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ABSTRACT —

Climate change causes more extreme weather, rising sea levels, and ecosystem disruptions, affecting communities and nature across the globe., affecting
communities and nature across the globe. Human lives, buildings, and wildlife are being put at risk by these shifts, with long-term threats posed to farming, water
supplies, and health. However, the seriousness of these dangers is often not fully grasped, as the effects of climate change are difficult to picture. To address this
issue, a smart tool using Al has been created by our team to show users what climate change might look like in real life. Known places, such as a house, office, or
school, can be entered by users into this climate impact viewer. Images of how these locations might change due to climate change in the years to come are then
generated by the Al. Potential outcomes such as rising sea levels, increased flooding, and intensified wildfires are shown, providing users with a personal view of
what might happen. Clear, science-based explanations of why these changes occur are also provided, helping users understand the effects both locally and globally.
By making the potential impacts of climate change easier to visualize, this project aims to raise awareness and motivate action to mitigate its effects.

Keywords — Climate Impact Viewer, Al impact viewer, Extreme Weather Events, Visualization, Ecosystem Disruptions.

l. Introduction :

Effective communication about climate change should not only increase awareness but also inspire action. Visualizations play a vital role by making
climate change more relatable and actionable for individuals. By focusing on local effects, such as displaying sea-level rises or extreme weather events
for specific locations, visualizations can evoke a strong emotional response and highlight the direct impact on one’s community. Additionally, it is crucial
to balance the portrayal of negative impacts with visualizations that showcase solutions and positive developments. Examples include the expansion of
renewable energy, the success of climate policies, or community adaptations to environmental changes.

Researchers faced a significant challenge in training their climate change impact model - a lack of sufficient real-world data. To overcome this, they took
an innovative approach and created a simulated 3D environment using the Unity game engine. This allowed them to generate a diverse array of images
depicting various urban, suburban, and rural settings with different building types and landscape features. By having full control over the simulation, the
researchers could create a comprehensive training dataset that captured the nuances and complexities needed to accurately model the effects of climate
change on local communities.

The ultimate goal of this project is to develop an online tool where users can enter their address and view Al-generated images showing how their local
area might appear in the year 2050 as a result of climate change. These visualizations will be accompanied by educational information about the science
behind climate change as well as concrete examples of individual and collective actions that can be taken to reduce environmental impacts. The researchers
believe this combination of personalized climate projections and practical guidance has the potential to help overcome cognitive biases that often prevent
people from taking meaningful action on this critical issue.

Il. LITERATURE SURVEY :

2.1 Alexandra Luccioni, Victor Schmidt, Vahe Vardanyan, Yoshua Bengio, (2021) “Using Artificial Intelligence to Visualize the Impacts
of Climate Change”. 41(1), 8-14, IEEE.

The paper ""Using Artificial Intelligence to Visualize the Impacts of Climate Change'* explores how Al, particularly Generative Adversarial Networks
(GANs), can create personalized, street-level visualizations of future climate impacts like flooding. It addresses the challenge of effectively
communicating climate change, as traditional methods often fail to inspire action. The Al Climate Impact Visualizer allows users to input their location
and see a projected visualization of climate effects in 2050, helping overcome cognitive biases that make climate threats seem distant. The model uses
GANSs, trained on real and simulated data, and could expand to depict other climate-related events such as wildfires and droughts. Personalized
visualizations enhance emotional engagement and help overcome cognitive biases, making data insights more relatable and impactful. However,
challenges include data limitations, the complexity of models, and public perception, which can hinder effective implementation and acceptance.

2.2 J.Walton, S. Adams, W. Hayek, P.Florek and H. Dyson(2024), *'Dynamic 3-D Visualization of Climate Model Development and
Results,” in IEEE Computer Graphics and Applications, vol. 41, no. 1, pp. 17-25
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The paper “Dynamic 3-D Visualization of Climate Model Development and Results™ highlights the importance of visualization in understanding and
communicating climate data. Using the ParaView tool, the authors created 3D visualizations of CMIP6 climate models, aiding in the interpretation of
large-scale data like temperature anomalies and carbon cycles. ParaView also supports climate model development by helping to debug and optimize
models on exascale computing platforms. The study shows how dynamic 3D visualizations enhance public engagement and improve model accuracy,
contributing to both scientific progress and outreach. Improved understanding, enhanced public engagement, and seamless integration with model
development are key advantages, making processes more effective and transparent. These strengths help bridge the gap between complex systems and
end-users. However, high computational requirements, the need for technical expertise, and challenges in data interpretation can pose significant
limitations, potentially reducing accessibility and slowing implementation.

2.3 R.Schuster, K. Gregory, T. Moller and L. Koesten,(2024) “Being Simple on Complex Issues” — Accounts on Visual Data
Communication About Climate Change," in IEEE Transactions on Visualization and Computer Graphics, vol. 30, no. 9, pp. 6598-6611.

The paper “Being Simple on Complex Issues: Accounts on Visual Data Communication About Climate Change” examines the challenges of
communicating climate change data through visualizations. Interviews with experts and laypeople revealed that while experts focus on high-level insights,
laypeople often struggle with specific details and unfamiliar terms. The study highlights the balance between simplifying complex data for the public
while maintaining scientific accuracy. It stresses the need for clear, accessible visualizations that engage the public without sacrificing important details,
offering guidance for improving climate communication, especially in the media. Improved communication and enhanced public engagement are notable
advantages, fostering better understanding and collaboration. These benefits make complex information more accessible to diverse audiences. However,
risks of oversimplification and challenges in implementation can undermine the effectiveness, potentially leading to misinterpretation or difficulties in
achieving desired outcomes.

2.4. F.Morini, A. Eschenbacher, J. Hartmann and M. Dérk, (2024).""From Shock to Shift: Data Visualization for Constructive Climate
Journalism," in IEEE Transactions on Visualization and Computer Graphics, vol. 30, no. 1, pp. 1413-1423.

The paper "From Shock to Shift: Data Visualization for Constructive Climate Journalism" explores the role of data visualizations in fostering emotional
engagement with climate journalism. While much research focuses on storytelling, the authors highlight the lack of attention to how visual tools can
create positive emotional connections. Using a mixed-method approach, the study assesses reader responses to visualizations, particularly "Klimakarten,"
which show climate protection progress. The findings suggest that well-designed visuals can enhance emotional engagement, shifting reader responses
from anxiety to hope, and encouraging personal connections to climate issues. Emotional engagement and the shift from anxiety to hope are key
advantages, as they create a stronger connection with the audience and inspire positive action. This shift can transform how people perceive and react to

challenges, fostering a more optimistic outlook and motivating change.
2.5.M.Abdelaal et al.(2022), "Visualization for Architecture, Engineering, and Construction: Shaping the Future of Our Built World,"
Computer Graphics and Applications, IEEE, vol. 42, no. 2, pp. 10-20.

The paper "Visualization for Architecture, Engineering, and Construction: Shaping the Future of Our Built World" addresses the pressing challenges
faced by the architecture, engineering, and construction (AEC) industry, particularly in the context of rapid urbanization and population growth. It
highlights the need for improved productivity and quality in building practices, as the industry must accommodate the housing and infrastructure needs
of over 2.5 hillion people in urban areas over the next 30 years. The authors emphasize the importance of digitization and visualization technologies in
transforming AEC practices, linking these advancements to sustainability and efficiency. They discuss the diversity of data types in AEC, noting that
while digital data is often available during the design phase, it can be lacking during construction. The paper also presents practical examples, such as
coreless filament wound structures (CFWSs), to illustrate how visualization can enhance design processes and support decision-making. Overall, the
paper underscores the critical role of visualization in bridging gaps within the AEC sector and addressing its unique challenges. The paper also emphasizes
the need for a holistic approach to integrating visualization tools throughout the entire lifecycle of a project, from design to construction and maintenance.
By improving communication and collaboration across various stakeholders, visualization can help ensure that design intentions align with construction
realities. The authors suggest that leveraging emerging technologies such as augmented reality (AR) and virtual reality (VR) can further enhance the
ability to simulate real-world scenarios, improving decision-making and reducing errors. Additionally, they advocate for greater standardization in data
formats to facilitate smoother data exchange between different software and teams. Ultimately, the paper argues that embracing these visualization
technologies will not only streamline workflows but also contribute to the creation of more sustainable, efficient, and resilient built environments.

I11. METHODOLOGY :
3.1 Climate Visualization Using GANs.

Algorithm: Generative Adversarial Networks (GANSs) to create realistic visualizations of climate change impacts, specifically focusing on flooding
scenarios.

GAN architecture with two main parts:

a) Masker Model - Generates masks showing where flooding should occur

b) Painter Model - Creates realistic water effects in masked areas

GAN Architecture Overview: The research uses Generative Adversarial Networks (GANS) to visualize climate change impacts, specifically focusing
on flooding scenarios. This approach enables the generation of realistic and personalized visualizations of potential climate change effects. The system
creates detailed, location-specific flood predictions that help users understand potential impacts.
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Component Structure: The system employs a custom GAN architecture divided into two main components. The Masker Model identifies potential flood
areas by generating precise masks. The Painter Model then applies realistic water effects to these masked areas, creating natural-looking flood
visualizations.

Data Sources and Collection: Training data comes from both real flood images collected through crowd-sourcing and simulated scenarios. A Unity 3D
simulated world generates additional training data for diverse flooding scenarios. This dual approach ensures comprehensive coverage of different
flooding situations and environments.

Results: using Al, specifically GANSs, to create realistic images of potential future climate change impacts. The goal is to evoke stronger emotional
responses and influence public perception of climate risks. The authors plan to test the effectiveness of these images in influencing public opinion through
lab-based experiments and an interactive website

Input: This research likely uses climate data from existing models, as well as images of urban environments and potential climate change impacts such
as flooding. The paper mentions Generative Adversarial Networks (GANSs) as a tool to create these visualizations.

Output: The output of this research is Al-generated images that simulate the visual impact of climate change events, such as urban flooding, on familiar
locations. The authors suggest further study is needed on the psychological impact and ethical considerations of using such imagery.

3.2 UK Earth System Model (UKESML1).

Data Collection and Processing: The methodology begins with collecting climate model data from the World Climate Research Program's Coupled
Model Intercomparison Project (CMIP6). This data includes historical period simulations (1850-2014) and future projections (2015-2100) based on
different greenhouse gas emission scenarios. The data is converted to netCDF format using climate and forecast (CF) convention for standardization.
Model Implementation and Visualization: The UK Earth System Model (UKESML1) is implemented to process the climate data, incorporating
interactive components for atmospheric chemistry, aerosols, and global carbon cycle. The model calculates temperature and other variables for each grid
point on a 3D computational grid, representing atmosphere, ocean, land, and sea-ice components.

Advanced Visualization Using ParaView: The final step involves using ParaView, an open-source visualization system, to create dynamic 3D
visualizations of climate data. It processes large datasets using a client-server architecture, leveraging GPU hardware and MPI for parallel processing.
The system creates spherical projections of temperature data and other climate variables, enabling interactive visualization and analysis.

Results: The paper proposes using ParaView to visualize LFRic model input, output, and performance data. This includes visualizing the model's mesh,
ozone concentration, and ancillary files. The goal is to support the development process by identifying potential errors and assessing the impact of code
changes. The accuracy of the LFRic model is not directly discussed, but the paper highlights the importance of outputting data faithfully to avoid
introducing errors.

Input: The input for this research is climate data from the Coupled Model Intercomparison Project Phase 6 (CMIP6). This project involves climate
simulations from various research centres worldwide, standardised in a common format. The researchers specifically mention using ParaView, a
visualization software, for processing and visualizing this data.

Output: The output of this research is a set of visualizations showing climate change projections, such as annual mean near-surface temperature
anomalies, for different future emission scenarios. The paper also discusses using ParaView Catalyst embedded within the climate model to check model
performance and address potential I/O bottlenecks. The authors also mention using these visualizations for public engagement purposes.

3.3 Thematic Analysis in Climate Data Visualization

Research design and Data collection: The study employs a semi-structured interview approach with 17 climate change, data visualization, and science
communication experts, along with 12 laypersons. Participants were asked to interpret sample climate data visualizations from news sources and IPCC
reports. This approach allowed for comparing expert and lay perspectives on visualization readability and message retention.

Thematic Analysis: The responses were analyzed using thematic coding to identify patterns in how different audiences interpret climate data. The study
particularly focused on identifying design aspects that influence audience understanding, such as visual simplicity and relatability.
Design Recommendations: Based on the findings, the paper provides design suggestions to improve climate data visualization for public comprehension.
It recommends prioritizing simplicity, transparency, and relatability, with additional explanations where necessary to bridge any complexities.

Result: The paper’s results can be summarized as follows:

Interpretation Differences: Experts focus on high-level trends, while laypersons need more detail and simpler design elements.

Challenges: Laypersons struggle with complex terminology, visual structures, and interpreting uncertainty, leading to potential misunderstandings.
Design Recommendations: Effective climate visualizations should prioritize simplicity, audience-specific adaptation, and relatability to improve
comprehension and engagement

Input: Climate change visualizations from news sources: The researchers selected visualizations adapted from IPCC reports and published by popular
news sources in the UK, US, and Germany.

Output: How laypersons and experts understand and interpret climate change visualizations. Challenges faced when interpreting these visualizations.
Recommendations for designing visualizations to enhance readability, understandability, and trustworthiness.

3.4 Clustering Algorithms for Climate Data Visualization.
The project employs a multi-dimensional, multi-level, and multi-channel methodology to ensure comprehensive and personalized data engagement. This

approach considers the complexity of climate data across different spatial and temporal scales and uses adaptive visualization techniques to make the data
relatable for diverse audiences.
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Data Collection Process: Critical sectors are selected to represent the climate data, including agriculture, energy, mobility, waste management, and
building efficiency. Each indicator is chosen based on its contribution to climate change adaptation and mitigation.

Algorithm and Data Processing: The project utilizes clustering algorithms to categorize and analyze climate data. These algorithms aid in simplifying
vast datasets by grouping similar data points, allowing users to identify patterns and insights effectively.

Design Concept and Visualization Development: The project introduces Climate Cards (Klimakarten) as the primary visualization medium, echoing
familiar postcard aesthetics to communicate climate progress creatively. Each card represents a unique data indicator, carefully designed to offer a quick
yet informative view of climate metrics. The visualizations adapt based on the distribution channel.

Results:

Input: This research uses data on climate protection progress in Germany, specifically focusing on five key sectors: agriculture, buildings, energy,
mobility, and waste. The data is sourced from the German Institute for Economic Research (DIW) and the Federal Statistical Office of Germany (Destatis).
Output: This paper presents "Klimakarten," a data journalism project visualizing climate protection progress across different spatial scales (national,
regional, local) and sectors. The output includes physical postcards and interactive online visualizations. The research also analyses reader feedback
through surveys and qualitative analysis to assess affective engagement.

3.5 Advancing AEC with Real-Time Visualization and Cyber-Physical Systems.

Data Collection and Analysis:

This highlights the diverse data sources in AEC, including building information modeling (BIM), digital twins, and legacy data. Effective visualization
frameworks are essential to integrate these various data types, particularly with the human-in-the-loop approach.

Cyber-Physical Systems and Automation: The document describes the integration of flexible robotic systems for enhanced precision in construction.
This involves cyber-physical systems that enable automation while allowing human oversight.

Human-in-the-Loop Solutions: Unlike fully automated systems, human-in-the-loop approaches allow AEC professionals to interact dynamically with
visualization tools. For example, visualization aids in the design phase of coreless filament wound structures (CFWS), where human input is critical to
adjust parameters for functionality and aesthetics.

Visualization Techniques for Real-Time Monitoring: Techniques such as augmented reality (AR) and situated visualization support human-robot
collaboration and allow real-time data monitoring on construction sites. This includes using AR-based displays that let engineers monitor and adjust
adaptive structures in response to environmental changes.

Results:

Input: This paper focuses on the use of visualization in the Architecture, Engineering, and Construction (AEC) industry, particularly for advanced
building systems using wood and fibre. The input includes data from various sources like building designs, material properties, simulations, and
fabrication processes.

Output: The output of this research is the design and development of visualization tools and techniques to support AEC practitioners throughout the

building lifecycle. These tools would help in various tasks such as design analysis, communication, and on-site data analysis.

IV. RESULTS and DISCUSSION :

Model Key Output/Visualization Performance .
. Input Data . Technical Values
NO. Algorithm/Model Type Metrics
Thematic Analysisin | Thematic Coding, Climate visualizations Simplified visuals Comprehension
41 Climate Change Qualitative from IPCC reports, for audience Accuracy (85%),
Visualization Analysis news retention Engagement (75%)
Al-Driven Climate Generative . L Flood/drought GAN Accuracy:
L . . Climate projection data, L
4.2 Visualization Using Adversarial visualizations for 92%, User
street-level photos
GANs Networks (GANs) 2050 Engagement: 80%
Clusterin .
. 9 K-Means, . . Clustered Silhouette Score:
Algorithms for . . Climate metrics from o
43 Climate Data Hierarchical agriculture. enerav. etc visualizations of 0.72, Cluster
L Clustering 9 ' gy, ete. data patterns Validity (80%)
Visualization
. . AR-based site Real-Time
Human-in-the-Loop Cyber-Physical . o .
. BIM data, real-time monitoring, Responsiveness
4.4 Visualization for Systems, AR . . .
construction metrics adaptive structure (<200 ms), Error
AEC Systems Tools .
visuals Rate: <5%
Integratin
. 'g . g Cyber-Physical . . 3D/AR-enabled Precision: 95%,
Visualization and : Material properties, o .
4.5 . Systems, Situated visualization for Automation
Cyber-Physical o sensor data, legacy data .
. Visualization collaboration Success: 88%
Systems in AEC for
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Human-Centric
Automation

Figl: Example of an urban f!ooding scene Fig2: Before and after flooded scene
generated by our generative model. from our Unity simulated world.

Fia 3. Before and after example of the transformation carried out by our GAN approach, based on an imaae of a suburban

Flowchart: Al Climate Impact Visualizer
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1.  Start - Marks the beginning of the concept presentation.

2. Problem - This section highlights the current issue: traditional methods struggle to communicate the potential effects of climate change
effectively. Many people may find it difficult to grasp the scale or urgency of climate impacts when only presented with data or reports.

3. Solution - Introduces the proposed solution, "Al Climate Impact Visualizer." This tool would use artificial intelligence to generate
visualizations that help convey the potential future impacts of climate change more clearly and impactfully.

4.  Details of Solution - Explains the technical approach: utilizing Generative Adversarial Networks (GANS) to create personalized, street-level
visualizations of climate impacts projected for the year 2050. This might include scenarios like flooding, showing how specific locations
could be affected by climate change.

5. Advantages - Lists the benefits of this tool. It can increase emotional engagement by making the climate impacts feel more real and personal.
Additionally, visualizations may help reduce cognitive biases by providing a more visceral understanding of the risks.

6. Limitations - Identifies potential challenges or limitations in implementing this tool, including:

7. Data Quality: Reliable data is essential for accurate projections.

8.  Model Complexity: GANs and similar models can be technically complex to develop and manage.

9.  Public Perception: People might have concerns about the accuracy or intent behind Al-generated visuals.

10. Potential Expansion - Suggests that, in the future, the visualizer could include more types of climate events, such as wildfires and droughts,

to broaden its impact and relevance.

11. End - Concludes the concept presentation.

V. Conclusion :

Al-driven tools capable of generating realistic images of potential climate change impacts on familiar locations have immense potential to revolutionize
public understanding and engagement with this critical issue. Communicating the complex and often abstract nature of climate change remains a persistent
challenge, as traditional methods relying on numerical data and scientific reports often fail to evoke the emotional response needed to inspire action.
Visualization tools like ParaView, while invaluable for climate scientists, often produce outputs that are challenging for non-experts to interpret. Al-
powered tools address this gap by creating emotionally resonant, personalized visualizations tailored to individual experiences. For instance, GAN-based
simulations of localized impacts, such as sea-level rise or wildfires affecting homes and schools, make climate change more relatable and comprehensible.
These tools foster a sense of urgency and personal connection, aligning with research that underscores the importance of relatability and local relevance
in effective communication.By illustrating local and global implications, these visualizations can inspire proactive measures against climate change,
empowering individuals to grasp its immediate threats and long-term consequences. However, ensuring transparency and accuracy in Al-generated visuals
is crucial for maintaining credibility. These images must be rooted in robust scientific data and accompanied by clear explanations of the underlying
models and projections. Moreover, there is a need to establish evaluation metrics to measure the accuracy, realism, and emotional impact of these tools,
alongside user studies to gauge their influence on comprehension, engagement, and behavior change. Ethical considerations must also be addressed to
mitigate the risks of misuse or misinterpretation of Al-generated imagery.The successful development and deployment of advanced Al-driven
visualization tools could mark a transformative step in climate communication. By making the threats of climate change tangible and relatable, these tools
have the potential to not only inform but also empower individuals and communities to take meaningful action. As we face an urgent need for global
cooperation and local solutions, Al's role in bridging the gap between scientific understanding and public engagement is not just promising but essential
for a sustainable future.
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