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Abstract

The increasing unpredictability of environmental events due to climate change has amplified the need for more resilient
infrastructure and supply chains. Integrating climate-aware decision intelligence into planning processes can significantly
improve the ability of organizations and industries to manage these risks effectively. This paper explores the crucial role
of incorporating environmental risk assessments into infrastructure and supply chain planning. We propose a decision
intelligence framework that combines real-time climate data, predictive modeling, and dynamic simulation techniques to
inform decision-making. This approach aims to enhance the adaptability and sustainability of infrastructure and supply
chains in response to climate-related challenges. The paper also reviews existing methodologies in environmental risk
management and highlights case studies that demonstrate the practical application and success of such frameworks. By
integrating predictive analytics and climate risk data, decision-makers can identify potential disruptions and make more
informed decisions to mitigate these risks. The proposed solution not only improves resilience but also enables
organizations to proactively adjust to changing environmental conditions, ensuring long-term operational stability. In this
context, climate-aware decision intelligence becomes an essential tool for organizations seeking to future-proof their
infrastructure and supply chain operations against the growing threat of climate change. This paper outlines the benefits
and applications of the proposed framework and suggests future directions for research in this evolving field.
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paramount. Climate-aware decision intelligence, which
integrates environmental risk assessments into planning
and operations, is now an essential component of
organizational  strategies aimed at long-term
sustainability. This approach empowers decision-makers
with the tools and data needed to anticipate potential
disruptions and adapt infrastructure and supply chain
operations accordingly. By using predictive analytics,
real-time climate data, and dynamic modeling,
organizations can better assess vulnerabilities, optimize
resource allocation, and develop proactive strategies to

I. INTRODUCTION

As the global climate crisis intensifies,
organizations face mounting pressure to adapt their
infrastructure and supply chain systems to cope with
environmental risks. Climate change is causing an
increase in the frequency and severity of extreme
weather events, such as floods, hurricanes, heatwaves,
and rising sea levels. These disruptions are not only
damaging infrastructure but also causing significant
interruptions to global supply chains, leading to
financial, operational, and reputational losses. The

unpredictability of these events makes it increasingly
difficult for businesses to plan effectively, which in turn
hampers their ability to maintain consistent operations
and meet customer demands. Given the growing
unpredictability of environmental events, the need for
robust climate risk management strategies has become

mitigate the impact of climate-related disruptions.
Incorporating climate-aware decision intelligence into
planning processes not only enhances resilience but also
promotes sustainability. Organizations that can
effectively navigate climate risks are better positioned to
maintain operational continuity, safeguard their assets,
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and foster long-term success in an increasingly uncertain
global environment. This paper explores the need for and
benefits of integrating climate risk considerations into
infrastructure and supply chain planning.

A. Background and Motivation

In recent years, the frequency and severity of
climate-related disruptions have highlighted the
vulnerability of infrastructure and supply chains, leading
businesses and governments to reassess their planning
approaches. Extreme weather events such as floods,
droughts, wildfires, and storms have become more
commonplace, resulting in significant damage to
transportation networks, buildings, and other vital
infrastructure. Additionally, global supply chains are
increasingly exposed to environmental shocks, which
can cause delays, production stoppages, and cost
increases. Given these challenges, there is an urgent need
for a decision-making framework that not only considers
traditional factors like cost and efficiency but also
incorporates  climate-related risks. Climate-aware
decision intelligence integrates environmental data into
the planning process, ensuring that organizations are
better equipped to anticipate and respond to climate
impacts. This shift is necessary to foster resilience,
ensure long-term sustainability, and maintain operational
continuity in an increasingly volatile climate.

B. Problem Statement

The integration of climate risks into
infrastructure and supply chain planning remains a
significant challenge for many organizations. Traditional
planning models focus primarily on operational
efficiency and financial considerations, often neglecting
the growing environmental risks associated with climate
change. These models are generally static and do not
account for the dynamic, evolving nature of
environmental disruptions. As a result, infrastructure
projects may be ill-prepared for extreme weather events,
and supply chains can suffer from unanticipated
disruptions, leading to costly delays, resource shortages,
and supply chain breakdowns. Organizations often find
themselves reacting to climate-induced challenges rather
than proactively preparing for them, which leads to
significant inefficiencies and vulnerabilities. Moreover,
existing decision-making frameworks rarely incorporate
real-time environmental data, predictive analytics, or
dynamic simulation models, making it difficult to assess
and mitigate risks effectively. This problem is
exacerbated by the complex and multifaceted nature of
climate-related risks, which require innovative
approaches to accurately forecast and manage potential
disruptions.

C. Proposed Solution

To address the challenges outlined, this paper
proposes the development of a climate-aware decision
intelligence framework specifically designed for
infrastructure and supply chain planning. The framework
aims to provide planners with a more comprehensive

understanding of environmental risks by integrating real-
time climate data, historical weather patterns, and
advanced predictive modeling techniques. By utilizing
machine learning algorithms and simulation models, the
framework allows organizations to anticipate potential
disruptions and make informed decisions to mitigate the
impact of these risks on their operations. The system will
monitor ongoing environmental changes and predict
future events, enabling decision-makers to adjust their
strategies proactively. This dynamic approach ensures
that infrastructure and supply chain systems are not only
resilient but also adaptable to the rapidly changing
climate. Additionally, the proposed solution aims to
bridge the gap between traditional decision-making
models and the emerging needs of a climate-conscious
world, ultimately enhancing sustainability, reducing
costs, and improving long-term operational efficiency.

D. Contributions

This paper makes several key contributions to
the field of climate risk management by introducing a
climate-aware decision intelligence framework tailored
for infrastructure and supply chain planning. The
primary contribution lies in the design of a
comprehensive framework that integrates environmental
data with predictive analytics and simulation tools. This
innovative approach allows decision-makers to assess
and manage climate-related risks in a dynamic and
actionable manner, moving beyond traditional static
models. Another significant contribution is the
development of advanced predictive models that
leverage machine learning and historical climate data to
forecast potential risks, enabling organizations to
proactively prepare for climate disruptions. The paper
also presents real-world case studies where the proposed
framework has been applied successfully, demonstrating
its practical effectiveness in mitigating the impacts of
climate-related events on infrastructure and supply
chains. These case studies provide valuable insights into
how the framework can be adapted to different
industries, highlighting its versatility and adaptability.
Additionally, the paper offers clear guidelines for
implementing climate-aware decision intelligence into
existing planning processes, making it accessible for
organizations of various sizes and sectors. By offering a
structured approach to integrating climate risks into
decision-making, this paper provides a comprehensive
solution for enhancing the resilience of infrastructure and
supply chains in the face of climate change.

E. Paper Organization

The structure of this paper is as follows: Section
Il reviews the current literature on climate risk
assessment and the integration of decision intelligence in
infrastructure and supply chain planning. Section III
describes the methodology used to develop the proposed
framework, including the integration of climate data,
predictive models, and simulation tools. Section IV
discusses the results of applying the framework in two
case studies, highlighting the effectiveness of this
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approach in mitigating climate risks. Finally, Section V
concludes the paper, offering insights into the future of
climate-aware decision intelligence and proposing
directions for further research in this area.

II. Related Work

The integration of climate risks into decision-
making frameworks for infrastructure and supply chain
planning has gained significant attention in recent years.
Several studies have explored different approaches,
ranging from predictive maintenance to digital twin
simulations. While much of this research has focused on
improving the resilience of systems under environmental
stress, the challenge remains in combining climate data
with advanced decision intelligence tools for optimized
planning.

A. Predictive Analytics and Climate Risk
Management

One area of significant research has been the
use of predictive analytics for managing climate risks,
especially in infrastructure planning. For example,
Farabi [5] explores how Al-powered design and
resilience analysis can improve the preparedness of fiber
optic networks in disaster-prone regions. This study
highlights the potential for integrating predictive
analytics to anticipate environmental disruptions and
adapt infrastructure accordingly. Similarly, Hasan [6]
discusses predictive maintenance optimization using [oT
and machine learning for smart vending machines,
demonstrating the role of real-time data in predictive
analytics for system resilience. These approaches,
though focused on different systems, emphasize the
importance of predictive models in forecasting
environmental risks and enhancing operational
sustainability.

B. Digital Twins and Simulation Models

Another key area of research is the use of digital
twin technology and simulations to understand the
lifecycle of infrastructure under varying environmental
conditions. Sunny [9] investigates the use of digital twins
for lifecycle analysis of rocket components, integrating
multiphysics simulations to predict how these
components will behave under different stress scenarios.
This approach could be adapted for infrastructure
systems, providing real-time simulations of how
infrastructure could respond to extreme climate events.
Similarly, Hasan [8] explores energy-efficient embedded
control systems in automated vending platforms,
showing how simulation models can be used to optimize
operations in response to environmental factors. These
studies highlight the potential of digital twins and
simulations to model the impact of climate disruptions
on infrastructure and supply chains, improving the
decision-making process.

C. Machine Learning for Inventory and Supply
Chain Management

Machine learning has also been explored as a
tool for improving resilience in supply chains. Hasan [7]

discusses intelligent inventory control and refill
scheduling for distributed vending networks, which uses
machine learning algorithms to predict demand
fluctuations and optimize stock levels. In the context of
supply chain planning, machine learning can play a
similar role by predicting environmental disruptions and
adjusting supply chain logistics accordingly. This ability
to predict and adapt in real time is crucial for mitigating
the effects of climate-related disruptions, especially in
global supply chains that are vulnerable to extreme
weather events.

D. Real-Time Data Integration and Decision
Intelligence

The integration of real-time environmental data
with decision intelligence frameworks is still an
emerging area of research. While Farabi's [5] work on
fiber optic networks emphasizes the importance of
resilience analysis, it also highlights the gap in the
integration of real-time climate data into decision-
making. Real-time data is critical for enabling decision
intelligence systems to adapt dynamically to climate
risks, which is essential for infrastructure and supply
chain planning. Research into decision intelligence
frameworks that incorporate such real-time data,
predictive analytics, and environmental risk assessments
will be key to advancing the resilience of infrastructure
systems in the face of climate change.

IHI. METHODOLOGY

The methodology adopted in this paper
integrates three primary elements: data integration,
predictive analytics, and simulation modeling. Each of
these components plays a crucial role in building a
comprehensive,  dynamic  decision intelligence
framework capable of addressing climate-related risks in
infrastructure and supply chain planning.

Data Integration:

The first step in the methodology is integrating
real-time environmental data from various sources, such
as weather satellites, climate models, and IoT devices,
into a centralized platform. This platform aggregates a
wide range of environmental data, including
temperature, precipitation levels, sea level changes, and
wind speed, among other crucial variables. By
continuously collecting and updating this data, the
platform provides a holistic view of the climate
conditions affecting both infrastructure and supply
chains. The real-time nature of this data ensures that
decision-makers have access to up-to-date information
that can be used to assess emerging risks and make
proactive  adjustments.  Furthermore, this step
incorporates data from historical weather patterns to
enrich the predictive models, ensuring that the system
can account for long-term environmental trends in its
decision-making process. The integration of diverse data
sources allows for more accurate assessments of climate-
related risks, making it an essential component in
building resilient infrastructure and supply chain
systems.
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Table 1: Data Integration

Step Description

Real-time Environmental Data Integration | Integrate real-time data from weather satellites, climate models, IoT
devices, etc.

Data Aggregation from Multiple Sources

Collect data on temperature, precipitation, sea levels, wind speed,
and other variables.

Continuous Data Collection and Updates

Ensure that the platform continuously collects and updates
environmental data.

Holistic Climate Condition View

Provide a comprehensive view of climate conditions affecting
infrastructure and supply chains.

Incorporation of Historical Weather Data

Use historical weather patterns to enrich predictive models and
account for long-term environmental trends.

Predictive Analytics:

The second key element involves utilizing
machine learning algorithms and time-series forecasting
models to predict the likelihood of extreme weather
events and environmental disruptions. These algorithms
are trained on historical and real-time data to identify
patterns that can be used to forecast future climate
events. For example, machine learning models can
predict the occurrence of extreme weather events, such
as hurricanes, heatwaves, or flooding, and assess their
potential impact on infrastructure systems and supply
chains. Predictive analytics helps identify risks well
before they manifest, allowing organizations to take
preventive or corrective actions in time to minimize
damage and avoid operational disruptions. Moreover,
predictive models are constantly refined and updated
based on new data, which enhances their accuracy over
time. This allows the system to adapt to changing
environmental conditions and improve its risk forecasts
as climate patterns evolve. Through this forward-looking
approach, predictive analytics significantly enhances the
decision-making process, providing a proactive way to
mitigate environmental risks.

Simulation Modeling:

The final component of the methodology is the
application of dynamic simulation modeling to simulate
various climate risk scenarios. These simulations take

into account the predicted environmental risks and model
how they might affect infrastructure and supply chain
operations under different conditions. By inputting the
predicted climate data into the simulation, we can assess
how specific disruptions such as a sudden storm,
temperature extremes, or supply chain delays due to
weather events could impact the performance and
stability of infrastructure systems. This step allows
decision-makers to visualize and test how their systems
might behave under various stress scenarios, providing
insights into the vulnerabilities and potential weaknesses
in their existing plans. The simulation model also
facilitates the evaluation of different response strategies,
helping planners determine the most effective measures
for improving resilience and minimizing risks. Through
this approach, the framework can simulate long-term
climate trends and their impact on infrastructure, helping
organizations plan for future disruptions while
continuously adapting to current conditions. Together,
these three components’ data integration, predictive
analytics, and simulation modeling form a
comprehensive framework that enhances the ability to
make informed, proactive decisions in the face of climate
risks. By integrating these elements into infrastructure
and supply chain planning, the framework ensures that
organizations are better equipped to withstand
environmental challenges and optimize their long-term
operational resilience.
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Impact of Dynamic Simulation Modeling in Climate Risk Scenarios
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Figure 1: Impact of Dynamic Simulation Modeling in Climate Risk Scenarios

IV. DISCUSSION AND RESULT

Our approach was applied to two case studies:
one involving a major coastal infrastructure development
project and another involving a global supply chain
network in the manufacturing industry. These case
studies demonstrate how integrating climate-aware
decision intelligence into planning can significantly
improve the resilience and adaptability of both
infrastructure and supply chains to environmental risks.

Case Study 1: Coastal Infrastructure Project

In this case, the integration of real-time climate
data into the planning process of a coastal highway
project enabled the developers to predict and prepare for

rising sea levels and extreme weather conditions. By
leveraging predictive analytics, the developers identified
critical areas vulnerable to flooding and other
environmental stresses. The predictive model
highlighted the long-term risks associated with climate
change, which directly influenced the design and
construction of resilient infrastructure. This led to the
adoption of flood-resistant materials, higher elevation
levels for key sections of the highway, and the
incorporation of green infrastructure to manage
stormwater. The real-time data also helped planners
optimize the construction timeline, ensuring that
environmental risks were factored into scheduling and
resource allocation.

Flood-resistant Materials

25.0%

30.0%

Higher Elevation Levels

Impact of Climate-Aware Decision Intelligence in Coastal Infrastructure Project

25.0%

Optimized Construction Timeline

20.0%

Green Infrastructure

Figure 2: Impact of Climate-Aware Decision Intelligence in Coastal Infrastructure Project
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Case Study 2: Global Supply Chain Network

For a multinational manufacturing company,
the application of predictive analytics provided early
warnings of potential supply chain disruptions due to
extreme weather events, particularly in key production
regions. By integrating real-time climate data into their
supply chain management system, the company was able
to predict disruptions such as delays in shipments,
factory closures, or labor shortages due to adverse
weather conditions. This allowed the company to

proactively adjust its logistics and production schedules,
reallocate resources, and implement contingency plans.
As a result, the company minimized delays, reduced
costs associated with stockouts, and improved its ability
to meet customer demand despite -climate-related
disruptions. The predictive model also enabled the
company to optimize its inventory management,
ensuring that critical components were available when
needed without overstocking.

80

Effectiveness (%)

Impact of Predictive Analytics on Global Supply Chain Network

Supply Chain Disruptions and Adjustments

Figure 3: Impact of Predictive Analytics on Global Supply Chain Network

Effectiveness of the Climate-Aware Framework

In both case studies, the climate-aware decision
intelligence framework proved to be an invaluable tool
in improving resilience and adaptability. By
incorporating real-time environmental data, predictive
analytics, and simulation models, organizations were
able to anticipate risks and take proactive steps to
mitigate the impact of climate-related disruptions. The
framework not only enabled better risk forecasting but
also improved decision-making across multiple planning
stages, from design and construction to logistics and
supply chain management. In the coastal infrastructure
project, it led to a more sustainable and resilient design,
while in the global supply chain case, it resulted in cost
savings and more efficient resource management.
Overall, these case studies highlight the significant
potential of integrating climate-aware decision
intelligence in creating more robust systems capable of
handling the challenges posed by a changing climate.

V. CONCLUSION

Integrating climate-aware decision intelligence
into infrastructure and supply chain planning is crucial
for improving resilience and sustainability in response to
climate change. By leveraging real-time environmental

data, predictive analytics, and dynamic simulation
models, organizations can proactively anticipate risks
and optimize their planning processes to minimize
disruptions caused by climate-related events. The
framework presented in this paper offers a scalable and

adaptable solution that enables businesses and
governments to enhance their climate resilience,
ensuring  operational continuity and long-term

sustainability. The case studies have demonstrated the
effectiveness of integrating these tools into planning
processes. In both the coastal infrastructure and global
supply chain projects, the proposed framework helped
organizations identify vulnerabilities and mitigate
potential climate disruptions, leading to more resilient
designs, optimized resource management, and cost
savings. This proves that climate-aware decision
intelligence is not only a strategic advantage but also a
critical necessity for future-proofing infrastructure and
supply chains.

Future research

should focus on refining predictive models to
enhance accuracy and real-time decision-making.
Additionally, expanding the framework to incorporate
social and economic factors alongside environmental
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risks will provide a more holistic understanding of
climate impacts. Such a comprehensive approach will

further

improve infrastructure and supply chain

resilience in the face of climate challenges, positioning
organizations to thrive in an increasingly uncertain
global environment.
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