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AI’s two big subfields
Image analysis/Computer vision
● Image classification
● Object detection and recognition
● Facial recognition
● Medical imaging

Natural language processing
● Chatbots and virtual assistants
● Text and sentiment analysis (search)
● Language translation
● Content generation

Segmenting IWP from Maxar imagery Google search for “AI in Arctic science”
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What attracted me to use AI in Arctic 
research?

1. AI can help me detect things that traditional remote 
sensing methods are unable to

2. AI can help me distill stories in the big data
3. AI can help me keep up with the changing landscape
4. AI can help me make connections with data/people
AI is my new tool in the toolbox, not my creative partner.
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What attracted me to use AI in Arctic 
Research?

A visit to Fairbanks, AK in August 2009
for IPY GeoNorth 2009
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Cyberinfrastructure and big data
Data to knowledge production pipeline
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Cyberinfrastructure and big data
PolarHub: large-scale web crawler for distributed polar data

Metrics:
● No. of datasets: 194,000
● 7 types of data
● 1,730,000 unique data layers
● from 150+ countries
● Access from 27 countries

Significance:
● Support polar science
● Spatial decision support 

consortium
● Wildfire, water quality, 

biodiversity conservation 
communities

https://cici.lab.asu.edu/polarhub3

https://cici.lab.asu.edu/polarhub3
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Cyberinfrastructure and big data
PolarGlobe: Real-time climate data visualization  

https://cici.lab.asu.edu/polarglobe

https://cici.lab.asu.edu/polarglobe
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Cyberinfrastructure and big data
PolarGlobe: Real-time climate data visualization  

https://cici.lab.asu.edu/polarglobe Use of PolarGlobe to track Hurricane Helene, which hit the Florida coast on September 27, 2024

https://cici.lab.asu.edu/polarglobe
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GeoAI for Intelligent Mapping
Mapping the Earth’s natural features - craters

Crater detection using CNN
mAP(crater) = 99%

Li et al. 2017
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GeoAI for Intelligent Mapping
Mapping the Earth’s natural features - multi-source, multi-type

AP: Average Precision

Wang et al. (2021)

GeoImageNet
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Mapping Mars craters
Incubator for the NSF Cyber2A project

● 102,675 images scenes 
covering global Martian 
surface

● THEMIS image at 100m 
resolution

● 640k craters

https://cici.lab.asu.edu/martian

https://cici.lab.asu.edu/martian
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Mapping the Arctic Permafrost 
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Mapping the Arctic Permafrost
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Mapping Arctic Permafrost Thaw  
A multimodal + feature fusion  approach

Optical image NDVI ArcticDEM

(Normalized Difference 
Vegetation Index)

The higher the value, 
the greener it is

(Digital Elevation 
Model)
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Mapping Arctic Permafrost Thaw - Methods
 Feature-level data fusion

Gu, Li, et al. 2024 (under review)

Prior solutions Our proposed solution

Ophoff et al., 2019; Wang and Li, 2021

Optical 
image

Channel expansion

Yang et al. 2023



Copyright © 2024 Arizona Board of Regents

Mapping Arctic Permafrost Thaw - Results  
Feature-level data fusion

Observations:
● Multi-modality is helpful
● Fusion method is important
● Low quality (vertical accuracy) of DEM 

lowered the model performance
ArcticDEM



Copyright © 2024 Arizona Board of Regents

Forecasting Arctic Permafrost Thaw

● We need to have the trigger data, but existing data are not of desired 
resolution (1km)
○ Climate
○ Disaster (wildfire)

● Thaw indicator data
○ RTS formation
○ Lake change data (pond formation/lake drainage)
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AI-based medium range weather 
forecasting
● Significant success in this area

○ Huawei-Pangu (Bi et al. 2023 in Nature)
■ 3D neural network based on Swin Transformer
■ Training data: 30 years of reanalysis (1979-2017) with 69 

factors (e.g., T, U, V, Geopotential, humidity) at 13 pressure 
levels

■ Higher prediction accuracy and 10k times faster than the IFS 
(Integrated Forecasting System) model from ECMRW

○ Google DeepMind- GraphCast (Lam et al. 2023, Science)
■ More lightweight and higher accuracy than than Pangu
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AI’s two big subfields
Image analysis/Computer vision
● Image classification
● Object detection and recognition
● Facial recognition
● Medical imaging

Natural language processing
● Chatbots and virtual assistants
● Text and sentiment analysis (search)
● Language translation
● Content generation

Segmenting IWP from Maxar imagery Text understanding and knowledge representation
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Embracing Large Language Models 
for Arctic Research
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AI enhanced event search and 
recommendation
Generative AI for deterministic tasks

https://www.leonetwork.org/

https://www.leonetwork.org/
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LEON Event Search & Recommendation

● Current method:
○ Full text search (BM25 model)

■ Keyword matching
■ Context matters!

○ Distance & category boosting
○ Manual work: 

■ Multiple rounds of 
keyword-based search and 
human judgement

Summary

Category

Similar events

Location

Date

Title
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AI-enhanced search and recommendation
● Leveraging large language models (LLM)

Tian, Li, et al. 2024 (under review)
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AI-enhanced search and recommendation
LLM-based Named Entity Recognition

Tian, Li, et al. 2024 (under review)
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AI-enhanced search and recommendation
Our results LEON human subject ranking
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Integration of vision and language models 
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Vision language model for LEON search 
and recommendation
Image as an important cue for theme
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Extracting visual cues with GPT-4o
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Extracting visual cues with ChatGPT
Location + category
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A new VLM-enhanced search strategy
● VLM: Vision language model

VLM LLM
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A new VLM-enhanced search strategy

● Results

Ranking performance metrics

nDCG: normalized discounted 
cumulative gain

MRR: Mean Reciprocal Rank Text-based

Text + image
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A quick summary of our research under 
Permafrost Discovery Gateway

Intelligent mapping

Vision models (CNN, Vision transformer, 
foundation models)

Vision language models

Question answering, semantic search, 
similar event recommendation

Generative AI

Large language models (OpenAI 
embedding models, GPT)

03 

01 02 
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Big vision and aspiration for PDG
AI tools → More time for our creativity and (real-world) action!

Intelligent mapping

Vision models (CNN, Vision transformer, 
foundation models)

Vision language models

Question answering, semantic search, 
similar event recommendation

Generative AI

Large language models (OpenAI 
embedding models, GPT)

 

  

AI assisted data 
submission/archival/management

AI helps data get AI-ready

AI assisted draft making 

Maps, reports, figures & grants (where accepted)

Increased creativity in data 
exploration/use

Gone are the days when your actions are 
limited by buttons (e.g. ArcGIS’ buttons)

Matchmaking

AI helps in connecting data and/or people

AI assisted near-real time 
monitoring & forecasting

Where and when.
Tell us about cool new data.
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Big vision and aspiration for PDG
AI tools → More time for our creativity and (real-world) action!

Intelligent mapping

Vision models (CNN, Vision transformer, 
foundation models)

Vision language models

Question answering, semantic search, 
similar event recommendation

Generative AI

Large language models (OpenAI 
embedding models, GPT)

 

  

AI assisted data 
submission/archival/management

AI helps data get AI-ready

AI assisted draft making 

Maps, reports, figures & grants (where accepted)

Increased creativity in data 
exploration/use

Gone are the days when your actions are 
limited by buttons (e.g. ArcGIS’ buttons)

Matchmaking

AI helps in connecting data and/or people

AI assisted near-real time 
monitoring & forecasting

Where and when.
Tell us about cool new data.

Clarity on when/how 
PermaBot was used
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Moving beyond Permafrost Research
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AI for Sea Ice Remote Sensing
What is happening in the sea ice world?

Li, W., Hsu, C. Y., & Tedesco, M. (2024). 
Advancing Arctic Sea Ice Remote 
Sensing with AI and Deep Learning: 
Opportunities and Challenges. Remote 
Sensing, 16(20), 3764.
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AI for Sea Ice Remote Sensing
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AI for Sea Ice Remote Sensing
Future research directions

● Enhanced multimodal deep learning capabilities
● Better ability to quantify uncertainty
● Deeper integration with physics-based models
● Better leveraging AI foundation models
● Open benchmark datasets and open models

○ AI4Arctic (for sea ice charting)
○ SeaIceWeather (from cruise)

● …
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Big models, big concerns
● Transformer does not how to reason, they are only advanced pattern 

matching tools

https://arxiv.org/abs/2410.05229

https://arxiv.org/abs/2410.05229
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Big models, big concerns

Li, W., Arundel, S., Gao, S., Goodchild, M., Hu, Y., 
Wang, S., & Zipf, A. (2024). GeoAI for Science 
and the Science of GeoAI. Journal of Spatial 
Information Science, (29), 1-17.
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Thank you!

Follow the PDG news here: https://arcticdata.io/catalog/portals/permafrost

Follow Cyber2A events here: https://cyber2a.github.io/

Contact:

wenwen@asu.edu, aliljedahl@woodwellclimate.org
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