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Introduction

Global trade drives global growth and vice versa. The ever-changing dynamics of supply chains are integral
to an understanding of how global trade and growth will evolve over the next decade. During the 1990s
through the early 2000s era of “just in time” inventory and the rise of China as an exporting powerhouse,
supply chains were essentially optimized with one overriding criteria — lowest cost. Even then, supply
chains were not all that easy to analyze. But now, in the new “just in case” era defining the 2020s and
beyond, supply chains are being optimized for multiple characteristics related to “resiliency.” Moreover,
supply chains are being impacted in completely different ways from five powerful global transitions due to
(1) protectionism, (2) the pandemic, (3) geopolitics, (4) weather, and (5) the fossil fuel transition.

From a practitioner perspective as we analyze the future of supply chains, we first want to appreciate
concisely the key underlying characteristics of each of the transitions, one by one. Then, we can dive into
the deep end of the pool to try to make sense of all the various interactive dynamics associated with these
five transitions occurring simultaneously. This analysis takes us into the science of complexity as we focus
on behavioral feedback effects and apply the theoretical concepts of the arrow of time and the physics of
phase transitions.

The profound changes we have observed in supply chains as they respond to the five transitions that are
being navigated simultaneously have already produced some winners and losers. Brazil was the clear
winner from U.S.-China tariff tensions as China dramatically shifted corn and soybean purchases to Latin
America and away from U.S. farmers. India and China were beneficiaries of the Russian War on Ukraine,
as Russian oil shipments were redirected at large discounts to these countries. Mexico has been favored
as some manufacturers have “near-shored” to get a more resilient supply chain close to the U.S. market.
Mexico may also benefit as an intermediary with increased exports and added jobs due to the drought
challenges facing the Panama Canal. For example, a major liquefied natural gas (LNG) export facility is
being constructed on Mexico’s Pacific coast that can be fed by U.S. natural gas pipelines from the Permian
Basin, converted to LNG, and shipped to Asia on a shorter route, bypassing the Panama Canal. In many
cases, the losers are harder to quantify when they are spread widely around the world, although goods
consumers and shareholders of companies in the vertical between sales and manufacturing have been
sharing some of the pain.

Longer-term, if the trend toward isolationism and protectionism increases, it raises issues for a potential
loss of innovation due to less direct competition, meaning slower productivity growth. In addition,
inflation concerns may develop. The globalization trend in the 1990s and early 2000s was arguably a very
important factor that contributed to the average and quite stable 2% inflation rate in the U.S. and even
lower inflation in Europe and Japan over the 1994-2019 period.
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For analysts, perhaps the key lesson to take aboard is that tools of traditional economics are likely to be
insufficient to fully appreciate all that is happening with supply chains. An interdisciplinary approach is
required that incorporates lessons from complexity theory, physics, and behavioral finance where
feedback loops are critical to understand and allows for a full appreciation of the unintended
consequences that seem to appear at every turn.

Five Tectonic Transitions

For decades, the construction and development of supply chains was focused on the theme of “optimize
for lowest cost.” This era, starting after the end of the U.S.-USSR Cold War in the 1980s, and running
roughly from the 1990s through around 2016 corresponded to a peace dividend made possible by the U.S.
policy of “Pax Americana.” Raw materials could be sourced in one country, goods manufactured in another,
and then shipped to customers all over the world with the confidence that the rule of law and property
rights would prevail, and goods shipments would be protected. During this period, there were growing
concerns about climate change, fossil fuel transitions, rising nationalism and isolationism; nevertheless,
global commerce, with its dependence on stable supply chains, continued to thrive unabated.

The five years, 2018-2022, decisively ended that era of relative supply chain stability. Any one of the events
discussed below would have impacted supply chains in material ways, but all of them happening in a tight
five-year time span ushered in a new era of supply chain construction and development from which there
would be no going back to the old days of “just in time” inventories and “optimize to lowest cost” criteria.
A new supply chain era focused on “resiliency” has emerged.

Protectionism

In 2018, the U.S. initiated a tariff war primarily directed at China yet ensnaring many other countries and
regions in its broad application of the “America First” doctrine. The U.S. started with tariffs on solar panels
and washing machines, then expanded to steel and aluminum. Quid pro quo, tit for tat, retaliation began
in earnest. The U.S. government asserted that China and other countries would pay the costs of the tariffs,
but the global economic markets worked to spread the pain around to consumers and to producers. In
many cases, the losers were spread around and the costs hard to quantify with consumers and
shareholders sharing them. The winners were easier to identify. One of the biggest beneficiaries of the
U.S.-China tariff war was Brazil, as China shifted purchases of soybeans and corn away from the U.S. and
toward Latin America. Mexico won too, as the theme of “near-shoring” brought manufacturing to Mexico
for easy access to the U.S. market. Mexico now sells more to the U.S. than China.

Security concerns also overlay “America First” trade issues. The U.S. and other European countries have
deep concerns over Chinese intelligence gathering through technology products and services. This has led
to constraints on U.S. and European exports of certain types of computer chips. Social media platforms
based in China but with a global footprint are facing increased regulation. U.S. technology companies,
which made China their main base for manufacturing, are having to rearrange production.
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Pandemic

The COVID-19 Pandemic shut down large parts of the travel and hospitality industries worldwide in the
spring of 2020, and at the same time many governments, especially the U.S., U.K, and the European Union,
took strong fiscal actions to cushion the economic effects with the result of driving goods demand sky-high
while services were partially constrained. This unanticipated surge in goods demand led to massive supply
chain overload and disruptions. The pandemic supply chain disruptions are in the past, but they changed
many behavioral patterns to stay. For example, “just in time” inventory died, and the theme of “just in
case” became more popular, giving way to the overarching objective of “resiliency.”

Geopolitics

In 2022, Russia invaded Ukraine, disrupting traditional energy supplies to Europe and leading to sanctions
on Russian energy exports that diverted supplies to China and India, which would have otherwise gone to
Europe. The Black Sea, an important shipping route for moving wheat, corn, and other agricultural
products from the agricultural breadbaskets of Ukraine and Russia through the Mediterranean Sea was
disrupted, with huge implications for how Egypt, Lebanon, and other countries associated with this trade
route would get their grains and other agricultural products.

Then, geopolitics came into play again in October 2023. The horrific surprise attack on Israel by Hamas
from their base in Gaza triggered an all-out war by Israel on Hamas and Gaza, which emboldened the
Houthi rebels operating in Yemen to launch attacks on ships transiting the Red Sea. While Chinese vessels
appear to be able to still use the Red Sea and Suez Canal shipping route, most vessels carrying western
imports or exports are now taking a much longer and expensive route around the Cape of Good Hope in
southern Africa.

Weather

During the whole period, weather changes and global warming were impacting supply chains relatively
gradually. A more decisive weather event was the emergence of an “El Nifo” in 2023, which supplanted
the relative cooling impact of “La Nifia” with heat and drought conditions impacting many waterways key

to goods transport around the world.

The Panama Canal had to reduce capacity as water levels lowered. And unanticipated consequences
emerged as local, consumer water conservation efforts worked both to help increase water levels on the
canal while also increasing the salination of the largest fresh water supply in Panama.

Rivers that are key to goods transport faced low water levels, which constrained how much could be loaded
on barges headed down river. In the U.S., the Mississippi River was impacted enough to raise shipping
costs for farmers transporting their grains to Gulf of Mexico ports for export. Since global buyers had the
ability to shift some purchases to Latin America, U.S. farmers ended up absorbing the costs, not global
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consumers. In Europe, authorities adjusted priorities of which goods were able to be shipped on the rivers
where capacity was constrained.

El Nifio (warmer waters in the equatorial Pacific Ocean) and La Nifa (cooler waters) cycle back and forth
in ways that are not well understood. The El Nifio of 2023 is fading in the spring of 2024, which may relieve
some of the challenges for the Panama Canal and Mississippi River. But a La Nifia has other consequences
than a slight moderation of rising global temperatures. For example, we may see increased hurricanes in
the Atlantic Ocean and the Gulf of Mexico, since the constraining impact of the El Nifio shifts upper
atmosphere wind patterns in a way that cuts off the tops of some Atlantic Ocean hurricanes and limits
their growth.

Fossil Fuel Transition

The transition away from fossil fuels has many different facets. It is more difficult to finance fossil fuel
projects, especially coal, but also new natural gas projects and pipelines face stronger opposition related
to the permitting process. Carbon credits are a current favorite of many governments to encourage the
shift away from fossil fuels, but carbon credits are, perhaps, proving better at moving profits around rather
than having a material impact on overall carbon use. In the future, governments may decide that limits
and quotas may need to be imposed on fossil fuel production.

Even successful endeavors have had their unintended consequences. For example, the shipping industry
has responded to the 2020 International Maritime Organization (IMO) regulations which imposed stricter
limits on the sulfur dioxide content of marine fuel. It was a big change from 3.5% down to 0.5%. There is
considerably less sulfur in the atmosphere, but also more sunshine gets through to the oceans. Oceans
are powerful heat sinks, and so the unintended consequence of less sulfur has been warmer waters, which
has its own impact on the growth of storms which are fed by warmer waters as well as changes in the
ecosystems of fisheries.

The point of all these quick examples is to underscore that virtually every policy to encourage the fossil
fuel transition works in direct ways and also in some powerful indirect ways. This means that one needs
to spend considerable time analyzing the longer-term impacts that include the feedback effects of complex
systems which takes us into our next section.

Complexity Theory Applied to Supply Chain Analysis

Complexity has become a science of its own and supply chains are a great case study. The study of nature
and complex systems is, well, quite complicated. From a practitioner perspective, though, we want to cut
through the fog of complications and focus on three key strands of thought that we think can guide our
analysis of the dynamics of the supply chains.

First up are feedback effects. Actions create reactions. Economists are reasonably good at analyzing the

first order or direct effects of a given action, surprise event, or policy change. Unfortunately, in the longer
run, the more powerful and longer lasting effects are typically the indirect effects, including unanticipated
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consequences, taking the analysis in paths not explored when looking only at the relatively easy to
understand shorter-term direct impacts.

Second, we have the physics of phase transitions. The chaos is at the transition boundary between the
old “state” and the new “state.” Think boiling water. We understand well a liquid state and a gaseous
state. But when water boils and transforms from a liquid to a gas, all the chaos (bubbles) is on the surface.
That is, the critical yet hardest part of the analysis is the transitional phase, and we are in five big transitions
simultaneously as we analyze the changing nature of supply chains.

Finally, we must always underscore the importance of the arrow of time. Economists, by the way, are not
any good at this. A major event is going to change us in small and maybe a few large ways. We are not
going back to the way we were. We will dynamically evolve. What does this mean for economic modelling
of supply chains? One’s models need to be dynamic and to recognize pattern shifts, some of which will
not reverse. That means do not use deterministic models — everything is probabilistic. And, if you can run
the model forward and then backward and reach the same conclusions, as in most traditional economic
models, then the model’s forecasts will fail badly in the real world.

Now appreciate that we have five phase state transitions ongoing all at once. Each one is generating its
own transitional chaos. In turn, don’t forget feedback effects, as each transition is interacting with all the
other transitions.

Future of Supply Chains

As noted in the opening sections, the profound changes we have observed in supply chains as they respond
to the five transitions that are being navigated simultaneously have already produced some winners and
losers. Winners range from Brazil, to India and China, to Mexico, among others, while the losers are often
harder to quantify as they are spread widely around the world. Nevertheless, it does seem that goods
consumers and shareholders of companies in the vertical between sales and manufacturing have been
sharing some of the pain.

There are potential long-term macroeconomic effects as well from the evolution of supply chains, including
slower global growth and possibly a little higher inflation. Higher supply chain costs may be reflected in
slower trade growth and the associated slower global economic growth. Political trends toward increased
isolationism and protectionism raise issues for a potential loss of innovation due to less direct competition,
meaning slower productivity growth.

In addition, central banks may need to consider that inflation concerns may develop. The globalization
trend in the 1990s and early 2000s was arguably a very important factor that contributed to the average
and quite stable 2% inflation rate in the U.S. and subdued inflation in Europe and Japan over the 1994-
2019 period. Central banks may argue that inflation is a monetary phenomenon and can be managed with
an appropriate interest rate policy. We would strongly suggest that central banks review their longer-term
inflation targets with an appreciation of how supply chains and global trade may impact the overall context
for growth and inflation.
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For analysts, we want to re-emphasize a theme that has permeated this analysis. The tools of traditional
economics are likely to be insufficient to fully appreciate all that is happening with supply chains. An
interdisciplinary approach is required that incorporates lessons from complexity theory, physics, and
behavioral finance where feedback loops are critical to understand.
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