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Abstract. The past three decades have witnessed tremendous growth of supply chain
activities around the globe thanks to the lowered trade barriers and free trade agreements
among countries. The global supply chain management literature developed during this
time provided theoretical frameworks and decision support tools for operational and
supply chain decisions in the global context. Recent development in trade barrier debates

as well as increasing uncertainties in countries’ trade policies have forced companies to

Copyright: © 2019 INFORMS

rethink their global operational strategies. In this short paper, we draw insights from the

existing global supply chain literature and in particular, focus on interpreting recent research
contributions published in Manufacturing & Service Operations Management (M&SOM) on the
topic to gain understanding of the implications of trade policies, especially tariffs, for firms’
global facility network design decisions. We also provide a discussion of important di-
mensions that were absent from the existing literature but are pertinent to providing a richer
understanding of implications of trade policies for today’s interconnected supply chains.
Future research that takes into consideration those previously less explored dimensions has
the potential to offer insights not only to industry practitioners but also, to the policy makers.
Developing an appreciation of potential reactions from complex connected supply chains in
various industries would help policy makers better anticipate the impact of trade policy change.

History: This paper has been accepted for the Manufacturing & Service Operations Management 20th
Anniversary Special Issue.

Keywords: tariffs * global supply chain « operational flexibility < network configuration

1. Introduction

The recently imposed U.S. 232 tariffs (based on Sec-
tion 232 of the Trade Expansion Act of 1962) on steel
(25%) and aluminum (10%) imports had serious and
often unexpected implications for multinational firms
and global supply chains. They immediately led to
retaliatory tariffs by affected countries, including the
European Union, Canada, Mexico, and China, and
strategic reactions of firms to their new realized cost
structures. These tariffs were motivated by the need to
protect steel and aluminum producers in the United
States, and they were expected to lead to increased
regionalized production, with the hope of increased
manufacturing employment in the United States.
Thus far, we have seen that the implied predictions of
single-firm microeconomic models do not necessarily
explain some of the observed outcomes (e.g., closure
of some U.S. factories in certain industries and shifting
of their locations to Europe or Asia). Therefore, this begs
the question about whether our more detailed opera-
tional modeling of supply chain networks better cap-
tures the impact of tariffs on global supply chains,
production output, and firm profitability. Using recent
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research papers that appeared in Manufacturing &
Service Operations Management (M&SOM), we will in-
terpret modeling predictions of this research related
to the impact of tariffs on global supply chains. We con-
ceptually formalize the modeling results as applicable to
tariff impact and then, interpret observed outcomes
through them. Furthermore, we will identify issues not
yet effectively captured in our supply chain network
and location models and thus, naturally point to future
research directions to help us better understand cor-
porate implications of such trade issues in a highly
interconnected global environment.

The other major tariff event of 2018 was the pro-
posed Section 301 $50 billion in tariffs on Chinese
goods (based on Section 301 of the Trade Expansion
Act of 1974 in response to unfair trade practices). The
232 and 301 tariffs led to retaliatory tariffs by China,
including a 25% tariff on American soybeans and sub-
stantial tariffs on pork and pig offal imports. Again, the
observed outcomes in both the soybean and pork in-
dustries are far from being explained through single-
firm microeconomic models, and the richness of our
global network models highlights missed insights and


http://pubsonline.informs.org/journal/msom
mailto:dong@wustl.edu
https://orcid.org/0000-0001-7727-9837
https://orcid.org/0000-0001-7727-9837
mailto:kouvelis@wustl.edu
https://orcid.org/0000-0002-8800-4537
https://orcid.org/0000-0002-8800-4537
https://doi.org/10.1287/msom.2019.0802

Downloaded from informs.org by [216.73.216.187] on 14 July 2026, at 13:30 . For personal use only, al rights reserved.

Dong and Kouvelis: Impact of Tariffs on Global Supply Chain Network Configuration
26 Manufacturing & Service Operations Management, 2020, vol. 22, no. 1, pp. 25-35, © 2019 INFORMS

meaningful predictions. However, there are still grow-
ing issues to be captured in our modeling works if we
want to more effectively deal with the systematic and
global supply chain impact of such phenomena (e.g.,
escalated tariffs) in complex, multiproduct, multistage
supply chains. In this paper, at a first level, we show
how simple models that build on existing insights can
inform us on managerial decisions and provide an
educated interpretation of observed outcomes. At a
second level, we point to the surprising and unexplained
issues as avenues to guide future modeling work that
balances the need to depict relevant operational com-
plexity while at the same time, abstracts a stylized setting
amenable to meaningful analysis for insights and con-
ceptual understanding. This is always the art of modeling,
and our community has proven talented in mastering it.

There is a vast amount of research on factors im-
pacting global supply chain network structure that
could form the basis of an analysis about how esca-
lated tariffs and trade wars might be affecting supply
chains, firm outputs, and profitability. Because of the
immediacy of these events, there are no custom-built
research papers to directly address them. Our paper is
uniquely positioned to serve this role. We use recent
modeling work in M&SOM as the basis of a modeling
platform to explain tariff impact on supply chain
structure. The reasons for this choice are relevance to
the topic, wide familiarity of the models within our com-
munity, and to better serve the special issue of M&SOM
that the paper is written for. We will use the news-
vendor network model studying supply chain struc-
ture in Lu and Van Mieghem (2009) as the benchmark
model for early prediction on tariff impact in in-
dustrial supply chains. Getting beyond the fixed price
setting of the newsvendor network and considering
the strategic option of firms to respond to cost increase
from tariffs on either input materials or shipped fin-
ished goods (FGs), we discuss the responsive pricing
newsvendor network model under both demand and
exchange rate uncertainty of Dong et al. (2010) as an
advanced discussion platform for tariff implications.

Although it is outside the scope of this paper to
have a detailed discussion of all relevant literature,
we would like to point out seminal works that the
interested reader should refer to as the basis of
additional thinking on issues raised in this paper.
The early framework research on global resource
deployment analysis in facility networks by Cohen
and Lee (1989) is a useful conceptual contribution.
A structural mathematical programming approach
to depict operational complexity in facility net-
work choices is presented in Kouvelis et al. (2004),
and a structural equations model using global sensitivity
analysis is presented for factors influencing global facil-
ity network design in Kouvelis et al. (2013). For other
relevant research references, we refer readers to the

research monograph by Kouvelis and Su (2008) and
the reference list in Kouvelis et al. (2013).

The structure of our paper is as follows. In Section 2,
using the newsvendor network model for the study
of global facility network structure of Lu and Van
Mieghem (2009), we discuss the main factors influ-
encing facility network design and how tariffs on
input materials may be affecting them. Our discus-
sion highlights the advantages of a more detailed and
complex operational model in deciphering observed
tariff impact outcomes in certain industries over single-
firm economic models. At the same time, we point out
the limitation of these models and especially, the exog-
enous fixed prices for sold goods. Section 3 uses a re-
sponsive newsvendor network model of both price
adjustment and ex post transshipment flexibility in
forming the basis for interpreting tariff impacts at
different stages of the chain either at the input level
or in the finished goods duties. It will allow for an
informed discussion of surprising outcomes in auto
and motorcycle manufacturing, appliances, and the
pork industry. Still, there are many unexpected issues
behind strategic reactions of firms to escalated costs
owing to tariffs that have to be outlined in order to
address observed outcomes. These issues at a simple
modeling level form the basis of Sections 4 and 5.

The logic that levying tariffs will help protect and
strengthen the corresponding domestic industry is
not that straightforward in today’s global economy,
where firms around the world are interconnected
through multidirectional trading flows and multistage
competitions and where firms can exploit their oper-
ational flexibility to ex post reoptimize their use of
supply chains. The implications of the collective op-
timal responses are hard to predict. We will use
simple models and examples to illustrate how the
impact of tariffs can be affected by the presence of
some of those factors mentioned above: in particular,
the tariff policy uncertainty, operational flexibility,
and competition.

More specifically, Section 4 looks into ex post prod-
uct mix adjustments in product portfolios with sub-
stitute or complement products. We use a simple
model to explain tariff impact on different products
within complex product portfolios. We also discuss
other substitution strategies at the material level that
firms may use to react to increased costs owing to
tariffs. Section 5 tries to understand how operating
exposure to tariffs depends on the structure of com-
petitive facility networks and the intensity of indus-
try competition. Again, a simple model informs us,
and our discussion interprets observed outcomes of
tariff impact in a variety of industries. Finally, Section 6
uses our discussion of still relevant but unexplored
issues in modeling research to present directions for
future meaningful research on the topic.
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2. Newsvendor Network Model and

Tariff Implications

Lu and Van Mieghem (2009) consider a two-stage
production system in which the upstream stage produces
raw material (RM) for the downstream stage. The
downstream stage performs final assembly of FGs. The
RM can be produced in both the domestic market
(Market 1) and the foreign market (Market 2); the FG
production is dedicated to a specific market, and its
facility is located in the corresponding market. RM
produced in one market can be shipped to another
market, incurring crossmarket transshipment cost (in-
cluding shipping costs, tariffs, and duties). The network
configuration decision includes the location decisions
for the RM facilities and the capacity levels for the
RM and FG facilities. Under this setting, four facility
location configurations are possible (see Figure 1).
The hybrid/complete configuration and the market-
focused configuration have RM facilities located in
each market. The hybrid configuration offers an ex
post transshipment option, which is valuable to the
firm if demands in two markets are uncertain. Under
centralization configurations, the firm centralizes an
RM facility in one of the markets and uses transship-
ment to supply RM to the other market. Adopting the
newsvendor network framework of Van Mieghem
and Rudi (2002), the authors establish thresholds of
the transshipment cost below which centralizing the
RM facility in one market is the optimal configuration.
Otherwise, establishing RM facilities in both markets
is optimal. What is important to recognize is that
the transshipment thresholds are influenced by the
market price difference and the manufacturing cost
difference as well as the demand distributions of the two
markets, reflecting the complex tradeoffs that the firm
must balance between the revenue benefit and the cost
implications in an uncertain world. We interpret their
results related to transshipment costs to shed light on the
discussion of the impact of tariffs on network design.

1. When transshipment costs are low, centraliza-
tion configurations are viable choices. In this case, the
market price difference and the demand uncertainty
(mean, variance, and correlation) play an important role
in deciding in which market to centralize the RM facility.

2. High transshipment costs drive the firm to
establish RM facilities locally in each market. The
market-focused configuration dominates the hybrid
configuration when the transshipment cost (that is,
the cost of exercising the ex post transshipment op-
tion) is prohibitively high.

Lowering trade barriers and economic reforms in
the emerging economies have given rise to explod-
ing growth of global supply chains. In the past three
decades, many industries have witnessed drastic re-
organization of supply chains around the globe, which

Figure 1. (Color online) Four Possible Configurations of a
Multimarket Facility Network (Lu and Van Mieghem 2009,
Dong et al. 2010)
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3. Centralization in Market 1 4. Centralization in Market 2
often led to certain value-adding stages being con-
centrated in a specific country/region (i.e., the central-
ized configuration). For example, Asia has become the
top sourcing destination (exporters) for, among others,
textile and apparel as well as semiconductor and elec-
tronic circuit components, and it is the top producer
for steel and iron. The United States is a top exporter
of agricultural goods, aircraft, and automobiles.
According to these results, the model predicts that
the levying of tariffs will discourage centralized
production of the tariffed product categories and
promote market-focused network configuration. At
the raw material stage, the 232 tariffs will result in
increased output and potentially, additional capacity
investments of the U.S.-based steel and aluminum
mills. For downstream manufacturers (automobiles,
aircraft, appliances, canned fruits and vegetables,
beverages, computer makers, etc.), even though at
some increased input material costs, they may in-
crease their local input material sourcing. In October
2018, the American Iron and Steel Institute reported
that U.S. steel mills saw a 4.6% increase in shipment
thus far in 2018 compared with 2017 (American Iron
and Steel Institute 2018). However, the markets are
concerned with how this may affect downstream
manufacturers through increased costs, which may
hurt their own demand if they increase prices, or they
may strategically react to it through material sub-
stitution and/or shifting of their supply chains.
Reflecting such concerns, stock prices of some of the
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nation’s biggest steel markers dropped by almost
50% in 2018 (Rappeport 2019).

Limitations of the newsvendor network models for the
study of global supply chains are the assumed fixed
finished goods prices and not modelling input material
substitution and/or product mix changes in response to
the altered cost conditions. This seems to be clearly in full
effect in the case of the automotive industry, with the
amount of steel or aluminum input material heavily
dependent on the type of car and its construction. Sedans
are much lighter in such inputs relative to sport utility
vehicles (SUVs) and pickups. In a plateauing U.S. car
market, where more than 70% of vehicles sold are SUVs
and pickups, increased cost owing to tariffs is very pe-
nalizing, with U.S. car manufacturers (Ford and GM)
expected to see reduction of operating profits in the half
a billion dollar range (Trivedi 2018). Adjusting prices
and pushing some of the cost increases to consumers
depending on the type of car and market segment
(luxury vehicle demand is inelastic, and therefore, it
is easier to push cost increases to consumers, whereas
mass market sedans and small SUVs are more elastic,
and therefore, it is hard to pass cost increases to the
market) are the first levers to be pulled. Other stra-
tegic reactions include pushing attractive incentives
to dealers to sell more sedans, working with their
suppliers to substitute materials in their components,
shifting the focus of their supply chain investments in
serving growth markets in Asia, and reorienting their
product portfolio toward electrical vehicle technol-
ogies with configurations less dependent on steel and
aluminum inputs.

From the above discussion, newsvendor network
models depicting multistage supply chain and loca-
tion thinking (stylized two stages of input materials
and final production/distribution) better reflect the
reality of globalized supply chains, with cars pro-
duced all over the world—American cars are made
with foreign parts, and European and Japanese cars
are often made in the United States. However, a better
modeling platform for tariff impact will have to at
least reflect price adjustments to realized cost uncer-
tainties. The more recent work of Dong et al. (2010), our
next and more advanced model for discussing tariff
impacts on supply chains, fits the requirement.

3. Responsive Pricing Newsvendor

Network Model and Tariff Implications
Responsive pricing newsvendor network models al-
low prices to become part of the ex post decisions
(Dong et al. 2017). Endogenizing prices enables the
modeling of product interdependence (e.g., substi-
tutes and complements), various forms of demand
shocks (e.g., additive and multiplicative), and firm
competition. Dong et al. (2010) adopt a responsive

pricing newsvendor network model to study the RM
facility network design decision (assuming that FG
facilities in both markets have ample capacities) un-
der both demand uncertainty and currency exchange
rate uncertainty. The authors characterize the optimal
global facility network configuration by establishing
thresholds of the unit production cost C; in market i,
C;, above which it is optimal that the firm central-
izes the RM facility in market j=3—14,i=1,2 (see
Figure 2). Let K; represent the RM capacity level in
country i; superscripts C and F refer to specific net-
work configurations: C for centralized, and F for
complete (“full”) network (see Figure 1) (networks 3
and 4 are centralized, and network 1 is full). Specif-
ically, if Cy >(C;, then the firm centralizes RM pro-
duction in Market 2 (K3 = K§ >0,K; = 0); if C;>Cy,
then the firm centralizes RM production in Market 1
(K; = K§ >0, K5 = 0). Otherwise, the firm produces RM
in both markets (K; = K} >0,K; = K} >0). The paper
provides comparative statics of the optimal capacities
K: and thresholds C;,i=1,2 with respect to the cost
parameters and the demand and exchange change rate
uncertainties. One interesting finding is that re-
sponsive pricing as a tool that the firm can use to
maximize its ex post profit in response to the real-
ized demand and exchange rate enables the firm’s
configuration preference to be less susceptible to
changes in the unit FG production cost and changes in
the mean demand than that of the newsvendor firm.
Here, we interpret the comparative statics results
to shed insight on the impact of tariffs on network
design. Our most relevant results (Results 1 and 2)
are as follows.

Figure 2. Optimal Configurations of a Multimarket Facility
Network (Dong et al. 2010)

Centralize in Market 1

Centralize in Market 2

Cy
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Result 1. Consider that the production of RM requires
importing inputs from another country. That is, the
unit production cost C; in Market 1 includes tariffs
charged on the imported input. As the tariff increases,
C; increases, and the optimal quantity produced in
Market 1, K§ or K (depending on the optimal con-
figuration), decreases. Moreover, when C; exceeds G,
if using Market 1’s domestic input for RM production
also results in a unit cost being higher than C;, then
the firm should centralize its RM production in Market 2.

Result 2. Ex post transshipment of the produced RM
enables the substitutability of RM produced in the two
markets and can help the firm effectively cope with the
fluctuating demands and currency exchange rate. In-
creasing the inbound transshipment cost of produced
RM to market i, which may be the result of imposed
tariffs on imported goods by market i, would decrease
the firm’s total RM production quantity but increase
the RM production in market i. It also decreases the
attractiveness of centralizing RM production in the
other market (i.e., C; increases in the transshipment cost
into market 7). Similarly, increasing market i’s outbound
transshipment cost of produced RM, which may be the
result of imposed tariffs by country j, would decrease
the RM production in market i and increase the at-
tractiveness in the other market.

The model clearly depicts the reality of global supply
chains: that goods produced and sold in country i may
involve inputs coming from country j, and those in-
puts may have required raw material coming from
another country (potentially even country i). In looking
at the impact of retaliatory tariffs by China on U.S.
autos and components (as high as 40%), one has to
account for the fact that autos produced in the United
States may be using Chinese components that are
exposed potentially to U.S. tariffs, and the final products
exported to China are also exposed to Chinese tariffs.
However, as the model would have predicted, the
lower manufacturing costs in China and the high trans-
shipment costs owing to tariffs from the United States
to China result in U.S. auto manufacturers shifting most
of their sourcing and final production to China. Actually,
the level of Chinese tariffs on autos might be immaterial,
because already, the vast majority of the world’s cars are
made there because of both manufacturing costs and
low steel and aluminum input prices.

In June of 2018, Harley-Davidson announced the
shifting of some of the production of its bikes overseas
to avoid stiff retaliatory tariffs imposed by the Eu-
ropean Union. Harley-Davidson saw its production
costs increase in the United States owing to the 232
tariffs on steel and aluminum, and the European
retaliatory tariffs increased its transshipment costs
to Europe by adding, on average, $2,200 per bike
(Rappeport 2018). Worrying about the detrimental

impact on its business arising from any effort to pass
a substantial portion of the cost to dealers and con-
sumers and recognizing that most of the sales growth
is driven by the European markets, the company
shifted away from a centralized network with heavy
investments of component facilities in the United
States to a market-focused solution with regionalized
U.S. and European supply chains. As our Results 1
and 2 imply, the impact of tariffs on upstream and
downstream stages points to the same direction
profitwise and remedial solutionwise. To manage
cost increases and avoid hurting demand, moving
production capacity outside of the United States is
the rational corporate response.

Tariffs and the U.S.-China trade war have com-
plicated corporate actions in the pork industry.
Chinese retaliatory tariffs on soybeans heavily af-
fected U.S. soy exports and lowered soy prices. Soy
prices were further affected by a bumper crop in
the United States, Brazil, and Argentina, the major
soybean-sourcing locations. The good news on the
input material side for U.S. pork producers was fol-
lowed by the negative impact of Chinese-imposed
tariffs on pork and offal products, especially when
the Chinese market is the main export market for U.S.
pork producers. Itis reported that the share of China’s pork
imported from the United States shrank to 30% by
November of 2018 (Shike 2018). Making matters worse,
China has attempted to dramatically increase its own
domestic pork production, with the resulting oversup-
ply further depressing pork prices in the United States.

From the perspective of U.S. pork producers, the
tariff wars are a mixed bag. Although Result 1 implies
that an increase of pork production in the United
States is the way to go, the rather saturated low
margin nature of the U.S. pork market and the sus-
picion of unsustainability of the low soybean prices in
the long run raise the importance of understanding
the impact of retaliatory pork tariffs by China. Fol-
lowing the implication of Result 2 and with China
facing the need to meet growing domestic pork de-
mand at reasonable prices, it offers incentives for pork
production investment in the country. Some U.S. pork
producers are considering shifting their production
capacity and regionalizing a Chinese pork meat and
offal supply chain. The concerns about increased
soybean input prices are easily ameliorated, because
Brazil and Argentina have geared up to substitute for
U.S. soybean sourcing at reasonable prices. Further-
more, regulation allowing for lowered protein con-
tent in hog feed and/or substitution of soy with other
inputs in the feed has kept animal feed costs in China
at reasonable levels. A persistent effect of tariffs on U.S.
soybeans may be creating incentives for strong in-
vestments in soybean growing, storing, and further pro-
cessing in South America (especially Brazil and Argentina),
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where many of the major agricultural firms (Bunge,
ADM, and Cargill) already have facilities and access;
thus, there would be a more permanent shifting of
soybean supply to China from the region. Although
the soybean industry might be shifting toward in-
dependent supply chains (the United States, Europe,
South America, and Asia) not easily influenced by a
U.S.-China trade war, the pork industry might shift
its heaviest hub to Asia, resulting in costlier pork for
U.S. consumers.

In the above-described stories in both the auto-
motive and pork industries, there are important is-
sues that might be delaying implementation of some
of the suggested actions and explain observed inertia
of strategic responses to the imposed tariffs. The most
important factors behind such inertia are as follows.

1. Switching cost. For many industries, switching
suppliers takes a considerable amount of time and
effort. Certain types of manufacturers—like automobile
manufactures—must go through time-intensive pro-
cesses to qualify suppliers.

2. Tariff policy uncertainty. The uncertainty about
the timing and the magnitude of future tariff policies
as well as possible tariff retaliations from other coun-
tries can deter firms from making immediate drastic
changes in sourcing strategies. This factor has been
key in the pork producer reactions, with both the
uncertainty of soybean prices and the outcome of
the trade war on imposed tariffs on pork by China
driving a wait-and-see attitude on magnitude of in-
vestments and locations of new capacity.

Some of the newsvendor network and responsive
pricing with transshipment options modeling works
address the multistage sourcing and production as-
pects of supply chains and reflect the reality of global
product flows cutting across countries while exposed
to multiple tariff and political/regulatory forces. How-
ever, there are still important unexplored issues to
understand and explain observed outcomes in the re-
cent tariff escalation and subsequent trade wars. Two
of the important ones are as follows.

Ul. Operational flexibility. Many firms have de-
veloped operational flexibility to cope with supply
and demand sides’ uncertainties and disruptions.
When rising tariffs hamper firms’ crossmarket trans-
shipment flexibility, they will resort to other opera-
tional flexibility to mitigate the negative impact from
tariff changes. For example, as we discussed above,
passing cost increases owing to tariffs to the down-
stream customer through price increases is relatively
easy to implement. Firms can also explore alternative
bill of materials to reduce their reliance on the tariffed
input. Firms with wide product portfolios can shift
production and marketing focus to products that de-
pend less on the tariffed inputs or products with de-
mands that are inelastic.

U2. Competition. Global firms often face compe-
tition in multiple markets. A tariff increase on inputs
of those firms will weaken their competitiveness and
decrease their market shares in those markets. Thus, a
firm’s sensitivity to tariff policy depends on how con-
nected it is to global markets and competitive situa-
tions in those markets.

Although in this section, we dealt to an extent with
price adjustments in response to tariffs in a respon-
sive newsvendor network model, other operational
flexibility adjustments through input substitution
or product mix sold to a market can be important
strategic levers for a firm in responding to new tariff
regimes. Additionally, the operating exposure of a
firm to the tariffs is an important factor to consider,
with the effects of tariffs on competitive cost struc-
tures and the nature of competition in an industry
explaining strategic responses pursued when new
tariffs are levied. In the next section, we present simple
modeling efforts to capture such issues in a way that
can sharpen our understanding of supply chain net-
work implications of tariffs. Our objective was to
offer insights through simple models rather than a
comprehensive and complex modeling of situations.
The latter might be something worthwhile to pursue
in future research as we outline in Section 6.

4. Product Portfolio Flexibility:
Substitutable and

Complementary Products
We now explore how multiproduct firms and firms
that can custom adjust their offerings in multiple
markets respond to tariff-driven cost increases. We
provide insights on the implications of tariff increase
for those firms.

Many firms offer product portfolios consisting of
substitutable or complementary products. A wider
product offering not only enables a firm to cater to
diverse customer needs but also, offers them flexi-
bility to cope with changes in the business environ-
ment. For example, when changes in tariffs affect the
cost of offering some products in the portfolio, the
firm can adjust its pricing, production, and promo-
tion effort over the entire portfolio to offset or miti-
gate the negative impact of the increasing cost.

To illustrate, let us consider a firm selling two
products, product A and product B, with inverse
demand functions that are given as follows:

pa(qa,q8)=Aa —qa — Bqs, p(ga,qs) = As —q8 — Bqa,

where g4 and gp are the selling quantities of product
A and product B, respectively; € (-1,1) measures
the degree of substitution and complementarity be-
tween the two products: § > 0 represents a substitution
relationship, and <0 represents a complementary
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relationship. The unit variable cost of product A, 74, is
affected by a tariff policy on an input component. We
assume that the future tariff rate is uncertain and that
94 follows a uniform distribution [v4,v4 + A]. The
production of product B is not affected by the same
tariff, and for simplicity, we assume that the unit
variable cost of product B, vp, is constant. The two
products share one production facility. The firm must
decide, before the uncertainty of the tariff is resolved,
the capacity level of the facility, K, at unit cost ¢ and
then, decide the production quantities for the two
products after the tariff uncertainty is resolved. The
firm’s two-stage problem can be formulated as follows:

Time 0: maxE{[n(K,?4)] — cK},
K=0

Time 1: (K, 94)= gllggg {paqa + peqs — Daqa — vpqs},

qa+ap<K

where E takes expectation over 94.

It is straightforward to establish that the time 0
objective function is a convex function in K. We solve
the optimal capacity K* and obtain the corresponding
expected production quantities and prices for prod-
ucts A and B, E[q,], Elg;], E[p], and E[p;], respec-
tively. Increasing A represents increasing both the mean
and the variance of the unit cost 94 for product A. To
understand how the tariff uncertainty affects the
multiproduct firm’s capacity and selling decisions,
Proposition 1 provides comparative statics of the
optimal capacity and expected selling quantities and
prices with respect to A.

Proposition 1. B
i (a) Elgy] decreases in A. dli[;ﬁ] <0 for >0, and
ddi[g[;‘] >0 for B<0.

(b) Elgy] increases in A if >0 but decreases in A if

Elg;]
B <0. Zxgi >0.

(c) E[p;] increases in A, but E[p — 04] decreases in A.
E[py] is constant in A.

(d) K* decreases in A, and fALd% >0.

Parts (a)—(c) of Proposition 1 state that an increase in
the mean and the variance of the unit cost for product
A would decrease the expected production quan-
tity for product A. The demand interdependence
between products A and B decides that product B,
for which unit cost remains constant, is also affected.
The expected production quantity for product B
increases (decreases) in A if A and B are substitutes
(complements). The quantity adjustment for the two
products is accompanied by increasing the selling
price of product A (i.e., passing the cost of a higher
tariff to the downstream customer) while keeping the
selling price of product B constant. The more interde-
pendent product A and product B are (a stronger sub-
stitution or a stronger complementary relationship;

that is, higher |f]), the faster E[q}, ] decreases in A and
the faster E[g5] increases (decreases) in A in the case
of substitute (complements). Part (d) of Proposition 1
states that the optimal capacity level K* decreases in
A and decreases more slowly (faster) as products A and
B become more substitutable (complementary).

Aluminum is an extremely important input com-
ponent for the beverage can industry. In fact, nearly
100% of all cans in the United States to package beer,
soft drinks, juices, and other nonalcoholic beverages
are made from 100% aluminum. A 10% tariff on the
price of imported aluminum gets passed through the
production process from can sheet makers to can
producers to beverage producers and to some extent,
to consumers. The option to substitute away from
products using aluminum cans to other packaging
options, like plastics, aseptic packages, and glass
bottles, is frequently exercised for many soft drinks and
nonalcoholic beverages. For the beer industry, the re-
ality is that 60% of all beer sold in the United States is in
aluminum cans, and both consumer preferences and
capacity constraints in the production process make it
hard to substitute away from aluminum cans (see the
white paper on the beer industry in John Dunham &
Associates 2018). About 36% of the aluminum in beer
cans is imported, and 64% is sourced domestically. It is
expected that the 232 tariffs will impact in the range of
one to two cents per beer can. Within a highly com-
petitive market, it is hard to adjust prices for the high-
volume beer brands, and efforts in adjusting prices by
smaller producers of microbrews may drive some
demand away. Vertically integrated producers, like
ABInBev, with some aluminum capacity of their
own can change their process for altered aluminum
quantity in their cans for some products and adjust
offered product portfolios to their vendor-managed
inventory wholesalers. It is expected that ABInBev
will better manage tariff impact on North American
beer sales relative to competitors, like Molson-Coors,
that rely on sourced cans from U.S. and Canadian
suppliers. It is reported that the U.S. unit of Molson-
Coors had a $40 million cost increase in its opera-
tion owing to tariffs (IndustryWeek and Bloomberg
2019). For smaller craft brewers, like Oskar Blues in
Colorado, tariffs would either result in delayed
capital investments in a badly needed effort to match
growing demand or some increase in prices that may
hurt current and future growth.

As we discussed in previous examples, changing the
product mix in the product portfolio is a frequent
strategy in the automotive industry to counteract 232
tariffs and retaliatory tariffs on cars by other countries.
Car manufacturers selling to the U.S. market are in-
centivized to focus on lighter usage of steel and alu-
minum products, such as sedans and small SUVs.
For exporters of U.S.-made cars to other markets, the
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flexibility of a product portfolio that has luxury and
mid- to upper-market vehicles makes it possible to
pass some of the cost increase via adjusted prices
without hurting demand. Shifting production of the
low-end vehicles to China is the only way to deal with
this double-whammy effect of cost increases in both
raw materials and assessed duties on exported goods
to the sales region. We expect more reduced capacity
and closed factory announcements, like the ones by
GM or Harley-Davidson, as tariffs on imported cars
are maintained by China or the European Union. Al-
though some input material substitution may be
possible by U.S. suppliers to the car industries, the
uncertainty of the tariff amount and duration may be
prohibitive to obtaining capital investment needed for
a profound impact on cost structures, thus leaving
supply chain shifting backed up by demand growth in
the sales region as a more permanent and easy driver
for such decisions.

5. Competition and Tariff Impact

In competitive business environments, the extent to
which firms compete with rival firms in global mar-
kets influences the impact that tariffs can have on their
profitability, strategic reaction, and long-term market
share. In the next stylized example, we consider two
firms, Firm 1 and Firm 2, producing substitutable prod-
ucts and selling in their respective domestic markets.
We compare four competition scenarios (illustrated
by the four network structures in Figure 3). Let g;; be
Firm i’s quantity selling to market j, i,j =1,2. Sce-
nario A represents the case that each firm is a (local)

Figure 3. (Color online) Four Competition/Network
Structures

(A) (B)

Market 1 Market 2 Market 1 Market 2

(2)
fm{ 42

No Competition

(©) (D)
Market2 Market 1

Competition in Market 1

Market 1 Market 2

Competition in Market 2

Competition in Both Markets

monopolist in its domestic market (g12 = g21 = 0). In
Scenario B, Firm 2 exports to and competes with Firm
1in Market 1 (12 = 0). In Scenario C, Firm 1 exports to
and competes with Firm 2 in Market 2 (21 = 0). In
Scenario D, two firms compete with each other in
both markets. Firm i’s unit production cost is v;, and
it incurs shipping cost t; for every unit shipped to
another market. We assume Cournot competition in
each market and study how an increase of unit vari-
able cost for one firm, in this case Firm 1, affects the
production quantity for the two firms. We assume
a linear (inverse) demand function in each market:

p1(qi1 + q21) = A1 — (qu1 + 921),
Pz(ﬁu + q22) =A; - (0]12 + QZ2)~

The Cournot game between these two firms is for-
mulated as below:

Firm 1: max 7t1(q1/72)
q1

= mﬁxpl(ml + Q21)Q11 +pa(q12 + 6722)%2
7

—v1(q11 + q12) — hq12,
Firm 2: max mt2(q2171)
q2

= mﬁxpl(lhl + Q21)Q21 +pa(q12 + lhz)ﬂzz
q2

— 02(q12 + G22) — 1201,

where 71 = (q11,912) and §> = (921,922) represent the
production quantities of Firm 1 and Firm 2, respectively.

There exists a unique equilibrium for each of the
four scenarios. Define the equilibrium total quan-
tity produced by firm i by Qj, Q] =47, +47,, and
Q5 = g5 + g5,- We consider the case where Firm 1’s
unit production cost v is affected by a recently im-
posed tariff. A cost increase for one firm leads to
a production decrease for that firm. How does the
competition relationship (i.e., the way that firms are
connected with each other in the network) affect the
rate of decrease for that firm and affect the response of
the other firm? Proposition 2 compares the rate of
change in Firm i’s equilibrium total quantity in re-
sponse to an increase in v across all four competition
scenarios, i = 1,2.

Proposition 2. Let Qiy be Firm i’s equilibrium total quan-
tity in Scenario X € {A, B, C, D}. Then,

dQia _ Qi _ dQic _ dQip

0> dv1 dvl dvl dZJl !
_dQu _dQyp _dQic _dQop
0= doy < do;  du < doy

We make several observations from Proposition 2.
A cost increase for Firm 1 has the least negative effect
on Firm 1 and no effect on Firm 2 when two firms are
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not competing with each other (Scenario A). Com-
petition enables a firm’s opponent to take advantage
of the firm’s cost increase by selling more quantity
in the competing market(s) and thus, escalates the neg-
ative effect on the firm. If Firm 2 enters into Market 1
and competes with Firm 1 in that market (Scenario B),
then its presence aggravates Firm 1’s quantity de-
crease in response to its own cost increase. If Firm 1
enters into Market 2 and competes with Firm 2 in that
market (Scenario C), then Firm 1’s marginal cost of
selling to each of the two markets increases and
negatively affects its quantity output levels in both
markets, resulting in a faster quantity decrease rate
than that when Firm 1 does not export but competes
with Firm 2 in Market 1 only (Scenario B). When the
firms compete in both markets (Scenario D), Firm 1
suffers from its cost increase the most, because its cost
vulnerability is explored by Firm 2 in both markets.
Thus, as the number of markets to which the firm
exports increases and as competition intensifies in
those markets, the negative impact of an increase of
the firm’s cost on its total quantity output exacerbates.

The situation depicted in Figure 3 comes close to the
competitive picture in the appliance industry. Let us
concentrate on washing machines, the perennial player
Whirlpool (the United States), and its Korean com-
petitors LG and Samsung. They are global firms selling
in multiple markets but also, in each other’s home
country market. The 232 tariffs on steel increased the
cost for Whirlpool washers, but the United States-
imposed tariff of 20% on imported washers had
severe effects for the Korean exports to the United
States. All manufacturers passed their increased
costs to U.S. consumers, which resulted in reduced de-
mand (an almost 3% sales drop for washing machines)
(Tankersley 2019). Whirlpool saw a decline in its sales
not only because of the decrease in U.S. demand but
also, because it was disadvantaged in all other markets,
such as South Korea and Japan, which were supplied
by transshipped goods from U.S. factories. LG and
Samsung were able to weather the storm of the United
States-imposed tariffs by adjusting product mix and
prices for some of their upscale models in the United
States while focusing their sales output to markets in
which they had the increased cost advantage after the
232 tariffs over Whirlpool. The sales and profit de-
creases for Whirlpool were surprising given the moti-
vation of the United States-imposed tariffs of 20% on
the imported foreign goods.

The situation in the solar panel industry resembles
Scenario B, with Market 1 being the United States and
Market 2 being the Asian markets for the Asian com-
petitors. In an effort to protect small-sized U.S. solar
producers (e.g., Suniva and Solar World), the United
States imposed a 30% tariff on all solar imports, which
will decline by 5% a year until it goes away. Chinese

(e.g., Jinko Solar) and Korean (e.g., LG Electronics)
firms have their manufacturing hubs in their countries
and used their scale economies to ship cheap solar
panels to the U.S. market in the past. The smaller U.S.
solar panel producers were at a cost disadvantage and
demanded protection. However, in an industry in which
solar product prices are continuously falling because
of technology improvements and oversupply, the
temporary cost increases to the competitor’s cost
structure selling in multiple markets are not as high
impact as one would expect. This aligns with the
prediction of Proposition 2. The global manufacturers
can adjust their production levels in their network of
Asian factories for a better cost position and rely on
already stored inventories in the U.S. market to temper
the effect of tariffs in their short-term sales (see Gearino
2018, Silverstein 2018). Furthermore, they have the fi-
nancial strength to switch to a complete network by
investing in new facilities or expanding on the existing
capacity of acquired U.S. producers to address the
longer-term impact of sustained or renewed tariffs.

It is interesting to note that, although U.S. steel
producers increased their profitability owing to the 232
tariff, this was not the observed outcome for U.S. alu-
minum producers. U.S. aluminum producers are still
struggling with intense price pressures from Chinese
and European producers. European producers capi-
talized on a relatively lower import tax compared with
Chinese producers and exported more aluminum to
the United States in 2018. U.S. imports grew by 17%
(around $1.8 billion) in 2018 compared with the
previous year. The observed outcome fits our model
prediction as in Scenario B, which fits the competi-
tive situation.

6. Opportunities for Future Research

The global supply chain management literature offers
arich set of models and decision support frameworks
for global firms’ facility network design, production,
inventory, and logistics decisions. Such models capture
important global features, such as multiple markets,
multiple supply sources, transportation lead times, and a
multitude of uncertainties (demand, supply, currency
exchange rate, and disruptions). Many of those models
focus on the single-firm, single-product setting and
work under a general presumption of a stable, open
trade/low-trade barrier global environment. Although
those models provide helpful insights on how to op-
timize a firm’s facility investment and operational
execution decisions to cope with intrinsic business
uncertainties and risks, they reach their limits when
making predictions about firms’ response in a world
where the crossborder trading costs become highly
uncertain. In such a world, the optimal design of a
global facility network should take several additional
important dimensions into consideration.



Downloaded from informs.org by [216.73.216.187] on 14 July 2026, at 13:30 . For personal use only, al rights reserved.

Dong and Kouvelis: Impact of Tariffs on Global Supply Chain Network Configuration
34 Manufacturing & Service Operations Management, 2020, vol. 22, no. 1, pp. 25-35, © 2019 INFORMS

First, tariff uncertainties can affect multiple stages
of a supply chain. The directions and magnitudes of
tariff movements are uncertain in terms of both the
timing and the duration. Second, there is product
interdependence. The impact of tariffs on a specific
product category can be quite different for a single-
product firm and a multiproduct firm. The latter has
the flexibility to adjust production and selling de-
cisions among its product offerings. Product demand
interdependence, the structure of bill of materials, the
substitution ability away from impacted material and
components, and the production facility usage all
influence how susceptible a multiproduct firm is to
trade policy changes. Third, there is competition.
Previous low trade barriers have opened the world’s
markets to many companies and encouraged com-
petition in almost every industry and almost every
stage of a value chain. Competitors will take advan-
tage when opponents become (cost) vulnerable in
serving a market. How to reduce a firm’s vulnera-
bility to trade policy is an especially important con-
sideration in a firm’s global facility network design.
Fourth, supply chains are decentralized. It is not
uncommon for a firm to own and operate only one
stage of a value chain. When a trade policy hits its
upstream suppliers or downstream customers, its
supply chain partners will make strategic responses
to optimize their self-interests. It is not obvious what
equilibrium would result from a change in tariff policy.
For example, a tariff increase on steel could immediately
increase a domestic steel manufacturer’s price without a
significant capacity increase. This could be partly
because of the lead time required to construct new
production capacity or the uncertainty around the
tariff duration, and it could be partly because of the
uncertainty around the real long-term demand di-
rected to the domestic steel, because the downstream
manufacturers can resort to their operational flexi-
bility to cope with the cost increase. A common thread
of the above dimensions is interconnectedness. Up-
stream and downstream activities are connected
through the value-adding processes, products are
connected in the different ways that they serve cus-
tomer needs, and firms are connected through hori-
zontal and vertical competitions. Although it may
seem like tariffs only impact a single part of the supply
chain, their effects are felt by every company involved
from creating the raw material to delivering the final
product to consumers.

We believe that the operations and supply chain
management community can help advance under-
standing of the interactions of the rich set of economic
driving forces within models that depict some of the
operational complexity and network structure of
global supply chains. Although in practice, firms may
well find all of the above (and more) factors relevant

to their decision making, tackling all of them in one
model would lead to an intractable model with hard
to disentangle tradeoffs. Carefully choosing a subset
of factors that is most relevant and critical to the
operations and supply chains of a specific industry
could offer new insights and deeper understanding of
the implications of trade policy for the industry. Those
insights are not only helpful for industry practitioners
but also, highly valuable to policy makers. For the latter,
developing an appreciation of potential responses
from complex, connected supply chains in various in-
dustries would help to better anticipate the impact
of changing trade policy.

Appendix

Proof of Proposition 1. We first establish that E[7t(K,74)]
is concave in K. By checking the Hessian, we can show that
the time 1 unconstrained profit p4(qa, q8)qa + ps(qa,q8)94 —
0444 — vBqp is jointly concave in g4 and gp. Thus, solving the
first-order condition (FOC) yields the optimal unconstrained
7 and qp:

. Aa—PAp+Pug—0a , Ap—PBAa—0vp+p0a
MWETTaa- T -

When 94 <Aa + Ap — 2(1 + B)K — vp, we have g, + g3 > K, in
which case we can obtain the optimal constrained g (K) and
q5(K) by plugging g4 + gz = K into the time 1 profit function
and solving the FOC:

q%(K)ZAA_AB-’_i((ll__ﬁﬁ))K-FUB_i}A,
qE(K)=AB—AA+i((11—_€;))K—UB+5A.

Substituting q%, 74 (K), 73, q3(K) into E[n(K,94)] and taking

! .
the second-order derivative with respect to K, % =

~LHAAA 20K 04) The numerator must be negative for
any reasonable K, because if A4 +Ap—2(1+p)K—-vp—0v4 <0,
then at time 1, the firm will find 47, + g <K for all realizations of
04 (ie., its capacity is never binding).

Next, we obtain the optimal K* by solving the FOC of
E[n(K,94)] — cK and taking the smaller root:

_(AA +AB—Z)A—UB)—2\/(I
- 2(1+p)

We can compute E[q;] and E[g;] by plugging K* into g(K)
and ¢*(K) and utilizing the unconstrained g and gj:

K

2A4 —2(1 - B)c — 2BAp — 204 + 2Bvg — A

Elg,l = - ,
E[E]E] _ ZAB - 2(1 - ‘B)C ;(iﬁ:qu; 20p + 2‘BZ}A - A .

We can compute E[p] and E[p;] by plugging 4°(K) and
q*(K) and unconstrained g and g into the inverse demand
function. We have

_2A4+2c+204+ A
B 4

2Ap + 2c + vp

Efpx] 1

JElppl =
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Taking derivative yields the desired results. O

Proof of Proposition 2. Solving the Cournot game for each
of the four scenarios, we obtain equilibrium quantities.
Scenario A:

A -1
2 7

_ Az %)
q» = >

qi1 =
Scenario B:

A1 =201+ + 1 _A1+01—202—2t2

qi1 = 3 421 = 3 ,
_Ary—1m
q2 = 5 .
Scenario C:
A1 — 1 Ay =201 + vy —2H
qu1 = > q12 = 3 ’
Ay +v1—20+ H
22 = 3
Scenario D:

A1—2'01+’()2+t2 A2—2'01+'02—2t1
qun = 3 q12 = 3 ’

A1 +0v1 =20, =21 Ay +v1 =20+ 1
3 422 = 3 .

q21 =

Computing Q; and Q, for each scenario and taking de-
rivative with respect to v; yields the desired comparison
results. O

References

American Iron and Steel Institute (2018) October steel shipments
up 6.0% from October 2017. Accessed March 2, 2019, https://
www.steel.org/news/2018/12/october-steel-shipments-up-6
-percent-from-october-2017.

Cohen M, Lee H (1989) Resource deployment analysis of global
manufacturing and distribution networks. J. Manufacturing Oper.
Management 2(2):81-104.

Dong L, Kouvelis P, Su P (2010) Global facility network design with
transshipment and responsive pricing. Manufacturing Service
Oper. Management 12(2):278-298.

Dong L, Kouvelis P, Tian Z (2017) Responsive pricing newsvendor
networks with discretionary activities. Production Oper. Man-
agement 26(8):1534-1552.

Gearino D (2018) How much damage are Trump’s solar tariffs do-
ing to the U.S. industry? Accessed March 2, 2019, https://

insideclimatenews.org/news /20082018 / trump-solar-panels
-tariffs-clean-energy-economy-jobs-united-states-market.

IndustryWeek, Bloomberg (2019) A year on, Trump’s metals
tariffs have more losers than winners. Accessed March 2,
2019, https://www.industryweek.com/economy/year-trumps
-metals-tariffs-have-more-losers-winners.

John Dunham & Associates (2018) The impact of potential aluminum
import tariffs or quotas on Americas malt beverage industry.
White paper, John Dunham & Associates, Brooklyn, NY.

Kouvelis P, Su P (2008) The structure of global supply chains: The
design and location of sourcing, production, and distribution
facility networks for global markets. Foundations Trends Tech.
Inform. Oper. Management 1(4):233-374.

Kouvelis P, Munson CL, Yang S (2013) Robust structural equations
for designing and monitoring strategic international facility
networks. Production Oper. Management 22(3):535-554.

Kouvelis P, Rosenblatt MJ, Munson CL (2004) A mathematical
programming model for global supply chain management:
Conceptual approach and managerial insights. IIE Trans. 36(2):
127-144.

LuL, Van Mieghem J (2009) Multimarket facility network design with
offshoring applications. Manufacturing Service Oper. Management
11(1):90-108.

Rappeport A (2018) Harley-Davidson, blaming E.U. tariffs, will move
some production out of U.S. Accessed March 2, 2019, https://
www.nytimes.com/2018/06/25/business/harley-davidson-us-eu
-tariffs.html.

Rappeport A (2019) U.S. steel companies face downturn despite
Trump claims of revival. Accessed March 2, 2019, https://
www.nytimes.com/2019/01/14/us/politics / steel-companies
-trump.html.

Shike ] (2018) China’s pork imports down due to domestic
market and trade trouble. Accessed March 2, 2019, https://
www.porkbusiness.com/article/ chinas-pork-imports-down-due
-domestic-market-and-trade-trouble.

Silverstein K (2018) Questionable tariffs leave a dark cloud over the U.S.
solar sector. Accessed March 2, 2019, https: // www .forbes.com/
sites/kensilverstein/2018/12/17/ questionable-tariffs-leave-a
-dark-cloud-over-the-u-s-solar-sector /#53e877e43af3.

Tankersley ] (2019) How tariffs stained the washing machine mar-
ket. Accessed March 2, 2019, https: //www.nytimes.com/2019/
01/25/business/economy /how-tariffs-stained-the-washing
-machine-market.html.

Trivedi A (2018) A win on China car tariffs is irrelevant for au-
tomakers. Accessed March 2, 2019, https://www.bloomberg
.com/opinion/articles /2018-12-05/ china-car-tariff-win-would
-be-irrelevant-for-u-s-automakers.

Van Mieghem ], Rudi N (2002) Newsvendor networks: Inventory
management and capacity investment with discretionary
activities. Manufacturing Service Oper. Management 4(4):
241-335.


https://www.steel.org/news/2018/12/october-steel-shipments-up-6-percent-from-october-2017
https://www.steel.org/news/2018/12/october-steel-shipments-up-6-percent-from-october-2017
https://www.steel.org/news/2018/12/october-steel-shipments-up-6-percent-from-october-2017
https://insideclimatenews.org/news/20082018/trump-solar-panels-tariffs-clean-energy-economy-jobs-united-states-market
https://insideclimatenews.org/news/20082018/trump-solar-panels-tariffs-clean-energy-economy-jobs-united-states-market
https://insideclimatenews.org/news/20082018/trump-solar-panels-tariffs-clean-energy-economy-jobs-united-states-market
https://www.industryweek.com/economy/year-trumps-metals-tariffs-have-more-losers-winners
https://www.industryweek.com/economy/year-trumps-metals-tariffs-have-more-losers-winners
https://www.nytimes.com/2018/06/25/business/harley-davidson-us-eu-tariffs.html
https://www.nytimes.com/2018/06/25/business/harley-davidson-us-eu-tariffs.html
https://www.nytimes.com/2018/06/25/business/harley-davidson-us-eu-tariffs.html
https://www.nytimes.com/2019/01/14/us/politics/steel-companies-trump.html
https://www.nytimes.com/2019/01/14/us/politics/steel-companies-trump.html
https://www.nytimes.com/2019/01/14/us/politics/steel-companies-trump.html
https://www.porkbusiness.com/article/chinas-pork-imports-down-due-domestic-market-and-trade-trouble
https://www.porkbusiness.com/article/chinas-pork-imports-down-due-domestic-market-and-trade-trouble
https://www.porkbusiness.com/article/chinas-pork-imports-down-due-domestic-market-and-trade-trouble
https://www.forbes.com/sites/kensilverstein/2018/12/17/questionable-tariffs-leave-a-dark-cloud-over-the-u-s-solar-sector/#53e877e43af3
https://www.forbes.com/sites/kensilverstein/2018/12/17/questionable-tariffs-leave-a-dark-cloud-over-the-u-s-solar-sector/#53e877e43af3
https://www.forbes.com/sites/kensilverstein/2018/12/17/questionable-tariffs-leave-a-dark-cloud-over-the-u-s-solar-sector/#53e877e43af3
https://www.nytimes.com/2019/01/25/business/economy/how-tariffs-stained-the-washing-machine-market.html
https://www.nytimes.com/2019/01/25/business/economy/how-tariffs-stained-the-washing-machine-market.html
https://www.nytimes.com/2019/01/25/business/economy/how-tariffs-stained-the-washing-machine-market.html
https://www.bloomberg.com/opinion/articles/2018-12-05/china-car-tariff-win-would-be-irrelevant-for-u-s-automakers
https://www.bloomberg.com/opinion/articles/2018-12-05/china-car-tariff-win-would-be-irrelevant-for-u-s-automakers
https://www.bloomberg.com/opinion/articles/2018-12-05/china-car-tariff-win-would-be-irrelevant-for-u-s-automakers

	Impact of Tariffs on Global Supply Chain Network Configuration: Models, Predictions, and Future Research
	Introduction
	Newsvendor Network Model and Tariff Implications
	Responsive Pricing Newsvendor Network Model and Tariff Implications
	Product Portfolio Flexibility: Substitutable and Complementary Products
	Competition and Tariff Impact
	Opportunities for Future Research


