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Introduction

Climate change poses multifaceted challenges that require an interdisciplinary approach,
integrating scientific modeling with diverse applications to address complex societal impacts.
Climate modeling is an indispensable tool across multiple sectors, supporting decision-making
from government policy and healthcare to cultural preservation and public engagement. At
LEAP (Learning the Earth with Artificial Intelligence and Physics), a science and technology
center funded by the National Science Foundation (NSF), we want to ensure that our team is
conducting impactful research and producing actionable data and tools to increase the reliability,
utility, and reach of climate models and projections.

This paper highlights insights garnered from a panel of LEAP’s public-sector partners and
collaborators who shared how climate data and models are utilized in city government, public
health, humanitarian advocacy, and cultural institutions. The report also identifies existing gaps
and challenges, and suggests opportunities for advancing climate data's critical impact on social
resilience, public trust, effective science communication, and equitable adaptation to climate
risks.

Use Cases and Applications of Climate Modeling

1. Climate Modeling in City Government: The Case of New York
City

The New York City Mayor’s Office of Climate and Environmental Justice (MOCEJ) integrates
climate data into long-term planning and policy and plays a coordinating role across New York
City agencies that address climate issues. Hayley Elszasz, Climate Science Advisor at MOCEJ,
spotlights the city’s efforts to map and understand social vulnerability to flooding and heat risks.
MOCEJ currently relies on downscaled climate projections and information about climate, risk,
and vulnerabilities provided by the New York City Panel on Climate Change (NPCC). Tools like
the Environmental Justice NYC Mapping Tool (EJNYC), released in spring of 2024, facilitate
fine-grain neighborhood-level assessments, informing resource allocation, resilience-building,
and legislation.
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- from “NYC Climate Data”
Hayley Elszasz (October 18, 2024)

When considering the use of a climate data tool, Elszasz emphasizes that public accessibility is
the first metric to be applied. Additional key considerations include the degree of specificity of
the data to New York City, integration of local infrastructure (e.g., sewers and storm drain
systems), compatibility with existing computing resources utilized by City agencies, and
applicability to policymaking and legislation.

MOCEJ identifies the following primary challenges with respect to each of the above
considerations, which hamper efforts to provide the average New York City resident with the
climate adaptation information and tools they need:

. Data Update Frequency: Current tools often lag behind the pace of climate change,
impacting their accuracy.

o Access and Legislation: Public access to precise, local risk information is vital for
equitable policy but remains limited.

. Policy Integration: Climate data must be compatible with city infrastructure and
adaptable for regulatory use, especially as climate risks intensify.

Elszasz invites LEAP - and the climate and data science communities at large - to work on
democratizing access to climate data, and be intentional about equipping the public with
accurate, local information about climate risk, and more accessible data tools for better
decision-making. She suggests the following opportunities:

. Developing adaptive tools that can keep pace with climate change, factor in the
compound impacts of climate hazards, and visualize how climate change will impact
different neighborhoods throughout New York City



. Designing the most efficient and effective climate adaptation measures so that
limited resources may be used wisely to build climate resilience and protect the most
vulnerable citizens

. Enhancing public access to these resources to democratize data, allowing
communities to advocate for protective legislation more effectively

‘ There are communities in New York City already experiencing

climate change, already experiencing frequent tidal flooding or
stormwater flooding, who know the risks intimately. We have to be
thoughtful when we’re communicating risk - what options or solutions
are we providing along with that information? That's why we need to
have an all-of-government, all-of-academia approach to think through
the solutions we are offering to people.”

- Hayley Elszasz
Climate Science Advisor
NYC MOCEJ

2. Climate Data in Public Health Research

Marianthi-Anna Kioumourtzoglou, Associate Professor of Environmental Health Sciences at the
Columbia Mailman School of Public Health, focuses on climate and health research, with a
particular focus in moving from analysis to action. She explains that climate models are
essential for linking environmental conditions to health outcomes, offering high-resolution data
over long timeframes.

In a study that analyzed data between 1995 and 2014, Kioumourtzoglou and her team observed
links between heat and instances of myocardial infarctions, with cumulative risk of increasing
temperatures. In another study, they identified all tropical cyclones that made landfall in the
United States between 1988 and 2018 (wind speeds of 34 knots or above), and observed that
several categories of adverse health effects (e.g., cardiovascular events, infectious disease
occurrence, neuropsychiatric conditions, respiratory disease) and mortality risk increased and
remained elevated for months after the cyclonic events.
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While such studies are helpful to note and understand the links between climate change and
adverse health outcomes, Kioumourtzoglou describes two main challenges in informing future
policies and interventions:

. Policy Translation: There is often a delay in converting research findings into policy
determinations due to gaps in data precision, the need for rigorous validation, and lack
of public understanding or acceptance of the need for climate resilience planning and
action.

. Spatio-Temporal Resolution: High-resolution models are essential, especially in urban
settings where exposure can vary dramatically across neighborhoods and interventions
must be tailored accordingly.

Kioumourtzoglou advises that climate and data scientists may contribute significantly by
designing interventional scenarios based on location, studies to test the effectiveness of these
scenarios, and outcome projections to anticipate intended and unintended consequences, all
with the goal of protecting those in society who are most vulnerable to the impacts of climate
change. Particular opportunities may include:

. Augmenting traditional epidemiological studies with focus on location-specific,
modifiable health interventions, in order to more effectively protect local communities.

. Interdisciplinary collaborations with urban planners and local governments to inform
the design of adaptive, health-centric policies.

. Establishing regular practice of clear communication and translation of climate and
data science and research.

‘ Bringing people to the table is essential for creating local

change, testing proposed changes, and identifying the most
effective solutions for each location. Often science is in one place,
education is in another, the public is in another, and community-based
organizations are in yet another place. We [climate scientists, public
health experts, urban planners, government officials, everyone] need to
work together from the beginning to integrate authentic experiences of
the science outcomes through direct communication with community-
based organizations and educational organizations.”

- Marianthi-Anna Kiourmourtzoglou
Associate Professor of Environmental Health Sciences
Columbia University Mailman School of Public Health

3. Humanitarian Advocacy and Legal Frameworks for Climate-
Displaced Persons

The International Center for Advocates Against Discrimination (ICAAD) works to combat
structural discrimination by intersecting legal innovation and human-centered design, and
leveraging multidisciplinary teams and local organizations and communities to improve
resilience, safety, and equity across systems.



ICAAD co-founder and legal innovator Hansdeep Singh describes that in a decade’s work in the
Pacific Islands region to address the systemic barriers that impede survivors of gender-based
violence from navigating the justice sector, ICAAD found that a significant relationship exists
between intimate partner violence and climate shocks (e.g., storms, landslides, floods). While
these results may, in the immediate term, be explained by food and economic insecurity or
amplified inequities in traditional household roles following major climate events, it has become
more evident to Singh and his team that Pacific Islanders face significant existential threats from
environmental disasters that are increasing in either intensity or frequency because of climate
change.

Proposed Definition

A climate-displaced person’s right to life with dignity is violated if they are deprived
of, or are at risk of being deprived of:

Life or access to basic necessities of life, including but not limited to potable
water, food, or shelter;

Security from serious illness or injury, whether physical or psychological; or
Something that is fundamental to the identity, conscience, or the exercise of
human rights of the applicant and of a particular social group to which the
applicant belongs, including but not limited to the ability to engage in cultural
practices vital to the particular social group.

- from “Can Climate Modeling Protect One’s Right to Life With Dignity?”
Hansdeep Singh (October 18, 2024)

Because climate-induced displacement threatens the cultural fabric and physical safety of
communities in this region, ICAAD advocates for a legal framework to recognize the “right to life
with dignity” for those impacted by environmental degradation. The organization’s efforts to
create a legal evidentiary standard for courts to use in evaluating whether one’s right to life with
dignity is at risk of being violated implicates climate modeling with respect to accuracy and
timescales. Theoretically, Singh explains, climate modeling evidence presented in a courtroom
could show the probability of a violation of an asylum seeker’s right to life with dignity, and that
this violation would occur within the applicant’s lifetime.

Key barriers that stand in the way of confirming this evidentiary standard include:

. Localized Data Needs: Existing climate models, in addition to lacking downscaled data,
often fail to account for culturally significant variables, such as impacts on traditional
agriculture and human well-being in particular communities.

. Legal Evidence Standards: Creating legally robust evidence from climate projections
remains complex, especially with compounded climate effects.



Accordingly, Singh urges the climate and data science community to consider opportunities to:

. Integrate traditional ecological knowledge into downscaled climate models for
remote regions that could support legal standards for climate-displaced persons.

. Collaborate with local experts and communities to gain insight into traditional
practices that are at risk, integrating cultural preservation into advocacy.

N ‘ When we’re looking at the cultural practices that are going to be

impacted by climate change, we look at the agricultural models
that often predict issues around food insecurity. One of the major
features of design justice is that we should design on the margins. If
we design on the margins, we're likely to include not only those
who have been forgotten, but everyone else as well.”

- Hansdeep Singh
Co-Founder + Legal Innovator
ICAAD

4. Museums and Public Engagement through Data Visualization

Museums like the American Museum of Natural History (AMNH) in New York City play an
increasingly vital role in climate change education. AMNH utilizes data visualization and
interactive exhibits to engage the public in understanding climate change science, impact, and
mitigation options. The museum’s climate display includes real-time data dashboards and
interactive tools to show temperature trends, climate systems, and regional climate impacts.
Vivian Trakinski, the Director of Science Visualization at AMNH, is continuously considering
ways to infuse the Museum’s climate-related exhibits with expanded and current science and
data. In this vein, she and AMNH colleagues have been studying opportunities for the Museum
to engage with audiences on climate change, particularly in light of challenges posed by the
need for:

. Hopeful Engagement: Museums must balance presenting the harsh realities of climate
change projection and adaptation science with hopeful messaging that empowers the
public to take action.

. Localized Data Accessibility: Accurate, local climate projection data is challenging to
obtain for exhibit development, limiting the specificity and impact of engagement.

The Museum has discovered that exhibits that foster emotional and social connections to
climate facilitate more impactful education about climate change and the need for adaptation.
Further, it is important to demonstrate how communities can help to ameliorate and adapt to
projected variations in climate. Climate projections illustrating negative impacts (e.g., a
continuously warming Earth will lead to losing swaths of the rainforest) must be balanced with
good news (e.g., there are technological advancements that can help ameliorate negative
impacts) and examples of how collective action can help build a better climate future. The
Museum strives to present climate change education that inspires imagination and creative
thinking.



What’s Next??
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Vivian Trakinski (October 18, 2024)

Trakinski encourages climate and data scientists to take advantage of opportunities to:

. Provide museums with downsampled, accessible datasets for students and the
public, to promote hands-on learning experiences.

. Collaborate with community organizations to create localized, positive scenarios can
foster an engaged and hopeful response to climate action.

‘ ‘ It really comes down to why are we educating people about climate

change? The more relevant you can make the data and the
projections to local communities—whether it's flooding that's happening
more often or the impacts of heat-I think the greater chance we have of
them engaging in the science. Especially if we're offering them a ray of
hope and suggested actions to take.”

- Viivian Trakinski
Director of Science Visualization
American Museum of Natural History

Conclusion

LEAP found that one of the most helpful aspects of this convened panel discussion was
discovering several points of commonality regarding both the challenges in climate data
utilization that persist across sectors, and opportunities to leverage climate data and models for
enhanced adaptation and resilience.



Cross-Sector Challenges and Gaps in Climate Data Utilization

1.

Data Localization and Resolution: High-resolution, local data is crucial but often
unavailable or difficult to integrate, limiting climate models’ precision.

Interdisciplinary Communication: Effective climate adaptation strategies require
collaboration across sectors. However, disciplinary silos can prevent shared
understanding and hinder comprehensive policy development.

Data Democratization: Making climate data accessible to the public fosters trust and
empowers communities, yet most data remains complex or inaccessible without
specialized knowledge.

Funding for Adaptation Research: Urban planning, public health, and advocacy all
require funding to develop adaptive responses to climate risks, yet securing resources
remains a challenge.

Recommendations for Enhanced Climate Data Impact

Fostering Interdisciplinary Collaboration: Bringing together climate scientists, urban
planners, public health experts, legal advocates, and educators to create targeted,
actionable insights for local adaptation.

Developing Downscaled, Culturally Relevant Models: Designing models that
incorporate social and cultural variables can enhance the relevance of data for
advocacy, public engagement, and targeted interventions.

Building Data Pipelines for Local Engagement: Collaborations with local communities
and educational institutions can create accessible data tools and resources that
empower communities to act on climate information.

Integrating Positive Framing and Actionable Insights in Public Messaging: Framing
climate action in terms of achievable goals and highlighting community-level impacts can
strengthen public trust and inspire proactive engagement.

Climate modeling is essential for shaping informed responses to climate risks across public
sectors. By advancing localized data access, fostering cross-sector collaboration, and
prioritizing accessibility, climate models can serve as powerful tools to drive climate adaptation
and resilience on both local and global scales. This paper’s case studies underscore the
potential for interdisciplinary efforts to yield data-driven, community-focused solutions that
respond effectively to the challenges of our changing climate.
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