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Title: From Data to Design: AI Accelerates the Cartographic Transformation
Presenters: Aileen Buckley and Mark Cygan
Description:
Since OpenAI’s release of ChatGPT in November of 2022, the number of artificial intelligence assistants has exploded in software applications in almost every industry. In this presentation, we explore the role generative AI assistants play in creating thematic maps from an end user's natural language. We will start with Esri’s AI policy that underpins our ethical AI and AI assistance to humans, i.e. “Human in the Loop” to build trust, prevent “hallucinations” and minimize errors. We’ll describe Esri’s approach in building an AI mapping assistant for ArcGIS Online by extending the capabilities of Smart Mapping to provide intelligent default, data-driven visualizations. Smart Mapping already provides a meaningful starting point for mapping with ArcGIS Online that encourages data exploration and intelligently guides map creation. With an AI assistant, a large language model helps shape the mapmaker’s intent, the software drafts the map, and the cartographer finishes the design. Integrated within the software, the mapping assistant generates content that is modified and finished by the cartographer allowing them to make the final design decisions. We will also look to the future as our mapping assistant is also being evaluated for developing assistants to help with popups, labels, layer effects (like drop shadows, glows, and softened edges), filters, and other parts of online mapping with ArcGIS.




Artificial Intelligence

Presenter Notes
Presentation Notes
To start, I’d like to introduce a few terms, so we have a common understanding.

Artificial Intelligence (AI) is the simulation of human intelligence in machines, enabling them to emulate cognitive reasoning, solve problems, and help make decisions. 

AI are computer systems that can learn and improve over time.



Artificial Intelligence

Machine Learning
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Machine Learning is an application of AI that allows machines to learn and improve from existing data to make decisions or predictions without being specifically programmed.

Examples: Microsoft Office Word and Teams.

For example, knowledge can be extracted from data through methods like decision trees or linear regression.

Example: your smart phone.



Artificial Intelligence

Machine Learning

Deep Learning

Presenter Notes
Presentation Notes
Deep Learning is a type of machine learning based on artificial neural networks that uses multiple layers to progressively extract higher-level features from the raw input, thus mimicking the human brain. 

It uses more advanced methods and can help solve complex issues across large data volumes, with a focus on analysis and pattern recognition.



Artificial Intelligence

Machine Learning

Deep Learning

Generative AI
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Generative AI is a subset of deep learning that can create new data, such as text, code, images, videos, audio, and 3D model.

These models learn patterns from existing data and use this knowledge to generate new and possibly unique outputs.



Artificial Intelligence

Machine Learning

Deep Learning

Generative AI

Large 
Language 

Model 
(LLM)

Presenter Notes
Presentation Notes
LLMs or Large Language Models are a form of Generative AI that are trained on massive volumes of data, like millions of gigabytes of text from the internet, to understand and generate natural language.

With some input text (from you the user), the model creates a probability distribution of the most probable next set of words and randomly picks from those to develop a confident, human-sounding response.



Artificial Intelligence

Machine Learning

Deep Learning

Generative AI

LLM
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Natural Language Processing or NLP is a subfield of AI that focuses on the interaction between computers and humans using natural language. 

LLMs have significantly advanced the capabilities of NLP tasks allowing for more accurate and contextually relevant responses.



Artificial Intelligence

Machine Learning

Deep Learning

Generative AI

LLM
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Computer vision models enable computers to "see" and interpret images, videos, and other visual data.

CVMs can use deep learning algorithms to accurately identify and classify objects in images and videos — and then react to what they “see”.
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GeoAIGeoAI
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Geospatial AI or GeoAI integrates spatial data with AI techniques for geospatial analysis and decision-making by combining AI algorithms with geographic information systems (GIS).

GeoAI leverages the spatial context to enhance AI models for location-based insights and predictions.




Artificial Intelligence

Machine Learning

Deep Learning
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AI Assistant
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Esri’s vision for GeoAI involves the use of AI Assistants which use natural language processing and large language models.



Gartner Hype Cycle for Emerging Technologies…, 21 August 2024 

Why Should You Care About AI?
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https://www.gartner.com/en/newsroom/press-releases/2024-08-21-gartner-2024-hype-cycle-for-emerging-technologies-highlights-developer-productivity-total-experience-ai-and-security

https://www.gartner.com/en/newsroom/press-releases/2024-08-21-gartner-2024-hype-cycle-for-emerging-technologies-highlights-developer-productivity-total-experience-ai-and-security


International 2025 Geospatial Industry Survey, 26 February 2025 article, “What is top of mind in today’s geospatial sector?”
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https://www.gim-international.com/content/article/what-is-top-of-mind-in-today-s-geospatial-sector



What Are the Challenges with AI?

Technical Challenges

Hallucinations
    Garbage in, garbage out
        Computing resources
            Open vs Closed –
                chatGPT vs <YourCompany>ChatGPT
                    and more…

Will AI take my job?
    Human in the loop
        Intellectual Property (IP) violations
            Derivative products
                Privacy concerns
                    Environmental impacts
                        and more…

Social Challenges
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What are the challenges with AI?

In terms of technical challenges:
Hallucinations
Garbage in, garbage out
Computing resources 
Open vs Closed
Example: chatGPT vs <YourCompany>chatGPT





Accelerate intelligent decision-making, assist     
    in providing actionable recommendations, 
         create effective information products… 
              improve user productivity and efficiency, 
                    deliver meaningful and relevant 
                            geospatial insights derived from data.

. . . Empowering You with Deeper Intelligence and Enabling Automation at Scale

Esri’s AI Assistants
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... help you in your decision-making, 
by making recommendations, 
creating information products, 
improving user productivity and efficiency, and, 
most importantly, continuing to deliver geospatial insights derived from data,
but doing it quicker and at scale.

The goal of our AI assistants is to empower you with deeper intelligence and enable automation at scale.
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AI in Our Context
GIS Continues to Advance, by Blending 
   and Leveraging Multiple Innovations . . . 

AI

. . . AI is Helping Us to Redefine and Transform 
the Role and Impact of GIS

Presenter Notes
Presentation Notes
In our context, GIS continues to advance …

by blending and integrating various innovations in science and technology, including AI.

And AI is being infused across many areas of GIS, like you see here. 

All of these innovations, including AI, are important for us to redefine and transform the role and impact of GIS.




To help you with . . .
• Enhanced Productivity
• Accelerated Decision Making 

 (Days > Hours > Minutes)

Esri’s Motivations to Infuse ArcGIS with AI . . .
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Our motivations to infuse AI into ArcGIS …

are to help you with:
Enhanced Productivity
Accelerated Decision Making �	(Days > Hours > Minutes)



To help you with . . .
• Enhanced Productivity
• Accelerated Decision Making 

 (Days > Hours > Minutes)

By providing tools for . . .
• Automated Data Creation / 

Extraction and Processing
• Advanced Spatial Analysis and 

Visualization
• Predictive Analytics and Forecasting
• Real-Time Data Integration 

 and Processing

Esri’s Motivations to Infuse ArcGIS with AI . . .
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It does that by providing you with tools for:
Automated Data Creation / Extraction and Processing,
Advanced Spatial Analysis and Visualization,
Predictive Analytics and Forecasting, and 
Real-Time Data Integration and Processing.



To help you with . . .
• Enhanced Productivity
• Accelerated Decision Making 

 (Days > Hours > Minutes)
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. . . Deliver Answers and Geospatial Insights Derived From Data
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And it accomplishes this through two distinctly different methods, from an underlying technology and use-case perspective.

Using Generative AI, we can improve productivity, increase ease of use, and streamline workflows.

With Machine Learning and Deep Learning, we can accelerate solving complex problems and working with massive datasets in a faster and more efficient manner.

Our AI vision for ArcGIS is rooted and true to our mission for GIS itself – to always deliver answers and geospatial insights derived from data.




AI in ArcGIS

GeoAI for Science

Advancing the Science 
   of GIS, with AI models, tools
   and techniques, to automate data 
extraction at scale and uncover 
valuable insights faster than ever.

Creating more natural and
   intuitive Experiences with ArcGIS,
   using intelligent AI assistants and 
agents, to empower GIS users and 
boost productivity.

GeoAI for ArcGIS Use
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So, there are two ways to think about AI in ArcGIS:

GeoAI advances the Science of GIS using AI tools and models to extract information from imagery, vector, tabular, and text data and analyze it at scale …

and AI Assistants enhance the experience with ArcGIS using intelligent agents and assistants that use natural language and context-aware user interfaces to understand the user’s intent and perform GIS tasks.




Cartography with AI Today

Create a choropleth 
map of population 

density in U.S. 
counties.

Cartographer
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Now let’s talk about using AI for cartography.

For this part of the talk, I’m borrowing from a presentation that my Esri colleague, Kristian Ekenes, made at the North American Cartographic Information Society annual meeting in October 2024.

For the most part, when a Cartographer tries to make a map with AI today, they end up disappointed. 

For example, say the Cartographer wants to create a choropleth map of population density in each U.S. county.



Cartography with AI Today

Cartographer
Created by Canva

density

Create a choropleth map of population density in U.S. counties.

Here is the choropleth map you requested visually representing the population 
density in U.S. counties.

Create a choropleth 
map of population 

density in U.S. 
counties.
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They can express that intent through natural language, and AI can generate a map-like object.



Cartography with AI Today

Cartographer

Eeeew!

Created by Canva
density

Create a choropleth map of population density in U.S. counties.

Here is the choropleth map you requested visually representing the population 
density in U.S. counties.
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Presentation Notes
But the result is almost guaranteed to disappoint.



Created by OpenArt AI

Created by U.S. Census Bureau
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Compare the US Census Bureau-made map on the left to the AI-made map on the right.

Don’t confuse the two-letter initials for each state with a center of population. But even if you don’t, it appears that AI DID!

And I’m not sure why the population density in all of Alaska is so high, or even what that is that’s shown in Mexico!



Cartography with AI Today

Cartographer

Why are the results 
so bad?

Created by Canva
density

Create a choropleth map of population density in U.S. counties.

Here is the choropleth map you requested visually representing the population 
density in U.S. counties.
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Why are the results so bad?



• AI is not designed as 
mapmaking software

• High degree of variabi l i ty
• Reproducibi l i ty is di ff icul t
• Results can’t easi ly be 

modif ied

Poor results

Cartography with AI Today

Cartographer
Created by Canva

density

Create a choropleth map of population density in U.S. counties.

Here is the choropleth map you requested visually representing the population 
density in U.S. counties.
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Because AI is not designed as mapmaking software.

There’s also a high degree of variability, and reproducibility is difficult.

But for the Cartographer, perhaps the biggest disappointment is that the map is just a picture — not something that can be modified.




Cartography without AI
The Cartographer expresses their intent through the GUI.
The Cartographer uses specialized software to create the map.
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This isn’t useful to the Cartographer because they’re used to …

using their knowledge and expertise to express their intent …

through interaction with the graphical user interface, or GUI, …

of specialized mapping software. 

That interaction results in:
tools being run, 
scripts being executed, and 
workflows being repeated 
to perform the task of making the final map.



Cartography with AI
The Cartographer expresses their intent through natural language.
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With AI, the Cartographer can still use their knowledge and expertise to express their intent, but now they can use natural language.

With this approach, the software does not provide the interface, nor does it create the map.
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Cartography with AI
The Cartographer expresses their intent through natural language.
The LLM determines the intent and creates the map.
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Instead, a natural language user interface tries to determine the intent of the Cartographer.

It passes that intent to a large language model which translates the intent using its AI knowledge to create the map it thinks the Cartographer wants.



Cartography with AI
The Cartographer expresses their intent through natural language.
The LLM determines the intent and creates the map.
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But, as we’ve seen, the results are often disappointing. 



Cartography with AI
The Cartographer expresses their intent through natural language.
The LLM determines the intent and creates the map.
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Why?



Cartography with AI
The Cartographer expresses their intent through natural language.
The LLM determines the intent and creates the map.
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Primarily because AI’s knowledge of cartography is deficient.

It can also be untrustworthy, thereby causing permission and copyright concerns to arise.




Cartography with AI in ArcGIS
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Instead, we can take a different approach.

The Cartographer can express their intent through a natural language user interface which then gets passed to a large language model.

But instead of creating the map, the LLM can return the parameters to create the map in a structured format, like JSON.




Cartography with AI in ArcGIS
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The Cartographer expresses their intent through the GUI with natural language.
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Whew!
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So far, no map has been created, …

but it’s likely the parameters will provide a good beginning for the map the Cartographer wants to create.



Cartography with AI
The Cartographer expresses their intent through the GUI with natural language.
The LLM determines the intent and returns the parameters.
The Cartographer finishes the map.
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The parameters are then used to create a style and provide options to modify the map.

Both of these get passed back to the specialized mapping software to create the first version of the map.



Cartography with AI
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The Cartographer expresses their intent through the GUI with natural language.
The LLM determines the intent and returns the parameters.
The Cartographer finishes the map.
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The Cartographer can then make any modifications they want and finish the map.

So, why does this approach work so well?



Cartography with AI
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• The Cartographer ’s 
knowledge is used

• The Cartographer 
knows the software

• No permission / 
copyright concerns

Good results

The Cartographer expresses their intent through the GUI with natural language.
The LLM determines the intent and returns the parameters.
The Cartographer finishes the map.
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Because the Cartographer’s knowledge is used to make the map, …

and the Cartographer knows how to modify the version that was created by AI because they know the specialized mapping software so well.

An added advantage of this approach is that there are no permission or copyright concerns because the Cartographer is responsible for the final map.




Esri’s Approach to Creating a Map with Generative AI

• An LLM’s knowledge of cartography cannot be trusted without human validation.
• A human must always be part of the map-making process.
• Generative AI may be used in the map making process to:

- Increase accessibility,
- Improve efficiency
- Inspire creativity, and 
- Discover alternate ways of visualizing data.

• Integrate the assistant within the specialized software, but never replace the GUI so that 
the generated content can be modified and finished by the cartographer (thru NLUI + GUI).

• The Cartographer must always have the final say in the visualization.
• Capabilities, audiences, and use cases will evolve and expand over time.
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Here are a few things we are keeping in mind when we think about creating a map with generative AI:

An LLM’s knowledge of cartography cannot be trusted without human validation.
A human must always be part of the map-making process.
Generative AI can be used in the map making process to:
Increase accessibility,
Improve efficiency,
Inspire creativity, and 
Discover alternate ways of visualizing data.
We can integrate the assistant within the specialized mapping software, but we can’t replace the GUI. This assures that the AI-generated content can be modified and finished by the Cartographer (through the NLUI + GUI).
The bottom line is that the Cartographer must always have the final say in the visualization.
With this approach, we will see the capabilities, audiences, and use cases evolve and expand over time.




Potential Uses of the Mapping Assistant
Who needs help and what do they need help with?

Lay person

Cartographers and mapmakers
   Experienced with GIS software
      Understands technical terms

GIS professional

Needs a map but can’t make one
     Doesn’t know the terminology
          Unfamiliar with the software

“choropleth”
“population 

density”

“color”
“amount”

Presenter Notes
Presentation Notes
We can also think about who will use the Mapping Assistant and what they will use it for.

At one extreme, there is the lay person who knows little to nothing about Cartography, its terminology, or the software. At the other end of the spectrum are the professionals who know about cartography and how to make maps.

Both can make use of the Mapping Assistant …



Potential Uses of the Mapping Assistant
Who needs help and what do they need help with?

Lay person

Cartographers and mapmakers
   Experienced with GIS software
      Understands technical terms

GIS professional

Needs a map but can’t make one
     Doesn’t know the terminology
          Unfamiliar with the software

“choropleth”
“population 

density”

“color”
“amount”

39

The Assistant attempts to 
complete the map by doing what 

you ask it to do
The Assistant offers suggestions, 
gives you ideas, and allows you 

to try different styles

The Assistant exposes the GUI to 
let you make the adjustments or 

modifications you want
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… depending on their workflows.

For example, the Assistant can be used to offer suggestions or ideas. This might be especially useful to someone who is unsure of the software or its capabilities. 

For someone who knows a bit more, the Assistant can help with modifications or adjustments.

And for someone who is proficient, the Assistant can help with the finishing touches.



Thoughts and Observations
Based on User Studies

• The generated map is never finished.
• Although LLMs be the interface for making the map (at least the first version), the software 
must be able to permit the Cartographer to make the final design decisions.

• The Cartographer should be in control and is therefore responsible and accountable for 
what they create.
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I’ll end with some final thoughts and observations:

As any Cartographer will tell you, a map — even one generated by AI — is never finished. It’s only done when you run out of time!
Also, even though LLMs may get better at making maps over time, the Cartographer must always make the final design decisions.
And finally, putting the Cartographer in control assures that they are accountable and responsible for the maps they create.





Additional Resources

1. GeoAI page - https://www.esri.com/en-us/capabilities/geoai/overview 

Presenter Notes
Presentation Notes
There are a couple of resources we can share with you, including Esri’s GeoAI web page.

https://www.esri.com/en-us/capabilities/geoai/overview














Additional Resources

1. GeoAI page - https://www.esri.com/en-us/capabilities/geoai/overview 
2. Kristian Ekenes’ Github site - ekenes (Kristian Ekenes) - GitHub 

(https://github.com/ekenes)

Presenter Notes
Presentation Notes
Also, in the spirit of Open Science, Kristian has shared content on his GitHub site, including the presentation that I borrowed his slides from.

https://www.esri.com/en-us/capabilities/geoai/overview
https://github.com/ekenes
https://github.com/ekenes




Call to Action
Tell us what you want or need!

Presenter Notes
Presentation Notes
We’ll end with a call to action by asking you to tell us what you want or need as we continue to enhance the mapmaking capabilities of ArcGIS by incorporating AI and creating our cartographic assistants.
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Thank you!
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