table 7. Assigned Imported Volume at the Ports after Reshoring
Port Scenario 1 Scenario 2 Scenario 3 Scenario 4
(kilo ton) (kilo ton) (kilo ton) (kilo ton)
Mobile 851.776 851.776 851.776 851.776
Los Angeles 22,498.253 21,541.639 21,508.104 21,451.006
San Francisco 6,895.319 6,895.319 6,895.319 6,895.319
Miami 1,545.017 1,545.017 1,545.017 1,545.017
Savannah 5,389.898 4,779.393 1,767.733 1,767.733
New Orleans 1,849.668 1,207.480 1,207.480 1,207.480
Baltimore 1,895.312 1,581.192 1,581.192 1,281.392
New York 8,400.033 8,299.499 8,299.499 5,147.077
Wilmington 988.321 913.690 812.516 812.516
Portland 838.892 838.892 838.892 838.892
Philadelphia 2,729.546 2,729.546 2,729.546 2,729.546
Charleston 2,152.508 1,732.374 1,732.374 1,732.374
Houston 9,416.654 8,985.298 8,400.857 8,135.939
Norfolk 1,233.182 1,233.182 1,233.182 1,233.182
Seattle 5,026.116 4,801.963 4,758.535 4,758.535
Table 8. Reallocating Reshoring Volume at the Target Zones
FAF Zone (Zone Number) Scenario 1 Scenario 2 Scenario 3 Scenario 4
Atlanta (131) 0.000 0.000 3,011.660 3,011.660
Rest of KS (209) 286.849 400.132 443.560 443.560
Rest of KY (219) 964.179 1,150.328 1,150.328 1,150.328
Detroit (261) 1,967.436 2,163.816 2163.816 2,163.816
New York (363) 0.000 0.000 0.000 3,091.154
Greenf;’;;";}g?gg’;‘g"‘lem' 0.000 455.302 556.475 556.475
Cleveland (392) 353.339 734.921 734.921 1,095.988
Rest of SC (459) 0.000 0.000 0.000 0.000
Rest of TN (479) 202.326 1,331.020 1331.020 1,331.020
Dallas-Fort Worth (113) 0.000 1,312.846 1930.822 2,252.837
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The results of the imported freight flow via the ports to
domestic destinations are shown at the Figure 1 to 4.
Comparably, the East and Gulf Coast ports will receive
much less volume from East Asia after the reshoring. When
5 percent of the commodities will be reshored, East and
Gulf coast ports will be major gateways for import volume
consumed by Midwest area. The reason can be that the
West coast ports’ market share will be pulled back to the
East of Mississippi regions whereas East and Gulf coast
ports’ market share will be expanded over the Midwest
regions. As mentioned before, the port of Savannah is
expected to be one of the biggest import ports at the East
coast. The port will cover statewide of Georgia,
Birmingham, AL and Nashville, TN when 5 percent of
imported volume will be reshored. However, in the scenario
4, the port of Savannah will receive only 33 percent
compared to scenario 1. The reason is that the transportation
cost from reshoring target regions to Southeast regions is
much cheaper than the costs from East Asia.

6.2. Distribution of Reshoring Commodities

According to the results of estimation, Detroit and Rest
of Kentucky will be major reshoring regions. Those two
zones are located in inland area, thus amount of reshoring
volume is allocated in these two regions comparably more
than other regions. However, the reshoring volume of those
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two regions is not significantly increased while the ratio of
reshoring volume is increased. On the contrary, the
reallocated freight volume at Dallas-Fort Worth, TX,
Atlanta, GA, and New York, NY regions is increased while
the reshoring volume is increased. The reason can be
deduced from the geographical position. Detroit, Kentucky,
and their adjacent regions are comparably far from the East
and Gulf coast ports. Therefore, we can be explained that
the transportation costs from those two regions are much
cheaper than the costs of imported commodities. Moreover,
more manufacturing facilities will be relocated in the U.S.,
Dallas-Fort Worth, TX, Atlanta, GA, and New York, NY
regions can be considered as the reshoring target regions
because these zones are located inland area or demands of
the regions and/or adjacent regions are relatively higher
than other regions.

6.3. Total Transportation Cost Saving

When 5 percent of commodities will be reshored, 6.3
percent of the total transportation costs will be decreased.
The next 5 percent of reshoring commodities will lead to
reduce additional 5.9 percent of total transportation costs.
5.7 percent of cost saving will be in the scenario 3 and 4.
The amount of saving will be decreased while the reshoring
volume will be increased.
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Figure 4. Assignment Result of Scenario 2
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Figure 5. Assignment Result of Scenario 3

Figure 6. Assignment Result of Scenario 4

7. Conclusions

Four reshoring scenarios are considered in this study in
order to estimate freight flow after the reshoring. As
reshoring volume is increased, the imported volume through
the ports is decreased. Especially the volume via East Coast
and Gulf Coast ports are decreased more than West Coast
ports. In this study, LA/LB port, San Francisco port,
Portland port, and Seattle-Tacoma port are considered. Only
around 5 percent volume at LA/LB and Seattle-Tacoma
ports is decreased, the other imported freight volume via
San Francisco and Portland is not decreased in scenario 4
compared to scenario 1. On the other hand, East Coast ports
have less than 30 percent of imported volume in scenario 4
compared to scenario 1. The total transportation cost is
gradually decreased in the each scenario. It means the truck
transportation cost from reshoring target regions to closer
consumption regions is cheaper than the import
transportation cost via East Coast ports. Moreover, the
volume of target commodities consumption in the East of
Mississippi river regions is higher than the West of
Mississippi regions, therefore, it is expected that the

reshoring volume will be highly supplied to the Midwest or
Southeast regions compared to the West of Mississippi
regions.

However, it cannot be concluded that the reshoring will
always save the costs because the amount of cost saving
will be decreased while reshoring ratio will be increased. In
addition, the fixed cost such as facility construction cost is
not considered in this study. Therefore, it is necessary to
estimate the threshold of the reshoring ratio to maximize
transportation cost saving in the further research.
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