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Abstract: The e-commerce platforms have facilitated the information flow of cross-border supply
chain (CBSC) and attracted a wide range of companies and individuals to participate in cross-border
businesses. The tax costs associated with cross-border commodity flow have received unprecedented
attention. However, there is a lack of common platforms between international tax planners and
CBSC optimizers, and the impact of various tax policies on CBSC operations is still unclear. To fill
this gap, this study presents a literature review to elaborate on the interface between taxes and CBSC
operations. First, a literature collection approach is constructed, and 71 pertinent publications are
identified. Then, a four-dimensional categorization consisting of supply chain themes, research
methodologies, tax types, and illustration types was designed to classify and summarize the research
content of the selected articles. The results show that (1) there are six main supply chain-related
themes, i.e., the supply chain network, the distribution channel structure, product quantity and
quality, production outsourcing, the procurement mode, and supply chain emissions, that are signif-
icantly affected by taxes. (2) Four types of taxes, including the corporate income tax (CIT), tariffs,
environmental taxes and the value-added tax (VAT), have obvious impacts on CBSC operations.
(3) Four mainstream methodologies, i.e., mathematical models, empirical models, conceptual models
and simulation models, have been applied to explore the tax effects in CBSC modeling. (4) The
tax-saving opportunities in CBSC operations mainly come from the following five areas: CIT rate
gaps in different regions, special tax regulations such as the tax cross-credit principle and arm’s length
principle, regional trade agreements (RTAs), preferential tax policies and export VAT rebate policy.
Finally, this research provides a framework to analyze the trade-offs between taxes and traditional
CBSC modeling factors. The results can support enterprises in CBSC in dealing with the complex
international tax policies.

Keywords: cross-border supply chain modeling; international tax; tax-effective supply chain; off-
shoring decision; transfer pricing

1. Introduction

Benefiting from the proliferation of e-commerce platforms and international logistics
networks, the material and information flow in cross-border supply chains (CBSC) have
been significantly enhanced [1,2]. A wide range of small- and medium-sized enterprises
(SME) and individuals have been involved in cross-border transactions, and operating
a CBSC has become one of the core competitive advantages for most companies in the
current business environment [3].

However, the tax policies in different sovereigns bring new challenges to the operators
of CBSC [4], especially for the SMEs with weak capital risk resistance. The resulting tax-
related costs will significantly affect the firms’ performance and consumers’ utility [5].
Therefore, the interface between CBSC operations and tax planning has aroused broad
concern from the industry. For example, Deloitte launched a service named “tax aligned
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supply chain” to help its clients explore tax-savings opportunities from the perspective of
supply chain design and management [6].

In practice, operating a tax-effective CBSC is not trivial. First, corporate income tax
(CIT) rates vary across jurisdictions. Generally, regions with lower production costs tend to
have higher CIT rates. According to Stef van Weeghel [7], the total amount of payable tax
as a percentage of firms’ pretax profits in South America reached 53.3% on average in 2018,
which is 14.9% higher than that in North America. This gives rise to new trade-offs between
tax-saving benefits and production drawbacks [8]. Second, the value-added tax (VAT)
export refund policies in different countries are inconsistent, which complicates a firm’s
cross-border transactions [9]. For example, unlike other countries, the Chinese government
does not apply a zero VAT rate for exported products, and changes in the export VAT refund
rate will directly affect the profits of Chinese exporters [10]. Third, trade protectionism
and local frictions have increased the uncertainty of CBSC taxes, especially tariff costs [4].
To avoid tax risks, multinational firms (MNF), such as IKEA and Apple, choose to adjust
their CBSC structure and reassess their current offshore production and global procurement
strategies. Finally, regional trade agreements (RTAs) and the corresponding preferential
tariff areas are undergoing significant changes. According to the WTO [11], in recent years,
there has been a significant increase in the number and scope of RTAs, and the number of
RTAs under negotiation has increased even more significantly. To enjoy the tax benefits
delivered by RTAs, the production and procurement of MNFs must meet the corresponding
rules of origin, which usually is costly for many firms.

As mentioned above, with the new changes in the international business environment,
operators of CBSCs need to pay considerable attention to the impact of different taxes.
Academia has widely recognized the necessity of incorporating tax effects into CBSC
models. However, most of the existing articles focus on certain tax types or tax regulations,
such as carbon taxes [12,13], VAT rebate policies [9], tax cross-crediting policies [14], and CIT
rate gaps [15].

To the best of our knowledge, only the interdisciplinary research of Henkow and
Norrman [6] synthesized the impact of different types of tax policies on CBSC operations.
Specifically, they combined the cross-border logistics system descriptions (based on work-
shops and interviews) with the legal analysis (from professional tax planners) to apply the
main principles of the tax system to the design of cross-border logistics solutions. Although
their study provided significant practical insights, it does not address the theoretical mod-
els. Moreover, the application scenarios of their research results are limited, as they only
analyzed the impact of tax policies from the perspective of cross-border logistics solutions.
Other related literature (or theoretical) reviews, such as the research of Cohen and Lee [4]
and Handfield et al. [16], focused on the impact of new changes in the current global trade
environment, including COVID-19, tariffs, and trade wars on CBSC operations. Their study
indicated the significant impact of tax policies on CBSC operations but did not provide a
systematic analysis for different tax policies. The specific impact and action mechanisms of
different tax policies on CBSC operations are still unclear.

To fill this gap, this paper aims to construct a common platform between international
tax planners and CBSC optimizers and provides a theoretical framework to analyze the
trade-offs between taxes and traditional CBSC modeling factors. A comprehensive and
targeted literature review based on the content analysis method will answer the following
four questions:

Q1: In which supply chain functional stage can tax-related issues affect CBSC opera-
tions? The answer to this question will be given in Section 3.2.

Q2: What research methodologies and illustration methods are adopted to explore tax
effects in CBSC modeling? The answer will be given in Section 3.3.

Q3: Which types of taxes have a significant impact on CBSC operations? The answer
to this question will be given in Section 3.4.
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Q4: What tax-saving opportunities and new trade-offs do international tax reg-
ulations provide for CBSC operations? The answer to this question will be given in
Sections 4.1 and 4.4.

It is necessary to state that taxation is a professional issue, often demonstrated in
legal frameworks, customs regulations, international taxation agreements, or articles in
professional publications. To clarify the implementation approaches of different tax policies
and the tax rate principles, this study does refer to the materials mentioned above, such as
the global tax report released by Pricewaterhouse Coopers [7] and the database of global
RTAs published by WTO [11]. Nevertheless, the scope of this review is restricted to the
academic articles in the Web of Science database (WoS) because the core topic of this study
is to analyze the impact of taxes on CBSC theoretical models. This boundary on the sample
articles can help us focus on the intrinsic relationship between various tax policies and
CBSC operations.

The remainder of this paper is structured as follows: Section 2 presents the data
collection methodology and taxonomies for content analysis. Section 3 reports the results
of the descriptive analysis and the content analysis in each category. The key issues, such as
new trade-offs, the evolution of supply chain themes, and the research opportunities,
are presented in Sections 4 and 5. Finally, the conclusion is provided in Section 6.

2. Methodology
2.1. Data Collection and Validation

This study employs a systematic literature collection approach based on a string-
based search and specific validation process; see Figure 1. First, relevant publications,
including journal articles and conference articles written in English, were searched on the
core collection of Web of Science (WoS) using the following search string in Title, Abstract
or Keywords: (cross-border OR multinational OR global OR international OR transnational)
AND (“supply chain” OR logistics) AND (tax* OR tariff* OR duty OR customs), and the
time span covers all the publication years, i.e., from 1965 to 2020, and more than 400 articles
were searched. Furthermore, this study refined the search results by limiting the WoS
categories of the publications to Operations Research and Management Science, Management,
and Business, and 98 publications remained for further validation. To ensure the relevance
of the 98 publications to the focus of this research, i.e., taxes in CBSC modeling, the authors
of this article further read the abstracts of these publications and filtered them according to
the following validation principles:

• The publication must focus on CBSC management from the enterprises’ perspective.
This excludes articles with a political or economic focus.

• The effect of tax-related factors must be one of the major considerations in the con-
struction of CBSC decision models.

Ultimately, this process led to the final group of 71 pertinent articles, which are further
discussed in the review section.

The other articles, when deemed relevant but not addressing the core topic of this
review, are referred to in other sections of this paper. It should be noted that there is a
series of research in the accounting and financing field providing rich management insights
for MNFs to cope with international taxation, such as Baldenius and Reichelstein [17],
Baldenius et al. [18] and Pfeiffer et al. [19]. However, they are not included in the scope of
this review because their focus is not on the CBSC management.
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2.2. Coding Process

Following the research purpose, four dimensions, namely, supply chain themes, re-
search methodologies, tax types, and illustration types, were defined. According to the
coding process model constructed by Mayring [20], these four dimensions were categorized
individually (see Table 1). The authors of this article analyzed the entire text of the selected
publications and classified them into the corresponding categories in Table 1. In selecting
the categories under each dimension, this study adopted the practice of existing review
articles (see the right column in Table 1) and pursued inductive analysis of the selected
publications. The four-dimensional database constructed by this coding process facilitates
the analysis in Section 3.
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Table 1. Structural dimensions and categories for the coding process.

Dimension and Categories References

Dimension 1: Themes Van Mieghem [21]; Snyder L V [22]
Inductively deduced• Supply chain network

•Manufacture
• Distribution
• Procurement
• Emission

Dimension 2: Research methodologies Ghadimi et al. [23]; Meixell et al. [24]
Inductively deduced•Mathematical modeling

• Empirical modeling
• Simulation modeling
• Conceptual modeling

Dimension 3: Tax types Henkow and Norrman [6]
Inductively deduced• Corporate income tax category

• Tariffs category
• Environmental tax category
• Value-added tax category
•Multi-type tax category

Dimension 4: illustration types Ghadimi et al. [23]
Inductively deduced• Numerical solution

• Closed-form solution
• Theoretical solution

The works presented in Wilhelm et al. [25] are utilized as an example to demonstrate
the coding process in this article. Wilhelm et al. [25] constructed a mixed integer program-
ming (MIP) model to assist decisions on the design of the CBSC network under the impact
of the North American Free Trade Agreement (NAFTA), and a numerical solution was
utilized to illustrate the effectiveness of the model. (1) For the theme dimension, this pa-
per focused on the design of the CBSC network, so it clearly falls into the supply chain
network category. (2) For the research methodologies dimension, this paper constructed
an MIP model, which falls into the mathematical modeling category. (3) For the tax type
dimension, this paper focused on the tariff advantages and the rules of origin restrictions
imposed by NAFTA, which obviously belong to the tariff category. (4) For the illustration
dimension, numerical solution-based commercial software was utilized to illustrate model
effectiveness, and it is classified into the category of numerical solution.

2.3. Validation of Coding Process

The coding process in Section 2.2 has the limitation of subjectivity. To ensure objectivity,
this article adopts the double-check guidelines accepted by Ghadimi et al. [23] and Rebs
et al. [26]. The coding process was completed independently by the first author and
the second author. Then, in the case of inconsistencies, the third author participated
in jointly determining the final coding category. To ensure the reliability of the coding
process, this article calculated the Cronbach coefficient (α) proposed by Cronbach [27].
The Cronbach coefficient of the coding process in this article, which is the proportion of
total pairwise agreements between different authors, was calculated to be 0.8, which is
higher than the acceptance threshold of 0.7 [27]. Nevertheless, it must be acknowledged
that the content analysis method still has a subjective flaw in judging the categories of the
selected articles.
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3. Descriptive and Content Analysis of Taxes in CBSC Modeling

This section describes the descriptive analysis and content analysis of the selected
publications to determine the publication distribution (including time distribution, regional
distribution and journal distribution), most influential articles and authors, supply chain-
related themes, tax types, applied research methodologies, and illustration types.

3.1. Publication Distribution

Figure 2 depicts the selected publication numbers for each year, describing the research
tendency at the interface between taxes and CBSC modeling. The annual publication
numbers have increased in recent years, especially from 2011 onwards, and this period
contains 76.01% of the total selected publications. The average number of publications
per year from 2018 to 2020 was 8.67, which significantly exceeded the overall average
(2.73 publications per year).
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Figure 2. Time distribution of selected publications.

Overall, there is a generally increasing trend in the annual publication numbers from
2005–2020. In addition, there is noticeable growth in 2015 (10 publications), and the
publication number reached a new peak in 2020 (13 publications), indicating that the
impact of taxes has attracted growing concern from supply chain researchers in recent
years. In addition, although this topic has long been proposed, e.g., since 1995 by Arntzen
et al. [28], the interface between taxes and CBSC modeling remains at an early stage with a
relatively small annual publication number (at most 13).

In addition, the regional distribution and journal distribution of the selected publica-
tions, top-cited publications, and most influential authors are presented in Supplementary
Materials S1–S4.

3.2. Supply Chain Themes Addressed

Figure 3 presents the number of selected articles in each category from the supply
chain themes dimension. According to the supply chain-related themes, all the selected
publications were divided into six categories, i.e., supply chain network, manufacture,
distribution, procurement, emissions, and multi-type focus. These thematic categorizations
were extracted from the work of Van Mieghem [21] and Snyder L V [22].
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As shown in Figure 3, the number of selected articles in each category from the supply
chain themes dimension was not evenly distributed. Among them, the supply chain
network category contains the most literature (24 articles, accounting for 34%), followed by
the distribution category (18 articles, accounting for 25%), manufacture category (15 articles,
accounting for 21%), emission category (5 articles, accounting for 7%), multi-theme focus
category (5 articles, accounting for 7%), and procurement category (4 articles, accounting
for 6%). In addition, the detailed classification results are presented in Table 2.

Table 2. Publications in each category from the themes dimension.

Themes Category Publications

Supply chain network (24) Cohen and Lee [4]; Prataviera et al. [29]; Sabet et al. [30]; Mariel and Minner [31]; Tomoyuki Urata [32];
de Matta and Miller [33]; Fernandes et al. [34]; Hasani et al. [35]; Mariel and Minner [36]; Yuan Zhou [37];
Hamad and Gualda [38]; Hammami and Frein [39]; Bassett and Gardner [40]; Fahimnia et al. [41]; Feng and
Wu [8]; Hamad and Gualda [42]; Miller and de Matta [43]; Tsiakis and Papageorgiou [44]; Vila et al. [45];
Chakravarty [46]; Wilhelm et al. [25]; Fandel and Stammen [47]; Vidal and Goetschalckx [48];
Arntzen et al. [28].

Manufacture (15) Handfield et al. [16]; Niu et al. [49]; Prataviera et al. [50]; Turken et al. [51]; Lu and Wu [52]; Oliver
Schenker [13]; Singh et al. [12]; Xiao et al. [53]; Choi et al. [54]; Bogataj and Bogataj [55]; Hameri and
Hintsa [56]; Lu et al. [57]; Kazmer and Roser [58]; Lu and Yang [59]; Huchzermeier and Cohen [60].

Distribution (18) Dong and Kouvelis [61]; Gao [62]; Wang et al. [63]; Nagurney et al. [64]; Niu et al. [65]; Niu et al. [66];
Kim et al. [67]; Wu and Lu [68]; Zhang et al. [69]; Shunko et al. [70]; Gao and Zhao [62]; Huh and Park [71];
Henkow and Norrman [6]; Kumar and Sosnoski [72]; Matsui [73]; Hsu and Zhu [9]; Perron et al. [74]; Shunko
and Gavirneni [75].

Procurement (4) Hsu and Hu [14]; Cui and Lu [76]; Niu et al. [77]; Xu et al. [10].

Emission (5) Fang et al. [78]; Micheli and Mantella [79]; Bonilla et al. [80]; Fahimnia et al. [81]; Hammami et al. [82].

Multi-theme focus (5)

Network design & Emission Soysal et al. [83].

Manufacture & Distribution Masha Shunko [84]; Wang et al. [85].

Manufacture & Procurement Zhen [86].

Emission & Distribution Allevi et al. [87].



J. Theor. Appl. Electron. Commer. Res. 2022, 17 27

3.2.1. Supply Chain Network Category

Articles in the supply chain network category are mainly focused on the topology
of network, consisting of various nodes in the supply chain, such as suppliers, manu-
facturers, logistics hubs, and retailers, including the location and capacity setting of the
different nodes, the design of network edges, and the material flow allocation among
the network [88]. The tax-related costs, accompanied by the cross-border shipping flows,
will change the freight flow toward different tariff sovereign areas and then affect plants
and hubs’ configuration. When MNFs make CBSC network decisions, the main tax-related
issues considered include the rules of origin restrictions [25,31], tariffs and CIT rates in dif-
ferent regions [8,30], and FTA impacts [25,31]. In addition, carbon tariffs and environmental
taxes in some regions, such as the European Union (EU), force MNFs to consider carbon
emissions when designing CBSC networks [42,83]. In addition, to cope with changes in tax
policies, especially tariff regulations, MNFs often need to adjust the existing CBSC network.
In this case, the costs from facility closure and capacity transfer will be the main factors
affecting CBSC redesign [39].

From the perspective of modeling objective function, articles in this category can be
divided into two sorts: research with the goal of minimizing cost and maximizing after-tax
profit. Although there is no difference in mathematical analysis between these two types
of models, the focus of the research is different. For the former, researchers usually focus
on the trade-offs between fixed costs (such as plant construction, equipment purchase)
and variable costs (such as unit transportation costs, labor costs) [44], and the models
are usually based on deterministic assumptions [42,44]. This kind of research pays more
attention to the long-term design of the CBSC (more than 3 years) [28]. For the latter,
because the impact of demand is directly reflected in the objective function of the model,
which brings more expansion directions to the CBSC network design model, specifically,
the randomness of demand and capacity is incorporated into the CBSC network design
model, which brings rich enlightenment to MNFs [30]. For example, when considering the
demand and capacity fluctuations, setting up spare capacity and increasing distribution
channels are better choices for MNFs to design CBSC network [35].

3.2.2. Manufacturing Category

The focus of the articles in the manufacturing category is mainly related to the process
from raw materials to finished products, such as manufacturing capacity and technology
investment, manufacturing postponement and offshoring strategy, and the quantity and
quality of products.

Some of the research in this category focuses on the manufacturing capacity-level
management. The impacts of CIT incentives in different regions are the most obvious for
the capacity investment decisions in a CBSC. On the one hand, for MNFs investing in
countries with high labor costs and cross-border transport risks, such as natural disasters
and port strikes, CIT incentives are important compensation [57,59]. On the other hand,
the tax-crediting policy, which is aimed at avoiding double taxation on CIT in different
countries, can significantly reduce the optimal capacity of MNF whose target is maximize
after-tax profitability [53]. In addition to CIT, the emission-tax regulations in some regions,
such as EU, can largely affect the green technology investment decisions and force MNFs
to offshore outsourcing manufacturing capacity with high emissions [51].

There are also several articles focus on manufacturing postponement strategy un-
der the impact of tariffs. The manufacturing postponement refers to determining which
operations should be executed in which country. In a CBSC, because of the impact of
international taxes, both the manufacturing country and the storage form (semi-finished
or finished goods) will affect the supply chain tariff costs significantly [50]. For example,
for some commodities, especially in industrial products, the value of finished products
is far from raw materials, which provides MNFs with opportunities to reduce the overall
tariff cost among CBSC by arranging the assembly links of the final product in the market
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country [8]. Moreover, to a certain extent, the FTAs and bonded regulations in some regions
magnifies the impact of tariff costs on MNF’s manufacturing postponement decision [54].

In addition, research on the trade-offs among tax benefits, labor costs, and cross-border
risks has provided MNFs with meaningful insights to cope with the challenges brought by
the offshore outsourcing strategy [55,85].

3.2.3. Distribution Category

The distribution category in this paper focuses on the transactions between upstream
and downstream members (including final customers) in a CBSC, such as the logistics
mode, product allocation, and channel structure of distribution.

Most of the research in this category focuses on the setting of transaction prices
between supply chain members. In practice, the headquarters of MNFs often set the
transaction prices of products between plants and distribution centers located in different
countries to exploit the CIT rates of different countries [67,70]. The above CIT savings
strategy is known as the transfer pricing strategy. However, the countries upstream in
the CBSC will enforce specific tax rules, such as the arm’s length principle, to restrict
MNFs’ transfer pricing strategy [68,73]. The abovementioned restrictions will encourage
structural changes in the traditional CBSC distribution decision-making model, and a
detailed treatment of this topic can be found in Huh and Park [71] and Shunko and
Gavirneni [75].

Some of the research focuses on the product-to-market material flow affected by
the tariffs. In fact, the preferential tax policies offer MNFs with tax-saving opportunities
by adjusting the equilibrium material flow towards different regions [64]. Moreover,
the timeliness and the logistics mode of cross-border delivery will also be affected by the
tariff rate of the importing country, and the detailed treatment can be found in the research
of Wang et al. [63]. Furthermore, in recent years, MNFs’ distribution strategies in different
regions face the challenges from the intensification of trade barrier debates and growing
uncertainties in trade policies between countries [61].

Last, the VAT collection regulation is another important factor influencing an MNF’s
distribution strategy, especially the establishment distribution channel. Taking China’s
export-oriented tax regulations as an example, MNFs can use the strategy of “exporting
to domestic sales” to enjoy a VAT refund, which is costly from a logistics perspective but
substantially reduces the tax burden of the supply chain [9].

3.2.4. Procurement Category

Articles in the procurement category focus on topics related to the acquisition of raw
material, such as procurement mode and purchasing quantity.

There are two kinds of research concerns in this category. The first is about the
relationship of procurement mode and the export-oriented tax rules in developing country.
In reality, there are two procurement modes widely adopted by MNFs, namely consignment
strategy and turnkey strategy. From the observation on the greater China region, the export-
oriented tax rules in China indirectly affect MNF’s preference for the two procurement
modes [10].

The latter is about the impact of tariffs on the supplier selection and procurement
quantity of MNFs. In practice, the tariffs cost levied on the imported raw materials often
encourages MNFs to purchase locally, and the appropriate tariff rate can improve product
quality and social welfare in the domestic market [77]. In addition, to increase the propor-
tion of domestic raw materials in the final product, the host countries often set rules of
origin to encourage MNFs to increase local procurement [76].

3.2.5. Emissions Category

The emissions category concerns the environmental externalities of CBSC operations.
In recent years, widespread concern about global climate change has prompted some
countries to enforce a series of tax policies to reduce carbon emissions [89,90], such as
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carbon tariffs [91] and environmental policies [92]. In this context, some articles have
focused on the CBSC’s carbon emissions and analyzed the impact of environmental taxation
policies on the CBSC operations.

Carbon tariffs internalize MNFs’ emission costs, thereby affecting MNFs’ supply chain
decisions. For example, a survey on the EU economy shows that the carbon emissions from
production and transportation caused by offshore manufacturing are the main reasons
for the increase in the carbon footprint of some industries. Carbon tariffs encourage
MNF managers to transfer production to the EU to reduce products’ carbon footprint [80].
Moreover, due to the impact of the carbon tax, the trade-offs between operational costs and
carbon emissions can help MNFs achieve rational investment decisions, and the marginal
cost of supply chain operations increased by the carbon tax can achieve the most significant
environmental benefits [81].

In addition to the direct carbon tax, there are three other environmental policies for
corporations’ carbon emissions, i.e., carbon cap, cap-and-trade, and cap-and-offset [79].

3.2.6. Multi-Theme Category

The remaining articles were coded in the category of multi-theme focus. Due to
growing environmental concerns, minimizing carbon emissions has become another vital
modeling objective, along with minimizing total logistics cost, in the design of CBSC net-
works [84]. Moreover, the environmental policies could considerably affect the distribution
channels and production choices of MNFs, for example, the application of the European
Union Emissions Trading System (EU-ETS) have largely decreased the distance between a
couple of closed-loop supply chain tiers [87].

Furthermore, in many cases, tax collection regulations such as the arm’s length princi-
ple and rules of origin will affect the MNF’s production outsourcing decision, as well as
distribution channels [84,85] and global procurement strategies [86].

3.3. Research Methodology Dimension

Figure 4 presents the number of publications in each category from the supply chain
themes dimension. According to the methodologies applied in the research, all selected
articles were divided into four categories, i.e., mathematical modeling, simulation modeling,
empirical modeling, and conceptual modeling.
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More specifically, fifty-eight articles (accounting for 82%) in the mathematical mod-
eling category are further divided into eight subcategories, including MIP (21 articles),
NLP (14 articles), game theory model (9 articles), newsvendor model (7 articles), equilib-
rium model (4 articles), deep learning (1 article), dynamic programming model (1 article),
and MLP (1 article). Moreover, seven selected articles (accounting for 10%) coded into the
empirical modeling category are further divided into four subcategories, including Q/SI
(3 articles), case study (2 articles), interpretive structural model (1 article), and structural
equations model (1 article). In addition, four review articles (accounting for 6%) were
coded into the conceptual modeling category. Furthermore, the remaining two selected
articles (accounting for 3%) were coded into the simulation modeling category. The detailed
classification results are exhibited in Table 3.

Table 3. Category of methodologies applied in selected articles.

Method Category Methodology Approach Publications

Mathematical modeling (58) Mixed integer programming
model (MIP) (21)

Sabet et al. [30]; Micheli and Mantella [79]; Tomoyuki
Urata [32]; de Matta and Miller [33]; Hammami et al. [82];
Hasani et al. [35]; Mariel and Minner [36]; Yuan Zhou [37];
Hamad and Gualda [38]; Bassett and Gardner [40];
Fahimnia et al. [41]; Perron et al. [74]; Feng and Wu [8];
Hamad and Gualda [42]; Miller and de Matta [43]; Tsiakis
and Papageorgiou [44]; Vila et al. [45]; Wilhelm et al. [25];
Fandel and Stammen [47]; Vidal and Goetschalckx [48];
Arntzen et al. [28].

Non-linear programming model
(NLP) (14)

Dong and Kouvelis [61]; Turken et al. [51]; Kim et al. [67];
Singh et al. [12]; Zhang et al. [69]; Mariel and Minner [31];
Shunko et al. [70]; Wang et al. [85]; Fahimnia et al. [81]; Gao
and Zhao [62]; Hammami and Frein [39]; Masha
Shunko [84]; Zhen [86]; Chakravarty [46].

Game theory model (9) Fang et al. [78]; Niu et al. [49]; Cui and Lu [76];
Niu et al. [77]; Niu et al. [65]; Niu et al. [66]; Wu and Lu [68];
Xu et al. [10]; Matsui [73].

Newsvendor model (7) Hsu and Hu [14]; Lu and Wu [52]; Wang et al. [63];
Xiao et al. [53]; Huh and Park [71] Hsu and Zhu [9]; Shunko
and Gavirneni [75].

Equilibrium model (4) Nagurney et al. [64]; Allevi et al. [87]; Oliver Schenker [13];
Bogataj and Bogataj [55].

Multi-objective linear
programming model (MLP) (1)

Soysal et al. [83].

Dynamic programming model (1) Huchzermeier and Cohen [60].

Deep learning (1) Guo [62].

Empirical modeling (7) Structural equations model (1) Bonilla et al. [80].

Interpretive structural model (1) Kumar and Sosnoski [72].

Questionnaire
surveys/Semi-structured
interviews (3)

Henkow and Norrman [6]; Lu et al. [57]; Lu and Yang [59].

Case study (2) Prataviera et al. [29]; Kazmer and Roser [58].

Conceptual modeling (4) Theoretical/literature review (4) Cohen and Lee [4]; Handfield et al. [16];
Prataviera et al. [50]; Hameri and Hintsa [56].

Simulation modeling (2) System dynamics model (1) Choi et al. [54].

Simulation experiment based on
discrete events (1)

Fernandes et al. [34].
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3.3.1. Mathematical Modeling Category

Most of the selected articles were coded into mathematical modeling category (58 pub-
lications, accounting for 82%), and there are 8 types of methodological approaches in this
category. Specifically, the MIP is the major methodology applied to assist in CBSC decisions.
The early research of Arntzen et al. [28] was considered foundational (with 432 in global
citation score) to the application of the mixed-integer programming model to the CBSC
network design problem. The objective of this kind of model is usually to maximize the
global after-tax profits computed in the numeraire country’s currency. Profits here are
generated by sales revenue derived from the material flows from the plants to other plants
(transshipments) and to destination countries (DCs) as well as from DCs to markets minus
all fixed and variable costs (i.e., production, transportation, and facility fixed costs). The tax
costs are calculated by multiplying an MNF’s income by a certain tax rate. Based on the
paradigm of the mathematical programming model, CBSC network design models have
evolved in two directions. First, the decision variables became more diverse, i.e., more types
of decision variables are embedded in the construction of the CBSC network design model,
such as transfer pricing [33,43,48] and marketing decisions [30]. Second, they consider
the impact of new global factors in the construction of decision models, such as product
recycling [35,47], FTA impacts [25], emission controls [42], and tax regulation impacts [8].

In addition, there are 14 publications applied NLP models. Some NLP models, such as
that in Mariel and Minner [31], represent extensions of the MIP model by adding nonlinear
functions in the constraints or objectives, and their structure is similar to MIP models but
more dependent on efficient solving algorithms. Other contributions, such as Dong and
Kouvelis [61] and Shunko et al. [70], sought to develop structured optimization models
to improve the current understanding of the impact of taxes. Moreover, game theory
models and newsvendor models have unique advantages in exploring the interactivity
of decision-making among different supply chain members and obtaining universal man-
agerial insights [14,49,78]. The models in this kind of research are usually based on strong
assumptions, and strive to provide closed-form solutions to provide decision support
for MNFs. However, the relevant research can be divided into two brands based on the
assumption of the demand function. The former is based on deterministic assumptions.
By assuming that the relationship between demand and pricing is a linear negative correla-
tion function with known parameters, a convex income function is constructed, and then
the equilibrium decisions of supply chain members is obtained based on optimality con-
ditions. The detailed treatment can be found in the research of Niu et al. [66] and Xu
et al. [10], and their model results show that the parameters that could significantly affect
the decision-making of MNFs include market capacity, demand price sensitivity coefficient
and tax rate. The latter is based on the stochastic assumptions. By assuming the probability
distribution of the demand error, the optimal capacity and pricing decisions are further
explored, the detailed treatment can be found in the research of Fang et al. [78] and Shunko
et al. [70], and they found that main factors that affect the decision-making of MNFs are the
demand variance and the risk preference coefficient of decision-makers.

Besides, the equilibrium model is another effective tool to analyze material flow
in a CBSC, and tax-related costs and policies are treated as obstacles to [13] or quotas
for [64] the material flow in this kind of approach. The remaining three publications in this
category applied a multi-objective linear programming model [83], dynamic programming
model [60] and deep learning model [93] in their works on the flexible operations of CBSCs.

3.3.2. Empirical Modeling Category

There are four specific approaches in this category, i.e., structural equations model,
interpretive structural model, questionnaire surveys/semi-structured interviews and case
studies. Among them, questionnaire surveys and semi-structured interviews are mostly
adopted to obtain empirical data on issues such as the opinion gaps between financial per-
sonnel and logistics personnel for supply chain concepts [6] and the investment preferences
of multinational manufacturers [57,59].
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In addition, the case study method and the interpretive structural model are straight-
forward methods to illustrate the effect of taxes in specific situations [50,58,72]. Moreover,
the structural equations model is an effective quantitative method to measure the carbon
footprints of products at the sectoral level [80].

3.3.3. Conceptual Modeling Category

The articles in the conceptual modeling category are intended to provide theoretical
guidelines for MNFs in tax planning and CBSC optimizations. In the current global business
environment where the impact of trade frictions and rules of origin restrictions are common,
it is necessary to identify the effect of new risk factors, such as tariff barriers and changes in
RTAs [4]. In addition, it is qualitatively demonstrated that both the manufacturing country
and the storage form (semi-finished or finished goods) significantly affect the supply chain
tax costs in a CBSC, so the definition of the scope of the manufacturing postponement
strategy is important for MNFs [50].

3.3.4. Simulation Modeling Category

Two simulation approaches, i.e., a system dynamics model and simulation experiment
based on discrete events, were utilized to simulate different global production strategies
in a CBSC. Specifically, as a representative tool for simulating continuous systems [94],
a system dynamics model can effectively simulate the multistage production process in
a CBSC and analyze the impact of changes in factors such as tax rates and transportation
costs [54]. Simulation experiments based on discrete events have unique strengths in the
numerical solution and analysis of complex real-world CBSC systems [34].

3.4. Tax Type Dimension

Figure 5 presents the number of publications in each category from the tax type
dimension. According to the tax types considered in this research, the selected articles
were divided into five categories, i.e., the CIT category, environmental tax category, tariff
category, VAT category, and multi-type taxes category.
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Among different categories from the tax type dimension, the CIT category contains
the most literature (29 articles, accounting for 41%), followed by the tariffs category (13 ar-
ticles, accounting for 18%), environmental tax category (12 articles, accounting for 17%),
multi-type taxes category (11 articles, accounting for 15%), and VAT category (6 articles,
accounting for 8%). The detailed classification results were exhibited in Table 4.

Table 4. Publications in each category from the type types dimension.

Tax Types Category Publications

Corporate income tax (29) Hsu and Hu [14]; Lu and Wu [52]; Prataviera et al. [29]; Cui and Lu [76];
Niu et al. [65]; Niu et al. [66]; Kim et al. [67]; Wu and Lu [68]; Zhang et al. [69];
Shunko et al. [70]; Wang et al. [85]; de Matta and Miller [33]; Fernandes et al. [34];
Gao and Zhao [62]; Xiao et al. [53]; Hamad and Gualda [38]; Hammami and
Frein [39]; Masha Shunko [84]; Huh and Park [71]; Kumar and Sosnoski [72];
Matsui [73]; Perron et al. [74]; Hameri and Hintsa [56], Lu et al. [57]; Miller and de
Matta [43]; Shunko and Gavirneni [75]; Lu and Yang [59]; Vidal and
Goetschalckx [48]; Huchzermeier and Cohen [60].

Tariffs (13) Dong and Kouvelis [61]; Handfield et al. [16]; Prataviera et al. [50]; Lu and Wu [52];
Nagurney et al. [64]; Niu et al. [77]; Mariel and Minner [31]; Mariel and
Minner [36]; Bassett and Gardner [40]; Fahimnia et al. [41]; Choi et al. [54]; Tsiakis
and Papageorgiou [44]; Kazmer and Roser [58].

Environmental tax (12) Fang et al. [78]; Turken et al. [51]; Allevi et al. [87]; Micheli and Mantella [79];
Oliver Schenker [13]; Singh et al. [12]; Tomoyuki Urata [32]; Bonilla et al. [80];
Fahimnia et al. [81]; Hammami et al. [82]; Yuan Zhou [37]; Soysal et al. [83].

Value-added tax (6) Niu et al. [49]; Hamad and Gualda [42]; Xu et al. [10]; Zhen [86]; Bogataj and
Bogataj [55]; Hsu and Zhu [9].

Multi-type taxes (11)

• Corporate income tax & Tariffs Hasani et al. [35]; Vila et al. [45]; Chakravarty [46]; Wilhelm et al. [25]; Fandel and
Stammen [47]; Arntzen et al. [28].

• Corporate income tax & Tariffs &
Value-added tax

Guo [62]; Cohen and Lee [4]; Sabet et al. [30]; Henkow and Norrman [6]; Feng and
Wu [8].

3.4.1. Corporate Income Tax Category

CIT is levied on an MNF’s income, which directly affects its benefits and cannot be
passed on to downstream consumers. On the one hand, CIT rate gaps offer MNFs op-
portunities to save tax costs through a transfer pricing strategy. However, cross-border
distribution and production strategies also lead to a series of problems, such as the diversi-
fication of production costs, the double marginal effect of decentralized decision-making
mechanisms [65,67,85], incentives for the retail sector’s localized procurement [66], and re-
gional CIT relief policies, which complicate MNFs’ CIT-saving operations. Furthermore,
the benefits, costs, and risks that need to be weighed in the above decisions are including
the loss caused by decentralized decision-making [65,67,85], the costs of affiliated institu-
tions construction and operations [66], risk and power transfer due to the registration of
affiliated institutions [70].

On the other hand, in many cases, MNFs need to adjust CBSC operational strategies
to account for the impact of specific regulations on their CIT. For example, many countries
have adopted the tax cross-credit principle for MNFs’ overseas taxes to avoid double
taxation of MNF income, which stipulates that MNFs can use the excess tax of overseas
subsidiaries (located in high-tax countries) to offset the tax payable in other regions. In this
context, MNFs can adjust distribution and offshore outsourcing strategies to increase their
total after-tax revenue [14,53]. Moreover, some researchers from the logistics operation
perspective to analyze how to use the CIT rate differences and CIT relief policies in different
countries to help MNFs maximize its’ after-tax profits [38,52,57,59].
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3.4.2. Tariffs Category

Tariffs are levied on the goods entering and leaving a country’s customs border and
are considered an indirect tax because they are passed on to the downstream consumer in
most cases. Since 2018, with the rise of trade protectionism, the impact of tariffs on CBSC
operations has attracted academic and industry concern.

First, tariffs costs are among the major fiscal constraints that affect the landed cost
of products in CBSCs [40,44], and the tariff-refund policies in some countries provide tax-
saving opportunities for MNFs by designing an appropriate CBSC network [36]. Second,
an increase in tariff rates presents obstacles to MNFs’ global procurement strategies and
force them to adopt localized procurement strategies [54,77]. The subsequent trade-offs
among product quality, procurement costs, and tariff costs complicate MNFs’ procurement
strategies: on the one hand, to enjoy preferential tariff policies, MNFs prioritize satisfying
the rules of origin of consumer countries in the production process [31]; on the other hand,
the location of transshipment points, tariffs, and differences in production costs between
countries comprehensively determine the effectiveness of the production postponement
strategy in CBSCs [54].

In recent years, based on the macro background of the Sino-US trade war, the impact
of tariff uncertainty on CBSC network configuration has attracted academic attention [61],
and the changes in tariff rates and quota policies will affect the distribution to different
markets across the CBSC under equilibrium conditions [64].

3.4.3. Environmental Tax Category

The environmental tax category includes a series of taxes that levied on an MNF’s
operating externalities, and there are three tax bases for environmental taxes: the output of
polluting enterprises, the pollutants contained in the inputs of the polluting enterprises,
and the enterprise’s pollutant emissions.

In practice, offshore manufacturing strategies could significantly increase a CBSC’s
carbon footprint, and carbon tariffs and R&D subsidies for the industrial and freight sectors
can effectively reduce the CBSC’s carbon footprint taxation methods for MNFs’ carbon
emissions [80]. However, in scenarios where the carbon tariff policies of the countries
upstream and downstream in a CBSC are inconsistent, the carbon tariffs often fail to reduce
carbon emissions [78].

In addition, the different implementation methods of environmental taxes entail new
requirements for CBSC modeling. Taking carbon emissions as an example, there are
four application methods for the taxation of MNFs’ carbon emissions, i.e., carbon caps,
carbon taxes, cap-and-trade, and cap-and-offset. Under the influence of the aforementioned
carbon policy, the current CBSC decision-making models, such as production and inventory
planning [82] and technology investment decisions [51], face structural changes.

3.4.4. Value-Added Tax Category

VAT is a kind of indirect tax based on the added value generated during goods’
circulation. Although the final consumer usually bears it, VAT collection and rebate
regulations for imported and exported goods in specific countries substantially impact a
CBSC’s operations. Taking China’s export VAT rebate regulations as an example, MNFs can
enjoy VAT refunds from the government by combining distribution and inventory strategies
with the bonded policies of different regions in China [9,42].

Besides, changes in the VAT export refund ratio also affect the preference of MNFs
regarding the global procurement strategy and local procurement strategy. When the
refund ratio increases, MNFs tend to purchase more locally from the host country to reduce
tax costs [10,86].

3.4.5. Multi-Type Taxes Category

In some cases, the CIT planning strategy of MNFs will also be affected by tariff costs,
and the additional trade-offs are the decreased CIT costs of the local tax incentives and the
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increased tariff costs caused by the cross-border distribution. In the corresponding decision
models, tariff costs are characterized as the product of the tariff rate in a specific country on
a specific product and the value of the corresponding inbound and outbound goods, while
the CIT is the product of the company’s total income and the CIT rate in a specific country.
A detailed treatment of this topic can be found in Arntzen et al. [28], Wilhelm et al. [25],
Vila et al. [45] and Fandel and Stammen [47].

In addition, as Cohen and Lee [4] noted, how to construct decision-making models to
help MNFs respond to changes in government tax policies, such as tariff rates and taxation
rules on CITs and VATs, is an important research direction in the future of CBSC operations
management. Several selected articles comprehensively analyzed the total impact of CIT,
tariffs, and VAT on CBSC operations [6,8].

3.5. Illustration Type Dimension

This section provides insights regarding the extent of the themes and methodologies
presented in Sections 3.4 and 3.5. As shown in Figure 6, three categories, i.e., closed-form
solution, numerical solution and theoretical solution, were identified.
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From the perspective of illustration type dimension, most of the selected articles (37,
accounting for 52%) used numerical solutions to illustrate the managerial insights of their
research. Additionally, twenty-seven selected articles (accounting for 38%) use closed-form
solutions to illustrate their findings. The remaining seven selected articles (accounting for
10%) offered theoretical summaries. The detailed classification results are presented in
Table 5
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Table 5. Publications in each category from the illustration types dimension.

Illustration Types Category Publications

Numerical solution (37) Guo [62]; Sabet et al. [30]; Nagurney et al. [64]; Allevi et al. [87]; Micheli and Mantella [79];
Oliver Schenker [13]; Singh et al. [12]; Zhang et al. [69]; Mariel and Minner [31]; Tomoyuki
Urata [32]; Bonilla et al. [80]; de Matta and Miller [33]; Fahimnia et al. [81];
Hammami et al. [82]; Hasani et al. [35]; Mariel and Minner [36]; Yuan Zhou [37]; Hamad
and Gualda [38]; Hammami and Frein [39]; Soysal et al. [83]; Bassett and Gardner [40];
Fahimnia et al. [41]; Choi et al. [54]; Bogataj and Bogataj [55]; Perron et al. [74]; Feng and
Wu [8]; Lu et al. [57]; Hamad and Gualda [42]; Miller and de Matta [43]; Tsiakis and
Papageorgiou [44]; Kazmer and Roser [58]; Lu and Yang [59]; Vila et al. [45];
Wilhelm et al. [25]; Fandel and Stammen [47]; Vidal and Goetschalckx [48];
Arntzen et al. [28].

Closed-form solution (27) Dong and Kouvelis [61]; Fang et al. [78]; Niu et al. [49]; Turken et al. [51]; Hsu and Hu [14];
Wang et al. [63]; Lu and Wu [52]; Cui and Lu [76]; Niu et al. [65]; Niu et al. [77];
Niu et al. [66]; Kim et al. [67]; Wu and Lu [68]; Xu et al. [10]; Shunko et al. [70];
Wang et al. [85]; Fernandes et al. [34]; Gao and Zhao [62]; Xiao et al. [53]; Masha
Shunko [84]; Zhen [86]; Huh and Park [71]; Matsui [73]; Hsu and Zhu [9]; Shunko and
Gavirneni [75]; Chakravarty [46]; Huchzermeier and Cohen [60].

Theoretical solution (7) Handfield et al. [16]; Cohen and Lee [4]; Prataviera et al. [29]; Prataviera et al. [50]; Henkow
and Norrman [6]; Kumar and Sosnoski [72]; Hameri and Hintsa [56].

3.5.1. Numerical Solution Category

Among the selected articles in numerical solution category, twenty-one were based
on real-world business cases. The practical cases used in the illustration varied, including
automotive production [36] and the production and distribution of chemical products [40].
Note that most researchers constructing mixed-integer models for analysis prefer to adopt a
real case to illustrate the model’s practicality. Another 16 selected articles used standardized
numerical examples to demonstrate their models’ competence. Different from the research
based on real-world business cases, it is valuable and easy to implement standardized
numerical examples to test and complete newly constructed models.

For papers utilizing numerical solutions, the construction of a solution algorithm is
an essential part of the research. Among them, Benders decomposition and branching
and bounding are two effective methods to solve the exact solution of the CBSC network
design problem [31,48]. In addition, commercial optimization software, such as Lingo and
Complex, is also widely used to obtain numerical solutions for most MIP models [45,79].
In addition, for the NLP models in the articles, heuristic algorithms, such as the cross-
entropy algorithm, are most commonly adopted to calculate the numerical solutions [86].

3.5.2. Closed-Form Solution Category

To obtain closed-form solutions, researchers often need to highly abstract the problem
and impose strict assumptions to develop structured models, which undoubtedly weakens
their models’ practicality. However, closed-form solutions have the strength of producing
more analytical inferences to improve the current understanding of the main trade-offs and
sharpen managers’ intuition for decision-making. Specifically, all game theory models and
newsvendor models seek to obtain closed-form solutions. On the one hand, researchers
can analyze the properties of closed-form solutions and, based on this, draw a series of
counterintuitive managerial recommendations [49,66,77]. On the other hand, by analyzing
the sensitivity of the closed-form solutions to the parameters, the effectiveness of the model
conclusion can be intuitively described [9,14,75].

3.5.3. Theoretical Solution Category

One significant advantage of a theoretical summary is that it offers modeling principles
and an analysis framework for researchers to explore newly emerging supply chain issues
entailed by different taxes, such as the postponement strategy in CBSCs [50], and sup-
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ply chain design under the effect of new global factors, such as coronavirus and trade
wars [4,16]. In addition, articles based on case studies tend to present a theoretical frame-
work to improve the applicability of the results to specific tax regulations [72] and supply
chain themes [6].

4. Discussion
4.1. The Interface between CBSC Operations and Taxes

As shown in Figure 7, this study constructs a conceptual framework to analyze the
interface between the tax system and CBSC operations.

J. Theor. Appl. Electron. Commer. Res. 2022, 13, x FOR PEER REVIEW 19 of 28 
 

Physical 

network

Manufacture

Distribution Procurement

Emission

Tariffs

Environmental 

taxes

VATs

CITs

Tax-saving opportunities:

 Carbon trading mechanism

 Low-carbon subsidies

Tax burdens:

 Carbon tariffs

Tax-saving opportunities:

 Tax cross-credit principle

 Preferential CIT policies

 Tariff refund policy

 RTAs

Tax burdens:

 Tariff barriers

 Rules of origins

 Arms  length principle

Tax-saving opportunities:

 Tax cross-credit 

principle

 Tariff refund policy

 RTAs

 Export VATs rebate

Tax burdens:

 Tariff barriers

 Rules of origins

 Arms  length principle

Tax-saving opportunities:

 Export VATs rebate

Tax burdens:

 Tariff barriers

 Rules of origin

Tax-saving opportunities:

 CIT rates  gaps

 Tariff refund policy

 RTAs

Tax burdens:

 Tariff barriers

 Rules of origin

 

Figure 7. The interaction between CBSC operations and the tax system. 

The taxes that significantly affect CBSC operations include tariffs, CIT, VAT, and en-

vironmental taxes. Among them, tariffs affect a CBSC’s distribution decisions by changing 

the landed costs of cross-border products. In addition, the tariff uncertainty caused by 

trade frictions will make an MNF’s manufacturing headquarters more inclined to adopt a 

localized production strategy to avoid tariff risk. In addition to tariffs, the CIT is also one 

of the major concerns for MNF capacity investment decisions. The difference in CIT rates 

across different countries and the CIT incentives in emerging countries, such as the coun-

tries along the Belt and Road, offer MNFs considerable tax-saving opportunities when 

formulating appropriate offshoring decisions. 

In contrast to the impact of tariffs and CITs, the VAT, as a kind of turnover tax, has 

more complex impacts on CBSC decisions, which largely depend on the VAT collection 

and refund policies for cross-border transactions in different countries. Taking China’s 

export-oriented VAT as an example, the government adopts the VAT regulation of “ex-

emption, credit and refund” based on the exported goods’ FOB price. The calculation of 

the VAT payable to the Chinese tax authority is as follows [9,10]: 

VAT payable to tax authority = domestic sales ×VAT rate + (export sales − cost of imported materials) × (VAT rate − 

VAT refund rate) − input VAT 
 

The Chinese government does not offer a zero export VAT rate, and the changes in 

the VAT refund rate will be magnified by multiplying export sales. Specifically, an in-

crease in the VAT refund rate not only improves the revenue per product of Chinese ex-

porters but also encourages MNFs to purchase more raw materials from China. 

4.2. The Evolution of Supply Chain Themes 

According to the content analysis in Section 3.4, the evolution of supply chain themes 

in the selected articles is presented (see Figure 8). It is apparent that the tax-related supply 

chain themes have tended to diversify since 2005. 

Before 2005, researchers were mainly focused on the global supply chain network 

design problem. The corresponding decision-support models were based on mixed-inte-

ger programming models with the objective of maximizing global after-tax profit. Tax-

related factors were treated as variable costs, which are proportional to freight volume or 

Figure 7. The interaction between CBSC operations and the tax system.

The taxes that significantly affect CBSC operations include tariffs, CIT, VAT, and envi-
ronmental taxes. Among them, tariffs affect a CBSC’s distribution decisions by changing
the landed costs of cross-border products. In addition, the tariff uncertainty caused by
trade frictions will make an MNF’s manufacturing headquarters more inclined to adopt
a localized production strategy to avoid tariff risk. In addition to tariffs, the CIT is also
one of the major concerns for MNF capacity investment decisions. The difference in CIT
rates across different countries and the CIT incentives in emerging countries, such as the
countries along the Belt and Road, offer MNFs considerable tax-saving opportunities when
formulating appropriate offshoring decisions.

In contrast to the impact of tariffs and CITs, the VAT, as a kind of turnover tax, has more
complex impacts on CBSC decisions, which largely depend on the VAT collection and
refund policies for cross-border transactions in different countries. Taking China’s export-
oriented VAT as an example, the government adopts the VAT regulation of “exemption,
credit and refund” based on the exported goods’ FOB price. The calculation of the VAT
payable to the Chinese tax authority is as follows [9,10]:

VAT payable to tax authority = domestic sales × VAT rate + (export sales − cost of imported materials)
× (VAT rate − VAT refund rate) − input VAT

The Chinese government does not offer a zero export VAT rate, and the changes in the
VAT refund rate will be magnified by multiplying export sales. Specifically, an increase in
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the VAT refund rate not only improves the revenue per product of Chinese exporters but
also encourages MNFs to purchase more raw materials from China.

4.2. The Evolution of Supply Chain Themes

According to the content analysis in Section 3.4, the evolution of supply chain themes
in the selected articles is presented (see Figure 8). It is apparent that the tax-related supply
chain themes have tended to diversify since 2005.
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Before 2005, researchers were mainly focused on the global supply chain network
design problem. The corresponding decision-support models were based on mixed-integer
programming models with the objective of maximizing global after-tax profit. Tax-related
factors were treated as variable costs, which are proportional to freight volume or revenue.
In this way, although tax costs were considered, they did not change the model structure
of the typical CBSC network design problem [28,47,48]. Wilhelm et al. [25] improved the
traditional CBSC network design models to cope with NAFTA’s influence, and they were
the first to study this problem, i.e., global supply chain network design considering a
specific tariff policy.

From 2005 to the present, extensive research has focused on other operational deci-
sions, in addition to supply chain network design, to cope with tax-related issues. The most
apparent tax-saving opportunities come from the combination of distribution decisions,
such as distribution channel structure, transfer pricing, and CIT gaps in different coun-
tries [9,64,66]. In addition, embedding the tax effects into manufacturing decisions such
as production outsourcing strategy [49,53,78] and procurement decisions [10] can also
significantly reduce the tax costs in a CBSC.

Combining the results of Sections 3.2–3.4, the research methodologies applied in each
supply chain theme are presented in Table 6. For the themes of the supply chain network,
manufacture, and distribution, both quantitative and qualitative methodologies are applied
to analyze the impacts of different taxes. However, qualitative methodologies, such as case
studies and theoretical/literature reviews, are lacking for the themes of procurement and
emissions.
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Table 6. Research methodologies for each supply chain theme.

Supply Chain Network Manufacture Distribution Procurement Emission

MIP model
√ √ √

NLP model
√ √ √ √

Game theory model
√ √ √ √

Newsvendor model
√ √ √

Equilibrium model
√ √

MLP model
√ √

Dynamic programming model
√

Deep learning
√

Structural equations model
√

Interpretive structural model
√

Questionnaire
surveys/Semi-structured
interviews

√ √

Case study
√

Theoretical/literature review
√ √

System dynamics model
√

Simulation experiment based on
discrete events

√

4.3. The Impacts of Different Taxes

As presented in Section 3.4, the tax types investigated in the selected articles include
CIT, tariffs, environmental taxes, and VAT. Furthermore, different types of taxes affect the
operation of CBSCs in different ways.

As shown in Figure 9, environmental taxes and tariffs will directly affect the landed
cost of markets in different jurisdictions and then change the production configuration
along a global supply chain, which has been fully explained in the existing supply chain
network design model. In addition to the function of production configuration, tariff costs
could also affect an MNF’s production outsourcing decision, and this impact may even
outweigh the rising transportation cost and falling labor cost. For example, many MNFs
located in developed economies, especially the USA, were considering reshoring overseas
plants because of the rise of tariffs in their home countries.
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In many cases, the CIT alone may account for more than thirty percent of an MNF’s
total pretax income. Furthermore, MNFs tend to shift their taxable income from high-
tax to low-tax jurisdictions to exploit tax rate differentials [95]. In practice, managers
can affect taxable income through transfer pricing, i.e., transactions between different
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divisions located in different jurisdictions. Although the price charged for the products is
fully determined by the managers, it is still subject to different jurisdictional regulations.
The interactions among the transfer price, tax rate differentials, and regulations in different
jurisdictions make capacity decisions that consider the impact of transfer prices nontrivial.

The regulations concerning VATs mainly affect CBSC modeling in two aspects: commodity
prices and firm net profit. For example, Hsu and Zhu [9] focused on China’s export-oriented tax
rules, i.e., export VAT rebate regulations. They found that China’s export VAT rebate regulations
will significantly affect supply chain organizational structures, i.e., reallocating at the final product
level or at the imported component level and keeping a single bonded warehouse or two warehouses
for bonded and unbonded inventories.

4.4. New Trade-Offs

Based on the summary of the selected articles and the observation of real cases, the new
trade-offs that international taxes bring to CBSC operations are presented in this section.

The most significant trade-offs occur in the reverse relationship between preferential
CIT policies and material acquisition costs. In general, emerging manufacturing countries
adopt preferential CIT policies to attract MNFs’ capacity investment; for example, countries
along the Belt and Road have reduced or exempted the CIT of the first five years for MNFs
that come to build factories there. However, these emerging manufacturing countries
generally do not have a complete supply network, and MNFs building factories in these
countries will inevitably lead to an increase in material acquisition costs.

In addition, an MNF’s global procurement strategy and the increasingly strict rules of
origin are other trade-offs in CBSC operations. In the current global trading environment,
both developed and developing countries are committed to expanding the domestic portion
of the global value chain and forming appropriate ROOs to achieve this goal. For example,
due to the procurement of components from China, Caterpillar, a famous American ma-
chinery and equipment manufacturer, bears an additional cost of 250 million to 350 million
US dollars due to high tariffs.

In addition to the above two trade-offs, the increasing tariff barriers bring additional
trade-offs for MNFs’ offshore production strategy. The offshore production mode plays
an essential role in the world economy. MNFs such as Apple and IBM have established
offshore partnerships with contract manufacturers around the world. On the one hand,
by outsourcing production, MNFs can focus on product research and development; MNFs,
as brand owners, can utilize the location advantages of offshore manufacturers to open up
overseas markets while reducing unit production costs. However, with the increase in tariff
barriers, the cost advantage of offshore production is no longer obvious.

5. Research Opportunities
5.1. Modeling the Tax-Related Risks

With the turmoil in the global economy, increasing trade frictions have increased the
uncertainty of CBSC tax costs [4]. Taking tariffs as an example, in July 2018, the tariffs that
took effect on the products traded between China and the US reached as much as 17 billion
dollars, leading to a more than 25% increase in CBSC tariff costs for several industries,
such as soybeans, steel, and automobiles.

Risk factors such as supply interruptions, exchange rate fluctuations, and demand
uncertainty have already been effectively described by existing CBSC decision-making
models, but the risks caused by changes in tax policies and tax rates have not been fully
explored. To the best of our knowledge, only Dong and Kouvelis [61] embedded tariff
uncertainty in CBSC modeling. However, their assumption of tariffs as a uniformly dis-
tributed random variable makes this model unapplicable in many situations. In reality,
tax rates usually vary discretely between several fixed values; in this case, constructing a
CBSC decision-making model that can reflect the characteristics of tariff changes is vital for
guiding the commercial practice of MNFs.
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5.2. Modifying Existing CBSC Models to Include Tax Conventions

It is observed that a common communication platform between international tax
planners and CBSC operations optimizers is lacking [6]. Specifically, international tax
planners are mainly concerned with tax accounting conventions and collection efficiency.
However, the current research related to CBSC optimization is too simplified to effectively
describe tax effects. Multiplying corporate income by a fixed tax rate to calculate tax costs
is commonly adopted by CBSC researchers. This oversimplified calculation method results
in capital occupation costs due to tax reviews, and the time gap between input taxes and
output taxes cannot be reflected. This makes current CBSC solutions intended to maximize
after-tax profits uneconomical or even unfeasible in the eyes of international tax planners.

Therefore, CBSC optimizers should pay more attention to the changes that tax ac-
counting conventions have brought to the existing model structure. The works of Hsu and
Hu [14], Niu et al. [49] and Xu et al. [10] have made successful attempts in this direction
and obtained a series of effective managerial insights.

5.3. Exploring the Conflicts among Different Tax Types

In reality, different types of taxes have conflicting impacts on CBSC decisions. For ex-
ample, the CIT planning strategy of MNFs is often affected by tariff costs, especially in
the current global business environment. In particular, decreased CIT costs from local
tax incentives and increased tariff costs caused by cross-border distribution complicate
MNFs’ supply chain decisions, such as production outsourcing and the distribution channel
structure. In addition, the VAT export refund policy is an effective method for a country to
cope with changes in the foreign trade environment. Some countries, such as China, often
actively adjust the export tax rebate rate to offset the impact of foreign trade changes [9].

Although several decision models related to the CBSC network design have simul-
taneously considered CIT and tariff costs, where the tariff costs are characterized as the
product of the tariff rate and the value of the corresponding inbound and outbound goods
and the CIT is the product of the company’s total income and the CIT rate in specific
countries [25,48], the conflicting impacts of different taxes have not been quantitatively
explored.

5.4. Modeling Different Tax Incentives in CBSC Operations

Tax incentives mainly come from three aspects. First, local governments implement
CIT reductions or refunds to attract foreign investment in specific industries, which are
increasingly common in newly emerging manufacturing countries such as Vietnam [66].
Many MNFs, such as Tesla and Mercedes Benz, have benefitted greatly from tax incentive-
based CBSC design [4]. The second is the tax incentives delivered by different RTAs.
This kind of tax incentive is mainly through zero tariff rates and reductions (or refunds)
in the tariffs paid on imports. However, it is not free, or even costly, for some countries
to join the specific RTA and meet the corresponding rules of origin restrictions [8,25].
The third concerns the tax incentives from the home countries of MNFs. In the context of
globalization, the interruption of any key supply chain node may have a direct impact on
the overall performance of a CBSC. Specifically, the trade and travel restrictions adopted by
some countries in response to COVID-19 has caused CBSCs to break, which has increased
the concerns of many MNFs’ home countries regarding excessive dependence on imports
from a single country. Some countries, such as Japan, have implemented a series of tax
incentives to support local MNFs in constructing alternative supply chain schemes or
transferring part of their supply chain back to their home countries.

As different tax incentives will affect MNFs’ performance in different ways, the inter-
actions of these tax incentives and the comprehensive impact of these incentives on CBSC
operations need to be taken into account in CBSC models.
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5.5. Embedding Tax Policies in Cross-Border E-Commerce Models

Under the influence of the COVID-19 epidemic, the consumption habits of global
consumers have changed substantially. The small-volume and multi-category cross-border
e-commerce trade mode is playing an increasingly prominent role in CBSC. Take China as
an example, the import and export scale of cross-border e-commerce reached 1.69 trillion
RMB in 2020, with an increase of 31.1%. Furthermore, the cross-border e-commerce trading
mode has become an important driving force for China’s foreign trade to go up against the
downward trend of the global economy.

As an emerging foreign trade pattern, there is a strong uncertainty in the import
and export tax policy for cross-border e-commerce, which brings tax risks for the related
enterprises. For example, since 2014, China’s State Administration of Taxation has made
nine important adjustments to the tax policies for cross-border e-commerce, bringing far-
reaching effects to the global cross-border e-commerce industry. In addition, according to
our survey for several SMEs operating on AliExpress, a leading cross-border e-commerce
platform, the tax costs and changes in tax policy are the most challenging issues faced by
cross-border e-commerce enterprises.

Nevertheless, this review finds that the tax issues of cross-border e-commerce has
been principally omitted by researchers in the CBSC operations. Only the research of Wang
et al. [63] and Guo [50] considered the impact of specific tax costs, such as tariffs, on logistics
mode and pricing decision of cross-border e-commerce enterprises. Therefore, embedding
the impact of tax policies in the cross-border e-commerce model is necessary, and it will
possess significant theoretical and practical significance for practitioners of cross-border
e-commerce.

6. Conclusions

This paper presents a literature review on taxes in CBSC modeling based on content
analysis. First, this paper constructed a systematic literature collection approach based
on the string-based search and specific validation process, and 71 pertinent publications
were identified as the selected articles for further content analysis. Then, a descriptive
analysis related to the time and regional distribution of the selected publications was
carried out in Section 3.1. Furthermore, a four-dimensional categorization, including the
supply chain theme dimension, research methodology dimension, tax type dimension and
illustration type dimension, was proposed to classify and summarize the research contents
of the selected articles. Based on the four-dimensional categorization, the discussion of the
key issues, i.e., the tax-saving opportunities, evolution of supply chain themes, impact of
different taxes and new trade-offs, were addressed in Section 4. The research opportunities
on this topic were presented in Section 5.

Focusing on the research questions raised in Section 1, this paper presents the following
main findings: (1) Tax impacts are attracting increasing attention from CBSC researchers,
and research on the interface between tax planning and supply chain optimization remains
at an early stage. (2) The supply chain themes that are affected by tax-related issues in
CBSC operations are diverse, including supply chain network design, distribution channel
structure, product quantity and quality, production outsourcing, procurement mode and
supply chain emissions. (3) Four kinds of mainstream methodologies, i.e., mathematical
models, empirical models, conceptual models and simulation models, have been applied
to explore the tax effects in CBSC modeling, and three illustration types have been adopted
to illustrate the corresponding managerial insights. (4) There are four main types of taxes
that have significant impacts on CBSC operations, i.e., CITs, tariffs, environmental taxes
and VATs. (5) The tax-saving opportunities in CBSC operations mainly come from five
aspects: CIT rate gaps in different regions, special tax regulations such as the tax cross-credit
principle and arm’s length principle, RTAs, preferential tax policies and export VAT rebate
policies.

To the best of our knowledge, this study is the first literature review that explores the
impact of taxes from the perspective of CBSC modeling. This review is timely because
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it provides a common communication platform for tax planners and CBSC optimizers
in the current global business environment in which the impact of taxes on CBSC opera-
tions is increasingly prominent. This study makes a twofold contribution. For academia,
this research provides a framework to analyze the trade-offs between taxes and traditional
CBSC modeling factors, and future research opportunities are provided for CBSC scholars.
For industry, this research provides a series of tax-saving opportunities that are effective in
assisting MNFs in making CBSC decisions to cope with the upheavals of the current global
economy.

Nevertheless, this work has a limitation that must be discussed: a small sample size.
Although tax issues have been extensively investigated in the areas of economics and
finance, related research in the field of CBSC operations remains limited. Thus, although
the authors of this paper have made considerable effort to prevent omissions in the search
process, only 71 articles remained in the final sample group. In addition, this study focuses
on academic research related to CBSC operation and management. At the same time,
the practical materials on taxation, such as tax regulations, legal frameworks, international
taxation agreements, and articles published in professional publications, are not covered in
this review, making this study flawed in practical terms.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jtaer17010002/s1. S1 presents the regional distribution of the selected publications. S2 shows
the journal distribution of the selected publications. S3 introduces the top-cited publications in the
sample. S4 indicates the most influential authors of the selected publications.
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