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ACS Fall 2023 – AI for Organic Chemistry – Aug 16, 2023

• Physics/Math undergrad (France) and 
Engineering Systems MS (MIT) 

• Climate tech founder: Plume Labs, 
powers 1 in 4 smartphones globally 

• Acquired by AccuWeather, lead AI for 
weather and climate team 

• AI+ChemE @ Stanford (SNAP) 

• AI for Science: LLMs evals and 
biomolecular structure gen/prediction

About me
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Plume Labs:  
Street-level air quality map 

Flow 1 air quality sensor

More on my work:  
romainlacombe.com

https://air.plumelabs.com/air-quality-map
https://plumelabs.com/en/flow/
http://www.apple.com


ICML 2025  
Reliable and Responsible Foundation 

Models workshop

NeurIPS 2023 
Tackling Climate Change with Machine 

Learning Workshop



Part 1 
Do LLMs accurately assess 
human expert confidence?



How to calibrate LLM  
confidence?
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Against which ground truth?
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👩⚕👨💼🧑💻
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IPCC Assessment Reports on Climate Change
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IPCC Guidelines to Authors on Confidence and 
Uncertainty Communication (AR6)
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“<Statement on climate change or its impact> 
( ______ confidence)”

low
medium

high
very high
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IPCC Statements



NeurIPS 2023 Tackling Climate Change 
with Machine Learning Workshop

ClimateX: Do LLMs 
Accurately Assess 
Human Expert 
Confidence in Climate 
Statements?
Romain Lacombe, Kerrie Wu, 
Eddie Dilworth
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ClimateX Dataset
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Examples from AR6 reports
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“Mid-latitude storm tracks have likely shifted poleward in both 
hemispheres since the 1980s, with marked seasonality in trends 
(medium confidence)”

“Since 1750, increases in CO2 (47%) and CH4 (156%) concentrations 
far exceed – and increases in N2O (23%) are similar to – the natural 
multi-millennial changes between glacial and interglacial periods 
over at least the past 800,000 years (very high confidence)”

“Marine heatwaves have approximately doubled in frequency since 
the 1980s (high confidence)”

“Continued Amazon deforestation, combined with a warming climate, 
raises the probability that this ecosystem will cross a tipping point 
into a dry state during the 21st century (low confidence)”

https://huggingface.co/datasets/rlacombe/ClimateX/

https://huggingface.co/datasets/rlacombe/ClimateX/


<Statement on climate change or its impact>  
Confidence?  ______ 

low
medium

high
very high
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Task: masked confidence label prediction

0.0
1.0
2.0
3.0

Confidence Scale (0.0-3.0)



ClimateX Benchmark: masked confidence label prediction

“You are a helpful and 
knowledgeable climate 
assistant trained to 
assess...” 

Statement: <sentence> 
 
Confidence:  ???  

Prompt LLM 
(API or open model)

Task 
masked-label prediction

Benchmark 
classification accuracy

<sentence>  
({low|medium|high 
|very high} 
confidence) 

Statement

Label

Select statements 
with label masked

 Prediction 

by LLM

 Gold label 


Human expert  
confidence

+

+

++ +

+

+
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GPT-3.5 
June 2023
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Gemini Pro 1.0 
June 2024
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ClimateX Results | June 2024
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2023-era LLMs assess human expert confidence 
in climate statments better than random and 

than a non-expert human baseline.



2023-era LLMs assess human expert confidence 
worse than a simple classifier (SciBERT SFT).



Of note: the data underlying the task is squarely 
in the training set (WGI report pre-cutoff date, 

and literature supporting WGII&III reports).



Do reasoning models have 
better confidence calibration?
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Part 2 



Re-run experiments while  
varying the reasoning budget
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ICML 2025 Reliable and Responsible 
Foundation Models workshop

Don’t Think Twice! 
Over-Reasoning 
Impairs Confidence 
Calibration
Romain Lacombe, Kerrie Wu, 
Eddie Dilworth
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ClimateX Results  
May 2025
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Adjusting for random chance:



Tool Use: Search 
Gemini 2.5

Romain Lacombe | LawZero Talk | Mar 9, 2026



Long context windows enable bulk processing 
Gemini 2.5 Pro
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Program synthesis 
OpenAI o3
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What’s the optimal thinking budget? 
Gemini 2.5 Flash
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Thinking Budget vs Accuracy (0%-100%)  
Gemini Flash 2.5

Scaling law?       
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Thinking Budget vs Accuracy (0%-100%)  
Gemini Flash 2.5

Scaling law?       
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Thinking Budget vs Accuracy (0%-100%)  
Gemini Flash 2.5

Anti-scaling law?      
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Thinking Budget vs Accuracy (0%-100%)  
Gemini Flash 2.5
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Thinking Budget vs Accuracy (0%-100%)  
Gemini Flash 2.5

Why does performance 
degrade with reasoning?
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Thinking Budget vs Confidence (0.0-3.0) 
Gemini Flash 2.5

Over-confidence

Over-reasoning



Does this generalize  
beyond climate science?
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Public Health & Oncology 
WHO IARC Carcinogenicity Monographs
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“Substance X is ______ carcinogenic”

not classifiable as
possibly
probably

known to be

IARC Carcinogenicity Dataset
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“Substance X is ______ carcinogenic”

not classifiable as
possibly
probably
known to be

IARC Carcinogenicity Dataset Confidence Scale

0.0
1.0
2.0
3.0

Confidence Scale (0.0-3.0)
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Thinking Budget vs Accuracy (0%-100%)  
Gemini Flash 2.5
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Thinking Budget vs Confidence (0.0-3.0) 
Gemini Flash 2.5

Over-confidence

Over-reasoningRomain Lacombe | LawZero Talk | Mar 9, 2026



Take aways and  
future work?
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Increasing thinking budget through test-time 
scaling impairs the confidence calibration  

of reasoning models.
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LLM grounding is bottlenecked by access to or 
recall of relevant evidence rather than by 

reasoning capacity.
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Emerging capability: program-synthesis fallback, 
when models unable to perform the task directly 

attempt to generate algorithmic solutions.
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ICML 2025 Reliable and Responsible 
Foundation Models workshop

Don’t Think Twice! 
Over-Reasoning 
Impairs Confidence 
Calibration
Romain Lacombe, Kerrie Wu, 
Eddie Dilworth
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Thank you!

Romain Lacombe  
Stanford

Kerrie Wu  
Stanford

Eddie Dilworth  
Stanford

Chris Potts  
Stanford NLP

ClimateChange AI 
NeurIPS Workshop

Questions?
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