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NVIDIA is the world leader-in ac‘%;é#é?ated
computing. We are fundamentally changing = -
how computing works and what computers
can do. The next industrial revolution has begun.:
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CUDA-X Accelerates Industries
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The need for high-fidelity

Weather Forecasting



Weather Prediction is Integral to Modern Society

Simulations and forecasts drive planning and decision-making
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Horizontal Grid Spacing

Climate and Weather Simulation is a Massive Computation Challenge

Al models are skilled enough to drive more accessible and efficient forecasting

500,000,000x compute

1 km
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Figure adapted from: Schneider, T., Teixeira, J., Bretherton, C. et al. “Climate goals and computing the future of clouds”. Nature Climate Change 7, 3-5 (2017)
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Advantages of Al Weather Models

Compelling skill, resource requirements, and accessibility

State of the art in Al weather prediction
Neura:ulGCM_ $ High Ski"
HEAL-VIT
GraphCastryxi SV SWirF(Xi-ENS
by SFNO GenCahdsga® v
ECMWF HRES A9%%FengWu  Archesvygather
0
% 120
IGC
: eister B
= 115 AT Less hardware
LLJ TF\;:]E‘USEDFES; W , FFUFCEStNEt ® -
A . eynetal  °® WindBorne _
u:: 110 GraprCast FuXi StDrmérs'WTVELIXi-ENS
g Weyn et al Clare et al
g Weyn et al * ° 105 SFNO GenCast Aurora
S Panqu * * J&lfS o/
it WeatherBench 100 *~ FengWu ArchesWeather ((e Faster inference
2023-01 2024-01
b ! ’
2019 2020 2021 2022 2023 2024 Authors: _Q_
shoyer@google.com
Date of release srasp@google.com O O bl
O More accessible
Rasp, Stephan (2024). Al-Weather SotA vs. Time. Q P

https://doi.org/10.6084/m9.figshare.28083515.v1

Custom weather applications are now possible
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Two-Phase Life Cycle of Al Weather Models

Once trained, Al models make rapid predictions

Training
Learn from historical data

Historical \Vi[eYe[=)
states predictions

Inference
Make new predictions

tO
t]
t2 . .
Diagnostic
model
Model Additional
forecasts variables
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Creating the Weather-1K

Dataset



“WEATHER-1K"
Forecasting at 1-kilometer scale.

MITRE x The Weather Company (April 2026): a strategic collaboration advancing Al-driven, high-resolution global weather forecasting — built on Weather 1K, a public 1-
kilometer-resolution atmospheric dataset developed in MITRE’s Federal Al Sandbox.

= S A

Al Supercomputing The Dataset Operational Impact

Trained in MITRE’s Federal Al Sandbox on NVIDIA DGX A public, high-resolution continental U.S. training dataset Sharper predictions for high-impact severe
infrastructure — building the next generation of mapping wind, temperature, pressure, and reflectivity — weather — hurricanes, wildfires, flooding —
meteorological models. powered by TempoQuest’s AceCAST modeling. improving enterprise and emergency decisions.

Model. Forecast. Act.

3
MITRE © 2026 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE: 26-1965 )
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Federal Al Sandhox — NVIDIA DGX SuperPOD
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Federal Al Sandbox Technical Specs

1 SU NVIDIA H100 DGX SuperPOD Al supercomputer

248 GPUs in 31 DGX nodes each containing:
« 8 x H100 GPUs (640 Tensor cores; 80GB)

e 2 xIntel Xeon CPUs (112 cores)

* 900 GB/s InfiniBand optical interconnect
350 kW power consumption

TEITIPOQU ESt 9 PB of VAST high-performance storage

MITRE © 2026 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE: 26-1965 Delivers 1 ExaFLOP (1018 8-bit floating point
operations per second) of Al compute supporting the

training of multi-billion parameter foundational Al
models




Weather 1k Overview

AceCast and HRRR have same
computational engine (WRF)

=  Worked with NVIDIA and TempoQuest on
model setup.

= Settings mimic the HRRR.
WRF not optimized for GPUs

Increased spatial and temporal
resolution

= 1-kmvs 3-km
= 10-minvs 1-hour

Continuously ran 6 simulations across 4
nodes (32 GPUs, 192 total)

= Produced data for 2022 - 2023

= 24-hour forecasts at 10-minute time
Increments

= Each forecast took approximately 10 hours

Created a ~5200 x 3300-pixel domain
over CONUS (HRRR~ 1800 x 1100)

HRRR CONUS
2022-09-07 01:00

40°N
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1k CONUS
2022-09-07 01:10

40°N

39.25°N

38.5°N

37.75°N

37°N
122°W 121°W 120°W 119°W 118°W

Comparison of HRRR output (left) to Weather-1k output (right). HRRR model output is at 3-km

spatial resolution and hourly timesteps. Weather-1k output is at 1-km spatial resolution and 10-

minute timesteps.

MlTRE © 2026 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED. PUBLIC RELEASE CASE NUMBER # 25-2839
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Compute Challenges
Creating a high-fidelity training dataset with 100k samples

» To create sufficient training samples we needed 2 years : -

of weather prediction at 10 minute intervals: NOAR HRRR used ac Uee AeoCact GPU-Accelerated Weather
initial conditions. Research and Forecasting (WRF)

« 365 x2x24 x6=105,120 samples

GPUs =192

3 GPU Hours ~ 350k
Two years (2022 -
2023) of CONUS-wide 1-

- Each 24 hour forecast ran independently: km output (Datase
- Used 32 GPUs per forecast Dataset Generation .
- We ran 6 forecasts in parallel across 192 GPs on 24 nodes

« Approximately 10 hours wallclock for each forecast
- Total 350,000 GPU hours

Utilize generative diffusion model
to develop a trained neural network

GPUs = 64
GPU Hours ~ 17k

Generates weather state estimates
(Name: “WeatherDiff")

Training

- Training for a 3km -> 1km diffusion model:
- Ran on 64 GPUs (8 nodes) - !

_ Sﬂmlﬁtﬁaﬁéﬁg} Assimilate weather station data into
- Total of 17,000 GPU hours for training used for assimilation Heaterbifforeondioneduestierstate

8
Conditional CONUS-
wide weather state(s)
estimation

Inference

<ANVIDIA I



Compute Challenges

Parallelising the Forecasts

- WRF supports a hybrid scheme for 2D (i,j)

domain decomposition

- The third dimension (k) is always handled

within a single thread.

- The domain is broken into MPI ranks as patches,
which can be further subdivided into OMP

threads as tiles.

« We use MPI only, with the domain divided into

32 patches

» Optimal patch dimensions were 1x32
(1D-decomposition) for two reasons:

» Simplifies the communications patterns as halos
have coalesced memory access - much faster to

pack/unpack N/S halos vs E/W

» Improve I/O timings when writing out the
patches (writes large, contiguous chunks rather

than lots of small chunks).
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- Added custom timers using NVTX Markers

WREF Total
Initialization
Allocate
I/0 (Read)
I/0 (Write)
HALO/Nesting (MPI)
HALO/Nesting (non-MPT)
Compute/Other
Integration
I/0 (Read)
I/0 (Write)
HALO/Nesting (MPI)
HALO/Nesting (non-MPT)
Compute/Other
LW Radiation
SW Radlation
Surface Layer
Land Surface
PBL
Cumulus
Microphysics

Compute Challenges

.342068
.9444773
.950707
.307770
.000000
.328014
.0786011
179371
.397560
.059078
. 229178
.977074
.324041
.308190
. 295548
.319088
.574731
.078241
0006227
.000000
.291200

Profiling the runs
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1%

Integration Timing

/O (Read)
0%

/O (Write)
39%

HALO (non-MPI)
LW Radiation 0%
0%
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“A supercomputer is a device for turning
$ g compute-pbound problems into |/ O-bound
problems” - Ken Batcher



Data Challenges

8PB of data on a 9PB Storage system!

- The training dataset is huge:
» Produced 730 forecasts (2 years from 2022-2023)
- Each forecast is 24 hours, saved at 10 minute intervals (144 samples)
« 5200x3300x51 = 875 Million gridpoints, 144 timesteps per forecast
- Approximately 11 TB of raw data per forecast

- |nitially used Parallel 1/O to write to Lustre filesystem
- 1/O was 40% of the total Forecast generation time

- Experimented with I/O quilting, but discovered per-rank splitfiles to
be 43% faster than parallel-10

- Cost is the (asynchronous) recombination of the patch splitfiles

- Developed an I/O postprocessing pipeline
- Take NetCDF files from WRF as they are output to disk
+ Interpolate vertical axis from model levels to pressure levels
« Compress data with lossless compression scheme
» Qutput to Al-Friendly zarr format
» Final output: ~4PB

<A NVIDIA. I



Results




MITRE - USA

Corrdiff - High Resolution Tkm HRRR




MITRE - USA

Corrdiff - High Resolut

ion 1Tkm HRRR prediction of
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Fire Weather: 3-km to ~100-m Resolution Al weather forecast pipeline

o

NVIDIA

MITRE

HRRRCast-1km Weather1k

Deterministic 3-km
forecasts of all
variables

Collaboration with

Dr. Isidora Jankov
(GSL)

@g L Probabilistic 1-km

forecasts of relevant fire
weather variables

Deterministic ML wind
forecasts at ~100-m

* (ollaboration with
USFS

Horsetooth Reservoir wx ] 3 O

2020/02/21 - 13:00

= ® 2 ®

© 2026 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 26-1564.



National Pilot Program for Unified Fire Warning System

= | everage foundational science
needed to support a unified fire
warning system in the United
States

= Develop actionable

implementation pathway WFOs
can adopt and pilot at select

locations

= Collaboration with the
University of Oklahoma

Fire Warning g ) 3

| dat11:00 .
nsfgf?ecat until 4:8{]npm, June 24, 2026 3 miles southeast of La Cueva, or 1 mile
FIRE lﬂﬂﬂ“ﬂ“ northwest of Jemez Falls Campground
AREAS IMPACTED e

Portions of central Sandoval County, including popular
recreational areas near and north of the East Fork Jemez River,
and along Hwy. & west of the Valles Caldera National Preserve

PROTECTIVE ACTIONS

Be prepared to evacuate quickly if requested
and follow all safety instructions from local
emergency management officials.

Do not drive into smoke.
Expect heavy emergency response presence in

the Fire Warning area. ;

\ FIREMOTION |\

Example fire warning based on McCauley Springs Fire on June 24, 2026 in New Mexico. The image above is
being used as an example illustration and was not issued in this format by any jurisdiction.

MlTRE © 2026 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 26-1564. J
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