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Variations inEarth’sClimate System
Figure 1.4 | Changes are occurring throughout the

climate system. Left: Main realms of the climate

system: atmosphere, biosphere, cryosphere and

ocean. Right: Six key indicators of ongoing

changes since 1850, or the start of the

observational or assessed record, through 2018.

Each stripe indicates the global (except for

precipitation which shows two latitude band

means), annual mean anomaly for a single year,

relative to a multi-year baseline (except for CO2

concentration and glacier mass loss, which are

absolute values). Grey indicates that data are not

available. Datasets and baselines used are: (i)

CO2: Antarctic ice cores (Lüthi et al., 2008;

Bereiter et al., 2015) and direct air measurements

(Tans and Keeling, 2020) (see Figure 1.5 for

details); (ii) precipitation: Global Precipitation

Climatology Centre (GPCC) V8 (updated from

Beckeret al., 2013), baseline 1961–1990 using

land areas only with latitude bands 33°N–66°N and

15°S–30°S; (iii) glacier mass loss: Zemp et al.

(2019); (iv) global surface air temperature (GMST):

HadCRUT5 (Morice et al., 2021), baseline 1961–

1990; (v) sea level change: (Dangendorf et al.,

2019), baseline 1900–1929; (vi) ocean heat

content (model–observation hybrid): Zanna et al.

(2019), baseline 1961–1990. Further details on

data sources and processing are available in the

chapter data table (Table 1.SM.1).

Intergovernmental Panel on Climate Change, Chen, D. et al.)
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Outline

• What are the gaps between climate models and 
adaptation /mitigation strategies?

• How can AI help?

• Show me some examples!





Anomaly for Climate Monitoring

Observed global 

average surface 

temperature 

anomaly are one of 

the key indicators 

for monitoring 

climate change.

Credit: NOAA





What do we need?



What do we need?

Saha & Ravela (EAPS news)

• High resolution data to assess 
local impacts

• Account for complexity and 
feedbacks with larger-scale climate

• Short term AND long-term 
predictions



AI-empowered next-generation multiscale climate 
modelling for mitigation and adaptation
• What does this mean

Eyring et al. (2024)



AI-empowered next-generation multiscale climate 
modelling for mitigation and adaptation



New computing opportunities 
• CPUs vs parallelized hardware and languages that can take 

advantage of differentiable computing and AI methods 
• Climate models on GPUs can also harness AI integration

● Assessing changes in global 

climate systems and their 

forcings, involves large, 

global datasets with

multiple dimensions and 

variables



Example: Climate Modeling Alliance (Clima)

• Written in Julia, optimized for GPUs

• Speeds up computations

• Unprecedented high resolutions at a 
fraction of the speed 



Example: Neural GCM (Google) 

• Written in python/JAX

• Enables AI to be easily 
integrated to improve 
predictive skill



Example: ClimSim (LEAP)

• Preprocessed climate variables for 
training AI methods

• Creating benchmarks for AI hybrid 
modeling



Physics aware ML

• Uncertainties in small-
scale (unresolved) 
physics contribute to 
uncertainties in long-
term projections (i.e 
clouds, ocean 
turbulence, etc.) 

• Correct small-scale 
biases using ML



• Learn the sub-grid 
physics using ML

• Integrate back into large-
scale climate models

• Reduce biases that stem 
from grid processes

Physics aware ML
(M2Lines)



• Calibrate model 
parameters based on  
high-fidelity data

• Reduce systematic bias 
in climate models

• Quantify parametric 
uncertainty

Physics aware ML
(Clima)



Example: SamudrACE (M2Lines & AI2)

• Coupling of climate-
relevant physics 

• 3D AI ocean-
atmosphere-sea-ice 
climate emulator

• Enabling long-term 
projections at a fraction 
of the cost



Why it is important to integrate observations?



Why it is important to integrate observations?

• Stays physically consistent and respond to earth’s energy 
imbalance

• Serves as benchmarks with policy-relevant criteria, close 
interaction with “people on the ground” 

• Integrated with models, provides “state estimates” given a set of 
observed variables.



Example: atmospheric reanalysis (ERA) 



Example: Ocean state estimate (ECCO)



Example: Inference of undersampled variables

Campenois et al. (under review)



Example: Multi-modality 

Jakubik et al. (2025)



AI-empowered next-generation multiscale climate 
modelling for mitigation and adaptation
• What does this mean

Eyring et al. (2024)



Connection to stakeholders



Connection to stakeholders

Information needs to be

1) Relevant 
2) Accessible 



Example: foundation model for Earth observation (SkySense++)

Wu et al. (2025)



Example: foundation model for Earth observation (OlmoEarth)

https://olmoearth.allenai.org/viewer
Herzog et al (2025)

https://olmoearth.allenai.org/viewer
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Campus activities worth engaging with:

• MIT Climate Project
• CS3 Center for Sustainability Science and Strategy (CS3)

• Climate Interactive: MIT Sloane
• C-ROADS: https://www.climateinteractive.org/c-roads/
• En-ROADS

https://www.climateinteractive.org/c-roads/
https://www.climateinteractive.org/c-roads/
https://www.climateinteractive.org/c-roads/
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Summary

• AI is becoming a powerful tool, helping to close the gap 
between climate data, models, and local stakeholders.

• Stakeholders need access to reliable, fine-grained data for 
planning ahead and adaptation /mitigation efforts

• Foundation models are especially useful in combining 
multimodal data streams for diverse downstream tasks 
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