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Knowledge, Insights, and Advisory
on Satellite Data and Applications

New York, USA — modified Copernicus Sentinel data (2022) - ESA, CC BY-SA 3.0 IGO


http://www.esa.int/spaceinvideos/Terms_and_Conditions

Independent research and advisory focused
on Earth observation

Supporting public and private organisations on strategy, commercialisation, and
applications of satellite data for weather, climate, and environment
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From This...

Robert Fitzroy's One-Person Forecasts

Reanalysis for 9am on 26th October 1859

Sea level pressure (contours) and wind speed (colours)
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https://climatelabbook.substack.com/p/the-storm-that-inspired-weather-forecasting?ref=newsletter.terrawatchspace.com

.. TO This. ...

A Global In-Situ Observing System
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... And This!

A Global Space-Based Observing System
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The Weather Value Chain

&

Observations

Data acquired by
ground sensors,
satellites, balloons,
aircraft etc.

EERRAWATGH

Assimilation of
observational data
and numerical
weather modeling

Products

Standardised forecast
products that enable
downstream
applications and
insights
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Insights

Sector-focused
insights that translate
forecasts into
contextualised
intelligence
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Source: TerraWatch
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Powering a Variety of Use Cases

N
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Government

Disaster management
Early warning
National security

Transport &
Logistics
Aviation safety

Shipping routes
Supply chain

Insurance &
Finance

Catastrophe risk
Parametric insurance
Portfolio risk

Retail & Consumer
Goods
Demand forecasting

Inventory planning
Marketing

Agriculture
& Forestry

Crop yield forecasting
Irrigation
Wildfire risk

Construction &
Infrastructure

Project planning
Worker health

vatch

TerraWatch

Energy
& Utilities
Renewables forecasting

Energy trading
Asset risk

Media & Consumer
Applications

Weather apps
Event management
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Commercial
Satellites

The Future of Weather

The Three Pillars

pis

Artificial
Intelligence

1]

Platforms
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Growth of Private Weather Satellites...

While Publicly Funded Missions Continue

Beyond 2025, projections are mainly based on announced
public missions. Private sector missions (Tomorrow.io, Spire,
Yunyao Yuhang, Muon Space etc.) are indicative, reflecting

0 Private sateliites stated ambitions, rather than confirmed manifests
. Public Satellites T N
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Planned Instruments by Private Sector

An Overview of Commercial Data Sources

GNSS R/RO 45%

S SOUNDERS
OTHERS 20%
25% \
RADAR

10%
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Dominance of GNSS-RO

Forms nearly half of private missions, showing where
commercial uptake is strongest as it is low-cost, scalable, and
directly usable in NWP models (NOAA contract)

Emerging Instruments: Sounders & Radars

Private players moving into higher-value data offering richer
vertical profiles — while technically complex, slowly gaining
traction (NOAA pilots)

Towards Multi-Sensor Constellations

Private constellations no longer single-sensor, companies are
investing in covering multiple measurement types to both
satisfy needs of met agencies but also commercial users
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Commercial Data Buys Continue to

Total Budget for NC?A Commercial Data Program

38.5

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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Foundational Institutions

& cumersar = @
g w2 Z 0 & 8

}

v
v

Observations Models Products Insights
Data acquired by Assimilation of Standardised forecast Sector-focused insights
ground sensors, observational data and products that enable that transiate forecasts
satelites, balloons, numerical weather downstream applications into contextuclised
aircraft etc modeling andinsights inteligence
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Al Weather Models
Continue to Advance

Source: TerraWatch

TRADITIONAL MODEL

Data Collection

AI-BASED MODEL
v

40+ years of historical weather

@ ECMWF ERA5 REANALYSIS DATA
data from traditional models
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Weather observations from .‘ ‘.
satellites, balloons, radars, i
aircraft and ground 1 Model Training [ |
stations, cleaned and ] x
standardised for forecasts M Almodel learns M
weather patterns from
L] decades of historical
[ ] weather data [ ]
L 1
[ | One-time or ]
[ HI I periodic training on B
1 GPU clusters H
Data Assimilation / \ . ¥
Combines observations i
with prior forecasts to | & 1
create the best estimate of .
the current atmosphere \ > / [ |
5 é 4 g @
]
g T CURRENT REAL TIME OBSERVATIONS
o8 ATMOSPHERIC Al-based data assimilation
s (emergin, )
S ging area,
e ° STATE
$5
IS . .
§s Forecasting O Forecasting
3 & (Numerical Models) COMPUTER (inference)
o
T Physics-based 4 ElﬁElﬁ Scaled down Apply learned patterns
G equations simulate SUPER from historical data to
and predict how computer | {5 & the current atmospheric
atmospheric oPu state and predict future
conditions will evolve Gperationa runs weather conditions
O RUNS INHOURS ) CONTINUOUS RUNS
IN MINUTES
Post Processing

DETERMINISTIC/ENSEMBLE
single forecast or muitiple
runs (ensembles) to capture
uncertainty

Adjusts for
model bias

]

Raw outputs are
calibrated and
formatted into

user-friendly products
— temperature,

precipitation, wind etc.

PROBABILISTIC INFERENCE
Generates probabilities
directly, showing confidence
in outcomes

Calibrates
forecast
confidence

FORECAST

TRADITIONAL MODEL
Up to 10-15 day forecasts 4
current operational range

Al-BASED MODEL
D Up to1-10 day forecasts
continuously improving
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ECMWF: The Pioneerin Al Weather Models

First to operationalise Al in weather forecasting

AIFS ENSEMBLE

OPERATIONAL
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Limits and Open Questions

INTEGRATION

How do Al models fit into
NWP-driven ops, data
assimilation, workflows?

TRUST

Can Al forecasts earn the
same trust built over
decades for NWP?

GOVERNANCE

Who owns, regulates, and
shares Al models/data
globally?
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A New Paradigm is Emerging - Platforms

sS L
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Observations Models Platform Products Insights

Data acquired by Assimilation of Infrastructure and Standardised forecast Sector-focused
grognd sensors, observationo! data environments enabling products that enable insights that translate

satellites, balloons, and numerical the deployment, and downstream forecasts into
aircraft etc. weather modeling delivery of weather applications and contextualised

services insights intelligence

4 4 — 4 > 4
Google Anvipia. @l SREAN. oo

& Microsoft Q) Brightband

Platforms provide access to compute and proprietary
models, making forecasts on-demand and
customizable. They transform weather into a service

2 TERRAWATCH layer that can integrate into existing workflows
=2 spact

Source: TerraWatch



~~
2 EII:EAI%I%AWATCH

The Platformization of Weather

Why are Microsoft, Google and NVIDIA Investing in Weather Models?

Model + Infrastructure Integration N tomorrow. .
multiple data sources -
@ EUMETSAT satellite, radar, balloons, :

Bundling proprietary models with compute
environments, e.g, GraphCast on Google
Cloud, Earth-2 on NVIDIA § @

. reanalysis
Aspire Y

<5 OBSERVATIONS

Enabling Data Assimilation

Support ingestion and fusion of weather
observations solving a long-standing gap

From Infrastructure to Insight

Facilitate weather modeling and delivery of
forecasts, APIs, and decision-support tools
directly to end users

Full-Stack Adoption

Integrate data, models, compute, and §7 tomorrow,
delivery, reducing friction and making it
easier to stay within one ecosystem

: APIs and model
| CSECMWF Aspire outputs packaged

from the platform

Source: TerraWatch

Ingest and pre-process

and served directly :

<AnVIDIA. Google
B® Microsoft

37 tomorrow.
Google Jua

Trained, fine-tuned,

and deployed entirely

within platform
ecosystem

<A NVIDIA.

B® Microsoft

I UNDERSTORY

Qupirer

Business intelligence
and decision support
tools connected via
platforms

S ECMWF Aspire :

e @ pLATFORM i
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Towards Making Weather an Infrastructure

From Forecasts to Workflows

R L & E

& 2 APPLICATION LAYER e From accuracy to infrastructure

e From information to platform —

APl off SERVICE LAYER maps (Google Maps), payments
l (stripe), data warehousing

(Snowflake)

Ao
@: * MODELLING LAYER e Weather as a service, embedded

into user workflows

’c'?} COMPUTE LAYER “Weather is no longer a standalone output, it is part
of a bigger technological stack for enterprises”
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& DATALAYER

~
&2 EEE:I%AWATCH

Source: TerraWatch
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Future of Weather: Coexistence &
Convergence

PUBLIC SECTOR

Public good, reliable and
continuous

PRIVATE SECTOR

User-focused, fast and
customisable

Hybrid models
Data buys
Benchmarking

Shared infra

Standardizatio
n

& TERRAWATCH 27
SPACE

Source: TerraWatch
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Thank you!

aravind@terrawatchspace.com



