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Environmental Data Across Timescales
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The Weather Content Value Chain
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Observations

Al enables translation, calibration,
guality control, assimilation at scale

* More sources (satellites, remote sensing)

* New sources (smartphone pressures,
connected vehicles, signal attenuation)

* Inferred from non-meteorological
information (e.g. traffic flow)

* Low signal, high noise, high volume
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Numerical Weather Prediction (NWP)

NWP models simulate the atmosphere via

physical equations and parameterizations from
a starting state derived from observations. ol Ok

 Forecast errors arise from imperfect NWP R
models and initial conditions + chaos

- BUT

« Historical data allows correcting and/or
quantifying systematic NWP model errors

« Combining many diverse NWP model forecasts
helps characterize possible situationally
dependent weather possibilities

° Calibration makes the forecast prObab|I|St|Ca”y Source: US National Oceanographic and Atmospheric Administration
accurate (reliable) + sharp (informative).
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An Al Revolution in NWP is Underway!
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Machine learning (ML) has been one of the global topics of discussion this year. Everyone seems to be
enjoying the exploration of generative artificial intelligence (Al), in the form of language and image
models, to write their boring emails, do their homework or even fix their photos.

At ECMWF, ML techniques for Earth system modelling have been explored for the past few years, for
example, using neural networks to better incorporate satellite observations. In 2021 we published a
roadmap, trying to do the impossible: predict where the field would go in the next decade. This year we
have marked a key milestone in that roadmap: the first operational use of modern ML at ECMWF, using
neural networks to monitor observations.

Whilst large language models such as ChatGPT have been dominating the headlines, a quieter revolution
has been occurring in the background. ML models are becoming competitive with numerical weather

prediction models.

https://www.ecmwf.int/en/about/media-centre/science-blog/2023/rise-machine-learning-weather-forecasting
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“Whilst large language models such as ChatGPT
have been dominating the headlines, a quieter

revolution has been occurring in the background. ML

models are becoming competitive with numerical
weather prediction models.”

- Chantry et al., in a recent ECMWF Blog
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Figure 1: Root mean square error (RMSE) scores of 500 hPa geopotential height for IFS high-resolution forecasts
(HRES) and Pangu-Weather over Europe for winter 2022/23 at day 6, measured against operational analysis.
Pangu-Weather and the IFS produce comparably accurate forecasts and share a forecast “bust” near the end of
January.



AlI-NWP Opportunities

* Improved forecast accuracy
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models enable better decisions!

* Climate model downscaling
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Forecasts and Nowcasts

Creation

« Al can help forecasters produce products
faster and more accurately

« Better initial post-processed guidance
« Automation of standard products
* Focus attention on most important tasks

Communication

« Large Language Models (LLMs) can provide
customized, relevant data to the public

« Timely displays and alerts
* Interactive chats

« BUT they are prone to "hallucination”

» Generative Al could be used to sow
disinformation and create public confusion.
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ChatGPT: hallucinations about weather
data

2 ByKathy Gill [ 1April2023 (3 No Comments

What was the total rainfall in Seattle in 2010? What was the
average for the state of Washington?

NOAA

* WA state rainfall for 2010: 47.32”
1900-2000 mean: 42.03"”

* Seattle rainfall for 2010: 47.04”

chatGPT
* WA state rainfall for 2010: 36.24"”
* Seattle rainfall for 2010: 37.49”

NOAA National Centers for Environmental information, Climate at a Glance: Statewide Mapping, published March 2023, accessed April 2, 2023 from
https://www.ncei.noaa gov/acc limate-at-a-glance/ PPing/45/pcp/201012/12/value
https://www.nceinoaa, aco itori limate-at-a-glance/cit i 'pcp/201012/12/value

ill, private communication with OpenAl‘s chatGPT, March 31 and April 1, 2023

https://wiredpen.com/2023/04/01/chatgpt-hallucinations-about-weather-data/
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Impact
Translation

* Public safety
messages

* Business
operations

* Partnering with
iIndustry

Safety & operations
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“When a good idea is born, or when the first
prototype of an invention is created, we should
celebrate its potential to change the world. But
progress is as much about implementation as it is

about invention.”

- Derek Thompson, 2023: “Why the age of American progress ended.”
The Atlantic.



Al Adoption Challenges

“Al activities are growing rapidly within atmospheric
sciences, and the NWS is part of this growth.
However, the activity is fragmented and lacks
the needed infrastructure for improved
coordination of effort. Current obstacles to progress
include insufficient workforce training in Al/ML, a
lack of curated datasets and software that can
be used for development and evaluation of these
approaches, the absence of a centralized
clearing house available to NWS personnel for
technical expertise and consultation, limited
operational compute resources, and a lack of a
clear end-to-end project pathway that
encompasses exploration, development,
testbed/proving ground and operational
implementation.”

- Roebber and Smith, 2023
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Bulletin of the American Meteorological Society, may be fully cited, and has been
assigned DOI 10.1175/BAMS-D-22-0181.1. The final typeset copyedited article will
replace the EOR at the above DOI when it is published.

https://journals.ametsoc.org/view/journals/bams/aop/BAMS-D-22-0181.1/BAMS-D-22-0181.1.xml



NSF Al Institute for Research on
Trustworthy Al in Weather, Climate, and
Coastal Oceanography (AI2ES)

AI2ES is developing novel, physically based Al techniques that are
demonstrated to be trustworthy, and will directly improve
prediction, understanding, and communication of high-impact
weather and climate hazards, improving climate resiliency. ai2es.org
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