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AI as Eutopia or Dystopia?



The trillion-dollar, highly 
political scientific 
questions

• Does exposure to fine particulate 
matter, even at low levels, cause an 
increase in hospitalizations?

• Is air pollution from coal-fired power 
plants more toxic than air pollution 
from other sources?



DATA

Data integration of over 
20 government data 
repositories

• All Medicare participants (n=67,682,479) in 
the continental United States from 2000 to 
2021 

• Outcomes: all-cause mortality and cause 
specific hospitalization

• Individual level information: date of death, 
age of entry, year of entry, sex, race, whether 
eligible for Medicaid (proxy for SES)

• Zip code of residence and other covariates

5



Causal Reasoning AI for Policy Decisions   (9 TB of data)   

Seing

Doing

Imagining





Lowering exposure from 12 to 9 unit à 5 % mortality reduction among Black Americans; 
2.5% mortality reduction among White Americans

Doing



How my lab has impacted this decision

April 2023

Nov 2023

Dec 2023, COP28 Opening day, Kerry talk about my 
study: Climate Crisis is a Health Crisis.

Data Science Policy Impact
February 2024

ü Cleaner Air
ü Lives Saved
ü Less GHG

A lot of seeing 
and doing 



The potential of AI for Climate 
Adaptation

• Climate change brings more extreme weather, wildfires, 
and shifting disease patterns 
• Understanding and mitigating health impacts is 
complicated – e.g. heatwaves affecting vulnerable 
people, wildfire smoke causing respiratory illnesses

• AI’s Promise: AI can analyze unprecedentedly massive 
multimodal data to find generalizable patterns and 
make predictions more accurately than traditional 
methods
• This can inform early warnings and adaptive 

responses (e.g. alerting hospitals of an incoming 
heat-related patient surge)



1. Pre-trained on the entire US health care system x environmental data x societal data
2. It produces unified embeddings that capture the complex spatiotemporal relationships 
between climate stressors, socioeconomic variables, and health outcomes. 
3. We evaluate the model on benchmark downstream tasks, i.e., health outcomes 
interpolation, extrapolation, downscaling, and forecasting
4.  We implement “what-if” scenario forecasting for climate adaptation using synthetic 
ground-truth data to validate counterfactual predictions when any input exposure is 
altered. 

Claudio Battiloro



Towards a One-of-a-Kind geo-AI for Healthy Climate 
Adaptation 

- Data Loaders We will use data loaders created directly from metadata, to hande 
heterogeneity in data formats, scales, and resolutions

- Metadata Extractors We will employ and develop new extractors for describing and 
sharing scientific data that can automatically extract metadata from datasets to 
respect  FAIR principles

- Semantic Layer We will implement a semantic layer to bridge the gap between raw 
data and high-level analytical processes by providing context, meaning, and 
relationships between data elements. This layer will facilitate the efficient harmonization 
of variables by capturing their underlying semantics



ClimaCare: Downstream Tasks
● Spatiotemporal Downstream Tasks:

○ Spatial Interpolation
○ Spatial Extrapolation
○ Forecasting

● What-If Downstream Tasks:
○ ERC Estimation
○ Enhanced Causal Inference

What-If Downstream Tasks:
ERC Estimation
Enhanced Causal Inference



2050: Let’s imagine a world where we have 
solved causal reasoning
• AI agents are everywhere
• Is this a better future?





403 Hyperscale 
data centers and 

3318  energy 
supplier power 
plants in the US 

(May 2024 to April 
2025) 



Scientific questions
1. What are the electricity consumption, sources, and attributable 
CO2 emissions of those 403 data centers?

2. What is the fuel mix of the power plants supplying electricity to 
data centers?

3. Which states have the highest CO2 emissions attributable to data 
centers?

Hint: With a data pipeline that can answer those questions, we make 
informed decisions, such as: Where should I place a data center? Where 
should I intervene on the power grid? How can we decarbonize this sector?
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Materials and Methods

Carbon intensity was 
computed as grams of 

CO2 emitted per 
kilowatt-hour 

consumed.

This computation was 
performed at various 

geographic levels.

Carbon Intensity 
Computation

Each HDC was 
assigned to its 

balancing authority 
and corresponding 

power plants.

CO2 emissions were 
estimated using an 
energy generation-

weighted model and 
EPA emission factors.

CO2 Emissions 
Estimation

Annual electricity 
consumption was 

calculated by 
multiplying the power 

capacity, hours per 
year, and a utilization 

rate of 66.3%.

The utilization rate 
was determined 

empirically.

Electricity 
Consumption 

Calculation
Missing power 
capacities were 

estimated using a 
Gradient Boosted 
Regression Tree 

model.

Power Capacity 
Estimation

Our analysis began 
with compiling and 

validating a dataset of 
403 HDCs.

This was achieved 
using private data 

providers, web 
scraping, and satellite 

imagery.

Dataset 
Compilation and 

Validation
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Carbon Emissions Attributable to Hyperscale Data Centers

Significant State 
Contributions

Ohio followed with 5.82 million 
metric tons of CO2 emissions 
attributable to HDCs.

5.82M
Highest Emissions by 
State

Virginia had the highest CO2 
emissions attributable to HDCs, 
amounting to 24.46 million metric 

tons.

24.46M
Increase Since 2018

This is more than five times the total 
emissions reported for HDCs in 
2018.

5x
Proportion of US 
Carbon Emissions

This represents approximately 1.10% 
of the total US carbon emissions 
from electricity consumption in 

2023.

1.10%
Total CO2 Emissions 
from HDCs

The total CO2 emissions attributable 
to the 403 hyperscale data centers 
(HDCs) amounted to 52.69 million 

metric tons.

52.69M

• 52.69 M represents the annual CO₂ emissions of a 
major U.S. city or a sizable portion of the U.S. aviation 
industry.





AI as Eutopia or Dystopia?

The EPA’s 2024 regulatory analysis projects 
that new standards for coal (and some new 
gas) power plants will cut about 55 million 
metric tons per year

The total CO2 emissions attributable to the 
403 hyperscale data centers (HDCs) amounted 
to 52.69 million metric tons.

.


