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SUMMARY

Global supply chains face mounting risks from climate change, geopolitics,

and economic volatility. While corporate resilience planning has grown since
COVID-19, climate risk is still treated separately from supply chain management,
creating gaps in preparedness. This report highlights how extreme weather
events, such as floods and droughts, increasingly disrupt logistics and trade, with
cascading impacts across industries. It reviews existing supply chain resilience
frameworks, emphasizing visibility, flexibility, contingency, and collaboration,
while noting the absence of climate-specific metrics and decision-useful
disclosure tools. Barriers include data challenges, limited supplier transparency;,
and mismatched timelines between short-term operational planning and long-
term climate assessments. The report calls for integrated approaches that align
climate and supply chain practices, improved KPIs for resilience, and greater
collaboration among businesses, policymakers, and researchers to safeguard
continuity, competitiveness, and workforce health in a warming world.




HIGHLIGHTS

Rising Climate Threats to Supply Chains

Global supply chains are increasingly
vulnerable to climate disruptions, with floods,
droughts, and extreme weather events
compounding geopolitical and economic risks.
Businesses must integrate climate resilience
into supply chain strategies to safeguard
continuity, competitiveness, and long-term
financial stability.

Gaps in Existing Resilience Frameworks

Current supply chain resilience frameworks
emphasize visibility, flexibility, contingency,
and collaboration but often overlook climate-
specific risks. Companies need decision-useful
metrics and tools that connect climate science
with operational supply chain planning to
better anticipate and withstand disruptions.

Barriers to Integration and Transparency

Barriers to integration include limited

supplier transparency, poor data quality,

and mismatched planning horizons—short-
term logistics versus long-term climate risks.
Overcoming these challenges requires new
partnerships, innovative data use, and cross-
disciplinary approaches that align climate and
supply chain practices.

Climate as a Threat Multiplier

Climate change acts as a “threat multiplier,”
magnifying existing vulnerabilities in supply
chains. Incorporating adaptation and resilience
into corporate strategies is vital, especially

as overshoot beyond 1.5 degrees C makes
disruptions more frequent, severe, and costly
for global businesses and communities.
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Supply chains are critical to
global business

Supply chains are a crucial, yet often unappreciated lever in the global
economy. In recent decades, increased globalization and macroeconomic
trends like trade deals, technological progress, and growing comparative
advantages between countries mean that a single Fortune 500 company
can have operations and infrastructure spread out across the entire world.
And while keeping a company's supply chain running smoothly is a critical
business priority, the ramifications of supply chain resilience extend
beyond the corporate level to humanitarian efforts and global governance.

Yet despite the profound importance of global supply chains to the overall
economy, supply chain risk management today tends to operate separately
from other communities of resilience practice, like climate risk. Likewise,
as corporate climate risk assessment has matured over recent years,
disclosure frameworks often overlook the logistics and trade networks that
make up global supply chains, instead focusing only on particular metrics
like asset-level risk.

To help bridge the gap between supply chain and climate risk assessment,
and build better, more effective business risk management overall, this
white paper is targeted at both supply chain leaders in the business
community who might benefit from a deeper understanding of climate

risk and climate risk practitioners who might benefit from the lessons that
supply chain resilience practitioners have learned over the past decades.
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Why do supply chain risk and
resilience matter to business
leaders?

Since the COVID-19 pandemic, which disrupted manufacturing and sent
the costs of many critical goods skyrocketing, supply chain resilience

has risen to the forefront of corporate strategy, planning, and operations.
Because supply chains are global, a single disruption can spread across
logistics networks and impact multiple companies in the same sector, or it
could affect multiple suppliers for a single company.

Today's business leaders must be attuned to multiple drivers of supply
chain risk, from geopolitics to climate or terrorism. One recent study found
that supply chain disruptions lasting a month or longer will occur every four
years, and large companies can, averaging across sectors, expect to lose
~45 percent of a year's profits to supply chain disruptions cumulatively
over a decade.' Looking into the future for U.S.supply chains, recent policy
efforts like the United States-Mexico-Canada Agreement (USMCA), CHIPS
and Science Act, remaining provisions of the Inflation Reduction Act, and
other policies have the potential to restructure supply chains for future
industries like semiconductors and clean energy. And while the industrial
climate and technology policies championed by the Biden Administration
were challenged and amended by Congress in July 2025, the Trump
Administration has introduced new priorities regarding shipbuilding and
maritime power. Globally, recent geopolitical shifts and conflicts like
Russia-Ukraine and Israel-Iran, coupled with changing U.S. tariff policy,
introduce profound uncertainty into logistics and supply chain networks for
global companies.

Climate risk is an increasingly visible threat to supply
chains

Further complicating the picture for global businesses and their supply
chains is the growing threat of climate change. While the intersection

of supply chain and climate has tended to focus on decarbonization,
measuring Scope 3 emissions, and disclosures; recent events, including
growing drought in crucial waterways like the Panama Canal and the
impact of Hurricanes Helene and Milton on Gulf Coast logistics networks,
have driven home how resilience to physical climate hazards is critical for
the future of supply chain management. For instance, in 2021, extreme
rainfall and flooding in Vancouver disrupted port operations and caused
$500 million a day in losses.? These single discrete extreme weather
events stack on top of existing trade tensions, only increasing volatility in
business planning.

The increasing frequency and impact of these disruption events mean that
incorporating climate risk into existing supply chain resilience frameworks
is an urgent imperative for policy, advocacy, and business communities.
Additionally, as emissions pathways begin to orient toward a 2-to-3 degree
world, and if overshoot past 1.5 degrees C continues, robust climate
resilience and adaptation efforts that touch on all aspects of a business’s
activities are critical.
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To support this broader goal, below we provide an overview of three
foundational concepts that business and supply chain leaders and
climate risk practitioners (the broadly defined community of practice
that encompasses climate scientists, advocates and policymakers
focused on risk and resilience assessment) will encounter when
tackling the intersection of climate and supply chain resilience.

e First, what is supply chain resilience, and how is it currently
practiced?

» Second, how does supply chain resilience as a discipline
intersect with climate change and physical climate risk?

« Finally, where might opportunities for better collaboration and
decision-making frameworks be developed?
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Supply chain resilience: in

concept and in practice
What is supply chain resilience?

Definitions of resilience can vary, particularly between industries, as
resilience is an emerging, multidisciplinary field of practice.® For instance:
many climate stakeholders take a broad view, and refer to resilience as:
“the ability of interconnected social, economic and ecological systems
to prepare for threats and hazards, adapt to changing conditions, and
withstand and recover rapidly from adverse conditions and disruptions.”*
In supply chain risk management, resilience can be a narrower concept
focused on the ability of a particular network to “anticipate, adapt, and
respond to a disruption in order to gain a competitive advantage.”® In
general, resilience prioritizes foresight, flexibility, speed of recovery, and
ideally, building toward a better position after a disruption has occurred.

Supply chains are typically thought of as the core inputs and processes
that go into a company producing its products or services. These inputs
and processes span multiple domains, but can be broken down into three
key steps.

1. Procurement: First, a company procures, or sources, raw materials
or components from producers or suppliers. For instance, a clothing
retailer needs to buy cotton to produce textiles.

2. Manufacture: Then, a company's manufacturers take the raw
material and produce finished goods or products—the cotton is
turned into a shirt or a pair of pants.

3. Distribution: Finally, once the raw materials have been converted
into a finished product, these products must be distributed to
customers. This can take place via “last mile” delivery (e.g. Amazon
dropping a package at a customer'’s door) or via retailers located in
brick and mortar stores.

Crucially, at any of these steps, the company's logistics network—roads,
bridges, vessels, and distribution facilities—brings the products from the
raw material to the customer.

As global businesses have become more complex and densely networked,
their supply chains can vary based on the level of “Tiers"” that make up a
product’s production process. A company might work with a single direct
supplier (T1) or have multiple upstream suppliers involved in its production
process (T4 or T5). These suppliers are often engaged in complex
contracting relationships that can make tracking a full supply chain difficult,
even to the parent company that owns and sells the finished product. In
recent years, as supply chain disruptions have become more common

and corporate sustainability disclosure efforts have increased, “supply
chain mapping” has become a niche field in and of itself, dedicated to the
process of locating and identifying a company'’s full supply chain.

Disruptions to any of these core supply chain processes can cause
operational disruptions and lead to lost revenue and other business
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impacts. Today, the inherent complexity of multi-tier supply chains can
increase the overall likelihood of disruptions from an increased “surface
area” of risk.® For instance, a fire at a crucial factory might shut down
production for multiple days, and research shows that disruptions to shared
logistics networks, like port congestion, can triple overall losses.”

To address risks and mitigate potential damage, businesses focus on
developing supply chain resilience, or the ability to withstand, adapt, and
thrive after a disruption or other unforeseen event occurs. In recent years,
but particularly since the COVID-19 pandemic, supply chain resilience has
become a robust community of practice, with multiple existing frameworks
for how best to conceptualize and operationalize supply chain resilience.
Below, we summarize several existing frameworks focused on private
sector supply chain resilience. While high-level, these frameworks provide
best practices that can be tailored for a corporation seeking to build
supply chain resilience. Framework providers emphasize that there is no
one-size-fits-all approach to supply chain resilience, but by understanding
fundamental components of a resilient supply chain and good outcomes,
businesses can improve performance before, during, and after a disruption.

Corporate resilience frameworks
Framework 1: Pillars of Supply Chain Resilience
Visibility, Flexibility, Collaboration, Contingency, and Control

This type of framework focuses on core “pillars” or capabilities that make
a company'’s supply chain resilient across its organization, processes, and
technology.® The most important pillars for supply chain resilience include:

« Visibility: the ability to understand and see across the entire supply
chain in order to support risk identification

« Flexibility: the ability to adapt quickly without increasing operational
costs

 Collaboration: the ability to develop trustful cross-functional
relationships internally and with the broader supply chain network

» Contingency: the planning structures that establish backups or
options in case of disruption (e.g. extra inventory) that can maintain
business continuity

« Control: the ability to implement policies that increase a company'’s
control over its overall end-to-end supply chain

While pillar-based frameworks emphasize the importance of understanding
a company's unique culture and context, these capabilities can be
achieved through a variety of strategies. For instance, transitioning
suppliers from single-sourcing to multi-sourcing can reduce the chance

of a catastrophic failure. Synchronized production planning can help build
contingency buffers that are cost-effective but built to maintain basic
services.® Likewise, investing in cross-functional collaboration and visibility
tools like data infrastructure can build overall organizational capacity while
deepening supply chain resilience.
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Framework 2: Supply Chain Resilience Across Time

Another key supply chain resilience framework focuses on resilience as a
function of how an organization responds to disruption throughout time.'®
At each stage in the disruption process described below (anticipation,
resistance, recovery, and response), this framework describes how
organizations can benchmark themselves using different indicators.

 Anticipation: pre-occurrence stage, where a resilient supply chain'’s
likelihood of disruption and impact should be understood ahead of
time

» Resistance if and when a novel disruption occurs, the resilient
supply chain should be able to disable its negative effects quickly

» Recovery: after a disruption occurs, the resilient supply chain should
be able to regain its original position.

» Response: ideally, a resilient supply chain is able to restore itself to a
higher competitive advantage post-disruption

Framework 3: Supply Chain Resilience As A Function of Capacity

Additional supply chain resilience frameworks focus on the impacts on

an organization's capacity and continuity planning." In these frameworks,
regardless of the type of risk, overall resilience is a function of how limited
the impacts are on crucial dimensions of corporate capacity:

» The capacity to acquire materials (maintain supply).

» The capacity to ship and/or transport products.

» The capacity to communicate.

» The capacity to convert (internal manufacturing operations).
« The human resources (personnel) capacity.

« The capacity to maintain financial flows.

» The capacity to distribute products to customers including
consumers.

By focusing on the capacity outcomes regardless of type of risk, this
framework can build a more robust, diversified approach to overall
resilience.

Public sector supply chain resilience: resources, stakeholders, and
frameworks

Along with supply chain resilience efforts focused on corporations and
the private sector, governments and NGO are important stakeholders

that invest resources into developing their own supply chain resilience
frameworks. This is particularly important in humanitarian and disaster
response—a multi-stakeholder domain where supply chains play a critical
role. While private sector entities are often key players in response and
recovery, these efforts are often coordinated, funded, and managed by
state and federal agencies. As such, the Federal Agency for Emergency
Management (FEMA) offers several guides, resources, and frameworks
that touch on community-level supply chain resilience.' Other federal
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agencies focused on trade and commerce, like the General Services
Agency, International Trade Administration (ITA) and the Office of the
United States Trade Representative (USTR) publish resources and hold
events focused on supply chain resilience.™

Additionally, NGOs and research organizations working on overall
organizational resilience have developed important initiatives that cover
aspects of supply chain resilience. The World Business Council for
Sustainable Development (WBCSD) is prioritizing supply chain resilience
in recent C-Suite level mobilization efforts. ResilienceFirst, a UK-based
research group, has developed a cross-cutting model for organizational
resilience that identifies supply chain as a key aspect of infrastructure
resilience.' Multi-national institutions like the World Bank convene
stakeholder groups to develop global supply chain resilience and also keep
important indicators and data sets focused on supply chain resilience.”
Trade groups like the Institute for Supply Chain Management (ISM),
Association for Supply Chain Management (ASCM) and Council of Supply
Chain Management Professionals (CSCMP) all offer convenings and
thought leadership on current supply chain issues as well.

How is supply chain resilience currently measured?

While all of the frameworks and public and private sector efforts discussed
here take different approaches to developing and supporting supply chain
resilience, their core purpose can be boiled down to simple principles:
maintaining the flow of goods and services before, during, and after a
disruption.

To that end, supply chain resilience measurement is a crucial consideration.
That's because developing metrics and key performance indicators (KPIs)
that are organization-specific and trackable over time are a fundamental
way to assess how resilient a supply chain is, and whether efforts to
improve supply chain resilience are working. Below, we provide a summary
of key supply chain resilience metrics and concepts that are in practice
today. These metrics do not necessarily pertain to specific frameworks,
though additional work to develop such a consistent mapping would be
helpful—but instead these offer general metrics that companies can use to
start to quantify supply chain resilience.

» Business continuity: the ability of a corporation to maintain critical
business functions during and after an incident occurs. Critical
business functions can be organization-specific, but focus on
production, manufacturing, and delivery of goods to customers.

« Time to Survive (TTS): measures how long a supply chain can
operate before failure

« Time to Recover (TTR): time required to recreate a company'’s lost
capacity

« Resilience (TTR < TTS): Under this metric, an organization can be
considered resilient if its supply chain’s time to recover is shorter
than its time to survive, since it can make up lost capacity before
a customer is impacted.'® We note that this is just one definition of
supply chain resilience, and definitions can vary both qualitatively
and quantitatively.
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e Time to Thrive (TTT): measures how quickly a supply chain can
implement changes that lead to competitive advantages after a
disruption.”

As discussed, corporations can use these frameworks and metrics to track
and build supply chain resilience by utilizing a variety of methods. Best
practices methods may typically include supplier diversification, increased
working capital to provide inventory buffers, better data integration and
mapping to support supply chain visibility, to increasing end-to-end
supply chain control through contracting and stakeholder engagement. To
help companies in these efforts, service providers offer sub-tier supplier
mapping, asset-level resilience scores, digital twin development to model
disruption, and real-time visibility insights like container tracking.'®

Examples of how supply chain resilience measures can reduce the
impacts of disruption on businesses:

Sub-tier supplier visibility and mapping in response to geopolitical
tensions:'® large importers like auto parts suppliers can have highly
regionally concentrated supply chains. For instance, a single supplier can
import 70% of its parts from China. This creates strategic vulnerability as
trade tensions rise between the US and China. An importer conducted
supply chain vulnerability assessments and mapping exercises that
balanced traditional metrics like cost and supplier reliability with novel risk
exposure like geopolitics. As a result, the company identified opportunities
to move 25% of their sourcing from China to other regions.?® These
strategic mapping exercises, coupled with scenario modeling and proactive
relationship building with potential suppliers, increase resilience in the face
of continued geopolitical tension.

Workforce planning changes in the aftermath of COVID:*" While

many lessons regarding supply chain resilience can be learned from

the COVID-19 pandemic, one of the most relevant to future disruptions,
including climate, is proactive workforce planning. Quicker transitions
from in-person to remote work, or bringing in new automation technology,
have been identified by business leaders as a post-pandemic opportunity
to build supply chain resilience going forward. However, reviews of
supply chain responses note that these transitions must balance effective
management and employee well-being to be most effective.

The past decade of supply chain management research and practice has
seen a clear focus on developing methods, frameworks, and resources for
building supply chain resilience. Spurred by the pandemic, corporations
now have a clear imperative to focus on supply chain resilience in their
operations and strategy. At the same time, climate risk is emerging as a
fundamental risk to businesses around the world, as recent disruptions like
Hurricane Helene and Milton, and drought in crucial trade waterways, raise
the salience of future climate risk.

How does supply chain resilience intersect with climate risk?

In addition to infrastructure vulnerabilities, pandemics, and geopolitics,
climate risk is a fundamental driver of disruption to global supply chains.
While weather events, like hurricanes, droughts, and extreme rainfall,
have long been a core disruptor of maritime trade routes and commodity
supply chains, the fundamental changes in the severity and frequency
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of these events that climate change brings are an urgent challenge for
supply chain managers. Below, we provide an overview of how supply
chain is considered in current climate risk assessment efforts, including
frameworks, key stakeholders, and metrics.

What are climate risks to supply chains?

Climate risks to supply chains take the form of co-occurring and complex
physical and transition risks. They can be either chronic risks, like drought
or extreme heat, or acute risks like floods, hurricanes, and fires. For
instance, a wildfire in one manufacturing location can occur during the
same time as a drought in a key transport waterway, all amid pressure to
decrease emissions in line with local and international policy mandates.*?

» Physical Risks: Risks from water—too much, in the form of rainfall
and floods, and too little, in the form of drought—are particularly
damaging to commodity supply chains and trade infrastructure
like ports and railways. In addition, businesses with operations that
depend heavily on water to generate materials and/or cool their
critical infrastructure are heavily exposed to water related risks.?®
Other physical risks that impact a company'’s labor force, from
extreme heat and wildfire smoke, mean that stress will fall on the
production, manufacturing, and logistics functions of supply chains
without better adaptation measures.

» Transition Risks: In addition to physical risks, supply chains face
transition risks across shipping, logistics, and manufacturing, and
procurement. For instance, recent policy efforts at the International
Maritime Organization (IMO) and the inclusion of shipping in the
European Union's carbon pricing mechanism threaten business
models that do not transition to green fuels or reduce carbon
emissions.?*

For these reasons, climate risk presents an additional, long-term challenge
for corporations in an already volatile macroenvironment. In addition,
physical climate risk in particular is a "threat multiplier” that magnifies
existing organizational weaknesses and vulnerabilities**—from security

to changing disease patterns,?® factors that all present unique threats to
global supply chains. These threats and their associated costs are large
and growing. Research consistently indicates that the intersection of
climate risk and supply chains will drive billions, even trillions of dollars in
losses to aggregate GDP.*’

In addition to the current global context of risk, prioritizing future climate
threats to supply chains is crucial as greenhouse gas reduction targets
become harder to reach. In general, given overshoot of the 1.5 C degree
goal of the Paris Agreement, climate risk assessments that envision 2-3
degree worlds and that focus on adaptation and resilience in addition

to mitigation are critical for corporations to consider, alongside efforts

to continue to advance decarbonization. C2ES recognizes the need to
prioritize a both/and approach that aims for 1.5 C policy targets while being
realistic about a warming world.
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Understanding and measuring
climate risks to supply chains

In recent years, understanding climate risk has become a core strategic
business activity for many global corporations. Driven first by pressure

from investors and civil society groups, such as the Task Force on
Climate-Related Financial Disclosures—which has now been subsumed

into International Financial Reporting Standards (IFRS) S1and S2-and

more recently codified into policy at the state and international level, like
California’s Senate Bill 261 (SB261) and the European Union's (EU) Corporate
Sustainability Reporting Directive (CSRD), climate risk assessments that
inform corporate sustainability disclosures are often the first step for a
company trying to understand climate risk to its supply chain.

Climate disclosure frameworks and legislation typically identify supply

chain risks as an area of focus.?® Yet details and guidance from these
disclosure entities, including methods to assess these risks, key
performance indicators (KPIs) and definitions of supply chain resilience,
remain vague. Instead, these disclosure frameworks tend to focus on how
risks like floods, wildfires, and droughts impact a company's physical
assets. These asset-level risks touch on supply chain issues, as they affect
manufacturing locations and production facilities, but they can ignore the
critical infrastructure upon which companies depend for business continuity
as well as the logistics and transportation networks that also typify supply
chains. In general, comprehensive, practice-oriented disclosure frameworks
for assessing supply chain risk and resilience in the context of climate
change appear yet to be developed, though early examples of companies
taking action on climate risks to their supply chains do exist.

Examples of supply chain and climate risk assessment in practice

» Protecting workers from heat risk: The supply chain workforce is
exposed to extreme heat and rising temperatures across the globe.
This touches all aspects of supply chains, from production and
agricultural labor to dock workers. Initiatives like the Health Action
Alliance focus on protecting workers from extreme heat and have
developed new tools that can help businesses quantify the future risk
of heat stress on their labor force.?®

o Comprehensive supply chain risk mapping: Agri-business,
pharmaceutical, and food and beverage companies’ supply chains
are deeply exposed to changing weather patterns resulting in climate
risk. Nestle, Coca-Cola, and Mercer International have all undertaken
comprehensive supply chain risk assessment using both qualitative
and quantitative methods to map future exposure to changing
yields for key supply chain inputs like cocoa or timber.®° Likewise,
in partnership with Oxford Economics, a major pharmaceutical
manufacturer developed a comprehensive materiality assessment for
its global supply chain.*'

» Developing better climate risk decision-support: Recent academic
research has begun to tackle existing gaps in supply chain and
climate risk assessment by proposing frameworks that look across
perils to develop “climate report cards” for a company’s key assets
and logistics hubs.*?
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Key stakeholders in climate risk and supply chain resilience

Like other areas of climate risk practice, business organizations and NGOs
play a crucial role in developing resources and organizing multi-stakeholder
efforts to better understand climate and supply chain risk and resilience.
This includes the Business Sustainability Roundtable (BSR), World Business
Council for Sustainable Development (WBCSD), World Bank, and Business
Continuity Institute (BCI), who collectively publish case studies, host
events, and serve as a convening forum for ongoing supply chain and
climate change issues (though as one component of a broader research
and practice agenda).®®

In addition, governmental efforts like the National Climate Assessment
(NCA) have, to date, provided a deep dive into how different climate

risks impact the United States, including supply chains. While these
resources are not directly targeted at the business community, they

have provided a fundamental source of knowledge on how climate risks
impact sectors of the economy. The most recent NCA includes a thorough
overview of climate-related supply chain impacts, particularly to the food
supply.>*Recent action to reduce financial and administrative support for
the next NCA (in tandem with efforts to reduce public climate and weather
data access to the National Oceanic and Atmospheric Administration
(NOAA)) may limit the availability of important climate insights that can
inform companies’ supply chain strategies.*®

Despite all these important efforts, the relative lack of benchmarks,
disclosure frameworks, or focused stakeholder efforts indicates that more
work is needed to build out decision-useful climate-related risk assessment
in the context of supply chain resilience. Such efforts are critically needed,
as investing in supply chain and overall business resilience strengthens
business models, increases competitive advantage, protects workforce
health, and can improve overall financial performance.®®
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Opportunities for better
collaboration and decision-
useful frameworks

Existing barriers

Climate risk is an urgent priority for global business leaders, while supply
chain risk and resilience have also risen to the top of boardroom agendas.
Yet despite the impact of these twin challenges to overall business
resilience, barriers remain in terms of integrating climate risk into supply
chain planning and vice versa. This can be seen in the relative lack of
specific framework, metrics, and KPIs for tracking supply chain resilience
to climate threats in disclosure frameworks, despite the growth in climate
disclosure as a practice in the past decade.

Below, we identify three of the key barriers to better integration of supply
chain and climate risk assessment and practice:

Problem Scope: Supply chain practitioners are long accustomed to
navigating weather. As such, they tend to treat “every disruption as a
disruption,” including weather events like hurricanes and floods. The
frameworks described above, particularly those that focus on supply chain
outcomes like capacity, are agnostic to the underlying disruption, whether
a labor strike or a hurricane. Climate as a discrete area of risk that must

be understood and quantified is, therefore, a relatively novel concept to
the discipline of supply chain management. This is reflected in the relative
dearth of supply chain resilience tools that include long-term climate risk
assessment modules. Likewise, climate risk practitioners are accustomed
to working with models and tooling that address asset-level risks, but might
be less familiar with logistics and transportation networks that require
thinking about risk as a function of both space (location) and time.

Lack of Partnership Between Companies and Suppliers: In many

cases, there are distinct barriers in communication and partnership
between companies and their suppliers that impact overall supply chain
risk management. For instance, suppliers often lack time and resources,
and companies are wary of overburdening suppliers with questions and
surveys. This general lack of transparency and partnership limits the ability
of companies to understand their residual risk from climate change across
their supply chain.

Timelines: Supply chain resilience focuses on improving operational
decision making, often over short-term timelines (one week to one month)
to undertake labor planning, asset allocation, rapid response etc. In
contrast, climate risk assessments are seen as strategic planning tools that
can look out over 30-year horizons to set better infrastructure standards or
assess long-term risks to financing.

Data and Analysis: In addition to higher-order barriers around problem
scope and timeline, core challenges remain with regard to both climate and
supply chain data and analytics. Supply chains are characterized by a high
degree of complexity, spanning multiple geographies and stakeholders.
Methods for quantifying this complexity are improving, but harmonizing
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new supply chain innovations in digitization and visibility with climate data and
building frameworks for bridging temporal gaps remain to be solved. In addition,
understanding the different components of risk can be challenging across a complex
supply chain—for instance, companies may understand facility hazard and exposure
from a heatmap, but not have insight into the suppliers’ actual adaptive capacity.

« Supply chain data challenges: Data quality—particularly supply chain
visibility and basic shipment tracking data—remains an issue in supply chain
independent of climate variables.>” While progress has been on asset-level
supply chain mapping (including the tools mentioned above), sub-tier mapping
is also still a challenge, even for large organizations.®*® Supply chain and
climate risk assessments that have been done require multiple sources of data,
from supplier location to shipment information, to climate hazard information.®°
Accessing and harmonizing all of this data requires a high degree of technical
sophistication, computing infrastructure, and internal buy-in. Triangulating
across data sources—for instance, using GHG value chain reporting data
to identify factory locations—can be a helpful tool for also assessing and
identifying physical risk.

Climate data challenges: Using climate data to inform business decisions
remains an ongoing area of work for practitioners and scientists. The market
for decision-useful climate data continues to grow, but core challenges remain
with quantifying uncertainty, making data accessible, and communicating the
limitations of what climate science can, and can not, tell us with confidence.*°
For instance, while climate risk fits into the existing categories of what can
disrupt supply chains (i.e. weather extremes), understanding future disruptions
requires assessing location, likelihood, duration, and magnitude of a climate
event. Existing climate risk models can provide directional information, but

are designed to provide granular information at a resolution that might make
sense to a business operator. Likewise, quantifying the “network effects”

from a single asset-level disruption to second and third-order risk cascades
that are fundamental components of supply chain risk assessment remains
challenging.

Opportunities for improvement

Perhaps due to the perception that climate resilience requires a longer-term strategic
focus or is primarily the domain of disclosure or voluntary efforts, while supply
chain operations are a day-to-day component of business activity, these practice
areas have been largely siloed from each other. Going forward, there are multiple
areas where collaboration could help both disciplines build stronger businesses and
communities overall. In general, there is a clear need to identify where within an
organization climate and supply chain risk assessment, monitoring, and mitigation
should sit, whether it's within Enterprise Risk Management (ERM), with a Chief Risk
Officer, finance office with a Chief Financial Officer, legal department with a Chief
Compliance Officer, etc. As the world gets riskier, companies need more innovative
thinking around organizational governance and structure. Below, we identify three
key areas for improvement and a high-level research agenda to begin to facilitate
these improvements.

First, identifying where the practice areas and disciplines of supply chain and
climate risk and resilience can learn from each other. For example, supply chain
practitioners should be aware that, in contrast to other risks like terrorism or tariff
policy that cannot be predicted with any degree of reliability, climate models can
provide directional information regarding changing frequencies and magnitudes of
known hazards like rainfall and extreme heat.
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Likewise, climate risk professionals might benefit from the more operational
outcome-focused frameworks that are well-developed in supply chain management.
Core pillars like visibility, flexibility, and control are broadly applicable and valuable
to business resilience regardless of the specific risk that is being assessed.
Opportunities to advance these cross-disciplinary learnings include stakeholder
gatherings and co-developed research.

Second, identifying strategies to overcome analysis gaps. For example, data
limitations might be endemic in both supply chain and climate risk assessment,

but creative methodologies can help organizations overcome data gaps and build
better strategies. Mixed qualitative and quantitative approaches, like narrative-based
scenario analysis or simulations using alternative data sources, can fill existing gaps
without making a decision based on a particular data source or outcome. Better
education between data practitioners on both sides will be helpful to encourage
fundamental understanding of what we know with a high degree of likelihood, and
where caution is warranted with overinterpreting results. Flexible pilot projects that
test out some of these mixed-method strategies and offer interpretative guidance
can be publicly shared to advance the state of knowledge.

Finally, there is a clear need for better KPIs and metrics that focus on building
supply chain resilience to climate threats. Disclosure frameworks and now legislation
like the EU's CSRD offer important guidance and high-level structures for physical
risk assessment, but they can lack decision-useful information that helps businesses
accomplish the fundamental goals of supply chain resilience—namely maintaining
business continuity in the face of climate change. The leading stakeholder groups
identified in this paper, which span science, practice, and business leadership, could
focus on developing KPIs and metrics that are quantifiable and can scale toward
market adoption.

Example research agenda to improve climate and supply chain risk
assessment

1. Targeted, topical stakeholder dialogues balanced across supply chain and
climate risk experts. These dialogues can start by presenting frameworks,
methodologies, metrics, and case studies from each domain and then
identifying existing gaps and challenges in data quality, analysis, strategy, etc,
from both climate and supply chain risk perspectives.

2. Facilitated deep dives into analysis challenges using indicative case
studies. Convening and research groups could then conduct collaborative
deep dives into key issue areas. This could include strategies to invest in
workforce protections, developing contracts to support supplier flexibility
and diversification, and implementing responsive cross-organizational supply
chain disruption monitoring. These deep dives could focus on leveraging
different methods to overcome analysis barriers and using insights from both
supply chain and climate risk experts.

3. Reporting back learnings to inform the development of pilot KPIs and
metrics that companies can test, deploy, and iterate on. Learnings from
such research can help answer key gaps in current practice. For example,
there is a clear need for consensus on (1) climate risk metrics that scale
across strategic and operational supply chain risk assessment, (2) business
continuity KPIs that can be tracked over time, and (3) the extent to which KPIs
need to be tailored to sectors or are generalizable.
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Integrating supply chain and
climate risk with resilience
planning

For corporate leaders, building resilience, regardless of the underlying
driver of risk, is now a core priority for business success. Changes in

the macroeconomic environment such as trade policy, the rise of new
technologies, and shifting geopolitical alliances and tensions, mean

that the overall business environment is less stable than it was in recent
decades. Climate risk, particularly given current rising emissions pathways,
stacks on top of existing stressors and magnifies them. And global supply
chains, whether procurement, manufacturing, distribution, or customer
relationships, are all key areas where disruptions from these risks drive
billions of dollars in business losses.

As such, building corporate resilience requires new frameworks, tools,
and methodologies that bridge the gap between traditionally siloed
domains like climate risk and supply chain management. In this paper,
we've identified at a high level how the domains of supply chain resilience
and climate risk assessment currently operate, where gaps arise, and
opportunities for bridging these gaps. Both disciplines could benefit from
lessons learned from the other.

In future work, C2ES will continue to leverage its policy expertise and
business community leadership to help build more resilient businesses
and communities, including through the development of supply chain and
climate risk assessment frameworks and toolkits.
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